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Alt 1 Design EL 7.5 No additional lifts or berm included D 20275 68 98 270 50688 2023 7 202,752 148.0 68.9 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 155443


Lift to 8.5 E 11352 68 98 270 28380 2023 7 113,520 148.0 38.6 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 1,086,096 369.0 271524.0 87032


Base 1.5 F,K 24816 68 98 270 62040 2023 7 248,160 148.0 84.3 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 190256


1:4 SS G 34478 68 98 270 86196 2023 7 344,784 148.0 117.1 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 264334


H 17688 68 98 270 44220 2023 7 176,880 148.0 60.1 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 135608


Armoring only A 25344 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 183040


Armoring only B 16526 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 119357


Armoring only C 20117 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 145288


Existing levee to el 7.5, 204 SF A 25344 76 106 136 63360 2023 8 127,659 156.0 90.8 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 205568


Alt 2 Design EL 8.5 Existing levee to el 7.5, 204 SF B 16526 76 106 136 41316 2023 8 83,244 156.0 59.2 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 134047


to El 9.5 Existing levee to el 7.5, 204 SF C 20117 76 106 136 50292 2023 8 101,329 156.0 72.0 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 1,483,101 555 387420 163170


 Base 1.5 D 20275 76 106 340 50688 2023 8 255,317 156.0 72.6 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 164454


1:4 SS No additional lifts or berm included E 11352 76 106 340 28380 2023 8 142,951 156.0 40.7 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 92077


D thru H Lift to EL 9.5 F,K 15154 76 106 340 37884 2023 8 190,823 156.0 54.3 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 122913


G 28512 76 106 340 71280 2023 8 359,040 156.0 102.1 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 231264


H 17688 76 106 340 44220 2023 8 222,738 156.0 63.3 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 143469


Alt 3 No additional lifts or berm included D 20275 68 98 270 50688 2023 7 202,752 148.0 68.9 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 155443


Lift to 8.5 E 11352 68 98 270 28380 2023 7 113,520 148.0 38.6 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 1,067,088 363 266772 87032


Base 1.5, 1:4 SS F,K 75082 68 98 270 187704 2023 7 750,816 148.0 255.1 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 190256


Alt 5 No additional lifts or berm included D 20275 68 98 270 50688 2023 7 202,752 148.0 68.9 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 155443.2


Lift to 8.5 1:4 SS E 11352 68 98 270 28380 2023 7 113,520 148.0 38.6 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 738,672 251 184668 87032


Base 1.5 F,K 24816 68 98 270 62040 2023 7 248,160 148.0 84.3 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 190256


G 17424 68 98 270 43560 2023 7 174,240 148.0 59.2 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 133584


Alt 6 Existing levee to el 7.5, 314 SF A 25344 130 160 563 63360 2023 13.5 528,469 210.0 122.2 2036 3 554752 264 154 2049 3 446805 250 145 2062 3.5 629845 264 154 205568


100 year Existing levee to el 7.5, 195 SF B 16526.4 130 160 682 41316 2023 13.5 417,445 210.0 79.7 2036 3 361745 264 100 2049 3 291354 250 95 2062 3.5 410712 264 100 134047


Lift to 15 Existing levee to el 7.5, 159 SF C 20116.8 130 160 718 50292 2023 13.5 534,958 210.0 97.0 2036 3 440334 264 122 2049 3 354652 250 115 2062 3.5 499940 264 122 14,701,380 3471 1572912 163170


1:4 SS D 20275 130 160 877 50688 2023 13.5 658,569 210.0 97.7 2034 3.5 443802 264 123 2047 3.5 357444 250 116 2060 3.5 503876 264 123 164454


E 11352 130 160 877 28380 2023 13.5 368,730 210.0 54.7 2034 3.5 248483 264 69 2047 3.5 200132 250 65 2060 3.5 282118 264 69 92077


F,K 22704 130 160 877 56760 2023 13.5 737,460 210.0 109.5 2034 3.5 496965 264 138 2047 3.5 400263 250 130 2060 3.5 564236 264 138 184155


G 26558 130 2 877 66396 2023 13.5 862,656 52.0 31.7 2034 3.5 581334 264 161 2047 3.5 468215 250 152 2060 3.5 660025 264 161 215418


H 14414 130 160 877 36036 2023 13.5 468,201 210.0 69.5 2034 3.5 315515 264 87 2047 3.5 254121 250 83 2060 3.5 358225 264 87 116917


Alt 8 A 25344 130 160 563 63360 2023 13.5 528,469 210.0 122.2 2036 3 554752 234 136 2049 3 446805 2050 1193 2062 3.5 629845 264 154 205568


Lift to 15 B 16526.4 130 160 682 41316 2023 13.5 417,445 210.0 79.7 2036 3 361745 234 89 2049 3 291354 2050 778 2062 3.5 410712 264 100 134047


1:4 SS C 20116.8 130 160 718 50292 2023 13.5 534,958 210.0 97.0 2036 3 440334 234 108 2049 3 354652 2050 947 2062 3.5 499940 264 122 26,924,878 1937 1576080 163170


D 20275 130 160 877 50688 2023 13.5 658,569 210.0 97.7 2034 3.5 443802 234 109 2047 3.5 357444 2050 954 2060 3.5 503876 264 123 164454


E 11352 130 160 877 28380 2023 13.5 368,730 210.0 54.7 2034 3.5 248483 234 61 2047 3.5 200132 2050 534 2060 3.5 282118 264 69 92077


F,K 15154 130 160 877 37884 2023 13.5 492,211 210.0 73.1 2034 3.5 331695 234 81 2047 3.5 267152 2050 713 2060 3.5 376595 264 92 122913


G 28512 130 160 2368 71280 2023 13.5 2,500,608 210.0 137.5 2051 3.5 1347456 234 153 2059 4 1524864 2050 1342 2067 3.7 4506480 264 173 608256


I 10877 130 160 2368 27192 2023 13.5 953,936 210.0 52.4 2051 3.5 514030 234 58 2059 4 581707 2050 512 2067 3.7 1719139 264 66 232038


H 9451 130 160 2368 23628 2023 13.5 828,905 210.0 45.6 2051 3.5 446657 234 51 2059 4 505464 2050 445 2067 3.7 1493815 264 57 201626


Alt 10, 1% AEP Open Basin Existing levee to el 7.5, 204 SF A 25344 78 108 170 63360 2023 2.5 159,573 158.0 91.9 2033 4.6 361387 182 106 2062 3 275968 190 111 N/A N/A 0 N/A N/A 233728


River Rd. to Existing levee to el 7.5, 204 SF B 16526 78 108 170 41316 2023 2.5 104,055 158.0 59.9 2033 4.6 235654 182 69 2062 3 179954 190 72 N/A N/A 0 N/A N/A 152410


Godchaux Canal Existing levee to el 7.5, 204 SF C 20117 78 108 170 50292 2023 2.5 126,661 158.0 73.0 2033 4.6 286851 182 84 2062 3 219050 190 88 N/A N/A 0 N/A N/A 6823191 1934 1337424 185522


to EL. 12.0 D 20275 78 108 374 50688 2023 8.5 280,849 158.0 73.5 2038 9.5 485103 186 87 2053 6 369459 186 87 2064 3.5 241801 186 87 186982


 Base 1.5 E 11352 78 108 374 28380 2023 8.5 157,246 158.0 41.2 2038 9.5 271607 186 48 5053 6 206859 186 48 2064 3.5 135383 186 48 104691


F 22704 78 108 374 56760 2023 8.5 314,492 158.0 82.4 2038 9.5 543214 186 97 2053 6 413717 186 97 2064 3.5 270766 186 97 209381


K 0 78 108 374 0 2023 8.5 0 158.0 0.0 2050 5.3 0 166 0 N/A N/A 0 N/A N/A N/A N/A 0 N/A N/A 0


G 17424 78 108 374 43560 2023 8.5 241,355 158.0 63.2 2038 9.5 416885 186 74 2053 6 317504 186 74 2064 3.5 207797 186 74 160688


Assumptions:


Silt fence - double reach length plus 25% contingency for staging area


* 15' VFZ added to toe of levee, each side


** Footprint width adds another 25' plus the 15' VFZ zone addition, on each


side.  Overall addition to footprint is 80' from the toe to toe distance.


Another 20' should be added to this width to account for a P/S access route


parallel to levee toe


*** Seed and mulching and Clearing and grubbing - assume same footprint and quantity


For levee base elevation, EDG did a weighted average.  El 1.5 was used for


base of all alternatives


Assumed levee and berms settled equally, according to lift schedules


Quantities are inplace, no fluff added


Reaches A, B, and C have existing levees to an approximate elevation of 


7.5 which we will build on top of.


Some existing sections were provided from locals 


No site investigations (surveys or borings) were done


No contingency added for comparisons of alternatives.


Tot. Silt 


Fence  (LF)


G, H, and I have 115' crown


S&M, C&G 


(ACRES)  ***
Contract ID Contract


Geotech 


Sub Reach


Length 


(FT)


X-Section


Distance(FT)


Cross 


sectional 


area


Silt Fence 


(LF/Lift)


1st Lift


1st lift to 15', 2nd lift to 17, third lift to 19', 4th lift to 21/base avg is 1.5


1st lift to 15', 2nd lift to 17, third lift to 19', 4th lift to 21/base avg is 1.5


Total Seeding 


and Mulching 


, C&G (AC)


2nd Lift
S&M, C&G 


(ACRES) 


***


3rd Lift
S&M, C&G 


(ACRES) 


***


4th Lift
S& M , 


C&G 


(ACRES) 


***


TOTAL FILL 


QTY PER ALT
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UPPER BARATARIA BAY STORM SURGE ASSESSMENT July 2021 


    1 


UPPER BARATARIA BAY STORM SURGE ASSESSMENT 


. GENERAL DESCRIPTION OF WORK 
The purpose of this effort is to determine stage frequency from hurricane storm surges 
impacting the Upper Barataria Bay (UBB) project vicinity. The hydraulic modeling provides 
stage-frequency including 10YR, 20YR, 50YR, 100YR, 200YR, 500YR and 1000YR return 
periods.  


2. SOFTWARE
ADCIRC Version 53. ADCIRC is a system of computer programs for solving time dependent, 
free surface circulation and transport problem. These programs utilize the finite element method 
in space allowing the use of highly flexible, unstructured grids covering large domains as 
pictured in Figure 1. Typical ADCIRC applications include prediction of storm surge and 
flooding. See http://adcirc.org/ for more information.  


Figure 1 CPRA 2017 ADCIRC mesh 


MATLAB R2017a. Matlab was used to post process the ADCIRC data and run a water level 
statistics code produced by the U.S. Army Engineer Research and Development Center 
(ERDC).  



http://adcirc.org/
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3. UBB STORM SURGE MODELING  
a. WITH & WITHOUT PROJET CONDITIONS 


The existing conditions hydraulic modeling was completed using the 2017 Coastal Protection 
and Restoration Authority’s 2017 Master Plan ADCIRC mesh. The 2017 CPRA ADCIRC mesh 
was developed to represent base conditions for the 2017 State Master Plan. The 2017 Master 
Plan ADCIRC mesh is a heavily validated and verified ADCIRC mesh which performs well for 
hindcasts of Katrina, Rita, Gustav, Ike, Isaac. More information concerning the 2017 CPRA 
ADCIRC mesh can be found online here:  


http://coastal.la.gov/wp-content/uploads/2017/04/Attachment-C3-25.1_FINAL_04.05.2017.pdf 


http://coastal.la.gov/our-plan/2012-coastal-masterplan/cmp-appendices/ 


Figure 2 displays the levee and other raised feature (roads, spoil banks, etc) alignments in the 
UBB without project ADCIRC mesh. The elevations of the raised features are based on ~2017 
era surveys or lidar data, which is generally representative of 2020 conditions. Figure 3 displays 
the modified “With Project” ADCIRC mesh. The levee elevation was set to 100YR elevations 
which are provided in Table 1. 


 


 


 


 


 


Figure 2   Without project - levees and raised feature alignments  



http://coastal.la.gov/our-plan/2012-coastal-masterplan/cmp-appendices/
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Figure 3   With project - levees and raised feature alignments 


 


 


 Upper Barataria 1% Existing 
Conditions (2026) 


 Upper Barataria 1% Future 
Conditions (2076)  


Hydraulic 
Reach 


Required Levee Elevation (ft) 
NAVD88(2004.65) 


Required Levee Elevation (ft) 
NAVD88(2004.65) 


A 10.0 14.5 
B 10.0 14.5 
C 10.0 14.5 
D 9.5 14.5 
E 11.0 17.5 
F 12.5 17.5 
G 11.0 14.5 
H 8.5 13.5 


Table 1   2026 and 2076 1% required design elevations 
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b. SYNTHETIC STORMS 


A suite of 22 synthetic storms including S008, S009, S012, S014, S015, S017, S018, S023, 
S026, S068, S069, S077, S083, S085, S094, S097, S116, S126, S132, S138, S145, and 
S146 were modeled for with and without project for existing and future conditions, which 
brings the total number of ADCIRC simulations to 88. The storms cover a range of 
hypothetical tracks and intensities as pictured in Figure 4 and Figure 5. The synthetic storms 
are basically an extension of the limited observed record of storms in this area. The 
synthetic storms range from category 1 to category 5 on the Saffir-Simpson scale and 
exhibit similar intensities to other storms which have impacted Louisiana.  


 


Figure 4   Synthetic and real storm tracks 


 


Figure 5   Synthetic and real storm intensities 
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c. With and Without Project Results 


The 22 synthetic storms were simulated with ADCIRC for with and without project 
conditions. Figure 6 displays the maximum water surface elevation for without project 
conditions for synthetic storm 14. The simulation shows some flooding in the UBB area. 
Figure 7 displays the maximum water surface elevation for with project conditions for 
synthetic storm 14. The simulation including the 100YR levee shows a reduction in flooding 
in the interior and an increase in flooding on the exterior. Figure 8 displays the difference in 
maximum water surface elevation between with and without project. The difference plot 
shows the increase or stacking of water on the exterior is approximately 10 to 20” for this 
particular synthetic storm. The difference plot for all synthetic storms shows similar patterns 
of exterior stacking and interior reductions of peak water surface elevations.  


A regression analysis was performed to determine stage frequency for with and without 
project. The maximum water surface results of all 22 synthetic storms for without project are 
compared to with project maximum water surface at all locations in the UBB area. The 
regression algorithm is completed at each ADCIRC node providing a continuous water level 
surface. The regression analysis allows prediction of the changes to the without-project 
stage-frequency due to the project based on results of all storms. Figure 9 displays the 
regression results at a location on the outside of the UBB levee. The regression analysis 
allows a generalized prediction of with-project stage frequency for both interior and exterior 
locations. Regression analysis adds extra error and uncertainty into the estimates. For this 
reason, all stage and wave frequency data should be reviewed and possibly recomputed 
during the PED phase of the project. Figure 9 shows an increase of the with-project stage-
frequency on the exterior due to the stacking of water that occurs on the levee exterior. The 
regression analysis uses a linear regression approach, providing a general trend of 
expected changes to stage-frequency. Figure 10 through Figure 23 display the maximum 
storm surge for with and without project for the 10, 20, 50, 100, 200, 500 and 1000YR storm 
surge events. The bottom figure in each plot shows the maximum difference.  
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Figure 6   Without project maximum water surface elevation synthetic storm 14 


 
 


 


Figure 7   With project maximum water surface elevation synthetic storm 14 
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Figure 8   Difference in maximum water surface elevation for synthetic storm 014 


 


Figure 9   Regression plot at a location outside of the UBB levee 
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d. Relative Sea Level Rise Evaluation 


Three relative sea level change (RSLC) values were evaluated in the hydraulic modeling for 
2073 conditions, including 1.2, 1.6 and 3.2 ft. The Corps climate change website was used to 
determine the three RSLC amounts:  


http://corpsmapu.usace.army.mil/rccinfo/slc/slcc_nn_calc.html.   


The Bayou Barataria gage was used given its close proximity to the project site. The average 
RSLC projections at 7 nearby gages show similar rates of RSLC. Table 4 contains the RSLC 
projections at the 7 gages. Figure 24 displays the location of the 7 gages.  


Table 2. RSLC projections 


 


 


Table 3. USACE Relative Sea Level Change from 2023 to 2073 at Bayou Barataria (82750) 


Relative Sea Level Rise Projections from 2023 


Target Year 
Calendar 


Year 


Relative Sea Level Rise from year 2023 


Low (feet) Int. (feet) High (feet) 
0 2023 0 0 0 


10 2033 0.2 0.3 0.5 
20 2043 0.5 0.6 1 
30 2053 0.7 0.9 1.7 
40 2063 0.9 1.3 2.4 
50 2073 1.2 1.6 3.2 


 


 



http://corpsmapu.usace.army.mil/rccinfo/slc/slcc_nn_calc.html
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Figure 10. Location of water level gages used to determine RSLC projections 


 


 


The ADCIRC based JPM-OS surge and wave statistics were estimated for the 2073 future with 
and without-project condition for low, intermediate and high RSLC. CPRA conducted a full suite 
of 152 storms for the future condition. The amount of eustatic sea level rise assigned in the 
CPRA future conditions ADCIRC simulations was 1.5ft. The grid bathymetry was changed to 
reflect future conditions. Some portions of the grid were subsided and some accreted, as 
depicted in Figure 27. In the UBB project vicinity there is a mix of projected subsidence and 
accretion. 
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Figure 11. Change in bathymetry from existing to future conditions (CPRA mesh S13G60) 


Surge and wave statistics for with and without project conditions for the various 2073 RSLC 
conditions (1.2, 1.6 and 3.2ft) were developed using linear interpolation and extrapolation of the 
CPRA simulation results. CPRA conducted the full suite of 152 ADCIRC simulations with 0.0ft 
and 1.5ft of eustatic sea level change (ESLC), and results were produced for 0.4, 0.8 and 2.4ft 
of projected eustatic sea level rise, which corresponds with 1.2, 1.6 and 3.2 feet of RSLC. The 
CPRA simulations provide the best representation of future conditions available due to the 
incorporation of spatially variable subsidence, land use changes, morphology and adjustments 
to bottom friction and canopy coefficients.  


 


 


4        ASSUMPTIONS AND LIMITATIONS 
• Interior water level statistics were computed with the latest JPM-OS code from ERDC. 


The code was applied as-is with no modification or verification.  
• The interior stage frequency data does not include the effects of rainfall, wave 


overtopping, pumping, levee breaching. The interior inundation does include some free 
flow or weir overtopping of the proposed 100YR design for the lower frequency events.  
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• The ADCIRC modeling includes a smaller subset of 22 synthetic storms. During a PED 
phase, or if the project were to go to construction, design elevations should be reviewed 
and based on a more thorough analysis.  


• The statistical results are based on regression analysis, which introduces some 
uncertainty into the modeling.  
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Figure 12 
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Figure 13 
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Figure 14 







UPPER BARATARIA BAY STORM SURGE ASSESSMENT  September 2020 


 


     15  
  


 


Figure 15 
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Figure 16 
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Figure 17 
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Figure 18 
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Figure 19 
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Figure 20 
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Figure 21 
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Figure 22 
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Figure 23 
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Figure 24 
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Figure 25 
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Check Box 1 or 2


1.


Checker's Signature: Date:


OR


2. Checker's comments have been provided on: Calculations
Other


Attached


If box 2 is checked above, the section below to be completed after backcheck of any comments.
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ASCE 7-10 Wind Load Calculation


Wind on Wall


Kz= 1.03
Kzt= 1
Kd= 0.85
V= 158 mph


qz= 56.0 lb/ft2
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Reach  Sunset twall
T-Wall Foundation Loads: Unfactored Loads for Pile Analysis


Top of Stem EL. 15.0 Weight of Water: 0.062 k/ft3


Top of Slab EL. 7.5 Weight Soil (FS) 0.120 k/ft3


Bottom of Slab EL. 5.0 Weight of Soil (PS): 0.12 k/ft4


Stem Width: 2.00 ft Weight of Concrete: 0.150 k/ft3


F.S. Slab Width: 4 ft Ko: 0.8
P.S. Slab Width: 4 ft Wave Load: 0 k/ft
Length of Monolith: 41 ft Wave Arm  EL. 0
Dist to Sheet Pile: 5 ft Unbal. Load SWL: 0.0 k/ft
F.S. Soil EL. 7.5 Unbal. Load HWL: 0.0 k/ft
P.S. Soil EL. 7.5 Wind Load: 0.056 ksf
S.W.L  EL. (Flowline) 9.4 Boat Impact 0.5 k/ft  Debris applied at TOW for TOW LC 
P.S. Water EL. 0.0 Construction Surcharge: 0.2 k/ft2


Width of Monolith: 10.0 ft Area of Stem: 15.00 ft²
Area of Base Slab: 25 ft² Bouyant Soil Weight (PS): 0.058 k/ft3


Bouyant Soil Weight (FS): 0.058 k/ft4


Load Sheet Limitations - a) Straight aligned monoliths only b) No varying soil elevations along monolith
c) Constant stem thickness only d) Sheet only handles minimal impact loads


LC 1: Load Case 1a.  Normal Operation 


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 3.8 5.0 18.8
Concrete Stem 2.3 5.000 11.3
F.S. Vertical Soil 0.0 2.000 0.0
F.S. Horizontal Soil (Base) 0.3 0.83 0.3
P.S. Vertical Soil 0.0 8.00 0.0


Sub Total: 0.3 6.0 30.3 0.0 0.0


Sub Total x Monolith Length: 12 246 1240 0 0
Total 12 246 0 0 0 1240 0 0
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LC 3: Load Case 2a.  Construction


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 3.8 5.0 18.8
Concrete Stem 2.3 5.000 11.3
F.S. Horizontal Soil (Base) 0.3 0.83 0.3
Construction Surcharge(FS) 0.8 2.00 1.6
Construction Surcharge(PS) 0.8 8.00 6.4
Sub Total: 0.3 7.6 38.3


Sub Total x Monolith Length: 12.3 311.6 1568.25 0 0
Total 12 312 1568


LC 4: Load Case 2b.  Construction + Wind


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 3.8 5.0 18.8
Concrete Stem 2.3 5.000 11.3
F.S. Horizontal Soil (Base) 0.3 0.83 0.3
Construction Surcharge(FS) 0.8 2.0 1.6
Construction Surcharge(PS) 0.8 8 6.4
Wind 0.42 6.3 2.6
Sub Total: 0.72 7.60 40.88 0.00 0.00


Sub Total x Monolith Length: 29.52 311.6 1675.875 0 0
Total 30 312 1676


LC 5: Load Case 3a.  Flowline, Impervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 3.8 5.00 18.8
Concrete Stem 2.3 5.000 11.3
F.S. Vertical Water 0.5 2.00 0.9
F.S. Vertical Soil 0.0 2.00 0.0
P.S. Vertical Water 0.0000 8.000 0.0
P.S. Vertical Soil 0.0000 8.000 0.0
F.S. Horizontal Water 0.6 1.47 0.9
F.S. Horizontal Soil 0.144 0.83 0.1
P.S. Horizontal Water 0.0000 0.00 0.0
P.S. Horizontal Soil ( m tri) -0.3000 0.83 -0.3
P.S. Horizontal Soil ( m rec) 0.0 0.00 0.0
P.S. Horizontal Soil ( sat tri) 0.0 0.00 0.0
F.S. Impervious Uplift -1.4 2.50 -3.4
P.S. Impervious Uplift 0.0 7.50 0.0
Unbalanced Force 0.0
Sub Total: 0.4 5.1 28.3


Sub Total x Monolith Length: 18.4 209.2 1,159.2 0.0 0.0
Total 18 209 1159


LC 6: Load Case 3b. Flowline, Pervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 3.8 5.00 18.8
Concrete Stem 2.3 5.000 11.3
F.S. Vertical Water 0.5 2.00 0.9
F.S. Vertical Soil 0.0 2.00 0.0
P.S. Vertical Water 0.0 8.000 0.0
P.S. Vertical Soil 0.000 8.000 0.0
F.S. Horizontal Water 0.6 1.47 0.9
F.S. Horizontal Soil 0.1 0.83 0.1
P.S. Horizontal Water 0.000 0.00 0.0
P.S. Horizontal Soil ( m tri) -0.300 0.83 -0.3
P.S. Horizontal Soil ( m rec) 0.0 0.00 0.0
P.S. Horizontal Soil ( sat tri) 0.0 0.00 0.0
Pervious Uplift  (Rec.) 0.0 5.00 0.0
Pervious Uplift  (Tri.) -1.4 3.33 -4.6
Unbalanced Force 0.0
Sub Total: 0.4 5.1 27.1
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Sub Total x Monolith Length: 18.4 209.2 1112.3 0.0 0.0
Total 18 209 1112


LC 7: Load Case 3c.  Flowline + Wind + Debri, Impervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 3.8 5.00 18.8
Concrete Stem 2.3 5.000 11.3
F.S. Vertical Water 0.5 2.00 0.9
F.S. Vertical Soil 0.0 2.00 0.0
P.S. Vertical Water 0.0 8.000 0.0
P.S. Vertical Soil 0.000 8.000 0.0
F.S. Horizontal Water 0.6 1.47 0.9
F.S. Horizontal Soil 0.1 0.83 0.1
P.S. Horizontal Water 0.000 0.00 0.0
P.S. Horizontal Soil ( m tri) -0.300 0.83 -0.3
P.S. Horizontal Soil ( m rec) 0.0 0.00 0.0
P.S. Horizontal Soil ( sat tri) 0.0 0.00 0.0
F.S. Impervious Uplift -1.4 2.50 -3.4
P.S. Impervious Uplift 0.0 7.50 0.0
Wind 0.3 7.20 2.3
Debri 0.5 5.40 2.7
Sub Total: 1.3 5.1 33.2


Sub Total x Monolith Length: 51.7 209.2 1362.4 0.0 0.0
Total 52 209 1362


LC 8: Load Case 3d. Flowline + Wind + Debri, Pervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 3.8 5.00 18.8
Concrete Stem 2.3 5.000 11.3
F.S. Vertical Water 0.5 2.00 0.9
F.S. Vertical Soil 0.0 2.00 0.0
P.S. Vertical Water 0.0 8.000 0.0
P.S. Vertical Soil 0.000 8.000 0.0
F.S. Horizontal Water 0.6 1.47 0.9
F.S. Horizontal Soil 0.1 0.83 0.1
P.S. Horizontal Water 0.000 0.00 0.0
P.S. Horizontal Soil ( m tri) -0.300 0.83 -0.3
P.S. Horizontal Soil ( m rec) 0.0 0.00 0.0
P.S. Horizontal Soil ( sat tri) 0.0 0.00 0.0
Pervious Uplift  (Rec.) 0.0 5.00 0.0
Pervious Uplift  (Tri.) -1.4 3.33 -4.6
Wind 0.3 7.20 2.3
Debri 0.5 5.40 2.7
Sub Total: 1.3 5.1 32.1


Sub Total x Monolith Length: 51.7 209.2 1315.5 0.0 0.0
Total 52 209 1316


LC 9: Load Case 4a.  Water to the Top+ Debri, Impervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 3.8 5.00 18.8
Concrete Stem 2.3 5.000 11.3
F.S. Vertical Water 1.9 2.00 3.7
F.S. Vertical Soil 0.0 2.00 0.0
P.S. Vertical Water 0.0 8.000 0.0
P.S. Vertical Soil 0.000 8.000 0.0
F.S. Horizontal Water 3.1 3.33 10.4
F.S. Horizontal Soil 0.1 0.83 0.1
P.S. Horizontal Water 0.000 0.00 0.0
P.S. Horizontal Soil ( m tri) -0.300 0.83 -0.3
P.S. Horizontal Soil ( m rec) 0.0 0.00 0.0
P.S. Horizontal Soil ( sat tri) 0.0 0.00 0.0
F.S. Impervious Uplift -3.1 2.50 -7.8
P.S. Impervious Uplift 0.0 7.50 0.0
Debri 0.5 10.00 5.0
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Unbalanced Load 0.0
Sub Total: 3.5 4.8 41.2


Sub Total x Monolith Length: 142.0 194.8 1689.8 0.0 0.0
Total 142 195 1690


LC 10: Load Case 4b.  Water to the Top + Debri, Pervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 3.8 5.00 18.8
Concrete Stem 2.3 5.000 11.3
F.S. Vertical Water 1.9 2.00 3.7
F.S. Vertical Soil 0.0 2.00 0.0
P.S. Vertical Water 0.0 8.000 0.0
P.S. Vertical Soil 0.000 8.000 0.0
F.S. Horizontal Water 3.1 3.33 10.4
F.S. Horizontal Soil 0.1 0.83 0.1
P.S. Horizontal Water 0.000 0.00 0.0
P.S. Horizontal Soil ( m tri) -0.300 0.83 -0.3
P.S. Horizontal Soil ( m rec) 0.0 0.00 0.0
P.S. Horizontal Soil ( sat tri) 0.0 0.00 0.0
Pervious Uplift  (Rec.) 0.0 5.00 0.0
Pervious Uplift  (Tri.) -3.1 3.33 -10.4
Debri 0.5 10.00 5.0
Unbalanced Load 0.0
Sub Total: 3.5 4.8 38.6


Sub Total x Monolith Length: 142.0 194.8 1583.2 0.0 0.0
Total 142 195 1583


Fx Fy Fz Mx My Mz
Load Case 1a LOAD 1 0.0 12.3 246.0 1,240.3 0.0 0.0
Load Case 2a LOAD 3 0.0 12.3 311.6 1,568.3 0.0 0.0
Load Case 2b LOAD 4 0.0 29.5 311.6 1,675.9 0.0 0.0
Load Case 3a LOAD 5 0.0 18.4 209.2 1,159.2 0.0 0.0
Load Case 3b LOAD 6 0.0 18.4 209.2 1,112.3 0.0 0.0
Load Case 3c LOAD 7 0.0 51.7 209.2 1,362.4 0.0 0.0
Load Case 3d LOAD 8 0.0 51.7 209.2 1,315.5 0.0 0.0
Load Case 4a LOAD 9 0.0 142.0 194.8 1,689.8 0.0 0.0
Load Case 4b LOAD 10 0.0 142.0 194.8 1,583.2 0.0 0.0


Summary Table of CPGA Loads
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Pile Compression Load Capacity:
45 Tons Allowable
90 kips Allowable


Pile Tension Load Capacity:
35 Tons Allowable
70 kips Allowable







10 Sunset Reach D TOW El 15.0 Fixed
20 PIL 1 18 2.5 0
30 BAT 5 1
40 ANG 270 1
50 PIL 2 12 2.5 0
60 BAT 5 2
70 ANG 270 2
80 PIL 3 6 2.5 0
90 BAT 5 3
100 ANG 270 3
110 PIL 4 0 2.5 0
120 BAT 5 4
130 ANG 270 4
140 PIL 5 6 2.5 0
150 BAT 5 5
160 ANG 270 5
170 PIL 6 12 2.5 0
180 BAT 5 6
190 ANG 270 6
200 PIL 7 18 2.5 0
210 BAT 5 7
220 ANG 270 7
230 PIL 8 18 7.5 0
240 BAT 5 8
250 ANG 90 8
260 PIL 9 12 7.5 0
270 BAT 5 9
280 ANG 90 9
290 PIL 10 6 7.5 0
300 BAT 5 10
310 ANG 90 10
320 PIL 11 0 7.5 0
330 BAT 5 11
340 ANG 90 11
350 PIL 12 6 7.5 0
360 BAT 5 12
370 ANG 90 12
380 PIL 13 12 7.5 0
390 BAT 5 13
400 ANG 90 13
401 PIL 14 18 7.5 0
402 BAT 5 14
403 ANG 90 14
404 PRO 29000 261 729 21.4 2 0 1 TO 14
405 SOI ES 0.056 L 73 0 1 TO 14
406 RED 1 1 1
410 ALL H 90 70 387 387 527 1667 1 TO 14
420 FIX 1 TO 14
430 LOAD 1 0 12 246 1240 0 0
430 LOAD 2 0 12 312 1568 0 0
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430 LOAD 3 0 30 312 1676 0 0
430 LOAD 4 0 18 209 1159 0 0
430 LOAD 5 0 18 209 1112 0 0
430 LOAD 6 0 52 209 1362 0 0
430 LOAD 7 0 52 209 1316 0 0
430 FOV 1.167 1.167 2
430 FOV 1.33 1.33 3
430 FOV 1.33 1.33 6
430 FOV 1.33 1.33 7
440 TOUT 1 2 3 4 5 6 7
450 PFO ALL
460 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 01 SEP 20 RUN TIME: 20:25:38


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


SUNSET REACH D TOW EL 15.0 FIXED
DATA UNKNOWN REJECTED.


THERE ARE 14 PILES AND
7 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 18.00 , 2.50 , 0.00 )
( 18.00 , 7.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.26100E+03 0.72900E+03 0.21400E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.56000E 01 L 0.73000E+02 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.56000E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.11039E+02 0.00000E+00 0.00000E+00 0.00000E+00 0.10881E+04 0.00000E+00
0.00000E+00 0.85392E+01 0.00000E+00 0.65105E+03 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.14169E+04 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.65105E+03 0.00000E+00 0.99275E+05 0.00000E+00 0.00000E+00
0.10881E+04 0.00000E+00 0.00000E+00 0.00000E+00 0.21449E+06 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 18.00 2.50 0.00 5.00 270.00 73.00 F
2 12.00 2.50 0.00 5.00 270.00 73.00 F
3 6.00 2.50 0.00 5.00 270.00 73.00 F
4 0.00 2.50 0.00 5.00 270.00 73.00 F
5 6.00 2.50 0.00 5.00 270.00 73.00 F
6 12.00 2.50 0.00 5.00 270.00 73.00 F
7 18.00 2.50 0.00 5.00 270.00 73.00 F
8 18.00 7.50 0.00 5.00 90.00 73.00 F
9 12.00 7.50 0.00 5.00 90.00 73.00 F
10 6.00 7.50 0.00 5.00 90.00 73.00 F
11 0.00 7.50 0.00 5.00 90.00 73.00 F
12 6.00 7.50 0.00 5.00 90.00 73.00 F
13 12.00 7.50 0.00 5.00 90.00 73.00 F
14 18.00 7.50 0.00 5.00 90.00 73.00 F
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1022.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


1 0.0 12.0 246.0 1240.0 0.0 0.0
2 0.0 12.0 312.0 1568.0 0.0 0.0 1.17 1.17
3 0.0 30.0 312.0 1676.0 0.0 0.0 1.33 1.33
4 0.0 18.0 209.0 1159.0 0.0 0.0
5 0.0 18.0 209.0 1112.0 0.0 0.0
6 0.0 52.0 209.0 1362.0 0.0 0.0 1.33 1.33
7 0.0 52.0 209.0 1316.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX


0.11955E+03 0.19274E 04 0.46056E 04 0.14600E 03 0.89377E+04 0.71729E+04
0.19274E 04 0.91155E+03 0.17053E 11 0.98613E+05 0.14600E 03 0.88908E 03
0.46056E 04 0.90949E 12 0.19080E+05 0.11448E+07 0.36351E 04 0.00000E+00
0.14600E 03 0.98613E+05 0.11448E+07 0.89040E+08 0.40555E 01 0.11453E+00
0.89377E+04 0.14600E 03 0.36351E 04 0.40555E 01 0.39697E+09 0.53626E+06
0.71729E+04 0.88908E 03 0.14552E 10 0.11453E+00 0.53626E+06 0.19601E+08


14 PILES 7 LOAD CASES


LOAD CASE 1. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 2. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 3. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 4. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 5. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 6. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 7. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.
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*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


1 0.3499E 08 0.2632E 01 0.2019E 01 0.1216E 03 0.1004E 12 0.1761E 11
2 0.4875E 08 0.2659E 01 0.2380E 01 0.1241E 03 0.1314E 12 0.2262E 11
3 0.1974E 08 0.5361E 01 0.2783E 01 0.1914E 03 0.8351E 13 0.2034E 11
4 0.1387E 08 0.2622E 01 0.1454E 01 0.5981E 04 0.4649E 13 0.1346E 11
5 0.1650E 08 0.3252E 01 0.1804E 01 0.1180E 03 0.6094E 13 0.1387E 11
6 0.4088E 08 0.7739E 01 0.2224E 01 0.1881E 03 0.4357E 13 0.9167E 12
7 0.3831E 08 0.8356E 01 0.2566E 01 0.2450E 03 0.2943E 13 0.9571E 12


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY


M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 1


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.5 0.0 15.7 0.0 57.7 0.0 0.17 0.08
2 0.5 0.0 15.7 0.0 57.7 0.0 0.17 0.08
3 0.5 0.0 15.7 0.0 57.7 0.0 0.17 0.08
4 0.5 0.0 15.7 0.0 57.7 0.0 0.17 0.08
5 0.5 0.0 15.7 0.0 57.7 0.0 0.17 0.08
6 0.5 0.0 15.7 0.0 57.7 0.0 0.17 0.08
7 0.5 0.0 15.7 0.0 57.7 0.0 0.17 0.08
8 0.4 0.0 20.2 0.0 52.2 0.0 0.22 0.08
9 0.4 0.0 20.2 0.0 52.2 0.0 0.22 0.08
10 0.4 0.0 20.2 0.0 52.2 0.0 0.22 0.08
11 0.4 0.0 20.2 0.0 52.2 0.0 0.22 0.08
12 0.4 0.0 20.2 0.0 52.2 0.0 0.22 0.08
13 0.4 0.0 20.2 0.0 52.2 0.0 0.22 0.08
14 0.4 0.0 20.2 0.0 52.2 0.0 0.22 0.08
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LOAD CASE 2


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.5 0.0 20.5 0.0 59.3 0.0 0.20 0.08
2 0.5 0.0 20.5 0.0 59.3 0.0 0.20 0.08
3 0.5 0.0 20.5 0.0 59.3 0.0 0.20 0.08
4 0.5 0.0 20.5 0.0 59.3 0.0 0.20 0.08
5 0.5 0.0 20.5 0.0 59.3 0.0 0.20 0.08
6 0.5 0.0 20.5 0.0 59.3 0.0 0.20 0.08
7 0.5 0.0 20.5 0.0 59.3 0.0 0.20 0.08
8 0.4 0.0 24.9 0.0 52.3 0.0 0.24 0.08
9 0.4 0.0 24.9 0.0 52.3 0.0 0.24 0.08
10 0.4 0.0 24.9 0.0 52.3 0.0 0.24 0.08
11 0.4 0.0 24.9 0.0 52.3 0.0 0.24 0.08
12 0.4 0.0 24.9 0.0 52.3 0.0 0.24 0.08
13 0.4 0.0 24.9 0.0 52.3 0.0 0.24 0.08
14 0.4 0.0 24.9 0.0 52.3 0.0 0.24 0.08


LOAD CASE 3


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.8 0.0 15.8 0.0 103.0 0.0 0.13 0.08
2 0.8 0.0 15.8 0.0 103.0 0.0 0.13 0.08
3 0.8 0.0 15.8 0.0 103.0 0.0 0.13 0.08
4 0.8 0.0 15.8 0.0 103.0 0.0 0.13 0.08
5 0.8 0.0 15.8 0.0 103.0 0.0 0.13 0.08
6 0.8 0.0 15.8 0.0 103.0 0.0 0.13 0.08
7 0.8 0.0 15.8 0.0 103.0 0.0 0.13 0.08
8 0.8 0.0 29.6 0.0 96.0 0.0 0.25 0.10
9 0.8 0.0 29.6 0.0 96.0 0.0 0.25 0.10
10 0.8 0.0 29.6 0.0 96.0 0.0 0.25 0.10
11 0.8 0.0 29.6 0.0 96.0 0.0 0.25 0.10
12 0.8 0.0 29.6 0.0 96.0 0.0 0.25 0.10
13 0.8 0.0 29.6 0.0 96.0 0.0 0.25 0.10
14 0.8 0.0 29.6 0.0 96.0 0.0 0.25 0.10


LOAD CASE 4


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.4 0.0 10.4 0.0 43.5 0.0 0.12 0.05
2 0.4 0.0 10.4 0.0 43.5 0.0 0.12 0.05
3 0.4 0.0 10.4 0.0 43.5 0.0 0.12 0.05
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4 0.4 0.0 10.4 0.0 43.5 0.0 0.12 0.05
5 0.4 0.0 10.4 0.0 43.5 0.0 0.12 0.05
6 0.4 0.0 10.4 0.0 43.5 0.0 0.12 0.05
7 0.4 0.0 10.4 0.0 43.5 0.0 0.12 0.05
8 0.3 0.0 20.0 0.0 38.8 0.0 0.22 0.08
9 0.3 0.0 20.0 0.0 38.8 0.0 0.22 0.08
10 0.3 0.0 20.0 0.0 38.8 0.0 0.22 0.08
11 0.3 0.0 20.0 0.0 38.8 0.0 0.22 0.08
12 0.3 0.0 20.0 0.0 38.8 0.0 0.22 0.08
13 0.3 0.0 20.0 0.0 38.8 0.0 0.22 0.08
14 0.3 0.0 20.0 0.0 38.8 0.0 0.22 0.08


LOAD CASE 5


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.5 0.0 11.1 0.0 63.1 0.0 0.12 0.07
2 0.5 0.0 11.1 0.0 63.1 0.0 0.12 0.07
3 0.5 0.0 11.1 0.0 63.1 0.0 0.12 0.07
4 0.5 0.0 11.1 0.0 63.1 0.0 0.12 0.07
5 0.5 0.0 11.1 0.0 63.1 0.0 0.12 0.07
6 0.5 0.0 11.1 0.0 63.1 0.0 0.12 0.07
7 0.5 0.0 11.1 0.0 63.1 0.0 0.12 0.07
8 0.5 0.0 19.3 0.0 58.4 0.0 0.21 0.09
9 0.5 0.0 19.3 0.0 58.4 0.0 0.21 0.09
10 0.5 0.0 19.3 0.0 58.4 0.0 0.21 0.09
11 0.5 0.0 19.3 0.0 58.4 0.0 0.21 0.09
12 0.5 0.0 19.3 0.0 58.4 0.0 0.21 0.09
13 0.5 0.0 19.3 0.0 58.4 0.0 0.21 0.09
14 0.5 0.0 19.3 0.0 58.4 0.0 0.21 0.09


LOAD CASE 6


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 1.1 0.0 1.6 0.0 126.4 0.0 0.01 0.06
2 1.1 0.0 1.6 0.0 126.4 0.0 0.01 0.06
3 1.1 0.0 1.6 0.0 126.4 0.0 0.01 0.06
4 1.1 0.0 1.6 0.0 126.4 0.0 0.01 0.06
5 1.1 0.0 1.6 0.0 126.4 0.0 0.01 0.06
6 1.1 0.0 1.6 0.0 126.4 0.0 0.01 0.06
7 1.1 0.0 1.6 0.0 126.4 0.0 0.01 0.06
8 1.0 0.0 28.9 0.0 121.8 0.0 0.24 0.11
9 1.0 0.0 28.9 0.0 121.8 0.0 0.24 0.11
10 1.0 0.0 28.9 0.0 121.8 0.0 0.24 0.11
11 1.0 0.0 28.9 0.0 121.8 0.0 0.24 0.11
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12 1.0 0.0 28.9 0.0 121.8 0.0 0.24 0.11
13 1.0 0.0 28.9 0.0 121.8 0.0 0.24 0.11
14 1.0 0.0 28.9 0.0 121.8 0.0 0.24 0.11


LOAD CASE 7


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 1.2 0.0 2.2 0.0 145.6 0.0 0.02 0.07
2 1.2 0.0 2.2 0.0 145.6 0.0 0.02 0.07
3 1.2 0.0 2.2 0.0 145.6 0.0 0.02 0.07
4 1.2 0.0 2.2 0.0 145.6 0.0 0.02 0.07
5 1.2 0.0 2.2 0.0 145.6 0.0 0.02 0.07
6 1.2 0.0 2.2 0.0 145.6 0.0 0.02 0.07
7 1.2 0.0 2.2 0.0 145.6 0.0 0.02 0.07
8 1.2 0.0 28.2 0.0 140.9 0.0 0.24 0.12
9 1.2 0.0 28.2 0.0 140.9 0.0 0.24 0.12
10 1.2 0.0 28.2 0.0 140.9 0.0 0.24 0.12
11 1.2 0.0 28.2 0.0 140.9 0.0 0.24 0.12
12 1.2 0.0 28.2 0.0 140.9 0.0 0.24 0.12
13 1.2 0.0 28.2 0.0 140.9 0.0 0.24 0.12
14 1.2 0.0 28.2 0.0 140.9 0.0 0.24 0.12


*******************************************************************************


PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 1


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 2.6 15.5 57.7 0.0 0.0
2 0.0 2.6 15.5 57.7 0.0 0.0
3 0.0 2.6 15.5 57.7 0.0 0.0
4 0.0 2.6 15.5 57.7 0.0 0.0
5 0.0 2.6 15.5 57.7 0.0 0.0
6 0.0 2.6 15.5 57.7 0.0 0.0
7 0.0 2.6 15.5 57.7 0.0 0.0
8 0.0 4.3 19.7 52.2 0.0 0.0
9 0.0 4.3 19.7 52.2 0.0 0.0


10 0.0 4.3 19.7 52.2 0.0 0.0
11 0.0 4.3 19.7 52.2 0.0 0.0
12 0.0 4.3 19.7 52.2 0.0 0.0
13 0.0 4.3 19.7 52.2 0.0 0.0
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14 0.0 4.3 19.7 52.2 0.0 0.0


LOAD CASE 2


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 3.6 20.2 59.3 0.0 0.0
2 0.0 3.6 20.2 59.3 0.0 0.0
3 0.0 3.6 20.2 59.3 0.0 0.0
4 0.0 3.6 20.2 59.3 0.0 0.0
5 0.0 3.6 20.2 59.3 0.0 0.0
6 0.0 3.6 20.2 59.3 0.0 0.0
7 0.0 3.6 20.2 59.3 0.0 0.0
8 0.0 5.3 24.4 52.3 0.0 0.0
9 0.0 5.3 24.4 52.3 0.0 0.0


10 0.0 5.3 24.4 52.3 0.0 0.0
11 0.0 5.3 24.4 52.3 0.0 0.0
12 0.0 5.3 24.4 52.3 0.0 0.0
13 0.0 5.3 24.4 52.3 0.0 0.0
14 0.0 5.3 24.4 52.3 0.0 0.0


LOAD CASE 3


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 2.3 15.7 103.0 0.0 0.0
2 0.0 2.3 15.7 103.0 0.0 0.0
3 0.0 2.3 15.7 103.0 0.0 0.0
4 0.0 2.3 15.7 103.0 0.0 0.0
5 0.0 2.3 15.7 103.0 0.0 0.0
6 0.0 2.3 15.7 103.0 0.0 0.0
7 0.0 2.3 15.7 103.0 0.0 0.0
8 0.0 6.6 28.9 96.0 0.0 0.0
9 0.0 6.6 28.9 96.0 0.0 0.0


10 0.0 6.6 28.9 96.0 0.0 0.0
11 0.0 6.6 28.9 96.0 0.0 0.0
12 0.0 6.6 28.9 96.0 0.0 0.0
13 0.0 6.6 28.9 96.0 0.0 0.0
14 0.0 6.6 28.9 96.0 0.0 0.0


LOAD CASE 4


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K
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1 0.0 1.7 10.3 43.5 0.0 0.0
2 0.0 1.7 10.3 43.5 0.0 0.0
3 0.0 1.7 10.3 43.5 0.0 0.0
4 0.0 1.7 10.3 43.5 0.0 0.0
5 0.0 1.7 10.3 43.5 0.0 0.0
6 0.0 1.7 10.3 43.5 0.0 0.0
7 0.0 1.7 10.3 43.5 0.0 0.0
8 0.0 4.2 19.6 38.8 0.0 0.0
9 0.0 4.2 19.6 38.8 0.0 0.0


10 0.0 4.2 19.6 38.8 0.0 0.0
11 0.0 4.2 19.6 38.8 0.0 0.0
12 0.0 4.2 19.6 38.8 0.0 0.0
13 0.0 4.2 19.6 38.8 0.0 0.0
14 0.0 4.2 19.6 38.8 0.0 0.0


LOAD CASE 5


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 1.7 11.0 63.1 0.0 0.0
2 0.0 1.7 11.0 63.1 0.0 0.0
3 0.0 1.7 11.0 63.1 0.0 0.0
4 0.0 1.7 11.0 63.1 0.0 0.0
5 0.0 1.7 11.0 63.1 0.0 0.0
6 0.0 1.7 11.0 63.1 0.0 0.0
7 0.0 1.7 11.0 63.1 0.0 0.0
8 0.0 4.2 18.9 58.4 0.0 0.0
9 0.0 4.2 18.9 58.4 0.0 0.0


10 0.0 4.2 18.9 58.4 0.0 0.0
11 0.0 4.2 18.9 58.4 0.0 0.0
12 0.0 4.2 18.9 58.4 0.0 0.0
13 0.0 4.2 18.9 58.4 0.0 0.0
14 0.0 4.2 18.9 58.4 0.0 0.0


LOAD CASE 6


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 0.8 1.7 126.4 0.0 0.0
2 0.0 0.8 1.7 126.4 0.0 0.0
3 0.0 0.8 1.7 126.4 0.0 0.0
4 0.0 0.8 1.7 126.4 0.0 0.0
5 0.0 0.8 1.7 126.4 0.0 0.0
6 0.0 0.8 1.7 126.4 0.0 0.0
7 0.0 0.8 1.7 126.4 0.0 0.0
8 0.0 6.7 28.1 121.8 0.0 0.0
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9 0.0 6.7 28.1 121.8 0.0 0.0
10 0.0 6.7 28.1 121.8 0.0 0.0
11 0.0 6.7 28.1 121.8 0.0 0.0
12 0.0 6.7 28.1 121.8 0.0 0.0
13 0.0 6.7 28.1 121.8 0.0 0.0
14 0.0 6.7 28.1 121.8 0.0 0.0


LOAD CASE 7


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 0.8 2.4 145.6 0.0 0.0
2 0.0 0.8 2.4 145.6 0.0 0.0
3 0.0 0.8 2.4 145.6 0.0 0.0
4 0.0 0.8 2.4 145.6 0.0 0.0
5 0.0 0.8 2.4 145.6 0.0 0.0
6 0.0 0.8 2.4 145.6 0.0 0.0
7 0.0 0.8 2.4 145.6 0.0 0.0
8 0.0 6.7 27.4 140.9 0.0 0.0
9 0.0 6.7 27.4 140.9 0.0 0.0


10 0.0 6.7 27.4 140.9 0.0 0.0
11 0.0 6.7 27.4 140.9 0.0 0.0
12 0.0 6.7 27.4 140.9 0.0 0.0
13 0.0 6.7 27.4 140.9 0.0 0.0
14 0.0 6.7 27.4 140.9 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.
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10 Sunset Reach D TOW El 15.0 Fixed
20 PIL 1 18 2.5 0
30 BAT 5 1
40 ANG 270 1
50 PIL 2 12 2.5 0
60 BAT 5 2
70 ANG 270 2
80 PIL 3 6 2.5 0
90 BAT 5 3
100 ANG 270 3
110 PIL 4 0 2.5 0
120 BAT 5 4
130 ANG 270 4
140 PIL 5 6 2.5 0
150 BAT 5 5
160 ANG 270 5
170 PIL 6 12 2.5 0
180 BAT 5 6
190 ANG 270 6
200 PIL 7 18 2.5 0
210 BAT 5 7
220 ANG 270 7
230 PIL 8 18 7.5 0
240 BAT 5 8
250 ANG 90 8
260 PIL 9 12 7.5 0
270 BAT 5 9
280 ANG 90 9
290 PIL 10 6 7.5 0
300 BAT 5 10
310 ANG 90 10
320 PIL 11 0 7.5 0
330 BAT 5 11
340 ANG 90 11
350 PIL 12 6 7.5 0
360 BAT 5 12
370 ANG 90 12
380 PIL 13 12 7.5 0
390 BAT 5 13
400 ANG 90 13
401 PIL 14 18 7.5 0
402 BAT 5 14
403 ANG 90 14
404 PRO 29000 261 729 21.4 2 0 1 TO 14
405 SOI ES 0.056 L 73 0 1 TO 14
406 RED 1 1 1
410 ALL H 90 70 387 387 527 1667 1 TO 14
420 FIX 1 TO 14
430 LOAD 8 0 142 195 1690 0 0
430 LOAD 9 0 142 195 1583 0 0
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430 FOV 1.33 1.33 8
430 FOV 1.33 1.33 9
440 TOUT 1 2 3 4 5 6 7
450 PFO ALL
460 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 01 SEP 20 RUN TIME: 20:26:24


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


SUNSET REACH D TOW EL 15.0 FIXED
DATA UNKNOWN REJECTED.


THERE ARE 14 PILES AND
2 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 18.00 , 2.50 , 0.00 )
( 18.00 , 7.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.26100E+03 0.72900E+03 0.21400E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.56000E 01 L 0.73000E+02 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.56000E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.11039E+02 0.00000E+00 0.00000E+00 0.00000E+00 0.10881E+04 0.00000E+00
0.00000E+00 0.85392E+01 0.00000E+00 0.65105E+03 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.14169E+04 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.65105E+03 0.00000E+00 0.99275E+05 0.00000E+00 0.00000E+00
0.10881E+04 0.00000E+00 0.00000E+00 0.00000E+00 0.21449E+06 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 18.00 2.50 0.00 5.00 270.00 73.00 F
2 12.00 2.50 0.00 5.00 270.00 73.00 F
3 6.00 2.50 0.00 5.00 270.00 73.00 F
4 0.00 2.50 0.00 5.00 270.00 73.00 F
5 6.00 2.50 0.00 5.00 270.00 73.00 F
6 12.00 2.50 0.00 5.00 270.00 73.00 F
7 18.00 2.50 0.00 5.00 270.00 73.00 F
8 18.00 7.50 0.00 5.00 90.00 73.00 F
9 12.00 7.50 0.00 5.00 90.00 73.00 F
10 6.00 7.50 0.00 5.00 90.00 73.00 F
11 0.00 7.50 0.00 5.00 90.00 73.00 F
12 6.00 7.50 0.00 5.00 90.00 73.00 F
13 12.00 7.50 0.00 5.00 90.00 73.00 F
14 18.00 7.50 0.00 5.00 90.00 73.00 F
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1022.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


8 0.0 142.0 195.0 1690.0 0.0 0.0 1.33 1.33
9 0.0 142.0 195.0 1583.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX


0.11955E+03 0.19274E 04 0.46056E 04 0.14600E 03 0.89377E+04 0.71729E+04
0.19274E 04 0.91155E+03 0.17053E 11 0.98613E+05 0.14600E 03 0.88908E 03
0.46056E 04 0.90949E 12 0.19080E+05 0.11448E+07 0.36351E 04 0.00000E+00
0.14600E 03 0.98613E+05 0.11448E+07 0.89040E+08 0.40555E 01 0.11453E+00
0.89377E+04 0.14600E 03 0.36351E 04 0.40555E 01 0.39697E+09 0.53626E+06
0.71729E+04 0.88908E 03 0.14552E 10 0.11453E+00 0.53626E+06 0.19601E+08


14 PILES 2 LOAD CASES


LOAD CASE 8. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 7.


LOAD CASE 9. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 7.


*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


8 0.1809E 07 0.2315E+00 0.5223E 01 0.7002E 03 0.2456E 12 0.2030E 12
9 0.1749E 07 0.2459E+00 0.6019E 01 0.8328E 03 0.2127E 12 0.1090E 12


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY
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M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 8


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 3.3 0.0 21.0 0.0 403.9 0.0 0.23 0.22
2 3.3 0.0 21.0 0.0 403.9 0.0 0.23 0.22
3 3.3 0.0 21.0 0.0 403.9 0.0 0.23 0.22
4 3.3 0.0 21.0 0.0 403.9 0.0 0.23 0.22
5 3.3 0.0 21.0 0.0 403.9 0.0 0.23 0.22
6 3.3 0.0 21.0 0.0 403.9 0.0 0.23 0.22
7 3.3 0.0 21.0 0.0 403.9 0.0 0.23 0.22
8 3.3 0.0 49.4 0.0 399.5 0.0 0.41 0.28
9 3.3 0.0 49.4 0.0 399.5 0.0 0.41 0.28
10 3.3 0.0 49.4 0.0 399.5 0.0 0.41 0.28
11 3.3 0.0 49.4 0.0 399.5 0.0 0.41 0.28
12 3.3 0.0 49.4 0.0 399.5 0.0 0.41 0.28
13 3.3 0.0 49.4 0.0 399.5 0.0 0.41 0.28
14 3.3 0.0 49.4 0.0 399.5 0.0 0.41 0.28


LOAD CASE 9


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 3.6 0.0 19.4 0.0 448.5 0.0 0.21 0.24
2 3.6 0.0 19.4 0.0 448.5 0.0 0.21 0.24
3 3.6 0.0 19.4 0.0 448.5 0.0 0.21 0.24
4 3.6 0.0 19.4 0.0 448.5 0.0 0.21 0.24
5 3.6 0.0 19.4 0.0 448.5 0.0 0.21 0.24
6 3.6 0.0 19.4 0.0 448.5 0.0 0.21 0.24
7 3.6 0.0 19.4 0.0 448.5 0.0 0.21 0.24
8 3.6 0.0 47.8 0.0 444.1 0.0 0.40 0.29
9 3.6 0.0 47.8 0.0 444.1 0.0 0.40 0.29
10 3.6 0.0 47.8 0.0 444.1 0.0 0.40 0.29
11 3.6 0.0 47.8 0.0 444.1 0.0 0.40 0.29
12 3.6 0.0 47.8 0.0 444.1 0.0 0.40 0.29
13 3.6 0.0 47.8 0.0 444.1 0.0 0.40 0.29
14 3.6 0.0 47.8 0.0 444.1 0.0 0.40 0.29
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*******************************************************************************


PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 8


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 7.4 19.9 403.9 0.0 0.0
2 0.0 7.4 19.9 403.9 0.0 0.0
3 0.0 7.4 19.9 403.9 0.0 0.0
4 0.0 7.4 19.9 403.9 0.0 0.0
5 0.0 7.4 19.9 403.9 0.0 0.0
6 0.0 7.4 19.9 403.9 0.0 0.0
7 0.0 7.4 19.9 403.9 0.0 0.0
8 0.0 12.9 47.7 399.5 0.0 0.0
9 0.0 12.9 47.7 399.5 0.0 0.0
10 0.0 12.9 47.7 399.5 0.0 0.0
11 0.0 12.9 47.7 399.5 0.0 0.0
12 0.0 12.9 47.7 399.5 0.0 0.0
13 0.0 12.9 47.7 399.5 0.0 0.0
14 0.0 12.9 47.7 399.5 0.0 0.0


LOAD CASE 9


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 7.4 18.3 448.5 0.0 0.0
2 0.0 7.4 18.3 448.5 0.0 0.0
3 0.0 7.4 18.3 448.5 0.0 0.0
4 0.0 7.4 18.3 448.5 0.0 0.0
5 0.0 7.4 18.3 448.5 0.0 0.0
6 0.0 7.4 18.3 448.5 0.0 0.0
7 0.0 7.4 18.3 448.5 0.0 0.0
8 0.0 12.9 46.2 444.1 0.0 0.0
9 0.0 12.9 46.2 444.1 0.0 0.0


10 0.0 12.9 46.2 444.1 0.0 0.0
11 0.0 12.9 46.2 444.1 0.0 0.0
12 0.0 12.9 46.2 444.1 0.0 0.0
13 0.0 12.9 46.2 444.1 0.0 0.0
14 0.0 12.9 46.2 444.1 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.
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10 Sunset Reach D TOW El 15.0 pinned
20 PIL 1 18 2.5 0
30 BAT 5 1
40 ANG 270 1
50 PIL 2 12 2.5 0
60 BAT 5 2
70 ANG 270 2
80 PIL 3 6 2.5 0
90 BAT 5 3
100 ANG 270 3
110 PIL 4 0 2.5 0
120 BAT 5 4
130 ANG 270 4
140 PIL 5 6 2.5 0
150 BAT 5 5
160 ANG 270 5
170 PIL 6 12 2.5 0
180 BAT 5 6
190 ANG 270 6
200 PIL 7 18 2.5 0
210 BAT 5 7
220 ANG 270 7
230 PIL 8 18 7.5 0
240 BAT 5 8
250 ANG 90 8
260 PIL 9 12 7.5 0
270 BAT 5 9
280 ANG 90 9
290 PIL 10 6 7.5 0
300 BAT 5 10
310 ANG 90 10
320 PIL 11 0 7.5 0
330 BAT 5 11
340 ANG 90 11
350 PIL 12 6 7.5 0
360 BAT 5 12
370 ANG 90 12
380 PIL 13 12 7.5 0
390 BAT 5 13
400 ANG 90 13
410 PIL 14 18 7.5 0
420 BAT 5 14
430 ANG 90 14
440 PRO 29000 261 729 21.4 2 0 1 TO 14
450 SOI ES 0.056 L 73 0 1 TO 14
460 RED 1 1 1
470 ALL H 90 70 387 387 527 1667 1 TO 14
480 PIN 1 TO 14
490 LOA 1 0 12 246 1240 0 0
490 LOA 2 0 12 312 1568 0 0
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490 LOA 3 0 30 312 1676 0 0
490 LOA 4 0 18 209 1159 0 0
490 LOA 5 0 18 209 1112 0 0
490 LOA 6 0 52 209 1362 0 0
490 LOA 7 0 52 209 1316 0 0
490 FOV 1.167 1.167 2
490 FOV 1.33 1.33 3
490 FOV 1.33 1.33 6
490 FOV 1.33 1.33 7
500 TOUT 1 2 3 4 5 6 7
510 PFO ALL
520 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 01 SEP 20 RUN TIME: 20:26:57


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


SUNSET REACH D TOW EL 15.0 PINNED
DATA UNKNOWN REJECTED.


THERE ARE 14 PILES AND
7 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 18.00 , 2.50 , 0.00 )
( 18.00 , 7.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.26100E+03 0.72900E+03 0.21400E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.56000E 01 L 0.73000E+02 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.56000E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.55196E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.42696E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.14169E+04 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 18.00 2.50 0.00 5.00 270.00 73.00 P
2 12.00 2.50 0.00 5.00 270.00 73.00 P
3 6.00 2.50 0.00 5.00 270.00 73.00 P
4 0.00 2.50 0.00 5.00 270.00 73.00 P
5 6.00 2.50 0.00 5.00 270.00 73.00 P
6 12.00 2.50 0.00 5.00 270.00 73.00 P
7 18.00 2.50 0.00 5.00 270.00 73.00 P
8 18.00 7.50 0.00 5.00 90.00 73.00 P
9 12.00 7.50 0.00 5.00 90.00 73.00 P
10 6.00 7.50 0.00 5.00 90.00 73.00 P
11 0.00 7.50 0.00 5.00 90.00 73.00 P
12 6.00 7.50 0.00 5.00 90.00 73.00 P
13 12.00 7.50 0.00 5.00 90.00 73.00 P
14 18.00 7.50 0.00 5.00 90.00 73.00 P
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1022.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


1 0.0 12.0 246.0 1240.0 0.0 0.0
2 0.0 12.0 312.0 1568.0 0.0 0.0 1.17 1.17
3 0.0 30.0 312.0 1676.0 0.0 0.0 1.33 1.33
4 0.0 18.0 209.0 1159.0 0.0 0.0
5 0.0 18.0 209.0 1112.0 0.0 0.0
6 0.0 52.0 209.0 1362.0 0.0 0.0 1.33 1.33
7 0.0 52.0 209.0 1316.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX


0.59774E+02 0.18920E 04 0.46237E 04 0.32526E 18 0.00000E+00 0.35865E+04
0.18920E 04 0.83725E+03 0.17053E 11 0.11400E+06 0.72760E 11 0.85142E 03
0.46237E 04 0.90949E 12 0.19077E+05 0.11446E+07 0.58208E 10 0.00000E+00
0.32526E 18 0.11400E+06 0.11446E+07 0.85845E+08 0.00000E+00 0.12484E+00
0.43368E 18 0.00000E+00 0.58208E 10 0.74506E 08 0.39557E+09 0.29802E 07
0.35865E+04 0.85142E 03 0.14552E 10 0.12484E+00 0.31665E 07 0.17630E+08


14 PILES 7 LOAD CASES


LOAD CASE 1. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 2. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 3. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 4. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 5. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 6. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 7. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.
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*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


1 0.8601E 08 0.1394E+00 0.6802E 01 0.9187E 03 0.7296E 20 0.1977E 11
2 0.1136E 07 0.1414E+00 0.7235E 01 0.9333E 03 0.6932E 20 0.2531E 11
3 0.6862E 08 0.2583E+00 0.1144E+00 0.1634E 02 0.1394E 19 0.2300E 11
4 0.3937E 08 0.1110E+00 0.5038E 01 0.6571E 03 0.4963E 20 0.1507E 11
5 0.5075E 08 0.1576E+00 0.7092E 01 0.9994E 03 0.8388E 20 0.1565E 11
6 0.4533E 08 0.3328E+00 0.1302E+00 0.1988E 02 0.1828E 19 0.1072E 11
7 0.3419E 08 0.3784E+00 0.1503E+00 0.2323E 02 0.2163E 19 0.1129E 11


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY


M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 1


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.8 0.0 17.5 0.0 50.7 0.0 0.19 0.08
2 0.8 0.0 17.5 0.0 50.7 0.0 0.19 0.08
3 0.8 0.0 17.5 0.0 50.7 0.0 0.19 0.08
4 0.8 0.0 17.5 0.0 50.7 0.0 0.19 0.08
5 0.8 0.0 17.5 0.0 50.7 0.0 0.19 0.08
6 0.8 0.0 17.5 0.0 50.7 0.0 0.19 0.08
7 0.8 0.0 17.5 0.0 50.7 0.0 0.19 0.08
8 0.8 0.0 18.4 0.0 48.9 0.0 0.20 0.08
9 0.8 0.0 18.4 0.0 48.9 0.0 0.20 0.08
10 0.8 0.0 18.4 0.0 48.9 0.0 0.20 0.08
11 0.8 0.0 18.4 0.0 48.9 0.0 0.20 0.08
12 0.8 0.0 18.4 0.0 48.9 0.0 0.20 0.08
13 0.8 0.0 18.4 0.0 48.9 0.0 0.20 0.08
14 0.8 0.0 18.4 0.0 48.9 0.0 0.20 0.08
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LOAD CASE 2


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.8 0.0 22.3 0.0 51.6 0.0 0.21 0.08
2 0.8 0.0 22.3 0.0 51.6 0.0 0.21 0.08
3 0.8 0.0 22.3 0.0 51.6 0.0 0.21 0.08
4 0.8 0.0 22.3 0.0 51.6 0.0 0.21 0.08
5 0.8 0.0 22.3 0.0 51.6 0.0 0.21 0.08
6 0.8 0.0 22.3 0.0 51.6 0.0 0.21 0.08
7 0.8 0.0 22.3 0.0 51.6 0.0 0.21 0.08
8 0.8 0.0 23.1 0.0 49.4 0.0 0.22 0.08
9 0.8 0.0 23.1 0.0 49.4 0.0 0.22 0.08
10 0.8 0.0 23.1 0.0 49.4 0.0 0.22 0.08
11 0.8 0.0 23.1 0.0 49.4 0.0 0.22 0.08
12 0.8 0.0 23.1 0.0 49.4 0.0 0.22 0.08
13 0.8 0.0 23.1 0.0 49.4 0.0 0.22 0.08
14 0.8 0.0 23.1 0.0 49.4 0.0 0.22 0.08


LOAD CASE 3


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 1.5 0.0 19.1 0.0 93.2 0.0 0.16 0.08
2 1.5 0.0 19.1 0.0 93.2 0.0 0.16 0.08
3 1.5 0.0 19.1 0.0 93.2 0.0 0.16 0.08
4 1.5 0.0 19.1 0.0 93.2 0.0 0.16 0.08
5 1.5 0.0 19.1 0.0 93.2 0.0 0.16 0.08
6 1.5 0.0 19.1 0.0 93.2 0.0 0.16 0.08
7 1.5 0.0 19.1 0.0 93.2 0.0 0.16 0.08
8 1.4 0.0 26.4 0.0 91.0 0.0 0.22 0.09
9 1.4 0.0 26.4 0.0 91.0 0.0 0.22 0.09
10 1.4 0.0 26.4 0.0 91.0 0.0 0.22 0.09
11 1.4 0.0 26.4 0.0 91.0 0.0 0.22 0.09
12 1.4 0.0 26.4 0.0 91.0 0.0 0.22 0.09
13 1.4 0.0 26.4 0.0 91.0 0.0 0.22 0.09
14 1.4 0.0 26.4 0.0 91.0 0.0 0.22 0.09


LOAD CASE 4


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.6 0.0 11.8 0.0 40.2 0.0 0.13 0.05
2 0.6 0.0 11.8 0.0 40.2 0.0 0.13 0.05
3 0.6 0.0 11.8 0.0 40.2 0.0 0.13 0.05
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4 0.6 0.0 11.8 0.0 40.2 0.0 0.13 0.05
5 0.6 0.0 11.8 0.0 40.2 0.0 0.13 0.05
6 0.6 0.0 11.8 0.0 40.2 0.0 0.13 0.05
7 0.6 0.0 11.8 0.0 40.2 0.0 0.13 0.05
8 0.6 0.0 18.7 0.0 38.7 0.0 0.21 0.07
9 0.6 0.0 18.7 0.0 38.7 0.0 0.21 0.07
10 0.6 0.0 18.7 0.0 38.7 0.0 0.21 0.07
11 0.6 0.0 18.7 0.0 38.7 0.0 0.21 0.07
12 0.6 0.0 18.7 0.0 38.7 0.0 0.21 0.07
13 0.6 0.0 18.7 0.0 38.7 0.0 0.21 0.07
14 0.6 0.0 18.7 0.0 38.7 0.0 0.21 0.07


LOAD CASE 5


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.9 0.0 13.1 0.0 56.9 0.0 0.15 0.07
2 0.9 0.0 13.1 0.0 56.9 0.0 0.15 0.07
3 0.9 0.0 13.1 0.0 56.9 0.0 0.15 0.07
4 0.9 0.0 13.1 0.0 56.9 0.0 0.15 0.07
5 0.9 0.0 13.1 0.0 56.9 0.0 0.15 0.07
6 0.9 0.0 13.1 0.0 56.9 0.0 0.15 0.07
7 0.9 0.0 13.1 0.0 56.9 0.0 0.15 0.07
8 0.9 0.0 17.4 0.0 55.4 0.0 0.19 0.08
9 0.9 0.0 17.4 0.0 55.4 0.0 0.19 0.08
10 0.9 0.0 17.4 0.0 55.4 0.0 0.19 0.08
11 0.9 0.0 17.4 0.0 55.4 0.0 0.19 0.08
12 0.9 0.0 17.4 0.0 55.4 0.0 0.19 0.08
13 0.9 0.0 17.4 0.0 55.4 0.0 0.19 0.08
14 0.9 0.0 17.4 0.0 55.4 0.0 0.19 0.08


LOAD CASE 6


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 1.9 0.0 5.6 0.0 119.2 0.0 0.05 0.06
2 1.9 0.0 5.6 0.0 119.2 0.0 0.05 0.06
3 1.9 0.0 5.6 0.0 119.2 0.0 0.05 0.06
4 1.9 0.0 5.6 0.0 119.2 0.0 0.05 0.06
5 1.9 0.0 5.6 0.0 119.2 0.0 0.05 0.06
6 1.9 0.0 5.6 0.0 119.2 0.0 0.05 0.06
7 1.9 0.0 5.6 0.0 119.2 0.0 0.05 0.06
8 1.9 0.0 24.8 0.0 117.7 0.0 0.21 0.10
9 1.9 0.0 24.8 0.0 117.7 0.0 0.21 0.10
10 1.9 0.0 24.8 0.0 117.7 0.0 0.21 0.10
11 1.9 0.0 24.8 0.0 117.7 0.0 0.21 0.10
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12 1.9 0.0 24.8 0.0 117.7 0.0 0.21 0.10
13 1.9 0.0 24.8 0.0 117.7 0.0 0.21 0.10
14 1.9 0.0 24.8 0.0 117.7 0.0 0.21 0.10


LOAD CASE 7


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 2.1 0.0 6.9 0.0 135.6 0.0 0.06 0.07
2 2.1 0.0 6.9 0.0 135.6 0.0 0.06 0.07
3 2.1 0.0 6.9 0.0 135.6 0.0 0.06 0.07
4 2.1 0.0 6.9 0.0 135.6 0.0 0.06 0.07
5 2.1 0.0 6.9 0.0 135.6 0.0 0.06 0.07
6 2.1 0.0 6.9 0.0 135.6 0.0 0.06 0.07
7 2.1 0.0 6.9 0.0 135.6 0.0 0.06 0.07
8 2.1 0.0 23.5 0.0 134.0 0.0 0.20 0.11
9 2.1 0.0 23.5 0.0 134.0 0.0 0.20 0.11
10 2.1 0.0 23.5 0.0 134.0 0.0 0.20 0.11
11 2.1 0.0 23.5 0.0 134.0 0.0 0.20 0.11
12 2.1 0.0 23.5 0.0 134.0 0.0 0.20 0.11
13 2.1 0.0 23.5 0.0 134.0 0.0 0.20 0.11
14 2.1 0.0 23.5 0.0 134.0 0.0 0.20 0.11


*******************************************************************************


PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 1


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 2.6 17.3 0.0 0.0 0.0
2 0.0 2.6 17.3 0.0 0.0 0.0
3 0.0 2.6 17.3 0.0 0.0 0.0
4 0.0 2.6 17.3 0.0 0.0 0.0
5 0.0 2.6 17.3 0.0 0.0 0.0
6 0.0 2.6 17.3 0.0 0.0 0.0
7 0.0 2.6 17.3 0.0 0.0 0.0
8 0.0 4.4 17.9 0.0 0.0 0.0
9 0.0 4.4 17.9 0.0 0.0 0.0


10 0.0 4.4 17.9 0.0 0.0 0.0
11 0.0 4.4 17.9 0.0 0.0 0.0
12 0.0 4.4 17.9 0.0 0.0 0.0
13 0.0 4.4 17.9 0.0 0.0 0.0
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14 0.0 4.4 17.9 0.0 0.0 0.0


LOAD CASE 2


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 3.6 22.1 0.0 0.0 0.0
2 0.0 3.6 22.1 0.0 0.0 0.0
3 0.0 3.6 22.1 0.0 0.0 0.0
4 0.0 3.6 22.1 0.0 0.0 0.0
5 0.0 3.6 22.1 0.0 0.0 0.0
6 0.0 3.6 22.1 0.0 0.0 0.0
7 0.0 3.6 22.1 0.0 0.0 0.0
8 0.0 5.3 22.5 0.0 0.0 0.0
9 0.0 5.3 22.5 0.0 0.0 0.0


10 0.0 5.3 22.5 0.0 0.0 0.0
11 0.0 5.3 22.5 0.0 0.0 0.0
12 0.0 5.3 22.5 0.0 0.0 0.0
13 0.0 5.3 22.5 0.0 0.0 0.0
14 0.0 5.3 22.5 0.0 0.0 0.0


LOAD CASE 3


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 2.3 19.0 0.0 0.0 0.0
2 0.0 2.3 19.0 0.0 0.0 0.0
3 0.0 2.3 19.0 0.0 0.0 0.0
4 0.0 2.3 19.0 0.0 0.0 0.0
5 0.0 2.3 19.0 0.0 0.0 0.0
6 0.0 2.3 19.0 0.0 0.0 0.0
7 0.0 2.3 19.0 0.0 0.0 0.0
8 0.0 6.6 25.6 0.0 0.0 0.0
9 0.0 6.6 25.6 0.0 0.0 0.0


10 0.0 6.6 25.6 0.0 0.0 0.0
11 0.0 6.6 25.6 0.0 0.0 0.0
12 0.0 6.6 25.6 0.0 0.0 0.0
13 0.0 6.6 25.6 0.0 0.0 0.0
14 0.0 6.6 25.6 0.0 0.0 0.0


LOAD CASE 4


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K
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1 0.0 1.7 11.7 0.0 0.0 0.0
2 0.0 1.7 11.7 0.0 0.0 0.0
3 0.0 1.7 11.7 0.0 0.0 0.0
4 0.0 1.7 11.7 0.0 0.0 0.0
5 0.0 1.7 11.7 0.0 0.0 0.0
6 0.0 1.7 11.7 0.0 0.0 0.0
7 0.0 1.7 11.7 0.0 0.0 0.0
8 0.0 4.3 18.2 0.0 0.0 0.0
9 0.0 4.3 18.2 0.0 0.0 0.0


10 0.0 4.3 18.2 0.0 0.0 0.0
11 0.0 4.3 18.2 0.0 0.0 0.0
12 0.0 4.3 18.2 0.0 0.0 0.0
13 0.0 4.3 18.2 0.0 0.0 0.0
14 0.0 4.3 18.2 0.0 0.0 0.0


LOAD CASE 5


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 1.7 13.0 0.0 0.0 0.0
2 0.0 1.7 13.0 0.0 0.0 0.0
3 0.0 1.7 13.0 0.0 0.0 0.0
4 0.0 1.7 13.0 0.0 0.0 0.0
5 0.0 1.7 13.0 0.0 0.0 0.0
6 0.0 1.7 13.0 0.0 0.0 0.0
7 0.0 1.7 13.0 0.0 0.0 0.0
8 0.0 4.3 16.8 0.0 0.0 0.0
9 0.0 4.3 16.8 0.0 0.0 0.0


10 0.0 4.3 16.8 0.0 0.0 0.0
11 0.0 4.3 16.8 0.0 0.0 0.0
12 0.0 4.3 16.8 0.0 0.0 0.0
13 0.0 4.3 16.8 0.0 0.0 0.0
14 0.0 4.3 16.8 0.0 0.0 0.0


LOAD CASE 6


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 0.7 5.9 0.0 0.0 0.0
2 0.0 0.7 5.9 0.0 0.0 0.0
3 0.0 0.7 5.9 0.0 0.0 0.0
4 0.0 0.7 5.9 0.0 0.0 0.0
5 0.0 0.7 5.9 0.0 0.0 0.0
6 0.0 0.7 5.9 0.0 0.0 0.0
7 0.0 0.7 5.9 0.0 0.0 0.0
8 0.0 6.7 24.0 0.0 0.0 0.0
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9 0.0 6.7 24.0 0.0 0.0 0.0
10 0.0 6.7 24.0 0.0 0.0 0.0
11 0.0 6.7 24.0 0.0 0.0 0.0
12 0.0 6.7 24.0 0.0 0.0 0.0
13 0.0 6.7 24.0 0.0 0.0 0.0
14 0.0 6.7 24.0 0.0 0.0 0.0


LOAD CASE 7


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 0.7 7.2 0.0 0.0 0.0
2 0.0 0.7 7.2 0.0 0.0 0.0
3 0.0 0.7 7.2 0.0 0.0 0.0
4 0.0 0.7 7.2 0.0 0.0 0.0
5 0.0 0.7 7.2 0.0 0.0 0.0
6 0.0 0.7 7.2 0.0 0.0 0.0
7 0.0 0.7 7.2 0.0 0.0 0.0
8 0.0 6.7 22.7 0.0 0.0 0.0
9 0.0 6.7 22.7 0.0 0.0 0.0


10 0.0 6.7 22.7 0.0 0.0 0.0
11 0.0 6.7 22.7 0.0 0.0 0.0
12 0.0 6.7 22.7 0.0 0.0 0.0
13 0.0 6.7 22.7 0.0 0.0 0.0
14 0.0 6.7 22.7 0.0 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.
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10 Sunset Reach D TOW El 15.0 Pinned
20 PIL 1 18 2.5 0
30 BAT 5 1
40 ANG 270 1
50 PIL 2 12 2.5 0
60 BAT 5 2
70 ANG 270 2
80 PIL 3 6 2.5 0
90 BAT 5 3
100 ANG 270 3
110 PIL 4 0 2.5 0
120 BAT 5 4
130 ANG 270 4
140 PIL 5 6 2.5 0
150 BAT 5 5
160 ANG 270 5
170 PIL 6 12 2.5 0
180 BAT 5 6
190 ANG 270 6
200 PIL 7 18 2.5 0
210 BAT 5 7
220 ANG 270 7
230 PIL 8 18 7.5 0
240 BAT 5 8
250 ANG 90 8
260 PIL 9 12 7.5 0
270 BAT 5 9
280 ANG 90 9
290 PIL 10 6 7.5 0
300 BAT 5 10
310 ANG 90 10
320 PIL 11 0 7.5 0
330 BAT 5 11
340 ANG 90 11
350 PIL 12 6 7.5 0
360 BAT 5 12
370 ANG 90 12
380 PIL 13 12 7.5 0
390 BAT 5 13
400 ANG 90 13
410 PIL 14 18 7.5 0
420 BAT 5 14
430 ANG 90 14
440 PRO 29000 261 729 21.4 2 0 1 TO 14
450 SOI ES 0.056 L 73 0 1 TO 14
460 RED 1 1 1
470 ALL H 90 70 387 387 527 1667 1 TO 14
480 PIN 1 TO 14
490 LOA 8 0 142 195 1690 0 0
490 LOA 9 0 142 195 1583 0 0
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490 FOV 1.33 1.33 8
490 FOV 1.33 1.33 9
500 TOUT 1 2 3 4 5 6 7
510 PFO ALL
520 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 01 SEP 20 RUN TIME: 20:28:01


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


SUNSET REACH D TOW EL 15.0 PINNED
DATA UNKNOWN REJECTED.


THERE ARE 14 PILES AND
2 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 18.00 , 2.50 , 0.00 )
( 18.00 , 7.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.26100E+03 0.72900E+03 0.21400E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.56000E 01 L 0.73000E+02 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.56000E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.55196E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.42696E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.14169E+04 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 18.00 2.50 0.00 5.00 270.00 73.00 P
2 12.00 2.50 0.00 5.00 270.00 73.00 P
3 6.00 2.50 0.00 5.00 270.00 73.00 P
4 0.00 2.50 0.00 5.00 270.00 73.00 P
5 6.00 2.50 0.00 5.00 270.00 73.00 P
6 12.00 2.50 0.00 5.00 270.00 73.00 P
7 18.00 2.50 0.00 5.00 270.00 73.00 P
8 18.00 7.50 0.00 5.00 90.00 73.00 P
9 12.00 7.50 0.00 5.00 90.00 73.00 P
10 6.00 7.50 0.00 5.00 90.00 73.00 P
11 0.00 7.50 0.00 5.00 90.00 73.00 P
12 6.00 7.50 0.00 5.00 90.00 73.00 P
13 12.00 7.50 0.00 5.00 90.00 73.00 P
14 18.00 7.50 0.00 5.00 90.00 73.00 P
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1022.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


8 0.0 142.0 195.0 1690.0 0.0 0.0 1.33 1.33
9 0.0 142.0 195.0 1583.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX


0.59774E+02 0.18920E 04 0.46237E 04 0.32526E 18 0.00000E+00 0.35865E+04
0.18920E 04 0.83725E+03 0.17053E 11 0.11400E+06 0.72760E 11 0.85142E 03
0.46237E 04 0.90949E 12 0.19077E+05 0.11446E+07 0.58208E 10 0.00000E+00
0.32526E 18 0.11400E+06 0.11446E+07 0.85845E+08 0.00000E+00 0.12484E+00
0.43368E 18 0.00000E+00 0.58208E 10 0.74506E 08 0.39557E+09 0.29802E 07
0.35865E+04 0.85142E 03 0.14552E 10 0.12484E+00 0.31665E 07 0.17630E+08


14 PILES 2 LOAD CASES


LOAD CASE 8. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 7.


LOAD CASE 9. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 7.


*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


8 0.2415E 07 0.1058E+01 0.4018E+00 0.6527E 02 0.6380E 19 0.2224E 13
9 0.2156E 07 0.1164E+01 0.4486E+00 0.7306E 02 0.7160E 19 0.1107E 12


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY
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M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 8


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 6.0 0.0 7.8 0.0 377.7 0.0 0.08 0.19
2 6.0 0.0 7.8 0.0 377.7 0.0 0.08 0.19
3 6.0 0.0 7.8 0.0 377.7 0.0 0.08 0.19
4 6.0 0.0 7.8 0.0 377.7 0.0 0.08 0.19
5 6.0 0.0 7.8 0.0 377.7 0.0 0.08 0.19
6 6.0 0.0 7.8 0.0 377.7 0.0 0.08 0.19
7 6.0 0.0 7.8 0.0 377.7 0.0 0.08 0.19
8 5.9 0.0 36.2 0.0 376.3 0.0 0.30 0.24
9 5.9 0.0 36.2 0.0 376.3 0.0 0.30 0.24
10 5.9 0.0 36.2 0.0 376.3 0.0 0.30 0.24
11 5.9 0.0 36.2 0.0 376.3 0.0 0.30 0.24
12 5.9 0.0 36.2 0.0 376.3 0.0 0.30 0.24
13 5.9 0.0 36.2 0.0 376.3 0.0 0.30 0.24
14 5.9 0.0 36.2 0.0 376.3 0.0 0.30 0.24


LOAD CASE 9


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 6.6 0.0 4.8 0.0 415.8 0.0 0.05 0.20
2 6.6 0.0 4.8 0.0 415.8 0.0 0.05 0.20
3 6.6 0.0 4.8 0.0 415.8 0.0 0.05 0.20
4 6.6 0.0 4.8 0.0 415.8 0.0 0.05 0.20
5 6.6 0.0 4.8 0.0 415.8 0.0 0.05 0.20
6 6.6 0.0 4.8 0.0 415.8 0.0 0.05 0.20
7 6.6 0.0 4.8 0.0 415.8 0.0 0.05 0.20
8 6.5 0.0 33.2 0.0 414.4 0.0 0.28 0.25
9 6.5 0.0 33.2 0.0 414.4 0.0 0.28 0.25
10 6.5 0.0 33.2 0.0 414.4 0.0 0.28 0.25
11 6.5 0.0 33.2 0.0 414.4 0.0 0.28 0.25
12 6.5 0.0 33.2 0.0 414.4 0.0 0.28 0.25
13 6.5 0.0 33.2 0.0 414.4 0.0 0.28 0.25
14 6.5 0.0 33.2 0.0 414.4 0.0 0.28 0.25
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*******************************************************************************


PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 8


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 7.4 6.5 0.0 0.0 0.0
2 0.0 7.4 6.5 0.0 0.0 0.0
3 0.0 7.4 6.5 0.0 0.0 0.0
4 0.0 7.4 6.5 0.0 0.0 0.0
5 0.0 7.4 6.5 0.0 0.0 0.0
6 0.0 7.4 6.5 0.0 0.0 0.0
7 0.0 7.4 6.5 0.0 0.0 0.0
8 0.0 12.9 34.4 0.0 0.0 0.0
9 0.0 12.9 34.4 0.0 0.0 0.0
10 0.0 12.9 34.4 0.0 0.0 0.0
11 0.0 12.9 34.4 0.0 0.0 0.0
12 0.0 12.9 34.4 0.0 0.0 0.0
13 0.0 12.9 34.4 0.0 0.0 0.0
14 0.0 12.9 34.4 0.0 0.0 0.0


LOAD CASE 9


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 7.4 3.4 0.0 0.0 0.0
2 0.0 7.4 3.4 0.0 0.0 0.0
3 0.0 7.4 3.4 0.0 0.0 0.0
4 0.0 7.4 3.4 0.0 0.0 0.0
5 0.0 7.4 3.4 0.0 0.0 0.0
6 0.0 7.4 3.4 0.0 0.0 0.0
7 0.0 7.4 3.4 0.0 0.0 0.0
8 0.0 12.9 31.3 0.0 0.0 0.0
9 0.0 12.9 31.3 0.0 0.0 0.0


10 0.0 12.9 31.3 0.0 0.0 0.0
11 0.0 12.9 31.3 0.0 0.0 0.0
12 0.0 12.9 31.3 0.0 0.0 0.0
13 0.0 12.9 31.3 0.0 0.0 0.0
14 0.0 12.9 31.3 0.0 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.
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Reach  Sunset wall
T-Wall Stems Loads


Top of Stem EL. 15.0 Weight of Water: 0.062 k/ft3


Bottom of Stem EL. 7.5 Moist Weight of Soil 0.120 k/ft3


F.S. Soil EL. 7.5 Wave Load: 0 k/ft
P.S. Soil EL. 7.5 Wave Arm  EL. 0
S.W.L  EL. 9.4 Debri 0.5 k/ft
P.S. Water EL. 0.0 Wind Load: 0.056 ksf
Ko: 0.8 Sat. Soil Weight: 0.058 k/ft3


Note: Inputs are already referenced from t-wall foundation sheet.


Load Case 2b.  Construction + Wind 1.6(D + Sur + Wind)


Item Fy z Mx Vx


Wind 0.42 3.75 1.58 0.42
Sub Total: 1.58 0.42


Total (Factored) 2.52 0.67
ft-k/ft k/ft
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Load Case 3a.  Flowline 1.6(D + EH + EV + HF+ IU)


Item Fy z Mx Vx
F.S. Horizontal Water 0.11 0.63 0.07 0.11
P.S. Horizontal Water 0.00 0.00 0.00 0.00
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) 0.00 0 0.0000 0.00
P.S. Horizontal Soil ( m rec) 0.00 -3.75 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 -2.50 0.00 0.00
Sub Total: 0.07 0.11


Total (Factored) 0.11 0.18
ft-k/ft k/ft


Load Case 3c.  Flowline+Wind+Debri 1.6(D + EH + EV + HF+ PU + I + W)


Item Fy z Mx Vx
F.S. Horizontal Water 0.11 0.63 0.07 0.11
P.S. Horizontal Water 0.00 0.00 0.00 0.00
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m rec) 0.00 -3.75 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 -2.50 0.00 0.00
Wind 0.31 4.70 1.47 0.31
Debri 0.50 2.90 1.45 0.50
Sub Total: 3.00 0.93


Total (Factored) 4.79 1.48
ft-k/ft k/ft


Load Case 4a.  Water to the Top + Debri 1.2D + 1.35EHD + 0.9EHR + 1.35EV + 1.3(HTW + I + IU)


Item Fy z Mx Vx
F.S. Horizontal Water 1.76 2.50 4.39 1.76
P.S. Horizontal Water 0.00 0.00 0.00 0.00
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m rec) 0.00 -3.75 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 -2.50 0.00 0.00
Debri 0.50 7.50 3.75 0.50


Total (Factored) 10.58 2.93
ft-k/ft k/ft


Load Case 4b.  Water to the Top + Debri 0.9D + 1.35EHD + 0.9EHR + 1.0EV + 1.3(HTW + I + IU)


Item Fy z Mx Vx
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F.S. Horizontal Water 1.76 2.50 4.39 1.76
P.S. Horizontal Water 0.00 0.00 0.00 0.00
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m rec) 0.00 -3.75 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 -2.50 0.00 0.00
Debri 0.50 7.50 3.75 0.50


Total (Factored) 10.58 2.93
ft-k/ft k/ft


Mu Vu
Load Case 2b 2.52 0.67
Load Case 3a 0.11 0.18
Load Case 3c 4.79 1.48
Load Case 4a 10.58 2.93
Load Case 4b 10.58 2.93


Maximum 10.58 2.93
ft-k/ft k/ft


Summary of Stem Loads
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As min =


As Req'd =


b =


 =


d =


f'c =


fy =


Mn =  = 0.9


Mu =


Vc = Nominal Shear strength (lb / linear foot)  = 0.75


Vu =


t =


 =


b =


Project: Reach D Sunset twall
Reference:T-wall 40  ft Slab Stem Rebar Design


Inputs:


Mu = 126.95


Vu = 2931.50 lb/linear ft


b = 12 in


d = 19.5 in


t = 24 in


f'c = 4 ksi


fy = 60 ksi


Ratio of Reinforcement


Balanced Ratio of Reinforcement ( 0.0285 for 4ksi concrete )


k-in / linear ft


Compressive strength of concrete. (ksi  ** except in Vc formula psi )


Yield strength of steel. (Usually 60 ksi. )


Nominal Moment strength (k-in / linear foot)


Ultimate moment in sttructure. ( k-in / linear foot)


Ultimate shear in structure. (lb / linear foot)


Thickness of structure. (In direction of applied moment)  (in)


Notation:


Minimum Area of Steel per linear foot of structure allowed by ACI / USACE.  (in2)


Required Area of Steel per linear foot of structure using Ultimate Moment. (in2)


Member width. ( Use 12in  if forces are per linear foot of structure.)


ACI 318-14 Section 22.2


Distance from extreme compression fiber to centroid of tension reinforcement. (in)
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 = 0.85 (unitless)


b = 0.0285 (unitless)


Check dd
Mn= Mu/
Mn= 141.05


EM 1110-2-2104 (Table D-1)


dd= 5.42 in


d > dd ok


Calculations: ** All Areas are per side.


EM 1110-2-2104 (Table D-8)


Pn= 0
Ku= 0.009133


EM 1110-2-2104 (D-9)


As Req'd = 0.12 in2 /ft


As min = 0.74 in2 /ft EM 1110-2-2104, Chapter 3


As min = 0.78 in2 /ft  = 200 b d / Fy    (psi) EM 1110-2-2104, Chapter 3


As min = 0.16 in2 /ft  = 1.33 (As Req'd ) EM 1110-2-2104, Chapter 3


Use    As = 0.16 in2 /ft Flexural


Temperature and Shrinkage Rebar
As t&s = 0.72 in2 /ft  = 0.005b t/2 per face -- EM 1110-2-2104 Table 2-3


k-in / linear ft


 = [ 3 b d  ( f'c )  ] / Fy   (psi)
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Use As t&s = 0.72 in2 /ft per face Use: #8@12in As: 0.78 in2 /ft


As Used: 0.78 in2 /ft Use: #8@12in


Mn = 797.18 k-in


Mu = 126.945 k-in


OK


Vc = 22.20 k


Vu = 2.93 k


OK


 = 0.003333


b =  0.007125


b =  0.010688


OK


OK


 = As / b d


 b  ( if possible )  


 b  ( always )


Check Shear:


Calculate Vc and compare to Vu.


 = 0.75 x 2 (  f'c ) b d


If Vc > Vu then As is acceptable.


Check Ratio of Reinforcement: EM 1110-2-2104, Chapter 3.5


Check Moment:


Calculate Mn and compare to original Mu.


  = 0.9 As Fy d ( 1 -( As Fy / 2  b d f'c) )


If Mn > Mu then As is acceptable.
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Quantities
Sunset T-wall Reach D (3A)


1) Cast-in place concrete
Area of Base Slab per linear ft: 25 ft2


Area of Stem per linear ft: 15.00 ft2


Total area per linear ft: 40.00 ft2


Width of slab: 10.00 ft


Sta. start: 146+74
Sta end: 174+00
Total stationing feet: 2726 ft
extra wall: 73.83 ft
Total Linear ft of wall: 2799.83 ft
Total Volume of Base Slab (CY) 2592.435 CY
Total Volume of Stem (CY): 1555.461 CY
Total volume of concrete (ft3): 111993.2 ft3


Total volume of concrete (CY): 4147.896 CY


2) Steel Sheet Piling
Cut off El. 5.75
Tip El. -34.25
Length: 40 ft
Area of sheet pile: 114393.2 ft2


3) HP 14x89 pile
Cut off El. 5.75
Tip El. -75
Batter: 5
Length: 82.34917 ft
spacing between piles 6 ft
total piles per row 2
Total length of piles: 76854.55 LF


4) Stab slab


Depth: 0.333 ft
Total volume: 9323.434 ft3


Total volume: 345.3124 CY
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Reach E Sunset T wall Calculations and
Quantities
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ASCE 7-10 Wind Load Calculation


Wind on Wall


Kz= 1.03
Kzt= 1
Kd= 0.85
V= 158 mph


qz= 56.0 lb/ft2
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Reach E Sunset twall (T-wall TOW El. 18.5)
T-Wall Foundation Loads: Unfactored Loads for Pile Analysis


Top of Stem EL. 18.5 Weight of Water: 0.062 k/ft3


Top of Slab EL. 7.5 Weight Soil (FS) 0.120 k/ft3


Bottom of Slab EL. 5.0 Weight of Soil (PS): 0.12 k/ft4


Stem Width: 2.00 ft Weight of Concrete: 0.150 k/ft3


F.S. Slab Width: 4 ft Ko: 0.8
P.S. Slab Width: 4 ft Wave Load: 0 k/ft
Length of Monolith: 41 ft Wave Arm  EL. 0
Dist to Sheet Pile: 5 ft Unbal. Load SWL: 0.0 k/ft
F.S. Soil EL. 7.5 Unbal. Load HWL: 0.0 k/ft
P.S. Soil EL. 7.5 Wind Load: 0.056 ksf
S.W.L  EL. (Flowline) 9.4 Boat Impact 0.5 k/ft  Debris applied at TOW for TOW LC 
P.S. Water EL. 0.0 Construction Surcharge: 0.2 k/ft2


Width of Monolith: 10.0 ft Area of Stem: 22.00 ft²
Area of Base Slab: 25 ft² Bouyant Soil Weight (PS): 0.058 k/ft3


Bouyant Soil Weight (FS): 0.058 k/ft4


Load Sheet Limitations - a) Straight aligned monoliths only b) No varying soil elevations along monolith
c) Constant stem thickness only d) Sheet only handles minimal impact loads


LC 1: Load Case 1a.  Normal Operation 


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 3.8 5.0 18.8
Concrete Stem 3.3 5.000 16.5
F.S. Vertical Soil 0.0 2.000 0.0
F.S. Horizontal Soil (Base) 0.3 0.83 0.3
P.S. Vertical Soil 0.0 8.00 0.0


Sub Total: 0.3 7.1 35.5 0.0 0.0


Sub Total x Monolith Length: 12 289 1456 0 0
Total 12 289 0 0 0 1456 0 0
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LC 3: Load Case 2a.  Construction


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 3.8 5.0 18.8
Concrete Stem 3.3 5.000 16.5
F.S. Horizontal Soil (Base) 0.3 0.83 0.3
Construction Surcharge(FS) 0.8 2.00 1.6
Construction Surcharge(PS) 0.8 8.00 6.4
Sub Total: 0.3 8.7 43.5


Sub Total x Monolith Length: 12.3 354.65 1783.5 0 0
Total 12 355 1784


LC 4: Load Case 2b.  Construction + Wind


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 3.8 5.0 18.8
Concrete Stem 3.3 5.000 16.5
F.S. Horizontal Soil (Base) 0.3 0.83 0.3
Construction Surcharge(FS) 0.8 2.0 1.6
Construction Surcharge(PS) 0.8 8 6.4
Wind 0.616 8.0 4.9
Sub Total: 0.92 8.65 48.43 0.00 0.00


Sub Total x Monolith Length: 37.556 354.65 1985.548 0 0
Total 38 355 1986


LC 5: Load Case 3a.  Flowline, Impervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 3.8 5.00 18.8
Concrete Stem 3.3 5.000 16.5
F.S. Vertical Water 0.5 2.00 0.9
F.S. Vertical Soil 0.0 2.00 0.0
P.S. Vertical Water 0.0000 8.000 0.0
P.S. Vertical Soil 0.0000 8.000 0.0
F.S. Horizontal Water 0.6 1.47 0.9
F.S. Horizontal Soil 0.144 0.83 0.1
P.S. Horizontal Water 0.0000 0.00 0.0
P.S. Horizontal Soil ( m tri) -0.3000 0.83 -0.3
P.S. Horizontal Soil ( m rec) 0.0 0.00 0.0
P.S. Horizontal Soil ( sat tri) 0.0 0.00 0.0
F.S. Impervious Uplift -1.4 2.50 -3.4
P.S. Impervious Uplift 0.0 7.50 0.0
Unbalanced Force 0.0
Sub Total: 0.4 6.2 33.5


Sub Total x Monolith Length: 18.4 252.2 1,374.4 0.0 0.0
Total 18 252 1374


LC 6: Load Case 3b. Flowline, Pervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 3.8 5.00 18.8
Concrete Stem 3.3 5.000 16.5
F.S. Vertical Water 0.5 2.00 0.9
F.S. Vertical Soil 0.0 2.00 0.0
P.S. Vertical Water 0.0 8.000 0.0
P.S. Vertical Soil 0.000 8.000 0.0
F.S. Horizontal Water 0.6 1.47 0.9
F.S. Horizontal Soil 0.1 0.83 0.1
P.S. Horizontal Water 0.000 0.00 0.0
P.S. Horizontal Soil ( m tri) -0.300 0.83 -0.3
P.S. Horizontal Soil ( m rec) 0.0 0.00 0.0
P.S. Horizontal Soil ( sat tri) 0.0 0.00 0.0
Pervious Uplift  (Rec.) 0.0 5.00 0.0
Pervious Uplift  (Tri.) -1.4 3.33 -4.6
Unbalanced Force 0.0
Sub Total: 0.4 6.2 32.4
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Sub Total x Monolith Length: 18.4 252.2 1327.5 0.0 0.0
Total 18 252 1328


LC 7: Load Case 3c.  Flowline + Wind + Debri, Impervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 3.8 5.00 18.8
Concrete Stem 3.3 5.000 16.5
F.S. Vertical Water 0.5 2.00 0.9
F.S. Vertical Soil 0.0 2.00 0.0
P.S. Vertical Water 0.0 8.000 0.0
P.S. Vertical Soil 0.000 8.000 0.0
F.S. Horizontal Water 0.6 1.47 0.9
F.S. Horizontal Soil 0.1 0.83 0.1
P.S. Horizontal Water 0.000 0.00 0.0
P.S. Horizontal Soil ( m tri) -0.300 0.83 -0.3
P.S. Horizontal Soil ( m rec) 0.0 0.00 0.0
P.S. Horizontal Soil ( sat tri) 0.0 0.00 0.0
F.S. Impervious Uplift -1.4 2.50 -3.4
P.S. Impervious Uplift 0.0 7.50 0.0
Wind 0.5 8.95 4.6
Debri 0.5 13.50 6.8
Sub Total: 1.5 6.2 44.8


Sub Total x Monolith Length: 59.8 252.2 1838.2 0.0 0.0
Total 60 252 1838


LC 8: Load Case 3d. Flowline + Wind + Debri, Pervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 3.8 5.00 18.8
Concrete Stem 3.3 5.000 16.5
F.S. Vertical Water 0.5 2.00 0.9
F.S. Vertical Soil 0.0 2.00 0.0
P.S. Vertical Water 0.0 8.000 0.0
P.S. Vertical Soil 0.000 8.000 0.0
F.S. Horizontal Water 0.6 1.47 0.9
F.S. Horizontal Soil 0.1 0.83 0.1
P.S. Horizontal Water 0.000 0.00 0.0
P.S. Horizontal Soil ( m tri) -0.300 0.83 -0.3
P.S. Horizontal Soil ( m rec) 0.0 0.00 0.0
P.S. Horizontal Soil ( sat tri) 0.0 0.00 0.0
Pervious Uplift  (Rec.) 0.0 5.00 0.0
Pervious Uplift  (Tri.) -1.4 3.33 -4.6
Wind 0.5 8.95 4.6
Debri 0.5 13.50 6.8
Sub Total: 1.5 6.2 43.7


Sub Total x Monolith Length: 59.8 252.2 1791.3 0.0 0.0
Total 60 252 1791


LC 9: Load Case 4a.  Water to the Top+ Debri, Impervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 3.8 5.00 18.8
Concrete Stem 3.3 5.000 16.5
F.S. Vertical Water 2.7 2.00 5.5
F.S. Vertical Soil 0.0 2.00 0.0
P.S. Vertical Water 0.0 8.000 0.0
P.S. Vertical Soil 0.000 8.000 0.0
F.S. Horizontal Water 5.7 4.50 25.6
F.S. Horizontal Soil 0.1 0.83 0.1
P.S. Horizontal Water 0.000 0.00 0.0
P.S. Horizontal Soil ( m tri) -0.300 0.83 -0.3
P.S. Horizontal Soil ( m rec) 0.0 0.00 0.0
P.S. Horizontal Soil ( sat tri) 0.0 0.00 0.0
F.S. Impervious Uplift -4.2 2.50 -10.5
P.S. Impervious Uplift 0.0 7.50 0.0
Debri 0.5 13.50 6.8
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Unbalanced Load 0.0
Sub Total: 6.0 5.6 62.4


Sub Total x Monolith Length: 247.2 228.9 2559.2 0.0 0.0
Total 247 229 2559


LC 10: Load Case 4b.  Water to the Top + Debri, Pervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 3.8 5.00 18.8
Concrete Stem 3.3 5.000 16.5
F.S. Vertical Water 2.7 2.00 5.5
F.S. Vertical Soil 0.0 2.00 0.0
P.S. Vertical Water 0.0 8.000 0.0
P.S. Vertical Soil 0.000 8.000 0.0
F.S. Horizontal Water 5.7 4.50 25.6
F.S. Horizontal Soil 0.1 0.83 0.1
P.S. Horizontal Water 0.000 0.00 0.0
P.S. Horizontal Soil ( m tri) -0.300 0.83 -0.3
P.S. Horizontal Soil ( m rec) 0.0 0.00 0.0
P.S. Horizontal Soil ( sat tri) 0.0 0.00 0.0
Pervious Uplift  (Rec.) 0.0 5.00 0.0
Pervious Uplift  (Tri.) -4.2 3.33 -14.0
Debri 0.5 13.50 6.8
Unbalanced Load 0.0
Sub Total: 6.0 5.6 58.9


Sub Total x Monolith Length: 247.2 228.9 2415.3 0.0 0.0
Total 247 229 2415


Fx Fy Fz Mx My Mz
Load Case 1a LOAD 1 0.0 12.3 289.1 1,455.5 0.0 0.0
Load Case 2a LOAD 6 0.0 12.3 354.7 1,783.5 0.0 0.0
Load Case 2b LOAD 7 0.0 37.6 354.7 1,985.5 0.0 0.0
Load Case 3a LOAD 8 0.0 18.4 252.2 1,374.4 0.0 0.0
Load Case 3b LOAD 9 0.0 18.4 252.2 1,327.5 0.0 0.0
Load Case 3c LOAD 10 0.0 59.8 252.2 1,838.2 0.0 0.0
Load Case 3d LOAD 11 0.0 59.8 252.2 1,791.3 0.0 0.0
Load Case 4a LOAD 12 0.0 247.2 228.9 2,559.2 0.0 0.0
Load Case 4b LOAD 13 0.0 247.2 228.9 2,415.3 0.0 0.0


Summary Table of CPGA Loads
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Pile Compression Load Capacity:
45 Tons Allowable
90 kips Allowable


Pile Tension Load Capacity:
35 Tons Allowable
70 kips Allowable







10 Sunset Reach E (5A) TOW El 18.5 Fixed
20 PIL 1 18 2.5 0
30 BAT 5 1
40 ANG 270 1
50 PIL 2 12 2.5 0
60 BAT 5 2
70 ANG 270 2
80 PIL 3 6 2.5 0
90 BAT 5 3
100 ANG 270 3
110 PIL 4 0 2.5 0
120 BAT 5 4
130 ANG 270 4
140 PIL 5 6 2.5 0
150 BAT 5 5
160 ANG 270 5
170 PIL 6 12 2.5 0
180 BAT 5 6
190 ANG 270 6
200 PIL 7 18 2.5 0
210 BAT 5 7
220 ANG 270 7
230 PIL 8 18 7.5 0
240 BAT 5 8
250 ANG 90 8
260 PIL 9 12 7.5 0
270 BAT 5 9
280 ANG 90 9
290 PIL 10 6 7.5 0
300 BAT 5 10
310 ANG 90 10
320 PIL 11 0 7.5 0
330 BAT 5 11
340 ANG 90 11
350 PIL 12 6 7.5 0
360 BAT 5 12
370 ANG 90 12
380 PIL 13 12 7.5 0
390 BAT 5 13
400 ANG 90 13
401 PIL 14 18 7.5 0
402 BAT 5 14
403 ANG 90 14
404 PRO 29000 261 729 21.4 2 0 1 TO 14
405 SOI ES 0.056 L 73 0 1 TO 14
406 RED 1 1 1
410 ALL H 90 70 387 387 527 1667 1 TO 14
420 FIX 1 TO 14
430 LOAD 1 0 12 289 1456 0 0
430 LOAD 2 0 12 355 1784 0 0
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430 LOAD 3 0 38 355 1986 0 0
430 LOAD 4 0 18 252 1374 0 0
430 LOAD 5 0 18 252 1328 0 0
430 LOAD 6 0 60 252 1838 0 0
430 LOAD 7 0 60 252 1791 0 0
430 FOV 1.167 1.167 2
430 FOV 1.33 1.33 3
430 FOV 1.33 1.33 6
430 FOV 1.33 1.33 7
440 TOUT 1 2 3 4 5 6 7
450 PFO ALL
460 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 01 SEP 20 RUN TIME: 20:19:01


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


SUNSET REACH E (5A) TOW EL 18.5 FIXED
DATA UNKNOWN REJECTED.


THERE ARE 14 PILES AND
7 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 18.00 , 2.50 , 0.00 )
( 18.00 , 7.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.26100E+03 0.72900E+03 0.21400E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.56000E 01 L 0.73000E+02 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.56000E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.11039E+02 0.00000E+00 0.00000E+00 0.00000E+00 0.10881E+04 0.00000E+00
0.00000E+00 0.85392E+01 0.00000E+00 0.65105E+03 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.14169E+04 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.65105E+03 0.00000E+00 0.99275E+05 0.00000E+00 0.00000E+00
0.10881E+04 0.00000E+00 0.00000E+00 0.00000E+00 0.21449E+06 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 18.00 2.50 0.00 5.00 270.00 73.00 F
2 12.00 2.50 0.00 5.00 270.00 73.00 F
3 6.00 2.50 0.00 5.00 270.00 73.00 F
4 0.00 2.50 0.00 5.00 270.00 73.00 F
5 6.00 2.50 0.00 5.00 270.00 73.00 F
6 12.00 2.50 0.00 5.00 270.00 73.00 F
7 18.00 2.50 0.00 5.00 270.00 73.00 F
8 18.00 7.50 0.00 5.00 90.00 73.00 F
9 12.00 7.50 0.00 5.00 90.00 73.00 F
10 6.00 7.50 0.00 5.00 90.00 73.00 F
11 0.00 7.50 0.00 5.00 90.00 73.00 F
12 6.00 7.50 0.00 5.00 90.00 73.00 F
13 12.00 7.50 0.00 5.00 90.00 73.00 F
14 18.00 7.50 0.00 5.00 90.00 73.00 F
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1022.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


1 0.0 12.0 289.0 1456.0 0.0 0.0
2 0.0 12.0 355.0 1784.0 0.0 0.0 1.17 1.17
3 0.0 38.0 355.0 1986.0 0.0 0.0 1.33 1.33
4 0.0 18.0 252.0 1374.0 0.0 0.0
5 0.0 18.0 252.0 1328.0 0.0 0.0
6 0.0 60.0 252.0 1838.0 0.0 0.0 1.33 1.33
7 0.0 60.0 252.0 1791.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX


0.11955E+03 0.19274E 04 0.46056E 04 0.14600E 03 0.89377E+04 0.71729E+04
0.19274E 04 0.91155E+03 0.17053E 11 0.98613E+05 0.14600E 03 0.88908E 03
0.46056E 04 0.90949E 12 0.19080E+05 0.11448E+07 0.36351E 04 0.00000E+00
0.14600E 03 0.98613E+05 0.11448E+07 0.89040E+08 0.40555E 01 0.11453E+00
0.89377E+04 0.14600E 03 0.36351E 04 0.40555E 01 0.39697E+09 0.53626E+06
0.71729E+04 0.88908E 03 0.14552E 10 0.11453E+00 0.53626E+06 0.19601E+08


14 PILES 7 LOAD CASES


LOAD CASE 1. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 2. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 3. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 4. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 5. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 6. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 7.


LOAD CASE 7. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.
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*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


1 0.4383E 08 0.2619E 01 0.2237E 01 0.1204E 03 0.1198E 12 0.2085E 11
2 0.5759E 08 0.2646E 01 0.2598E 01 0.1229E 03 0.1508E 12 0.2586E 11
3 0.1311E 08 0.5932E 01 0.2839E 01 0.1630E 03 0.6759E 13 0.2216E 11
4 0.2276E 08 0.2622E 01 0.1680E 01 0.5981E 04 0.6628E 13 0.1671E 11
5 0.2533E 08 0.3238E 01 0.2022E 01 0.1168E 03 0.8042E 13 0.1711E 11
6 0.5679E 08 0.6085E 01 0.1045E 01 0.4596E 04 0.1105E 12 0.9533E 12
7 0.5417E 08 0.6715E 01 0.1394E 01 0.1228E 04 0.9607E 13 0.9946E 12


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY


M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 1


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.5 0.0 18.8 0.0 57.8 0.0 0.21 0.08
2 0.5 0.0 18.8 0.0 57.8 0.0 0.21 0.08
3 0.5 0.0 18.8 0.0 57.8 0.0 0.21 0.08
4 0.5 0.0 18.8 0.0 57.8 0.0 0.21 0.08
5 0.5 0.0 18.8 0.0 57.8 0.0 0.21 0.08
6 0.5 0.0 18.8 0.0 57.8 0.0 0.21 0.08
7 0.5 0.0 18.8 0.0 57.8 0.0 0.21 0.08
8 0.4 0.0 23.3 0.0 51.3 0.0 0.26 0.09
9 0.4 0.0 23.3 0.0 51.3 0.0 0.26 0.09
10 0.4 0.0 23.3 0.0 51.3 0.0 0.26 0.09
11 0.4 0.0 23.3 0.0 51.3 0.0 0.26 0.09
12 0.4 0.0 23.3 0.0 51.3 0.0 0.26 0.09
13 0.4 0.0 23.3 0.0 51.3 0.0 0.26 0.09
14 0.4 0.0 23.3 0.0 51.3 0.0 0.26 0.09
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LOAD CASE 2


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.5 0.0 23.6 0.0 59.3 0.0 0.22 0.08
2 0.5 0.0 23.6 0.0 59.3 0.0 0.22 0.08
3 0.5 0.0 23.6 0.0 59.3 0.0 0.22 0.08
4 0.5 0.0 23.6 0.0 59.3 0.0 0.22 0.08
5 0.5 0.0 23.6 0.0 59.3 0.0 0.22 0.08
6 0.5 0.0 23.6 0.0 59.3 0.0 0.22 0.08
7 0.5 0.0 23.6 0.0 59.3 0.0 0.22 0.08
8 0.4 0.0 28.1 0.0 51.4 0.0 0.27 0.09
9 0.4 0.0 28.1 0.0 51.4 0.0 0.27 0.09
10 0.4 0.0 28.1 0.0 51.4 0.0 0.27 0.09
11 0.4 0.0 28.1 0.0 51.4 0.0 0.27 0.09
12 0.4 0.0 28.1 0.0 51.4 0.0 0.27 0.09
13 0.4 0.0 28.1 0.0 51.4 0.0 0.27 0.09
14 0.4 0.0 28.1 0.0 51.4 0.0 0.27 0.09


LOAD CASE 3


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.9 0.0 16.2 0.0 103.3 0.0 0.14 0.08
2 0.9 0.0 16.2 0.0 103.3 0.0 0.14 0.08
3 0.9 0.0 16.2 0.0 103.3 0.0 0.14 0.08
4 0.9 0.0 16.2 0.0 103.3 0.0 0.14 0.08
5 0.9 0.0 16.2 0.0 103.3 0.0 0.14 0.08
6 0.9 0.0 16.2 0.0 103.3 0.0 0.14 0.08
7 0.9 0.0 16.2 0.0 103.3 0.0 0.14 0.08
8 0.8 0.0 35.5 0.0 95.3 0.0 0.30 0.11
9 0.8 0.0 35.5 0.0 95.3 0.0 0.30 0.11
10 0.8 0.0 35.5 0.0 95.3 0.0 0.30 0.11
11 0.8 0.0 35.5 0.0 95.3 0.0 0.30 0.11
12 0.8 0.0 35.5 0.0 95.3 0.0 0.30 0.11
13 0.8 0.0 35.5 0.0 95.3 0.0 0.30 0.11
14 0.8 0.0 35.5 0.0 95.3 0.0 0.30 0.11


LOAD CASE 4


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.4 0.0 13.6 0.0 44.0 0.0 0.15 0.06
2 0.4 0.0 13.6 0.0 44.0 0.0 0.15 0.06
3 0.4 0.0 13.6 0.0 44.0 0.0 0.15 0.06
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4 0.4 0.0 13.6 0.0 44.0 0.0 0.15 0.06
5 0.4 0.0 13.6 0.0 44.0 0.0 0.15 0.06
6 0.4 0.0 13.6 0.0 44.0 0.0 0.15 0.06
7 0.4 0.0 13.6 0.0 44.0 0.0 0.15 0.06
8 0.3 0.0 23.1 0.0 38.4 0.0 0.26 0.08
9 0.3 0.0 23.1 0.0 38.4 0.0 0.26 0.08
10 0.3 0.0 23.1 0.0 38.4 0.0 0.26 0.08
11 0.3 0.0 23.1 0.0 38.4 0.0 0.26 0.08
12 0.3 0.0 23.1 0.0 38.4 0.0 0.26 0.08
13 0.3 0.0 23.1 0.0 38.4 0.0 0.26 0.08
14 0.3 0.0 23.1 0.0 38.4 0.0 0.26 0.08


LOAD CASE 5


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.5 0.0 14.2 0.0 63.2 0.0 0.16 0.07
2 0.5 0.0 14.2 0.0 63.2 0.0 0.16 0.07
3 0.5 0.0 14.2 0.0 63.2 0.0 0.16 0.07
4 0.5 0.0 14.2 0.0 63.2 0.0 0.16 0.07
5 0.5 0.0 14.2 0.0 63.2 0.0 0.16 0.07
6 0.5 0.0 14.2 0.0 63.2 0.0 0.16 0.07
7 0.5 0.0 14.2 0.0 63.2 0.0 0.16 0.07
8 0.5 0.0 22.5 0.0 57.5 0.0 0.25 0.09
9 0.5 0.0 22.5 0.0 57.5 0.0 0.25 0.09
10 0.5 0.0 22.5 0.0 57.5 0.0 0.25 0.09
11 0.5 0.0 22.5 0.0 57.5 0.0 0.25 0.09
12 0.5 0.0 22.5 0.0 57.5 0.0 0.25 0.09
13 0.5 0.0 22.5 0.0 57.5 0.0 0.25 0.09
14 0.5 0.0 22.5 0.0 57.5 0.0 0.25 0.09


LOAD CASE 6


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.6 0.0 0.5 0.0 57.6 0.0 0.01 0.03
2 0.6 0.0 0.5 0.0 57.6 0.0 0.01 0.03
3 0.6 0.0 0.5 0.0 57.6 0.0 0.01 0.03
4 0.6 0.0 0.5 0.0 57.6 0.0 0.01 0.03
5 0.6 0.0 0.5 0.0 57.6 0.0 0.01 0.03
6 0.6 0.0 0.5 0.0 57.6 0.0 0.01 0.03
7 0.6 0.0 0.5 0.0 57.6 0.0 0.01 0.03
8 0.6 0.0 37.2 0.0 52.0 0.0 0.31 0.10
9 0.6 0.0 37.2 0.0 52.0 0.0 0.31 0.10
10 0.6 0.0 37.2 0.0 52.0 0.0 0.31 0.10
11 0.6 0.0 37.2 0.0 52.0 0.0 0.31 0.10
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12 0.6 0.0 37.2 0.0 52.0 0.0 0.31 0.10
13 0.6 0.0 37.2 0.0 52.0 0.0 0.31 0.10
14 0.6 0.0 37.2 0.0 52.0 0.0 0.31 0.10


LOAD CASE 7


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.8 0.0 0.2 0.0 77.2 0.0 0.00 0.04
2 0.8 0.0 0.2 0.0 77.2 0.0 0.00 0.04
3 0.8 0.0 0.2 0.0 77.2 0.0 0.00 0.04
4 0.8 0.0 0.2 0.0 77.2 0.0 0.00 0.04
5 0.8 0.0 0.2 0.0 77.2 0.0 0.00 0.04
6 0.8 0.0 0.2 0.0 77.2 0.0 0.00 0.04
7 0.8 0.0 0.2 0.0 77.2 0.0 0.00 0.04
8 0.7 0.0 36.5 0.0 71.5 0.0 0.30 0.10
9 0.7 0.0 36.5 0.0 71.5 0.0 0.30 0.10
10 0.7 0.0 36.5 0.0 71.5 0.0 0.30 0.10
11 0.7 0.0 36.5 0.0 71.5 0.0 0.30 0.10
12 0.7 0.0 36.5 0.0 71.5 0.0 0.30 0.10
13 0.7 0.0 36.5 0.0 71.5 0.0 0.30 0.10
14 0.7 0.0 36.5 0.0 71.5 0.0 0.30 0.10


*******************************************************************************


PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 1


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 3.2 18.5 57.8 0.0 0.0
2 0.0 3.2 18.5 57.8 0.0 0.0
3 0.0 3.2 18.5 57.8 0.0 0.0
4 0.0 3.2 18.5 57.8 0.0 0.0
5 0.0 3.2 18.5 57.8 0.0 0.0
6 0.0 3.2 18.5 57.8 0.0 0.0
7 0.0 3.2 18.5 57.8 0.0 0.0
8 0.0 5.0 22.8 51.3 0.0 0.0
9 0.0 5.0 22.8 51.3 0.0 0.0


10 0.0 5.0 22.8 51.3 0.0 0.0
11 0.0 5.0 22.8 51.3 0.0 0.0
12 0.0 5.0 22.8 51.3 0.0 0.0
13 0.0 5.0 22.8 51.3 0.0 0.0
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14 0.0 5.0 22.8 51.3 0.0 0.0


LOAD CASE 2


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 4.2 23.3 59.3 0.0 0.0
2 0.0 4.2 23.3 59.3 0.0 0.0
3 0.0 4.2 23.3 59.3 0.0 0.0
4 0.0 4.2 23.3 59.3 0.0 0.0
5 0.0 4.2 23.3 59.3 0.0 0.0
6 0.0 4.2 23.3 59.3 0.0 0.0
7 0.0 4.2 23.3 59.3 0.0 0.0
8 0.0 5.9 27.5 51.4 0.0 0.0
9 0.0 5.9 27.5 51.4 0.0 0.0


10 0.0 5.9 27.5 51.4 0.0 0.0
11 0.0 5.9 27.5 51.4 0.0 0.0
12 0.0 5.9 27.5 51.4 0.0 0.0
13 0.0 5.9 27.5 51.4 0.0 0.0
14 0.0 5.9 27.5 51.4 0.0 0.0


LOAD CASE 3


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 2.3 16.0 103.3 0.0 0.0
2 0.0 2.3 16.0 103.3 0.0 0.0
3 0.0 2.3 16.0 103.3 0.0 0.0
4 0.0 2.3 16.0 103.3 0.0 0.0
5 0.0 2.3 16.0 103.3 0.0 0.0
6 0.0 2.3 16.0 103.3 0.0 0.0
7 0.0 2.3 16.0 103.3 0.0 0.0
8 0.0 7.7 34.7 95.3 0.0 0.0
9 0.0 7.7 34.7 95.3 0.0 0.0


10 0.0 7.7 34.7 95.3 0.0 0.0
11 0.0 7.7 34.7 95.3 0.0 0.0
12 0.0 7.7 34.7 95.3 0.0 0.0
13 0.0 7.7 34.7 95.3 0.0 0.0
14 0.0 7.7 34.7 95.3 0.0 0.0


LOAD CASE 4


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K
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1 0.0 2.3 13.4 44.0 0.0 0.0
2 0.0 2.3 13.4 44.0 0.0 0.0
3 0.0 2.3 13.4 44.0 0.0 0.0
4 0.0 2.3 13.4 44.0 0.0 0.0
5 0.0 2.3 13.4 44.0 0.0 0.0
6 0.0 2.3 13.4 44.0 0.0 0.0
7 0.0 2.3 13.4 44.0 0.0 0.0
8 0.0 4.9 22.6 38.4 0.0 0.0
9 0.0 4.9 22.6 38.4 0.0 0.0


10 0.0 4.9 22.6 38.4 0.0 0.0
11 0.0 4.9 22.6 38.4 0.0 0.0
12 0.0 4.9 22.6 38.4 0.0 0.0
13 0.0 4.9 22.6 38.4 0.0 0.0
14 0.0 4.9 22.6 38.4 0.0 0.0


LOAD CASE 5


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 2.3 14.0 63.2 0.0 0.0
2 0.0 2.3 14.0 63.2 0.0 0.0
3 0.0 2.3 14.0 63.2 0.0 0.0
4 0.0 2.3 14.0 63.2 0.0 0.0
5 0.0 2.3 14.0 63.2 0.0 0.0
6 0.0 2.3 14.0 63.2 0.0 0.0
7 0.0 2.3 14.0 63.2 0.0 0.0
8 0.0 4.9 22.0 57.5 0.0 0.0
9 0.0 4.9 22.0 57.5 0.0 0.0


10 0.0 4.9 22.0 57.5 0.0 0.0
11 0.0 4.9 22.0 57.5 0.0 0.0
12 0.0 4.9 22.0 57.5 0.0 0.0
13 0.0 4.9 22.0 57.5 0.0 0.0
14 0.0 4.9 22.0 57.5 0.0 0.0


LOAD CASE 6


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 0.7 0.3 57.6 0.0 0.0
2 0.0 0.7 0.3 57.6 0.0 0.0
3 0.0 0.7 0.3 57.6 0.0 0.0
4 0.0 0.7 0.3 57.6 0.0 0.0
5 0.0 0.7 0.3 57.6 0.0 0.0
6 0.0 0.7 0.3 57.6 0.0 0.0
7 0.0 0.7 0.3 57.6 0.0 0.0
8 0.0 7.9 36.3 52.0 0.0 0.0
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9 0.0 7.9 36.3 52.0 0.0 0.0
10 0.0 7.9 36.3 52.0 0.0 0.0
11 0.0 7.9 36.3 52.0 0.0 0.0
12 0.0 7.9 36.3 52.0 0.0 0.0
13 0.0 7.9 36.3 52.0 0.0 0.0
14 0.0 7.9 36.3 52.0 0.0 0.0


LOAD CASE 7


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 0.7 0.4 77.2 0.0 0.0
2 0.0 0.7 0.4 77.2 0.0 0.0
3 0.0 0.7 0.4 77.2 0.0 0.0
4 0.0 0.7 0.4 77.2 0.0 0.0
5 0.0 0.7 0.4 77.2 0.0 0.0
6 0.0 0.7 0.4 77.2 0.0 0.0
7 0.0 0.7 0.4 77.2 0.0 0.0
8 0.0 7.9 35.6 71.5 0.0 0.0
9 0.0 7.9 35.6 71.5 0.0 0.0


10 0.0 7.9 35.6 71.5 0.0 0.0
11 0.0 7.9 35.6 71.5 0.0 0.0
12 0.0 7.9 35.6 71.5 0.0 0.0
13 0.0 7.9 35.6 71.5 0.0 0.0
14 0.0 7.9 35.6 71.5 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.
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10 Sunset Reach E (5A) TOW El 18.5 Fixed
20 PIL 1 18 2.5 0
30 BAT 5 1
40 ANG 270 1
50 PIL 2 12 2.5 0
60 BAT 5 2
70 ANG 270 2
80 PIL 3 6 2.5 0
90 BAT 5 3
100 ANG 270 3
110 PIL 4 0 2.5 0
120 BAT 5 4
130 ANG 270 4
140 PIL 5 6 2.5 0
150 BAT 5 5
160 ANG 270 5
170 PIL 6 12 2.5 0
180 BAT 5 6
190 ANG 270 6
200 PIL 7 18 2.5 0
210 BAT 5 7
220 ANG 270 7
230 PIL 8 18 7.5 0
240 BAT 5 8
250 ANG 90 8
260 PIL 9 12 7.5 0
270 BAT 5 9
280 ANG 90 9
290 PIL 10 6 7.5 0
300 BAT 5 10
310 ANG 90 10
320 PIL 11 0 7.5 0
330 BAT 5 11
340 ANG 90 11
350 PIL 12 6 7.5 0
360 BAT 5 12
370 ANG 90 12
380 PIL 13 12 7.5 0
390 BAT 5 13
400 ANG 90 13
401 PIL 14 18 7.5 0
402 BAT 5 14
403 ANG 90 14
404 PRO 29000 261 729 21.4 2 0 1 TO 14
405 SOI ES 0.056 L 73 0 1 TO 14
406 RED 1 1 1
410 ALL H 90 70 387 387 527 1667 1 TO 14
420 FIX 1 TO 14
430 LOAD 8 0 247 229 2559 0 0
430 LOAD 9 0 247 229 2415 0 0
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430 FOV 1.33 1.33 8
430 FOV 1.33 1.33 9
440 TOUT 1 2 3 4 5 6 7
450 PFO ALL
460 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 01 SEP 20 RUN TIME: 20:20:33


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


SUNSET REACH E (5A) TOW EL 18.5 FIXED
DATA UNKNOWN REJECTED.


THERE ARE 14 PILES AND
2 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 18.00 , 2.50 , 0.00 )
( 18.00 , 7.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.26100E+03 0.72900E+03 0.21400E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.56000E 01 L 0.73000E+02 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.56000E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.11039E+02 0.00000E+00 0.00000E+00 0.00000E+00 0.10881E+04 0.00000E+00
0.00000E+00 0.85392E+01 0.00000E+00 0.65105E+03 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.14169E+04 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.65105E+03 0.00000E+00 0.99275E+05 0.00000E+00 0.00000E+00
0.10881E+04 0.00000E+00 0.00000E+00 0.00000E+00 0.21449E+06 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 18.00 2.50 0.00 5.00 270.00 73.00 F
2 12.00 2.50 0.00 5.00 270.00 73.00 F
3 6.00 2.50 0.00 5.00 270.00 73.00 F
4 0.00 2.50 0.00 5.00 270.00 73.00 F
5 6.00 2.50 0.00 5.00 270.00 73.00 F
6 12.00 2.50 0.00 5.00 270.00 73.00 F
7 18.00 2.50 0.00 5.00 270.00 73.00 F
8 18.00 7.50 0.00 5.00 90.00 73.00 F
9 12.00 7.50 0.00 5.00 90.00 73.00 F
10 6.00 7.50 0.00 5.00 90.00 73.00 F
11 0.00 7.50 0.00 5.00 90.00 73.00 F
12 6.00 7.50 0.00 5.00 90.00 73.00 F
13 12.00 7.50 0.00 5.00 90.00 73.00 F
14 18.00 7.50 0.00 5.00 90.00 73.00 F
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1022.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


8 0.0 247.0 229.0 2559.0 0.0 0.0 1.33 1.33
9 0.0 247.0 229.0 2415.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX


0.11955E+03 0.19274E 04 0.46056E 04 0.14600E 03 0.89377E+04 0.71729E+04
0.19274E 04 0.91155E+03 0.17053E 11 0.98613E+05 0.14600E 03 0.88908E 03
0.46056E 04 0.90949E 12 0.19080E+05 0.11448E+07 0.36351E 04 0.00000E+00
0.14600E 03 0.98613E+05 0.11448E+07 0.89040E+08 0.40555E 01 0.11453E+00
0.89377E+04 0.14600E 03 0.36351E 04 0.40555E 01 0.39697E+09 0.53626E+06
0.71729E+04 0.88908E 03 0.14552E 10 0.11453E+00 0.53626E+06 0.19601E+08


14 PILES 2 LOAD CASES


LOAD CASE 8. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 7.


LOAD CASE 9. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 7.


*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


8 0.3470E 07 0.3799E+00 0.7242E 01 0.1007E 02 0.5302E 12 0.1335E 11
9 0.3389E 07 0.3992E+00 0.8312E 01 0.1185E 02 0.4860E 12 0.1209E 11


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY
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M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 8


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 5.3 0.0 46.9 0.0 630.3 0.0 0.50 0.38
2 5.3 0.0 46.9 0.0 630.3 0.0 0.50 0.38
3 5.3 0.0 46.9 0.0 630.3 0.0 0.50 0.38
4 5.3 0.0 46.9 0.0 630.3 0.0 0.50 0.38
5 5.3 0.0 46.9 0.0 630.3 0.0 0.50 0.38
6 5.3 0.0 46.9 0.0 630.3 0.0 0.50 0.38
7 5.3 0.0 46.9 0.0 630.3 0.0 0.50 0.38
8 5.2 0.0 80.3 0.0 625.2 0.0 0.67 0.44
9 5.2 0.0 80.3 0.0 625.2 0.0 0.67 0.44
10 5.2 0.0 80.3 0.0 625.2 0.0 0.67 0.44
11 5.2 0.0 80.3 0.0 625.2 0.0 0.67 0.44
12 5.2 0.0 80.3 0.0 625.2 0.0 0.67 0.44
13 5.2 0.0 80.3 0.0 625.2 0.0 0.67 0.44
14 5.2 0.0 80.3 0.0 625.2 0.0 0.67 0.44


LOAD CASE 9


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 5.7 0.0 44.8 0.0 690.3 0.0 0.48 0.40
2 5.7 0.0 44.8 0.0 690.3 0.0 0.48 0.40
3 5.7 0.0 44.8 0.0 690.3 0.0 0.48 0.40
4 5.7 0.0 44.8 0.0 690.3 0.0 0.48 0.40
5 5.7 0.0 44.8 0.0 690.3 0.0 0.48 0.40
6 5.7 0.0 44.8 0.0 690.3 0.0 0.48 0.40
7 5.7 0.0 44.8 0.0 690.3 0.0 0.48 0.40
8 5.7 0.0 78.2 0.0 685.2 0.0 0.65 0.46
9 5.7 0.0 78.2 0.0 685.2 0.0 0.65 0.46
10 5.7 0.0 78.2 0.0 685.2 0.0 0.65 0.46
11 5.7 0.0 78.2 0.0 685.2 0.0 0.65 0.46
12 5.7 0.0 78.2 0.0 685.2 0.0 0.65 0.46
13 5.7 0.0 78.2 0.0 685.2 0.0 0.65 0.46
14 5.7 0.0 78.2 0.0 685.2 0.0 0.65 0.46
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*******************************************************************************


PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 8


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 14.4 45.0 630.3 0.0 0.0
2 0.0 14.4 45.0 630.3 0.0 0.0
3 0.0 14.4 45.0 630.3 0.0 0.0
4 0.0 14.4 45.0 630.3 0.0 0.0
5 0.0 14.4 45.0 630.3 0.0 0.0
6 0.0 14.4 45.0 630.3 0.0 0.0
7 0.0 14.4 45.0 630.3 0.0 0.0
8 0.0 20.9 77.7 625.2 0.0 0.0
9 0.0 20.9 77.7 625.2 0.0 0.0
10 0.0 20.9 77.7 625.2 0.0 0.0
11 0.0 20.9 77.7 625.2 0.0 0.0
12 0.0 20.9 77.7 625.2 0.0 0.0
13 0.0 20.9 77.7 625.2 0.0 0.0
14 0.0 20.9 77.7 625.2 0.0 0.0


LOAD CASE 9


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 14.4 42.9 690.3 0.0 0.0
2 0.0 14.4 42.9 690.3 0.0 0.0
3 0.0 14.4 42.9 690.3 0.0 0.0
4 0.0 14.4 42.9 690.3 0.0 0.0
5 0.0 14.4 42.9 690.3 0.0 0.0
6 0.0 14.4 42.9 690.3 0.0 0.0
7 0.0 14.4 42.9 690.3 0.0 0.0
8 0.0 20.9 75.6 685.2 0.0 0.0
9 0.0 20.9 75.6 685.2 0.0 0.0


10 0.0 20.9 75.6 685.2 0.0 0.0
11 0.0 20.9 75.6 685.2 0.0 0.0
12 0.0 20.9 75.6 685.2 0.0 0.0
13 0.0 20.9 75.6 685.2 0.0 0.0
14 0.0 20.9 75.6 685.2 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.
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10 Sunset Reach E (5A) TOW El 18.5 Pinned
20 PIL 1 18 2.5 0
30 BAT 5 1
40 ANG 270 1
50 PIL 2 12 2.5 0
60 BAT 5 2
70 ANG 270 2
80 PIL 3 6 2.5 0
90 BAT 5 3
100 ANG 270 3
110 PIL 4 0 2.5 0
120 BAT 5 4
130 ANG 270 4
140 PIL 5 6 2.5 0
150 BAT 5 5
160 ANG 270 5
170 PIL 6 12 2.5 0
180 BAT 5 6
190 ANG 270 6
200 PIL 7 18 2.5 0
210 BAT 5 7
220 ANG 270 7
230 PIL 8 18 7.5 0
240 BAT 5 8
250 ANG 90 8
260 PIL 9 12 7.5 0
270 BAT 5 9
280 ANG 90 9
290 PIL 10 6 7.5 0
300 BAT 5 10
310 ANG 90 10
320 PIL 11 0 7.5 0
330 BAT 5 11
340 ANG 90 11
350 PIL 12 6 7.5 0
360 BAT 5 12
370 ANG 90 12
380 PIL 13 12 7.5 0
390 BAT 5 13
400 ANG 90 13
410 PIL 14 18 7.5 0
420 BAT 5 14
430 ANG 90 14
440 PRO 29000 261 729 21.4 2 0 1 TO 14
450 SOI ES 0.056 L 73 0 1 TO 14
460 RED 1 1 1
470 ALL H 90 70 387 387 527 1667 1 TO 14
480 PIN 1 TO 14
490 LOA 1 0 12 289 1456 0 0
490 LOA 2 0 12 355 1784 0 0
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490 LOA 3 0 38 355 1986 0 0
490 LOA 4 0 18 252 1374 0 0
490 LOA 5 0 18 252 1328 0 0
490 LOA 6 0 60 252 1838 0 0
490 LOA 7 0 60 252 1791 0 0
490 FOV 1.167 1.167 2
490 FOV 1.33 1.33 3
490 FOV 1.33 1.33 6
490 FOV 1.33 1.33 7
500 TOUT 1 2 3 4 5 6 7
510 PFO ALL
520 PLB ALL


UBB Feasibility Report 
Structural Calculations and Drawings


Page 87 of 547







CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 01 SEP 20 RUN TIME: 20:21:07


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


SUNSET REACH E (5A) TOW EL 18.5 PINNED
DATA UNKNOWN REJECTED.


THERE ARE 14 PILES AND
7 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 18.00 , 2.50 , 0.00 )
( 18.00 , 7.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.26100E+03 0.72900E+03 0.21400E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.56000E 01 L 0.73000E+02 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.56000E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.55196E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.42696E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.14169E+04 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 18.00 2.50 0.00 5.00 270.00 73.00 P
2 12.00 2.50 0.00 5.00 270.00 73.00 P
3 6.00 2.50 0.00 5.00 270.00 73.00 P
4 0.00 2.50 0.00 5.00 270.00 73.00 P
5 6.00 2.50 0.00 5.00 270.00 73.00 P
6 12.00 2.50 0.00 5.00 270.00 73.00 P
7 18.00 2.50 0.00 5.00 270.00 73.00 P
8 18.00 7.50 0.00 5.00 90.00 73.00 P
9 12.00 7.50 0.00 5.00 90.00 73.00 P
10 6.00 7.50 0.00 5.00 90.00 73.00 P
11 0.00 7.50 0.00 5.00 90.00 73.00 P
12 6.00 7.50 0.00 5.00 90.00 73.00 P
13 12.00 7.50 0.00 5.00 90.00 73.00 P
14 18.00 7.50 0.00 5.00 90.00 73.00 P
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1022.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


1 0.0 12.0 289.0 1456.0 0.0 0.0
2 0.0 12.0 355.0 1784.0 0.0 0.0 1.17 1.17
3 0.0 38.0 355.0 1986.0 0.0 0.0 1.33 1.33
4 0.0 18.0 252.0 1374.0 0.0 0.0
5 0.0 18.0 252.0 1328.0 0.0 0.0
6 0.0 60.0 252.0 1838.0 0.0 0.0 1.33 1.33
7 0.0 60.0 252.0 1791.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX


0.59774E+02 0.18920E 04 0.46237E 04 0.32526E 18 0.00000E+00 0.35865E+04
0.18920E 04 0.83725E+03 0.17053E 11 0.11400E+06 0.72760E 11 0.85142E 03
0.46237E 04 0.90949E 12 0.19077E+05 0.11446E+07 0.58208E 10 0.00000E+00
0.32526E 18 0.11400E+06 0.11446E+07 0.85845E+08 0.00000E+00 0.12484E+00
0.43368E 18 0.00000E+00 0.58208E 10 0.74506E 08 0.39557E+09 0.29802E 07
0.35865E+04 0.85142E 03 0.14552E 10 0.12484E+00 0.31665E 07 0.17630E+08


14 PILES 7 LOAD CASES


LOAD CASE 1. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 2. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 3. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 4. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 5. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 6. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 7. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.
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*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


1 0.1034E 07 0.1384E+00 0.6984E 01 0.9115E 03 0.6891E 20 0.2335E 11
2 0.1310E 07 0.1404E+00 0.7417E 01 0.9260E 03 0.6528E 20 0.2889E 11
3 0.5491E 08 0.2637E+00 0.1148E+00 0.1603E 02 0.1330E 19 0.2498E 11
4 0.5702E 08 0.1110E+00 0.5264E 01 0.6571E 03 0.4632E 20 0.1866E 11
5 0.6816E 08 0.1566E+00 0.7274E 01 0.9921E 03 0.7984E 20 0.1923E 11
6 0.9922E 08 0.1736E+00 0.5812E 01 0.7485E 03 0.5546E 20 0.1064E 11
7 0.8784E 08 0.2202E+00 0.7866E 01 0.1091E 02 0.8971E 20 0.1123E 11


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY


M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 1


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.8 0.0 20.6 0.0 50.5 0.0 0.23 0.08
2 0.8 0.0 20.6 0.0 50.5 0.0 0.23 0.08
3 0.8 0.0 20.6 0.0 50.5 0.0 0.23 0.08
4 0.8 0.0 20.6 0.0 50.5 0.0 0.23 0.08
5 0.8 0.0 20.6 0.0 50.5 0.0 0.23 0.08
6 0.8 0.0 20.6 0.0 50.5 0.0 0.23 0.08
7 0.8 0.0 20.6 0.0 50.5 0.0 0.23 0.08
8 0.8 0.0 21.5 0.0 48.4 0.0 0.24 0.08
9 0.8 0.0 21.5 0.0 48.4 0.0 0.24 0.08
10 0.8 0.0 21.5 0.0 48.4 0.0 0.24 0.08
11 0.8 0.0 21.5 0.0 48.4 0.0 0.24 0.08
12 0.8 0.0 21.5 0.0 48.4 0.0 0.24 0.08
13 0.8 0.0 21.5 0.0 48.4 0.0 0.24 0.08
14 0.8 0.0 21.5 0.0 48.4 0.0 0.24 0.08
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LOAD CASE 2


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.8 0.0 25.4 0.0 51.4 0.0 0.24 0.08
2 0.8 0.0 25.4 0.0 51.4 0.0 0.24 0.08
3 0.8 0.0 25.4 0.0 51.4 0.0 0.24 0.08
4 0.8 0.0 25.4 0.0 51.4 0.0 0.24 0.08
5 0.8 0.0 25.4 0.0 51.4 0.0 0.24 0.08
6 0.8 0.0 25.4 0.0 51.4 0.0 0.24 0.08
7 0.8 0.0 25.4 0.0 51.4 0.0 0.24 0.08
8 0.8 0.0 26.3 0.0 48.9 0.0 0.25 0.08
9 0.8 0.0 26.3 0.0 48.9 0.0 0.25 0.08
10 0.8 0.0 26.3 0.0 48.9 0.0 0.25 0.08
11 0.8 0.0 26.3 0.0 48.9 0.0 0.25 0.08
12 0.8 0.0 26.3 0.0 48.9 0.0 0.25 0.08
13 0.8 0.0 26.3 0.0 48.9 0.0 0.25 0.08
14 0.8 0.0 26.3 0.0 48.9 0.0 0.25 0.08


LOAD CASE 3


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 1.5 0.0 19.4 0.0 95.2 0.0 0.16 0.08
2 1.5 0.0 19.4 0.0 95.2 0.0 0.16 0.08
3 1.5 0.0 19.4 0.0 95.2 0.0 0.16 0.08
4 1.5 0.0 19.4 0.0 95.2 0.0 0.16 0.08
5 1.5 0.0 19.4 0.0 95.2 0.0 0.16 0.08
6 1.5 0.0 19.4 0.0 95.2 0.0 0.16 0.08
7 1.5 0.0 19.4 0.0 95.2 0.0 0.16 0.08
8 1.5 0.0 32.3 0.0 92.6 0.0 0.27 0.10
9 1.5 0.0 32.3 0.0 92.6 0.0 0.27 0.10
10 1.5 0.0 32.3 0.0 92.6 0.0 0.27 0.10
11 1.5 0.0 32.3 0.0 92.6 0.0 0.27 0.10
12 1.5 0.0 32.3 0.0 92.6 0.0 0.27 0.10
13 1.5 0.0 32.3 0.0 92.6 0.0 0.27 0.10
14 1.5 0.0 32.3 0.0 92.6 0.0 0.27 0.10


LOAD CASE 4


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.6 0.0 14.9 0.0 40.4 0.0 0.17 0.06
2 0.6 0.0 14.9 0.0 40.4 0.0 0.17 0.06
3 0.6 0.0 14.9 0.0 40.4 0.0 0.17 0.06
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4 0.6 0.0 14.9 0.0 40.4 0.0 0.17 0.06
5 0.6 0.0 14.9 0.0 40.4 0.0 0.17 0.06
6 0.6 0.0 14.9 0.0 40.4 0.0 0.17 0.06
7 0.6 0.0 14.9 0.0 40.4 0.0 0.17 0.06
8 0.6 0.0 21.8 0.0 38.6 0.0 0.24 0.08
9 0.6 0.0 21.8 0.0 38.6 0.0 0.24 0.08
10 0.6 0.0 21.8 0.0 38.6 0.0 0.24 0.08
11 0.6 0.0 21.8 0.0 38.6 0.0 0.24 0.08
12 0.6 0.0 21.8 0.0 38.6 0.0 0.24 0.08
13 0.6 0.0 21.8 0.0 38.6 0.0 0.24 0.08
14 0.6 0.0 21.8 0.0 38.6 0.0 0.24 0.08


LOAD CASE 5


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.9 0.0 16.2 0.0 56.7 0.0 0.18 0.08
2 0.9 0.0 16.2 0.0 56.7 0.0 0.18 0.08
3 0.9 0.0 16.2 0.0 56.7 0.0 0.18 0.08
4 0.9 0.0 16.2 0.0 56.7 0.0 0.18 0.08
5 0.9 0.0 16.2 0.0 56.7 0.0 0.18 0.08
6 0.9 0.0 16.2 0.0 56.7 0.0 0.18 0.08
7 0.9 0.0 16.2 0.0 56.7 0.0 0.18 0.08
8 0.9 0.0 20.5 0.0 54.9 0.0 0.23 0.09
9 0.9 0.0 20.5 0.0 54.9 0.0 0.23 0.09
10 0.9 0.0 20.5 0.0 54.9 0.0 0.23 0.09
11 0.9 0.0 20.5 0.0 54.9 0.0 0.23 0.09
12 0.9 0.0 20.5 0.0 54.9 0.0 0.23 0.09
13 0.9 0.0 20.5 0.0 54.9 0.0 0.23 0.09
14 0.9 0.0 20.5 0.0 54.9 0.0 0.23 0.09


LOAD CASE 6


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 1.0 0.0 1.3 0.0 62.1 0.0 0.01 0.03
2 1.0 0.0 1.3 0.0 62.1 0.0 0.01 0.03
3 1.0 0.0 1.3 0.0 62.1 0.0 0.01 0.03
4 1.0 0.0 1.3 0.0 62.1 0.0 0.01 0.03
5 1.0 0.0 1.3 0.0 62.1 0.0 0.01 0.03
6 1.0 0.0 1.3 0.0 62.1 0.0 0.01 0.03
7 1.0 0.0 1.3 0.0 62.1 0.0 0.01 0.03
8 0.9 0.0 35.4 0.0 60.3 0.0 0.30 0.10
9 0.9 0.0 35.4 0.0 60.3 0.0 0.30 0.10
10 0.9 0.0 35.4 0.0 60.3 0.0 0.30 0.10
11 0.9 0.0 35.4 0.0 60.3 0.0 0.30 0.10
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12 0.9 0.0 35.4 0.0 60.3 0.0 0.30 0.10
13 0.9 0.0 35.4 0.0 60.3 0.0 0.30 0.10
14 0.9 0.0 35.4 0.0 60.3 0.0 0.30 0.10


LOAD CASE 7


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 1.2 0.0 2.6 0.0 78.8 0.0 0.02 0.04
2 1.2 0.0 2.6 0.0 78.8 0.0 0.02 0.04
3 1.2 0.0 2.6 0.0 78.8 0.0 0.02 0.04
4 1.2 0.0 2.6 0.0 78.8 0.0 0.02 0.04
5 1.2 0.0 2.6 0.0 78.8 0.0 0.02 0.04
6 1.2 0.0 2.6 0.0 78.8 0.0 0.02 0.04
7 1.2 0.0 2.6 0.0 78.8 0.0 0.02 0.04
8 1.2 0.0 34.1 0.0 77.0 0.0 0.28 0.10
9 1.2 0.0 34.1 0.0 77.0 0.0 0.28 0.10
10 1.2 0.0 34.1 0.0 77.0 0.0 0.28 0.10
11 1.2 0.0 34.1 0.0 77.0 0.0 0.28 0.10
12 1.2 0.0 34.1 0.0 77.0 0.0 0.28 0.10
13 1.2 0.0 34.1 0.0 77.0 0.0 0.28 0.10
14 1.2 0.0 34.1 0.0 77.0 0.0 0.28 0.10


*******************************************************************************


PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 1


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 3.3 20.3 0.0 0.0 0.0
2 0.0 3.3 20.3 0.0 0.0 0.0
3 0.0 3.3 20.3 0.0 0.0 0.0
4 0.0 3.3 20.3 0.0 0.0 0.0
5 0.0 3.3 20.3 0.0 0.0 0.0
6 0.0 3.3 20.3 0.0 0.0 0.0
7 0.0 3.3 20.3 0.0 0.0 0.0
8 0.0 5.0 21.0 0.0 0.0 0.0
9 0.0 5.0 21.0 0.0 0.0 0.0


10 0.0 5.0 21.0 0.0 0.0 0.0
11 0.0 5.0 21.0 0.0 0.0 0.0
12 0.0 5.0 21.0 0.0 0.0 0.0
13 0.0 5.0 21.0 0.0 0.0 0.0


UBB Feasibility Report 
Structural Calculations and Drawings


Page 94 of 547







14 0.0 5.0 21.0 0.0 0.0 0.0


LOAD CASE 2


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 4.2 25.1 0.0 0.0 0.0
2 0.0 4.2 25.1 0.0 0.0 0.0
3 0.0 4.2 25.1 0.0 0.0 0.0
4 0.0 4.2 25.1 0.0 0.0 0.0
5 0.0 4.2 25.1 0.0 0.0 0.0
6 0.0 4.2 25.1 0.0 0.0 0.0
7 0.0 4.2 25.1 0.0 0.0 0.0
8 0.0 5.9 25.6 0.0 0.0 0.0
9 0.0 5.9 25.6 0.0 0.0 0.0


10 0.0 5.9 25.6 0.0 0.0 0.0
11 0.0 5.9 25.6 0.0 0.0 0.0
12 0.0 5.9 25.6 0.0 0.0 0.0
13 0.0 5.9 25.6 0.0 0.0 0.0
14 0.0 5.9 25.6 0.0 0.0 0.0


LOAD CASE 3


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 2.3 19.3 0.0 0.0 0.0
2 0.0 2.3 19.3 0.0 0.0 0.0
3 0.0 2.3 19.3 0.0 0.0 0.0
4 0.0 2.3 19.3 0.0 0.0 0.0
5 0.0 2.3 19.3 0.0 0.0 0.0
6 0.0 2.3 19.3 0.0 0.0 0.0
7 0.0 2.3 19.3 0.0 0.0 0.0
8 0.0 7.8 31.4 0.0 0.0 0.0
9 0.0 7.8 31.4 0.0 0.0 0.0


10 0.0 7.8 31.4 0.0 0.0 0.0
11 0.0 7.8 31.4 0.0 0.0 0.0
12 0.0 7.8 31.4 0.0 0.0 0.0
13 0.0 7.8 31.4 0.0 0.0 0.0
14 0.0 7.8 31.4 0.0 0.0 0.0


LOAD CASE 4


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K
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1 0.0 2.3 14.7 0.0 0.0 0.0
2 0.0 2.3 14.7 0.0 0.0 0.0
3 0.0 2.3 14.7 0.0 0.0 0.0
4 0.0 2.3 14.7 0.0 0.0 0.0
5 0.0 2.3 14.7 0.0 0.0 0.0
6 0.0 2.3 14.7 0.0 0.0 0.0
7 0.0 2.3 14.7 0.0 0.0 0.0
8 0.0 4.9 21.3 0.0 0.0 0.0
9 0.0 4.9 21.3 0.0 0.0 0.0


10 0.0 4.9 21.3 0.0 0.0 0.0
11 0.0 4.9 21.3 0.0 0.0 0.0
12 0.0 4.9 21.3 0.0 0.0 0.0
13 0.0 4.9 21.3 0.0 0.0 0.0
14 0.0 4.9 21.3 0.0 0.0 0.0


LOAD CASE 5


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 2.3 16.1 0.0 0.0 0.0
2 0.0 2.3 16.1 0.0 0.0 0.0
3 0.0 2.3 16.1 0.0 0.0 0.0
4 0.0 2.3 16.1 0.0 0.0 0.0
5 0.0 2.3 16.1 0.0 0.0 0.0
6 0.0 2.3 16.1 0.0 0.0 0.0
7 0.0 2.3 16.1 0.0 0.0 0.0
8 0.0 4.9 19.9 0.0 0.0 0.0
9 0.0 4.9 19.9 0.0 0.0 0.0


10 0.0 4.9 19.9 0.0 0.0 0.0
11 0.0 4.9 19.9 0.0 0.0 0.0
12 0.0 4.9 19.9 0.0 0.0 0.0
13 0.0 4.9 19.9 0.0 0.0 0.0
14 0.0 4.9 19.9 0.0 0.0 0.0


LOAD CASE 6


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 0.7 1.5 0.0 0.0 0.0
2 0.0 0.7 1.5 0.0 0.0 0.0
3 0.0 0.7 1.5 0.0 0.0 0.0
4 0.0 0.7 1.5 0.0 0.0 0.0
5 0.0 0.7 1.5 0.0 0.0 0.0
6 0.0 0.7 1.5 0.0 0.0 0.0
7 0.0 0.7 1.5 0.0 0.0 0.0
8 0.0 7.9 34.5 0.0 0.0 0.0


UBB Feasibility Report 
Structural Calculations and Drawings


Page 96 of 547







9 0.0 7.9 34.5 0.0 0.0 0.0
10 0.0 7.9 34.5 0.0 0.0 0.0
11 0.0 7.9 34.5 0.0 0.0 0.0
12 0.0 7.9 34.5 0.0 0.0 0.0
13 0.0 7.9 34.5 0.0 0.0 0.0
14 0.0 7.9 34.5 0.0 0.0 0.0


LOAD CASE 7


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 0.7 2.8 0.0 0.0 0.0
2 0.0 0.7 2.8 0.0 0.0 0.0
3 0.0 0.7 2.8 0.0 0.0 0.0
4 0.0 0.7 2.8 0.0 0.0 0.0
5 0.0 0.7 2.8 0.0 0.0 0.0
6 0.0 0.7 2.8 0.0 0.0 0.0
7 0.0 0.7 2.8 0.0 0.0 0.0
8 0.0 7.9 33.2 0.0 0.0 0.0
9 0.0 7.9 33.2 0.0 0.0 0.0


10 0.0 7.9 33.2 0.0 0.0 0.0
11 0.0 7.9 33.2 0.0 0.0 0.0
12 0.0 7.9 33.2 0.0 0.0 0.0
13 0.0 7.9 33.2 0.0 0.0 0.0
14 0.0 7.9 33.2 0.0 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.
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10 Sunset Reach E (5A) TOW El 18.5 Pinned
20 PIL 1 18 2.5 0
30 BAT 5 1
40 ANG 270 1
50 PIL 2 12 2.5 0
60 BAT 5 2
70 ANG 270 2
80 PIL 3 6 2.5 0
90 BAT 5 3
100 ANG 270 3
110 PIL 4 0 2.5 0
120 BAT 5 4
130 ANG 270 4
140 PIL 5 6 2.5 0
150 BAT 5 5
160 ANG 270 5
170 PIL 6 12 2.5 0
180 BAT 5 6
190 ANG 270 6
200 PIL 7 18 2.5 0
210 BAT 5 7
220 ANG 270 7
230 PIL 8 18 7.5 0
240 BAT 5 8
250 ANG 90 8
260 PIL 9 12 7.5 0
270 BAT 5 9
280 ANG 90 9
290 PIL 10 6 7.5 0
300 BAT 5 10
310 ANG 90 10
320 PIL 11 0 7.5 0
330 BAT 5 11
340 ANG 90 11
350 PIL 12 6 7.5 0
360 BAT 5 12
370 ANG 90 12
380 PIL 13 12 7.5 0
390 BAT 5 13
400 ANG 90 13
410 PIL 14 18 7.5 0
420 BAT 5 14
430 ANG 90 14
440 PRO 29000 261 729 21.4 2 0 1 TO 14
450 SOI ES 0.056 L 73 0 1 TO 14
460 RED 1 1 1
470 ALL H 90 70 387 387 527 1667 1 TO 14
480 PIN 1 TO 14
490 LOA 8 0 247 229 2559 0 0
490 LOA 9 0 247 229 2415 0 0
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490 FOV 1.33 1.33 8
490 FOV 1.33 1.33 9
500 TOUT 1 2 3 4 5 6 7
510 PFO ALL
520 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 01 SEP 20 RUN TIME: 20:22:01


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


SUNSET REACH E (5A) TOW EL 18.5 PINNED
DATA UNKNOWN REJECTED.


THERE ARE 14 PILES AND
2 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 18.00 , 2.50 , 0.00 )
( 18.00 , 7.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.26100E+03 0.72900E+03 0.21400E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.56000E 01 L 0.73000E+02 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.56000E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.55196E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.42696E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.14169E+04 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 18.00 2.50 0.00 5.00 270.00 73.00 P
2 12.00 2.50 0.00 5.00 270.00 73.00 P
3 6.00 2.50 0.00 5.00 270.00 73.00 P
4 0.00 2.50 0.00 5.00 270.00 73.00 P
5 6.00 2.50 0.00 5.00 270.00 73.00 P
6 12.00 2.50 0.00 5.00 270.00 73.00 P
7 18.00 2.50 0.00 5.00 270.00 73.00 P
8 18.00 7.50 0.00 5.00 90.00 73.00 P
9 12.00 7.50 0.00 5.00 90.00 73.00 P
10 6.00 7.50 0.00 5.00 90.00 73.00 P
11 0.00 7.50 0.00 5.00 90.00 73.00 P
12 6.00 7.50 0.00 5.00 90.00 73.00 P
13 12.00 7.50 0.00 5.00 90.00 73.00 P
14 18.00 7.50 0.00 5.00 90.00 73.00 P
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1022.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


8 0.0 247.0 229.0 2559.0 0.0 0.0 1.33 1.33
9 0.0 247.0 229.0 2415.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX


0.59774E+02 0.18920E 04 0.46237E 04 0.32526E 18 0.00000E+00 0.35865E+04
0.18920E 04 0.83725E+03 0.17053E 11 0.11400E+06 0.72760E 11 0.85142E 03
0.46237E 04 0.90949E 12 0.19077E+05 0.11446E+07 0.58208E 10 0.00000E+00
0.32526E 18 0.11400E+06 0.11446E+07 0.85845E+08 0.00000E+00 0.12484E+00
0.43368E 18 0.00000E+00 0.58208E 10 0.74506E 08 0.39557E+09 0.29802E 07
0.35865E+04 0.85142E 03 0.14552E 10 0.12484E+00 0.31665E 07 0.17630E+08


14 PILES 2 LOAD CASES


LOAD CASE 8. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 7.


LOAD CASE 9. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 7.


*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


8 0.5066E 07 0.1672E+01 0.6187E+00 0.1011E 01 0.9942E 19 0.1170E 11
9 0.4717E 07 0.1815E+01 0.6817E+00 0.1116E 01 0.1099E 18 0.9915E 12


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY
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M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 8


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 9.4 0.0 26.4 0.0 596.0 0.0 0.28 0.32
2 9.4 0.0 26.4 0.0 596.0 0.0 0.28 0.32
3 9.4 0.0 26.4 0.0 596.0 0.0 0.28 0.32
4 9.4 0.0 26.4 0.0 596.0 0.0 0.28 0.32
5 9.4 0.0 26.4 0.0 596.0 0.0 0.28 0.32
6 9.4 0.0 26.4 0.0 596.0 0.0 0.28 0.32
7 9.4 0.0 26.4 0.0 596.0 0.0 0.28 0.32
8 9.4 0.0 59.8 0.0 594.4 0.0 0.50 0.38
9 9.4 0.0 59.8 0.0 594.4 0.0 0.50 0.38
10 9.4 0.0 59.8 0.0 594.4 0.0 0.50 0.38
11 9.4 0.0 59.8 0.0 594.4 0.0 0.50 0.38
12 9.4 0.0 59.8 0.0 594.4 0.0 0.50 0.38
13 9.4 0.0 59.8 0.0 594.4 0.0 0.50 0.38
14 9.4 0.0 59.8 0.0 594.4 0.0 0.50 0.38


LOAD CASE 9


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 10.2 0.0 22.4 0.0 647.3 0.0 0.24 0.34
2 10.2 0.0 22.4 0.0 647.3 0.0 0.24 0.34
3 10.2 0.0 22.4 0.0 647.3 0.0 0.24 0.34
4 10.2 0.0 22.4 0.0 647.3 0.0 0.24 0.34
5 10.2 0.0 22.4 0.0 647.3 0.0 0.24 0.34
6 10.2 0.0 22.4 0.0 647.3 0.0 0.24 0.34
7 10.2 0.0 22.4 0.0 647.3 0.0 0.24 0.34
8 10.2 0.0 55.7 0.0 645.6 0.0 0.47 0.40
9 10.2 0.0 55.7 0.0 645.6 0.0 0.47 0.40
10 10.2 0.0 55.7 0.0 645.6 0.0 0.47 0.40
11 10.2 0.0 55.7 0.0 645.6 0.0 0.47 0.40
12 10.2 0.0 55.7 0.0 645.6 0.0 0.47 0.40
13 10.2 0.0 55.7 0.0 645.6 0.0 0.47 0.40
14 10.2 0.0 55.7 0.0 645.6 0.0 0.47 0.40
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*******************************************************************************


PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 8


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 14.4 24.0 0.0 0.0 0.0
2 0.0 14.4 24.0 0.0 0.0 0.0
3 0.0 14.4 24.0 0.0 0.0 0.0
4 0.0 14.4 24.0 0.0 0.0 0.0
5 0.0 14.4 24.0 0.0 0.0 0.0
6 0.0 14.4 24.0 0.0 0.0 0.0
7 0.0 14.4 24.0 0.0 0.0 0.0
8 0.0 20.9 56.8 0.0 0.0 0.0
9 0.0 20.9 56.8 0.0 0.0 0.0


10 0.0 20.9 56.8 0.0 0.0 0.0
11 0.0 20.9 56.8 0.0 0.0 0.0
12 0.0 20.9 56.8 0.0 0.0 0.0
13 0.0 20.9 56.8 0.0 0.0 0.0
14 0.0 20.9 56.8 0.0 0.0 0.0


LOAD CASE 9


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 14.4 19.9 0.0 0.0 0.0
2 0.0 14.4 19.9 0.0 0.0 0.0
3 0.0 14.4 19.9 0.0 0.0 0.0
4 0.0 14.4 19.9 0.0 0.0 0.0
5 0.0 14.4 19.9 0.0 0.0 0.0
6 0.0 14.4 19.9 0.0 0.0 0.0
7 0.0 14.4 19.9 0.0 0.0 0.0
8 0.0 20.9 52.6 0.0 0.0 0.0
9 0.0 20.9 52.6 0.0 0.0 0.0


10 0.0 20.9 52.6 0.0 0.0 0.0
11 0.0 20.9 52.6 0.0 0.0 0.0
12 0.0 20.9 52.6 0.0 0.0 0.0
13 0.0 20.9 52.6 0.0 0.0 0.0
14 0.0 20.9 52.6 0.0 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.


UBB Feasibility Report 
Structural Calculations and Drawings


Page 104 of 547







Reach E Sunset twall (T-wall TOW El. 18.5)
T-Wall Stems Loads


Top of Stem EL. 18.5 Weight of Water: 0.062 k/ft3


Bottom of Stem EL. 7.5 Moist Weight of Soil 0.120 k/ft3


F.S. Soil EL. 7.5 Wave Load: 0 k/ft
P.S. Soil EL. 7.5 Wave Arm  EL. 0
S.W.L  EL. 9.4 Debri 0.5 k/ft
P.S. Water EL. 0.0 Wind Load: 0.056 ksf
Ko: 0.8 Sat. Soil Weight: 0.058 k/ft3


Note: Inputs are already referenced from t-wall foundation sheet.


Load Case 2b.  Construction + Wind 1.6(D + Sur + Wind)


Item Fy z Mx Vx


Wind 0.62 5.50 3.39 0.62
Sub Total: 3.39 0.62


Total (Factored) 5.42 0.99
ft-k/ft k/ft
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Load Case 3a.  Flowline 1.6(D + EH + EV + HF+ IU)


Item Fy z Mx Vx
F.S. Horizontal Water 0.11 0.63 0.07 0.11
P.S. Horizontal Water 0.00 0.00 0.00 0.00
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) 0.00 0 0.0000 0.00
P.S. Horizontal Soil ( m rec) 0.00 -3.75 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 -2.50 0.00 0.00
Sub Total: 0.07 0.11


Total (Factored) 0.11 0.18
ft-k/ft k/ft


Load Case 3c.  Flowline+Wind+Debri 1.6(D + EH + EV + HF+ PU + I + W)


Item Fy z Mx Vx
F.S. Horizontal Water 0.11 0.63 0.07 0.11
P.S. Horizontal Water 0.00 0.00 0.00 0.00
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m rec) 0.00 -3.75 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 -2.50 0.00 0.00
Wind 0.51 6.45 3.29 0.51
Debri 0.50 11.00 5.50 0.50
Sub Total: 8.86 1.12


Total (Factored) 14.17 1.80
ft-k/ft k/ft


Load Case 4a.  Water to the Top + Debri 1.2D + 1.35EHD + 0.9EHR + 1.35EV + 1.3(HTW + I + IU)


Item Fy z Mx Vx
F.S. Horizontal Water 3.78 3.67 13.84 3.78
P.S. Horizontal Water 0.00 0.00 0.00 0.00
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m rec) 0.00 -3.75 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 -2.50 0.00 0.00
Debri 0.50 11.00 5.50 0.50


Total (Factored) 25.15 5.56
ft-k/ft k/ft


Load Case 4b.  Water to the Top + Debri 0.9D + 1.35EHD + 0.9EHR + 1.0EV + 1.3(HTW + I + IU)


Item Fy z Mx Vx
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F.S. Horizontal Water 3.78 3.67 13.84 3.78
P.S. Horizontal Water 0.00 0.00 0.00 0.00
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m rec) 0.00 -3.75 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 -2.50 0.00 0.00
Debri 0.50 11.00 5.50 0.50


Total (Factored) 25.15 5.56
ft-k/ft k/ft


Mu Vu
Load Case 2b 5.42 0.99
Load Case 3a 0.11 0.18
Load Case 3c 14.17 1.80
Load Case 4a 25.15 5.56
Load Case 4b 25.15 5.56


Maximum 25.15 5.56
ft-k/ft k/ft


Summary of Stem Loads
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As min =


As Req'd =


b =


 =


d =


f'c =


fy =


Mn =  = 0.9


Mu =


Vc = Nominal Shear strength (lb / linear foot)  = 0.75


Vu =


t =


 =


b =


Project: Reach E Sunset twall (T-wall TOW El. 18.5)
Reference:T-wall 40  ft Slab Stem Rebar Design


Inputs:


Mu = 301.74


Vu = 5557.76 lb/linear ft


b = 12 in


d = 19.5 in


t = 24 in


f'c = 4 ksi


fy = 60 ksi


Notation:


Minimum Area of Steel per linear foot of structure allowed by ACI / USACE.  (in2)


Required Area of Steel per linear foot of structure using Ultimate Moment. (in2)


Member width. ( Use 12in  if forces are per linear foot of structure.)


ACI 318-14 Section 22.2


Distance from extreme compression fiber to centroid of tension reinforcement. (in)


Compressive strength of concrete. (ksi  ** except in Vc formula psi )


Yield strength of steel. (Usually 60 ksi. )


Nominal Moment strength (k-in / linear foot)


Ultimate moment in sttructure. ( k-in / linear foot)


Ultimate shear in structure. (lb / linear foot)


Thickness of structure. (In direction of applied moment)  (in)


Ratio of Reinforcement


Balanced Ratio of Reinforcement ( 0.0285 for 4ksi concrete )


k-in / linear ft
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 = 0.85 (unitless)


b = 0.0285 (unitless)


Check dd
Mn= Mu/
Mn= 335.27


EM 1110-2-2104 (Table D-1)


dd= 8.35 in


d > dd ok


Calculations: ** All Areas are per side.


EM 1110-2-2104 (Table D-8)


Pn= 0
Ku= 0.021849


EM 1110-2-2104 (D-9)


As Req'd = 0.29 in2 /ft


As min = 0.74 in2 /ft EM 1110-2-2104, Chapter 3


As min = 0.78 in2 /ft  = 200 b d / Fy    (psi) EM 1110-2-2104, Chapter 3


As min = 0.39 in2 /ft  = 1.33 (As Req'd ) EM 1110-2-2104, Chapter 3


Use    As = 0.39 in2 /ft Flexural


Temperature and Shrinkage Rebar
As t&s = 0.72 in2 /ft  = 0.005b t/2 per face


k-in / linear ft


 = [ 3 b d  ( f'c )  ] / Fy   (psi)


-- EM 1110-2-2104 Table 2-3
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Use As t&s = 0.72 in2 /ft per face Use: #8@12in As: 0.78 in2 /ft


As Used: 0.78 in2 /ft Use: #8@12in


Mn = 797.18 k-in


Mu = 301.7414 k-in


OK


Vc = 22.20 k


Vu = 5.56 k


OK


 = 0.003333


b =  0.007125


b =  0.010688


OK


OK


EM 1110-2-2104, Chapter 3.5


Check Moment:


Calculate Mn and compare to original Mu.


  = 0.9 As Fy d ( 1 -( As Fy / 2  b d f'c) )


If Mn > Mu then As is acceptable.


 = As / b d


 b  ( if possible )  


 b  ( always )


Check Shear:


Calculate Vc and compare to Vu.


 = 0.75 x 2 (  f'c ) b d


If Vc > Vu then As is acceptable.


Check Ratio of Reinforcement:
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Quantities
Sunset T-wall Reach E (5A)


1) Cast-in place concrete
Area of Base Slab per linear ft: 25 ft2


Area of Stem per linear ft: 22.00 ft2


Total area per linear ft: 47.00 ft2


Width of slab: 10.00 ft


Sta. start: 223+84
Sta end: 307+00
Total stationing feet: 8316 ft
extra wall: 0 ft
Total Linear ft of wall: 8316 ft
Total Volume of Base Slab (CY) 7700 CY
Total Volume of Stem (CY): 6776 CY
Total volume of concrete (ft3): 390852 ft3


Total volume of concrete (CY): 14476 CY


2) Steel Sheet Piling
Cut off El. 5.75
Tip El. -34.25
Length: 40 ft
Area of sheet pile: 335040 ft2


3) HP 14x89 pile
Cut off El. 5.75
Tip El. -75
Batter: 5
Length: 82.34917 ft
spacing between piles 6 ft
total piles per row 2
Total length of piles: 228271.9 LF


4) Stab slab


Depth: 0.333 ft
Total volume: 27692.28 ft3


Total volume: 1025.64 CY
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Reach E (5B)T1 Sunset T wall Calculations
and Quantities
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ASCE 7-10 Wind Load Calculation


Wind on Wall


Kz= 1.03
Kzt= 1
Kd= 0.85
V= 158 mph


qz= 56.0 lb/ft2
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Reach E ( 5B) T1 Sunset twall
T-Wall Foundation Loads: Unfactored Loads for Pile Analysis


Top of Stem EL. 18.5 Weight of Water: 0.062 k/ft3


Top of Slab EL. 5.0 Weight Soil (FS) 0.120 k/ft3


Bottom of Slab EL. 2.5 Weight of Soil (PS): 0.12 k/ft4


Stem Width: 2.00 ft Weight of Concrete: 0.150 k/ft3


F.S. Slab Width: 3 ft Ko: 0.8
P.S. Slab Width: 10 ft Wave Load: 0 k/ft
Length of Monolith: 50 ft Wave Arm  EL. 0
Dist to Sheet Pile: 5 ft Unbal. Load SWL: 0.0 k/ft
F.S. Soil EL. 5.0 Unbal. Load HWL: 0.0 k/ft  
P.S. Soil EL. 5.0 Wind Load: 0.056 ksf
S.W.L  EL. (Flowline) 9.4 Boat Impact 0.5 k/ft  Debris applied at TOW for TOW LC 
P.S. Water EL. 0.0 Construction Surcharge: 0.2 k/ft2


Width of Monolith: 15.0 ft Area of Stem: 27.00 ft²
Area of Base Slab: 37.5 ft² Bouyant Soil Weight (PS): 0.058 k/ft3


Bouyant Soil Weight (FS): 0.058 k/ft4


Load Sheet Limitations - a) Straight aligned monoliths only b) No varying soil elevations along monolith
c) Constant stem thickness only d) Sheet only handles minimal impact loads


LC 1: Load Case 1a.  Normal Operation 


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 5.6 7.5 42.2
Concrete Stem 4.1 4.000 16.2
F.S. Vertical Soil 0.0 1.500 0.0
F.S. Horizontal Soil (Base) 0.3 0.83 0.3
P.S. Vertical Soil 0.0 10.00 0.0


Sub Total: 0.3 9.7 58.6 0.0 0.0


Sub Total x Monolith Length: 15 484 2932 0 0
Total 15 484 0 0 0 2932 0 0
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LC : Load Case 2a.  Construction


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 5.6 7.5 42.2
Concrete Stem 4.1 4.000 16.2
F.S. Horizontal Soil (Base) 0.3 0.83 0.3
Construction Surcharge(FS) 0.6 1.50 0.9
Construction Surcharge(PS) 2.0 10.00 20.0
Sub Total: 0.3 12.3 79.5


Sub Total x Monolith Length: 15 613.75 3976.875 0 0
Total 15 614 3977


LC : Load Case 2b.  Construction + Wind


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 5.6 7.5 42.2
Concrete Stem 4.1 4.000 16.2
F.S. Horizontal Soil (Base) 0.3 0.83 0.3
Construction Surcharge(FS) 0.6 1.5 0.9
Construction Surcharge(PS) 2 10 20.0
Wind 0.756 9.3 7.0
Sub Total: 1.06 12.28 86.53 0.00 0.00


Sub Total x Monolith Length: 52.8 613.75 4326.525 0 0
Total 53 614 4327


LC : Load Case 3a.  Flowline, Impervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 5.6 7.50 42.2
Concrete Stem 4.1 4.000 16.2
F.S. Vertical Water 0.8 1.50 1.2
F.S. Vertical Soil 0.0 1.50 0.0
P.S. Vertical Water 0.0000 10.000 0.0
P.S. Vertical Soil 0.0000 10.000 0.0
F.S. Horizontal Water 1.5 2.30 3.4
F.S. Horizontal Soil 0.144 0.83 0.1
P.S. Horizontal Water 0.0000 0.00 0.0
P.S. Horizontal Soil ( m tri) -0.3000 0.83 -0.3
P.S. Horizontal Soil ( m rec) 0.0 0.00 0.0
P.S. Horizontal Soil ( sat tri) 0.0 0.00 0.0
F.S. Impervious Uplift -2.2 2.50 -5.4
P.S. Impervious Uplift 0.0 10.00 0.0
Unbalanced Force 0.0
Sub Total: 1.3 8.3 57.5


Sub Total x Monolith Length: 66.5 417.3 2,876.4 0.0 0.0
Total 66 417 2876


LC : Load Case 3b. Flowline, Pervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 5.6 7.50 42.2
Concrete Stem 4.1 4.000 16.2
F.S. Vertical Water 0.8 1.50 1.2
F.S. Vertical Soil 0.0 1.50 0.0
P.S. Vertical Water 0.0 10.000 0.0
P.S. Vertical Soil 0.000 10.000 0.0
F.S. Horizontal Water 1.5 2.30 3.4
F.S. Horizontal Soil 0.1 0.83 0.1
P.S. Horizontal Water 0.000 0.00 0.0
P.S. Horizontal Soil ( m tri) -0.300 0.83 -0.3
P.S. Horizontal Soil ( m rec) 0.0 0.00 0.0
P.S. Horizontal Soil ( sat tri) 0.0 0.00 0.0
Pervious Uplift  (Rec.) 0.0 7.50 0.0
Pervious Uplift  (Tri.) -3.2 5.00 -16.1
Unbalanced Force 0.0
Sub Total: 1.3 7.3 46.8
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Sub Total x Monolith Length: 66.5 363.5 2338.2 0.0 0.0
Total 66 363 2338


LC : Load Case 3c.  Flowline + Wind + Debri, Impervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 5.6 7.50 42.2
Concrete Stem 4.1 4.000 16.2
F.S. Vertical Water 0.8 1.50 1.2
F.S. Vertical Soil 0.0 1.50 0.0
P.S. Vertical Water 0.0 10.000 0.0
P.S. Vertical Soil 0.000 10.000 0.0
F.S. Horizontal Water 1.5 2.30 3.4
F.S. Horizontal Soil 0.1 0.83 0.1
P.S. Horizontal Water 0.000 0.00 0.0
P.S. Horizontal Soil ( m tri) -0.300 0.83 -0.3
P.S. Horizontal Soil ( m rec) 0.0 0.00 0.0
P.S. Horizontal Soil ( sat tri) 0.0 0.00 0.0
F.S. Impervious Uplift -2.2 2.50 -5.4
P.S. Impervious Uplift 0.0 10.00 0.0
Wind 0.5 11.45 5.8
Debri 0.5 16.00 8.0
Sub Total: 2.3 8.3 71.4


Sub Total x Monolith Length: 117.0 417.3 3568.1 0.0 0.0
Total 117 417 3568


LC : Load Case 3d. Flowline + Wind + Debri, Pervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 5.6 7.50 42.2
Concrete Stem 4.1 4.000 16.2
F.S. Vertical Water 0.8 1.50 1.2
F.S. Vertical Soil 0.0 1.50 0.0
P.S. Vertical Water 0.0 10.000 0.0
P.S. Vertical Soil 0.000 10.000 0.0
F.S. Horizontal Water 1.5 2.30 3.4
F.S. Horizontal Soil 0.1 0.83 0.1
P.S. Horizontal Water 0.000 0.00 0.0
P.S. Horizontal Soil ( m tri) -0.300 0.83 -0.3
P.S. Horizontal Soil ( m rec) 0.0 0.00 0.0
P.S. Horizontal Soil ( sat tri) 0.0 0.00 0.0
Pervious Uplift  (Rec.) 0.0 7.50 0.0
Pervious Uplift  (Tri.) -3.2 5.00 -16.1
Wind 0.5 11.45 5.8
Debri 0.5 16.00 8.0
Sub Total: 2.3 7.3 60.6


Sub Total x Monolith Length: 117.0 363.5 3029.9 0.0 0.0
Total 117 363 3030


LC : Load Case 4a.  Water to the Top+ Debri, Impervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 5.6 7.50 42.2
Concrete Stem 4.1 4.000 16.2
F.S. Vertical Water 2.5 1.50 3.8
F.S. Vertical Soil 0.0 1.50 0.0
P.S. Vertical Water 0.0 10.000 0.0
P.S. Vertical Soil 0.000 10.000 0.0
F.S. Horizontal Water 8.0 5.33 42.6
F.S. Horizontal Soil 0.1 0.83 0.1
P.S. Horizontal Water 0.000 0.00 0.0
P.S. Horizontal Soil ( m tri) -0.300 0.83 -0.3
P.S. Horizontal Soil ( m rec) 0.0 0.00 0.0
P.S. Horizontal Soil ( sat tri) 0.0 0.00 0.0
F.S. Impervious Uplift -5.0 2.50 -12.5
P.S. Impervious Uplift 0.0 10.00 0.0
Debri 0.5 16.00 8.0
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Unbalanced Load 0.0
Sub Total: 8.3 7.2 100.2


Sub Total x Monolith Length: 416.6 360.5 5008.3 0.0 0.0
Total 417 361 5008


LC 1 : Load Case 4b.  Water to the Top + Debri, Pervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 5.6 7.50 42.2
Concrete Stem 4.1 4.000 16.2
F.S. Vertical Water 2.5 1.50 3.8
F.S. Vertical Soil 0.0 1.50 0.0
P.S. Vertical Water 0.0 10.000 0.0
P.S. Vertical Soil 0.000 10.000 0.0
F.S. Horizontal Water 8.0 5.33 42.6
F.S. Horizontal Soil 0.1 0.83 0.1
P.S. Horizontal Water 0.000 0.00 0.0
P.S. Horizontal Soil ( m tri) -0.300 0.83 -0.3
P.S. Horizontal Soil ( m rec) 0.0 0.00 0.0
P.S. Horizontal Soil ( sat tri) 0.0 0.00 0.0
Pervious Uplift  (Rec.) 0.0 7.50 0.0
Pervious Uplift  (Tri.) -7.5 5.00 -37.4
Debri 0.5 16.00 8.0
Unbalanced Load 0.0
Sub Total: 8.3 4.7 75.2


Sub Total x Monolith Length: 416.6 235.7 3760.3 0.0 0.0
Total 417 236 3760


Fx Fy Fz Mx My Mz
Load Case 1a LOAD 1 0.0 15.0 483.8 2,931.9 0.0 0.0
Load Case 2a LOAD 0.0 15.0 613.8 3,976.9 0.0 0.0
Load Case 2b LOAD 0.0 52.8 613.8 4,326.5 0.0 0.0
Load Case 3a LOAD 0.0 66.5 417.3 2,876.4 0.0 0.0
Load Case 3b LOAD 0.0 66.5 363.5 2,338.2 0.0 0.0
Load Case 3c LOAD 0.0 117.0 417.3 3,568.1 0.0 0.0
Load Case 3d LOAD 0.0 117.0 363.5 3,029.9 0.0 0.0
Load Case 4a LOAD 0.0 416.6 360.5 5,008.3 0.0 0.0
Load Case 4b LOAD 1 0.0 416.6 235.7 3,760.3 0.0 0.0


Summary Table of CPGA Loads
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10 Sunset Reach E (5B) T1 Twall Fixed
20 PIL 1 22.5 2.5 0
30 BAT 2 1
40 ANG 270 1
50 PIL 2 17.5 2.5 0
60 BAT 2 2
70 ANG 270 2
80 PIL 3 12.5 2.5 0
90 BAT 2 3
100 ANG 270 3
110 PIL 4 7.5 2.5 0
120 BAT 2 4
130 ANG 270 4
140 PIL 5 2.5 2.5 0
150 BAT 2 5
160 ANG 270 5
170 PIL 6 2.5 2.5 0
180 BAT 2 6
190 ANG 270 6
200 PIL 7 7.5 2.5 0
210 BAT 2 7
220 ANG 270 7
230 PIL 8 12.5 2.5 0
240 BAT 2 8
250 ANG 270 8
260 PIL 9 17.5 2.5 0
270 BAT 2 9
280 ANG 270 9
290 PIL 10 22.5 2.5 0
300 BAT 2 10
310 ANG 270 10
320 PIL 11 22.5 7.5 0
330 BAT 2 11
340 ANG 90 11
350 PIL 12 17.5 7.5 0
360 BAT 2 12
370 ANG 90 12
380 PIL 13 12.5 7.5 0
390 BAT 2 13
400 ANG 90 13
410 PIL 14 7.5 7.5 0
420 BAT 2 14
430 ANG 90 14
440 PIL 15 2.5 7.5 0
450 BAT 2 15
460 ANG 90 15
470 PIL 16 2.5 7.5 0
480 BAT 2 16
490 ANG 90 16
500 PIL 17 7.5 7.5 0
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510 BAT 2 17
520 ANG 90 17
530 PIL 18 12.5 7.5 0
540 BAT 2 18
550 ANG 90 18
560 PIL 19 17.5 7.5 0
570 BAT 2 19
580 ANG 90 19
590 PIL 20 22.5 7.5 0
600 BAT 2 20
610 ANG 90 20
620 PIL 21 22.5 12.5 0
630 BAT 2 21
640 ANG 90 21
650 PIL 22 17.5 12.5 0
660 BAT 2 22
670 ANG 90 22
680 PIL 23 12.5 12.5 0
690 BAT 2 23
700 ANG 90 23
710 PIL 24 7.5 12.5 0
720 BAT 2 24
730 ANG 90 24
740 PIL 25 2.5 12.5 0
750 BAT 2 25
760 ANG 90 25
770 PIL 26 2.5 12.5 0
780 BAT 2 26
790 ANG 90 26
800 PIL 27 7.5 12.5 0
810 BAT 2 27
820 ANG 90 27
830 PIL 28 12.5 12.5 0
840 BAT 2 28
850 ANG 90 28
860 PIL 29 17.5 12.5 0
870 BAT 2 29
880 ANG 90 29
890 PIL 30 22.5 12.5 0
900 BAT 2 30
910 ANG 90 30
920 PRO 29000 326 904 26.1 2 0 1 TO 30
930 SOI ES 0.0345 L 69 0 1 TO 30
940 RED 1 1 1
950 ALL H 107 85 652 652 1107 3275 1 TO 30
960 FIX 1 TO 30
970 LOA 1 0 15 484 2932 0 0
970 LOA 2 0 15 614 3977 0 0
970 LOA 3 0 53 614 4327 0 0
970 LOA 4 0 66 417 2876 0 0
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970 LOA 5 0 66 363 2338 0 0
970 LOA 6 0 117 417 3568 0 0
970 LOA 7 0 117 363 3030 0 0
970 FOV 1.167 1.167 2
970 FOV 1.33 1.33 3
970 FOV 1.33 1.33 6
970 FOV 1.33 1.33 7
980 TOUT 1 2 3 4 5 6 7
990 PFO ALL
1000 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 01 SEP 20 RUN TIME: 20:06:20


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


SUNSET REACH E (5B) T1 TWALL FIXED
DATA UNKNOWN REJECTED.


THERE ARE 30 PILES AND
7 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 22.50 , 2.50 , 0.00 )
( 22.50 , 12.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.32600E+03 0.90400E+03 0.26100E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.34500E 01 L 0.69000E+02 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.34500E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.81007E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.95103E+03 0.00000E+00
0.00000E+00 0.62774E+01 0.00000E+00 0.57111E+03 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.18283E+04 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.57111E+03 0.00000E+00 0.10392E+06 0.00000E+00 0.00000E+00
0.95103E+03 0.00000E+00 0.00000E+00 0.00000E+00 0.22330E+06 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 22.50 2.50 0.00 2.00 270.00 69.00 F
2 17.50 2.50 0.00 2.00 270.00 69.00 F
3 12.50 2.50 0.00 2.00 270.00 69.00 F
4 7.50 2.50 0.00 2.00 270.00 69.00 F
5 2.50 2.50 0.00 2.00 270.00 69.00 F
6 2.50 2.50 0.00 2.00 270.00 69.00 F
7 7.50 2.50 0.00 2.00 270.00 69.00 F
8 12.50 2.50 0.00 2.00 270.00 69.00 F
9 17.50 2.50 0.00 2.00 270.00 69.00 F
10 22.50 2.50 0.00 2.00 270.00 69.00 F
11 22.50 7.50 0.00 2.00 90.00 69.00 F
12 17.50 7.50 0.00 2.00 90.00 69.00 F
13 12.50 7.50 0.00 2.00 90.00 69.00 F
14 7.50 7.50 0.00 2.00 90.00 69.00 F
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15 2.50 7.50 0.00 2.00 90.00 69.00 F
16 2.50 7.50 0.00 2.00 90.00 69.00 F
17 7.50 7.50 0.00 2.00 90.00 69.00 F
18 12.50 7.50 0.00 2.00 90.00 69.00 F
19 17.50 7.50 0.00 2.00 90.00 69.00 F
20 22.50 7.50 0.00 2.00 90.00 69.00 F
21 22.50 12.50 0.00 2.00 90.00 69.00 F
22 17.50 12.50 0.00 2.00 90.00 69.00 F
23 12.50 12.50 0.00 2.00 90.00 69.00 F
24 7.50 12.50 0.00 2.00 90.00 69.00 F
25 2.50 12.50 0.00 2.00 90.00 69.00 F
26 2.50 12.50 0.00 2.00 90.00 69.00 F
27 7.50 12.50 0.00 2.00 90.00 69.00 F
28 12.50 12.50 0.00 2.00 90.00 69.00 F
29 17.50 12.50 0.00 2.00 90.00 69.00 F
30 22.50 12.50 0.00 2.00 90.00 69.00 F


2070.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


1 0.0 15.0 484.0 2932.0 0.0 0.0
2 0.0 15.0 614.0 3977.0 0.0 0.0 1.17 1.17
3 0.0 53.0 614.0 4327.0 0.0 0.0 1.33 1.33
4 0.0 66.0 417.0 2876.0 0.0 0.0
5 0.0 66.0 363.0 2338.0 0.0 0.0
6 0.0 117.0 417.0 3568.0 0.0 0.0 1.33 1.33
7 0.0 117.0 363.0 3030.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX


0.18832E+03 0.22259E 03 0.88591E 04 0.13082E 01 0.15324E+05 0.19503E+05
0.22259E 03 0.11164E+05 0.72806E+04 0.15034E+07 0.20674E 03 0.14722E 01
0.88591E 04 0.72806E+04 0.43927E+05 0.39577E+07 0.51752E 04 0.13289E 01
0.13082E 01 0.15034E+07 0.39577E+07 0.46972E+09 0.93042E 01 0.24530E+01
0.15324E+05 0.20674E 03 0.51752E 04 0.93042E 01 0.13071E+10 0.21803E+09
0.19503E+05 0.14722E 01 0.13289E 01 0.24530E+01 0.21803E+09 0.33524E+09


30 PILES 7 LOAD CASES
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LOAD CASE 1. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 2. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 3. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 4. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 5. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 6. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 7. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


1 0.1386E 07 0.5908E 03 0.1742E 01 0.7002E 04 0.9141E 14 0.9527E 12
2 0.1771E 07 0.8277E 02 0.1581E 01 0.5138E 05 0.2469E 14 0.1258E 11
3 0.1278E 07 0.6464E 02 0.1339E 01 0.1841E 04 0.4447E 13 0.1154E 11
4 0.5239E 08 0.5483E 02 0.1472E 01 0.6810E 04 0.4205E 13 0.6581E 12
5 0.3780E 08 0.1126E 01 0.1770E 01 0.1255E 03 0.3070E 13 0.5181E 12
6 0.1677E 08 0.2381E 02 0.6528E 02 0.2853E 04 0.1124E 12 0.5476E 12
7 0.3137E 08 0.8161E 02 0.9508E 02 0.2882E 04 0.1010E 12 0.4076E 12


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY


M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 1


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K
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1 0.1 0.0 25.5 0.0 21.7 0.0 0.24 0.05
2 0.1 0.0 25.5 0.0 21.7 0.0 0.24 0.05
3 0.1 0.0 25.5 0.0 21.7 0.0 0.24 0.05
4 0.1 0.0 25.5 0.0 21.7 0.0 0.24 0.05
5 0.1 0.0 25.5 0.0 21.7 0.0 0.24 0.05
6 0.1 0.0 25.5 0.0 21.7 0.0 0.24 0.05
7 0.1 0.0 25.5 0.0 21.7 0.0 0.24 0.05
8 0.1 0.0 25.5 0.0 21.7 0.0 0.24 0.05
9 0.1 0.0 25.5 0.0 21.7 0.0 0.24 0.05
10 0.1 0.0 25.5 0.0 21.7 0.0 0.24 0.05
11 0.0 0.0 17.7 0.0 10.4 0.0 0.17 0.03
12 0.0 0.0 17.7 0.0 10.4 0.0 0.17 0.03
13 0.0 0.0 17.7 0.0 10.4 0.0 0.17 0.03
14 0.0 0.0 17.7 0.0 10.4 0.0 0.17 0.03
15 0.0 0.0 17.7 0.0 10.4 0.0 0.17 0.03
16 0.0 0.0 17.7 0.0 10.4 0.0 0.17 0.03
17 0.0 0.0 17.7 0.0 10.4 0.0 0.17 0.03
18 0.0 0.0 17.7 0.0 10.4 0.0 0.17 0.03
19 0.0 0.0 17.7 0.0 10.4 0.0 0.17 0.03
20 0.0 0.0 17.7 0.0 10.4 0.0 0.17 0.03
21 0.0 0.0 10.8 0.0 12.2 0.0 0.10 0.02
22 0.0 0.0 10.8 0.0 12.2 0.0 0.10 0.02
23 0.0 0.0 10.8 0.0 12.2 0.0 0.10 0.02
24 0.0 0.0 10.8 0.0 12.2 0.0 0.10 0.02
25 0.0 0.0 10.8 0.0 12.2 0.0 0.10 0.02
26 0.0 0.0 10.8 0.0 12.2 0.0 0.10 0.02
27 0.0 0.0 10.8 0.0 12.2 0.0 0.10 0.02
28 0.0 0.0 10.8 0.0 12.2 0.0 0.10 0.02
29 0.0 0.0 10.8 0.0 12.2 0.0 0.10 0.02
30 0.0 0.0 10.8 0.0 12.2 0.0 0.10 0.02


LOAD CASE 2


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.0 0.0 32.4 0.0 0.8 0.0 0.26 0.04
2 0.0 0.0 32.4 0.0 0.8 0.0 0.26 0.04
3 0.0 0.0 32.4 0.0 0.8 0.0 0.26 0.04
4 0.0 0.0 32.4 0.0 0.8 0.0 0.26 0.04
5 0.0 0.0 32.4 0.0 0.8 0.0 0.26 0.04
6 0.0 0.0 32.4 0.0 0.8 0.0 0.26 0.04
7 0.0 0.0 32.4 0.0 0.8 0.0 0.26 0.04
8 0.0 0.0 32.4 0.0 0.8 0.0 0.26 0.04
9 0.0 0.0 32.4 0.0 0.8 0.0 0.26 0.04
10 0.0 0.0 32.4 0.0 0.8 0.0 0.26 0.04
11 0.1 0.0 18.3 0.0 12.4 0.0 0.15 0.03
12 0.1 0.0 18.3 0.0 12.4 0.0 0.15 0.03
13 0.1 0.0 18.3 0.0 12.4 0.0 0.15 0.03
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14 0.1 0.0 18.3 0.0 12.4 0.0 0.15 0.03
15 0.1 0.0 18.3 0.0 12.4 0.0 0.15 0.03
16 0.1 0.0 18.3 0.0 12.4 0.0 0.15 0.03
17 0.1 0.0 18.3 0.0 12.4 0.0 0.15 0.03
18 0.1 0.0 18.3 0.0 12.4 0.0 0.15 0.03
19 0.1 0.0 18.3 0.0 12.4 0.0 0.15 0.03
20 0.1 0.0 18.3 0.0 12.4 0.0 0.15 0.03
21 0.1 0.0 17.8 0.0 12.3 0.0 0.14 0.03
22 0.1 0.0 17.8 0.0 12.3 0.0 0.14 0.03
23 0.1 0.0 17.8 0.0 12.3 0.0 0.14 0.03
24 0.1 0.0 17.8 0.0 12.3 0.0 0.14 0.03
25 0.1 0.0 17.8 0.0 12.3 0.0 0.14 0.03
26 0.1 0.0 17.8 0.0 12.3 0.0 0.14 0.03
27 0.1 0.0 17.8 0.0 12.3 0.0 0.14 0.03
28 0.1 0.0 17.8 0.0 12.3 0.0 0.14 0.03
29 0.1 0.0 17.8 0.0 12.3 0.0 0.14 0.03
30 0.1 0.0 17.8 0.0 12.3 0.0 0.14 0.03


LOAD CASE 3


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.0 0.0 28.1 0.0 3.7 0.0 0.20 0.03
2 0.0 0.0 28.1 0.0 3.7 0.0 0.20 0.03
3 0.0 0.0 28.1 0.0 3.7 0.0 0.20 0.03
4 0.0 0.0 28.1 0.0 3.7 0.0 0.20 0.03
5 0.0 0.0 28.1 0.0 3.7 0.0 0.20 0.03
6 0.0 0.0 28.1 0.0 3.7 0.0 0.20 0.03
7 0.0 0.0 28.1 0.0 3.7 0.0 0.20 0.03
8 0.0 0.0 28.1 0.0 3.7 0.0 0.20 0.03
9 0.0 0.0 28.1 0.0 3.7 0.0 0.20 0.03
10 0.0 0.0 28.1 0.0 3.7 0.0 0.20 0.03
11 0.1 0.0 19.3 0.0 16.0 0.0 0.14 0.03
12 0.1 0.0 19.3 0.0 16.0 0.0 0.14 0.03
13 0.1 0.0 19.3 0.0 16.0 0.0 0.14 0.03
14 0.1 0.0 19.3 0.0 16.0 0.0 0.14 0.03
15 0.1 0.0 19.3 0.0 16.0 0.0 0.14 0.03
16 0.1 0.0 19.3 0.0 16.0 0.0 0.14 0.03
17 0.1 0.0 19.3 0.0 16.0 0.0 0.14 0.03
18 0.1 0.0 19.3 0.0 16.0 0.0 0.14 0.03
19 0.1 0.0 19.3 0.0 16.0 0.0 0.14 0.03
20 0.1 0.0 19.3 0.0 16.0 0.0 0.14 0.03
21 0.1 0.0 21.1 0.0 16.5 0.0 0.15 0.03
22 0.1 0.0 21.1 0.0 16.5 0.0 0.15 0.03
23 0.1 0.0 21.1 0.0 16.5 0.0 0.15 0.03
24 0.1 0.0 21.1 0.0 16.5 0.0 0.15 0.03
25 0.1 0.0 21.1 0.0 16.5 0.0 0.15 0.03
26 0.1 0.0 21.1 0.0 16.5 0.0 0.15 0.03
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27 0.1 0.0 21.1 0.0 16.5 0.0 0.15 0.03
28 0.1 0.0 21.1 0.0 16.5 0.0 0.15 0.03
29 0.1 0.0 21.1 0.0 16.5 0.0 0.15 0.03
30 0.1 0.0 21.1 0.0 16.5 0.0 0.15 0.03


LOAD CASE 4


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.2 0.0 16.2 0.0 25.3 0.0 0.15 0.03
2 0.2 0.0 16.2 0.0 25.3 0.0 0.15 0.03
3 0.2 0.0 16.2 0.0 25.3 0.0 0.15 0.03
4 0.2 0.0 16.2 0.0 25.3 0.0 0.15 0.03
5 0.2 0.0 16.2 0.0 25.3 0.0 0.15 0.03
6 0.2 0.0 16.2 0.0 25.3 0.0 0.15 0.03
7 0.2 0.0 16.2 0.0 25.3 0.0 0.15 0.03
8 0.2 0.0 16.2 0.0 25.3 0.0 0.15 0.03
9 0.2 0.0 16.2 0.0 25.3 0.0 0.15 0.03
10 0.2 0.0 16.2 0.0 25.3 0.0 0.15 0.03
11 0.1 0.0 18.5 0.0 16.2 0.0 0.17 0.03
12 0.1 0.0 18.5 0.0 16.2 0.0 0.17 0.03
13 0.1 0.0 18.5 0.0 16.2 0.0 0.17 0.03
14 0.1 0.0 18.5 0.0 16.2 0.0 0.17 0.03
15 0.1 0.0 18.5 0.0 16.2 0.0 0.17 0.03
16 0.1 0.0 18.5 0.0 16.2 0.0 0.17 0.03
17 0.1 0.0 18.5 0.0 16.2 0.0 0.17 0.03
18 0.1 0.0 18.5 0.0 16.2 0.0 0.17 0.03
19 0.1 0.0 18.5 0.0 16.2 0.0 0.17 0.03
20 0.1 0.0 18.5 0.0 16.2 0.0 0.17 0.03
21 0.1 0.0 11.8 0.0 18.0 0.0 0.11 0.02
22 0.1 0.0 11.8 0.0 18.0 0.0 0.11 0.02
23 0.1 0.0 11.8 0.0 18.0 0.0 0.11 0.02
24 0.1 0.0 11.8 0.0 18.0 0.0 0.11 0.02
25 0.1 0.0 11.8 0.0 18.0 0.0 0.11 0.02
26 0.1 0.0 11.8 0.0 18.0 0.0 0.11 0.02
27 0.1 0.0 11.8 0.0 18.0 0.0 0.11 0.02
28 0.1 0.0 11.8 0.0 18.0 0.0 0.11 0.02
29 0.1 0.0 11.8 0.0 18.0 0.0 0.11 0.02
30 0.1 0.0 11.8 0.0 18.0 0.0 0.11 0.02


LOAD CASE 5


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.3 0.0 13.6 0.0 43.5 0.0 0.13 0.03
2 0.3 0.0 13.6 0.0 43.5 0.0 0.13 0.03
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3 0.3 0.0 13.6 0.0 43.5 0.0 0.13 0.03
4 0.3 0.0 13.6 0.0 43.5 0.0 0.13 0.03
5 0.3 0.0 13.6 0.0 43.5 0.0 0.13 0.03
6 0.3 0.0 13.6 0.0 43.5 0.0 0.13 0.03
7 0.3 0.0 13.6 0.0 43.5 0.0 0.13 0.03
8 0.3 0.0 13.6 0.0 43.5 0.0 0.13 0.03
9 0.3 0.0 13.6 0.0 43.5 0.0 0.13 0.03
10 0.3 0.0 13.6 0.0 43.5 0.0 0.13 0.03
11 0.2 0.0 19.7 0.0 34.9 0.0 0.18 0.04
12 0.2 0.0 19.7 0.0 34.9 0.0 0.18 0.04
13 0.2 0.0 19.7 0.0 34.9 0.0 0.18 0.04
14 0.2 0.0 19.7 0.0 34.9 0.0 0.18 0.04
15 0.2 0.0 19.7 0.0 34.9 0.0 0.18 0.04
16 0.2 0.0 19.7 0.0 34.9 0.0 0.18 0.04
17 0.2 0.0 19.7 0.0 34.9 0.0 0.18 0.04
18 0.2 0.0 19.7 0.0 34.9 0.0 0.18 0.04
19 0.2 0.0 19.7 0.0 34.9 0.0 0.18 0.04
20 0.2 0.0 19.7 0.0 34.9 0.0 0.18 0.04
21 0.2 0.0 7.4 0.0 38.1 0.0 0.07 0.02
22 0.2 0.0 7.4 0.0 38.1 0.0 0.07 0.02
23 0.2 0.0 7.4 0.0 38.1 0.0 0.07 0.02
24 0.2 0.0 7.4 0.0 38.1 0.0 0.07 0.02
25 0.2 0.0 7.4 0.0 38.1 0.0 0.07 0.02
26 0.2 0.0 7.4 0.0 38.1 0.0 0.07 0.02
27 0.2 0.0 7.4 0.0 38.1 0.0 0.07 0.02
28 0.2 0.0 7.4 0.0 38.1 0.0 0.07 0.02
29 0.2 0.0 7.4 0.0 38.1 0.0 0.07 0.02
30 0.2 0.0 7.4 0.0 38.1 0.0 0.07 0.02


LOAD CASE 6


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.0 0.0 10.1 0.0 1.2 0.0 0.07 0.01
2 0.0 0.0 10.1 0.0 1.2 0.0 0.07 0.01
3 0.0 0.0 10.1 0.0 1.2 0.0 0.07 0.01
4 0.0 0.0 10.1 0.0 1.2 0.0 0.07 0.01
5 0.0 0.0 10.1 0.0 1.2 0.0 0.07 0.01
6 0.0 0.0 10.1 0.0 1.2 0.0 0.07 0.01
7 0.0 0.0 10.1 0.0 1.2 0.0 0.07 0.01
8 0.0 0.0 10.1 0.0 1.2 0.0 0.07 0.01
9 0.0 0.0 10.1 0.0 1.2 0.0 0.07 0.01
10 0.0 0.0 10.1 0.0 1.2 0.0 0.07 0.01
11 0.0 0.0 16.8 0.0 8.2 0.0 0.12 0.02
12 0.0 0.0 16.8 0.0 8.2 0.0 0.12 0.02
13 0.0 0.0 16.8 0.0 8.2 0.0 0.12 0.02
14 0.0 0.0 16.8 0.0 8.2 0.0 0.12 0.02
15 0.0 0.0 16.8 0.0 8.2 0.0 0.12 0.02
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16 0.0 0.0 16.8 0.0 8.2 0.0 0.12 0.02
17 0.0 0.0 16.8 0.0 8.2 0.0 0.12 0.02
18 0.0 0.0 16.8 0.0 8.2 0.0 0.12 0.02
19 0.0 0.0 16.8 0.0 8.2 0.0 0.12 0.02
20 0.0 0.0 16.8 0.0 8.2 0.0 0.12 0.02
21 0.0 0.0 19.6 0.0 8.9 0.0 0.14 0.02
22 0.0 0.0 19.6 0.0 8.9 0.0 0.14 0.02
23 0.0 0.0 19.6 0.0 8.9 0.0 0.14 0.02
24 0.0 0.0 19.6 0.0 8.9 0.0 0.14 0.02
25 0.0 0.0 19.6 0.0 8.9 0.0 0.14 0.02
26 0.0 0.0 19.6 0.0 8.9 0.0 0.14 0.02
27 0.0 0.0 19.6 0.0 8.9 0.0 0.14 0.02
28 0.0 0.0 19.6 0.0 8.9 0.0 0.14 0.02
29 0.0 0.0 19.6 0.0 8.9 0.0 0.14 0.02
30 0.0 0.0 19.6 0.0 8.9 0.0 0.14 0.02


LOAD CASE 7


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.1 0.0 7.5 0.0 17.1 0.0 0.05 0.01
2 0.1 0.0 7.5 0.0 17.1 0.0 0.05 0.01
3 0.1 0.0 7.5 0.0 17.1 0.0 0.05 0.01
4 0.1 0.0 7.5 0.0 17.1 0.0 0.05 0.01
5 0.1 0.0 7.5 0.0 17.1 0.0 0.05 0.01
6 0.1 0.0 7.5 0.0 17.1 0.0 0.05 0.01
7 0.1 0.0 7.5 0.0 17.1 0.0 0.05 0.01
8 0.1 0.0 7.5 0.0 17.1 0.0 0.05 0.01
9 0.1 0.0 7.5 0.0 17.1 0.0 0.05 0.01
10 0.1 0.0 7.5 0.0 17.1 0.0 0.05 0.01
11 0.1 0.0 18.0 0.0 10.4 0.0 0.13 0.02
12 0.1 0.0 18.0 0.0 10.4 0.0 0.13 0.02
13 0.1 0.0 18.0 0.0 10.4 0.0 0.13 0.02
14 0.1 0.0 18.0 0.0 10.4 0.0 0.13 0.02
15 0.1 0.0 18.0 0.0 10.4 0.0 0.13 0.02
16 0.1 0.0 18.0 0.0 10.4 0.0 0.13 0.02
17 0.1 0.0 18.0 0.0 10.4 0.0 0.13 0.02
18 0.1 0.0 18.0 0.0 10.4 0.0 0.13 0.02
19 0.1 0.0 18.0 0.0 10.4 0.0 0.13 0.02
20 0.1 0.0 18.0 0.0 10.4 0.0 0.13 0.02
21 0.1 0.0 15.2 0.0 11.2 0.0 0.11 0.02
22 0.1 0.0 15.2 0.0 11.2 0.0 0.11 0.02
23 0.1 0.0 15.2 0.0 11.2 0.0 0.11 0.02
24 0.1 0.0 15.2 0.0 11.2 0.0 0.11 0.02
25 0.1 0.0 15.2 0.0 11.2 0.0 0.11 0.02
26 0.1 0.0 15.2 0.0 11.2 0.0 0.11 0.02
27 0.1 0.0 15.2 0.0 11.2 0.0 0.11 0.02
28 0.1 0.0 15.2 0.0 11.2 0.0 0.11 0.02
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29 0.1 0.0 15.2 0.0 11.2 0.0 0.11 0.02
30 0.1 0.0 15.2 0.0 11.2 0.0 0.11 0.02


*******************************************************************************


PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 1


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 11.3 22.9 21.7 0.0 0.0
2 0.0 11.3 22.9 21.7 0.0 0.0
3 0.0 11.3 22.9 21.7 0.0 0.0
4 0.0 11.3 22.9 21.7 0.0 0.0
5 0.0 11.3 22.9 21.7 0.0 0.0
6 0.0 11.3 22.9 21.7 0.0 0.0
7 0.0 11.3 22.9 21.7 0.0 0.0
8 0.0 11.3 22.9 21.7 0.0 0.0
9 0.0 11.3 22.9 21.7 0.0 0.0


10 0.0 11.3 22.9 21.7 0.0 0.0
11 0.0 7.9 15.8 10.4 0.0 0.0
12 0.0 7.9 15.8 10.4 0.0 0.0
13 0.0 7.9 15.8 10.4 0.0 0.0
14 0.0 7.9 15.8 10.4 0.0 0.0
15 0.0 7.9 15.8 10.4 0.0 0.0
16 0.0 7.9 15.8 10.4 0.0 0.0
17 0.0 7.9 15.8 10.4 0.0 0.0
18 0.0 7.9 15.8 10.4 0.0 0.0
19 0.0 7.9 15.8 10.4 0.0 0.0
20 0.0 7.9 15.8 10.4 0.0 0.0
21 0.0 4.9 9.7 12.2 0.0 0.0
22 0.0 4.9 9.7 12.2 0.0 0.0
23 0.0 4.9 9.7 12.2 0.0 0.0
24 0.0 4.9 9.7 12.2 0.0 0.0
25 0.0 4.9 9.7 12.2 0.0 0.0
26 0.0 4.9 9.7 12.2 0.0 0.0
27 0.0 4.9 9.7 12.2 0.0 0.0
28 0.0 4.9 9.7 12.2 0.0 0.0
29 0.0 4.9 9.7 12.2 0.0 0.0
30 0.0 4.9 9.7 12.2 0.0 0.0


LOAD CASE 2


PILE PX PY PZ MX MY MZ
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K K K IN K IN K IN K


1 0.0 14.5 29.0 0.8 0.0 0.0
2 0.0 14.5 29.0 0.8 0.0 0.0
3 0.0 14.5 29.0 0.8 0.0 0.0
4 0.0 14.5 29.0 0.8 0.0 0.0
5 0.0 14.5 29.0 0.8 0.0 0.0
6 0.0 14.5 29.0 0.8 0.0 0.0
7 0.0 14.5 29.0 0.8 0.0 0.0
8 0.0 14.5 29.0 0.8 0.0 0.0
9 0.0 14.5 29.0 0.8 0.0 0.0
10 0.0 14.5 29.0 0.8 0.0 0.0
11 0.0 8.1 16.4 12.4 0.0 0.0
12 0.0 8.1 16.4 12.4 0.0 0.0
13 0.0 8.1 16.4 12.4 0.0 0.0
14 0.0 8.1 16.4 12.4 0.0 0.0
15 0.0 8.1 16.4 12.4 0.0 0.0
16 0.0 8.1 16.4 12.4 0.0 0.0
17 0.0 8.1 16.4 12.4 0.0 0.0
18 0.0 8.1 16.4 12.4 0.0 0.0
19 0.0 8.1 16.4 12.4 0.0 0.0
20 0.0 8.1 16.4 12.4 0.0 0.0
21 0.0 7.9 16.0 12.3 0.0 0.0
22 0.0 7.9 16.0 12.3 0.0 0.0
23 0.0 7.9 16.0 12.3 0.0 0.0
24 0.0 7.9 16.0 12.3 0.0 0.0
25 0.0 7.9 16.0 12.3 0.0 0.0
26 0.0 7.9 16.0 12.3 0.0 0.0
27 0.0 7.9 16.0 12.3 0.0 0.0
28 0.0 7.9 16.0 12.3 0.0 0.0
29 0.0 7.9 16.0 12.3 0.0 0.0
30 0.0 7.9 16.0 12.3 0.0 0.0


LOAD CASE 3


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 12.6 25.1 3.7 0.0 0.0
2 0.0 12.6 25.1 3.7 0.0 0.0
3 0.0 12.6 25.1 3.7 0.0 0.0
4 0.0 12.6 25.1 3.7 0.0 0.0
5 0.0 12.6 25.1 3.7 0.0 0.0
6 0.0 12.6 25.1 3.7 0.0 0.0
7 0.0 12.6 25.1 3.7 0.0 0.0
8 0.0 12.6 25.1 3.7 0.0 0.0
9 0.0 12.6 25.1 3.7 0.0 0.0
10 0.0 12.6 25.1 3.7 0.0 0.0
11 0.0 8.5 17.3 16.0 0.0 0.0
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12 0.0 8.5 17.3 16.0 0.0 0.0
13 0.0 8.5 17.3 16.0 0.0 0.0
14 0.0 8.5 17.3 16.0 0.0 0.0
15 0.0 8.5 17.3 16.0 0.0 0.0
16 0.0 8.5 17.3 16.0 0.0 0.0
17 0.0 8.5 17.3 16.0 0.0 0.0
18 0.0 8.5 17.3 16.0 0.0 0.0
19 0.0 8.5 17.3 16.0 0.0 0.0
20 0.0 8.5 17.3 16.0 0.0 0.0
21 0.0 9.3 19.0 16.5 0.0 0.0
22 0.0 9.3 19.0 16.5 0.0 0.0
23 0.0 9.3 19.0 16.5 0.0 0.0
24 0.0 9.3 19.0 16.5 0.0 0.0
25 0.0 9.3 19.0 16.5 0.0 0.0
26 0.0 9.3 19.0 16.5 0.0 0.0
27 0.0 9.3 19.0 16.5 0.0 0.0
28 0.0 9.3 19.0 16.5 0.0 0.0
29 0.0 9.3 19.0 16.5 0.0 0.0
30 0.0 9.3 19.0 16.5 0.0 0.0


LOAD CASE 4


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 7.1 14.6 25.3 0.0 0.0
2 0.0 7.1 14.6 25.3 0.0 0.0
3 0.0 7.1 14.6 25.3 0.0 0.0
4 0.0 7.1 14.6 25.3 0.0 0.0
5 0.0 7.1 14.6 25.3 0.0 0.0
6 0.0 7.1 14.6 25.3 0.0 0.0
7 0.0 7.1 14.6 25.3 0.0 0.0
8 0.0 7.1 14.6 25.3 0.0 0.0
9 0.0 7.1 14.6 25.3 0.0 0.0


10 0.0 7.1 14.6 25.3 0.0 0.0
11 0.0 8.4 16.5 16.2 0.0 0.0
12 0.0 8.4 16.5 16.2 0.0 0.0
13 0.0 8.4 16.5 16.2 0.0 0.0
14 0.0 8.4 16.5 16.2 0.0 0.0
15 0.0 8.4 16.5 16.2 0.0 0.0
16 0.0 8.4 16.5 16.2 0.0 0.0
17 0.0 8.4 16.5 16.2 0.0 0.0
18 0.0 8.4 16.5 16.2 0.0 0.0
19 0.0 8.4 16.5 16.2 0.0 0.0
20 0.0 8.4 16.5 16.2 0.0 0.0
21 0.0 5.4 10.6 18.0 0.0 0.0
22 0.0 5.4 10.6 18.0 0.0 0.0
23 0.0 5.4 10.6 18.0 0.0 0.0
24 0.0 5.4 10.6 18.0 0.0 0.0
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25 0.0 5.4 10.6 18.0 0.0 0.0
26 0.0 5.4 10.6 18.0 0.0 0.0
27 0.0 5.4 10.6 18.0 0.0 0.0
28 0.0 5.4 10.6 18.0 0.0 0.0
29 0.0 5.4 10.6 18.0 0.0 0.0
30 0.0 5.4 10.6 18.0 0.0 0.0


LOAD CASE 5


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 5.8 12.3 43.5 0.0 0.0
2 0.0 5.8 12.3 43.5 0.0 0.0
3 0.0 5.8 12.3 43.5 0.0 0.0
4 0.0 5.8 12.3 43.5 0.0 0.0
5 0.0 5.8 12.3 43.5 0.0 0.0
6 0.0 5.8 12.3 43.5 0.0 0.0
7 0.0 5.8 12.3 43.5 0.0 0.0
8 0.0 5.8 12.3 43.5 0.0 0.0
9 0.0 5.8 12.3 43.5 0.0 0.0


10 0.0 5.8 12.3 43.5 0.0 0.0
11 0.0 9.0 17.5 34.9 0.0 0.0
12 0.0 9.0 17.5 34.9 0.0 0.0
13 0.0 9.0 17.5 34.9 0.0 0.0
14 0.0 9.0 17.5 34.9 0.0 0.0
15 0.0 9.0 17.5 34.9 0.0 0.0
16 0.0 9.0 17.5 34.9 0.0 0.0
17 0.0 9.0 17.5 34.9 0.0 0.0
18 0.0 9.0 17.5 34.9 0.0 0.0
19 0.0 9.0 17.5 34.9 0.0 0.0
20 0.0 9.0 17.5 34.9 0.0 0.0
21 0.0 3.5 6.5 38.1 0.0 0.0
22 0.0 3.5 6.5 38.1 0.0 0.0
23 0.0 3.5 6.5 38.1 0.0 0.0
24 0.0 3.5 6.5 38.1 0.0 0.0
25 0.0 3.5 6.5 38.1 0.0 0.0
26 0.0 3.5 6.5 38.1 0.0 0.0
27 0.0 3.5 6.5 38.1 0.0 0.0
28 0.0 3.5 6.5 38.1 0.0 0.0
29 0.0 3.5 6.5 38.1 0.0 0.0
30 0.0 3.5 6.5 38.1 0.0 0.0


LOAD CASE 6


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K
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1 0.0 4.5 9.1 1.2 0.0 0.0
2 0.0 4.5 9.1 1.2 0.0 0.0
3 0.0 4.5 9.1 1.2 0.0 0.0
4 0.0 4.5 9.1 1.2 0.0 0.0
5 0.0 4.5 9.1 1.2 0.0 0.0
6 0.0 4.5 9.1 1.2 0.0 0.0
7 0.0 4.5 9.1 1.2 0.0 0.0
8 0.0 4.5 9.1 1.2 0.0 0.0
9 0.0 4.5 9.1 1.2 0.0 0.0


10 0.0 4.5 9.1 1.2 0.0 0.0
11 0.0 7.5 15.1 8.2 0.0 0.0
12 0.0 7.5 15.1 8.2 0.0 0.0
13 0.0 7.5 15.1 8.2 0.0 0.0
14 0.0 7.5 15.1 8.2 0.0 0.0
15 0.0 7.5 15.1 8.2 0.0 0.0
16 0.0 7.5 15.1 8.2 0.0 0.0
17 0.0 7.5 15.1 8.2 0.0 0.0
18 0.0 7.5 15.1 8.2 0.0 0.0
19 0.0 7.5 15.1 8.2 0.0 0.0
20 0.0 7.5 15.1 8.2 0.0 0.0
21 0.0 8.7 17.6 8.9 0.0 0.0
22 0.0 8.7 17.6 8.9 0.0 0.0
23 0.0 8.7 17.6 8.9 0.0 0.0
24 0.0 8.7 17.6 8.9 0.0 0.0
25 0.0 8.7 17.6 8.9 0.0 0.0
26 0.0 8.7 17.6 8.9 0.0 0.0
27 0.0 8.7 17.6 8.9 0.0 0.0
28 0.0 8.7 17.6 8.9 0.0 0.0
29 0.0 8.7 17.6 8.9 0.0 0.0
30 0.0 8.7 17.6 8.9 0.0 0.0


LOAD CASE 7


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 3.2 6.7 17.1 0.0 0.0
2 0.0 3.2 6.7 17.1 0.0 0.0
3 0.0 3.2 6.7 17.1 0.0 0.0
4 0.0 3.2 6.7 17.1 0.0 0.0
5 0.0 3.2 6.7 17.1 0.0 0.0
6 0.0 3.2 6.7 17.1 0.0 0.0
7 0.0 3.2 6.7 17.1 0.0 0.0
8 0.0 3.2 6.7 17.1 0.0 0.0
9 0.0 3.2 6.7 17.1 0.0 0.0


10 0.0 3.2 6.7 17.1 0.0 0.0
11 0.0 8.1 16.1 10.4 0.0 0.0
12 0.0 8.1 16.1 10.4 0.0 0.0
13 0.0 8.1 16.1 10.4 0.0 0.0
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14 0.0 8.1 16.1 10.4 0.0 0.0
15 0.0 8.1 16.1 10.4 0.0 0.0
16 0.0 8.1 16.1 10.4 0.0 0.0
17 0.0 8.1 16.1 10.4 0.0 0.0
18 0.0 8.1 16.1 10.4 0.0 0.0
19 0.0 8.1 16.1 10.4 0.0 0.0
20 0.0 8.1 16.1 10.4 0.0 0.0
21 0.0 6.8 13.5 11.2 0.0 0.0
22 0.0 6.8 13.5 11.2 0.0 0.0
23 0.0 6.8 13.5 11.2 0.0 0.0
24 0.0 6.8 13.5 11.2 0.0 0.0
25 0.0 6.8 13.5 11.2 0.0 0.0
26 0.0 6.8 13.5 11.2 0.0 0.0
27 0.0 6.8 13.5 11.2 0.0 0.0
28 0.0 6.8 13.5 11.2 0.0 0.0
29 0.0 6.8 13.5 11.2 0.0 0.0
30 0.0 6.8 13.5 11.2 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.
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10 Sunset Reach E (5B) T 1 Twall Fixed
20 PIL 1 22.5 2.5 0
30 BAT 2 1
40 ANG 270 1
50 PIL 2 17.5 2.5 0
60 BAT 2 2
70 ANG 270 2
80 PIL 3 12.5 2.5 0
90 BAT 2 3
100 ANG 270 3
110 PIL 4 7.5 2.5 0
120 BAT 2 4
130 ANG 270 4
140 PIL 5 2.5 2.5 0
150 BAT 2 5
160 ANG 270 5
170 PIL 6 2.5 2.5 0
180 BAT 2 6
190 ANG 270 6
200 PIL 7 7.5 2.5 0
210 BAT 2 7
220 ANG 270 7
230 PIL 8 12.5 2.5 0
240 BAT 2 8
250 ANG 270 8
260 PIL 9 17.5 2.5 0
270 BAT 2 9
280 ANG 270 9
290 PIL 10 22.5 2.5 0
300 BAT 2 10
310 ANG 270 10
320 PIL 11 22.5 7.5 0
330 BAT 2 11
340 ANG 90 11
350 PIL 12 17.5 7.5 0
360 BAT 2 12
370 ANG 90 12
380 PIL 13 12.5 7.5 0
390 BAT 2 13
400 ANG 90 13
410 PIL 14 7.5 7.5 0
420 BAT 2 14
430 ANG 90 14
440 PIL 15 2.5 7.5 0
450 BAT 2 15
460 ANG 90 15
470 PIL 16 2.5 7.5 0
480 BAT 2 16
490 ANG 90 16
500 PIL 17 7.5 7.5 0
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510 BAT 2 17
520 ANG 90 17
530 PIL 18 12.5 7.5 0
540 BAT 2 18
550 ANG 90 18
560 PIL 19 17.5 7.5 0
570 BAT 2 19
580 ANG 90 19
590 PIL 20 22.5 7.5 0
600 BAT 2 20
610 ANG 90 20
620 PIL 21 22.5 12.5 0
630 BAT 2 21
640 ANG 90 21
650 PIL 22 17.5 12.5 0
660 BAT 2 22
670 ANG 90 22
680 PIL 23 12.5 12.5 0
690 BAT 2 23
700 ANG 90 23
710 PIL 24 7.5 12.5 0
720 BAT 2 24
730 ANG 90 24
740 PIL 25 2.5 12.5 0
750 BAT 2 25
760 ANG 90 25
770 PIL 26 2.5 12.5 0
780 BAT 2 26
790 ANG 90 26
800 PIL 27 7.5 12.5 0
810 BAT 2 27
820 ANG 90 27
830 PIL 28 12.5 12.5 0
840 BAT 2 28
850 ANG 90 28
860 PIL 29 17.5 12.5 0
870 BAT 2 29
880 ANG 90 29
890 PIL 30 22.5 12.5 0
900 BAT 2 30
910 ANG 90 30
920 PRO 29000 326 904 26.1 2 0 1 TO 30
930 SOI ES 0.0345 L 69 0 1 TO 30
940 RED 1 1 1
950 ALL H 107 85 652 652 1107 3275 1 TO 30
960 FIX 1 TO 30
970 LOA 8 0 417 361 5008 0 0
970 LOA 9 0 417 236 3760 0 0
970 FOV 1.33 1.33 8
970 FOV 1.33 1.33 9
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980 TOUT 1 2 3 4 5 6 7
990 PFO ALL
1000 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 01 SEP 20 RUN TIME: 20:10:30


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


SUNSET REACH E (5B) T 1 TWALL FIXED
DATA UNKNOWN REJECTED.


THERE ARE 30 PILES AND
2 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 22.50 , 2.50 , 0.00 )
( 22.50 , 12.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.32600E+03 0.90400E+03 0.26100E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.34500E 01 L 0.69000E+02 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.34500E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.81007E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.95103E+03 0.00000E+00
0.00000E+00 0.62774E+01 0.00000E+00 0.57111E+03 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.18283E+04 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.57111E+03 0.00000E+00 0.10392E+06 0.00000E+00 0.00000E+00
0.95103E+03 0.00000E+00 0.00000E+00 0.00000E+00 0.22330E+06 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 22.50 2.50 0.00 2.00 270.00 69.00 F
2 17.50 2.50 0.00 2.00 270.00 69.00 F
3 12.50 2.50 0.00 2.00 270.00 69.00 F
4 7.50 2.50 0.00 2.00 270.00 69.00 F
5 2.50 2.50 0.00 2.00 270.00 69.00 F
6 2.50 2.50 0.00 2.00 270.00 69.00 F
7 7.50 2.50 0.00 2.00 270.00 69.00 F
8 12.50 2.50 0.00 2.00 270.00 69.00 F
9 17.50 2.50 0.00 2.00 270.00 69.00 F
10 22.50 2.50 0.00 2.00 270.00 69.00 F
11 22.50 7.50 0.00 2.00 90.00 69.00 F
12 17.50 7.50 0.00 2.00 90.00 69.00 F
13 12.50 7.50 0.00 2.00 90.00 69.00 F
14 7.50 7.50 0.00 2.00 90.00 69.00 F
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15 2.50 7.50 0.00 2.00 90.00 69.00 F
16 2.50 7.50 0.00 2.00 90.00 69.00 F
17 7.50 7.50 0.00 2.00 90.00 69.00 F
18 12.50 7.50 0.00 2.00 90.00 69.00 F
19 17.50 7.50 0.00 2.00 90.00 69.00 F
20 22.50 7.50 0.00 2.00 90.00 69.00 F
21 22.50 12.50 0.00 2.00 90.00 69.00 F
22 17.50 12.50 0.00 2.00 90.00 69.00 F
23 12.50 12.50 0.00 2.00 90.00 69.00 F
24 7.50 12.50 0.00 2.00 90.00 69.00 F
25 2.50 12.50 0.00 2.00 90.00 69.00 F
26 2.50 12.50 0.00 2.00 90.00 69.00 F
27 7.50 12.50 0.00 2.00 90.00 69.00 F
28 12.50 12.50 0.00 2.00 90.00 69.00 F
29 17.50 12.50 0.00 2.00 90.00 69.00 F
30 22.50 12.50 0.00 2.00 90.00 69.00 F


2070.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


8 0.0 417.0 361.0 5008.0 0.0 0.0 1.33 1.33
9 0.0 417.0 236.0 3760.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX


0.18832E+03 0.22259E 03 0.88591E 04 0.13082E 01 0.15324E+05 0.19503E+05
0.22259E 03 0.11164E+05 0.72806E+04 0.15034E+07 0.20674E 03 0.14722E 01
0.88591E 04 0.72806E+04 0.43927E+05 0.39577E+07 0.51752E 04 0.13289E 01
0.13082E 01 0.15034E+07 0.39577E+07 0.46972E+09 0.93042E 01 0.24530E+01
0.15324E+05 0.20674E 03 0.51752E 04 0.93042E 01 0.13071E+10 0.21803E+09
0.19503E+05 0.14722E 01 0.13289E 01 0.24530E+01 0.21803E+09 0.33524E+09


30 PILES 2 LOAD CASES


LOAD CASE 8. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 10.


LOAD CASE 9. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 10.
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*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


8 0.4109E 07 0.4174E 01 0.7510E 02 0.6892E 04 0.3841E 12 0.5146E 12
9 0.4447E 07 0.5518E 01 0.1447E 01 0.2025E 03 0.3577E 12 0.8390E 12


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY


M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 8


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.4 0.0 25.2 0.0 53.2 0.0 0.22 0.04
2 0.4 0.0 25.2 0.0 53.2 0.0 0.22 0.04
3 0.4 0.0 25.2 0.0 53.2 0.0 0.22 0.04
4 0.4 0.0 25.2 0.0 53.2 0.0 0.22 0.04
5 0.4 0.0 25.2 0.0 53.2 0.0 0.22 0.04
6 0.4 0.0 25.2 0.0 53.2 0.0 0.22 0.04
7 0.4 0.0 25.2 0.0 53.2 0.0 0.22 0.04
8 0.4 0.0 25.2 0.0 53.2 0.0 0.22 0.04
9 0.4 0.0 25.2 0.0 53.2 0.0 0.22 0.04
10 0.4 0.0 25.2 0.0 53.2 0.0 0.22 0.04
11 0.4 0.0 36.3 0.0 50.3 0.0 0.25 0.05
12 0.4 0.0 36.3 0.0 50.3 0.0 0.25 0.05
13 0.4 0.0 36.3 0.0 50.3 0.0 0.25 0.05
14 0.4 0.0 36.3 0.0 50.3 0.0 0.25 0.05
15 0.4 0.0 36.3 0.0 50.3 0.0 0.25 0.05
16 0.4 0.0 36.3 0.0 50.3 0.0 0.25 0.05
17 0.4 0.0 36.3 0.0 50.3 0.0 0.25 0.05
18 0.4 0.0 36.3 0.0 50.3 0.0 0.25 0.05
19 0.4 0.0 36.3 0.0 50.3 0.0 0.25 0.05
20 0.4 0.0 36.3 0.0 50.3 0.0 0.25 0.05
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21 0.4 0.0 29.5 0.0 52.1 0.0 0.21 0.05
22 0.4 0.0 29.5 0.0 52.1 0.0 0.21 0.05
23 0.4 0.0 29.5 0.0 52.1 0.0 0.21 0.05
24 0.4 0.0 29.5 0.0 52.1 0.0 0.21 0.05
25 0.4 0.0 29.5 0.0 52.1 0.0 0.21 0.05
26 0.4 0.0 29.5 0.0 52.1 0.0 0.21 0.05
27 0.4 0.0 29.5 0.0 52.1 0.0 0.21 0.05
28 0.4 0.0 29.5 0.0 52.1 0.0 0.21 0.05
29 0.4 0.0 29.5 0.0 52.1 0.0 0.21 0.05
30 0.4 0.0 29.5 0.0 52.1 0.0 0.21 0.05


LOAD CASE 9


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.6 0.0 31.4 0.0 95.7 0.0 0.28 0.06
2 0.6 0.0 31.4 0.0 95.7 0.0 0.28 0.06
3 0.6 0.0 31.4 0.0 95.7 0.0 0.28 0.06
4 0.6 0.0 31.4 0.0 95.7 0.0 0.28 0.06
5 0.6 0.0 31.4 0.0 95.7 0.0 0.28 0.06
6 0.6 0.0 31.4 0.0 95.7 0.0 0.28 0.06
7 0.6 0.0 31.4 0.0 95.7 0.0 0.28 0.06
8 0.6 0.0 31.4 0.0 95.7 0.0 0.28 0.06
9 0.6 0.0 31.4 0.0 95.7 0.0 0.28 0.06
10 0.6 0.0 31.4 0.0 95.7 0.0 0.28 0.06
11 0.6 0.0 39.0 0.0 93.7 0.0 0.27 0.07
12 0.6 0.0 39.0 0.0 93.7 0.0 0.27 0.07
13 0.6 0.0 39.0 0.0 93.7 0.0 0.27 0.07
14 0.6 0.0 39.0 0.0 93.7 0.0 0.27 0.07
15 0.6 0.0 39.0 0.0 93.7 0.0 0.27 0.07
16 0.6 0.0 39.0 0.0 93.7 0.0 0.27 0.07
17 0.6 0.0 39.0 0.0 93.7 0.0 0.27 0.07
18 0.6 0.0 39.0 0.0 93.7 0.0 0.27 0.07
19 0.6 0.0 39.0 0.0 93.7 0.0 0.27 0.07
20 0.6 0.0 39.0 0.0 93.7 0.0 0.27 0.07
21 0.6 0.0 19.1 0.0 98.9 0.0 0.13 0.04
22 0.6 0.0 19.1 0.0 98.9 0.0 0.13 0.04
23 0.6 0.0 19.1 0.0 98.9 0.0 0.13 0.04
24 0.6 0.0 19.1 0.0 98.9 0.0 0.13 0.04
25 0.6 0.0 19.1 0.0 98.9 0.0 0.13 0.04
26 0.6 0.0 19.1 0.0 98.9 0.0 0.13 0.04
27 0.6 0.0 19.1 0.0 98.9 0.0 0.13 0.04
28 0.6 0.0 19.1 0.0 98.9 0.0 0.13 0.04
29 0.6 0.0 19.1 0.0 98.9 0.0 0.13 0.04
30 0.6 0.0 19.1 0.0 98.9 0.0 0.13 0.04


*******************************************************************************
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PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 8


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 11.6 22.4 53.2 0.0 0.0
2 0.0 11.6 22.4 53.2 0.0 0.0
3 0.0 11.6 22.4 53.2 0.0 0.0
4 0.0 11.6 22.4 53.2 0.0 0.0
5 0.0 11.6 22.4 53.2 0.0 0.0
6 0.0 11.6 22.4 53.2 0.0 0.0
7 0.0 11.6 22.4 53.2 0.0 0.0
8 0.0 11.6 22.4 53.2 0.0 0.0
9 0.0 11.6 22.4 53.2 0.0 0.0


10 0.0 11.6 22.4 53.2 0.0 0.0
11 0.0 16.5 32.3 50.3 0.0 0.0
12 0.0 16.5 32.3 50.3 0.0 0.0
13 0.0 16.5 32.3 50.3 0.0 0.0
14 0.0 16.5 32.3 50.3 0.0 0.0
15 0.0 16.5 32.3 50.3 0.0 0.0
16 0.0 16.5 32.3 50.3 0.0 0.0
17 0.0 16.5 32.3 50.3 0.0 0.0
18 0.0 16.5 32.3 50.3 0.0 0.0
19 0.0 16.5 32.3 50.3 0.0 0.0
20 0.0 16.5 32.3 50.3 0.0 0.0
21 0.0 13.5 26.2 52.1 0.0 0.0
22 0.0 13.5 26.2 52.1 0.0 0.0
23 0.0 13.5 26.2 52.1 0.0 0.0
24 0.0 13.5 26.2 52.1 0.0 0.0
25 0.0 13.5 26.2 52.1 0.0 0.0
26 0.0 13.5 26.2 52.1 0.0 0.0
27 0.0 13.5 26.2 52.1 0.0 0.0
28 0.0 13.5 26.2 52.1 0.0 0.0
29 0.0 13.5 26.2 52.1 0.0 0.0
30 0.0 13.5 26.2 52.1 0.0 0.0


LOAD CASE 9


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 14.6 27.8 95.7 0.0 0.0
2 0.0 14.6 27.8 95.7 0.0 0.0
3 0.0 14.6 27.8 95.7 0.0 0.0
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4 0.0 14.6 27.8 95.7 0.0 0.0
5 0.0 14.6 27.8 95.7 0.0 0.0
6 0.0 14.6 27.8 95.7 0.0 0.0
7 0.0 14.6 27.8 95.7 0.0 0.0
8 0.0 14.6 27.8 95.7 0.0 0.0
9 0.0 14.6 27.8 95.7 0.0 0.0
10 0.0 14.6 27.8 95.7 0.0 0.0
11 0.0 18.0 34.6 93.7 0.0 0.0
12 0.0 18.0 34.6 93.7 0.0 0.0
13 0.0 18.0 34.6 93.7 0.0 0.0
14 0.0 18.0 34.6 93.7 0.0 0.0
15 0.0 18.0 34.6 93.7 0.0 0.0
16 0.0 18.0 34.6 93.7 0.0 0.0
17 0.0 18.0 34.6 93.7 0.0 0.0
18 0.0 18.0 34.6 93.7 0.0 0.0
19 0.0 18.0 34.6 93.7 0.0 0.0
20 0.0 18.0 34.6 93.7 0.0 0.0
21 0.0 9.1 16.8 98.9 0.0 0.0
22 0.0 9.1 16.8 98.9 0.0 0.0
23 0.0 9.1 16.8 98.9 0.0 0.0
24 0.0 9.1 16.8 98.9 0.0 0.0
25 0.0 9.1 16.8 98.9 0.0 0.0
26 0.0 9.1 16.8 98.9 0.0 0.0
27 0.0 9.1 16.8 98.9 0.0 0.0
28 0.0 9.1 16.8 98.9 0.0 0.0
29 0.0 9.1 16.8 98.9 0.0 0.0
30 0.0 9.1 16.8 98.9 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.
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10 Sunset Reach E (5B) T1 Twall Pinned
20 PIL 1 22.5 2.5 0
30 BAT 2 1
40 ANG 270 1
50 PIL 2 17.5 2.5 0
60 BAT 2 2
70 ANG 270 2
80 PIL 3 12.5 2.5 0
90 BAT 2 3
100 ANG 270 3
110 PIL 4 7.5 2.5 0
120 BAT 2 4
130 ANG 270 4
140 PIL 5 2.5 2.5 0
150 BAT 2 5
160 ANG 270 5
170 PIL 6 2.5 2.5 0
180 BAT 2 6
190 ANG 270 6
200 PIL 7 7.5 2.5 0
210 BAT 2 7
220 ANG 270 7
230 PIL 8 12.5 2.5 0
240 BAT 2 8
250 ANG 270 8
260 PIL 9 17.5 2.5 0
270 BAT 2 9
280 ANG 270 9
290 PIL 10 22.5 2.5 0
300 BAT 2 10
310 ANG 270 10
320 PIL 11 22.5 7.5 0
330 BAT 2 11
340 ANG 90 11
350 PIL 12 17.5 7.5 0
360 BAT 2 12
370 ANG 90 12
380 PIL 13 12.5 7.5 0
390 BAT 2 13
400 ANG 90 13
410 PIL 14 7.5 7.5 0
420 BAT 2 14
430 ANG 90 14
440 PIL 15 2.5 7.5 0
450 BAT 2 15
460 ANG 90 15
470 PIL 16 2.5 7.5 0
480 BAT 2 16
490 ANG 90 16
500 PIL 17 7.5 7.5 0
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510 BAT 2 17
520 ANG 90 17
530 PIL 18 12.5 7.5 0
540 BAT 2 18
550 ANG 90 18
560 PIL 19 17.5 7.5 0
570 BAT 2 19
580 ANG 90 19
590 PIL 20 22.5 7.5 0
600 BAT 2 20
610 ANG 90 20
620 PIL 21 22.5 12.5 0
630 BAT 2 21
640 ANG 90 21
650 PIL 22 17.5 12.5 0
660 BAT 2 22
670 ANG 90 22
680 PIL 23 12.5 12.5 0
690 BAT 2 23
700 ANG 90 23
710 PIL 24 7.5 12.5 0
720 BAT 2 24
730 ANG 90 24
740 PIL 25 2.5 12.5 0
750 BAT 2 25
760 ANG 90 25
770 PIL 26 2.5 12.5 0
780 BAT 2 26
790 ANG 90 26
800 PIL 27 7.5 12.5 0
810 BAT 2 27
820 ANG 90 27
830 PIL 28 12.5 12.5 0
840 BAT 2 28
850 ANG 90 28
860 PIL 29 17.5 12.5 0
870 BAT 2 29
880 ANG 90 29
890 PIL 30 22.5 12.5 0
900 BAT 2 30
910 ANG 90 30
920 PRO 29000 326 904 26.1 2 0 1 TO 30
930 SOI ES 0.0345 L 69 0 1 TO 30
940 RED 1 1 1
950 ALL H 107 85 652 652 1107 3275 1 TO 30
960 PIN 1 TO 30
970 LOA 1 0 15 484 2932 0 0
970 LOA 2 0 15 614 3977 0 0
970 LOA 3 0 53 614 4327 0 0
970 LOA 4 0 66 417 2876 0 0
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970 LOA 5 0 66 363 2338 0 0
970 LOA 6 0 117 417 3568 0 0
970 LOA 7 0 117 363 3030 0 0
970 FOV 1.167 1.167 2
970 FOV 1.33 1.33 3
970 FOV 1.33 1.33 6
970 FOV 1.33 1.33 7
980 TOUT 1 2 3 4 5 6 7
990 PFO ALL
1000 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 01 SEP 20 RUN TIME: 20:07:42


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


SUNSET REACH E (5B) T1 TWALL PINNED
DATA UNKNOWN REJECTED.


THERE ARE 30 PILES AND
7 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 22.50 , 2.50 , 0.00 )
( 22.50 , 12.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.32600E+03 0.90400E+03 0.26100E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.34500E 01 L 0.69000E+02 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.34500E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.40503E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.31387E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.18283E+04 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 22.50 2.50 0.00 2.00 270.00 69.00 P
2 17.50 2.50 0.00 2.00 270.00 69.00 P
3 12.50 2.50 0.00 2.00 270.00 69.00 P
4 7.50 2.50 0.00 2.00 270.00 69.00 P
5 2.50 2.50 0.00 2.00 270.00 69.00 P
6 2.50 2.50 0.00 2.00 270.00 69.00 P
7 7.50 2.50 0.00 2.00 270.00 69.00 P
8 12.50 2.50 0.00 2.00 270.00 69.00 P
9 17.50 2.50 0.00 2.00 270.00 69.00 P
10 22.50 2.50 0.00 2.00 270.00 69.00 P
11 22.50 7.50 0.00 2.00 90.00 69.00 P
12 17.50 7.50 0.00 2.00 90.00 69.00 P
13 12.50 7.50 0.00 2.00 90.00 69.00 P
14 7.50 7.50 0.00 2.00 90.00 69.00 P
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15 2.50 7.50 0.00 2.00 90.00 69.00 P
16 2.50 7.50 0.00 2.00 90.00 69.00 P
17 7.50 7.50 0.00 2.00 90.00 69.00 P
18 12.50 7.50 0.00 2.00 90.00 69.00 P
19 17.50 7.50 0.00 2.00 90.00 69.00 P
20 22.50 7.50 0.00 2.00 90.00 69.00 P
21 22.50 12.50 0.00 2.00 90.00 69.00 P
22 17.50 12.50 0.00 2.00 90.00 69.00 P
23 12.50 12.50 0.00 2.00 90.00 69.00 P
24 7.50 12.50 0.00 2.00 90.00 69.00 P
25 2.50 12.50 0.00 2.00 90.00 69.00 P
26 2.50 12.50 0.00 2.00 90.00 69.00 P
27 7.50 12.50 0.00 2.00 90.00 69.00 P
28 12.50 12.50 0.00 2.00 90.00 69.00 P
29 17.50 12.50 0.00 2.00 90.00 69.00 P
30 22.50 12.50 0.00 2.00 90.00 69.00 P


2070.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


1 0.0 15.0 484.0 2932.0 0.0 0.0
2 0.0 15.0 614.0 3977.0 0.0 0.0 1.17 1.17
3 0.0 53.0 614.0 4327.0 0.0 0.0 1.33 1.33
4 0.0 66.0 417.0 2876.0 0.0 0.0
5 0.0 66.0 363.0 2338.0 0.0 0.0
6 0.0 117.0 417.0 3568.0 0.0 0.0 1.33 1.33
7 0.0 117.0 363.0 3030.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX


0.94162E+02 0.22252E 03 0.88788E 04 0.13318E 01 0.00000E+00 0.84746E+04
0.22252E 03 0.11067E+05 0.72968E+04 0.15323E+07 0.87311E 10 0.14687E 01
0.88788E 04 0.72968E+04 0.43903E+05 0.39512E+07 0.11642E 09 0.13318E 01
0.13318E 01 0.15323E+07 0.39512E+07 0.46098E+09 0.14901E 07 0.24772E+01
0.21684E 17 0.29104E 10 0.17462E 09 0.14901E 07 0.13039E+10 0.21672E+09
0.84746E+04 0.14687E 01 0.13318E 01 0.24772E+01 0.21672E+09 0.32967E+09


30 PILES 7 LOAD CASES
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LOAD CASE 1. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 2. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 3. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 4. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 5. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 6. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 7. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


1 0.2744E 07 0.1615E 02 0.1912E 01 0.9292E 04 0.1589E 12 0.9559E 12
2 0.3555E 07 0.9476E 02 0.1491E 01 0.7229E 05 0.2143E 12 0.1289E 11
3 0.2575E 07 0.8275E 02 0.1202E 01 0.3710E 04 0.1974E 12 0.1187E 11
4 0.1010E 07 0.8448E 02 0.1699E 01 0.9885E 04 0.1081E 12 0.6506E 12
5 0.6834E 08 0.1708E 01 0.2214E 01 0.1857E 03 0.8128E 13 0.4890E 12
6 0.3280E 08 0.1461E 02 0.5833E 02 0.3803E 04 0.9370E 13 0.5637E 12
7 0.6542E 08 0.1009E 01 0.1099E 01 0.4882E 04 0.6684E 13 0.4022E 12


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY


M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 1


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K
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1 0.0 0.0 25.4 0.0 2.7 0.0 0.24 0.04
2 0.0 0.0 25.4 0.0 2.7 0.0 0.24 0.04
3 0.0 0.0 25.4 0.0 2.7 0.0 0.24 0.04
4 0.0 0.0 25.4 0.0 2.7 0.0 0.24 0.04
5 0.0 0.0 25.4 0.0 2.7 0.0 0.24 0.04
6 0.0 0.0 25.4 0.0 2.7 0.0 0.24 0.04
7 0.0 0.0 25.4 0.0 2.7 0.0 0.24 0.04
8 0.0 0.0 25.4 0.0 2.7 0.0 0.24 0.04
9 0.0 0.0 25.4 0.0 2.7 0.0 0.24 0.04
10 0.0 0.0 25.4 0.0 2.7 0.0 0.24 0.04
11 0.0 0.0 18.9 0.0 1.0 0.0 0.18 0.03
12 0.0 0.0 18.9 0.0 1.0 0.0 0.18 0.03
13 0.0 0.0 18.9 0.0 1.0 0.0 0.18 0.03
14 0.0 0.0 18.9 0.0 1.0 0.0 0.18 0.03
15 0.0 0.0 18.9 0.0 1.0 0.0 0.18 0.03
16 0.0 0.0 18.9 0.0 1.0 0.0 0.18 0.03
17 0.0 0.0 18.9 0.0 1.0 0.0 0.18 0.03
18 0.0 0.0 18.9 0.0 1.0 0.0 0.18 0.03
19 0.0 0.0 18.9 0.0 1.0 0.0 0.18 0.03
20 0.0 0.0 18.9 0.0 1.0 0.0 0.18 0.03
21 0.0 0.0 9.8 0.0 0.3 0.0 0.09 0.02
22 0.0 0.0 9.8 0.0 0.3 0.0 0.09 0.02
23 0.0 0.0 9.8 0.0 0.3 0.0 0.09 0.02
24 0.0 0.0 9.8 0.0 0.3 0.0 0.09 0.02
25 0.0 0.0 9.8 0.0 0.3 0.0 0.09 0.02
26 0.0 0.0 9.8 0.0 0.3 0.0 0.09 0.02
27 0.0 0.0 9.8 0.0 0.3 0.0 0.09 0.02
28 0.0 0.0 9.8 0.0 0.3 0.0 0.09 0.02
29 0.0 0.0 9.8 0.0 0.3 0.0 0.09 0.02
30 0.0 0.0 9.8 0.0 0.3 0.0 0.09 0.02


LOAD CASE 2


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.0 0.0 32.5 0.0 0.5 0.0 0.26 0.04
2 0.0 0.0 32.5 0.0 0.5 0.0 0.26 0.04
3 0.0 0.0 32.5 0.0 0.5 0.0 0.26 0.04
4 0.0 0.0 32.5 0.0 0.5 0.0 0.26 0.04
5 0.0 0.0 32.5 0.0 0.5 0.0 0.26 0.04
6 0.0 0.0 32.5 0.0 0.5 0.0 0.26 0.04
7 0.0 0.0 32.5 0.0 0.5 0.0 0.26 0.04
8 0.0 0.0 32.5 0.0 0.5 0.0 0.26 0.04
9 0.0 0.0 32.5 0.0 0.5 0.0 0.26 0.04
10 0.0 0.0 32.5 0.0 0.5 0.0 0.26 0.04
11 0.1 0.0 17.7 0.0 4.7 0.0 0.14 0.02
12 0.1 0.0 17.7 0.0 4.7 0.0 0.14 0.02
13 0.1 0.0 17.7 0.0 4.7 0.0 0.14 0.02
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14 0.1 0.0 17.7 0.0 4.7 0.0 0.14 0.02
15 0.1 0.0 17.7 0.0 4.7 0.0 0.14 0.02
16 0.1 0.0 17.7 0.0 4.7 0.0 0.14 0.02
17 0.1 0.0 17.7 0.0 4.7 0.0 0.14 0.02
18 0.1 0.0 17.7 0.0 4.7 0.0 0.14 0.02
19 0.1 0.0 17.7 0.0 4.7 0.0 0.14 0.02
20 0.1 0.0 17.7 0.0 4.7 0.0 0.14 0.02
21 0.1 0.0 18.4 0.0 4.8 0.0 0.15 0.03
22 0.1 0.0 18.4 0.0 4.8 0.0 0.15 0.03
23 0.1 0.0 18.4 0.0 4.8 0.0 0.15 0.03
24 0.1 0.0 18.4 0.0 4.8 0.0 0.15 0.03
25 0.1 0.0 18.4 0.0 4.8 0.0 0.15 0.03
26 0.1 0.0 18.4 0.0 4.8 0.0 0.15 0.03
27 0.1 0.0 18.4 0.0 4.8 0.0 0.15 0.03
28 0.1 0.0 18.4 0.0 4.8 0.0 0.15 0.03
29 0.1 0.0 18.4 0.0 4.8 0.0 0.15 0.03
30 0.1 0.0 18.4 0.0 4.8 0.0 0.15 0.03


LOAD CASE 3


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.0 0.0 28.2 0.0 0.5 0.0 0.20 0.03
2 0.0 0.0 28.2 0.0 0.5 0.0 0.20 0.03
3 0.0 0.0 28.2 0.0 0.5 0.0 0.20 0.03
4 0.0 0.0 28.2 0.0 0.5 0.0 0.20 0.03
5 0.0 0.0 28.2 0.0 0.5 0.0 0.20 0.03
6 0.0 0.0 28.2 0.0 0.5 0.0 0.20 0.03
7 0.0 0.0 28.2 0.0 0.5 0.0 0.20 0.03
8 0.0 0.0 28.2 0.0 0.5 0.0 0.20 0.03
9 0.0 0.0 28.2 0.0 0.5 0.0 0.20 0.03
10 0.0 0.0 28.2 0.0 0.5 0.0 0.20 0.03
11 0.1 0.0 18.4 0.0 4.4 0.0 0.13 0.02
12 0.1 0.0 18.4 0.0 4.4 0.0 0.13 0.02
13 0.1 0.0 18.4 0.0 4.4 0.0 0.13 0.02
14 0.1 0.0 18.4 0.0 4.4 0.0 0.13 0.02
15 0.1 0.0 18.4 0.0 4.4 0.0 0.13 0.02
16 0.1 0.0 18.4 0.0 4.4 0.0 0.13 0.02
17 0.1 0.0 18.4 0.0 4.4 0.0 0.13 0.02
18 0.1 0.0 18.4 0.0 4.4 0.0 0.13 0.02
19 0.1 0.0 18.4 0.0 4.4 0.0 0.13 0.02
20 0.1 0.0 18.4 0.0 4.4 0.0 0.13 0.02
21 0.1 0.0 22.0 0.0 4.7 0.0 0.15 0.03
22 0.1 0.0 22.0 0.0 4.7 0.0 0.15 0.03
23 0.1 0.0 22.0 0.0 4.7 0.0 0.15 0.03
24 0.1 0.0 22.0 0.0 4.7 0.0 0.15 0.03
25 0.1 0.0 22.0 0.0 4.7 0.0 0.15 0.03
26 0.1 0.0 22.0 0.0 4.7 0.0 0.15 0.03
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27 0.1 0.0 22.0 0.0 4.7 0.0 0.15 0.03
28 0.1 0.0 22.0 0.0 4.7 0.0 0.15 0.03
29 0.1 0.0 22.0 0.0 4.7 0.0 0.15 0.03
30 0.1 0.0 22.0 0.0 4.7 0.0 0.15 0.03


LOAD CASE 4


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.1 0.0 16.0 0.0 4.2 0.0 0.15 0.03
2 0.1 0.0 16.0 0.0 4.2 0.0 0.15 0.03
3 0.1 0.0 16.0 0.0 4.2 0.0 0.15 0.03
4 0.1 0.0 16.0 0.0 4.2 0.0 0.15 0.03
5 0.1 0.0 16.0 0.0 4.2 0.0 0.15 0.03
6 0.1 0.0 16.0 0.0 4.2 0.0 0.15 0.03
7 0.1 0.0 16.0 0.0 4.2 0.0 0.15 0.03
8 0.1 0.0 16.0 0.0 4.2 0.0 0.15 0.03
9 0.1 0.0 16.0 0.0 4.2 0.0 0.15 0.03
10 0.1 0.0 16.0 0.0 4.2 0.0 0.15 0.03
11 0.0 0.0 20.1 0.0 1.2 0.0 0.19 0.03
12 0.0 0.0 20.1 0.0 1.2 0.0 0.19 0.03
13 0.0 0.0 20.1 0.0 1.2 0.0 0.19 0.03
14 0.0 0.0 20.1 0.0 1.2 0.0 0.19 0.03
15 0.0 0.0 20.1 0.0 1.2 0.0 0.19 0.03
16 0.0 0.0 20.1 0.0 1.2 0.0 0.19 0.03
17 0.0 0.0 20.1 0.0 1.2 0.0 0.19 0.03
18 0.0 0.0 20.1 0.0 1.2 0.0 0.19 0.03
19 0.0 0.0 20.1 0.0 1.2 0.0 0.19 0.03
20 0.0 0.0 20.1 0.0 1.2 0.0 0.19 0.03
21 0.0 0.0 10.4 0.0 2.0 0.0 0.10 0.02
22 0.0 0.0 10.4 0.0 2.0 0.0 0.10 0.02
23 0.0 0.0 10.4 0.0 2.0 0.0 0.10 0.02
24 0.0 0.0 10.4 0.0 2.0 0.0 0.10 0.02
25 0.0 0.0 10.4 0.0 2.0 0.0 0.10 0.02
26 0.0 0.0 10.4 0.0 2.0 0.0 0.10 0.02
27 0.0 0.0 10.4 0.0 2.0 0.0 0.10 0.02
28 0.0 0.0 10.4 0.0 2.0 0.0 0.10 0.02
29 0.0 0.0 10.4 0.0 2.0 0.0 0.10 0.02
30 0.0 0.0 10.4 0.0 2.0 0.0 0.10 0.02


LOAD CASE 5


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.1 0.0 13.1 0.0 6.9 0.0 0.12 0.02
2 0.1 0.0 13.1 0.0 6.9 0.0 0.12 0.02
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3 0.1 0.0 13.1 0.0 6.9 0.0 0.12 0.02
4 0.1 0.0 13.1 0.0 6.9 0.0 0.12 0.02
5 0.1 0.0 13.1 0.0 6.9 0.0 0.12 0.02
6 0.1 0.0 13.1 0.0 6.9 0.0 0.12 0.02
7 0.1 0.0 13.1 0.0 6.9 0.0 0.12 0.02
8 0.1 0.0 13.1 0.0 6.9 0.0 0.12 0.02
9 0.1 0.0 13.1 0.0 6.9 0.0 0.12 0.02
10 0.1 0.0 13.1 0.0 6.9 0.0 0.12 0.02
11 0.1 0.0 22.8 0.0 3.9 0.0 0.21 0.04
12 0.1 0.0 22.8 0.0 3.9 0.0 0.21 0.04
13 0.1 0.0 22.8 0.0 3.9 0.0 0.21 0.04
14 0.1 0.0 22.8 0.0 3.9 0.0 0.21 0.04
15 0.1 0.0 22.8 0.0 3.9 0.0 0.21 0.04
16 0.1 0.0 22.8 0.0 3.9 0.0 0.21 0.04
17 0.1 0.0 22.8 0.0 3.9 0.0 0.21 0.04
18 0.1 0.0 22.8 0.0 3.9 0.0 0.21 0.04
19 0.1 0.0 22.8 0.0 3.9 0.0 0.21 0.04
20 0.1 0.0 22.8 0.0 3.9 0.0 0.21 0.04
21 0.1 0.0 4.6 0.0 5.5 0.0 0.04 0.01
22 0.1 0.0 4.6 0.0 5.5 0.0 0.04 0.01
23 0.1 0.0 4.6 0.0 5.5 0.0 0.04 0.01
24 0.1 0.0 4.6 0.0 5.5 0.0 0.04 0.01
25 0.1 0.0 4.6 0.0 5.5 0.0 0.04 0.01
26 0.1 0.0 4.6 0.0 5.5 0.0 0.04 0.01
27 0.1 0.0 4.6 0.0 5.5 0.0 0.04 0.01
28 0.1 0.0 4.6 0.0 5.5 0.0 0.04 0.01
29 0.1 0.0 4.6 0.0 5.5 0.0 0.04 0.01
30 0.1 0.0 4.6 0.0 5.5 0.0 0.04 0.01


LOAD CASE 6


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.0 0.0 10.2 0.0 1.4 0.0 0.07 0.01
2 0.0 0.0 10.2 0.0 1.4 0.0 0.07 0.01
3 0.0 0.0 10.2 0.0 1.4 0.0 0.07 0.01
4 0.0 0.0 10.2 0.0 1.4 0.0 0.07 0.01
5 0.0 0.0 10.2 0.0 1.4 0.0 0.07 0.01
6 0.0 0.0 10.2 0.0 1.4 0.0 0.07 0.01
7 0.0 0.0 10.2 0.0 1.4 0.0 0.07 0.01
8 0.0 0.0 10.2 0.0 1.4 0.0 0.07 0.01
9 0.0 0.0 10.2 0.0 1.4 0.0 0.07 0.01
10 0.0 0.0 10.2 0.0 1.4 0.0 0.07 0.01
11 0.0 0.0 16.3 0.0 0.9 0.0 0.11 0.02
12 0.0 0.0 16.3 0.0 0.9 0.0 0.11 0.02
13 0.0 0.0 16.3 0.0 0.9 0.0 0.11 0.02
14 0.0 0.0 16.3 0.0 0.9 0.0 0.11 0.02
15 0.0 0.0 16.3 0.0 0.9 0.0 0.11 0.02
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16 0.0 0.0 16.3 0.0 0.9 0.0 0.11 0.02
17 0.0 0.0 16.3 0.0 0.9 0.0 0.11 0.02
18 0.0 0.0 16.3 0.0 0.9 0.0 0.11 0.02
19 0.0 0.0 16.3 0.0 0.9 0.0 0.11 0.02
20 0.0 0.0 16.3 0.0 0.9 0.0 0.11 0.02
21 0.0 0.0 20.1 0.0 1.2 0.0 0.14 0.02
22 0.0 0.0 20.1 0.0 1.2 0.0 0.14 0.02
23 0.0 0.0 20.1 0.0 1.2 0.0 0.14 0.02
24 0.0 0.0 20.1 0.0 1.2 0.0 0.14 0.02
25 0.0 0.0 20.1 0.0 1.2 0.0 0.14 0.02
26 0.0 0.0 20.1 0.0 1.2 0.0 0.14 0.02
27 0.0 0.0 20.1 0.0 1.2 0.0 0.14 0.02
28 0.0 0.0 20.1 0.0 1.2 0.0 0.14 0.02
29 0.0 0.0 20.1 0.0 1.2 0.0 0.14 0.02
30 0.0 0.0 20.1 0.0 1.2 0.0 0.14 0.02


LOAD CASE 7


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.1 0.0 7.3 0.0 4.1 0.0 0.05 0.01
2 0.1 0.0 7.3 0.0 4.1 0.0 0.05 0.01
3 0.1 0.0 7.3 0.0 4.1 0.0 0.05 0.01
4 0.1 0.0 7.3 0.0 4.1 0.0 0.05 0.01
5 0.1 0.0 7.3 0.0 4.1 0.0 0.05 0.01
6 0.1 0.0 7.3 0.0 4.1 0.0 0.05 0.01
7 0.1 0.0 7.3 0.0 4.1 0.0 0.05 0.01
8 0.1 0.0 7.3 0.0 4.1 0.0 0.05 0.01
9 0.1 0.0 7.3 0.0 4.1 0.0 0.05 0.01
10 0.1 0.0 7.3 0.0 4.1 0.0 0.05 0.01
11 0.0 0.0 19.0 0.0 1.9 0.0 0.13 0.02
12 0.0 0.0 19.0 0.0 1.9 0.0 0.13 0.02
13 0.0 0.0 19.0 0.0 1.9 0.0 0.13 0.02
14 0.0 0.0 19.0 0.0 1.9 0.0 0.13 0.02
15 0.0 0.0 19.0 0.0 1.9 0.0 0.13 0.02
16 0.0 0.0 19.0 0.0 1.9 0.0 0.13 0.02
17 0.0 0.0 19.0 0.0 1.9 0.0 0.13 0.02
18 0.0 0.0 19.0 0.0 1.9 0.0 0.13 0.02
19 0.0 0.0 19.0 0.0 1.9 0.0 0.13 0.02
20 0.0 0.0 19.0 0.0 1.9 0.0 0.13 0.02
21 0.0 0.0 14.2 0.0 2.3 0.0 0.10 0.02
22 0.0 0.0 14.2 0.0 2.3 0.0 0.10 0.02
23 0.0 0.0 14.2 0.0 2.3 0.0 0.10 0.02
24 0.0 0.0 14.2 0.0 2.3 0.0 0.10 0.02
25 0.0 0.0 14.2 0.0 2.3 0.0 0.10 0.02
26 0.0 0.0 14.2 0.0 2.3 0.0 0.10 0.02
27 0.0 0.0 14.2 0.0 2.3 0.0 0.10 0.02
28 0.0 0.0 14.2 0.0 2.3 0.0 0.10 0.02
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29 0.0 0.0 14.2 0.0 2.3 0.0 0.10 0.02
30 0.0 0.0 14.2 0.0 2.3 0.0 0.10 0.02


*******************************************************************************


PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 1


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 11.3 22.7 0.0 0.0 0.0
2 0.0 11.3 22.7 0.0 0.0 0.0
3 0.0 11.3 22.7 0.0 0.0 0.0
4 0.0 11.3 22.7 0.0 0.0 0.0
5 0.0 11.3 22.7 0.0 0.0 0.0
6 0.0 11.3 22.7 0.0 0.0 0.0
7 0.0 11.3 22.7 0.0 0.0 0.0
8 0.0 11.3 22.7 0.0 0.0 0.0
9 0.0 11.3 22.7 0.0 0.0 0.0


10 0.0 11.3 22.7 0.0 0.0 0.0
11 0.0 8.4 16.9 0.0 0.0 0.0
12 0.0 8.4 16.9 0.0 0.0 0.0
13 0.0 8.4 16.9 0.0 0.0 0.0
14 0.0 8.4 16.9 0.0 0.0 0.0
15 0.0 8.4 16.9 0.0 0.0 0.0
16 0.0 8.4 16.9 0.0 0.0 0.0
17 0.0 8.4 16.9 0.0 0.0 0.0
18 0.0 8.4 16.9 0.0 0.0 0.0
19 0.0 8.4 16.9 0.0 0.0 0.0
20 0.0 8.4 16.9 0.0 0.0 0.0
21 0.0 4.4 8.8 0.0 0.0 0.0
22 0.0 4.4 8.8 0.0 0.0 0.0
23 0.0 4.4 8.8 0.0 0.0 0.0
24 0.0 4.4 8.8 0.0 0.0 0.0
25 0.0 4.4 8.8 0.0 0.0 0.0
26 0.0 4.4 8.8 0.0 0.0 0.0
27 0.0 4.4 8.8 0.0 0.0 0.0
28 0.0 4.4 8.8 0.0 0.0 0.0
29 0.0 4.4 8.8 0.0 0.0 0.0
30 0.0 4.4 8.8 0.0 0.0 0.0


LOAD CASE 2


PILE PX PY PZ MX MY MZ
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K K K IN K IN K IN K


1 0.0 14.5 29.1 0.0 0.0 0.0
2 0.0 14.5 29.1 0.0 0.0 0.0
3 0.0 14.5 29.1 0.0 0.0 0.0
4 0.0 14.5 29.1 0.0 0.0 0.0
5 0.0 14.5 29.1 0.0 0.0 0.0
6 0.0 14.5 29.1 0.0 0.0 0.0
7 0.0 14.5 29.1 0.0 0.0 0.0
8 0.0 14.5 29.1 0.0 0.0 0.0
9 0.0 14.5 29.1 0.0 0.0 0.0
10 0.0 14.5 29.1 0.0 0.0 0.0
11 0.0 7.9 15.9 0.0 0.0 0.0
12 0.0 7.9 15.9 0.0 0.0 0.0
13 0.0 7.9 15.9 0.0 0.0 0.0
14 0.0 7.9 15.9 0.0 0.0 0.0
15 0.0 7.9 15.9 0.0 0.0 0.0
16 0.0 7.9 15.9 0.0 0.0 0.0
17 0.0 7.9 15.9 0.0 0.0 0.0
18 0.0 7.9 15.9 0.0 0.0 0.0
19 0.0 7.9 15.9 0.0 0.0 0.0
20 0.0 7.9 15.9 0.0 0.0 0.0
21 0.0 8.2 16.5 0.0 0.0 0.0
22 0.0 8.2 16.5 0.0 0.0 0.0
23 0.0 8.2 16.5 0.0 0.0 0.0
24 0.0 8.2 16.5 0.0 0.0 0.0
25 0.0 8.2 16.5 0.0 0.0 0.0
26 0.0 8.2 16.5 0.0 0.0 0.0
27 0.0 8.2 16.5 0.0 0.0 0.0
28 0.0 8.2 16.5 0.0 0.0 0.0
29 0.0 8.2 16.5 0.0 0.0 0.0
30 0.0 8.2 16.5 0.0 0.0 0.0


LOAD CASE 3


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 12.6 25.3 0.0 0.0 0.0
2 0.0 12.6 25.3 0.0 0.0 0.0
3 0.0 12.6 25.3 0.0 0.0 0.0
4 0.0 12.6 25.3 0.0 0.0 0.0
5 0.0 12.6 25.3 0.0 0.0 0.0
6 0.0 12.6 25.3 0.0 0.0 0.0
7 0.0 12.6 25.3 0.0 0.0 0.0
8 0.0 12.6 25.3 0.0 0.0 0.0
9 0.0 12.6 25.3 0.0 0.0 0.0
10 0.0 12.6 25.3 0.0 0.0 0.0
11 0.0 8.2 16.4 0.0 0.0 0.0
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12 0.0 8.2 16.4 0.0 0.0 0.0
13 0.0 8.2 16.4 0.0 0.0 0.0
14 0.0 8.2 16.4 0.0 0.0 0.0
15 0.0 8.2 16.4 0.0 0.0 0.0
16 0.0 8.2 16.4 0.0 0.0 0.0
17 0.0 8.2 16.4 0.0 0.0 0.0
18 0.0 8.2 16.4 0.0 0.0 0.0
19 0.0 8.2 16.4 0.0 0.0 0.0
20 0.0 8.2 16.4 0.0 0.0 0.0
21 0.0 9.8 19.7 0.0 0.0 0.0
22 0.0 9.8 19.7 0.0 0.0 0.0
23 0.0 9.8 19.7 0.0 0.0 0.0
24 0.0 9.8 19.7 0.0 0.0 0.0
25 0.0 9.8 19.7 0.0 0.0 0.0
26 0.0 9.8 19.7 0.0 0.0 0.0
27 0.0 9.8 19.7 0.0 0.0 0.0
28 0.0 9.8 19.7 0.0 0.0 0.0
29 0.0 9.8 19.7 0.0 0.0 0.0
30 0.0 9.8 19.7 0.0 0.0 0.0


LOAD CASE 4


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 7.1 14.4 0.0 0.0 0.0
2 0.0 7.1 14.4 0.0 0.0 0.0
3 0.0 7.1 14.4 0.0 0.0 0.0
4 0.0 7.1 14.4 0.0 0.0 0.0
5 0.0 7.1 14.4 0.0 0.0 0.0
6 0.0 7.1 14.4 0.0 0.0 0.0
7 0.0 7.1 14.4 0.0 0.0 0.0
8 0.0 7.1 14.4 0.0 0.0 0.0
9 0.0 7.1 14.4 0.0 0.0 0.0


10 0.0 7.1 14.4 0.0 0.0 0.0
11 0.0 9.0 18.0 0.0 0.0 0.0
12 0.0 9.0 18.0 0.0 0.0 0.0
13 0.0 9.0 18.0 0.0 0.0 0.0
14 0.0 9.0 18.0 0.0 0.0 0.0
15 0.0 9.0 18.0 0.0 0.0 0.0
16 0.0 9.0 18.0 0.0 0.0 0.0
17 0.0 9.0 18.0 0.0 0.0 0.0
18 0.0 9.0 18.0 0.0 0.0 0.0
19 0.0 9.0 18.0 0.0 0.0 0.0
20 0.0 9.0 18.0 0.0 0.0 0.0
21 0.0 4.7 9.3 0.0 0.0 0.0
22 0.0 4.7 9.3 0.0 0.0 0.0
23 0.0 4.7 9.3 0.0 0.0 0.0
24 0.0 4.7 9.3 0.0 0.0 0.0
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25 0.0 4.7 9.3 0.0 0.0 0.0
26 0.0 4.7 9.3 0.0 0.0 0.0
27 0.0 4.7 9.3 0.0 0.0 0.0
28 0.0 4.7 9.3 0.0 0.0 0.0
29 0.0 4.7 9.3 0.0 0.0 0.0
30 0.0 4.7 9.3 0.0 0.0 0.0


LOAD CASE 5


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 5.8 11.8 0.0 0.0 0.0
2 0.0 5.8 11.8 0.0 0.0 0.0
3 0.0 5.8 11.8 0.0 0.0 0.0
4 0.0 5.8 11.8 0.0 0.0 0.0
5 0.0 5.8 11.8 0.0 0.0 0.0
6 0.0 5.8 11.8 0.0 0.0 0.0
7 0.0 5.8 11.8 0.0 0.0 0.0
8 0.0 5.8 11.8 0.0 0.0 0.0
9 0.0 5.8 11.8 0.0 0.0 0.0


10 0.0 5.8 11.8 0.0 0.0 0.0
11 0.0 10.3 20.4 0.0 0.0 0.0
12 0.0 10.3 20.4 0.0 0.0 0.0
13 0.0 10.3 20.4 0.0 0.0 0.0
14 0.0 10.3 20.4 0.0 0.0 0.0
15 0.0 10.3 20.4 0.0 0.0 0.0
16 0.0 10.3 20.4 0.0 0.0 0.0
17 0.0 10.3 20.4 0.0 0.0 0.0
18 0.0 10.3 20.4 0.0 0.0 0.0
19 0.0 10.3 20.4 0.0 0.0 0.0
20 0.0 10.3 20.4 0.0 0.0 0.0
21 0.0 2.1 4.1 0.0 0.0 0.0
22 0.0 2.1 4.1 0.0 0.0 0.0
23 0.0 2.1 4.1 0.0 0.0 0.0
24 0.0 2.1 4.1 0.0 0.0 0.0
25 0.0 2.1 4.1 0.0 0.0 0.0
26 0.0 2.1 4.1 0.0 0.0 0.0
27 0.0 2.1 4.1 0.0 0.0 0.0
28 0.0 2.1 4.1 0.0 0.0 0.0
29 0.0 2.1 4.1 0.0 0.0 0.0
30 0.0 2.1 4.1 0.0 0.0 0.0


LOAD CASE 6


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K
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1 0.0 4.5 9.1 0.0 0.0 0.0
2 0.0 4.5 9.1 0.0 0.0 0.0
3 0.0 4.5 9.1 0.0 0.0 0.0
4 0.0 4.5 9.1 0.0 0.0 0.0
5 0.0 4.5 9.1 0.0 0.0 0.0
6 0.0 4.5 9.1 0.0 0.0 0.0
7 0.0 4.5 9.1 0.0 0.0 0.0
8 0.0 4.5 9.1 0.0 0.0 0.0
9 0.0 4.5 9.1 0.0 0.0 0.0


10 0.0 4.5 9.1 0.0 0.0 0.0
11 0.0 7.3 14.6 0.0 0.0 0.0
12 0.0 7.3 14.6 0.0 0.0 0.0
13 0.0 7.3 14.6 0.0 0.0 0.0
14 0.0 7.3 14.6 0.0 0.0 0.0
15 0.0 7.3 14.6 0.0 0.0 0.0
16 0.0 7.3 14.6 0.0 0.0 0.0
17 0.0 7.3 14.6 0.0 0.0 0.0
18 0.0 7.3 14.6 0.0 0.0 0.0
19 0.0 7.3 14.6 0.0 0.0 0.0
20 0.0 7.3 14.6 0.0 0.0 0.0
21 0.0 9.0 17.9 0.0 0.0 0.0
22 0.0 9.0 17.9 0.0 0.0 0.0
23 0.0 9.0 17.9 0.0 0.0 0.0
24 0.0 9.0 17.9 0.0 0.0 0.0
25 0.0 9.0 17.9 0.0 0.0 0.0
26 0.0 9.0 17.9 0.0 0.0 0.0
27 0.0 9.0 17.9 0.0 0.0 0.0
28 0.0 9.0 17.9 0.0 0.0 0.0
29 0.0 9.0 17.9 0.0 0.0 0.0
30 0.0 9.0 17.9 0.0 0.0 0.0


LOAD CASE 7


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 3.2 6.6 0.0 0.0 0.0
2 0.0 3.2 6.6 0.0 0.0 0.0
3 0.0 3.2 6.6 0.0 0.0 0.0
4 0.0 3.2 6.6 0.0 0.0 0.0
5 0.0 3.2 6.6 0.0 0.0 0.0
6 0.0 3.2 6.6 0.0 0.0 0.0
7 0.0 3.2 6.6 0.0 0.0 0.0
8 0.0 3.2 6.6 0.0 0.0 0.0
9 0.0 3.2 6.6 0.0 0.0 0.0


10 0.0 3.2 6.6 0.0 0.0 0.0
11 0.0 8.5 17.0 0.0 0.0 0.0
12 0.0 8.5 17.0 0.0 0.0 0.0
13 0.0 8.5 17.0 0.0 0.0 0.0
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14 0.0 8.5 17.0 0.0 0.0 0.0
15 0.0 8.5 17.0 0.0 0.0 0.0
16 0.0 8.5 17.0 0.0 0.0 0.0
17 0.0 8.5 17.0 0.0 0.0 0.0
18 0.0 8.5 17.0 0.0 0.0 0.0
19 0.0 8.5 17.0 0.0 0.0 0.0
20 0.0 8.5 17.0 0.0 0.0 0.0
21 0.0 6.4 12.7 0.0 0.0 0.0
22 0.0 6.4 12.7 0.0 0.0 0.0
23 0.0 6.4 12.7 0.0 0.0 0.0
24 0.0 6.4 12.7 0.0 0.0 0.0
25 0.0 6.4 12.7 0.0 0.0 0.0
26 0.0 6.4 12.7 0.0 0.0 0.0
27 0.0 6.4 12.7 0.0 0.0 0.0
28 0.0 6.4 12.7 0.0 0.0 0.0
29 0.0 6.4 12.7 0.0 0.0 0.0
30 0.0 6.4 12.7 0.0 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.
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10 Sunset Reach E (5B) T 1 Twall Pinned
20 PIL 1 22.5 2.5 0
30 BAT 2 1
40 ANG 270 1
50 PIL 2 17.5 2.5 0
60 BAT 2 2
70 ANG 270 2
80 PIL 3 12.5 2.5 0
90 BAT 2 3
100 ANG 270 3
110 PIL 4 7.5 2.5 0
120 BAT 2 4
130 ANG 270 4
140 PIL 5 2.5 2.5 0
150 BAT 2 5
160 ANG 270 5
170 PIL 6 2.5 2.5 0
180 BAT 2 6
190 ANG 270 6
200 PIL 7 7.5 2.5 0
210 BAT 2 7
220 ANG 270 7
230 PIL 8 12.5 2.5 0
240 BAT 2 8
250 ANG 270 8
260 PIL 9 17.5 2.5 0
270 BAT 2 9
280 ANG 270 9
290 PIL 10 22.5 2.5 0
300 BAT 2 10
310 ANG 270 10
320 PIL 11 22.5 7.5 0
330 BAT 2 11
340 ANG 90 11
350 PIL 12 17.5 7.5 0
360 BAT 2 12
370 ANG 90 12
380 PIL 13 12.5 7.5 0
390 BAT 2 13
400 ANG 90 13
410 PIL 14 7.5 7.5 0
420 BAT 2 14
430 ANG 90 14
440 PIL 15 2.5 7.5 0
450 BAT 2 15
460 ANG 90 15
470 PIL 16 2.5 7.5 0
480 BAT 2 16
490 ANG 90 16
500 PIL 17 7.5 7.5 0
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510 BAT 2 17
520 ANG 90 17
530 PIL 18 12.5 7.5 0
540 BAT 2 18
550 ANG 90 18
560 PIL 19 17.5 7.5 0
570 BAT 2 19
580 ANG 90 19
590 PIL 20 22.5 7.5 0
600 BAT 2 20
610 ANG 90 20
620 PIL 21 22.5 12.5 0
630 BAT 2 21
640 ANG 90 21
650 PIL 22 17.5 12.5 0
660 BAT 2 22
670 ANG 90 22
680 PIL 23 12.5 12.5 0
690 BAT 2 23
700 ANG 90 23
710 PIL 24 7.5 12.5 0
720 BAT 2 24
730 ANG 90 24
740 PIL 25 2.5 12.5 0
750 BAT 2 25
760 ANG 90 25
770 PIL 26 2.5 12.5 0
780 BAT 2 26
790 ANG 90 26
800 PIL 27 7.5 12.5 0
810 BAT 2 27
820 ANG 90 27
830 PIL 28 12.5 12.5 0
840 BAT 2 28
850 ANG 90 28
860 PIL 29 17.5 12.5 0
870 BAT 2 29
880 ANG 90 29
890 PIL 30 22.5 12.5 0
900 BAT 2 30
910 ANG 90 30
920 PRO 29000 326 904 26.1 2 0 1 TO 30
930 SOI ES 0.0345 L 69 0 1 TO 30
940 RED 1 1 1
950 ALL H 107 85 652 652 1107 3275 1 TO 30
960 PIN 1 TO 30
970 LOA 8 0 417 361 5008 0 0
970 LOA 9 0 417 236 3760 0 0
970 FOV 1.33 1.33 8
970 FOV 1.33 1.33 9
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980 TOUT 1 2 3 4 5 6 7
990 PFO ALL
1000 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 01 SEP 20 RUN TIME: 20:11:31


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


SUNSET REACH E (5B) T 1 TWALL PINNED
DATA UNKNOWN REJECTED.


THERE ARE 30 PILES AND
2 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 22.50 , 2.50 , 0.00 )
( 22.50 , 12.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.32600E+03 0.90400E+03 0.26100E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.34500E 01 L 0.69000E+02 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.34500E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.40503E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.31387E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.18283E+04 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 22.50 2.50 0.00 2.00 270.00 69.00 P
2 17.50 2.50 0.00 2.00 270.00 69.00 P
3 12.50 2.50 0.00 2.00 270.00 69.00 P
4 7.50 2.50 0.00 2.00 270.00 69.00 P
5 2.50 2.50 0.00 2.00 270.00 69.00 P
6 2.50 2.50 0.00 2.00 270.00 69.00 P
7 7.50 2.50 0.00 2.00 270.00 69.00 P
8 12.50 2.50 0.00 2.00 270.00 69.00 P
9 17.50 2.50 0.00 2.00 270.00 69.00 P
10 22.50 2.50 0.00 2.00 270.00 69.00 P
11 22.50 7.50 0.00 2.00 90.00 69.00 P
12 17.50 7.50 0.00 2.00 90.00 69.00 P
13 12.50 7.50 0.00 2.00 90.00 69.00 P
14 7.50 7.50 0.00 2.00 90.00 69.00 P
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15 2.50 7.50 0.00 2.00 90.00 69.00 P
16 2.50 7.50 0.00 2.00 90.00 69.00 P
17 7.50 7.50 0.00 2.00 90.00 69.00 P
18 12.50 7.50 0.00 2.00 90.00 69.00 P
19 17.50 7.50 0.00 2.00 90.00 69.00 P
20 22.50 7.50 0.00 2.00 90.00 69.00 P
21 22.50 12.50 0.00 2.00 90.00 69.00 P
22 17.50 12.50 0.00 2.00 90.00 69.00 P
23 12.50 12.50 0.00 2.00 90.00 69.00 P
24 7.50 12.50 0.00 2.00 90.00 69.00 P
25 2.50 12.50 0.00 2.00 90.00 69.00 P
26 2.50 12.50 0.00 2.00 90.00 69.00 P
27 7.50 12.50 0.00 2.00 90.00 69.00 P
28 12.50 12.50 0.00 2.00 90.00 69.00 P
29 17.50 12.50 0.00 2.00 90.00 69.00 P
30 22.50 12.50 0.00 2.00 90.00 69.00 P


2070.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


8 0.0 417.0 361.0 5008.0 0.0 0.0 1.33 1.33
9 0.0 417.0 236.0 3760.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX


0.94162E+02 0.22252E 03 0.88788E 04 0.13318E 01 0.00000E+00 0.84746E+04
0.22252E 03 0.11067E+05 0.72968E+04 0.15323E+07 0.87311E 10 0.14687E 01
0.88788E 04 0.72968E+04 0.43903E+05 0.39512E+07 0.11642E 09 0.13318E 01
0.13318E 01 0.15323E+07 0.39512E+07 0.46098E+09 0.14901E 07 0.24772E+01
0.21684E 17 0.29104E 10 0.17462E 09 0.14901E 07 0.13039E+10 0.21672E+09
0.84746E+04 0.14687E 01 0.13318E 01 0.24772E+01 0.21672E+09 0.32967E+09


30 PILES 2 LOAD CASES


LOAD CASE 8. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 10.


LOAD CASE 9. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 10.
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*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


8 0.8324E 07 0.4950E 01 0.1344E 01 0.1494E 03 0.9589E 13 0.5770E 12
9 0.9079E 07 0.6958E 01 0.2545E 01 0.3516E 03 0.1582E 12 0.9516E 12


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY


M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 8


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.2 0.0 25.8 0.0 14.8 0.0 0.23 0.03
2 0.2 0.0 25.8 0.0 14.8 0.0 0.23 0.03
3 0.2 0.0 25.8 0.0 14.8 0.0 0.23 0.03
4 0.2 0.0 25.8 0.0 14.8 0.0 0.23 0.03
5 0.2 0.0 25.8 0.0 14.8 0.0 0.23 0.03
6 0.2 0.0 25.8 0.0 14.8 0.0 0.23 0.03
7 0.2 0.0 25.8 0.0 14.8 0.0 0.23 0.03
8 0.2 0.0 25.8 0.0 14.8 0.0 0.23 0.03
9 0.2 0.0 25.8 0.0 14.8 0.0 0.23 0.03
10 0.2 0.0 25.8 0.0 14.8 0.0 0.23 0.03
11 0.2 0.0 40.5 0.0 13.6 0.0 0.28 0.05
12 0.2 0.0 40.5 0.0 13.6 0.0 0.28 0.05
13 0.2 0.0 40.5 0.0 13.6 0.0 0.28 0.05
14 0.2 0.0 40.5 0.0 13.6 0.0 0.28 0.05
15 0.2 0.0 40.5 0.0 13.6 0.0 0.28 0.05
16 0.2 0.0 40.5 0.0 13.6 0.0 0.28 0.05
17 0.2 0.0 40.5 0.0 13.6 0.0 0.28 0.05
18 0.2 0.0 40.5 0.0 13.6 0.0 0.28 0.05
19 0.2 0.0 40.5 0.0 13.6 0.0 0.28 0.05
20 0.2 0.0 40.5 0.0 13.6 0.0 0.28 0.05
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21 0.2 0.0 25.8 0.0 14.8 0.0 0.18 0.03
22 0.2 0.0 25.8 0.0 14.8 0.0 0.18 0.03
23 0.2 0.0 25.8 0.0 14.8 0.0 0.18 0.03
24 0.2 0.0 25.8 0.0 14.8 0.0 0.18 0.03
25 0.2 0.0 25.8 0.0 14.8 0.0 0.18 0.03
26 0.2 0.0 25.8 0.0 14.8 0.0 0.18 0.03
27 0.2 0.0 25.8 0.0 14.8 0.0 0.18 0.03
28 0.2 0.0 25.8 0.0 14.8 0.0 0.18 0.03
29 0.2 0.0 25.8 0.0 14.8 0.0 0.18 0.03
30 0.2 0.0 25.8 0.0 14.8 0.0 0.18 0.03


LOAD CASE 9


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.3 0.0 32.5 0.0 21.1 0.0 0.29 0.04
2 0.3 0.0 32.5 0.0 21.1 0.0 0.29 0.04
3 0.3 0.0 32.5 0.0 21.1 0.0 0.29 0.04
4 0.3 0.0 32.5 0.0 21.1 0.0 0.29 0.04
5 0.3 0.0 32.5 0.0 21.1 0.0 0.29 0.04
6 0.3 0.0 32.5 0.0 21.1 0.0 0.29 0.04
7 0.3 0.0 32.5 0.0 21.1 0.0 0.29 0.04
8 0.3 0.0 32.5 0.0 21.1 0.0 0.29 0.04
9 0.3 0.0 32.5 0.0 21.1 0.0 0.29 0.04
10 0.3 0.0 32.5 0.0 21.1 0.0 0.29 0.04
11 0.3 0.0 46.8 0.0 19.9 0.0 0.33 0.06
12 0.3 0.0 46.8 0.0 19.9 0.0 0.33 0.06
13 0.3 0.0 46.8 0.0 19.9 0.0 0.33 0.06
14 0.3 0.0 46.8 0.0 19.9 0.0 0.33 0.06
15 0.3 0.0 46.8 0.0 19.9 0.0 0.33 0.06
16 0.3 0.0 46.8 0.0 19.9 0.0 0.33 0.06
17 0.3 0.0 46.8 0.0 19.9 0.0 0.33 0.06
18 0.3 0.0 46.8 0.0 19.9 0.0 0.33 0.06
19 0.3 0.0 46.8 0.0 19.9 0.0 0.33 0.06
20 0.3 0.0 46.8 0.0 19.9 0.0 0.33 0.06
21 0.3 0.0 12.3 0.0 22.8 0.0 0.09 0.02
22 0.3 0.0 12.3 0.0 22.8 0.0 0.09 0.02
23 0.3 0.0 12.3 0.0 22.8 0.0 0.09 0.02
24 0.3 0.0 12.3 0.0 22.8 0.0 0.09 0.02
25 0.3 0.0 12.3 0.0 22.8 0.0 0.09 0.02
26 0.3 0.0 12.3 0.0 22.8 0.0 0.09 0.02
27 0.3 0.0 12.3 0.0 22.8 0.0 0.09 0.02
28 0.3 0.0 12.3 0.0 22.8 0.0 0.09 0.02
29 0.3 0.0 12.3 0.0 22.8 0.0 0.09 0.02
30 0.3 0.0 12.3 0.0 22.8 0.0 0.09 0.02


*******************************************************************************
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PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 8


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 11.7 23.0 0.0 0.0 0.0
2 0.0 11.7 23.0 0.0 0.0 0.0
3 0.0 11.7 23.0 0.0 0.0 0.0
4 0.0 11.7 23.0 0.0 0.0 0.0
5 0.0 11.7 23.0 0.0 0.0 0.0
6 0.0 11.7 23.0 0.0 0.0 0.0
7 0.0 11.7 23.0 0.0 0.0 0.0
8 0.0 11.7 23.0 0.0 0.0 0.0
9 0.0 11.7 23.0 0.0 0.0 0.0


10 0.0 11.7 23.0 0.0 0.0 0.0
11 0.0 18.3 36.1 0.0 0.0 0.0
12 0.0 18.3 36.1 0.0 0.0 0.0
13 0.0 18.3 36.1 0.0 0.0 0.0
14 0.0 18.3 36.1 0.0 0.0 0.0
15 0.0 18.3 36.1 0.0 0.0 0.0
16 0.0 18.3 36.1 0.0 0.0 0.0
17 0.0 18.3 36.1 0.0 0.0 0.0
18 0.0 18.3 36.1 0.0 0.0 0.0
19 0.0 18.3 36.1 0.0 0.0 0.0
20 0.0 18.3 36.1 0.0 0.0 0.0
21 0.0 11.7 23.0 0.0 0.0 0.0
22 0.0 11.7 23.0 0.0 0.0 0.0
23 0.0 11.7 23.0 0.0 0.0 0.0
24 0.0 11.7 23.0 0.0 0.0 0.0
25 0.0 11.7 23.0 0.0 0.0 0.0
26 0.0 11.7 23.0 0.0 0.0 0.0
27 0.0 11.7 23.0 0.0 0.0 0.0
28 0.0 11.7 23.0 0.0 0.0 0.0
29 0.0 11.7 23.0 0.0 0.0 0.0
30 0.0 11.7 23.0 0.0 0.0 0.0


LOAD CASE 9


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 14.8 29.0 0.0 0.0 0.0
2 0.0 14.8 29.0 0.0 0.0 0.0
3 0.0 14.8 29.0 0.0 0.0 0.0
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4 0.0 14.8 29.0 0.0 0.0 0.0
5 0.0 14.8 29.0 0.0 0.0 0.0
6 0.0 14.8 29.0 0.0 0.0 0.0
7 0.0 14.8 29.0 0.0 0.0 0.0
8 0.0 14.8 29.0 0.0 0.0 0.0
9 0.0 14.8 29.0 0.0 0.0 0.0
10 0.0 14.8 29.0 0.0 0.0 0.0
11 0.0 21.2 41.7 0.0 0.0 0.0
12 0.0 21.2 41.7 0.0 0.0 0.0
13 0.0 21.2 41.7 0.0 0.0 0.0
14 0.0 21.2 41.7 0.0 0.0 0.0
15 0.0 21.2 41.7 0.0 0.0 0.0
16 0.0 21.2 41.7 0.0 0.0 0.0
17 0.0 21.2 41.7 0.0 0.0 0.0
18 0.0 21.2 41.7 0.0 0.0 0.0
19 0.0 21.2 41.7 0.0 0.0 0.0
20 0.0 21.2 41.7 0.0 0.0 0.0
21 0.0 5.8 10.8 0.0 0.0 0.0
22 0.0 5.8 10.8 0.0 0.0 0.0
23 0.0 5.8 10.8 0.0 0.0 0.0
24 0.0 5.8 10.8 0.0 0.0 0.0
25 0.0 5.8 10.8 0.0 0.0 0.0
26 0.0 5.8 10.8 0.0 0.0 0.0
27 0.0 5.8 10.8 0.0 0.0 0.0
28 0.0 5.8 10.8 0.0 0.0 0.0
29 0.0 5.8 10.8 0.0 0.0 0.0
30 0.0 5.8 10.8 0.0 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.
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Reach E ( 5B) T1 Sunset twall
T-Wall Stems Loads


Top of Stem EL. 18.5 Weight of Water: 0.062 k/ft3


Bottom of Stem EL. 5 Moist Weight of Soil 0.120 k/ft3


F.S. Soil EL. 5.0 Wave Load: 0 k/ft
P.S. Soil EL. 5.0 Wave Arm  EL. 0
S.W.L  EL. 9.4 Debri 0.5 k/ft
P.S. Water EL. 0.0 Wind Load: 0.056 ksf
Ko: 0.8 Sat. Soil Weight: 0.058 k/ft3


Note: Inputs are already referenced from t-wall foundation sheet.


Load Case 2b.  Construction + Wind 1.6(D + Sur + Wind)


Item Fy z Mx Vx


Wind 0.76 6.75 5.10 0.76
Sub Total: 5.10 0.76


Total (Factored) 8.16 1.21
ft-k/ft k/ft
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Load Case 3a.  Flowline 1.6(D + EH + EV + HF+ IU)


Item Fy z Mx Vx
F.S. Horizontal Water 0.60 1.47 0.89 0.60
P.S. Horizontal Water 0.00 0.00 0.00 0.00
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) 0.00 0 0.0000 0.00
P.S. Horizontal Soil ( m rec) 0.00 -2.5 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 -1.67 0.00 0.00
Sub Total: 0.89 0.60


Total (Factored) 1.42 0.97
ft-k/ft k/ft


Load Case 3c.  Flowline+Wind+Debri 1.6(D + EH + EV + HF+ PU + I + W)


Item Fy z Mx Vx
F.S. Horizontal Water 0.60 1.47 0.89 0.60
P.S. Horizontal Water 0.00 0.00 0.00 0.00
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m rec) 0.00 -2.50 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 -1.67 0.00 0.00
Wind 0.51 8.95 4.56 0.51
Debri 0.50 13.50 6.75 0.50
Sub Total: 12.20 1.61


Total (Factored) 19.51 2.58
ft-k/ft k/ft


Load Case 4a.  Water to the Top + Debri 1.2D + 1.35EHD + 0.9EHR + 1.35EV + 1.3(HTW + I + IU)


Item Fy z Mx Vx
F.S. Horizontal Water 5.69 4.50 25.59 5.69
P.S. Horizontal Water 0.00 0.00 0.00 0.00
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m rec) 0.00 -2.50 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 -1.67 0.00 0.00
Debri 0.50 13.50 6.75 0.50


Total (Factored) 42.04 8.04
ft-k/ft k/ft
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Load Case 4b.  Water to the Top + Debri 0.9D + 1.35EHD + 0.9EHR + 1.0EV + 1.3(HTW + I + IU)


Item Fy z Mx Vx
F.S. Horizontal Water 5.69 4.50 25.59 5.69
P.S. Horizontal Water 0.00 0.00 0.00 0.00
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m rec) 0.00 -2.50 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 -1.67 0.00 0.00
Debri 0.50 13.50 6.75 0.50


Total (Factored) 42.04 8.04
ft-k/ft k/ft


Mu Vu
Load Case 2b 8.16 1.21
Load Case 3a 1.42 0.97
Load Case 3c 19.51 2.58
Load Case 4a 42.04 8.04
Load Case 4b 42.04 8.04


Maximum 42.04 8.04
ft-k/ft k/ft


Summary of Stem Loads
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As min =


As Req'd =


b =


 =


d =


f'c =


fy =


Mn =  = 0.9


Mu =


Vc = Nominal Shear strength (lb / linear foot)  = 0.75


Vu =


t =


 =


b =


Project: Reach E ( 5B) T1 Sunset twall
Reference:T-wall 40  ft Slab Stem Rebar Design


Inputs:


Mu = 504.47


Vu = 8042.06 lb/linear ft


b = 12 in


d = 19.5 in


t = 24 in


f'c = 4 ksi


fy = 60 ksi


Ratio of Reinforcement


Balanced Ratio of Reinforcement ( 0.0285 for 4ksi concrete )


k-in / linear ft


Compressive strength of concrete. (ksi  ** except in Vc formula psi )


Yield strength of steel. (Usually 60 ksi. )


Nominal Moment strength (k-in / linear foot)


Ultimate moment in sttructure. ( k-in / linear foot)


Ultimate shear in structure. (lb / linear foot)


Thickness of structure. (In direction of applied moment)  (in)


Notation:


Minimum Area of Steel per linear foot of structure allowed by ACI / USACE.  (in2)


Required Area of Steel per linear foot of structure using Ultimate Moment. (in2)


Member width. ( Use 12in  if forces are per linear foot of structure.)


ACI 318-14 Section 22.2


Distance from extreme compression fiber to centroid of tension reinforcement. (in)
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 = 0.85 (unitless)


b = 0.0285 (unitless)


Check dd
Mn= Mu/
Mn= 560.52


EM 1110-2-2104 (Table D-1)


dd= 10.80 in


d > dd ok


Calculations: ** All Areas are per side.


EM 1110-2-2104 (Table D-8)


Pn= 0
Ku= 0.036807


EM 1110-2-2104 (D-9)


As Req'd = 0.49 in2 /ft


As min = 0.74 in2 /ft EM 1110-2-2104, Chapter 3


As min = 0.78 in2 /ft  = 200 b d / Fy    (psi) EM 1110-2-2104, Chapter 3


As min = 0.65 in2 /ft  = 1.33 (As Req'd ) EM 1110-2-2104, Chapter 3


Use    As = 0.65 in2 /ft Flexural


k-in / linear ft


 = [ 3 b d  ( f'c )  ] / Fy   (psi)
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Temperature and Shrinkage Rebar
As t&s = 0.72 in2 /ft  = 0.005b t/2 per face


Use As t&s = 0.72 in2 /ft per face Use: #8@12in As: 0.78 in2 /ft


As Used: 0.78 in2 /ft Use: #8@12in


Mn = 797.18 k-in


Mu = 504.4712 k-in


OK


Vc = 22.20 k


Vu = 8.04 k


OK


 = 0.003333


b =  0.007125


b =  0.010688


 = As / b d


Check Shear:


Calculate Vc and compare to Vu.


 = 0.75 x 2 (  f'c ) b d


If Vc > Vu then As is acceptable.


Check Ratio of Reinforcement: EM 1110-2-2104, Chapter 3.5


-- EM 1110-2-2104 Table 2-3


Check Moment:


Calculate Mn and compare to original Mu.


  = 0.9 As Fy d ( 1 -( As Fy / 2  b d f'c) )


If Mn > Mu then As is acceptable.
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OK


OK


 b  ( if possible )  


 b  ( always )
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Quantities
Sunset T-wall T-1 Reach E (5B)


1) Cast-in place concrete
Area of Base Slab per linear ft: 37.5 ft2


Area of Stem per linear ft: 27.00 ft2


Total area per linear ft: 64.50 ft2


Width of slab: 15.00 ft


Total Linear ft of wall: 650 ft
Total Volume of Base Slab (CY) 902.7778 CY
Total Volume of Stem (CY): 650 CY
Total volume of concrete (ft3): 41925 ft3


Total volume of concrete (CY): 1552.778 CY


2) Steel Sheet Piling
Cut off El. 5.75
Tip El. -25.5
Length: 31.25 ft
Area of sheet pile: 20312.5 ft2


3) HP 14x89 pile
Cut off El. 3.25
Tip El. -73
Batter: 2
Length: 85.25009 ft
spacing between piles 5 ft
total piles per row 3
Total length of piles: 33247.54 LF


4) Stab slab


Depth: 1 ft
Total volume: 9750 ft3


Total volume: 361.1111 CY
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Reach E (5B) T2 Sunset T wall Calculations
and Quantities


UBB Feasibility Report 
Structural Calculations and Drawings


Page 185 of 547







Lo
ad


 C
as


e
Lo


ad
 D


es
cr


ip
tio


n
Lo


ad
 C


at
eg


or
y


Fa
ct


or
ed


 L
oa


ds
LC


1
N


or
m


al
 O


pe
ra


tio
n


0%
(D


 +
 E


H
 +


 E
V


)
LC


3
C


on
st


ru
ct


io
n


16
.6


7%
(D


 +
 S


ur
)


LC
4


C
on


st
ru


ct
io


n 
+ 


W
in


d
33


%
(D


 +
 S


ur
 +


 W
)


LC
5


Fl
ow


lin
e 


+ 
Im


pe
rv


 U
pl


ift
0%


(D
 +


 E
H


 +
 E


V
 +


 H
F 


+ 
IU


)
LC


6
Fl


ow
lin


e 
+ 


Pe
rv


 U
pl


ift
0%


(D
 +


 E
H


 +
 E


V
 +


 H
F 


+ 
PU


)
LC


7
Fl


ow
lin


e 
+ 


Im
pe


rv
 U


pl
ift


 +
 W


in
d 


+ 
D


eb
ris


33
%


(D
 +


 E
H


 +
 E


V
 +


 H
F 


+ 
IU


 +
 I 


+ 
W


LC
8


Fl
ow


lin
e 


+ 
Pe


rv
 U


pl
ift


 +
 W


in
d 


+ 
D


eb
ris


33
%


(D
 +


 E
H


 +
 E


V
 +


 H
F 


+ 
PU


 +
 I 


+ 
W


LC
9


Fr
ee


bo
ar


d 
+ 


Im
pe


rv
 U


pl
ift


 +
 D


eb
ris


33
%


(D
 +


 E
H


 +
 E


V
 +


 H
TW


 +
 I 


+ 
IU


)
LC


10
Fr


ee
bo


ar
d 


+ 
Pe


rv
 U


pl
ift


 +
 D


eb
ris


33
%


(D
 +


 E
H


 +
 E


V
 +


 H
TW


 +
 I 


+ 
PU


)


D=
De


ad
Lo
ad


EH
=
Ho


riz
on


ta
lS
oi
l


EV
=
Ve


rt
ica


lS
oi
l


ES
=
Su
rc
ha
rg
e
Lo
ad


(2
00


ps
f)


W
=
W
in
d


HF
=
W
at
er


at
Fl
ow


lin
e


PU
=
Pe


rv
io
us


Up
lif
t


IU
=
Im


pe
rv
io
us


Up
lif
t


I=
De


br
is
Im


pa
ct


H T
W
=
W
at
er


at
To


p
of


W
al
l


Su
r=


Su
rc
ha
rg
e


U
BB


 F
ea


si
bi


lit
y 


R
ep


or
t 


St
ru


ct
ur


al
 C


al
cu


la
tio


ns
 a


nd
 D


ra
w


in
gs


Pa
ge


 1
86


 o
f 5


47







ASCE 7-10 Wind Load Calculation


Wind on Wall


Kz= 1.03
Kzt= 1
Kd= 0.85
V= 158 mph


qz= 56.0 lb/ft2
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Reach E (5B) T2 Sunset twall
T-Wall Foundation Loads: Unfactored Loads for Pile Analysis


Top of Stem EL. 18.5 Weight of Water: 0.062 k/ft3


Top of Slab EL. 1.0 Weight Soil (FS) 0.120 k/ft3


Bottom of Slab EL. -2.3 Weight of Soil (PS): 0.12 k/ft4


Stem Width: 2.25 ft Weight of Concrete: 0.150 k/ft3


F.S. Slab Width: 4.875 ft Ko: 0.8
P.S. Slab Width: 7.875 ft Wave Load: 0 k/ft
Length of Monolith: 50 ft Wave Arm  EL. 0
Dist to Sheet Pile: 10 ft Unbal. Load SWL: 0.0 k/ft
F.S. Soil EL. 1.0 Unbal. Load HWL: 0.0 k/ft  
P.S. Soil EL. 3.0 Wind Load: 0.056 ksf
S.W.L  EL. (Flowline) 9.4 Boat Impact 0.5 k/ft  Debris applied at TOW for TOW LC 
P.S. Water EL. 0.0 Construction Surcharge: 0.2 k/ft2


Width of Monolith: 15.0 ft Area of Stem: 39.38 ft²
Area of Base Slab: 48.75 ft² Bouyant Soil Weight (PS): 0.058 k/ft3


Bouyant Soil Weight (FS): 0.058 k/ft4


Load Sheet Limitations - a) Straight aligned monoliths only b) No varying soil elevations along monolith
c) Constant stem thickness only d) Sheet only handles minimal impact loads


LC 1: Load Case 1a.  Normal Operation 


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 7.3 7.5 54.8
Concrete Stem 5.9 6.000 35.4
F.S. Vertical Soil 0.0 2.438 0.0
F.S. Horizontal Soil (Base) 0.5 1.08 0.5
P.S. Vertical Soil 0.0 11.06 0.0


Sub Total: 0.5 13.2 90.8 0.0 0.0


Sub Total x Monolith Length: 25 661 4542 0 0
Total 25 661 0 0 0 4542 0 0
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LC 3: Load Case 2a.  Construction


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 7.3 7.5 54.8
Concrete Stem 5.9 6.000 35.4
F.S. Horizontal Soil (Base) 0.5 1.08 0.5
Construction Surcharge(FS) 1.0 2.44 2.4
Construction Surcharge(PS) 1.6 11.06 17.4
Sub Total: 0.5 15.8 110.6


Sub Total x Monolith Length: 25.35 788.4375 5531.525 0 0
Total 25 788 5532


LC 4: Load Case 2b.  Construction + Wind


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 7.3 7.5 54.8
Concrete Stem 5.9 6.000 35.4
F.S. Horizontal Soil (Base) 0.5 1.08 0.5
Construction Surcharge(FS) 1.0 2.4 2.4
Construction Surcharge(PS) 1.575 11.0625 17.4
Wind 0.98 12.0 11.8
Sub Total: 1.49 15.77 122.39 0.00 0.00


Sub Total x Monolith Length: 74.35 788.4375 6119.525 0 0
Total 74 788 6120


LC 5: Load Case 3a.  Flowline, Impervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 7.3 7.50 54.8
Concrete Stem 5.9 6.000 35.4
F.S. Vertical Water 2.6 2.44 6.2
F.S. Vertical Soil 0.0 2.44 0.0
P.S. Vertical Water 0.0000 11.063 0.0
P.S. Vertical Soil 1.8900 11.063 20.9
F.S. Horizontal Water 4.2 3.88 16.4
F.S. Horizontal Soil 0.243 1.08 0.3
P.S. Horizontal Water -0.1580 0.75 -0.1
P.S. Horizontal Soil ( m tri) -0.4320 3.25 -1.4
P.S. Horizontal Soil ( m rec) -0.6 1.13 -0.7
P.S. Horizontal Soil ( sat tri) -0.1 0.75 -0.1
F.S. Impervious Uplift -7.3 5.00 -36.3
P.S. Impervious Uplift -0.7 12.50 -8.8
Unbalanced Force 0.0
Sub Total: 3.1 9.7 86.7


Sub Total x Monolith Length: 156.2 484.6 4,333.2 0.0 0.0
Total 156 485 4333


LC 6: Load Case 3b. Flowline, Pervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 7.3 7.50 54.8
Concrete Stem 5.9 6.000 35.4
F.S. Vertical Water 2.6 2.44 6.2
F.S. Vertical Soil 0.0 2.44 0.0
P.S. Vertical Water 0.0 11.063 0.0
P.S. Vertical Soil 1.890 11.063 20.9
F.S. Horizontal Water 4.2 3.88 16.4
F.S. Horizontal Soil 0.2 1.08 0.3
P.S. Horizontal Water -0.158 0.75 -0.1
P.S. Horizontal Soil ( m tri) -0.432 3.25 -1.4
P.S. Horizontal Soil ( m rec) -0.6 1.13 -0.7
P.S. Horizontal Soil ( sat tri) -0.1 0.75 -0.1
Pervious Uplift  (Rec.) -2.1 7.50 -15.8
Pervious Uplift  (Tri.) -4.4 5.00 -22.0
Unbalanced Force 0.0
Sub Total: 3.1 11.2 94.0
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Sub Total x Monolith Length: 156.2 557.9 4699.8 0.0 0.0
Total 156 558 4700


LC 7: Load Case 3c.  Flowline + Wind + Debri, Impervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 7.3 7.50 54.8
Concrete Stem 5.9 6.000 35.4
F.S. Vertical Water 2.6 2.44 6.2
F.S. Vertical Soil 0.0 2.44 0.0
P.S. Vertical Water 0.0 11.063 0.0
P.S. Vertical Soil 1.890 11.063 20.9
F.S. Horizontal Water 4.2 3.88 16.4
F.S. Horizontal Soil 0.2 1.08 0.3
P.S. Horizontal Water -0.158 0.75 -0.1
P.S. Horizontal Soil ( m tri) -0.432 3.25 -1.4
P.S. Horizontal Soil ( m rec) -0.6 1.13 -0.7
P.S. Horizontal Soil ( sat tri) -0.1 0.75 -0.1
F.S. Impervious Uplift -7.3 5.00 -36.3
P.S. Impervious Uplift -0.7 12.50 -8.8
Wind 0.5 16.20 8.3
Debri 0.5 20.75 10.4
Sub Total: 4.1 9.7 105.3


Sub Total x Monolith Length: 206.6 484.6 5264.7 0.0 0.0
Total 207 485 5265


LC 8: Load Case 3d. Flowline + Wind + Debri, Pervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 7.3 7.50 54.8
Concrete Stem 5.9 6.000 35.4
F.S. Vertical Water 2.6 2.44 6.2
F.S. Vertical Soil 0.0 2.44 0.0
P.S. Vertical Water 0.0 11.063 0.0
P.S. Vertical Soil 1.890 11.063 20.9
F.S. Horizontal Water 4.2 3.88 16.4
F.S. Horizontal Soil 0.2 1.08 0.3
P.S. Horizontal Water -0.158 0.75 -0.1
P.S. Horizontal Soil ( m tri) -0.432 3.25 -1.4
P.S. Horizontal Soil ( m rec) -0.6 1.13 -0.7
P.S. Horizontal Soil ( sat tri) -0.1 0.75 -0.1
Pervious Uplift  (Rec.) -2.1 7.50 -15.8
Pervious Uplift  (Tri.) -4.4 5.00 -22.0
Wind 0.5 16.20 8.3
Debri 0.5 20.75 10.4
Sub Total: 4.1 11.2 112.6


Sub Total x Monolith Length: 206.6 557.9 5631.3 0.0 0.0
Total 207 558 5631


LC 9: Load Case 4a.  Water to the Top+ Debri, Impervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 7.3 7.50 54.8
Concrete Stem 5.9 6.000 35.4
F.S. Vertical Water 5.3 2.44 13.0
F.S. Vertical Soil 0.0 2.44 0.0
P.S. Vertical Water 0.0 11.063 0.0
P.S. Vertical Soil 1.890 11.063 20.9
F.S. Horizontal Water 13.4 6.92 92.9
F.S. Horizontal Soil 0.2 1.08 0.3
P.S. Horizontal Water -0.158 0.75 -0.1
P.S. Horizontal Soil ( m tri) -0.432 3.25 -1.4
P.S. Horizontal Soil ( m rec) -0.6 1.13 -0.7
P.S. Horizontal Soil ( sat tri) -0.1 0.75 -0.1
F.S. Impervious Uplift -12.9 5.00 -64.7
P.S. Impervious Uplift -0.7 12.50 -8.8
Debri 0.5 20.75 10.4
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Unbalanced Load 0.0
Sub Total: 12.8 6.8 151.9


Sub Total x Monolith Length: 641.1 339.1 7593.3 0.0 0.0
Total 641 339 7593


LC 10: Load Case 4b.  Water to the Top + Debri, Pervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 7.3 7.50 54.8
Concrete Stem 5.9 6.000 35.4
F.S. Vertical Water 5.3 2.44 13.0
F.S. Vertical Soil 0.0 2.44 0.0
P.S. Vertical Water 0.0 11.063 0.0
P.S. Vertical Soil 1.890 11.063 20.9
F.S. Horizontal Water 13.4 6.92 92.9
F.S. Horizontal Soil 0.2 1.08 0.3
P.S. Horizontal Water -0.158 0.75 -0.1
P.S. Horizontal Soil ( m tri) -0.432 3.25 -1.4
P.S. Horizontal Soil ( m rec) -0.6 1.13 -0.7
P.S. Horizontal Soil ( sat tri) -0.1 0.75 -0.1
Pervious Uplift  (Rec.) -2.1 7.50 -15.8
Pervious Uplift  (Tri.) -8.7 5.00 -43.3
Debri 0.5 20.75 10.4
Unbalanced Load 0.0
Sub Total: 12.8 9.7 166.3


Sub Total x Monolith Length: 641.1 483.4 8314.8 0.0 0.0
Total 641 483 8315


Fx Fy Fz Mx My Mz
Load Case 1a LOAD 1 0.0 25.4 660.9 4,541.5 0.0 0.0
Load Case 2a LOAD 3 0.0 25.4 788.4 5,531.5 0.0 0.0
Load Case 2b LOAD 4 0.0 74.4 788.4 6,119.5 0.0 0.0
Load Case 3a LOAD 5 0.0 156.2 484.6 4,333.2 0.0 0.0
Load Case 3b LOAD 6 0.0 156.2 557.9 4,699.8 0.0 0.0
Load Case 3c LOAD 7 0.0 206.6 484.6 5,264.7 0.0 0.0
Load Case 3d LOAD 8 0.0 206.6 557.9 5,631.3 0.0 0.0
Load Case 4a LOAD 9 0.0 641.1 339.1 7,593.3 0.0 0.0
Load Case 4b LOAD 10 0.0 641.1 483.4 8,314.8 0.0 0.0


Summary Table of CPGA Loads
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10 Sunset Twall2 Fixed
20 PIL 1 22.5 2.5 0
30 BAT 2 1
40 ANG 270 1
50 PIL 2 17.5 2.5 0
60 BAT 2 2
70 ANG 270 2
80 PIL 3 12.5 2.5 0
90 BAT 2 3
100 ANG 270 3
110 PIL 4 7.5 2.5 0
120 BAT 2 4
130 ANG 270 4
140 PIL 5 2.5 2.5 0
150 BAT 2 5
160 ANG 270 5
170 PIL 6 2.5 2.5 0
180 BAT 2 6
190 ANG 270 6
200 PIL 7 7.5 2.5 0
210 BAT 2 7
220 ANG 270 7
230 PIL 8 12.5 2.5 0
240 BAT 2 8
250 ANG 270 8
260 PIL 9 17.5 2.5 0
270 BAT 2 9
280 ANG 270 9
290 PIL 10 22.5 2.5 0
300 BAT 2 10
310 ANG 270 10
320 PIL 11 22.5 7.5 0
330 BAT 2 11
340 ANG 90 11
350 PIL 12 17.5 7.5 0
360 BAT 2 12
370 ANG 90 12
380 PIL 13 12.5 7.5 0
390 BAT 2 13
400 ANG 90 13
410 PIL 14 7.5 7.5 0
420 BAT 2 14
430 ANG 90 14
440 PIL 15 2.5 7.5 0
450 BAT 2 15
460 ANG 90 15
470 PIL 16 2.5 7.5 0
480 BAT 2 16
490 ANG 90 16
500 PIL 17 7.5 7.5 0
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510 BAT 2 17
520 ANG 90 17
530 PIL 18 12.5 7.5 0
540 BAT 2 18
550 ANG 90 18
560 PIL 19 17.5 7.5 0
570 BAT 2 19
580 ANG 90 19
590 PIL 20 22.5 7.5 0
600 BAT 2 20
610 ANG 90 20
620 PIL 21 22.5 12.5 0
630 BAT 2 21
640 ANG 90 21
650 PIL 22 17.5 12.5 0
660 BAT 2 22
670 ANG 90 22
680 PIL 23 12.5 12.5 0
690 BAT 2 23
700 ANG 90 23
710 PIL 24 7.5 12.5 0
720 BAT 2 24
730 ANG 90 24
740 PIL 25 2.5 12.5 0
750 BAT 2 25
760 ANG 90 25
770 PIL 26 2.5 12.5 0
780 BAT 2 26
790 ANG 90 26
800 PIL 27 7.5 12.5 0
810 BAT 2 27
820 ANG 90 27
830 PIL 28 12.5 12.5 0
840 BAT 2 28
850 ANG 90 28
860 PIL 29 17.5 12.5 0
870 BAT 2 29
880 ANG 90 29
890 PIL 30 22.5 12.5 0
900 BAT 2 30
910 ANG 90 30
920 PRO 29000 326 904 26.1 2 0 1 TO 30
930 SOI ES 0.0345 L 69 0 1 TO 30
940 RED 1 1 1
950 ALL H 107 85 652 652 1107 3275 1 TO 30
960 FIX 1 TO 30
970 LOA 1 0 25 661 4542 0 0
970 LOA 2 0 25 788 5532 0 0
970 LOA 3 0 74 788 6120 0 0
970 LOA 4 0 156 485 4333 0 0
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970 LOA 5 0 156 558 4700 0 0
970 LOA 6 0 207 485 5265 0 0
970 LOA 7 0 207 558 5631 0 0
970 FOV 1.167 1.167 2
970 FOV 1.33 1.33 3
970 FOV 1.33 1.33 6
970 FOV 1.33 1.33 7
980 TOUT 1 2 3 4 5 6 7
990 PFO ALL
1000 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 11 SEP 20 RUN TIME: 18:50:05


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


SUNSET TWALL2 FIXED
DATA UNKNOWN REJECTED.


THERE ARE 30 PILES AND
7 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 22.50 , 2.50 , 0.00 )
( 22.50 , 12.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.32600E+03 0.90400E+03 0.26100E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.34500E 01 L 0.69000E+02 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.34500E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.81007E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.95103E+03 0.00000E+00
0.00000E+00 0.62774E+01 0.00000E+00 0.57111E+03 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.18283E+04 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.57111E+03 0.00000E+00 0.10392E+06 0.00000E+00 0.00000E+00
0.95103E+03 0.00000E+00 0.00000E+00 0.00000E+00 0.22330E+06 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 22.50 2.50 0.00 2.00 270.00 69.00 F
2 17.50 2.50 0.00 2.00 270.00 69.00 F
3 12.50 2.50 0.00 2.00 270.00 69.00 F
4 7.50 2.50 0.00 2.00 270.00 69.00 F
5 2.50 2.50 0.00 2.00 270.00 69.00 F
6 2.50 2.50 0.00 2.00 270.00 69.00 F
7 7.50 2.50 0.00 2.00 270.00 69.00 F
8 12.50 2.50 0.00 2.00 270.00 69.00 F
9 17.50 2.50 0.00 2.00 270.00 69.00 F
10 22.50 2.50 0.00 2.00 270.00 69.00 F
11 22.50 7.50 0.00 2.00 90.00 69.00 F
12 17.50 7.50 0.00 2.00 90.00 69.00 F
13 12.50 7.50 0.00 2.00 90.00 69.00 F
14 7.50 7.50 0.00 2.00 90.00 69.00 F
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15 2.50 7.50 0.00 2.00 90.00 69.00 F
16 2.50 7.50 0.00 2.00 90.00 69.00 F
17 7.50 7.50 0.00 2.00 90.00 69.00 F
18 12.50 7.50 0.00 2.00 90.00 69.00 F
19 17.50 7.50 0.00 2.00 90.00 69.00 F
20 22.50 7.50 0.00 2.00 90.00 69.00 F
21 22.50 12.50 0.00 2.00 90.00 69.00 F
22 17.50 12.50 0.00 2.00 90.00 69.00 F
23 12.50 12.50 0.00 2.00 90.00 69.00 F
24 7.50 12.50 0.00 2.00 90.00 69.00 F
25 2.50 12.50 0.00 2.00 90.00 69.00 F
26 2.50 12.50 0.00 2.00 90.00 69.00 F
27 7.50 12.50 0.00 2.00 90.00 69.00 F
28 12.50 12.50 0.00 2.00 90.00 69.00 F
29 17.50 12.50 0.00 2.00 90.00 69.00 F
30 22.50 12.50 0.00 2.00 90.00 69.00 F


2070.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


1 0.0 25.0 661.0 4542.0 0.0 0.0
2 0.0 25.0 788.0 5532.0 0.0 0.0 1.17 1.17
3 0.0 74.0 788.0 6120.0 0.0 0.0 1.33 1.33
4 0.0 156.0 485.0 4333.0 0.0 0.0
5 0.0 156.0 558.0 4700.0 0.0 0.0
6 0.0 207.0 485.0 5265.0 0.0 0.0 1.33 1.33
7 0.0 207.0 558.0 5631.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX


0.18832E+03 0.22259E 03 0.88591E 04 0.13082E 01 0.15324E+05 0.19503E+05
0.22259E 03 0.11164E+05 0.72806E+04 0.15034E+07 0.20674E 03 0.14722E 01
0.88591E 04 0.72806E+04 0.43927E+05 0.39577E+07 0.51752E 04 0.13289E 01
0.13082E 01 0.15034E+07 0.39577E+07 0.46972E+09 0.93042E 01 0.24530E+01
0.15324E+05 0.20674E 03 0.51752E 04 0.93042E 01 0.13071E+10 0.21803E+09
0.19503E+05 0.14722E 01 0.13289E 01 0.24530E+01 0.21803E+09 0.33524E+09


30 PILES 7 LOAD CASES
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LOAD CASE 1. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 2. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 3. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 4. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 5. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 6. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 7. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


1 0.1767E 07 0.1295E 01 0.1248E 01 0.5233E 04 0.2370E 13 0.1353E 11
2 0.2148E 07 0.1969E 01 0.1159E 01 0.1067E 03 0.3310E 13 0.1646E 11
3 0.1493E 07 0.2075E 01 0.5428E 02 0.1770E 03 0.9585E 13 0.1530E 11
4 0.4536E 08 0.3727E 02 0.6330E 02 0.4543E 04 0.1527E 12 0.5825E 12
5 0.2079E 08 0.4884E 02 0.1031E 01 0.1756E 04 0.1454E 12 0.7253E 12
6 0.1177E 07 0.5351E 02 0.7197E 02 0.2123E 03 0.2382E 12 0.5028E 12
7 0.9316E 08 0.4169E 02 0.3194E 02 0.1841E 03 0.2308E 12 0.6456E 12


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY


M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 1


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K
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1 0.1 0.0 33.6 0.0 16.7 0.0 0.31 0.06
2 0.1 0.0 33.6 0.0 16.7 0.0 0.31 0.06
3 0.1 0.0 33.6 0.0 16.7 0.0 0.31 0.06
4 0.1 0.0 33.6 0.0 16.7 0.0 0.31 0.06
5 0.1 0.0 33.6 0.0 16.7 0.0 0.31 0.06
6 0.1 0.0 33.6 0.0 16.7 0.0 0.31 0.06
7 0.1 0.0 33.6 0.0 16.7 0.0 0.31 0.06
8 0.1 0.0 33.6 0.0 16.7 0.0 0.31 0.06
9 0.1 0.0 33.6 0.0 16.7 0.0 0.31 0.06
10 0.1 0.0 33.6 0.0 16.7 0.0 0.31 0.06
11 0.2 0.0 17.5 0.0 30.0 0.0 0.16 0.04
12 0.2 0.0 17.5 0.0 30.0 0.0 0.16 0.04
13 0.2 0.0 17.5 0.0 30.0 0.0 0.16 0.04
14 0.2 0.0 17.5 0.0 30.0 0.0 0.16 0.04
15 0.2 0.0 17.5 0.0 30.0 0.0 0.16 0.04
16 0.2 0.0 17.5 0.0 30.0 0.0 0.16 0.04
17 0.2 0.0 17.5 0.0 30.0 0.0 0.16 0.04
18 0.2 0.0 17.5 0.0 30.0 0.0 0.16 0.04
19 0.2 0.0 17.5 0.0 30.0 0.0 0.16 0.04
20 0.2 0.0 17.5 0.0 30.0 0.0 0.16 0.04
21 0.2 0.0 22.7 0.0 31.3 0.0 0.21 0.04
22 0.2 0.0 22.7 0.0 31.3 0.0 0.21 0.04
23 0.2 0.0 22.7 0.0 31.3 0.0 0.21 0.04
24 0.2 0.0 22.7 0.0 31.3 0.0 0.21 0.04
25 0.2 0.0 22.7 0.0 31.3 0.0 0.21 0.04
26 0.2 0.0 22.7 0.0 31.3 0.0 0.21 0.04
27 0.2 0.0 22.7 0.0 31.3 0.0 0.21 0.04
28 0.2 0.0 22.7 0.0 31.3 0.0 0.21 0.04
29 0.2 0.0 22.7 0.0 31.3 0.0 0.21 0.04
30 0.2 0.0 22.7 0.0 31.3 0.0 0.21 0.04


LOAD CASE 2


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.2 0.0 40.3 0.0 34.3 0.0 0.32 0.06
2 0.2 0.0 40.3 0.0 34.3 0.0 0.32 0.06
3 0.2 0.0 40.3 0.0 34.3 0.0 0.32 0.06
4 0.2 0.0 40.3 0.0 34.3 0.0 0.32 0.06
5 0.2 0.0 40.3 0.0 34.3 0.0 0.32 0.06
6 0.2 0.0 40.3 0.0 34.3 0.0 0.32 0.06
7 0.2 0.0 40.3 0.0 34.3 0.0 0.32 0.06
8 0.2 0.0 40.3 0.0 34.3 0.0 0.32 0.06
9 0.2 0.0 40.3 0.0 34.3 0.0 0.32 0.06
10 0.2 0.0 40.3 0.0 34.3 0.0 0.32 0.06
11 0.3 0.0 18.6 0.0 49.6 0.0 0.15 0.04
12 0.3 0.0 18.6 0.0 49.6 0.0 0.15 0.04
13 0.3 0.0 18.6 0.0 49.6 0.0 0.15 0.04
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14 0.3 0.0 18.6 0.0 49.6 0.0 0.15 0.04
15 0.3 0.0 18.6 0.0 49.6 0.0 0.15 0.04
16 0.3 0.0 18.6 0.0 49.6 0.0 0.15 0.04
17 0.3 0.0 18.6 0.0 49.6 0.0 0.15 0.04
18 0.3 0.0 18.6 0.0 49.6 0.0 0.15 0.04
19 0.3 0.0 18.6 0.0 49.6 0.0 0.15 0.04
20 0.3 0.0 18.6 0.0 49.6 0.0 0.15 0.04
21 0.3 0.0 29.0 0.0 52.3 0.0 0.23 0.05
22 0.3 0.0 29.0 0.0 52.3 0.0 0.23 0.05
23 0.3 0.0 29.0 0.0 52.3 0.0 0.23 0.05
24 0.3 0.0 29.0 0.0 52.3 0.0 0.23 0.05
25 0.3 0.0 29.0 0.0 52.3 0.0 0.23 0.05
26 0.3 0.0 29.0 0.0 52.3 0.0 0.23 0.05
27 0.3 0.0 29.0 0.0 52.3 0.0 0.23 0.05
28 0.3 0.0 29.0 0.0 52.3 0.0 0.23 0.05
29 0.3 0.0 29.0 0.0 52.3 0.0 0.23 0.05
30 0.3 0.0 29.0 0.0 52.3 0.0 0.23 0.05


LOAD CASE 3


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.3 0.0 34.5 0.0 52.6 0.0 0.24 0.05
2 0.3 0.0 34.5 0.0 52.6 0.0 0.24 0.05
3 0.3 0.0 34.5 0.0 52.6 0.0 0.24 0.05
4 0.3 0.0 34.5 0.0 52.6 0.0 0.24 0.05
5 0.3 0.0 34.5 0.0 52.6 0.0 0.24 0.05
6 0.3 0.0 34.5 0.0 52.6 0.0 0.24 0.05
7 0.3 0.0 34.5 0.0 52.6 0.0 0.24 0.05
8 0.3 0.0 34.5 0.0 52.6 0.0 0.24 0.05
9 0.3 0.0 34.5 0.0 52.6 0.0 0.24 0.05
10 0.3 0.0 34.5 0.0 52.6 0.0 0.24 0.05
11 0.4 0.0 18.0 0.0 66.3 0.0 0.13 0.04
12 0.4 0.0 18.0 0.0 66.3 0.0 0.13 0.04
13 0.4 0.0 18.0 0.0 66.3 0.0 0.13 0.04
14 0.4 0.0 18.0 0.0 66.3 0.0 0.13 0.04
15 0.4 0.0 18.0 0.0 66.3 0.0 0.13 0.04
16 0.4 0.0 18.0 0.0 66.3 0.0 0.13 0.04
17 0.4 0.0 18.0 0.0 66.3 0.0 0.13 0.04
18 0.4 0.0 18.0 0.0 66.3 0.0 0.13 0.04
19 0.4 0.0 18.0 0.0 66.3 0.0 0.13 0.04
20 0.4 0.0 18.0 0.0 66.3 0.0 0.13 0.04
21 0.4 0.0 35.3 0.0 70.8 0.0 0.25 0.06
22 0.4 0.0 35.3 0.0 70.8 0.0 0.25 0.06
23 0.4 0.0 35.3 0.0 70.8 0.0 0.25 0.06
24 0.4 0.0 35.3 0.0 70.8 0.0 0.25 0.06
25 0.4 0.0 35.3 0.0 70.8 0.0 0.25 0.06
26 0.4 0.0 35.3 0.0 70.8 0.0 0.25 0.06
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27 0.4 0.0 35.3 0.0 70.8 0.0 0.25 0.06
28 0.4 0.0 35.3 0.0 70.8 0.0 0.25 0.06
29 0.4 0.0 35.3 0.0 70.8 0.0 0.25 0.06
30 0.4 0.0 35.3 0.0 70.8 0.0 0.25 0.06


LOAD CASE 4


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.0 0.0 9.5 0.0 3.7 0.0 0.09 0.02
2 0.0 0.0 9.5 0.0 3.7 0.0 0.09 0.02
3 0.0 0.0 9.5 0.0 3.7 0.0 0.09 0.02
4 0.0 0.0 9.5 0.0 3.7 0.0 0.09 0.02
5 0.0 0.0 9.5 0.0 3.7 0.0 0.09 0.02
6 0.0 0.0 9.5 0.0 3.7 0.0 0.09 0.02
7 0.0 0.0 9.5 0.0 3.7 0.0 0.09 0.02
8 0.0 0.0 9.5 0.0 3.7 0.0 0.09 0.02
9 0.0 0.0 9.5 0.0 3.7 0.0 0.09 0.02
10 0.0 0.0 9.5 0.0 3.7 0.0 0.09 0.02
11 0.1 0.0 20.1 0.0 11.4 0.0 0.19 0.03
12 0.1 0.0 20.1 0.0 11.4 0.0 0.19 0.03
13 0.1 0.0 20.1 0.0 11.4 0.0 0.19 0.03
14 0.1 0.0 20.1 0.0 11.4 0.0 0.19 0.03
15 0.1 0.0 20.1 0.0 11.4 0.0 0.19 0.03
16 0.1 0.0 20.1 0.0 11.4 0.0 0.19 0.03
17 0.1 0.0 20.1 0.0 11.4 0.0 0.19 0.03
18 0.1 0.0 20.1 0.0 11.4 0.0 0.19 0.03
19 0.1 0.0 20.1 0.0 11.4 0.0 0.19 0.03
20 0.1 0.0 20.1 0.0 11.4 0.0 0.19 0.03
21 0.1 0.0 24.5 0.0 12.6 0.0 0.23 0.04
22 0.1 0.0 24.5 0.0 12.6 0.0 0.23 0.04
23 0.1 0.0 24.5 0.0 12.6 0.0 0.23 0.04
24 0.1 0.0 24.5 0.0 12.6 0.0 0.23 0.04
25 0.1 0.0 24.5 0.0 12.6 0.0 0.23 0.04
26 0.1 0.0 24.5 0.0 12.6 0.0 0.23 0.04
27 0.1 0.0 24.5 0.0 12.6 0.0 0.23 0.04
28 0.1 0.0 24.5 0.0 12.6 0.0 0.23 0.04
29 0.1 0.0 24.5 0.0 12.6 0.0 0.23 0.04
30 0.1 0.0 24.5 0.0 12.6 0.0 0.23 0.04


LOAD CASE 5


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.1 0.0 13.7 0.0 4.8 0.0 0.13 0.02
2 0.1 0.0 13.7 0.0 4.8 0.0 0.13 0.02
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3 0.1 0.0 13.7 0.0 4.8 0.0 0.13 0.02
4 0.1 0.0 13.7 0.0 4.8 0.0 0.13 0.02
5 0.1 0.0 13.7 0.0 4.8 0.0 0.13 0.02
6 0.1 0.0 13.7 0.0 4.8 0.0 0.13 0.02
7 0.1 0.0 13.7 0.0 4.8 0.0 0.13 0.02
8 0.1 0.0 13.7 0.0 4.8 0.0 0.13 0.02
9 0.1 0.0 13.7 0.0 4.8 0.0 0.13 0.02
10 0.1 0.0 13.7 0.0 4.8 0.0 0.13 0.02
11 0.0 0.0 23.4 0.0 4.8 0.0 0.22 0.04
12 0.0 0.0 23.4 0.0 4.8 0.0 0.22 0.04
13 0.0 0.0 23.4 0.0 4.8 0.0 0.22 0.04
14 0.0 0.0 23.4 0.0 4.8 0.0 0.22 0.04
15 0.0 0.0 23.4 0.0 4.8 0.0 0.22 0.04
16 0.0 0.0 23.4 0.0 4.8 0.0 0.22 0.04
17 0.0 0.0 23.4 0.0 4.8 0.0 0.22 0.04
18 0.0 0.0 23.4 0.0 4.8 0.0 0.22 0.04
19 0.0 0.0 23.4 0.0 4.8 0.0 0.22 0.04
20 0.0 0.0 23.4 0.0 4.8 0.0 0.22 0.04
21 0.0 0.0 25.2 0.0 5.3 0.0 0.24 0.04
22 0.0 0.0 25.2 0.0 5.3 0.0 0.24 0.04
23 0.0 0.0 25.2 0.0 5.3 0.0 0.24 0.04
24 0.0 0.0 25.2 0.0 5.3 0.0 0.24 0.04
25 0.0 0.0 25.2 0.0 5.3 0.0 0.24 0.04
26 0.0 0.0 25.2 0.0 5.3 0.0 0.24 0.04
27 0.0 0.0 25.2 0.0 5.3 0.0 0.24 0.04
28 0.0 0.0 25.2 0.0 5.3 0.0 0.24 0.04
29 0.0 0.0 25.2 0.0 5.3 0.0 0.24 0.04
30 0.0 0.0 25.2 0.0 5.3 0.0 0.24 0.04


LOAD CASE 6


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.2 0.0 3.0 0.0 52.3 0.0 0.02 0.02
2 0.2 0.0 3.0 0.0 52.3 0.0 0.02 0.02
3 0.2 0.0 3.0 0.0 52.3 0.0 0.02 0.02
4 0.2 0.0 3.0 0.0 52.3 0.0 0.02 0.02
5 0.2 0.0 3.0 0.0 52.3 0.0 0.02 0.02
6 0.2 0.0 3.0 0.0 52.3 0.0 0.02 0.02
7 0.2 0.0 3.0 0.0 52.3 0.0 0.02 0.02
8 0.2 0.0 3.0 0.0 52.3 0.0 0.02 0.02
9 0.2 0.0 3.0 0.0 52.3 0.0 0.02 0.02
10 0.2 0.0 3.0 0.0 52.3 0.0 0.02 0.02
11 0.3 0.0 15.1 0.0 57.0 0.0 0.11 0.03
12 0.3 0.0 15.1 0.0 57.0 0.0 0.11 0.03
13 0.3 0.0 15.1 0.0 57.0 0.0 0.11 0.03
14 0.3 0.0 15.1 0.0 57.0 0.0 0.11 0.03
15 0.3 0.0 15.1 0.0 57.0 0.0 0.11 0.03
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16 0.3 0.0 15.1 0.0 57.0 0.0 0.11 0.03
17 0.3 0.0 15.1 0.0 57.0 0.0 0.11 0.03
18 0.3 0.0 15.1 0.0 57.0 0.0 0.11 0.03
19 0.3 0.0 15.1 0.0 57.0 0.0 0.11 0.03
20 0.3 0.0 15.1 0.0 57.0 0.0 0.11 0.03
21 0.3 0.0 35.9 0.0 62.4 0.0 0.25 0.06
22 0.3 0.0 35.9 0.0 62.4 0.0 0.25 0.06
23 0.3 0.0 35.9 0.0 62.4 0.0 0.25 0.06
24 0.3 0.0 35.9 0.0 62.4 0.0 0.25 0.06
25 0.3 0.0 35.9 0.0 62.4 0.0 0.25 0.06
26 0.3 0.0 35.9 0.0 62.4 0.0 0.25 0.06
27 0.3 0.0 35.9 0.0 62.4 0.0 0.25 0.06
28 0.3 0.0 35.9 0.0 62.4 0.0 0.25 0.06
29 0.3 0.0 35.9 0.0 62.4 0.0 0.25 0.06
30 0.3 0.0 35.9 0.0 62.4 0.0 0.25 0.06


LOAD CASE 7


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.2 0.0 7.2 0.0 43.7 0.0 0.05 0.02
2 0.2 0.0 7.2 0.0 43.7 0.0 0.05 0.02
3 0.2 0.0 7.2 0.0 43.7 0.0 0.05 0.02
4 0.2 0.0 7.2 0.0 43.7 0.0 0.05 0.02
5 0.2 0.0 7.2 0.0 43.7 0.0 0.05 0.02
6 0.2 0.0 7.2 0.0 43.7 0.0 0.05 0.02
7 0.2 0.0 7.2 0.0 43.7 0.0 0.05 0.02
8 0.2 0.0 7.2 0.0 43.7 0.0 0.05 0.02
9 0.2 0.0 7.2 0.0 43.7 0.0 0.05 0.02
10 0.2 0.0 7.2 0.0 43.7 0.0 0.05 0.02
11 0.3 0.0 18.5 0.0 50.3 0.0 0.13 0.03
12 0.3 0.0 18.5 0.0 50.3 0.0 0.13 0.03
13 0.3 0.0 18.5 0.0 50.3 0.0 0.13 0.03
14 0.3 0.0 18.5 0.0 50.3 0.0 0.13 0.03
15 0.3 0.0 18.5 0.0 50.3 0.0 0.13 0.03
16 0.3 0.0 18.5 0.0 50.3 0.0 0.13 0.03
17 0.3 0.0 18.5 0.0 50.3 0.0 0.13 0.03
18 0.3 0.0 18.5 0.0 50.3 0.0 0.13 0.03
19 0.3 0.0 18.5 0.0 50.3 0.0 0.13 0.03
20 0.3 0.0 18.5 0.0 50.3 0.0 0.13 0.03
21 0.3 0.0 36.5 0.0 55.0 0.0 0.26 0.05
22 0.3 0.0 36.5 0.0 55.0 0.0 0.26 0.05
23 0.3 0.0 36.5 0.0 55.0 0.0 0.26 0.05
24 0.3 0.0 36.5 0.0 55.0 0.0 0.26 0.05
25 0.3 0.0 36.5 0.0 55.0 0.0 0.26 0.05
26 0.3 0.0 36.5 0.0 55.0 0.0 0.26 0.05
27 0.3 0.0 36.5 0.0 55.0 0.0 0.26 0.05
28 0.3 0.0 36.5 0.0 55.0 0.0 0.26 0.05
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29 0.3 0.0 36.5 0.0 55.0 0.0 0.26 0.05
30 0.3 0.0 36.5 0.0 55.0 0.0 0.26 0.05


*******************************************************************************


PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 1


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 15.1 30.0 16.7 0.0 0.0
2 0.0 15.1 30.0 16.7 0.0 0.0
3 0.0 15.1 30.0 16.7 0.0 0.0
4 0.0 15.1 30.0 16.7 0.0 0.0
5 0.0 15.1 30.0 16.7 0.0 0.0
6 0.0 15.1 30.0 16.7 0.0 0.0
7 0.0 15.1 30.0 16.7 0.0 0.0
8 0.0 15.1 30.0 16.7 0.0 0.0
9 0.0 15.1 30.0 16.7 0.0 0.0


10 0.0 15.1 30.0 16.7 0.0 0.0
11 0.0 7.7 15.8 30.0 0.0 0.0
12 0.0 7.7 15.8 30.0 0.0 0.0
13 0.0 7.7 15.8 30.0 0.0 0.0
14 0.0 7.7 15.8 30.0 0.0 0.0
15 0.0 7.7 15.8 30.0 0.0 0.0
16 0.0 7.7 15.8 30.0 0.0 0.0
17 0.0 7.7 15.8 30.0 0.0 0.0
18 0.0 7.7 15.8 30.0 0.0 0.0
19 0.0 7.7 15.8 30.0 0.0 0.0
20 0.0 7.7 15.8 30.0 0.0 0.0
21 0.0 9.9 20.4 31.3 0.0 0.0
22 0.0 9.9 20.4 31.3 0.0 0.0
23 0.0 9.9 20.4 31.3 0.0 0.0
24 0.0 9.9 20.4 31.3 0.0 0.0
25 0.0 9.9 20.4 31.3 0.0 0.0
26 0.0 9.9 20.4 31.3 0.0 0.0
27 0.0 9.9 20.4 31.3 0.0 0.0
28 0.0 9.9 20.4 31.3 0.0 0.0
29 0.0 9.9 20.4 31.3 0.0 0.0
30 0.0 9.9 20.4 31.3 0.0 0.0


LOAD CASE 2


PILE PX PY PZ MX MY MZ
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K K K IN K IN K IN K


1 0.0 18.2 35.9 34.3 0.0 0.0
2 0.0 18.2 35.9 34.3 0.0 0.0
3 0.0 18.2 35.9 34.3 0.0 0.0
4 0.0 18.2 35.9 34.3 0.0 0.0
5 0.0 18.2 35.9 34.3 0.0 0.0
6 0.0 18.2 35.9 34.3 0.0 0.0
7 0.0 18.2 35.9 34.3 0.0 0.0
8 0.0 18.2 35.9 34.3 0.0 0.0
9 0.0 18.2 35.9 34.3 0.0 0.0
10 0.0 18.2 35.9 34.3 0.0 0.0
11 0.0 8.0 16.7 49.6 0.0 0.0
12 0.0 8.0 16.7 49.6 0.0 0.0
13 0.0 8.0 16.7 49.6 0.0 0.0
14 0.0 8.0 16.7 49.6 0.0 0.0
15 0.0 8.0 16.7 49.6 0.0 0.0
16 0.0 8.0 16.7 49.6 0.0 0.0
17 0.0 8.0 16.7 49.6 0.0 0.0
18 0.0 8.0 16.7 49.6 0.0 0.0
19 0.0 8.0 16.7 49.6 0.0 0.0
20 0.0 8.0 16.7 49.6 0.0 0.0
21 0.0 12.7 26.1 52.3 0.0 0.0
22 0.0 12.7 26.1 52.3 0.0 0.0
23 0.0 12.7 26.1 52.3 0.0 0.0
24 0.0 12.7 26.1 52.3 0.0 0.0
25 0.0 12.7 26.1 52.3 0.0 0.0
26 0.0 12.7 26.1 52.3 0.0 0.0
27 0.0 12.7 26.1 52.3 0.0 0.0
28 0.0 12.7 26.1 52.3 0.0 0.0
29 0.0 12.7 26.1 52.3 0.0 0.0
30 0.0 12.7 26.1 52.3 0.0 0.0


LOAD CASE 3


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 15.7 30.8 52.6 0.0 0.0
2 0.0 15.7 30.8 52.6 0.0 0.0
3 0.0 15.7 30.8 52.6 0.0 0.0
4 0.0 15.7 30.8 52.6 0.0 0.0
5 0.0 15.7 30.8 52.6 0.0 0.0
6 0.0 15.7 30.8 52.6 0.0 0.0
7 0.0 15.7 30.8 52.6 0.0 0.0
8 0.0 15.7 30.8 52.6 0.0 0.0
9 0.0 15.7 30.8 52.6 0.0 0.0


10 0.0 15.7 30.8 52.6 0.0 0.0
11 0.0 7.7 16.2 66.3 0.0 0.0
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12 0.0 7.7 16.2 66.3 0.0 0.0
13 0.0 7.7 16.2 66.3 0.0 0.0
14 0.0 7.7 16.2 66.3 0.0 0.0
15 0.0 7.7 16.2 66.3 0.0 0.0
16 0.0 7.7 16.2 66.3 0.0 0.0
17 0.0 7.7 16.2 66.3 0.0 0.0
18 0.0 7.7 16.2 66.3 0.0 0.0
19 0.0 7.7 16.2 66.3 0.0 0.0
20 0.0 7.7 16.2 66.3 0.0 0.0
21 0.0 15.4 31.8 70.8 0.0 0.0
22 0.0 15.4 31.8 70.8 0.0 0.0
23 0.0 15.4 31.8 70.8 0.0 0.0
24 0.0 15.4 31.8 70.8 0.0 0.0
25 0.0 15.4 31.8 70.8 0.0 0.0
26 0.0 15.4 31.8 70.8 0.0 0.0
27 0.0 15.4 31.8 70.8 0.0 0.0
28 0.0 15.4 31.8 70.8 0.0 0.0
29 0.0 15.4 31.8 70.8 0.0 0.0
30 0.0 15.4 31.8 70.8 0.0 0.0


LOAD CASE 4


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 4.3 8.5 3.7 0.0 0.0
2 0.0 4.3 8.5 3.7 0.0 0.0
3 0.0 4.3 8.5 3.7 0.0 0.0
4 0.0 4.3 8.5 3.7 0.0 0.0
5 0.0 4.3 8.5 3.7 0.0 0.0
6 0.0 4.3 8.5 3.7 0.0 0.0
7 0.0 4.3 8.5 3.7 0.0 0.0
8 0.0 4.3 8.5 3.7 0.0 0.0
9 0.0 4.3 8.5 3.7 0.0 0.0


10 0.0 4.3 8.5 3.7 0.0 0.0
11 0.0 8.9 18.0 11.4 0.0 0.0
12 0.0 8.9 18.0 11.4 0.0 0.0
13 0.0 8.9 18.0 11.4 0.0 0.0
14 0.0 8.9 18.0 11.4 0.0 0.0
15 0.0 8.9 18.0 11.4 0.0 0.0
16 0.0 8.9 18.0 11.4 0.0 0.0
17 0.0 8.9 18.0 11.4 0.0 0.0
18 0.0 8.9 18.0 11.4 0.0 0.0
19 0.0 8.9 18.0 11.4 0.0 0.0
20 0.0 8.9 18.0 11.4 0.0 0.0
21 0.0 10.9 22.0 12.6 0.0 0.0
22 0.0 10.9 22.0 12.6 0.0 0.0
23 0.0 10.9 22.0 12.6 0.0 0.0
24 0.0 10.9 22.0 12.6 0.0 0.0


UBB Feasibility Report 
Structural Calculations and Drawings


Page 208 of 547







25 0.0 10.9 22.0 12.6 0.0 0.0
26 0.0 10.9 22.0 12.6 0.0 0.0
27 0.0 10.9 22.0 12.6 0.0 0.0
28 0.0 10.9 22.0 12.6 0.0 0.0
29 0.0 10.9 22.0 12.6 0.0 0.0
30 0.0 10.9 22.0 12.6 0.0 0.0


LOAD CASE 5


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 6.1 12.3 4.8 0.0 0.0
2 0.0 6.1 12.3 4.8 0.0 0.0
3 0.0 6.1 12.3 4.8 0.0 0.0
4 0.0 6.1 12.3 4.8 0.0 0.0
5 0.0 6.1 12.3 4.8 0.0 0.0
6 0.0 6.1 12.3 4.8 0.0 0.0
7 0.0 6.1 12.3 4.8 0.0 0.0
8 0.0 6.1 12.3 4.8 0.0 0.0
9 0.0 6.1 12.3 4.8 0.0 0.0


10 0.0 6.1 12.3 4.8 0.0 0.0
11 0.0 10.5 21.0 4.8 0.0 0.0
12 0.0 10.5 21.0 4.8 0.0 0.0
13 0.0 10.5 21.0 4.8 0.0 0.0
14 0.0 10.5 21.0 4.8 0.0 0.0
15 0.0 10.5 21.0 4.8 0.0 0.0
16 0.0 10.5 21.0 4.8 0.0 0.0
17 0.0 10.5 21.0 4.8 0.0 0.0
18 0.0 10.5 21.0 4.8 0.0 0.0
19 0.0 10.5 21.0 4.8 0.0 0.0
20 0.0 10.5 21.0 4.8 0.0 0.0
21 0.0 11.2 22.5 5.3 0.0 0.0
22 0.0 11.2 22.5 5.3 0.0 0.0
23 0.0 11.2 22.5 5.3 0.0 0.0
24 0.0 11.2 22.5 5.3 0.0 0.0
25 0.0 11.2 22.5 5.3 0.0 0.0
26 0.0 11.2 22.5 5.3 0.0 0.0
27 0.0 11.2 22.5 5.3 0.0 0.0
28 0.0 11.2 22.5 5.3 0.0 0.0
29 0.0 11.2 22.5 5.3 0.0 0.0
30 0.0 11.2 22.5 5.3 0.0 0.0


LOAD CASE 6


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K
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1 0.0 1.6 2.6 52.3 0.0 0.0
2 0.0 1.6 2.6 52.3 0.0 0.0
3 0.0 1.6 2.6 52.3 0.0 0.0
4 0.0 1.6 2.6 52.3 0.0 0.0
5 0.0 1.6 2.6 52.3 0.0 0.0
6 0.0 1.6 2.6 52.3 0.0 0.0
7 0.0 1.6 2.6 52.3 0.0 0.0
8 0.0 1.6 2.6 52.3 0.0 0.0
9 0.0 1.6 2.6 52.3 0.0 0.0


10 0.0 1.6 2.6 52.3 0.0 0.0
11 0.0 6.5 13.6 57.0 0.0 0.0
12 0.0 6.5 13.6 57.0 0.0 0.0
13 0.0 6.5 13.6 57.0 0.0 0.0
14 0.0 6.5 13.6 57.0 0.0 0.0
15 0.0 6.5 13.6 57.0 0.0 0.0
16 0.0 6.5 13.6 57.0 0.0 0.0
17 0.0 6.5 13.6 57.0 0.0 0.0
18 0.0 6.5 13.6 57.0 0.0 0.0
19 0.0 6.5 13.6 57.0 0.0 0.0
20 0.0 6.5 13.6 57.0 0.0 0.0
21 0.0 15.8 32.3 62.4 0.0 0.0
22 0.0 15.8 32.3 62.4 0.0 0.0
23 0.0 15.8 32.3 62.4 0.0 0.0
24 0.0 15.8 32.3 62.4 0.0 0.0
25 0.0 15.8 32.3 62.4 0.0 0.0
26 0.0 15.8 32.3 62.4 0.0 0.0
27 0.0 15.8 32.3 62.4 0.0 0.0
28 0.0 15.8 32.3 62.4 0.0 0.0
29 0.0 15.8 32.3 62.4 0.0 0.0
30 0.0 15.8 32.3 62.4 0.0 0.0


LOAD CASE 7


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 3.4 6.4 43.7 0.0 0.0
2 0.0 3.4 6.4 43.7 0.0 0.0
3 0.0 3.4 6.4 43.7 0.0 0.0
4 0.0 3.4 6.4 43.7 0.0 0.0
5 0.0 3.4 6.4 43.7 0.0 0.0
6 0.0 3.4 6.4 43.7 0.0 0.0
7 0.0 3.4 6.4 43.7 0.0 0.0
8 0.0 3.4 6.4 43.7 0.0 0.0
9 0.0 3.4 6.4 43.7 0.0 0.0


10 0.0 3.4 6.4 43.7 0.0 0.0
11 0.0 8.0 16.6 50.3 0.0 0.0
12 0.0 8.0 16.6 50.3 0.0 0.0
13 0.0 8.0 16.6 50.3 0.0 0.0
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14 0.0 8.0 16.6 50.3 0.0 0.0
15 0.0 8.0 16.6 50.3 0.0 0.0
16 0.0 8.0 16.6 50.3 0.0 0.0
17 0.0 8.0 16.6 50.3 0.0 0.0
18 0.0 8.0 16.6 50.3 0.0 0.0
19 0.0 8.0 16.6 50.3 0.0 0.0
20 0.0 8.0 16.6 50.3 0.0 0.0
21 0.0 16.1 32.8 55.0 0.0 0.0
22 0.0 16.1 32.8 55.0 0.0 0.0
23 0.0 16.1 32.8 55.0 0.0 0.0
24 0.0 16.1 32.8 55.0 0.0 0.0
25 0.0 16.1 32.8 55.0 0.0 0.0
26 0.0 16.1 32.8 55.0 0.0 0.0
27 0.0 16.1 32.8 55.0 0.0 0.0
28 0.0 16.1 32.8 55.0 0.0 0.0
29 0.0 16.1 32.8 55.0 0.0 0.0
30 0.0 16.1 32.8 55.0 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.
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10 Sunset Twall2 Fixed
20 PIL 1 22.5 2.5 0
30 BAT 2 1
40 ANG 270 1
50 PIL 2 17.5 2.5 0
60 BAT 2 2
70 ANG 270 2
80 PIL 3 12.5 2.5 0
90 BAT 2 3
100 ANG 270 3
110 PIL 4 7.5 2.5 0
120 BAT 2 4
130 ANG 270 4
140 PIL 5 2.5 2.5 0
150 BAT 2 5
160 ANG 270 5
170 PIL 6 2.5 2.5 0
180 BAT 2 6
190 ANG 270 6
200 PIL 7 7.5 2.5 0
210 BAT 2 7
220 ANG 270 7
230 PIL 8 12.5 2.5 0
240 BAT 2 8
250 ANG 270 8
260 PIL 9 17.5 2.5 0
270 BAT 2 9
280 ANG 270 9
290 PIL 10 22.5 2.5 0
300 BAT 2 10
310 ANG 270 10
320 PIL 11 22.5 7.5 0
330 BAT 2 11
340 ANG 90 11
350 PIL 12 17.5 7.5 0
360 BAT 2 12
370 ANG 90 12
380 PIL 13 12.5 7.5 0
390 BAT 2 13
400 ANG 90 13
410 PIL 14 7.5 7.5 0
420 BAT 2 14
430 ANG 90 14
440 PIL 15 2.5 7.5 0
450 BAT 2 15
460 ANG 90 15
470 PIL 16 2.5 7.5 0
480 BAT 2 16
490 ANG 90 16
500 PIL 17 7.5 7.5 0
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510 BAT 2 17
520 ANG 90 17
530 PIL 18 12.5 7.5 0
540 BAT 2 18
550 ANG 90 18
560 PIL 19 17.5 7.5 0
570 BAT 2 19
580 ANG 90 19
590 PIL 20 22.5 7.5 0
600 BAT 2 20
610 ANG 90 20
620 PIL 21 22.5 12.5 0
630 BAT 2 21
640 ANG 90 21
650 PIL 22 17.5 12.5 0
660 BAT 2 22
670 ANG 90 22
680 PIL 23 12.5 12.5 0
690 BAT 2 23
700 ANG 90 23
710 PIL 24 7.5 12.5 0
720 BAT 2 24
730 ANG 90 24
740 PIL 25 2.5 12.5 0
750 BAT 2 25
760 ANG 90 25
770 PIL 26 2.5 12.5 0
780 BAT 2 26
790 ANG 90 26
800 PIL 27 7.5 12.5 0
810 BAT 2 27
820 ANG 90 27
830 PIL 28 12.5 12.5 0
840 BAT 2 28
850 ANG 90 28
860 PIL 29 17.5 12.5 0
870 BAT 2 29
880 ANG 90 29
890 PIL 30 22.5 12.5 0
900 BAT 2 30
910 ANG 90 30
920 PRO 29000 326 904 26.1 2 0 1 TO 30
930 SOI ES 0.0345 L 69 0 1 TO 30
940 RED 1 1 1
950 ALL H 107 85 652 652 1107 3275 1 TO 30
960 FIX 1 TO 30
970 LOA 8 0 641 339 7593 0 0
970 LOA 9 0 641 483 8315 0 0
970 FOV 1.33 1.33 8
970 FOV 1.33 1.33 9
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980 TOUT 1 2 3 4 5 6 7
990 PFO ALL
1000 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 11 SEP 20 RUN TIME: 18:50:34


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


SUNSET TWALL2 FIXED
DATA UNKNOWN REJECTED.


THERE ARE 30 PILES AND
2 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 22.50 , 2.50 , 0.00 )
( 22.50 , 12.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.32600E+03 0.90400E+03 0.26100E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.34500E 01 L 0.69000E+02 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.34500E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.81007E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.95103E+03 0.00000E+00
0.00000E+00 0.62774E+01 0.00000E+00 0.57111E+03 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.18283E+04 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.57111E+03 0.00000E+00 0.10392E+06 0.00000E+00 0.00000E+00
0.95103E+03 0.00000E+00 0.00000E+00 0.00000E+00 0.22330E+06 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 22.50 2.50 0.00 2.00 270.00 69.00 F
2 17.50 2.50 0.00 2.00 270.00 69.00 F
3 12.50 2.50 0.00 2.00 270.00 69.00 F
4 7.50 2.50 0.00 2.00 270.00 69.00 F
5 2.50 2.50 0.00 2.00 270.00 69.00 F
6 2.50 2.50 0.00 2.00 270.00 69.00 F
7 7.50 2.50 0.00 2.00 270.00 69.00 F
8 12.50 2.50 0.00 2.00 270.00 69.00 F
9 17.50 2.50 0.00 2.00 270.00 69.00 F
10 22.50 2.50 0.00 2.00 270.00 69.00 F
11 22.50 7.50 0.00 2.00 90.00 69.00 F
12 17.50 7.50 0.00 2.00 90.00 69.00 F
13 12.50 7.50 0.00 2.00 90.00 69.00 F
14 7.50 7.50 0.00 2.00 90.00 69.00 F
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15 2.50 7.50 0.00 2.00 90.00 69.00 F
16 2.50 7.50 0.00 2.00 90.00 69.00 F
17 7.50 7.50 0.00 2.00 90.00 69.00 F
18 12.50 7.50 0.00 2.00 90.00 69.00 F
19 17.50 7.50 0.00 2.00 90.00 69.00 F
20 22.50 7.50 0.00 2.00 90.00 69.00 F
21 22.50 12.50 0.00 2.00 90.00 69.00 F
22 17.50 12.50 0.00 2.00 90.00 69.00 F
23 12.50 12.50 0.00 2.00 90.00 69.00 F
24 7.50 12.50 0.00 2.00 90.00 69.00 F
25 2.50 12.50 0.00 2.00 90.00 69.00 F
26 2.50 12.50 0.00 2.00 90.00 69.00 F
27 7.50 12.50 0.00 2.00 90.00 69.00 F
28 12.50 12.50 0.00 2.00 90.00 69.00 F
29 17.50 12.50 0.00 2.00 90.00 69.00 F
30 22.50 12.50 0.00 2.00 90.00 69.00 F


2070.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


8 0.0 641.0 339.0 7593.0 0.0 0.0 1.33 1.33
9 0.0 641.0 483.0 8315.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX


0.18832E+03 0.22259E 03 0.88591E 04 0.13082E 01 0.15324E+05 0.19503E+05
0.22259E 03 0.11164E+05 0.72806E+04 0.15034E+07 0.20674E 03 0.14722E 01
0.88591E 04 0.72806E+04 0.43927E+05 0.39577E+07 0.51752E 04 0.13289E 01
0.13082E 01 0.15034E+07 0.39577E+07 0.46972E+09 0.93042E 01 0.24530E+01
0.15324E+05 0.20674E 03 0.51752E 04 0.93042E 01 0.13071E+10 0.21803E+09
0.19503E+05 0.14722E 01 0.13289E 01 0.24530E+01 0.21803E+09 0.33524E+09


30 PILES 2 LOAD CASES


LOAD CASE 8. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 10.


LOAD CASE 9. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 10.
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*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


8 0.7175E 07 0.3632E 01 0.2203E 01 0.2633E 03 0.6737E 12 0.1087E 11
9 0.6690E 07 0.3865E 01 0.1413E 01 0.2078E 03 0.6591E 12 0.8059E 12


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY


M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 8


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.0 0.0 52.8 0.0 33.9 0.0 0.47 0.07
2 0.0 0.0 52.8 0.0 33.9 0.0 0.47 0.07
3 0.0 0.0 52.8 0.0 33.9 0.0 0.47 0.07
4 0.0 0.0 52.8 0.0 33.9 0.0 0.47 0.07
5 0.0 0.0 52.8 0.0 33.9 0.0 0.47 0.07
6 0.0 0.0 52.8 0.0 33.9 0.0 0.47 0.07
7 0.0 0.0 52.8 0.0 33.9 0.0 0.47 0.07
8 0.0 0.0 52.8 0.0 33.9 0.0 0.47 0.07
9 0.0 0.0 52.8 0.0 33.9 0.0 0.47 0.07
10 0.0 0.0 52.8 0.0 33.9 0.0 0.47 0.07
11 0.0 0.0 32.4 0.0 28.6 0.0 0.23 0.04
12 0.0 0.0 32.4 0.0 28.6 0.0 0.23 0.04
13 0.0 0.0 32.4 0.0 28.6 0.0 0.23 0.04
14 0.0 0.0 32.4 0.0 28.6 0.0 0.23 0.04
15 0.0 0.0 32.4 0.0 28.6 0.0 0.23 0.04
16 0.0 0.0 32.4 0.0 28.6 0.0 0.23 0.04
17 0.0 0.0 32.4 0.0 28.6 0.0 0.23 0.04
18 0.0 0.0 32.4 0.0 28.6 0.0 0.23 0.04
19 0.0 0.0 32.4 0.0 28.6 0.0 0.23 0.04
20 0.0 0.0 32.4 0.0 28.6 0.0 0.23 0.04


UBB Feasibility Report 
Structural Calculations and Drawings


Page 218 of 547







21 0.1 0.0 58.3 0.0 35.3 0.0 0.41 0.08
22 0.1 0.0 58.3 0.0 35.3 0.0 0.41 0.08
23 0.1 0.0 58.3 0.0 35.3 0.0 0.41 0.08
24 0.1 0.0 58.3 0.0 35.3 0.0 0.41 0.08
25 0.1 0.0 58.3 0.0 35.3 0.0 0.41 0.08
26 0.1 0.0 58.3 0.0 35.3 0.0 0.41 0.08
27 0.1 0.0 58.3 0.0 35.3 0.0 0.41 0.08
28 0.1 0.0 58.3 0.0 35.3 0.0 0.41 0.08
29 0.1 0.0 58.3 0.0 35.3 0.0 0.41 0.08
30 0.1 0.0 58.3 0.0 35.3 0.0 0.41 0.08


LOAD CASE 9


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.1 0.0 44.5 0.0 16.9 0.0 0.39 0.06
2 0.1 0.0 44.5 0.0 16.9 0.0 0.39 0.06
3 0.1 0.0 44.5 0.0 16.9 0.0 0.39 0.06
4 0.1 0.0 44.5 0.0 16.9 0.0 0.39 0.06
5 0.1 0.0 44.5 0.0 16.9 0.0 0.39 0.06
6 0.1 0.0 44.5 0.0 16.9 0.0 0.39 0.06
7 0.1 0.0 44.5 0.0 16.9 0.0 0.39 0.06
8 0.1 0.0 44.5 0.0 16.9 0.0 0.39 0.06
9 0.1 0.0 44.5 0.0 16.9 0.0 0.39 0.06
10 0.1 0.0 44.5 0.0 16.9 0.0 0.39 0.06
11 0.1 0.0 39.1 0.0 15.5 0.0 0.27 0.05
12 0.1 0.0 39.1 0.0 15.5 0.0 0.27 0.05
13 0.1 0.0 39.1 0.0 15.5 0.0 0.27 0.05
14 0.1 0.0 39.1 0.0 15.5 0.0 0.27 0.05
15 0.1 0.0 39.1 0.0 15.5 0.0 0.27 0.05
16 0.1 0.0 39.1 0.0 15.5 0.0 0.27 0.05
17 0.1 0.0 39.1 0.0 15.5 0.0 0.27 0.05
18 0.1 0.0 39.1 0.0 15.5 0.0 0.27 0.05
19 0.1 0.0 39.1 0.0 15.5 0.0 0.27 0.05
20 0.1 0.0 39.1 0.0 15.5 0.0 0.27 0.05
21 0.0 0.0 59.5 0.0 20.8 0.0 0.42 0.07
22 0.0 0.0 59.5 0.0 20.8 0.0 0.42 0.07
23 0.0 0.0 59.5 0.0 20.8 0.0 0.42 0.07
24 0.0 0.0 59.5 0.0 20.8 0.0 0.42 0.07
25 0.0 0.0 59.5 0.0 20.8 0.0 0.42 0.07
26 0.0 0.0 59.5 0.0 20.8 0.0 0.42 0.07
27 0.0 0.0 59.5 0.0 20.8 0.0 0.42 0.07
28 0.0 0.0 59.5 0.0 20.8 0.0 0.42 0.07
29 0.0 0.0 59.5 0.0 20.8 0.0 0.42 0.07
30 0.0 0.0 59.5 0.0 20.8 0.0 0.42 0.07


*******************************************************************************
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PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 8


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 23.6 47.2 33.9 0.0 0.0
2 0.0 23.6 47.2 33.9 0.0 0.0
3 0.0 23.6 47.2 33.9 0.0 0.0
4 0.0 23.6 47.2 33.9 0.0 0.0
5 0.0 23.6 47.2 33.9 0.0 0.0
6 0.0 23.6 47.2 33.9 0.0 0.0
7 0.0 23.6 47.2 33.9 0.0 0.0
8 0.0 23.6 47.2 33.9 0.0 0.0
9 0.0 23.6 47.2 33.9 0.0 0.0


10 0.0 23.6 47.2 33.9 0.0 0.0
11 0.0 14.5 29.0 28.6 0.0 0.0
12 0.0 14.5 29.0 28.6 0.0 0.0
13 0.0 14.5 29.0 28.6 0.0 0.0
14 0.0 14.5 29.0 28.6 0.0 0.0
15 0.0 14.5 29.0 28.6 0.0 0.0
16 0.0 14.5 29.0 28.6 0.0 0.0
17 0.0 14.5 29.0 28.6 0.0 0.0
18 0.0 14.5 29.0 28.6 0.0 0.0
19 0.0 14.5 29.0 28.6 0.0 0.0
20 0.0 14.5 29.0 28.6 0.0 0.0
21 0.0 26.0 52.1 35.3 0.0 0.0
22 0.0 26.0 52.1 35.3 0.0 0.0
23 0.0 26.0 52.1 35.3 0.0 0.0
24 0.0 26.0 52.1 35.3 0.0 0.0
25 0.0 26.0 52.1 35.3 0.0 0.0
26 0.0 26.0 52.1 35.3 0.0 0.0
27 0.0 26.0 52.1 35.3 0.0 0.0
28 0.0 26.0 52.1 35.3 0.0 0.0
29 0.0 26.0 52.1 35.3 0.0 0.0
30 0.0 26.0 52.1 35.3 0.0 0.0


LOAD CASE 9


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 20.0 39.8 16.9 0.0 0.0
2 0.0 20.0 39.8 16.9 0.0 0.0
3 0.0 20.0 39.8 16.9 0.0 0.0
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4 0.0 20.0 39.8 16.9 0.0 0.0
5 0.0 20.0 39.8 16.9 0.0 0.0
6 0.0 20.0 39.8 16.9 0.0 0.0
7 0.0 20.0 39.8 16.9 0.0 0.0
8 0.0 20.0 39.8 16.9 0.0 0.0
9 0.0 20.0 39.8 16.9 0.0 0.0
10 0.0 20.0 39.8 16.9 0.0 0.0
11 0.0 17.5 34.9 15.5 0.0 0.0
12 0.0 17.5 34.9 15.5 0.0 0.0
13 0.0 17.5 34.9 15.5 0.0 0.0
14 0.0 17.5 34.9 15.5 0.0 0.0
15 0.0 17.5 34.9 15.5 0.0 0.0
16 0.0 17.5 34.9 15.5 0.0 0.0
17 0.0 17.5 34.9 15.5 0.0 0.0
18 0.0 17.5 34.9 15.5 0.0 0.0
19 0.0 17.5 34.9 15.5 0.0 0.0
20 0.0 17.5 34.9 15.5 0.0 0.0
21 0.0 26.6 53.2 20.8 0.0 0.0
22 0.0 26.6 53.2 20.8 0.0 0.0
23 0.0 26.6 53.2 20.8 0.0 0.0
24 0.0 26.6 53.2 20.8 0.0 0.0
25 0.0 26.6 53.2 20.8 0.0 0.0
26 0.0 26.6 53.2 20.8 0.0 0.0
27 0.0 26.6 53.2 20.8 0.0 0.0
28 0.0 26.6 53.2 20.8 0.0 0.0
29 0.0 26.6 53.2 20.8 0.0 0.0
30 0.0 26.6 53.2 20.8 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.
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10 Sunset Twall2 Pinned
20 PIL 1 22.5 2.5 0
30 BAT 2 1
40 ANG 270 1
50 PIL 2 17.5 2.5 0
60 BAT 2 2
70 ANG 270 2
80 PIL 3 12.5 2.5 0
90 BAT 2 3
100 ANG 270 3
110 PIL 4 7.5 2.5 0
120 BAT 2 4
130 ANG 270 4
140 PIL 5 2.5 2.5 0
150 BAT 2 5
160 ANG 270 5
170 PIL 6 2.5 2.5 0
180 BAT 2 6
190 ANG 270 6
200 PIL 7 7.5 2.5 0
210 BAT 2 7
220 ANG 270 7
230 PIL 8 12.5 2.5 0
240 BAT 2 8
250 ANG 270 8
260 PIL 9 17.5 2.5 0
270 BAT 2 9
280 ANG 270 9
290 PIL 10 22.5 2.5 0
300 BAT 2 10
310 ANG 270 10
320 PIL 11 22.5 7.5 0
330 BAT 2 11
340 ANG 90 11
350 PIL 12 17.5 7.5 0
360 BAT 2 12
370 ANG 90 12
380 PIL 13 12.5 7.5 0
390 BAT 2 13
400 ANG 90 13
410 PIL 14 7.5 7.5 0
420 BAT 2 14
430 ANG 90 14
440 PIL 15 2.5 7.5 0
450 BAT 2 15
460 ANG 90 15
470 PIL 16 2.5 7.5 0
480 BAT 2 16
490 ANG 90 16
500 PIL 17 7.5 7.5 0
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510 BAT 2 17
520 ANG 90 17
530 PIL 18 12.5 7.5 0
540 BAT 2 18
550 ANG 90 18
560 PIL 19 17.5 7.5 0
570 BAT 2 19
580 ANG 90 19
590 PIL 20 22.5 7.5 0
600 BAT 2 20
610 ANG 90 20
620 PIL 21 22.5 12.5 0
630 BAT 2 21
640 ANG 90 21
650 PIL 22 17.5 12.5 0
660 BAT 2 22
670 ANG 90 22
680 PIL 23 12.5 12.5 0
690 BAT 2 23
700 ANG 90 23
710 PIL 24 7.5 12.5 0
720 BAT 2 24
730 ANG 90 24
740 PIL 25 2.5 12.5 0
750 BAT 2 25
760 ANG 90 25
770 PIL 26 2.5 12.5 0
780 BAT 2 26
790 ANG 90 26
800 PIL 27 7.5 12.5 0
810 BAT 2 27
820 ANG 90 27
830 PIL 28 12.5 12.5 0
840 BAT 2 28
850 ANG 90 28
860 PIL 29 17.5 12.5 0
870 BAT 2 29
880 ANG 90 29
890 PIL 30 22.5 12.5 0
900 BAT 2 30
910 ANG 90 30
920 PRO 29000 326 904 26.1 2 0 1 TO 30
930 SOI ES 0.0345 L 69 0 1 TO 30
940 RED 1 1 1
950 ALL H 107 85 652 652 1107 3275 1 TO 30
960 PIN 1 TO 30
970 LOA 1 0 25 661 4542 0 0
970 LOA 2 0 25 788 5532 0 0
970 LOA 3 0 74 788 6120 0 0
970 LOA 4 0 156 485 4333 0 0
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970 LOA 5 0 156 558 4700 0 0
970 LOA 6 0 207 485 5265 0 0
970 LOA 7 0 207 558 5631 0 0
970 FOV 1.167 1.167 2
970 FOV 1.33 1.33 3
970 FOV 1.33 1.33 6
970 FOV 1.33 1.33 7
980 TOUT 1 2 3 4 5 6 7
990 PFO ALL
1000 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 11 SEP 20 RUN TIME: 18:51:33


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


SUNSET TWALL2 PINNED
DATA UNKNOWN REJECTED.


THERE ARE 30 PILES AND
7 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 22.50 , 2.50 , 0.00 )
( 22.50 , 12.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.32600E+03 0.90400E+03 0.26100E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.34500E 01 L 0.69000E+02 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.34500E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.40503E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.31387E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.18283E+04 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 22.50 2.50 0.00 2.00 270.00 69.00 P
2 17.50 2.50 0.00 2.00 270.00 69.00 P
3 12.50 2.50 0.00 2.00 270.00 69.00 P
4 7.50 2.50 0.00 2.00 270.00 69.00 P
5 2.50 2.50 0.00 2.00 270.00 69.00 P
6 2.50 2.50 0.00 2.00 270.00 69.00 P
7 7.50 2.50 0.00 2.00 270.00 69.00 P
8 12.50 2.50 0.00 2.00 270.00 69.00 P
9 17.50 2.50 0.00 2.00 270.00 69.00 P
10 22.50 2.50 0.00 2.00 270.00 69.00 P
11 22.50 7.50 0.00 2.00 90.00 69.00 P
12 17.50 7.50 0.00 2.00 90.00 69.00 P
13 12.50 7.50 0.00 2.00 90.00 69.00 P
14 7.50 7.50 0.00 2.00 90.00 69.00 P


UBB Feasibility Report 
Structural Calculations and Drawings


Page 226 of 547







15 2.50 7.50 0.00 2.00 90.00 69.00 P
16 2.50 7.50 0.00 2.00 90.00 69.00 P
17 7.50 7.50 0.00 2.00 90.00 69.00 P
18 12.50 7.50 0.00 2.00 90.00 69.00 P
19 17.50 7.50 0.00 2.00 90.00 69.00 P
20 22.50 7.50 0.00 2.00 90.00 69.00 P
21 22.50 12.50 0.00 2.00 90.00 69.00 P
22 17.50 12.50 0.00 2.00 90.00 69.00 P
23 12.50 12.50 0.00 2.00 90.00 69.00 P
24 7.50 12.50 0.00 2.00 90.00 69.00 P
25 2.50 12.50 0.00 2.00 90.00 69.00 P
26 2.50 12.50 0.00 2.00 90.00 69.00 P
27 7.50 12.50 0.00 2.00 90.00 69.00 P
28 12.50 12.50 0.00 2.00 90.00 69.00 P
29 17.50 12.50 0.00 2.00 90.00 69.00 P
30 22.50 12.50 0.00 2.00 90.00 69.00 P


2070.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


1 0.0 25.0 661.0 4542.0 0.0 0.0
2 0.0 25.0 788.0 5532.0 0.0 0.0 1.17 1.17
3 0.0 74.0 788.0 6120.0 0.0 0.0 1.33 1.33
4 0.0 156.0 485.0 4333.0 0.0 0.0
5 0.0 156.0 558.0 4700.0 0.0 0.0
6 0.0 207.0 485.0 5265.0 0.0 0.0 1.33 1.33
7 0.0 207.0 558.0 5631.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX


0.94162E+02 0.22252E 03 0.88788E 04 0.13318E 01 0.00000E+00 0.84746E+04
0.22252E 03 0.11067E+05 0.72968E+04 0.15323E+07 0.87311E 10 0.14687E 01
0.88788E 04 0.72968E+04 0.43903E+05 0.39512E+07 0.11642E 09 0.13318E 01
0.13318E 01 0.15323E+07 0.39512E+07 0.46098E+09 0.14901E 07 0.24772E+01
0.21684E 17 0.29104E 10 0.17462E 09 0.14901E 07 0.13039E+10 0.21672E+09
0.84746E+04 0.14687E 01 0.13318E 01 0.24772E+01 0.21672E+09 0.32967E+09


30 PILES 7 LOAD CASES
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LOAD CASE 1. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 2. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 3. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 4. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 5. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 6. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 7. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


1 0.3580E 07 0.1685E 01 0.9513E 02 0.9270E 04 0.2334E 12 0.1404E 11
2 0.4376E 07 0.2649E 01 0.6414E 02 0.1771E 03 0.2863E 12 0.1723E 11
3 0.3098E 07 0.3023E 01 0.1789E 02 0.2751E 03 0.2696E 12 0.1622E 11
4 0.8951E 08 0.2341E 02 0.5280E 02 0.5976E 04 0.1001E 12 0.6023E 12
5 0.4174E 08 0.4617E 02 0.1012E 01 0.2028E 04 0.1231E 12 0.7404E 12
6 0.2257E 07 0.1393E 01 0.1374E 01 0.3011E 03 0.9457E 13 0.5690E 12
7 0.1779E 07 0.1162E 01 0.8870E 02 0.2612E 03 0.1175E 12 0.7069E 12


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY


M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 1


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K
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1 0.0 0.0 33.9 0.0 2.9 0.0 0.32 0.05
2 0.0 0.0 33.9 0.0 2.9 0.0 0.32 0.05
3 0.0 0.0 33.9 0.0 2.9 0.0 0.32 0.05
4 0.0 0.0 33.9 0.0 2.9 0.0 0.32 0.05
5 0.0 0.0 33.9 0.0 2.9 0.0 0.32 0.05
6 0.0 0.0 33.9 0.0 2.9 0.0 0.32 0.05
7 0.0 0.0 33.9 0.0 2.9 0.0 0.32 0.05
8 0.0 0.0 33.9 0.0 2.9 0.0 0.32 0.05
9 0.0 0.0 33.9 0.0 2.9 0.0 0.32 0.05
10 0.0 0.0 33.9 0.0 2.9 0.0 0.32 0.05
11 0.1 0.0 15.4 0.0 7.1 0.0 0.14 0.03
12 0.1 0.0 15.4 0.0 7.1 0.0 0.14 0.03
13 0.1 0.0 15.4 0.0 7.1 0.0 0.14 0.03
14 0.1 0.0 15.4 0.0 7.1 0.0 0.14 0.03
15 0.1 0.0 15.4 0.0 7.1 0.0 0.14 0.03
16 0.1 0.0 15.4 0.0 7.1 0.0 0.14 0.03
17 0.1 0.0 15.4 0.0 7.1 0.0 0.14 0.03
18 0.1 0.0 15.4 0.0 7.1 0.0 0.14 0.03
19 0.1 0.0 15.4 0.0 7.1 0.0 0.14 0.03
20 0.1 0.0 15.4 0.0 7.1 0.0 0.14 0.03
21 0.1 0.0 24.5 0.0 7.8 0.0 0.23 0.04
22 0.1 0.0 24.5 0.0 7.8 0.0 0.23 0.04
23 0.1 0.0 24.5 0.0 7.8 0.0 0.23 0.04
24 0.1 0.0 24.5 0.0 7.8 0.0 0.23 0.04
25 0.1 0.0 24.5 0.0 7.8 0.0 0.23 0.04
26 0.1 0.0 24.5 0.0 7.8 0.0 0.23 0.04
27 0.1 0.0 24.5 0.0 7.8 0.0 0.23 0.04
28 0.1 0.0 24.5 0.0 7.8 0.0 0.23 0.04
29 0.1 0.0 24.5 0.0 7.8 0.0 0.23 0.04
30 0.1 0.0 24.5 0.0 7.8 0.0 0.23 0.04


LOAD CASE 2


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.1 0.0 40.8 0.0 5.6 0.0 0.33 0.06
2 0.1 0.0 40.8 0.0 5.6 0.0 0.33 0.06
3 0.1 0.0 40.8 0.0 5.6 0.0 0.33 0.06
4 0.1 0.0 40.8 0.0 5.6 0.0 0.33 0.06
5 0.1 0.0 40.8 0.0 5.6 0.0 0.33 0.06
6 0.1 0.0 40.8 0.0 5.6 0.0 0.33 0.06
7 0.1 0.0 40.8 0.0 5.6 0.0 0.33 0.06
8 0.1 0.0 40.8 0.0 5.6 0.0 0.33 0.06
9 0.1 0.0 40.8 0.0 5.6 0.0 0.33 0.06
10 0.1 0.0 40.8 0.0 5.6 0.0 0.33 0.06
11 0.1 0.0 14.9 0.0 10.3 0.0 0.12 0.02
12 0.1 0.0 14.9 0.0 10.3 0.0 0.12 0.02
13 0.1 0.0 14.9 0.0 10.3 0.0 0.12 0.02
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14 0.1 0.0 14.9 0.0 10.3 0.0 0.12 0.02
15 0.1 0.0 14.9 0.0 10.3 0.0 0.12 0.02
16 0.1 0.0 14.9 0.0 10.3 0.0 0.12 0.02
17 0.1 0.0 14.9 0.0 10.3 0.0 0.12 0.02
18 0.1 0.0 14.9 0.0 10.3 0.0 0.12 0.02
19 0.1 0.0 14.9 0.0 10.3 0.0 0.12 0.02
20 0.1 0.0 14.9 0.0 10.3 0.0 0.12 0.02
21 0.2 0.0 32.3 0.0 11.8 0.0 0.26 0.05
22 0.2 0.0 32.3 0.0 11.8 0.0 0.26 0.05
23 0.2 0.0 32.3 0.0 11.8 0.0 0.26 0.05
24 0.2 0.0 32.3 0.0 11.8 0.0 0.26 0.05
25 0.2 0.0 32.3 0.0 11.8 0.0 0.26 0.05
26 0.2 0.0 32.3 0.0 11.8 0.0 0.26 0.05
27 0.2 0.0 32.3 0.0 11.8 0.0 0.26 0.05
28 0.2 0.0 32.3 0.0 11.8 0.0 0.26 0.05
29 0.2 0.0 32.3 0.0 11.8 0.0 0.26 0.05
30 0.2 0.0 32.3 0.0 11.8 0.0 0.26 0.05


LOAD CASE 3


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.1 0.0 35.3 0.0 7.4 0.0 0.25 0.04
2 0.1 0.0 35.3 0.0 7.4 0.0 0.25 0.04
3 0.1 0.0 35.3 0.0 7.4 0.0 0.25 0.04
4 0.1 0.0 35.3 0.0 7.4 0.0 0.25 0.04
5 0.1 0.0 35.3 0.0 7.4 0.0 0.25 0.04
6 0.1 0.0 35.3 0.0 7.4 0.0 0.25 0.04
7 0.1 0.0 35.3 0.0 7.4 0.0 0.25 0.04
8 0.1 0.0 35.3 0.0 7.4 0.0 0.25 0.04
9 0.1 0.0 35.3 0.0 7.4 0.0 0.25 0.04
10 0.1 0.0 35.3 0.0 7.4 0.0 0.25 0.04
11 0.2 0.0 12.9 0.0 11.4 0.0 0.09 0.02
12 0.2 0.0 12.9 0.0 11.4 0.0 0.09 0.02
13 0.2 0.0 12.9 0.0 11.4 0.0 0.09 0.02
14 0.2 0.0 12.9 0.0 11.4 0.0 0.09 0.02
15 0.2 0.0 12.9 0.0 11.4 0.0 0.09 0.02
16 0.2 0.0 12.9 0.0 11.4 0.0 0.09 0.02
17 0.2 0.0 12.9 0.0 11.4 0.0 0.09 0.02
18 0.2 0.0 12.9 0.0 11.4 0.0 0.09 0.02
19 0.2 0.0 12.9 0.0 11.4 0.0 0.09 0.02
20 0.2 0.0 12.9 0.0 11.4 0.0 0.09 0.02
21 0.2 0.0 39.8 0.0 13.7 0.0 0.28 0.05
22 0.2 0.0 39.8 0.0 13.7 0.0 0.28 0.05
23 0.2 0.0 39.8 0.0 13.7 0.0 0.28 0.05
24 0.2 0.0 39.8 0.0 13.7 0.0 0.28 0.05
25 0.2 0.0 39.8 0.0 13.7 0.0 0.28 0.05
26 0.2 0.0 39.8 0.0 13.7 0.0 0.28 0.05
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27 0.2 0.0 39.8 0.0 13.7 0.0 0.28 0.05
28 0.2 0.0 39.8 0.0 13.7 0.0 0.28 0.05
29 0.2 0.0 39.8 0.0 13.7 0.0 0.28 0.05
30 0.2 0.0 39.8 0.0 13.7 0.0 0.28 0.05


LOAD CASE 4


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.0 0.0 9.7 0.0 1.6 0.0 0.09 0.02
2 0.0 0.0 9.7 0.0 1.6 0.0 0.09 0.02
3 0.0 0.0 9.7 0.0 1.6 0.0 0.09 0.02
4 0.0 0.0 9.7 0.0 1.6 0.0 0.09 0.02
5 0.0 0.0 9.7 0.0 1.6 0.0 0.09 0.02
6 0.0 0.0 9.7 0.0 1.6 0.0 0.09 0.02
7 0.0 0.0 9.7 0.0 1.6 0.0 0.09 0.02
8 0.0 0.0 9.7 0.0 1.6 0.0 0.09 0.02
9 0.0 0.0 9.7 0.0 1.6 0.0 0.09 0.02
10 0.0 0.0 9.7 0.0 1.6 0.0 0.09 0.02
11 0.0 0.0 19.3 0.0 0.8 0.0 0.18 0.03
12 0.0 0.0 19.3 0.0 0.8 0.0 0.18 0.03
13 0.0 0.0 19.3 0.0 0.8 0.0 0.18 0.03
14 0.0 0.0 19.3 0.0 0.8 0.0 0.18 0.03
15 0.0 0.0 19.3 0.0 0.8 0.0 0.18 0.03
16 0.0 0.0 19.3 0.0 0.8 0.0 0.18 0.03
17 0.0 0.0 19.3 0.0 0.8 0.0 0.18 0.03
18 0.0 0.0 19.3 0.0 0.8 0.0 0.18 0.03
19 0.0 0.0 19.3 0.0 0.8 0.0 0.18 0.03
20 0.0 0.0 19.3 0.0 0.8 0.0 0.18 0.03
21 0.0 0.0 25.2 0.0 1.3 0.0 0.24 0.04
22 0.0 0.0 25.2 0.0 1.3 0.0 0.24 0.04
23 0.0 0.0 25.2 0.0 1.3 0.0 0.24 0.04
24 0.0 0.0 25.2 0.0 1.3 0.0 0.24 0.04
25 0.0 0.0 25.2 0.0 1.3 0.0 0.24 0.04
26 0.0 0.0 25.2 0.0 1.3 0.0 0.24 0.04
27 0.0 0.0 25.2 0.0 1.3 0.0 0.24 0.04
28 0.0 0.0 25.2 0.0 1.3 0.0 0.24 0.04
29 0.0 0.0 25.2 0.0 1.3 0.0 0.24 0.04
30 0.0 0.0 25.2 0.0 1.3 0.0 0.24 0.04


LOAD CASE 5


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.0 0.0 13.8 0.0 2.7 0.0 0.13 0.02
2 0.0 0.0 13.8 0.0 2.7 0.0 0.13 0.02
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3 0.0 0.0 13.8 0.0 2.7 0.0 0.13 0.02
4 0.0 0.0 13.8 0.0 2.7 0.0 0.13 0.02
5 0.0 0.0 13.8 0.0 2.7 0.0 0.13 0.02
6 0.0 0.0 13.8 0.0 2.7 0.0 0.13 0.02
7 0.0 0.0 13.8 0.0 2.7 0.0 0.13 0.02
8 0.0 0.0 13.8 0.0 2.7 0.0 0.13 0.02
9 0.0 0.0 13.8 0.0 2.7 0.0 0.13 0.02
10 0.0 0.0 13.8 0.0 2.7 0.0 0.13 0.02
11 0.0 0.0 23.3 0.0 0.4 0.0 0.22 0.04
12 0.0 0.0 23.3 0.0 0.4 0.0 0.22 0.04
13 0.0 0.0 23.3 0.0 0.4 0.0 0.22 0.04
14 0.0 0.0 23.3 0.0 0.4 0.0 0.22 0.04
15 0.0 0.0 23.3 0.0 0.4 0.0 0.22 0.04
16 0.0 0.0 23.3 0.0 0.4 0.0 0.22 0.04
17 0.0 0.0 23.3 0.0 0.4 0.0 0.22 0.04
18 0.0 0.0 23.3 0.0 0.4 0.0 0.22 0.04
19 0.0 0.0 23.3 0.0 0.4 0.0 0.22 0.04
20 0.0 0.0 23.3 0.0 0.4 0.0 0.22 0.04
21 0.0 0.0 25.3 0.0 0.5 0.0 0.24 0.04
22 0.0 0.0 25.3 0.0 0.5 0.0 0.24 0.04
23 0.0 0.0 25.3 0.0 0.5 0.0 0.24 0.04
24 0.0 0.0 25.3 0.0 0.5 0.0 0.24 0.04
25 0.0 0.0 25.3 0.0 0.5 0.0 0.24 0.04
26 0.0 0.0 25.3 0.0 0.5 0.0 0.24 0.04
27 0.0 0.0 25.3 0.0 0.5 0.0 0.24 0.04
28 0.0 0.0 25.3 0.0 0.5 0.0 0.24 0.04
29 0.0 0.0 25.3 0.0 0.5 0.0 0.24 0.04
30 0.0 0.0 25.3 0.0 0.5 0.0 0.24 0.04


LOAD CASE 6


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.1 0.0 3.7 0.0 4.5 0.0 0.03 0.01
2 0.1 0.0 3.7 0.0 4.5 0.0 0.03 0.01
3 0.1 0.0 3.7 0.0 4.5 0.0 0.03 0.01
4 0.1 0.0 3.7 0.0 4.5 0.0 0.03 0.01
5 0.1 0.0 3.7 0.0 4.5 0.0 0.03 0.01
6 0.1 0.0 3.7 0.0 4.5 0.0 0.03 0.01
7 0.1 0.0 3.7 0.0 4.5 0.0 0.03 0.01
8 0.1 0.0 3.7 0.0 4.5 0.0 0.03 0.01
9 0.1 0.0 3.7 0.0 4.5 0.0 0.03 0.01
10 0.1 0.0 3.7 0.0 4.5 0.0 0.03 0.01
11 0.1 0.0 10.5 0.0 5.6 0.0 0.07 0.01
12 0.1 0.0 10.5 0.0 5.6 0.0 0.07 0.01
13 0.1 0.0 10.5 0.0 5.6 0.0 0.07 0.01
14 0.1 0.0 10.5 0.0 5.6 0.0 0.07 0.01
15 0.1 0.0 10.5 0.0 5.6 0.0 0.07 0.01
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16 0.1 0.0 10.5 0.0 5.6 0.0 0.07 0.01
17 0.1 0.0 10.5 0.0 5.6 0.0 0.07 0.01
18 0.1 0.0 10.5 0.0 5.6 0.0 0.07 0.01
19 0.1 0.0 10.5 0.0 5.6 0.0 0.07 0.01
20 0.1 0.0 10.5 0.0 5.6 0.0 0.07 0.01
21 0.1 0.0 40.0 0.0 8.1 0.0 0.28 0.05
22 0.1 0.0 40.0 0.0 8.1 0.0 0.28 0.05
23 0.1 0.0 40.0 0.0 8.1 0.0 0.28 0.05
24 0.1 0.0 40.0 0.0 8.1 0.0 0.28 0.05
25 0.1 0.0 40.0 0.0 8.1 0.0 0.28 0.05
26 0.1 0.0 40.0 0.0 8.1 0.0 0.28 0.05
27 0.1 0.0 40.0 0.0 8.1 0.0 0.28 0.05
28 0.1 0.0 40.0 0.0 8.1 0.0 0.28 0.05
29 0.1 0.0 40.0 0.0 8.1 0.0 0.28 0.05
30 0.1 0.0 40.0 0.0 8.1 0.0 0.28 0.05


LOAD CASE 7


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.0 0.0 7.8 0.0 3.3 0.0 0.05 0.01
2 0.0 0.0 7.8 0.0 3.3 0.0 0.05 0.01
3 0.0 0.0 7.8 0.0 3.3 0.0 0.05 0.01
4 0.0 0.0 7.8 0.0 3.3 0.0 0.05 0.01
5 0.0 0.0 7.8 0.0 3.3 0.0 0.05 0.01
6 0.0 0.0 7.8 0.0 3.3 0.0 0.05 0.01
7 0.0 0.0 7.8 0.0 3.3 0.0 0.05 0.01
8 0.0 0.0 7.8 0.0 3.3 0.0 0.05 0.01
9 0.0 0.0 7.8 0.0 3.3 0.0 0.05 0.01
10 0.0 0.0 7.8 0.0 3.3 0.0 0.05 0.01
11 0.1 0.0 14.4 0.0 5.2 0.0 0.10 0.02
12 0.1 0.0 14.4 0.0 5.2 0.0 0.10 0.02
13 0.1 0.0 14.4 0.0 5.2 0.0 0.10 0.02
14 0.1 0.0 14.4 0.0 5.2 0.0 0.10 0.02
15 0.1 0.0 14.4 0.0 5.2 0.0 0.10 0.02
16 0.1 0.0 14.4 0.0 5.2 0.0 0.10 0.02
17 0.1 0.0 14.4 0.0 5.2 0.0 0.10 0.02
18 0.1 0.0 14.4 0.0 5.2 0.0 0.10 0.02
19 0.1 0.0 14.4 0.0 5.2 0.0 0.10 0.02
20 0.1 0.0 14.4 0.0 5.2 0.0 0.10 0.02
21 0.1 0.0 40.1 0.0 7.3 0.0 0.28 0.05
22 0.1 0.0 40.1 0.0 7.3 0.0 0.28 0.05
23 0.1 0.0 40.1 0.0 7.3 0.0 0.28 0.05
24 0.1 0.0 40.1 0.0 7.3 0.0 0.28 0.05
25 0.1 0.0 40.1 0.0 7.3 0.0 0.28 0.05
26 0.1 0.0 40.1 0.0 7.3 0.0 0.28 0.05
27 0.1 0.0 40.1 0.0 7.3 0.0 0.28 0.05
28 0.1 0.0 40.1 0.0 7.3 0.0 0.28 0.05
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29 0.1 0.0 40.1 0.0 7.3 0.0 0.28 0.05
30 0.1 0.0 40.1 0.0 7.3 0.0 0.28 0.05


*******************************************************************************


PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 1


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 15.2 30.3 0.0 0.0 0.0
2 0.0 15.2 30.3 0.0 0.0 0.0
3 0.0 15.2 30.3 0.0 0.0 0.0
4 0.0 15.2 30.3 0.0 0.0 0.0
5 0.0 15.2 30.3 0.0 0.0 0.0
6 0.0 15.2 30.3 0.0 0.0 0.0
7 0.0 15.2 30.3 0.0 0.0 0.0
8 0.0 15.2 30.3 0.0 0.0 0.0
9 0.0 15.2 30.3 0.0 0.0 0.0


10 0.0 15.2 30.3 0.0 0.0 0.0
11 0.0 6.8 13.8 0.0 0.0 0.0
12 0.0 6.8 13.8 0.0 0.0 0.0
13 0.0 6.8 13.8 0.0 0.0 0.0
14 0.0 6.8 13.8 0.0 0.0 0.0
15 0.0 6.8 13.8 0.0 0.0 0.0
16 0.0 6.8 13.8 0.0 0.0 0.0
17 0.0 6.8 13.8 0.0 0.0 0.0
18 0.0 6.8 13.8 0.0 0.0 0.0
19 0.0 6.8 13.8 0.0 0.0 0.0
20 0.0 6.8 13.8 0.0 0.0 0.0
21 0.0 10.9 22.0 0.0 0.0 0.0
22 0.0 10.9 22.0 0.0 0.0 0.0
23 0.0 10.9 22.0 0.0 0.0 0.0
24 0.0 10.9 22.0 0.0 0.0 0.0
25 0.0 10.9 22.0 0.0 0.0 0.0
26 0.0 10.9 22.0 0.0 0.0 0.0
27 0.0 10.9 22.0 0.0 0.0 0.0
28 0.0 10.9 22.0 0.0 0.0 0.0
29 0.0 10.9 22.0 0.0 0.0 0.0
30 0.0 10.9 22.0 0.0 0.0 0.0


LOAD CASE 2


PILE PX PY PZ MX MY MZ
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K K K IN K IN K IN K


1 0.0 18.3 36.5 0.0 0.0 0.0
2 0.0 18.3 36.5 0.0 0.0 0.0
3 0.0 18.3 36.5 0.0 0.0 0.0
4 0.0 18.3 36.5 0.0 0.0 0.0
5 0.0 18.3 36.5 0.0 0.0 0.0
6 0.0 18.3 36.5 0.0 0.0 0.0
7 0.0 18.3 36.5 0.0 0.0 0.0
8 0.0 18.3 36.5 0.0 0.0 0.0
9 0.0 18.3 36.5 0.0 0.0 0.0
10 0.0 18.3 36.5 0.0 0.0 0.0
11 0.0 6.5 13.4 0.0 0.0 0.0
12 0.0 6.5 13.4 0.0 0.0 0.0
13 0.0 6.5 13.4 0.0 0.0 0.0
14 0.0 6.5 13.4 0.0 0.0 0.0
15 0.0 6.5 13.4 0.0 0.0 0.0
16 0.0 6.5 13.4 0.0 0.0 0.0
17 0.0 6.5 13.4 0.0 0.0 0.0
18 0.0 6.5 13.4 0.0 0.0 0.0
19 0.0 6.5 13.4 0.0 0.0 0.0
20 0.0 6.5 13.4 0.0 0.0 0.0
21 0.0 14.3 28.9 0.0 0.0 0.0
22 0.0 14.3 28.9 0.0 0.0 0.0
23 0.0 14.3 28.9 0.0 0.0 0.0
24 0.0 14.3 28.9 0.0 0.0 0.0
25 0.0 14.3 28.9 0.0 0.0 0.0
26 0.0 14.3 28.9 0.0 0.0 0.0
27 0.0 14.3 28.9 0.0 0.0 0.0
28 0.0 14.3 28.9 0.0 0.0 0.0
29 0.0 14.3 28.9 0.0 0.0 0.0
30 0.0 14.3 28.9 0.0 0.0 0.0


LOAD CASE 3


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 15.9 31.5 0.0 0.0 0.0
2 0.0 15.9 31.5 0.0 0.0 0.0
3 0.0 15.9 31.5 0.0 0.0 0.0
4 0.0 15.9 31.5 0.0 0.0 0.0
5 0.0 15.9 31.5 0.0 0.0 0.0
6 0.0 15.9 31.5 0.0 0.0 0.0
7 0.0 15.9 31.5 0.0 0.0 0.0
8 0.0 15.9 31.5 0.0 0.0 0.0
9 0.0 15.9 31.5 0.0 0.0 0.0
10 0.0 15.9 31.5 0.0 0.0 0.0
11 0.0 5.6 11.6 0.0 0.0 0.0
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12 0.0 5.6 11.6 0.0 0.0 0.0
13 0.0 5.6 11.6 0.0 0.0 0.0
14 0.0 5.6 11.6 0.0 0.0 0.0
15 0.0 5.6 11.6 0.0 0.0 0.0
16 0.0 5.6 11.6 0.0 0.0 0.0
17 0.0 5.6 11.6 0.0 0.0 0.0
18 0.0 5.6 11.6 0.0 0.0 0.0
19 0.0 5.6 11.6 0.0 0.0 0.0
20 0.0 5.6 11.6 0.0 0.0 0.0
21 0.0 17.7 35.7 0.0 0.0 0.0
22 0.0 17.7 35.7 0.0 0.0 0.0
23 0.0 17.7 35.7 0.0 0.0 0.0
24 0.0 17.7 35.7 0.0 0.0 0.0
25 0.0 17.7 35.7 0.0 0.0 0.0
26 0.0 17.7 35.7 0.0 0.0 0.0
27 0.0 17.7 35.7 0.0 0.0 0.0
28 0.0 17.7 35.7 0.0 0.0 0.0
29 0.0 17.7 35.7 0.0 0.0 0.0
30 0.0 17.7 35.7 0.0 0.0 0.0


LOAD CASE 4


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 4.3 8.6 0.0 0.0 0.0
2 0.0 4.3 8.6 0.0 0.0 0.0
3 0.0 4.3 8.6 0.0 0.0 0.0
4 0.0 4.3 8.6 0.0 0.0 0.0
5 0.0 4.3 8.6 0.0 0.0 0.0
6 0.0 4.3 8.6 0.0 0.0 0.0
7 0.0 4.3 8.6 0.0 0.0 0.0
8 0.0 4.3 8.6 0.0 0.0 0.0
9 0.0 4.3 8.6 0.0 0.0 0.0


10 0.0 4.3 8.6 0.0 0.0 0.0
11 0.0 8.6 17.3 0.0 0.0 0.0
12 0.0 8.6 17.3 0.0 0.0 0.0
13 0.0 8.6 17.3 0.0 0.0 0.0
14 0.0 8.6 17.3 0.0 0.0 0.0
15 0.0 8.6 17.3 0.0 0.0 0.0
16 0.0 8.6 17.3 0.0 0.0 0.0
17 0.0 8.6 17.3 0.0 0.0 0.0
18 0.0 8.6 17.3 0.0 0.0 0.0
19 0.0 8.6 17.3 0.0 0.0 0.0
20 0.0 8.6 17.3 0.0 0.0 0.0
21 0.0 11.3 22.6 0.0 0.0 0.0
22 0.0 11.3 22.6 0.0 0.0 0.0
23 0.0 11.3 22.6 0.0 0.0 0.0
24 0.0 11.3 22.6 0.0 0.0 0.0
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25 0.0 11.3 22.6 0.0 0.0 0.0
26 0.0 11.3 22.6 0.0 0.0 0.0
27 0.0 11.3 22.6 0.0 0.0 0.0
28 0.0 11.3 22.6 0.0 0.0 0.0
29 0.0 11.3 22.6 0.0 0.0 0.0
30 0.0 11.3 22.6 0.0 0.0 0.0


LOAD CASE 5


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 6.1 12.3 0.0 0.0 0.0
2 0.0 6.1 12.3 0.0 0.0 0.0
3 0.0 6.1 12.3 0.0 0.0 0.0
4 0.0 6.1 12.3 0.0 0.0 0.0
5 0.0 6.1 12.3 0.0 0.0 0.0
6 0.0 6.1 12.3 0.0 0.0 0.0
7 0.0 6.1 12.3 0.0 0.0 0.0
8 0.0 6.1 12.3 0.0 0.0 0.0
9 0.0 6.1 12.3 0.0 0.0 0.0


10 0.0 6.1 12.3 0.0 0.0 0.0
11 0.0 10.4 20.8 0.0 0.0 0.0
12 0.0 10.4 20.8 0.0 0.0 0.0
13 0.0 10.4 20.8 0.0 0.0 0.0
14 0.0 10.4 20.8 0.0 0.0 0.0
15 0.0 10.4 20.8 0.0 0.0 0.0
16 0.0 10.4 20.8 0.0 0.0 0.0
17 0.0 10.4 20.8 0.0 0.0 0.0
18 0.0 10.4 20.8 0.0 0.0 0.0
19 0.0 10.4 20.8 0.0 0.0 0.0
20 0.0 10.4 20.8 0.0 0.0 0.0
21 0.0 11.3 22.6 0.0 0.0 0.0
22 0.0 11.3 22.6 0.0 0.0 0.0
23 0.0 11.3 22.6 0.0 0.0 0.0
24 0.0 11.3 22.6 0.0 0.0 0.0
25 0.0 11.3 22.6 0.0 0.0 0.0
26 0.0 11.3 22.6 0.0 0.0 0.0
27 0.0 11.3 22.6 0.0 0.0 0.0
28 0.0 11.3 22.6 0.0 0.0 0.0
29 0.0 11.3 22.6 0.0 0.0 0.0
30 0.0 11.3 22.6 0.0 0.0 0.0


LOAD CASE 6


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K
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1 0.0 1.7 3.3 0.0 0.0 0.0
2 0.0 1.7 3.3 0.0 0.0 0.0
3 0.0 1.7 3.3 0.0 0.0 0.0
4 0.0 1.7 3.3 0.0 0.0 0.0
5 0.0 1.7 3.3 0.0 0.0 0.0
6 0.0 1.7 3.3 0.0 0.0 0.0
7 0.0 1.7 3.3 0.0 0.0 0.0
8 0.0 1.7 3.3 0.0 0.0 0.0
9 0.0 1.7 3.3 0.0 0.0 0.0


10 0.0 1.7 3.3 0.0 0.0 0.0
11 0.0 4.6 9.4 0.0 0.0 0.0
12 0.0 4.6 9.4 0.0 0.0 0.0
13 0.0 4.6 9.4 0.0 0.0 0.0
14 0.0 4.6 9.4 0.0 0.0 0.0
15 0.0 4.6 9.4 0.0 0.0 0.0
16 0.0 4.6 9.4 0.0 0.0 0.0
17 0.0 4.6 9.4 0.0 0.0 0.0
18 0.0 4.6 9.4 0.0 0.0 0.0
19 0.0 4.6 9.4 0.0 0.0 0.0
20 0.0 4.6 9.4 0.0 0.0 0.0
21 0.0 17.8 35.8 0.0 0.0 0.0
22 0.0 17.8 35.8 0.0 0.0 0.0
23 0.0 17.8 35.8 0.0 0.0 0.0
24 0.0 17.8 35.8 0.0 0.0 0.0
25 0.0 17.8 35.8 0.0 0.0 0.0
26 0.0 17.8 35.8 0.0 0.0 0.0
27 0.0 17.8 35.8 0.0 0.0 0.0
28 0.0 17.8 35.8 0.0 0.0 0.0
29 0.0 17.8 35.8 0.0 0.0 0.0
30 0.0 17.8 35.8 0.0 0.0 0.0


LOAD CASE 7


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 3.5 7.0 0.0 0.0 0.0
2 0.0 3.5 7.0 0.0 0.0 0.0
3 0.0 3.5 7.0 0.0 0.0 0.0
4 0.0 3.5 7.0 0.0 0.0 0.0
5 0.0 3.5 7.0 0.0 0.0 0.0
6 0.0 3.5 7.0 0.0 0.0 0.0
7 0.0 3.5 7.0 0.0 0.0 0.0
8 0.0 3.5 7.0 0.0 0.0 0.0
9 0.0 3.5 7.0 0.0 0.0 0.0


10 0.0 3.5 7.0 0.0 0.0 0.0
11 0.0 6.4 12.9 0.0 0.0 0.0
12 0.0 6.4 12.9 0.0 0.0 0.0
13 0.0 6.4 12.9 0.0 0.0 0.0
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14 0.0 6.4 12.9 0.0 0.0 0.0
15 0.0 6.4 12.9 0.0 0.0 0.0
16 0.0 6.4 12.9 0.0 0.0 0.0
17 0.0 6.4 12.9 0.0 0.0 0.0
18 0.0 6.4 12.9 0.0 0.0 0.0
19 0.0 6.4 12.9 0.0 0.0 0.0
20 0.0 6.4 12.9 0.0 0.0 0.0
21 0.0 17.8 35.9 0.0 0.0 0.0
22 0.0 17.8 35.9 0.0 0.0 0.0
23 0.0 17.8 35.9 0.0 0.0 0.0
24 0.0 17.8 35.9 0.0 0.0 0.0
25 0.0 17.8 35.9 0.0 0.0 0.0
26 0.0 17.8 35.9 0.0 0.0 0.0
27 0.0 17.8 35.9 0.0 0.0 0.0
28 0.0 17.8 35.9 0.0 0.0 0.0
29 0.0 17.8 35.9 0.0 0.0 0.0
30 0.0 17.8 35.9 0.0 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.
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10 Sunset Twall2 Pinned
20 PIL 1 22.5 2.5 0
30 BAT 2 1
40 ANG 270 1
50 PIL 2 17.5 2.5 0
60 BAT 2 2
70 ANG 270 2
80 PIL 3 12.5 2.5 0
90 BAT 2 3
100 ANG 270 3
110 PIL 4 7.5 2.5 0
120 BAT 2 4
130 ANG 270 4
140 PIL 5 2.5 2.5 0
150 BAT 2 5
160 ANG 270 5
170 PIL 6 2.5 2.5 0
180 BAT 2 6
190 ANG 270 6
200 PIL 7 7.5 2.5 0
210 BAT 2 7
220 ANG 270 7
230 PIL 8 12.5 2.5 0
240 BAT 2 8
250 ANG 270 8
260 PIL 9 17.5 2.5 0
270 BAT 2 9
280 ANG 270 9
290 PIL 10 22.5 2.5 0
300 BAT 2 10
310 ANG 270 10
320 PIL 11 22.5 7.5 0
330 BAT 2 11
340 ANG 90 11
350 PIL 12 17.5 7.5 0
360 BAT 2 12
370 ANG 90 12
380 PIL 13 12.5 7.5 0
390 BAT 2 13
400 ANG 90 13
410 PIL 14 7.5 7.5 0
420 BAT 2 14
430 ANG 90 14
440 PIL 15 2.5 7.5 0
450 BAT 2 15
460 ANG 90 15
470 PIL 16 2.5 7.5 0
480 BAT 2 16
490 ANG 90 16
500 PIL 17 7.5 7.5 0
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510 BAT 2 17
520 ANG 90 17
530 PIL 18 12.5 7.5 0
540 BAT 2 18
550 ANG 90 18
560 PIL 19 17.5 7.5 0
570 BAT 2 19
580 ANG 90 19
590 PIL 20 22.5 7.5 0
600 BAT 2 20
610 ANG 90 20
620 PIL 21 22.5 12.5 0
630 BAT 2 21
640 ANG 90 21
650 PIL 22 17.5 12.5 0
660 BAT 2 22
670 ANG 90 22
680 PIL 23 12.5 12.5 0
690 BAT 2 23
700 ANG 90 23
710 PIL 24 7.5 12.5 0
720 BAT 2 24
730 ANG 90 24
740 PIL 25 2.5 12.5 0
750 BAT 2 25
760 ANG 90 25
770 PIL 26 2.5 12.5 0
780 BAT 2 26
790 ANG 90 26
800 PIL 27 7.5 12.5 0
810 BAT 2 27
820 ANG 90 27
830 PIL 28 12.5 12.5 0
840 BAT 2 28
850 ANG 90 28
860 PIL 29 17.5 12.5 0
870 BAT 2 29
880 ANG 90 29
890 PIL 30 22.5 12.5 0
900 BAT 2 30
910 ANG 90 30
920 PRO 29000 326 904 26.1 2 0 1 TO 30
930 SOI ES 0.0345 L 69 0 1 TO 30
940 RED 1 1 1
950 ALL H 107 85 652 652 1107 3275 1 TO 30
960 PIN 1 TO 30
970 LOA 8 0 641 339 7593 0 0
970 LOA 9 0 641 483 8315 0 0
970 FOV 1.33 1.33 8
970 FOV 1.33 1.33 9
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980 TOUT 1 2 3 4 5 6 7
990 PFO ALL
1000 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 11 SEP 20 RUN TIME: 18:51:55


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


SUNSET TWALL2 PINNED
DATA UNKNOWN REJECTED.


THERE ARE 30 PILES AND
2 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 22.50 , 2.50 , 0.00 )
( 22.50 , 12.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.32600E+03 0.90400E+03 0.26100E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.34500E 01 L 0.69000E+02 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.34500E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.40503E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.31387E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.18283E+04 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 22.50 2.50 0.00 2.00 270.00 69.00 P
2 17.50 2.50 0.00 2.00 270.00 69.00 P
3 12.50 2.50 0.00 2.00 270.00 69.00 P
4 7.50 2.50 0.00 2.00 270.00 69.00 P
5 2.50 2.50 0.00 2.00 270.00 69.00 P
6 2.50 2.50 0.00 2.00 270.00 69.00 P
7 7.50 2.50 0.00 2.00 270.00 69.00 P
8 12.50 2.50 0.00 2.00 270.00 69.00 P
9 17.50 2.50 0.00 2.00 270.00 69.00 P
10 22.50 2.50 0.00 2.00 270.00 69.00 P
11 22.50 7.50 0.00 2.00 90.00 69.00 P
12 17.50 7.50 0.00 2.00 90.00 69.00 P
13 12.50 7.50 0.00 2.00 90.00 69.00 P
14 7.50 7.50 0.00 2.00 90.00 69.00 P
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15 2.50 7.50 0.00 2.00 90.00 69.00 P
16 2.50 7.50 0.00 2.00 90.00 69.00 P
17 7.50 7.50 0.00 2.00 90.00 69.00 P
18 12.50 7.50 0.00 2.00 90.00 69.00 P
19 17.50 7.50 0.00 2.00 90.00 69.00 P
20 22.50 7.50 0.00 2.00 90.00 69.00 P
21 22.50 12.50 0.00 2.00 90.00 69.00 P
22 17.50 12.50 0.00 2.00 90.00 69.00 P
23 12.50 12.50 0.00 2.00 90.00 69.00 P
24 7.50 12.50 0.00 2.00 90.00 69.00 P
25 2.50 12.50 0.00 2.00 90.00 69.00 P
26 2.50 12.50 0.00 2.00 90.00 69.00 P
27 7.50 12.50 0.00 2.00 90.00 69.00 P
28 12.50 12.50 0.00 2.00 90.00 69.00 P
29 17.50 12.50 0.00 2.00 90.00 69.00 P
30 22.50 12.50 0.00 2.00 90.00 69.00 P


2070.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


8 0.0 641.0 339.0 7593.0 0.0 0.0 1.33 1.33
9 0.0 641.0 483.0 8315.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX


0.94162E+02 0.22252E 03 0.88788E 04 0.13318E 01 0.00000E+00 0.84746E+04
0.22252E 03 0.11067E+05 0.72968E+04 0.15323E+07 0.87311E 10 0.14687E 01
0.88788E 04 0.72968E+04 0.43903E+05 0.39512E+07 0.11642E 09 0.13318E 01
0.13318E 01 0.15323E+07 0.39512E+07 0.46098E+09 0.14901E 07 0.24772E+01
0.21684E 17 0.29104E 10 0.17462E 09 0.14901E 07 0.13039E+10 0.21672E+09
0.84746E+04 0.14687E 01 0.13318E 01 0.24772E+01 0.21672E+09 0.32967E+09


30 PILES 2 LOAD CASES


LOAD CASE 8. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 10.


LOAD CASE 9. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 10.
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*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


8 0.1431E 06 0.3143E 01 0.2576E 01 0.3140E 03 0.1790E 12 0.1077E 11
9 0.1337E 06 0.3599E 01 0.1616E 01 0.2353E 03 0.1338E 12 0.8047E 12


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY


M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 8


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.1 0.0 52.4 0.0 6.4 0.0 0.46 0.06
2 0.1 0.0 52.4 0.0 6.4 0.0 0.46 0.06
3 0.1 0.0 52.4 0.0 6.4 0.0 0.46 0.06
4 0.1 0.0 52.4 0.0 6.4 0.0 0.46 0.06
5 0.1 0.0 52.4 0.0 6.4 0.0 0.46 0.06
6 0.1 0.0 52.4 0.0 6.4 0.0 0.46 0.06
7 0.1 0.0 52.4 0.0 6.4 0.0 0.46 0.06
8 0.1 0.0 52.4 0.0 6.4 0.0 0.46 0.06
9 0.1 0.0 52.4 0.0 6.4 0.0 0.46 0.06
10 0.1 0.0 52.4 0.0 6.4 0.0 0.46 0.06
11 0.1 0.0 29.8 0.0 8.3 0.0 0.21 0.04
12 0.1 0.0 29.8 0.0 8.3 0.0 0.21 0.04
13 0.1 0.0 29.8 0.0 8.3 0.0 0.21 0.04
14 0.1 0.0 29.8 0.0 8.3 0.0 0.21 0.04
15 0.1 0.0 29.8 0.0 8.3 0.0 0.21 0.04
16 0.1 0.0 29.8 0.0 8.3 0.0 0.21 0.04
17 0.1 0.0 29.8 0.0 8.3 0.0 0.21 0.04
18 0.1 0.0 29.8 0.0 8.3 0.0 0.21 0.04
19 0.1 0.0 29.8 0.0 8.3 0.0 0.21 0.04
20 0.1 0.0 29.8 0.0 8.3 0.0 0.21 0.04
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21 0.1 0.0 60.6 0.0 5.7 0.0 0.43 0.07
22 0.1 0.0 60.6 0.0 5.7 0.0 0.43 0.07
23 0.1 0.0 60.6 0.0 5.7 0.0 0.43 0.07
24 0.1 0.0 60.6 0.0 5.7 0.0 0.43 0.07
25 0.1 0.0 60.6 0.0 5.7 0.0 0.43 0.07
26 0.1 0.0 60.6 0.0 5.7 0.0 0.43 0.07
27 0.1 0.0 60.6 0.0 5.7 0.0 0.43 0.07
28 0.1 0.0 60.6 0.0 5.7 0.0 0.43 0.07
29 0.1 0.0 60.6 0.0 5.7 0.0 0.43 0.07
30 0.1 0.0 60.6 0.0 5.7 0.0 0.43 0.07


LOAD CASE 9


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.1 0.0 44.3 0.0 8.6 0.0 0.39 0.05
2 0.1 0.0 44.3 0.0 8.6 0.0 0.39 0.05
3 0.1 0.0 44.3 0.0 8.6 0.0 0.39 0.05
4 0.1 0.0 44.3 0.0 8.6 0.0 0.39 0.05
5 0.1 0.0 44.3 0.0 8.6 0.0 0.39 0.05
6 0.1 0.0 44.3 0.0 8.6 0.0 0.39 0.05
7 0.1 0.0 44.3 0.0 8.6 0.0 0.39 0.05
8 0.1 0.0 44.3 0.0 8.6 0.0 0.39 0.05
9 0.1 0.0 44.3 0.0 8.6 0.0 0.39 0.05
10 0.1 0.0 44.3 0.0 8.6 0.0 0.39 0.05
11 0.1 0.0 37.6 0.0 9.2 0.0 0.26 0.05
12 0.1 0.0 37.6 0.0 9.2 0.0 0.26 0.05
13 0.1 0.0 37.6 0.0 9.2 0.0 0.26 0.05
14 0.1 0.0 37.6 0.0 9.2 0.0 0.26 0.05
15 0.1 0.0 37.6 0.0 9.2 0.0 0.26 0.05
16 0.1 0.0 37.6 0.0 9.2 0.0 0.26 0.05
17 0.1 0.0 37.6 0.0 9.2 0.0 0.26 0.05
18 0.1 0.0 37.6 0.0 9.2 0.0 0.26 0.05
19 0.1 0.0 37.6 0.0 9.2 0.0 0.26 0.05
20 0.1 0.0 37.6 0.0 9.2 0.0 0.26 0.05
21 0.1 0.0 60.7 0.0 7.2 0.0 0.43 0.07
22 0.1 0.0 60.7 0.0 7.2 0.0 0.43 0.07
23 0.1 0.0 60.7 0.0 7.2 0.0 0.43 0.07
24 0.1 0.0 60.7 0.0 7.2 0.0 0.43 0.07
25 0.1 0.0 60.7 0.0 7.2 0.0 0.43 0.07
26 0.1 0.0 60.7 0.0 7.2 0.0 0.43 0.07
27 0.1 0.0 60.7 0.0 7.2 0.0 0.43 0.07
28 0.1 0.0 60.7 0.0 7.2 0.0 0.43 0.07
29 0.1 0.0 60.7 0.0 7.2 0.0 0.43 0.07
30 0.1 0.0 60.7 0.0 7.2 0.0 0.43 0.07


*******************************************************************************
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PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 8


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 23.5 46.8 0.0 0.0 0.0
2 0.0 23.5 46.8 0.0 0.0 0.0
3 0.0 23.5 46.8 0.0 0.0 0.0
4 0.0 23.5 46.8 0.0 0.0 0.0
5 0.0 23.5 46.8 0.0 0.0 0.0
6 0.0 23.5 46.8 0.0 0.0 0.0
7 0.0 23.5 46.8 0.0 0.0 0.0
8 0.0 23.5 46.8 0.0 0.0 0.0
9 0.0 23.5 46.8 0.0 0.0 0.0


10 0.0 23.5 46.8 0.0 0.0 0.0
11 0.0 13.4 26.6 0.0 0.0 0.0
12 0.0 13.4 26.6 0.0 0.0 0.0
13 0.0 13.4 26.6 0.0 0.0 0.0
14 0.0 13.4 26.6 0.0 0.0 0.0
15 0.0 13.4 26.6 0.0 0.0 0.0
16 0.0 13.4 26.6 0.0 0.0 0.0
17 0.0 13.4 26.6 0.0 0.0 0.0
18 0.0 13.4 26.6 0.0 0.0 0.0
19 0.0 13.4 26.6 0.0 0.0 0.0
20 0.0 13.4 26.6 0.0 0.0 0.0
21 0.0 27.2 54.2 0.0 0.0 0.0
22 0.0 27.2 54.2 0.0 0.0 0.0
23 0.0 27.2 54.2 0.0 0.0 0.0
24 0.0 27.2 54.2 0.0 0.0 0.0
25 0.0 27.2 54.2 0.0 0.0 0.0
26 0.0 27.2 54.2 0.0 0.0 0.0
27 0.0 27.2 54.2 0.0 0.0 0.0
28 0.0 27.2 54.2 0.0 0.0 0.0
29 0.0 27.2 54.2 0.0 0.0 0.0
30 0.0 27.2 54.2 0.0 0.0 0.0


LOAD CASE 9


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 19.9 39.6 0.0 0.0 0.0
2 0.0 19.9 39.6 0.0 0.0 0.0
3 0.0 19.9 39.6 0.0 0.0 0.0
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4 0.0 19.9 39.6 0.0 0.0 0.0
5 0.0 19.9 39.6 0.0 0.0 0.0
6 0.0 19.9 39.6 0.0 0.0 0.0
7 0.0 19.9 39.6 0.0 0.0 0.0
8 0.0 19.9 39.6 0.0 0.0 0.0
9 0.0 19.9 39.6 0.0 0.0 0.0
10 0.0 19.9 39.6 0.0 0.0 0.0
11 0.0 16.9 33.6 0.0 0.0 0.0
12 0.0 16.9 33.6 0.0 0.0 0.0
13 0.0 16.9 33.6 0.0 0.0 0.0
14 0.0 16.9 33.6 0.0 0.0 0.0
15 0.0 16.9 33.6 0.0 0.0 0.0
16 0.0 16.9 33.6 0.0 0.0 0.0
17 0.0 16.9 33.6 0.0 0.0 0.0
18 0.0 16.9 33.6 0.0 0.0 0.0
19 0.0 16.9 33.6 0.0 0.0 0.0
20 0.0 16.9 33.6 0.0 0.0 0.0
21 0.0 27.2 54.3 0.0 0.0 0.0
22 0.0 27.2 54.3 0.0 0.0 0.0
23 0.0 27.2 54.3 0.0 0.0 0.0
24 0.0 27.2 54.3 0.0 0.0 0.0
25 0.0 27.2 54.3 0.0 0.0 0.0
26 0.0 27.2 54.3 0.0 0.0 0.0
27 0.0 27.2 54.3 0.0 0.0 0.0
28 0.0 27.2 54.3 0.0 0.0 0.0
29 0.0 27.2 54.3 0.0 0.0 0.0
30 0.0 27.2 54.3 0.0 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.
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Reach E (5B) T2 Sunset twall
T-Wall Stems Loads


Top of Stem EL. 18.5 Weight of Water: 0.062 k/ft3


Bottom of Stem EL. 1 Moist Weight of Soil 0.120 k/ft3


F.S. Soil EL. 1.0 Wave Load: 0 k/ft
P.S. Soil EL. 3.0 Wave Arm  EL. 0
S.W.L  EL. 9.4 Debri 0.5 k/ft
P.S. Water EL. 0.0 Wind Load: 0.056 ksf
Ko: 0.8 Sat. Soil Weight: 0.058 k/ft3


Note: Inputs are already referenced from t-wall foundation sheet.


Load Case 2b.  Construction + Wind 1.6(D + Sur + Wind)


Item Fy z Mx Vx


Wind 0.98 8.75 8.58 0.98
Sub Total: 8.58 0.98


Total (Factored) 13.72 1.57
ft-k/ft k/ft
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Load Case 3a.  Flowline 1.6(D + EH + EV + HF+ IU)


Item Fy z Mx Vx
F.S. Horizontal Water 2.20 2.80 6.16 2.20
P.S. Horizontal Water 0.00 0.00 0.00 0.00
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) -0.19 0.666667 -0.1280 -0.19
P.S. Horizontal Soil ( m rec) 0.00 -0.5 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 -0.33 0.00 0.00
Sub Total: 6.04 2.01


Total (Factored) 9.66 3.22
ft-k/ft k/ft


Load Case 3c.  Flowline+Wind+Debri 1.6(D + EH + EV + HF+ PU + I + W)


Item Fy z Mx Vx
F.S. Horizontal Water 2.20 2.80 6.16 2.20
P.S. Horizontal Water 0.00 0.00 0.00 0.00
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) -0.19 0.67 -0.13 -0.19
P.S. Horizontal Soil ( m rec) 0.00 -0.50 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 -0.33 0.00 0.00
Wind 0.51 12.95 6.60 0.51
Debri 0.50 17.50 8.75 0.50
Sub Total: 21.39 3.02


Total (Factored) 34.22 4.83
ft-k/ft k/ft


Load Case 4a.  Water to the Top + Debri 1.2D + 1.35EHD + 0.9EHR + 1.35EV + 1.3(HTW + I + IU)


Item Fy z Mx Vx
F.S. Horizontal Water 9.56 5.83 55.74 9.56
P.S. Horizontal Water 0.00 0.00 0.00 0.00
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) -0.19 0.67 -0.13 -0.19
P.S. Horizontal Soil ( m rec) 0.00 -0.50 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 -0.33 0.00 0.00
Debri 0.50 17.50 8.75 0.50


Total (Factored) 83.72 12.90
ft-k/ft k/ft
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Load Case 4b.  Water to the Top + Debri 0.9D + 1.35EHD + 0.9EHR + 1.0EV + 1.3(HTW + I + IU)


Item Fy z Mx Vx
F.S. Horizontal Water 9.56 5.83 55.74 9.56
P.S. Horizontal Water 0.00 0.00 0.00 0.00
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) -0.19 0.67 -0.13 -0.19
P.S. Horizontal Soil ( m rec) 0.00 -0.50 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 -0.33 0.00 0.00
Debri 0.50 17.50 8.75 0.50


Total (Factored) 83.72 12.90
ft-k/ft k/ft


Mu Vu
Load Case 2b 13.72 1.57
Load Case 3a 9.66 3.22
Load Case 3c 34.22 4.83
Load Case 4a 83.72 12.90
Load Case 4b 83.72 12.90


Maximum 83.72 12.90
ft-k/ft k/ft


Summary of Stem Loads


UBB Feasibility Report 
Structural Calculations and Drawings


Page 252 of 547







As min =


As Req'd =


b =


 =


d =


f'c =


fy =


Mn =  = 0.9


Mu =


Vc = Nominal Shear strength (lb / linear foot)  = 0.75


Vu =


t =


 =


b =


Project: Reach E (5B) T2 Sunset twall
Reference:T-wall 40  ft Slab Stem Rebar Design


Inputs:


Mu = 1004.62


Vu = 12898.70 lb/linear ft


b = 12 in


d = 25.5 in


t = 30 in


f'c = 4 ksi


fy = 60 ksi


Notation:


Minimum Area of Steel per linear foot of structure allowed by ACI / USACE.  (in2)


Required Area of Steel per linear foot of structure using Ultimate Moment. (in2)


Member width. ( Use 12in  if forces are per linear foot of structure.)


ACI 318-14 Section 22.2


Distance from extreme compression fiber to centroid of tension reinforcement. (in)


Compressive strength of concrete. (ksi  ** except in Vc formula psi )


Yield strength of steel. (Usually 60 ksi. )


Nominal Moment strength (k-in / linear foot)


Ultimate moment in sttructure. ( k-in / linear foot)


Ultimate shear in structure. (lb / linear foot)


Thickness of structure. (In direction of applied moment)  (in)


Ratio of Reinforcement


Balanced Ratio of Reinforcement ( 0.0285 for 4ksi concrete )


k-in / linear ft
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 = 0.85 (unitless)


b = 0.0285 (unitless)


Check dd
Mn= Mu/
Mn= 1116.25


EM 1110-2-2104 (Table D-1)


dd= 15.24 in


d > dd ok


Calculations: ** All Areas are per side.


EM 1110-2-2104 (Table D-8)


Pn= 0
Ku= 0.042999


EM 1110-2-2104 (D-9)


As Req'd = 0.75 in2 /ft


As min = 0.97 in2 /ft EM 1110-2-2104, Chapter 3


As min = 1.02 in2 /ft  = 200 b d / Fy    (psi) EM 1110-2-2104, Chapter 3


As min = 0.99 in2 /ft  = 1.33 (As Req'd ) EM 1110-2-2104, Chapter 3


Use    As = 0.99 in2 /ft Flexural


Temperature and Shrinkage Rebar
As t&s = 0.90 in2 /ft  = 0.005b t/2 per face


k-in / linear ft


 = [ 3 b d  ( f'c )  ] / Fy   (psi)


-- EM 1110-2-2104 Table 2-3
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Use As t&s = 0.90 in2 /ft per face Use: #9@12in As: 1 in2 /ft


As Used: 1.5 in2 /ft Use: #9@8in


Mn = 1976.16 k-in


Mu = 1004.623 k-in


OK


Vc = 29.03 k


Vu = 12.90 k


OK


 = 0.004902


b =  0.007125


b =  0.010688


OK


OK


EM 1110-2-2104, Chapter 3.5


Check Moment:


Calculate Mn and compare to original Mu.


  = 0.9 As Fy d ( 1 -( As Fy / 2  b d f'c) )


If Mn > Mu then As is acceptable.


 = As / b d


 b  ( if possible )  


 b  ( always )


Check Shear:


Calculate Vc and compare to Vu.


 = 0.75 x 2 (  f'c ) b d


If Vc > Vu then As is acceptable.


Check Ratio of Reinforcement:
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Quantities
Sunset T-wall T-2 Reach E (5B)


1) Cast-in place concrete
Area of Base Slab per linear ft: 48.75 ft2


Area of Stem per linear ft: 39.38 ft2


Total area per linear ft: 88.13 ft2


Width of slab: 15.00 ft


Total Linear ft of wall: 625 ft
Total Volume of Base Slab (CY) 1128.472 CY
Total Volume of Stem (CY): 911.4583 CY
Total volume of concrete (ft3): 55078.13 ft3


Total volume of concrete (CY): 2039.931 CY


2) Steel Sheet Piling
Cut off El. -0.75
Tip El. -32
Length: 31.25 ft
Area of sheet pile: 19531.25 ft2


3) HP 14x89 pile
Cut off El. -0.75
Tip El. -73
Batter: 2
Length: 80.77796 ft
spacing between piles 5 ft
total piles per row 3
Total length of piles: 30291.73 LF


4) Stab slab


Depth: 1 ft
Total volume: 9375 ft3


Total volume: 347.2222 CY
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Reach E (5B) T3 Sunset T wall Calculations
and Quantities
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ASCE 7-10 Wind Load Calculation


Wind on Wall


Kz= 1.03
Kzt= 1
Kd= 0.85
V= 158 mph


qz= 56.0 lb/ft2


UBB Feasibility Report 
Structural Calculations and Drawings


Page 259 of 547







Reach E (5B) T3 Sunset twall
T-Wall Foundation Loads: Unfactored Loads for Pile Analysis


Top of Stem EL. 18.5 Weight of Water: 0.062 k/ft3


Top of Slab EL. -3.0 Weight Soil (FS) 0.120 k/ft3


Bottom of Slab EL. -7.0 Weight of Soil (PS): 0.12 k/ft4


Stem Width: 3.25 ft Weight of Concrete: 0.150 k/ft3


F.S. Slab Width: 3 ft Ko: 0.8
P.S. Slab Width: 13.75 ft Wave Load: 0 k/ft
Length of Monolith: 50 ft Wave Arm  EL. 0
Dist to Sheet Pile: 5 ft Unbal. Load SWL: 0.0 k/ft
F.S. Soil EL. -3.0 Unbal. Load HWL: 0.0 k/ft
P.S. Soil EL. 0.0 Wind Load: 0.056 ksf
S.W.L  EL. (Flowline) 9.4 Boat Impact 0.5 k/ft  Debris applied at TOW for TOW LC 
P.S. Water EL. 0.0 Construction Surcharge: 0.2 k/ft2


Width of Monolith: 20.0 ft Area of Stem: 69.88 ft²
Area of Base Slab: 80 ft² Bouyant Soil Weight (PS): 0.058 k/ft3


Bouyant Soil Weight (FS): 0.058 k/ft4


Load Sheet Limitations - a) Straight aligned monoliths only b) No varying soil elevations along monolith
c) Constant stem thickness only d) Sheet only handles minimal impact loads


LC 1: Load Case 1a.  Normal Operation 


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 12.0 10.0 120.0
Concrete Stem 10.5 4.625 48.5
F.S. Vertical Soil 0.0 1.500 0.0
F.S. Horizontal Soil (Base) 0.8 1.33 1.0
P.S. Vertical Soil 0.0 13.13 0.0


Sub Total: 0.8 22.5 169.5 0.0 0.0


Sub Total x Monolith Length: 38 1124 8475 0 0
Total 38 1124 0 0 0 8475 0 0
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LC 3: Load Case 2a.  Construction


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 12.0 10.0 120.0
Concrete Stem 10.5 4.625 48.5
F.S. Horizontal Soil (Base) 0.8 1.33 1.0
Construction Surcharge(FS) 0.6 1.50 0.9
Construction Surcharge(PS) 2.8 13.13 36.1
Sub Total: 0.8 25.8 206.5


Sub Total x Monolith Length: 38.4 1291.5625 10324.6766 0 0
Total 38 1292 10325


LC 4: Load Case 2b.  Construction + Wind


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 12.0 10.0 120.0
Concrete Stem 10.5 4.625 48.5
F.S. Horizontal Soil (Base) 0.8 1.33 1.0
Construction Surcharge(FS) 0.6 1.5 0.9
Construction Surcharge(PS) 2.75 13.125 36.1
Wind 1.204 14.8 17.8
Sub Total: 1.97 25.83 224.25 0.00 0.00


Sub Total x Monolith Length: 98.6 1291.5625 11212.6266 0 0
Total 99 1292 11213


LC 5: Load Case 3a.  Flowline, Impervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 12.0 10.00 120.0
Concrete Stem 10.5 4.625 48.5
F.S. Vertical Water 2.3 1.50 3.5
F.S. Vertical Soil 0.0 1.50 0.0
P.S. Vertical Water 2.5740 13.125 33.8
P.S. Vertical Soil 2.3760 13.125 31.2
F.S. Horizontal Water 8.4 5.47 45.9
F.S. Horizontal Soil 0.369 1.33 0.5
P.S. Horizontal Water -1.5288 2.33 -3.6
P.S. Horizontal Soil ( m tri) 0.0000 7.00 0.0
P.S. Horizontal Soil ( m rec) 0.0 3.50 0.0
P.S. Horizontal Soil ( sat tri) -1.1 2.33 -2.6
F.S. Impervious Uplift -5.1 2.50 -12.8
P.S. Impervious Uplift -6.6 12.50 -81.9
Unbalanced Force 0.0
Sub Total: 6.1 18.1 182.4


Sub Total x Monolith Length: 305.1 904.2 9,119.9 0.0 0.0
Total 305 904 9120


LC 6: Load Case 3b. Flowline, Pervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 12.0 10.00 120.0
Concrete Stem 10.5 4.625 48.5
F.S. Vertical Water 2.3 1.50 3.5
F.S. Vertical Soil 0.0 1.50 0.0
P.S. Vertical Water 2.6 13.125 33.8
P.S. Vertical Soil 2.376 13.125 31.2
F.S. Horizontal Water 8.4 5.47 45.9
F.S. Horizontal Soil 0.4 1.33 0.5
P.S. Horizontal Water -1.529 2.33 -3.6
P.S. Horizontal Soil ( m tri) 0.000 7.00 0.0
P.S. Horizontal Soil ( m rec) 0.0 3.50 0.0
P.S. Horizontal Soil ( sat tri) -1.1 2.33 -2.6
Pervious Uplift  (Rec.) -8.7 10.00 -87.4
Pervious Uplift  (Tri.) -5.9 6.67 -39.1
Unbalanced Force 0.0
Sub Total: 6.1 15.2 150.6
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Sub Total x Monolith Length: 305.1 757.5 7531.3 0.0 0.0
Total 305 758 7531


LC 7: Load Case 3c.  Flowline + Wind + Debri, Impervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 12.0 10.00 120.0
Concrete Stem 10.5 4.625 48.5
F.S. Vertical Water 2.3 1.50 3.5
F.S. Vertical Soil 0.0 1.50 0.0
P.S. Vertical Water 2.6 13.125 33.8
P.S. Vertical Soil 2.376 13.125 31.2
F.S. Horizontal Water 8.4 5.47 45.9
F.S. Horizontal Soil 0.4 1.33 0.5
P.S. Horizontal Water -1.529 2.33 -3.6
P.S. Horizontal Soil ( m tri) 0.000 7.00 0.0
P.S. Horizontal Soil ( m rec) 0.0 3.50 0.0
P.S. Horizontal Soil ( sat tri) -1.1 2.33 -2.6
F.S. Impervious Uplift -5.1 2.50 -12.8
P.S. Impervious Uplift -6.6 12.50 -81.9
Wind 0.5 20.95 10.7
Debri 0.5 25.50 12.8
Sub Total: 7.1 18.1 205.8


Sub Total x Monolith Length: 355.6 904.2 10291.2 0.0 0.0
Total 356 904 10291


LC 8: Load Case 3d. Flowline + Wind + Debri, Pervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 12.0 10.00 120.0
Concrete Stem 10.5 4.625 48.5
F.S. Vertical Water 2.3 1.50 3.5
F.S. Vertical Soil 0.0 1.50 0.0
P.S. Vertical Water 2.6 13.125 33.8
P.S. Vertical Soil 2.376 13.125 31.2
F.S. Horizontal Water 8.4 5.47 45.9
F.S. Horizontal Soil 0.4 1.33 0.5
P.S. Horizontal Water -1.529 2.33 -3.6
P.S. Horizontal Soil ( m tri) 0.000 7.00 0.0
P.S. Horizontal Soil ( m rec) 0.0 3.50 0.0
P.S. Horizontal Soil ( sat tri) -1.1 2.33 -2.6
Pervious Uplift  (Rec.) -8.7 10.00 -87.4
Pervious Uplift  (Tri.) -5.9 6.67 -39.1
Wind 0.5 20.95 10.7
Debri 0.5 25.50 12.8
Sub Total: 7.1 15.2 174.1


Sub Total x Monolith Length: 355.6 757.5 8702.6 0.0 0.0
Total 356 758 8703


LC 9: Load Case 4a.  Water to the Top+ Debri, Impervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 12.0 10.00 120.0
Concrete Stem 10.5 4.625 48.5
F.S. Vertical Water 4.0 1.50 6.0
F.S. Vertical Soil 0.0 1.50 0.0
P.S. Vertical Water 2.6 13.125 33.8
P.S. Vertical Soil 2.376 13.125 31.2
F.S. Horizontal Water 20.3 8.50 172.4
F.S. Horizontal Soil 0.4 1.33 0.5
P.S. Horizontal Water -1.529 2.33 -3.6
P.S. Horizontal Soil ( m tri) 0.000 7.00 0.0
P.S. Horizontal Soil ( m rec) 0.0 3.50 0.0
P.S. Horizontal Soil ( sat tri) -1.1 2.33 -2.6
F.S. Impervious Uplift -8.0 2.50 -19.9
P.S. Impervious Uplift -6.6 12.50 -81.9
Debri 0.5 25.50 12.8
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Unbalanced Load 0.0
Sub Total: 18.5 16.9 317.2


Sub Total x Monolith Length: 924.9 847.4 15858.9 0.0 0.0
Total 925 847 15859


LC 10: Load Case 4b.  Water to the Top + Debri, Pervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 12.0 10.00 120.0
Concrete Stem 10.5 4.625 48.5
F.S. Vertical Water 4.0 1.50 6.0
F.S. Vertical Soil 0.0 1.50 0.0
P.S. Vertical Water 2.6 13.125 33.8
P.S. Vertical Soil 2.376 13.125 31.2
F.S. Horizontal Water 20.3 8.50 172.4
F.S. Horizontal Soil 0.4 1.33 0.5
P.S. Horizontal Water -1.529 2.33 -3.6
P.S. Horizontal Soil ( m tri) 0.000 7.00 0.0
P.S. Horizontal Soil ( m rec) 0.0 3.50 0.0
P.S. Horizontal Soil ( sat tri) -1.1 2.33 -2.6
Pervious Uplift  (Rec.) -8.7 10.00 -87.4
Pervious Uplift  (Tri.) -11.5 6.67 -77.0
Debri 0.5 25.50 12.8
Unbalanced Load 0.0
Sub Total: 18.5 11.2 254.6


Sub Total x Monolith Length: 924.9 558.8 12732.4 0.0 0.0
Total 925 559 12732


Fx Fy Fz Mx My Mz
Load Case 1a LOAD 1 0.0 38.4 1,124.1 8,475.0 0.0 0.0
Load Case 2a LOAD 2 0.0 38.4 1,291.6 10,324.7 0.0 0.0
Load Case 2b LOAD 3 0.0 98.6 1,291.6 11,212.6 0.0 0.0
Load Case 3a LOAD 4 0.0 305.1 904.2 9,119.9 0.0 0.0
Load Case 3b LOAD 5 0.0 305.1 757.5 7,531.3 0.0 0.0
Load Case 3c LOAD 6 0.0 355.6 904.2 10,291.2 0.0 0.0
Load Case 3d LOAD 7 0.0 355.6 757.5 8,702.6 0.0 0.0
Load Case 4a LOAD 8 0.0 924.9 847.4 15,858.9 0.0 0.0
Load Case 4b LOAD 9 0.0 924.9 558.8 12,732.4 0.0 0.0


Summary Table of CPGA Loads
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10 Sunset T3 Twall Fixed
20 PIL 1 22.5 2.5 0
30 BAT 2 1
40 ANG 270 1
50 PIL 2 17.5 2.5 0
60 BAT 2 2
70 ANG 270 2
80 PIL 3 12.5 2.5 0
90 BAT 2 3
100 ANG 270 3
110 PIL 4 7.5 2.5 0
120 BAT 2 4
130 ANG 270 4
140 PIL 5 2.5 2.5 0
150 BAT 2 5
160 ANG 270 5
170 PIL 6 2.5 2.5 0
180 BAT 2 6
190 ANG 270 6
200 PIL 7 7.5 2.5 0
210 BAT 2 7
220 ANG 270 7
230 PIL 8 12.5 2.5 0
240 BAT 2 8
250 ANG 270 8
260 PIL 9 17.5 2.5 0
270 BAT 2 9
280 ANG 270 9
290 PIL 10 22.5 2.5 0
300 BAT 2 10
310 ANG 270 10
320 PIL 11 22.5 7.5 0
330 BAT 2 11
340 ANG 90 11
350 PIL 12 17.5 7.5 0
360 BAT 2 12
370 ANG 90 12
380 PIL 13 12.5 7.5 0
390 BAT 2 13
400 ANG 90 13
410 PIL 14 7.5 7.5 0
420 BAT 2 14
430 ANG 90 14
440 PIL 15 2.5 7.5 0
450 BAT 2 15
460 ANG 90 15
470 PIL 16 2.5 7.5 0
480 BAT 2 16
490 ANG 90 16
500 PIL 17 7.5 7.5 0
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510 BAT 2 17
520 ANG 90 17
530 PIL 18 12.5 7.5 0
540 BAT 2 18
550 ANG 90 18
560 PIL 19 17.5 7.5 0
570 BAT 2 19
580 ANG 90 19
590 PIL 20 22.5 7.5 0
600 BAT 2 20
610 ANG 90 20
620 PIL 21 22.5 12.5 0
630 BAT 2 21
640 ANG 90 21
650 PIL 22 17.5 12.5 0
660 BAT 2 22
670 ANG 90 22
680 PIL 23 12.5 12.5 0
690 BAT 2 23
700 ANG 90 23
710 PIL 24 7.5 12.5 0
720 BAT 2 24
730 ANG 90 24
740 PIL 25 2.5 12.5 0
750 BAT 2 25
760 ANG 90 25
770 PIL 26 2.5 12.5 0
780 BAT 2 26
790 ANG 90 26
800 PIL 27 7.5 12.5 0
810 BAT 2 27
820 ANG 90 27
830 PIL 28 12.5 12.5 0
840 BAT 2 28
850 ANG 90 28
860 PIL 29 17.5 12.5 0
870 BAT 2 29
880 ANG 90 29
890 PIL 30 22.5 12.5 0
900 BAT 2 30
910 ANG 90 30
920 PIL 31 22.5 17.5 0
930 BAT 2 31
940 ANG 90 31
950 PIL 32 17.5 17.5 0
960 BAT 2 32
970 ANG 90 32
980 PIL 33 12.5 17.5 0
990 BAT 2 33
1000 ANG 90 33
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1010 PIL 34 7.5 17.5 0
1020 BAT 2 34
1030 ANG 90 34
1040 PIL 35 2.5 17.5 0
1050 BAT 2 35
1060 ANG 90 35
1070 PIL 36 2.5 17.5 0
1080 BAT 2 36
1090 ANG 90 36
1100 PIL 37 7.5 17.5 0
1110 BAT 2 37
1120 ANG 90 37
1130 PIL 38 12.5 17.5 0
1140 BAT 2 38
1150 ANG 90 38
1160 PIL 39 17.5 17.5 0
1170 BAT 2 39
1180 ANG 90 39
1190 PIL 40 22.5 17.5 0
1200 BAT 2 40
1210 ANG 90 40
1220 PRO 29000 326 904 26.1 2 0 1 TO 40
1230 SOI ES 0.0345 L 69 0 1 TO 40
1240 RED 1 1 1
1250 ALL H 107 85 652 652 1107 3275 1 TO 40
1260 FIX 1 TO 40
1270 LOA 1 0 38 1124 8475 0 0
1270 LOA 2 0 38 1292 10325 0 0
1270 LOA 3 0 99 1292 11213 0 0
1270 LOA 4 0 305 904 9120 0 0
1270 LOA 5 0 305 758 7531 0 0
1270 LOA 6 0 356 904 10291 0 0
1270 LOA 7 0 356 758 8703 0 0
1270 FOV 1.167 1.167 2
1270 FOV 1.33 1.33 3
1270 FOV 1.33 1.33 6
1270 FOV 1.33 1.33 7
1280 TOUT 1 2 3 4 5 6 7
1290 PFO ALL
1300 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 11 SEP 20 RUN TIME: 19:21:33


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


SUNSET T3 TWALL FIXED
DATA UNKNOWN REJECTED.


THERE ARE 40 PILES AND
7 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 22.50 , 2.50 , 0.00 )
( 22.50 , 17.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.32600E+03 0.90400E+03 0.26100E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.34500E 01 L 0.69000E+02 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.34500E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.81007E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.95103E+03 0.00000E+00
0.00000E+00 0.62774E+01 0.00000E+00 0.57111E+03 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.18283E+04 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.57111E+03 0.00000E+00 0.10392E+06 0.00000E+00 0.00000E+00
0.95103E+03 0.00000E+00 0.00000E+00 0.00000E+00 0.22330E+06 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 22.50 2.50 0.00 2.00 270.00 69.00 F
2 17.50 2.50 0.00 2.00 270.00 69.00 F
3 12.50 2.50 0.00 2.00 270.00 69.00 F
4 7.50 2.50 0.00 2.00 270.00 69.00 F
5 2.50 2.50 0.00 2.00 270.00 69.00 F
6 2.50 2.50 0.00 2.00 270.00 69.00 F
7 7.50 2.50 0.00 2.00 270.00 69.00 F
8 12.50 2.50 0.00 2.00 270.00 69.00 F
9 17.50 2.50 0.00 2.00 270.00 69.00 F
10 22.50 2.50 0.00 2.00 270.00 69.00 F
11 22.50 7.50 0.00 2.00 90.00 69.00 F
12 17.50 7.50 0.00 2.00 90.00 69.00 F
13 12.50 7.50 0.00 2.00 90.00 69.00 F
14 7.50 7.50 0.00 2.00 90.00 69.00 F
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15 2.50 7.50 0.00 2.00 90.00 69.00 F
16 2.50 7.50 0.00 2.00 90.00 69.00 F
17 7.50 7.50 0.00 2.00 90.00 69.00 F
18 12.50 7.50 0.00 2.00 90.00 69.00 F
19 17.50 7.50 0.00 2.00 90.00 69.00 F
20 22.50 7.50 0.00 2.00 90.00 69.00 F
21 22.50 12.50 0.00 2.00 90.00 69.00 F
22 17.50 12.50 0.00 2.00 90.00 69.00 F
23 12.50 12.50 0.00 2.00 90.00 69.00 F
24 7.50 12.50 0.00 2.00 90.00 69.00 F
25 2.50 12.50 0.00 2.00 90.00 69.00 F
26 2.50 12.50 0.00 2.00 90.00 69.00 F
27 7.50 12.50 0.00 2.00 90.00 69.00 F
28 12.50 12.50 0.00 2.00 90.00 69.00 F
29 17.50 12.50 0.00 2.00 90.00 69.00 F
30 22.50 12.50 0.00 2.00 90.00 69.00 F
31 22.50 17.50 0.00 2.00 90.00 69.00 F
32 17.50 17.50 0.00 2.00 90.00 69.00 F
33 12.50 17.50 0.00 2.00 90.00 69.00 F
34 7.50 17.50 0.00 2.00 90.00 69.00 F
35 2.50 17.50 0.00 2.00 90.00 69.00 F
36 2.50 17.50 0.00 2.00 90.00 69.00 F
37 7.50 17.50 0.00 2.00 90.00 69.00 F
38 12.50 17.50 0.00 2.00 90.00 69.00 F
39 17.50 17.50 0.00 2.00 90.00 69.00 F
40 22.50 17.50 0.00 2.00 90.00 69.00 F


2760.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


1 0.0 38.0 1124.0 8475.0 0.0 0.0
2 0.0 38.0 1292.0 10325.0 0.0 0.0 1.17 1.17
3 0.0 99.0 1292.0 11213.0 0.0 0.0 1.33 1.33
4 0.0 305.0 904.0 9120.0 0.0 0.0
5 0.0 305.0 758.0 7531.0 0.0 0.0
6 0.0 356.0 904.0 10291.0 0.0 0.0 1.33 1.33
7 0.0 356.0 758.0 8703.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX
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0.25110E+03 0.26710E 03 0.84703E 19 0.31645E 01 0.20433E+05 0.35240E+05
0.26710E 03 0.14885E+05 0.14561E+05 0.30238E+07 0.24809E 03 0.24039E 01
0.84703E 19 0.14561E+05 0.58569E+05 0.70368E+07 0.17462E 09 0.31893E 01
0.31645E 01 0.30238E+07 0.70368E+07 0.11195E+10 0.12097E+00 0.63562E+01
0.20433E+05 0.24809E 03 0.23283E 09 0.12097E+00 0.17428E+10 0.43575E+09
0.35240E+05 0.24039E 01 0.31893E 01 0.63562E+01 0.43575E+09 0.44982E+09


40 PILES 7 LOAD CASES


LOAD CASE 1. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 2. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 3. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 4. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 5. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 6. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 7. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


1 0.2342E 07 0.1618E 01 0.2879E 01 0.4643E 04 0.4136E 12 0.2756E 11
2 0.2713E 07 0.2576E 01 0.2781E 01 0.5475E 05 0.5087E 12 0.3291E 11
3 0.2118E 07 0.2362E 01 0.2380E 01 0.3439E 04 0.5280E 12 0.3082E 11
4 0.7101E 08 0.1431E 01 0.1951E 01 0.6353E 04 0.3303E 12 0.1014E 11
5 0.1034E 07 0.2244E 01 0.2021E 01 0.1069E 03 0.2487E 12 0.5521E 12
6 0.1230E 07 0.1162E 01 0.1251E 01 0.2535E 06 0.3691E 12 0.9061E 12
7 0.1554E 07 0.1974E 01 0.1320E 01 0.4303E 04 0.2875E 12 0.4444E 12


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY


M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO
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(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 1


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.0 0.0 58.0 0.0 8.3 0.0 0.54 0.09
2 0.0 0.0 58.0 0.0 8.3 0.0 0.54 0.09
3 0.0 0.0 58.0 0.0 8.3 0.0 0.54 0.09
4 0.0 0.0 58.0 0.0 8.3 0.0 0.54 0.09
5 0.0 0.0 58.0 0.0 8.3 0.0 0.54 0.09
6 0.0 0.0 58.0 0.0 8.3 0.0 0.54 0.09
7 0.0 0.0 58.0 0.0 8.3 0.0 0.54 0.09
8 0.0 0.0 58.0 0.0 8.3 0.0 0.54 0.09
9 0.0 0.0 58.0 0.0 8.3 0.0 0.54 0.09
10 0.0 0.0 58.0 0.0 8.3 0.0 0.54 0.09
11 0.2 0.0 27.0 0.0 13.9 0.0 0.25 0.05
12 0.2 0.0 27.0 0.0 13.9 0.0 0.25 0.05
13 0.2 0.0 27.0 0.0 13.9 0.0 0.25 0.05
14 0.2 0.0 27.0 0.0 13.9 0.0 0.25 0.05
15 0.2 0.0 27.0 0.0 13.9 0.0 0.25 0.05
16 0.2 0.0 27.0 0.0 13.9 0.0 0.25 0.05
17 0.2 0.0 27.0 0.0 13.9 0.0 0.25 0.05
18 0.2 0.0 27.0 0.0 13.9 0.0 0.25 0.05
19 0.2 0.0 27.0 0.0 13.9 0.0 0.25 0.05
20 0.2 0.0 27.0 0.0 13.9 0.0 0.25 0.05
21 0.2 0.0 22.5 0.0 12.7 0.0 0.21 0.04
22 0.2 0.0 22.5 0.0 12.7 0.0 0.21 0.04
23 0.2 0.0 22.5 0.0 12.7 0.0 0.21 0.04
24 0.2 0.0 22.5 0.0 12.7 0.0 0.21 0.04
25 0.2 0.0 22.5 0.0 12.7 0.0 0.21 0.04
26 0.2 0.0 22.5 0.0 12.7 0.0 0.21 0.04
27 0.2 0.0 22.5 0.0 12.7 0.0 0.21 0.04
28 0.2 0.0 22.5 0.0 12.7 0.0 0.21 0.04
29 0.2 0.0 22.5 0.0 12.7 0.0 0.21 0.04
30 0.2 0.0 22.5 0.0 12.7 0.0 0.21 0.04
31 0.1 0.0 17.9 0.0 11.5 0.0 0.17 0.03
32 0.1 0.0 17.9 0.0 11.5 0.0 0.17 0.03
33 0.1 0.0 17.9 0.0 11.5 0.0 0.17 0.03
34 0.1 0.0 17.9 0.0 11.5 0.0 0.17 0.03
35 0.1 0.0 17.9 0.0 11.5 0.0 0.17 0.03
36 0.1 0.0 17.9 0.0 11.5 0.0 0.17 0.03
37 0.1 0.0 17.9 0.0 11.5 0.0 0.17 0.03
38 0.1 0.0 17.9 0.0 11.5 0.0 0.17 0.03
39 0.1 0.0 17.9 0.0 11.5 0.0 0.17 0.03
40 0.1 0.0 17.9 0.0 11.5 0.0 0.17 0.03
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LOAD CASE 2


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.1 0.0 66.8 0.0 11.2 0.0 0.53 0.09
2 0.1 0.0 66.8 0.0 11.2 0.0 0.53 0.09
3 0.1 0.0 66.8 0.0 11.2 0.0 0.53 0.09
4 0.1 0.0 66.8 0.0 11.2 0.0 0.53 0.09
5 0.1 0.0 66.8 0.0 11.2 0.0 0.53 0.09
6 0.1 0.0 66.8 0.0 11.2 0.0 0.53 0.09
7 0.1 0.0 66.8 0.0 11.2 0.0 0.53 0.09
8 0.1 0.0 66.8 0.0 11.2 0.0 0.53 0.09
9 0.1 0.0 66.8 0.0 11.2 0.0 0.53 0.09
10 0.1 0.0 66.8 0.0 11.2 0.0 0.53 0.09
11 0.3 0.0 25.2 0.0 35.2 0.0 0.20 0.04
12 0.3 0.0 25.2 0.0 35.2 0.0 0.20 0.04
13 0.3 0.0 25.2 0.0 35.2 0.0 0.20 0.04
14 0.3 0.0 25.2 0.0 35.2 0.0 0.20 0.04
15 0.3 0.0 25.2 0.0 35.2 0.0 0.20 0.04
16 0.3 0.0 25.2 0.0 35.2 0.0 0.20 0.04
17 0.3 0.0 25.2 0.0 35.2 0.0 0.20 0.04
18 0.3 0.0 25.2 0.0 35.2 0.0 0.20 0.04
19 0.3 0.0 25.2 0.0 35.2 0.0 0.20 0.04
20 0.3 0.0 25.2 0.0 35.2 0.0 0.20 0.04
21 0.3 0.0 25.8 0.0 35.3 0.0 0.21 0.04
22 0.3 0.0 25.8 0.0 35.3 0.0 0.21 0.04
23 0.3 0.0 25.8 0.0 35.3 0.0 0.21 0.04
24 0.3 0.0 25.8 0.0 35.3 0.0 0.21 0.04
25 0.3 0.0 25.8 0.0 35.3 0.0 0.21 0.04
26 0.3 0.0 25.8 0.0 35.3 0.0 0.21 0.04
27 0.3 0.0 25.8 0.0 35.3 0.0 0.21 0.04
28 0.3 0.0 25.8 0.0 35.3 0.0 0.21 0.04
29 0.3 0.0 25.8 0.0 35.3 0.0 0.21 0.04
30 0.3 0.0 25.8 0.0 35.3 0.0 0.21 0.04
31 0.3 0.0 26.3 0.0 35.5 0.0 0.21 0.04
32 0.3 0.0 26.3 0.0 35.5 0.0 0.21 0.04
33 0.3 0.0 26.3 0.0 35.5 0.0 0.21 0.04
34 0.3 0.0 26.3 0.0 35.5 0.0 0.21 0.04
35 0.3 0.0 26.3 0.0 35.5 0.0 0.21 0.04
36 0.3 0.0 26.3 0.0 35.5 0.0 0.21 0.04
37 0.3 0.0 26.3 0.0 35.5 0.0 0.21 0.04
38 0.3 0.0 26.3 0.0 35.5 0.0 0.21 0.04
39 0.3 0.0 26.3 0.0 35.5 0.0 0.21 0.04
40 0.3 0.0 26.3 0.0 35.5 0.0 0.21 0.04


LOAD CASE 3
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PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.1 0.0 59.9 0.0 17.2 0.0 0.42 0.07
2 0.1 0.0 59.9 0.0 17.2 0.0 0.42 0.07
3 0.1 0.0 59.9 0.0 17.2 0.0 0.42 0.07
4 0.1 0.0 59.9 0.0 17.2 0.0 0.42 0.07
5 0.1 0.0 59.9 0.0 17.2 0.0 0.42 0.07
6 0.1 0.0 59.9 0.0 17.2 0.0 0.42 0.07
7 0.1 0.0 59.9 0.0 17.2 0.0 0.42 0.07
8 0.1 0.0 59.9 0.0 17.2 0.0 0.42 0.07
9 0.1 0.0 59.9 0.0 17.2 0.0 0.42 0.07
10 0.1 0.0 59.9 0.0 17.2 0.0 0.42 0.07
11 0.3 0.0 24.7 0.0 39.2 0.0 0.17 0.04
12 0.3 0.0 24.7 0.0 39.2 0.0 0.17 0.04
13 0.3 0.0 24.7 0.0 39.2 0.0 0.17 0.04
14 0.3 0.0 24.7 0.0 39.2 0.0 0.17 0.04
15 0.3 0.0 24.7 0.0 39.2 0.0 0.17 0.04
16 0.3 0.0 24.7 0.0 39.2 0.0 0.17 0.04
17 0.3 0.0 24.7 0.0 39.2 0.0 0.17 0.04
18 0.3 0.0 24.7 0.0 39.2 0.0 0.17 0.04
19 0.3 0.0 24.7 0.0 39.2 0.0 0.17 0.04
20 0.3 0.0 24.7 0.0 39.2 0.0 0.17 0.04
21 0.3 0.0 28.0 0.0 40.1 0.0 0.20 0.04
22 0.3 0.0 28.0 0.0 40.1 0.0 0.20 0.04
23 0.3 0.0 28.0 0.0 40.1 0.0 0.20 0.04
24 0.3 0.0 28.0 0.0 40.1 0.0 0.20 0.04
25 0.3 0.0 28.0 0.0 40.1 0.0 0.20 0.04
26 0.3 0.0 28.0 0.0 40.1 0.0 0.20 0.04
27 0.3 0.0 28.0 0.0 40.1 0.0 0.20 0.04
28 0.3 0.0 28.0 0.0 40.1 0.0 0.20 0.04
29 0.3 0.0 28.0 0.0 40.1 0.0 0.20 0.04
30 0.3 0.0 28.0 0.0 40.1 0.0 0.20 0.04
31 0.3 0.0 31.4 0.0 41.0 0.0 0.22 0.05
32 0.3 0.0 31.4 0.0 41.0 0.0 0.22 0.05
33 0.3 0.0 31.4 0.0 41.0 0.0 0.22 0.05
34 0.3 0.0 31.4 0.0 41.0 0.0 0.22 0.05
35 0.3 0.0 31.4 0.0 41.0 0.0 0.22 0.05
36 0.3 0.0 31.4 0.0 41.0 0.0 0.22 0.05
37 0.3 0.0 31.4 0.0 41.0 0.0 0.22 0.05
38 0.3 0.0 31.4 0.0 41.0 0.0 0.22 0.05
39 0.3 0.0 31.4 0.0 41.0 0.0 0.22 0.05
40 0.3 0.0 31.4 0.0 41.0 0.0 0.22 0.05


LOAD CASE 4


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K
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1 0.2 0.0 17.1 0.0 33.8 0.0 0.16 0.04
2 0.2 0.0 17.1 0.0 33.8 0.0 0.16 0.04
3 0.2 0.0 17.1 0.0 33.8 0.0 0.16 0.04
4 0.2 0.0 17.1 0.0 33.8 0.0 0.16 0.04
5 0.2 0.0 17.1 0.0 33.8 0.0 0.16 0.04
6 0.2 0.0 17.1 0.0 33.8 0.0 0.16 0.04
7 0.2 0.0 17.1 0.0 33.8 0.0 0.16 0.04
8 0.2 0.0 17.1 0.0 33.8 0.0 0.16 0.04
9 0.2 0.0 17.1 0.0 33.8 0.0 0.16 0.04
10 0.2 0.0 17.1 0.0 33.8 0.0 0.16 0.04
11 0.1 0.0 34.3 0.0 20.5 0.0 0.32 0.06
12 0.1 0.0 34.3 0.0 20.5 0.0 0.32 0.06
13 0.1 0.0 34.3 0.0 20.5 0.0 0.32 0.06
14 0.1 0.0 34.3 0.0 20.5 0.0 0.32 0.06
15 0.1 0.0 34.3 0.0 20.5 0.0 0.32 0.06
16 0.1 0.0 34.3 0.0 20.5 0.0 0.32 0.06
17 0.1 0.0 34.3 0.0 20.5 0.0 0.32 0.06
18 0.1 0.0 34.3 0.0 20.5 0.0 0.32 0.06
19 0.1 0.0 34.3 0.0 20.5 0.0 0.32 0.06
20 0.1 0.0 34.3 0.0 20.5 0.0 0.32 0.06
21 0.1 0.0 28.0 0.0 22.1 0.0 0.26 0.05
22 0.1 0.0 28.0 0.0 22.1 0.0 0.26 0.05
23 0.1 0.0 28.0 0.0 22.1 0.0 0.26 0.05
24 0.1 0.0 28.0 0.0 22.1 0.0 0.26 0.05
25 0.1 0.0 28.0 0.0 22.1 0.0 0.26 0.05
26 0.1 0.0 28.0 0.0 22.1 0.0 0.26 0.05
27 0.1 0.0 28.0 0.0 22.1 0.0 0.26 0.05
28 0.1 0.0 28.0 0.0 22.1 0.0 0.26 0.05
29 0.1 0.0 28.0 0.0 22.1 0.0 0.26 0.05
30 0.1 0.0 28.0 0.0 22.1 0.0 0.26 0.05
31 0.1 0.0 21.8 0.0 23.7 0.0 0.20 0.04
32 0.1 0.0 21.8 0.0 23.7 0.0 0.20 0.04
33 0.1 0.0 21.8 0.0 23.7 0.0 0.20 0.04
34 0.1 0.0 21.8 0.0 23.7 0.0 0.20 0.04
35 0.1 0.0 21.8 0.0 23.7 0.0 0.20 0.04
36 0.1 0.0 21.8 0.0 23.7 0.0 0.20 0.04
37 0.1 0.0 21.8 0.0 23.7 0.0 0.20 0.04
38 0.1 0.0 21.8 0.0 23.7 0.0 0.20 0.04
39 0.1 0.0 21.8 0.0 23.7 0.0 0.20 0.04
40 0.1 0.0 21.8 0.0 23.7 0.0 0.20 0.04


LOAD CASE 5


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.3 0.0 9.5 0.0 50.2 0.0 0.09 0.03
2 0.3 0.0 9.5 0.0 50.2 0.0 0.09 0.03
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3 0.3 0.0 9.5 0.0 50.2 0.0 0.09 0.03
4 0.3 0.0 9.5 0.0 50.2 0.0 0.09 0.03
5 0.3 0.0 9.5 0.0 50.2 0.0 0.09 0.03
6 0.3 0.0 9.5 0.0 50.2 0.0 0.09 0.03
7 0.3 0.0 9.5 0.0 50.2 0.0 0.09 0.03
8 0.3 0.0 9.5 0.0 50.2 0.0 0.09 0.03
9 0.3 0.0 9.5 0.0 50.2 0.0 0.09 0.03
10 0.3 0.0 9.5 0.0 50.2 0.0 0.09 0.03
11 0.2 0.0 35.7 0.0 38.5 0.0 0.33 0.07
12 0.2 0.0 35.7 0.0 38.5 0.0 0.33 0.07
13 0.2 0.0 35.7 0.0 38.5 0.0 0.33 0.07
14 0.2 0.0 35.7 0.0 38.5 0.0 0.33 0.07
15 0.2 0.0 35.7 0.0 38.5 0.0 0.33 0.07
16 0.2 0.0 35.7 0.0 38.5 0.0 0.33 0.07
17 0.2 0.0 35.7 0.0 38.5 0.0 0.33 0.07
18 0.2 0.0 35.7 0.0 38.5 0.0 0.33 0.07
19 0.2 0.0 35.7 0.0 38.5 0.0 0.33 0.07
20 0.2 0.0 35.7 0.0 38.5 0.0 0.33 0.07
21 0.2 0.0 25.2 0.0 41.2 0.0 0.24 0.05
22 0.2 0.0 25.2 0.0 41.2 0.0 0.24 0.05
23 0.2 0.0 25.2 0.0 41.2 0.0 0.24 0.05
24 0.2 0.0 25.2 0.0 41.2 0.0 0.24 0.05
25 0.2 0.0 25.2 0.0 41.2 0.0 0.24 0.05
26 0.2 0.0 25.2 0.0 41.2 0.0 0.24 0.05
27 0.2 0.0 25.2 0.0 41.2 0.0 0.24 0.05
28 0.2 0.0 25.2 0.0 41.2 0.0 0.24 0.05
29 0.2 0.0 25.2 0.0 41.2 0.0 0.24 0.05
30 0.2 0.0 25.2 0.0 41.2 0.0 0.24 0.05
31 0.3 0.0 14.7 0.0 43.9 0.0 0.14 0.04
32 0.3 0.0 14.7 0.0 43.9 0.0 0.14 0.04
33 0.3 0.0 14.7 0.0 43.9 0.0 0.14 0.04
34 0.3 0.0 14.7 0.0 43.9 0.0 0.14 0.04
35 0.3 0.0 14.7 0.0 43.9 0.0 0.14 0.04
36 0.3 0.0 14.7 0.0 43.9 0.0 0.14 0.04
37 0.3 0.0 14.7 0.0 43.9 0.0 0.14 0.04
38 0.3 0.0 14.7 0.0 43.9 0.0 0.14 0.04
39 0.3 0.0 14.7 0.0 43.9 0.0 0.14 0.04
40 0.3 0.0 14.7 0.0 43.9 0.0 0.14 0.04


LOAD CASE 6


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.1 0.0 11.0 0.0 15.2 0.0 0.08 0.02
2 0.1 0.0 11.0 0.0 15.2 0.0 0.08 0.02
3 0.1 0.0 11.0 0.0 15.2 0.0 0.08 0.02
4 0.1 0.0 11.0 0.0 15.2 0.0 0.08 0.02
5 0.1 0.0 11.0 0.0 15.2 0.0 0.08 0.02
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6 0.1 0.0 11.0 0.0 15.2 0.0 0.08 0.02
7 0.1 0.0 11.0 0.0 15.2 0.0 0.08 0.02
8 0.1 0.0 11.0 0.0 15.2 0.0 0.08 0.02
9 0.1 0.0 11.0 0.0 15.2 0.0 0.08 0.02
10 0.1 0.0 11.0 0.0 15.2 0.0 0.08 0.02
11 0.0 0.0 30.0 0.0 4.5 0.0 0.21 0.04
12 0.0 0.0 30.0 0.0 4.5 0.0 0.21 0.04
13 0.0 0.0 30.0 0.0 4.5 0.0 0.21 0.04
14 0.0 0.0 30.0 0.0 4.5 0.0 0.21 0.04
15 0.0 0.0 30.0 0.0 4.5 0.0 0.21 0.04
16 0.0 0.0 30.0 0.0 4.5 0.0 0.21 0.04
17 0.0 0.0 30.0 0.0 4.5 0.0 0.21 0.04
18 0.0 0.0 30.0 0.0 4.5 0.0 0.21 0.04
19 0.0 0.0 30.0 0.0 4.5 0.0 0.21 0.04
20 0.0 0.0 30.0 0.0 4.5 0.0 0.21 0.04
21 0.0 0.0 30.0 0.0 4.5 0.0 0.21 0.04
22 0.0 0.0 30.0 0.0 4.5 0.0 0.21 0.04
23 0.0 0.0 30.0 0.0 4.5 0.0 0.21 0.04
24 0.0 0.0 30.0 0.0 4.5 0.0 0.21 0.04
25 0.0 0.0 30.0 0.0 4.5 0.0 0.21 0.04
26 0.0 0.0 30.0 0.0 4.5 0.0 0.21 0.04
27 0.0 0.0 30.0 0.0 4.5 0.0 0.21 0.04
28 0.0 0.0 30.0 0.0 4.5 0.0 0.21 0.04
29 0.0 0.0 30.0 0.0 4.5 0.0 0.21 0.04
30 0.0 0.0 30.0 0.0 4.5 0.0 0.21 0.04
31 0.0 0.0 30.1 0.0 4.5 0.0 0.21 0.04
32 0.0 0.0 30.1 0.0 4.5 0.0 0.21 0.04
33 0.0 0.0 30.1 0.0 4.5 0.0 0.21 0.04
34 0.0 0.0 30.1 0.0 4.5 0.0 0.21 0.04
35 0.0 0.0 30.1 0.0 4.5 0.0 0.21 0.04
36 0.0 0.0 30.1 0.0 4.5 0.0 0.21 0.04
37 0.0 0.0 30.1 0.0 4.5 0.0 0.21 0.04
38 0.0 0.0 30.1 0.0 4.5 0.0 0.21 0.04
39 0.0 0.0 30.1 0.0 4.5 0.0 0.21 0.04
40 0.0 0.0 30.1 0.0 4.5 0.0 0.21 0.04


LOAD CASE 7


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.2 0.0 3.3 0.0 31.5 0.0 0.02 0.01
2 0.2 0.0 3.3 0.0 31.5 0.0 0.02 0.01
3 0.2 0.0 3.3 0.0 31.5 0.0 0.02 0.01
4 0.2 0.0 3.3 0.0 31.5 0.0 0.02 0.01
5 0.2 0.0 3.3 0.0 31.5 0.0 0.02 0.01
6 0.2 0.0 3.3 0.0 31.5 0.0 0.02 0.01
7 0.2 0.0 3.3 0.0 31.5 0.0 0.02 0.01
8 0.2 0.0 3.3 0.0 31.5 0.0 0.02 0.01
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9 0.2 0.0 3.3 0.0 31.5 0.0 0.02 0.01
10 0.2 0.0 3.3 0.0 31.5 0.0 0.02 0.01
11 0.2 0.0 31.4 0.0 22.4 0.0 0.22 0.04
12 0.2 0.0 31.4 0.0 22.4 0.0 0.22 0.04
13 0.2 0.0 31.4 0.0 22.4 0.0 0.22 0.04
14 0.2 0.0 31.4 0.0 22.4 0.0 0.22 0.04
15 0.2 0.0 31.4 0.0 22.4 0.0 0.22 0.04
16 0.2 0.0 31.4 0.0 22.4 0.0 0.22 0.04
17 0.2 0.0 31.4 0.0 22.4 0.0 0.22 0.04
18 0.2 0.0 31.4 0.0 22.4 0.0 0.22 0.04
19 0.2 0.0 31.4 0.0 22.4 0.0 0.22 0.04
20 0.2 0.0 31.4 0.0 22.4 0.0 0.22 0.04
21 0.2 0.0 27.2 0.0 23.5 0.0 0.19 0.04
22 0.2 0.0 27.2 0.0 23.5 0.0 0.19 0.04
23 0.2 0.0 27.2 0.0 23.5 0.0 0.19 0.04
24 0.2 0.0 27.2 0.0 23.5 0.0 0.19 0.04
25 0.2 0.0 27.2 0.0 23.5 0.0 0.19 0.04
26 0.2 0.0 27.2 0.0 23.5 0.0 0.19 0.04
27 0.2 0.0 27.2 0.0 23.5 0.0 0.19 0.04
28 0.2 0.0 27.2 0.0 23.5 0.0 0.19 0.04
29 0.2 0.0 27.2 0.0 23.5 0.0 0.19 0.04
30 0.2 0.0 27.2 0.0 23.5 0.0 0.19 0.04
31 0.2 0.0 23.0 0.0 24.6 0.0 0.16 0.03
32 0.2 0.0 23.0 0.0 24.6 0.0 0.16 0.03
33 0.2 0.0 23.0 0.0 24.6 0.0 0.16 0.03
34 0.2 0.0 23.0 0.0 24.6 0.0 0.16 0.03
35 0.2 0.0 23.0 0.0 24.6 0.0 0.16 0.03
36 0.2 0.0 23.0 0.0 24.6 0.0 0.16 0.03
37 0.2 0.0 23.0 0.0 24.6 0.0 0.16 0.03
38 0.2 0.0 23.0 0.0 24.6 0.0 0.16 0.03
39 0.2 0.0 23.0 0.0 24.6 0.0 0.16 0.03
40 0.2 0.0 23.0 0.0 24.6 0.0 0.16 0.03


*******************************************************************************


PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 1


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 25.9 51.9 8.3 0.0 0.0
2 0.0 25.9 51.9 8.3 0.0 0.0
3 0.0 25.9 51.9 8.3 0.0 0.0
4 0.0 25.9 51.9 8.3 0.0 0.0
5 0.0 25.9 51.9 8.3 0.0 0.0
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6 0.0 25.9 51.9 8.3 0.0 0.0
7 0.0 25.9 51.9 8.3 0.0 0.0
8 0.0 25.9 51.9 8.3 0.0 0.0
9 0.0 25.9 51.9 8.3 0.0 0.0
10 0.0 25.9 51.9 8.3 0.0 0.0
11 0.0 11.9 24.2 13.9 0.0 0.0
12 0.0 11.9 24.2 13.9 0.0 0.0
13 0.0 11.9 24.2 13.9 0.0 0.0
14 0.0 11.9 24.2 13.9 0.0 0.0
15 0.0 11.9 24.2 13.9 0.0 0.0
16 0.0 11.9 24.2 13.9 0.0 0.0
17 0.0 11.9 24.2 13.9 0.0 0.0
18 0.0 11.9 24.2 13.9 0.0 0.0
19 0.0 11.9 24.2 13.9 0.0 0.0
20 0.0 11.9 24.2 13.9 0.0 0.0
21 0.0 9.9 20.2 12.7 0.0 0.0
22 0.0 9.9 20.2 12.7 0.0 0.0
23 0.0 9.9 20.2 12.7 0.0 0.0
24 0.0 9.9 20.2 12.7 0.0 0.0
25 0.0 9.9 20.2 12.7 0.0 0.0
26 0.0 9.9 20.2 12.7 0.0 0.0
27 0.0 9.9 20.2 12.7 0.0 0.0
28 0.0 9.9 20.2 12.7 0.0 0.0
29 0.0 9.9 20.2 12.7 0.0 0.0
30 0.0 9.9 20.2 12.7 0.0 0.0
31 0.0 7.9 16.1 11.5 0.0 0.0
32 0.0 7.9 16.1 11.5 0.0 0.0
33 0.0 7.9 16.1 11.5 0.0 0.0
34 0.0 7.9 16.1 11.5 0.0 0.0
35 0.0 7.9 16.1 11.5 0.0 0.0
36 0.0 7.9 16.1 11.5 0.0 0.0
37 0.0 7.9 16.1 11.5 0.0 0.0
38 0.0 7.9 16.1 11.5 0.0 0.0
39 0.0 7.9 16.1 11.5 0.0 0.0
40 0.0 7.9 16.1 11.5 0.0 0.0


LOAD CASE 2


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 30.0 59.7 11.2 0.0 0.0
2 0.0 30.0 59.7 11.2 0.0 0.0
3 0.0 30.0 59.7 11.2 0.0 0.0
4 0.0 30.0 59.7 11.2 0.0 0.0
5 0.0 30.0 59.7 11.2 0.0 0.0
6 0.0 30.0 59.7 11.2 0.0 0.0
7 0.0 30.0 59.7 11.2 0.0 0.0
8 0.0 30.0 59.7 11.2 0.0 0.0
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9 0.0 30.0 59.7 11.2 0.0 0.0
10 0.0 30.0 59.7 11.2 0.0 0.0
11 0.0 11.0 22.7 35.2 0.0 0.0
12 0.0 11.0 22.7 35.2 0.0 0.0
13 0.0 11.0 22.7 35.2 0.0 0.0
14 0.0 11.0 22.7 35.2 0.0 0.0
15 0.0 11.0 22.7 35.2 0.0 0.0
16 0.0 11.0 22.7 35.2 0.0 0.0
17 0.0 11.0 22.7 35.2 0.0 0.0
18 0.0 11.0 22.7 35.2 0.0 0.0
19 0.0 11.0 22.7 35.2 0.0 0.0
20 0.0 11.0 22.7 35.2 0.0 0.0
21 0.0 11.3 23.2 35.3 0.0 0.0
22 0.0 11.3 23.2 35.3 0.0 0.0
23 0.0 11.3 23.2 35.3 0.0 0.0
24 0.0 11.3 23.2 35.3 0.0 0.0
25 0.0 11.3 23.2 35.3 0.0 0.0
26 0.0 11.3 23.2 35.3 0.0 0.0
27 0.0 11.3 23.2 35.3 0.0 0.0
28 0.0 11.3 23.2 35.3 0.0 0.0
29 0.0 11.3 23.2 35.3 0.0 0.0
30 0.0 11.3 23.2 35.3 0.0 0.0
31 0.0 11.5 23.6 35.5 0.0 0.0
32 0.0 11.5 23.6 35.5 0.0 0.0
33 0.0 11.5 23.6 35.5 0.0 0.0
34 0.0 11.5 23.6 35.5 0.0 0.0
35 0.0 11.5 23.6 35.5 0.0 0.0
36 0.0 11.5 23.6 35.5 0.0 0.0
37 0.0 11.5 23.6 35.5 0.0 0.0
38 0.0 11.5 23.6 35.5 0.0 0.0
39 0.0 11.5 23.6 35.5 0.0 0.0
40 0.0 11.5 23.6 35.5 0.0 0.0


LOAD CASE 3


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 26.9 53.5 17.2 0.0 0.0
2 0.0 26.9 53.5 17.2 0.0 0.0
3 0.0 26.9 53.5 17.2 0.0 0.0
4 0.0 26.9 53.5 17.2 0.0 0.0
5 0.0 26.9 53.5 17.2 0.0 0.0
6 0.0 26.9 53.5 17.2 0.0 0.0
7 0.0 26.9 53.5 17.2 0.0 0.0
8 0.0 26.9 53.5 17.2 0.0 0.0
9 0.0 26.9 53.5 17.2 0.0 0.0


10 0.0 26.9 53.5 17.2 0.0 0.0
11 0.0 10.8 22.2 39.2 0.0 0.0
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12 0.0 10.8 22.2 39.2 0.0 0.0
13 0.0 10.8 22.2 39.2 0.0 0.0
14 0.0 10.8 22.2 39.2 0.0 0.0
15 0.0 10.8 22.2 39.2 0.0 0.0
16 0.0 10.8 22.2 39.2 0.0 0.0
17 0.0 10.8 22.2 39.2 0.0 0.0
18 0.0 10.8 22.2 39.2 0.0 0.0
19 0.0 10.8 22.2 39.2 0.0 0.0
20 0.0 10.8 22.2 39.2 0.0 0.0
21 0.0 12.3 25.2 40.1 0.0 0.0
22 0.0 12.3 25.2 40.1 0.0 0.0
23 0.0 12.3 25.2 40.1 0.0 0.0
24 0.0 12.3 25.2 40.1 0.0 0.0
25 0.0 12.3 25.2 40.1 0.0 0.0
26 0.0 12.3 25.2 40.1 0.0 0.0
27 0.0 12.3 25.2 40.1 0.0 0.0
28 0.0 12.3 25.2 40.1 0.0 0.0
29 0.0 12.3 25.2 40.1 0.0 0.0
30 0.0 12.3 25.2 40.1 0.0 0.0
31 0.0 13.8 28.2 41.0 0.0 0.0
32 0.0 13.8 28.2 41.0 0.0 0.0
33 0.0 13.8 28.2 41.0 0.0 0.0
34 0.0 13.8 28.2 41.0 0.0 0.0
35 0.0 13.8 28.2 41.0 0.0 0.0
36 0.0 13.8 28.2 41.0 0.0 0.0
37 0.0 13.8 28.2 41.0 0.0 0.0
38 0.0 13.8 28.2 41.0 0.0 0.0
39 0.0 13.8 28.2 41.0 0.0 0.0
40 0.0 13.8 28.2 41.0 0.0 0.0


LOAD CASE 4


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 7.4 15.4 33.8 0.0 0.0
2 0.0 7.4 15.4 33.8 0.0 0.0
3 0.0 7.4 15.4 33.8 0.0 0.0
4 0.0 7.4 15.4 33.8 0.0 0.0
5 0.0 7.4 15.4 33.8 0.0 0.0
6 0.0 7.4 15.4 33.8 0.0 0.0
7 0.0 7.4 15.4 33.8 0.0 0.0
8 0.0 7.4 15.4 33.8 0.0 0.0
9 0.0 7.4 15.4 33.8 0.0 0.0


10 0.0 7.4 15.4 33.8 0.0 0.0
11 0.0 15.4 30.6 20.5 0.0 0.0
12 0.0 15.4 30.6 20.5 0.0 0.0
13 0.0 15.4 30.6 20.5 0.0 0.0
14 0.0 15.4 30.6 20.5 0.0 0.0
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15 0.0 15.4 30.6 20.5 0.0 0.0
16 0.0 15.4 30.6 20.5 0.0 0.0
17 0.0 15.4 30.6 20.5 0.0 0.0
18 0.0 15.4 30.6 20.5 0.0 0.0
19 0.0 15.4 30.6 20.5 0.0 0.0
20 0.0 15.4 30.6 20.5 0.0 0.0
21 0.0 12.6 25.0 22.1 0.0 0.0
22 0.0 12.6 25.0 22.1 0.0 0.0
23 0.0 12.6 25.0 22.1 0.0 0.0
24 0.0 12.6 25.0 22.1 0.0 0.0
25 0.0 12.6 25.0 22.1 0.0 0.0
26 0.0 12.6 25.0 22.1 0.0 0.0
27 0.0 12.6 25.0 22.1 0.0 0.0
28 0.0 12.6 25.0 22.1 0.0 0.0
29 0.0 12.6 25.0 22.1 0.0 0.0
30 0.0 12.6 25.0 22.1 0.0 0.0
31 0.0 9.9 19.4 23.7 0.0 0.0
32 0.0 9.9 19.4 23.7 0.0 0.0
33 0.0 9.9 19.4 23.7 0.0 0.0
34 0.0 9.9 19.4 23.7 0.0 0.0
35 0.0 9.9 19.4 23.7 0.0 0.0
36 0.0 9.9 19.4 23.7 0.0 0.0
37 0.0 9.9 19.4 23.7 0.0 0.0
38 0.0 9.9 19.4 23.7 0.0 0.0
39 0.0 9.9 19.4 23.7 0.0 0.0
40 0.0 9.9 19.4 23.7 0.0 0.0


LOAD CASE 5


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 3.9 8.6 50.2 0.0 0.0
2 0.0 3.9 8.6 50.2 0.0 0.0
3 0.0 3.9 8.6 50.2 0.0 0.0
4 0.0 3.9 8.6 50.2 0.0 0.0
5 0.0 3.9 8.6 50.2 0.0 0.0
6 0.0 3.9 8.6 50.2 0.0 0.0
7 0.0 3.9 8.6 50.2 0.0 0.0
8 0.0 3.9 8.6 50.2 0.0 0.0
9 0.0 3.9 8.6 50.2 0.0 0.0


10 0.0 3.9 8.6 50.2 0.0 0.0
11 0.0 16.1 31.8 38.5 0.0 0.0
12 0.0 16.1 31.8 38.5 0.0 0.0
13 0.0 16.1 31.8 38.5 0.0 0.0
14 0.0 16.1 31.8 38.5 0.0 0.0
15 0.0 16.1 31.8 38.5 0.0 0.0
16 0.0 16.1 31.8 38.5 0.0 0.0
17 0.0 16.1 31.8 38.5 0.0 0.0
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18 0.0 16.1 31.8 38.5 0.0 0.0
19 0.0 16.1 31.8 38.5 0.0 0.0
20 0.0 16.1 31.8 38.5 0.0 0.0
21 0.0 11.5 22.4 41.2 0.0 0.0
22 0.0 11.5 22.4 41.2 0.0 0.0
23 0.0 11.5 22.4 41.2 0.0 0.0
24 0.0 11.5 22.4 41.2 0.0 0.0
25 0.0 11.5 22.4 41.2 0.0 0.0
26 0.0 11.5 22.4 41.2 0.0 0.0
27 0.0 11.5 22.4 41.2 0.0 0.0
28 0.0 11.5 22.4 41.2 0.0 0.0
29 0.0 11.5 22.4 41.2 0.0 0.0
30 0.0 11.5 22.4 41.2 0.0 0.0
31 0.0 6.8 13.0 43.9 0.0 0.0
32 0.0 6.8 13.0 43.9 0.0 0.0
33 0.0 6.8 13.0 43.9 0.0 0.0
34 0.0 6.8 13.0 43.9 0.0 0.0
35 0.0 6.8 13.0 43.9 0.0 0.0
36 0.0 6.8 13.0 43.9 0.0 0.0
37 0.0 6.8 13.0 43.9 0.0 0.0
38 0.0 6.8 13.0 43.9 0.0 0.0
39 0.0 6.8 13.0 43.9 0.0 0.0
40 0.0 6.8 13.0 43.9 0.0 0.0


LOAD CASE 6


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 4.8 9.9 15.2 0.0 0.0
2 0.0 4.8 9.9 15.2 0.0 0.0
3 0.0 4.8 9.9 15.2 0.0 0.0
4 0.0 4.8 9.9 15.2 0.0 0.0
5 0.0 4.8 9.9 15.2 0.0 0.0
6 0.0 4.8 9.9 15.2 0.0 0.0
7 0.0 4.8 9.9 15.2 0.0 0.0
8 0.0 4.8 9.9 15.2 0.0 0.0
9 0.0 4.8 9.9 15.2 0.0 0.0


10 0.0 4.8 9.9 15.2 0.0 0.0
11 0.0 13.5 26.8 4.5 0.0 0.0
12 0.0 13.5 26.8 4.5 0.0 0.0
13 0.0 13.5 26.8 4.5 0.0 0.0
14 0.0 13.5 26.8 4.5 0.0 0.0
15 0.0 13.5 26.8 4.5 0.0 0.0
16 0.0 13.5 26.8 4.5 0.0 0.0
17 0.0 13.5 26.8 4.5 0.0 0.0
18 0.0 13.5 26.8 4.5 0.0 0.0
19 0.0 13.5 26.8 4.5 0.0 0.0
20 0.0 13.5 26.8 4.5 0.0 0.0
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21 0.0 13.5 26.8 4.5 0.0 0.0
22 0.0 13.5 26.8 4.5 0.0 0.0
23 0.0 13.5 26.8 4.5 0.0 0.0
24 0.0 13.5 26.8 4.5 0.0 0.0
25 0.0 13.5 26.8 4.5 0.0 0.0
26 0.0 13.5 26.8 4.5 0.0 0.0
27 0.0 13.5 26.8 4.5 0.0 0.0
28 0.0 13.5 26.8 4.5 0.0 0.0
29 0.0 13.5 26.8 4.5 0.0 0.0
30 0.0 13.5 26.8 4.5 0.0 0.0
31 0.0 13.5 26.9 4.5 0.0 0.0
32 0.0 13.5 26.9 4.5 0.0 0.0
33 0.0 13.5 26.9 4.5 0.0 0.0
34 0.0 13.5 26.9 4.5 0.0 0.0
35 0.0 13.5 26.9 4.5 0.0 0.0
36 0.0 13.5 26.9 4.5 0.0 0.0
37 0.0 13.5 26.9 4.5 0.0 0.0
38 0.0 13.5 26.9 4.5 0.0 0.0
39 0.0 13.5 26.9 4.5 0.0 0.0
40 0.0 13.5 26.9 4.5 0.0 0.0


LOAD CASE 7


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 1.3 3.1 31.5 0.0 0.0
2 0.0 1.3 3.1 31.5 0.0 0.0
3 0.0 1.3 3.1 31.5 0.0 0.0
4 0.0 1.3 3.1 31.5 0.0 0.0
5 0.0 1.3 3.1 31.5 0.0 0.0
6 0.0 1.3 3.1 31.5 0.0 0.0
7 0.0 1.3 3.1 31.5 0.0 0.0
8 0.0 1.3 3.1 31.5 0.0 0.0
9 0.0 1.3 3.1 31.5 0.0 0.0


10 0.0 1.3 3.1 31.5 0.0 0.0
11 0.0 14.2 28.0 22.4 0.0 0.0
12 0.0 14.2 28.0 22.4 0.0 0.0
13 0.0 14.2 28.0 22.4 0.0 0.0
14 0.0 14.2 28.0 22.4 0.0 0.0
15 0.0 14.2 28.0 22.4 0.0 0.0
16 0.0 14.2 28.0 22.4 0.0 0.0
17 0.0 14.2 28.0 22.4 0.0 0.0
18 0.0 14.2 28.0 22.4 0.0 0.0
19 0.0 14.2 28.0 22.4 0.0 0.0
20 0.0 14.2 28.0 22.4 0.0 0.0
21 0.0 12.3 24.2 23.5 0.0 0.0
22 0.0 12.3 24.2 23.5 0.0 0.0
23 0.0 12.3 24.2 23.5 0.0 0.0
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24 0.0 12.3 24.2 23.5 0.0 0.0
25 0.0 12.3 24.2 23.5 0.0 0.0
26 0.0 12.3 24.2 23.5 0.0 0.0
27 0.0 12.3 24.2 23.5 0.0 0.0
28 0.0 12.3 24.2 23.5 0.0 0.0
29 0.0 12.3 24.2 23.5 0.0 0.0
30 0.0 12.3 24.2 23.5 0.0 0.0
31 0.0 10.4 20.5 24.6 0.0 0.0
32 0.0 10.4 20.5 24.6 0.0 0.0
33 0.0 10.4 20.5 24.6 0.0 0.0
34 0.0 10.4 20.5 24.6 0.0 0.0
35 0.0 10.4 20.5 24.6 0.0 0.0
36 0.0 10.4 20.5 24.6 0.0 0.0
37 0.0 10.4 20.5 24.6 0.0 0.0
38 0.0 10.4 20.5 24.6 0.0 0.0
39 0.0 10.4 20.5 24.6 0.0 0.0
40 0.0 10.4 20.5 24.6 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.


UBB Feasibility Report 
Structural Calculations and Drawings


Page 286 of 547







10 Sunset T3 Twall Fixed
20 PIL 1 22.5 2.5 0
30 BAT 2 1
40 ANG 270 1
50 PIL 2 17.5 2.5 0
60 BAT 2 2
70 ANG 270 2
80 PIL 3 12.5 2.5 0
90 BAT 2 3
100 ANG 270 3
110 PIL 4 7.5 2.5 0
120 BAT 2 4
130 ANG 270 4
140 PIL 5 2.5 2.5 0
150 BAT 2 5
160 ANG 270 5
170 PIL 6 2.5 2.5 0
180 BAT 2 6
190 ANG 270 6
200 PIL 7 7.5 2.5 0
210 BAT 2 7
220 ANG 270 7
230 PIL 8 12.5 2.5 0
240 BAT 2 8
250 ANG 270 8
260 PIL 9 17.5 2.5 0
270 BAT 2 9
280 ANG 270 9
290 PIL 10 22.5 2.5 0
300 BAT 2 10
310 ANG 270 10
320 PIL 11 22.5 7.5 0
330 BAT 2 11
340 ANG 90 11
350 PIL 12 17.5 7.5 0
360 BAT 2 12
370 ANG 90 12
380 PIL 13 12.5 7.5 0
390 BAT 2 13
400 ANG 90 13
410 PIL 14 7.5 7.5 0
420 BAT 2 14
430 ANG 90 14
440 PIL 15 2.5 7.5 0
450 BAT 2 15
460 ANG 90 15
470 PIL 16 2.5 7.5 0
480 BAT 2 16
490 ANG 90 16
500 PIL 17 7.5 7.5 0
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510 BAT 2 17
520 ANG 90 17
530 PIL 18 12.5 7.5 0
540 BAT 2 18
550 ANG 90 18
560 PIL 19 17.5 7.5 0
570 BAT 2 19
580 ANG 90 19
590 PIL 20 22.5 7.5 0
600 BAT 2 20
610 ANG 90 20
620 PIL 21 22.5 12.5 0
630 BAT 2 21
640 ANG 90 21
650 PIL 22 17.5 12.5 0
660 BAT 2 22
670 ANG 90 22
680 PIL 23 12.5 12.5 0
690 BAT 2 23
700 ANG 90 23
710 PIL 24 7.5 12.5 0
720 BAT 2 24
730 ANG 90 24
740 PIL 25 2.5 12.5 0
750 BAT 2 25
760 ANG 90 25
770 PIL 26 2.5 12.5 0
780 BAT 2 26
790 ANG 90 26
800 PIL 27 7.5 12.5 0
810 BAT 2 27
820 ANG 90 27
830 PIL 28 12.5 12.5 0
840 BAT 2 28
850 ANG 90 28
860 PIL 29 17.5 12.5 0
870 BAT 2 29
880 ANG 90 29
890 PIL 30 22.5 12.5 0
900 BAT 2 30
910 ANG 90 30
920 PIL 31 22.5 17.5 0
930 BAT 2 31
940 ANG 90 31
950 PIL 32 17.5 17.5 0
960 BAT 2 32
970 ANG 90 32
980 PIL 33 12.5 17.5 0
990 BAT 2 33
1000 ANG 90 33
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1010 PIL 34 7.5 17.5 0
1020 BAT 2 34
1030 ANG 90 34
1040 PIL 35 2.5 17.5 0
1050 BAT 2 35
1060 ANG 90 35
1070 PIL 36 2.5 17.5 0
1080 BAT 2 36
1090 ANG 90 36
1100 PIL 37 7.5 17.5 0
1110 BAT 2 37
1120 ANG 90 37
1130 PIL 38 12.5 17.5 0
1140 BAT 2 38
1150 ANG 90 38
1160 PIL 39 17.5 17.5 0
1170 BAT 2 39
1180 ANG 90 39
1190 PIL 40 22.5 17.5 0
1200 BAT 2 40
1210 ANG 90 40
1220 PRO 29000 326 904 26.1 2 0 1 TO 40
1230 SOI ES 0.0345 L 69 0 1 TO 40
1240 RED 1 1 1
1250 ALL H 107 85 652 652 1107 3275 1 TO 40
1260 FIX 1 TO 40
1270 LOA 8 0 925 847 15859 0 0
1270 LOA 9 0 925 559 12732 0 0
1270 FOV 1.33 1.33 8
1270 FOV 1.33 1.33 9
1280 TOUT 1 2 3 4 5 6 7
1290 PFO ALL
1300 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 11 SEP 20 RUN TIME: 19:21:56


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


SUNSET T3 TWALL FIXED
DATA UNKNOWN REJECTED.


THERE ARE 40 PILES AND
2 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 22.50 , 2.50 , 0.00 )
( 22.50 , 17.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.32600E+03 0.90400E+03 0.26100E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.34500E 01 L 0.69000E+02 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.34500E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.81007E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.95103E+03 0.00000E+00
0.00000E+00 0.62774E+01 0.00000E+00 0.57111E+03 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.18283E+04 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.57111E+03 0.00000E+00 0.10392E+06 0.00000E+00 0.00000E+00
0.95103E+03 0.00000E+00 0.00000E+00 0.00000E+00 0.22330E+06 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 22.50 2.50 0.00 2.00 270.00 69.00 F
2 17.50 2.50 0.00 2.00 270.00 69.00 F
3 12.50 2.50 0.00 2.00 270.00 69.00 F
4 7.50 2.50 0.00 2.00 270.00 69.00 F
5 2.50 2.50 0.00 2.00 270.00 69.00 F
6 2.50 2.50 0.00 2.00 270.00 69.00 F
7 7.50 2.50 0.00 2.00 270.00 69.00 F
8 12.50 2.50 0.00 2.00 270.00 69.00 F
9 17.50 2.50 0.00 2.00 270.00 69.00 F
10 22.50 2.50 0.00 2.00 270.00 69.00 F
11 22.50 7.50 0.00 2.00 90.00 69.00 F
12 17.50 7.50 0.00 2.00 90.00 69.00 F
13 12.50 7.50 0.00 2.00 90.00 69.00 F
14 7.50 7.50 0.00 2.00 90.00 69.00 F
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15 2.50 7.50 0.00 2.00 90.00 69.00 F
16 2.50 7.50 0.00 2.00 90.00 69.00 F
17 7.50 7.50 0.00 2.00 90.00 69.00 F
18 12.50 7.50 0.00 2.00 90.00 69.00 F
19 17.50 7.50 0.00 2.00 90.00 69.00 F
20 22.50 7.50 0.00 2.00 90.00 69.00 F
21 22.50 12.50 0.00 2.00 90.00 69.00 F
22 17.50 12.50 0.00 2.00 90.00 69.00 F
23 12.50 12.50 0.00 2.00 90.00 69.00 F
24 7.50 12.50 0.00 2.00 90.00 69.00 F
25 2.50 12.50 0.00 2.00 90.00 69.00 F
26 2.50 12.50 0.00 2.00 90.00 69.00 F
27 7.50 12.50 0.00 2.00 90.00 69.00 F
28 12.50 12.50 0.00 2.00 90.00 69.00 F
29 17.50 12.50 0.00 2.00 90.00 69.00 F
30 22.50 12.50 0.00 2.00 90.00 69.00 F
31 22.50 17.50 0.00 2.00 90.00 69.00 F
32 17.50 17.50 0.00 2.00 90.00 69.00 F
33 12.50 17.50 0.00 2.00 90.00 69.00 F
34 7.50 17.50 0.00 2.00 90.00 69.00 F
35 2.50 17.50 0.00 2.00 90.00 69.00 F
36 2.50 17.50 0.00 2.00 90.00 69.00 F
37 7.50 17.50 0.00 2.00 90.00 69.00 F
38 12.50 17.50 0.00 2.00 90.00 69.00 F
39 17.50 17.50 0.00 2.00 90.00 69.00 F
40 22.50 17.50 0.00 2.00 90.00 69.00 F


2760.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


8 0.0 925.0 847.0 15859.0 0.0 0.0 1.33 1.33
9 0.0 925.0 559.0 12732.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX


0.25110E+03 0.26710E 03 0.84703E 19 0.31645E 01 0.20433E+05 0.35240E+05
0.26710E 03 0.14885E+05 0.14561E+05 0.30238E+07 0.24809E 03 0.24039E 01
0.84703E 19 0.14561E+05 0.58569E+05 0.70368E+07 0.17462E 09 0.31893E 01
0.31645E 01 0.30238E+07 0.70368E+07 0.11195E+10 0.12097E+00 0.63562E+01
0.20433E+05 0.24809E 03 0.23283E 09 0.12097E+00 0.17428E+10 0.43575E+09
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0.35240E+05 0.24039E 01 0.31893E 01 0.63562E+01 0.43575E+09 0.44982E+09


40 PILES 2 LOAD CASES


LOAD CASE 8. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 10.


LOAD CASE 9. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 10.


*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


8 0.6805E 07 0.5669E 01 0.6780E 02 0.5949E 04 0.4070E 12 0.1547E 11
9 0.7444E 07 0.7265E 01 0.5467E 02 0.2539E 04 0.2462E 12 0.2457E 11


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY


M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 8


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.3 0.0 54.5 0.0 32.8 0.0 0.48 0.07
2 0.3 0.0 54.5 0.0 32.8 0.0 0.48 0.07
3 0.3 0.0 54.5 0.0 32.8 0.0 0.48 0.07
4 0.3 0.0 54.5 0.0 32.8 0.0 0.48 0.07
5 0.3 0.0 54.5 0.0 32.8 0.0 0.48 0.07
6 0.3 0.0 54.5 0.0 32.8 0.0 0.48 0.07
7 0.3 0.0 54.5 0.0 32.8 0.0 0.48 0.07
8 0.3 0.0 54.5 0.0 32.8 0.0 0.48 0.07
9 0.3 0.0 54.5 0.0 32.8 0.0 0.48 0.07
10 0.3 0.0 54.5 0.0 32.8 0.0 0.48 0.07
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11 0.4 0.0 44.0 0.0 35.5 0.0 0.31 0.06
12 0.4 0.0 44.0 0.0 35.5 0.0 0.31 0.06
13 0.4 0.0 44.0 0.0 35.5 0.0 0.31 0.06
14 0.4 0.0 44.0 0.0 35.5 0.0 0.31 0.06
15 0.4 0.0 44.0 0.0 35.5 0.0 0.31 0.06
16 0.4 0.0 44.0 0.0 35.5 0.0 0.31 0.06
17 0.4 0.0 44.0 0.0 35.5 0.0 0.31 0.06
18 0.4 0.0 44.0 0.0 35.5 0.0 0.31 0.06
19 0.4 0.0 44.0 0.0 35.5 0.0 0.31 0.06
20 0.4 0.0 44.0 0.0 35.5 0.0 0.31 0.06
21 0.3 0.0 49.9 0.0 34.0 0.0 0.35 0.07
22 0.3 0.0 49.9 0.0 34.0 0.0 0.35 0.07
23 0.3 0.0 49.9 0.0 34.0 0.0 0.35 0.07
24 0.3 0.0 49.9 0.0 34.0 0.0 0.35 0.07
25 0.3 0.0 49.9 0.0 34.0 0.0 0.35 0.07
26 0.3 0.0 49.9 0.0 34.0 0.0 0.35 0.07
27 0.3 0.0 49.9 0.0 34.0 0.0 0.35 0.07
28 0.3 0.0 49.9 0.0 34.0 0.0 0.35 0.07
29 0.3 0.0 49.9 0.0 34.0 0.0 0.35 0.07
30 0.3 0.0 49.9 0.0 34.0 0.0 0.35 0.07
31 0.3 0.0 55.7 0.0 32.5 0.0 0.39 0.07
32 0.3 0.0 55.7 0.0 32.5 0.0 0.39 0.07
33 0.3 0.0 55.7 0.0 32.5 0.0 0.39 0.07
34 0.3 0.0 55.7 0.0 32.5 0.0 0.39 0.07
35 0.3 0.0 55.7 0.0 32.5 0.0 0.39 0.07
36 0.3 0.0 55.7 0.0 32.5 0.0 0.39 0.07
37 0.3 0.0 55.7 0.0 32.5 0.0 0.39 0.07
38 0.3 0.0 55.7 0.0 32.5 0.0 0.39 0.07
39 0.3 0.0 55.7 0.0 32.5 0.0 0.39 0.07
40 0.3 0.0 55.7 0.0 32.5 0.0 0.39 0.07


LOAD CASE 9


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.5 0.0 69.6 0.0 64.8 0.0 0.62 0.10
2 0.5 0.0 69.6 0.0 64.8 0.0 0.62 0.10
3 0.5 0.0 69.6 0.0 64.8 0.0 0.62 0.10
4 0.5 0.0 69.6 0.0 64.8 0.0 0.62 0.10
5 0.5 0.0 69.6 0.0 64.8 0.0 0.62 0.10
6 0.5 0.0 69.6 0.0 64.8 0.0 0.62 0.10
7 0.5 0.0 69.6 0.0 64.8 0.0 0.62 0.10
8 0.5 0.0 69.6 0.0 64.8 0.0 0.62 0.10
9 0.5 0.0 69.6 0.0 64.8 0.0 0.62 0.10
10 0.5 0.0 69.6 0.0 64.8 0.0 0.62 0.10
11 0.6 0.0 46.7 0.0 70.8 0.0 0.33 0.07
12 0.6 0.0 46.7 0.0 70.8 0.0 0.33 0.07
13 0.6 0.0 46.7 0.0 70.8 0.0 0.33 0.07
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14 0.6 0.0 46.7 0.0 70.8 0.0 0.33 0.07
15 0.6 0.0 46.7 0.0 70.8 0.0 0.33 0.07
16 0.6 0.0 46.7 0.0 70.8 0.0 0.33 0.07
17 0.6 0.0 46.7 0.0 70.8 0.0 0.33 0.07
18 0.6 0.0 46.7 0.0 70.8 0.0 0.33 0.07
19 0.6 0.0 46.7 0.0 70.8 0.0 0.33 0.07
20 0.6 0.0 46.7 0.0 70.8 0.0 0.33 0.07
21 0.6 0.0 44.2 0.0 71.4 0.0 0.31 0.07
22 0.6 0.0 44.2 0.0 71.4 0.0 0.31 0.07
23 0.6 0.0 44.2 0.0 71.4 0.0 0.31 0.07
24 0.6 0.0 44.2 0.0 71.4 0.0 0.31 0.07
25 0.6 0.0 44.2 0.0 71.4 0.0 0.31 0.07
26 0.6 0.0 44.2 0.0 71.4 0.0 0.31 0.07
27 0.6 0.0 44.2 0.0 71.4 0.0 0.31 0.07
28 0.6 0.0 44.2 0.0 71.4 0.0 0.31 0.07
29 0.6 0.0 44.2 0.0 71.4 0.0 0.31 0.07
30 0.6 0.0 44.2 0.0 71.4 0.0 0.31 0.07
31 0.6 0.0 41.7 0.0 72.1 0.0 0.29 0.06
32 0.6 0.0 41.7 0.0 72.1 0.0 0.29 0.06
33 0.6 0.0 41.7 0.0 72.1 0.0 0.29 0.06
34 0.6 0.0 41.7 0.0 72.1 0.0 0.29 0.06
35 0.6 0.0 41.7 0.0 72.1 0.0 0.29 0.06
36 0.6 0.0 41.7 0.0 72.1 0.0 0.29 0.06
37 0.6 0.0 41.7 0.0 72.1 0.0 0.29 0.06
38 0.6 0.0 41.7 0.0 72.1 0.0 0.29 0.06
39 0.6 0.0 41.7 0.0 72.1 0.0 0.29 0.06
40 0.6 0.0 41.7 0.0 72.1 0.0 0.29 0.06


*******************************************************************************


PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 8


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 24.7 48.6 32.8 0.0 0.0
2 0.0 24.7 48.6 32.8 0.0 0.0
3 0.0 24.7 48.6 32.8 0.0 0.0
4 0.0 24.7 48.6 32.8 0.0 0.0
5 0.0 24.7 48.6 32.8 0.0 0.0
6 0.0 24.7 48.6 32.8 0.0 0.0
7 0.0 24.7 48.6 32.8 0.0 0.0
8 0.0 24.7 48.6 32.8 0.0 0.0
9 0.0 24.7 48.6 32.8 0.0 0.0


10 0.0 24.7 48.6 32.8 0.0 0.0
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11 0.0 20.0 39.2 35.5 0.0 0.0
12 0.0 20.0 39.2 35.5 0.0 0.0
13 0.0 20.0 39.2 35.5 0.0 0.0
14 0.0 20.0 39.2 35.5 0.0 0.0
15 0.0 20.0 39.2 35.5 0.0 0.0
16 0.0 20.0 39.2 35.5 0.0 0.0
17 0.0 20.0 39.2 35.5 0.0 0.0
18 0.0 20.0 39.2 35.5 0.0 0.0
19 0.0 20.0 39.2 35.5 0.0 0.0
20 0.0 20.0 39.2 35.5 0.0 0.0
21 0.0 22.6 44.4 34.0 0.0 0.0
22 0.0 22.6 44.4 34.0 0.0 0.0
23 0.0 22.6 44.4 34.0 0.0 0.0
24 0.0 22.6 44.4 34.0 0.0 0.0
25 0.0 22.6 44.4 34.0 0.0 0.0
26 0.0 22.6 44.4 34.0 0.0 0.0
27 0.0 22.6 44.4 34.0 0.0 0.0
28 0.0 22.6 44.4 34.0 0.0 0.0
29 0.0 22.6 44.4 34.0 0.0 0.0
30 0.0 22.6 44.4 34.0 0.0 0.0
31 0.0 25.2 49.7 32.5 0.0 0.0
32 0.0 25.2 49.7 32.5 0.0 0.0
33 0.0 25.2 49.7 32.5 0.0 0.0
34 0.0 25.2 49.7 32.5 0.0 0.0
35 0.0 25.2 49.7 32.5 0.0 0.0
36 0.0 25.2 49.7 32.5 0.0 0.0
37 0.0 25.2 49.7 32.5 0.0 0.0
38 0.0 25.2 49.7 32.5 0.0 0.0
39 0.0 25.2 49.7 32.5 0.0 0.0
40 0.0 25.2 49.7 32.5 0.0 0.0


LOAD CASE 9


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 31.6 62.0 64.8 0.0 0.0
2 0.0 31.6 62.0 64.8 0.0 0.0
3 0.0 31.6 62.0 64.8 0.0 0.0
4 0.0 31.6 62.0 64.8 0.0 0.0
5 0.0 31.6 62.0 64.8 0.0 0.0
6 0.0 31.6 62.0 64.8 0.0 0.0
7 0.0 31.6 62.0 64.8 0.0 0.0
8 0.0 31.6 62.0 64.8 0.0 0.0
9 0.0 31.6 62.0 64.8 0.0 0.0
10 0.0 31.6 62.0 64.8 0.0 0.0
11 0.0 21.4 41.5 70.8 0.0 0.0
12 0.0 21.4 41.5 70.8 0.0 0.0
13 0.0 21.4 41.5 70.8 0.0 0.0
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14 0.0 21.4 41.5 70.8 0.0 0.0
15 0.0 21.4 41.5 70.8 0.0 0.0
16 0.0 21.4 41.5 70.8 0.0 0.0
17 0.0 21.4 41.5 70.8 0.0 0.0
18 0.0 21.4 41.5 70.8 0.0 0.0
19 0.0 21.4 41.5 70.8 0.0 0.0
20 0.0 21.4 41.5 70.8 0.0 0.0
21 0.0 20.3 39.3 71.4 0.0 0.0
22 0.0 20.3 39.3 71.4 0.0 0.0
23 0.0 20.3 39.3 71.4 0.0 0.0
24 0.0 20.3 39.3 71.4 0.0 0.0
25 0.0 20.3 39.3 71.4 0.0 0.0
26 0.0 20.3 39.3 71.4 0.0 0.0
27 0.0 20.3 39.3 71.4 0.0 0.0
28 0.0 20.3 39.3 71.4 0.0 0.0
29 0.0 20.3 39.3 71.4 0.0 0.0
30 0.0 20.3 39.3 71.4 0.0 0.0
31 0.0 19.2 37.1 72.1 0.0 0.0
32 0.0 19.2 37.1 72.1 0.0 0.0
33 0.0 19.2 37.1 72.1 0.0 0.0
34 0.0 19.2 37.1 72.1 0.0 0.0
35 0.0 19.2 37.1 72.1 0.0 0.0
36 0.0 19.2 37.1 72.1 0.0 0.0
37 0.0 19.2 37.1 72.1 0.0 0.0
38 0.0 19.2 37.1 72.1 0.0 0.0
39 0.0 19.2 37.1 72.1 0.0 0.0
40 0.0 19.2 37.1 72.1 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.
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10 Sunset T3 Twall Pinned
20 PIL 1 22.5 2.5 0
30 BAT 2 1
40 ANG 270 1
50 PIL 2 17.5 2.5 0
60 BAT 2 2
70 ANG 270 2
80 PIL 3 12.5 2.5 0
90 BAT 2 3
100 ANG 270 3
110 PIL 4 7.5 2.5 0
120 BAT 2 4
130 ANG 270 4
140 PIL 5 2.5 2.5 0
150 BAT 2 5
160 ANG 270 5
170 PIL 6 2.5 2.5 0
180 BAT 2 6
190 ANG 270 6
200 PIL 7 7.5 2.5 0
210 BAT 2 7
220 ANG 270 7
230 PIL 8 12.5 2.5 0
240 BAT 2 8
250 ANG 270 8
260 PIL 9 17.5 2.5 0
270 BAT 2 9
280 ANG 270 9
290 PIL 10 22.5 2.5 0
300 BAT 2 10
310 ANG 270 10
320 PIL 11 22.5 7.5 0
330 BAT 2 11
340 ANG 90 11
350 PIL 12 17.5 7.5 0
360 BAT 2 12
370 ANG 90 12
380 PIL 13 12.5 7.5 0
390 BAT 2 13
400 ANG 90 13
410 PIL 14 7.5 7.5 0
420 BAT 2 14
430 ANG 90 14
440 PIL 15 2.5 7.5 0
450 BAT 2 15
460 ANG 90 15
470 PIL 16 2.5 7.5 0
480 BAT 2 16
490 ANG 90 16
500 PIL 17 7.5 7.5 0
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510 BAT 2 17
520 ANG 90 17
530 PIL 18 12.5 7.5 0
540 BAT 2 18
550 ANG 90 18
560 PIL 19 17.5 7.5 0
570 BAT 2 19
580 ANG 90 19
590 PIL 20 22.5 7.5 0
600 BAT 2 20
610 ANG 90 20
620 PIL 21 22.5 12.5 0
630 BAT 2 21
640 ANG 90 21
650 PIL 22 17.5 12.5 0
660 BAT 2 22
670 ANG 90 22
680 PIL 23 12.5 12.5 0
690 BAT 2 23
700 ANG 90 23
710 PIL 24 7.5 12.5 0
720 BAT 2 24
730 ANG 90 24
740 PIL 25 2.5 12.5 0
750 BAT 2 25
760 ANG 90 25
770 PIL 26 2.5 12.5 0
780 BAT 2 26
790 ANG 90 26
800 PIL 27 7.5 12.5 0
810 BAT 2 27
820 ANG 90 27
830 PIL 28 12.5 12.5 0
840 BAT 2 28
850 ANG 90 28
860 PIL 29 17.5 12.5 0
870 BAT 2 29
880 ANG 90 29
890 PIL 30 22.5 12.5 0
900 BAT 2 30
910 ANG 90 30
920 PIL 31 22.5 17.5 0
930 BAT 2 31
940 ANG 90 31
950 PIL 32 17.5 17.5 0
960 BAT 2 32
970 ANG 90 32
980 PIL 33 12.5 17.5 0
990 BAT 2 33
1000 ANG 90 33
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1010 PIL 34 7.5 17.5 0
1020 BAT 2 34
1030 ANG 90 34
1040 PIL 35 2.5 17.5 0
1050 BAT 2 35
1060 ANG 90 35
1070 PIL 36 2.5 17.5 0
1080 BAT 2 36
1090 ANG 90 36
1100 PIL 37 7.5 17.5 0
1110 BAT 2 37
1120 ANG 90 37
1130 PIL 38 12.5 17.5 0
1140 BAT 2 38
1150 ANG 90 38
1160 PIL 39 17.5 17.5 0
1170 BAT 2 39
1180 ANG 90 39
1190 PIL 40 22.5 17.5 0
1200 BAT 2 40
1210 ANG 90 40
1220 PRO 29000 326 904 26.1 2 0 1 TO 40
1230 SOI ES 0.0345 L 69 0 1 TO 40
1240 RED 1 1 1
1250 ALL H 107 85 652 652 1107 3275 1 TO 40
1260 PIN 1 TO 40
1270 LOA 1 0 38 1124 8475 0 0
1270 LOA 2 0 38 1292 10325 0 0
1270 LOA 3 0 99 1292 11213 0 0
1270 LOA 4 0 305 904 9120 0 0
1270 LOA 5 0 305 758 7531 0 0
1270 LOA 6 0 356 904 10291 0 0
1270 LOA 7 0 356 758 8703 0 0
1270 FOV 1.167 1.167 2
1270 FOV 1.33 1.33 3
1270 FOV 1.33 1.33 6
1270 FOV 1.33 1.33 7
1280 TOUT 1 2 3 4 5 6 7
1290 PFO ALL
1300 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 11 SEP 20 RUN TIME: 19:22:27


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


SUNSET T3 TWALL PINNED
DATA UNKNOWN REJECTED.


THERE ARE 40 PILES AND
7 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 22.50 , 2.50 , 0.00 )
( 22.50 , 17.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.32600E+03 0.90400E+03 0.26100E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.34500E 01 L 0.69000E+02 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.34500E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.40503E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.31387E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.18283E+04 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 22.50 2.50 0.00 2.00 270.00 69.00 P
2 17.50 2.50 0.00 2.00 270.00 69.00 P
3 12.50 2.50 0.00 2.00 270.00 69.00 P
4 7.50 2.50 0.00 2.00 270.00 69.00 P
5 2.50 2.50 0.00 2.00 270.00 69.00 P
6 2.50 2.50 0.00 2.00 270.00 69.00 P
7 7.50 2.50 0.00 2.00 270.00 69.00 P
8 12.50 2.50 0.00 2.00 270.00 69.00 P
9 17.50 2.50 0.00 2.00 270.00 69.00 P
10 22.50 2.50 0.00 2.00 270.00 69.00 P
11 22.50 7.50 0.00 2.00 90.00 69.00 P
12 17.50 7.50 0.00 2.00 90.00 69.00 P
13 12.50 7.50 0.00 2.00 90.00 69.00 P
14 7.50 7.50 0.00 2.00 90.00 69.00 P
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15 2.50 7.50 0.00 2.00 90.00 69.00 P
16 2.50 7.50 0.00 2.00 90.00 69.00 P
17 7.50 7.50 0.00 2.00 90.00 69.00 P
18 12.50 7.50 0.00 2.00 90.00 69.00 P
19 17.50 7.50 0.00 2.00 90.00 69.00 P
20 22.50 7.50 0.00 2.00 90.00 69.00 P
21 22.50 12.50 0.00 2.00 90.00 69.00 P
22 17.50 12.50 0.00 2.00 90.00 69.00 P
23 12.50 12.50 0.00 2.00 90.00 69.00 P
24 7.50 12.50 0.00 2.00 90.00 69.00 P
25 2.50 12.50 0.00 2.00 90.00 69.00 P
26 2.50 12.50 0.00 2.00 90.00 69.00 P
27 7.50 12.50 0.00 2.00 90.00 69.00 P
28 12.50 12.50 0.00 2.00 90.00 69.00 P
29 17.50 12.50 0.00 2.00 90.00 69.00 P
30 22.50 12.50 0.00 2.00 90.00 69.00 P
31 22.50 17.50 0.00 2.00 90.00 69.00 P
32 17.50 17.50 0.00 2.00 90.00 69.00 P
33 12.50 17.50 0.00 2.00 90.00 69.00 P
34 7.50 17.50 0.00 2.00 90.00 69.00 P
35 2.50 17.50 0.00 2.00 90.00 69.00 P
36 2.50 17.50 0.00 2.00 90.00 69.00 P
37 7.50 17.50 0.00 2.00 90.00 69.00 P
38 12.50 17.50 0.00 2.00 90.00 69.00 P
39 17.50 17.50 0.00 2.00 90.00 69.00 P
40 22.50 17.50 0.00 2.00 90.00 69.00 P


2760.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


1 0.0 38.0 1124.0 8475.0 0.0 0.0
2 0.0 38.0 1292.0 10325.0 0.0 0.0 1.17 1.17
3 0.0 99.0 1292.0 11213.0 0.0 0.0 1.33 1.33
4 0.0 305.0 904.0 9120.0 0.0 0.0
5 0.0 305.0 758.0 7531.0 0.0 0.0
6 0.0 356.0 904.0 10291.0 0.0 0.0 1.33 1.33
7 0.0 356.0 758.0 8703.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX
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0.12555E+03 0.26703E 03 0.40658E 19 0.31964E 01 0.00000E+00 0.15066E+05
0.26703E 03 0.14756E+05 0.14594E+05 0.30647E+07 0.87311E 10 0.24033E 01
0.40658E 19 0.14594E+05 0.58537E+05 0.70244E+07 0.11642E 09 0.31964E 01
0.31964E 01 0.30647E+07 0.70244E+07 0.11063E+10 0.29802E 07 0.63927E+01
0.21684E 17 0.29104E 10 0.17462E 09 0.29802E 07 0.17385E+10 0.43343E+09
0.15066E+05 0.24033E 01 0.31964E 01 0.63927E+01 0.43343E+09 0.44062E+09


40 PILES 7 LOAD CASES


LOAD CASE 1. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 2. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 3. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 4. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 5. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 6. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 7. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


1 0.4682E 07 0.1681E 01 0.2845E 01 0.4216E 04 0.7057E 12 0.2831E 11
2 0.5469E 07 0.2820E 01 0.2641E 01 0.2240E 04 0.8499E 12 0.3409E 11
3 0.4289E 07 0.2648E 01 0.2216E 01 0.5427E 04 0.7984E 12 0.3203E 11
4 0.1485E 07 0.1638E 01 0.2072E 01 0.7804E 04 0.2500E 12 0.1003E 11
5 0.2170E 07 0.2604E 01 0.2231E 01 0.1321E 03 0.1256E 12 0.5039E 12
6 0.2487E 07 0.1221E 01 0.1287E 01 0.3884E 05 0.2288E 12 0.9176E 12
7 0.3171E 07 0.2185E 01 0.1444E 01 0.5780E 04 0.1045E 12 0.4191E 12


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY


M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


UBB Feasibility Report 
Structural Calculations and Drawings


Page 304 of 547







(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 1


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.0 0.0 58.2 0.0 0.9 0.0 0.54 0.09
2 0.0 0.0 58.2 0.0 0.9 0.0 0.54 0.09
3 0.0 0.0 58.2 0.0 0.9 0.0 0.54 0.09
4 0.0 0.0 58.2 0.0 0.9 0.0 0.54 0.09
5 0.0 0.0 58.2 0.0 0.9 0.0 0.54 0.09
6 0.0 0.0 58.2 0.0 0.9 0.0 0.54 0.09
7 0.0 0.0 58.2 0.0 0.9 0.0 0.54 0.09
8 0.0 0.0 58.2 0.0 0.9 0.0 0.54 0.09
9 0.0 0.0 58.2 0.0 0.9 0.0 0.54 0.09
10 0.0 0.0 58.2 0.0 0.9 0.0 0.54 0.09
11 0.1 0.0 26.6 0.0 8.0 0.0 0.25 0.04
12 0.1 0.0 26.6 0.0 8.0 0.0 0.25 0.04
13 0.1 0.0 26.6 0.0 8.0 0.0 0.25 0.04
14 0.1 0.0 26.6 0.0 8.0 0.0 0.25 0.04
15 0.1 0.0 26.6 0.0 8.0 0.0 0.25 0.04
16 0.1 0.0 26.6 0.0 8.0 0.0 0.25 0.04
17 0.1 0.0 26.6 0.0 8.0 0.0 0.25 0.04
18 0.1 0.0 26.6 0.0 8.0 0.0 0.25 0.04
19 0.1 0.0 26.6 0.0 8.0 0.0 0.25 0.04
20 0.1 0.0 26.6 0.0 8.0 0.0 0.25 0.04
21 0.1 0.0 22.4 0.0 7.6 0.0 0.21 0.04
22 0.1 0.0 22.4 0.0 7.6 0.0 0.21 0.04
23 0.1 0.0 22.4 0.0 7.6 0.0 0.21 0.04
24 0.1 0.0 22.4 0.0 7.6 0.0 0.21 0.04
25 0.1 0.0 22.4 0.0 7.6 0.0 0.21 0.04
26 0.1 0.0 22.4 0.0 7.6 0.0 0.21 0.04
27 0.1 0.0 22.4 0.0 7.6 0.0 0.21 0.04
28 0.1 0.0 22.4 0.0 7.6 0.0 0.21 0.04
29 0.1 0.0 22.4 0.0 7.6 0.0 0.21 0.04
30 0.1 0.0 22.4 0.0 7.6 0.0 0.21 0.04
31 0.1 0.0 18.3 0.0 7.3 0.0 0.17 0.03
32 0.1 0.0 18.3 0.0 7.3 0.0 0.17 0.03
33 0.1 0.0 18.3 0.0 7.3 0.0 0.17 0.03
34 0.1 0.0 18.3 0.0 7.3 0.0 0.17 0.03
35 0.1 0.0 18.3 0.0 7.3 0.0 0.17 0.03
36 0.1 0.0 18.3 0.0 7.3 0.0 0.17 0.03
37 0.1 0.0 18.3 0.0 7.3 0.0 0.17 0.03
38 0.1 0.0 18.3 0.0 7.3 0.0 0.17 0.03
39 0.1 0.0 18.3 0.0 7.3 0.0 0.17 0.03
40 0.1 0.0 18.3 0.0 7.3 0.0 0.17 0.03
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LOAD CASE 2


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.1 0.0 67.4 0.0 4.0 0.0 0.54 0.09
2 0.1 0.0 67.4 0.0 4.0 0.0 0.54 0.09
3 0.1 0.0 67.4 0.0 4.0 0.0 0.54 0.09
4 0.1 0.0 67.4 0.0 4.0 0.0 0.54 0.09
5 0.1 0.0 67.4 0.0 4.0 0.0 0.54 0.09
6 0.1 0.0 67.4 0.0 4.0 0.0 0.54 0.09
7 0.1 0.0 67.4 0.0 4.0 0.0 0.54 0.09
8 0.1 0.0 67.4 0.0 4.0 0.0 0.54 0.09
9 0.1 0.0 67.4 0.0 4.0 0.0 0.54 0.09
10 0.1 0.0 67.4 0.0 4.0 0.0 0.54 0.09
11 0.2 0.0 23.4 0.0 11.6 0.0 0.19 0.03
12 0.2 0.0 23.4 0.0 11.6 0.0 0.19 0.03
13 0.2 0.0 23.4 0.0 11.6 0.0 0.19 0.03
14 0.2 0.0 23.4 0.0 11.6 0.0 0.19 0.03
15 0.2 0.0 23.4 0.0 11.6 0.0 0.19 0.03
16 0.2 0.0 23.4 0.0 11.6 0.0 0.19 0.03
17 0.2 0.0 23.4 0.0 11.6 0.0 0.19 0.03
18 0.2 0.0 23.4 0.0 11.6 0.0 0.19 0.03
19 0.2 0.0 23.4 0.0 11.6 0.0 0.19 0.03
20 0.2 0.0 23.4 0.0 11.6 0.0 0.19 0.03
21 0.2 0.0 25.6 0.0 11.8 0.0 0.21 0.04
22 0.2 0.0 25.6 0.0 11.8 0.0 0.21 0.04
23 0.2 0.0 25.6 0.0 11.8 0.0 0.21 0.04
24 0.2 0.0 25.6 0.0 11.8 0.0 0.21 0.04
25 0.2 0.0 25.6 0.0 11.8 0.0 0.21 0.04
26 0.2 0.0 25.6 0.0 11.8 0.0 0.21 0.04
27 0.2 0.0 25.6 0.0 11.8 0.0 0.21 0.04
28 0.2 0.0 25.6 0.0 11.8 0.0 0.21 0.04
29 0.2 0.0 25.6 0.0 11.8 0.0 0.21 0.04
30 0.2 0.0 25.6 0.0 11.8 0.0 0.21 0.04
31 0.2 0.0 27.8 0.0 12.0 0.0 0.22 0.04
32 0.2 0.0 27.8 0.0 12.0 0.0 0.22 0.04
33 0.2 0.0 27.8 0.0 12.0 0.0 0.22 0.04
34 0.2 0.0 27.8 0.0 12.0 0.0 0.22 0.04
35 0.2 0.0 27.8 0.0 12.0 0.0 0.22 0.04
36 0.2 0.0 27.8 0.0 12.0 0.0 0.22 0.04
37 0.2 0.0 27.8 0.0 12.0 0.0 0.22 0.04
38 0.2 0.0 27.8 0.0 12.0 0.0 0.22 0.04
39 0.2 0.0 27.8 0.0 12.0 0.0 0.22 0.04
40 0.2 0.0 27.8 0.0 12.0 0.0 0.22 0.04


LOAD CASE 3
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PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.1 0.0 60.6 0.0 4.0 0.0 0.43 0.07
2 0.1 0.0 60.6 0.0 4.0 0.0 0.43 0.07
3 0.1 0.0 60.6 0.0 4.0 0.0 0.43 0.07
4 0.1 0.0 60.6 0.0 4.0 0.0 0.43 0.07
5 0.1 0.0 60.6 0.0 4.0 0.0 0.43 0.07
6 0.1 0.0 60.6 0.0 4.0 0.0 0.43 0.07
7 0.1 0.0 60.6 0.0 4.0 0.0 0.43 0.07
8 0.1 0.0 60.6 0.0 4.0 0.0 0.43 0.07
9 0.1 0.0 60.6 0.0 4.0 0.0 0.43 0.07
10 0.1 0.0 60.6 0.0 4.0 0.0 0.43 0.07
11 0.1 0.0 22.6 0.0 11.0 0.0 0.16 0.03
12 0.1 0.0 22.6 0.0 11.0 0.0 0.16 0.03
13 0.1 0.0 22.6 0.0 11.0 0.0 0.16 0.03
14 0.1 0.0 22.6 0.0 11.0 0.0 0.16 0.03
15 0.1 0.0 22.6 0.0 11.0 0.0 0.16 0.03
16 0.1 0.0 22.6 0.0 11.0 0.0 0.16 0.03
17 0.1 0.0 22.6 0.0 11.0 0.0 0.16 0.03
18 0.1 0.0 22.6 0.0 11.0 0.0 0.16 0.03
19 0.1 0.0 22.6 0.0 11.0 0.0 0.16 0.03
20 0.1 0.0 22.6 0.0 11.0 0.0 0.16 0.03
21 0.2 0.0 27.9 0.0 11.4 0.0 0.20 0.03
22 0.2 0.0 27.9 0.0 11.4 0.0 0.20 0.03
23 0.2 0.0 27.9 0.0 11.4 0.0 0.20 0.03
24 0.2 0.0 27.9 0.0 11.4 0.0 0.20 0.03
25 0.2 0.0 27.9 0.0 11.4 0.0 0.20 0.03
26 0.2 0.0 27.9 0.0 11.4 0.0 0.20 0.03
27 0.2 0.0 27.9 0.0 11.4 0.0 0.20 0.03
28 0.2 0.0 27.9 0.0 11.4 0.0 0.20 0.03
29 0.2 0.0 27.9 0.0 11.4 0.0 0.20 0.03
30 0.2 0.0 27.9 0.0 11.4 0.0 0.20 0.03
31 0.2 0.0 33.2 0.0 11.8 0.0 0.23 0.04
32 0.2 0.0 33.2 0.0 11.8 0.0 0.23 0.04
33 0.2 0.0 33.2 0.0 11.8 0.0 0.23 0.04
34 0.2 0.0 33.2 0.0 11.8 0.0 0.23 0.04
35 0.2 0.0 33.2 0.0 11.8 0.0 0.23 0.04
36 0.2 0.0 33.2 0.0 11.8 0.0 0.23 0.04
37 0.2 0.0 33.2 0.0 11.8 0.0 0.23 0.04
38 0.2 0.0 33.2 0.0 11.8 0.0 0.23 0.04
39 0.2 0.0 33.2 0.0 11.8 0.0 0.23 0.04
40 0.2 0.0 33.2 0.0 11.8 0.0 0.23 0.04


LOAD CASE 4


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K
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1 0.1 0.0 16.7 0.0 7.0 0.0 0.16 0.03
2 0.1 0.0 16.7 0.0 7.0 0.0 0.16 0.03
3 0.1 0.0 16.7 0.0 7.0 0.0 0.16 0.03
4 0.1 0.0 16.7 0.0 7.0 0.0 0.16 0.03
5 0.1 0.0 16.7 0.0 7.0 0.0 0.16 0.03
6 0.1 0.0 16.7 0.0 7.0 0.0 0.16 0.03
7 0.1 0.0 16.7 0.0 7.0 0.0 0.16 0.03
8 0.1 0.0 16.7 0.0 7.0 0.0 0.16 0.03
9 0.1 0.0 16.7 0.0 7.0 0.0 0.16 0.03
10 0.1 0.0 16.7 0.0 7.0 0.0 0.16 0.03
11 0.0 0.0 35.8 0.0 2.6 0.0 0.33 0.06
12 0.0 0.0 35.8 0.0 2.6 0.0 0.33 0.06
13 0.0 0.0 35.8 0.0 2.6 0.0 0.33 0.06
14 0.0 0.0 35.8 0.0 2.6 0.0 0.33 0.06
15 0.0 0.0 35.8 0.0 2.6 0.0 0.33 0.06
16 0.0 0.0 35.8 0.0 2.6 0.0 0.33 0.06
17 0.0 0.0 35.8 0.0 2.6 0.0 0.33 0.06
18 0.0 0.0 35.8 0.0 2.6 0.0 0.33 0.06
19 0.0 0.0 35.8 0.0 2.6 0.0 0.33 0.06
20 0.0 0.0 35.8 0.0 2.6 0.0 0.33 0.06
21 0.0 0.0 28.1 0.0 3.3 0.0 0.26 0.04
22 0.0 0.0 28.1 0.0 3.3 0.0 0.26 0.04
23 0.0 0.0 28.1 0.0 3.3 0.0 0.26 0.04
24 0.0 0.0 28.1 0.0 3.3 0.0 0.26 0.04
25 0.0 0.0 28.1 0.0 3.3 0.0 0.26 0.04
26 0.0 0.0 28.1 0.0 3.3 0.0 0.26 0.04
27 0.0 0.0 28.1 0.0 3.3 0.0 0.26 0.04
28 0.0 0.0 28.1 0.0 3.3 0.0 0.26 0.04
29 0.0 0.0 28.1 0.0 3.3 0.0 0.26 0.04
30 0.0 0.0 28.1 0.0 3.3 0.0 0.26 0.04
31 0.1 0.0 20.5 0.0 3.9 0.0 0.19 0.03
32 0.1 0.0 20.5 0.0 3.9 0.0 0.19 0.03
33 0.1 0.0 20.5 0.0 3.9 0.0 0.19 0.03
34 0.1 0.0 20.5 0.0 3.9 0.0 0.19 0.03
35 0.1 0.0 20.5 0.0 3.9 0.0 0.19 0.03
36 0.1 0.0 20.5 0.0 3.9 0.0 0.19 0.03
37 0.1 0.0 20.5 0.0 3.9 0.0 0.19 0.03
38 0.1 0.0 20.5 0.0 3.9 0.0 0.19 0.03
39 0.1 0.0 20.5 0.0 3.9 0.0 0.19 0.03
40 0.1 0.0 20.5 0.0 3.9 0.0 0.19 0.03


LOAD CASE 5


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.1 0.0 8.7 0.0 9.6 0.0 0.08 0.02
2 0.1 0.0 8.7 0.0 9.6 0.0 0.08 0.02
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3 0.1 0.0 8.7 0.0 9.6 0.0 0.08 0.02
4 0.1 0.0 8.7 0.0 9.6 0.0 0.08 0.02
5 0.1 0.0 8.7 0.0 9.6 0.0 0.08 0.02
6 0.1 0.0 8.7 0.0 9.6 0.0 0.08 0.02
7 0.1 0.0 8.7 0.0 9.6 0.0 0.08 0.02
8 0.1 0.0 8.7 0.0 9.6 0.0 0.08 0.02
9 0.1 0.0 8.7 0.0 9.6 0.0 0.08 0.02
10 0.1 0.0 8.7 0.0 9.6 0.0 0.08 0.02
11 0.1 0.0 38.3 0.0 5.7 0.0 0.36 0.06
12 0.1 0.0 38.3 0.0 5.7 0.0 0.36 0.06
13 0.1 0.0 38.3 0.0 5.7 0.0 0.36 0.06
14 0.1 0.0 38.3 0.0 5.7 0.0 0.36 0.06
15 0.1 0.0 38.3 0.0 5.7 0.0 0.36 0.06
16 0.1 0.0 38.3 0.0 5.7 0.0 0.36 0.06
17 0.1 0.0 38.3 0.0 5.7 0.0 0.36 0.06
18 0.1 0.0 38.3 0.0 5.7 0.0 0.36 0.06
19 0.1 0.0 38.3 0.0 5.7 0.0 0.36 0.06
20 0.1 0.0 38.3 0.0 5.7 0.0 0.36 0.06
21 0.1 0.0 25.4 0.0 6.8 0.0 0.24 0.04
22 0.1 0.0 25.4 0.0 6.8 0.0 0.24 0.04
23 0.1 0.0 25.4 0.0 6.8 0.0 0.24 0.04
24 0.1 0.0 25.4 0.0 6.8 0.0 0.24 0.04
25 0.1 0.0 25.4 0.0 6.8 0.0 0.24 0.04
26 0.1 0.0 25.4 0.0 6.8 0.0 0.24 0.04
27 0.1 0.0 25.4 0.0 6.8 0.0 0.24 0.04
28 0.1 0.0 25.4 0.0 6.8 0.0 0.24 0.04
29 0.1 0.0 25.4 0.0 6.8 0.0 0.24 0.04
30 0.1 0.0 25.4 0.0 6.8 0.0 0.24 0.04
31 0.1 0.0 12.4 0.0 7.9 0.0 0.12 0.02
32 0.1 0.0 12.4 0.0 7.9 0.0 0.12 0.02
33 0.1 0.0 12.4 0.0 7.9 0.0 0.12 0.02
34 0.1 0.0 12.4 0.0 7.9 0.0 0.12 0.02
35 0.1 0.0 12.4 0.0 7.9 0.0 0.12 0.02
36 0.1 0.0 12.4 0.0 7.9 0.0 0.12 0.02
37 0.1 0.0 12.4 0.0 7.9 0.0 0.12 0.02
38 0.1 0.0 12.4 0.0 7.9 0.0 0.12 0.02
39 0.1 0.0 12.4 0.0 7.9 0.0 0.12 0.02
40 0.1 0.0 12.4 0.0 7.9 0.0 0.12 0.02


LOAD CASE 6


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.1 0.0 10.9 0.0 5.1 0.0 0.08 0.01
2 0.1 0.0 10.9 0.0 5.1 0.0 0.08 0.01
3 0.1 0.0 10.9 0.0 5.1 0.0 0.08 0.01
4 0.1 0.0 10.9 0.0 5.1 0.0 0.08 0.01
5 0.1 0.0 10.9 0.0 5.1 0.0 0.08 0.01
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6 0.1 0.0 10.9 0.0 5.1 0.0 0.08 0.01
7 0.1 0.0 10.9 0.0 5.1 0.0 0.08 0.01
8 0.1 0.0 10.9 0.0 5.1 0.0 0.08 0.01
9 0.1 0.0 10.9 0.0 5.1 0.0 0.08 0.01
10 0.1 0.0 10.9 0.0 5.1 0.0 0.08 0.01
11 0.0 0.0 30.4 0.0 1.6 0.0 0.21 0.04
12 0.0 0.0 30.4 0.0 1.6 0.0 0.21 0.04
13 0.0 0.0 30.4 0.0 1.6 0.0 0.21 0.04
14 0.0 0.0 30.4 0.0 1.6 0.0 0.21 0.04
15 0.0 0.0 30.4 0.0 1.6 0.0 0.21 0.04
16 0.0 0.0 30.4 0.0 1.6 0.0 0.21 0.04
17 0.0 0.0 30.4 0.0 1.6 0.0 0.21 0.04
18 0.0 0.0 30.4 0.0 1.6 0.0 0.21 0.04
19 0.0 0.0 30.4 0.0 1.6 0.0 0.21 0.04
20 0.0 0.0 30.4 0.0 1.6 0.0 0.21 0.04
21 0.0 0.0 30.1 0.0 1.7 0.0 0.21 0.04
22 0.0 0.0 30.1 0.0 1.7 0.0 0.21 0.04
23 0.0 0.0 30.1 0.0 1.7 0.0 0.21 0.04
24 0.0 0.0 30.1 0.0 1.7 0.0 0.21 0.04
25 0.0 0.0 30.1 0.0 1.7 0.0 0.21 0.04
26 0.0 0.0 30.1 0.0 1.7 0.0 0.21 0.04
27 0.0 0.0 30.1 0.0 1.7 0.0 0.21 0.04
28 0.0 0.0 30.1 0.0 1.7 0.0 0.21 0.04
29 0.0 0.0 30.1 0.0 1.7 0.0 0.21 0.04
30 0.0 0.0 30.1 0.0 1.7 0.0 0.21 0.04
31 0.0 0.0 29.7 0.0 1.7 0.0 0.21 0.03
32 0.0 0.0 29.7 0.0 1.7 0.0 0.21 0.03
33 0.0 0.0 29.7 0.0 1.7 0.0 0.21 0.03
34 0.0 0.0 29.7 0.0 1.7 0.0 0.21 0.03
35 0.0 0.0 29.7 0.0 1.7 0.0 0.21 0.03
36 0.0 0.0 29.7 0.0 1.7 0.0 0.21 0.03
37 0.0 0.0 29.7 0.0 1.7 0.0 0.21 0.03
38 0.0 0.0 29.7 0.0 1.7 0.0 0.21 0.03
39 0.0 0.0 29.7 0.0 1.7 0.0 0.21 0.03
40 0.0 0.0 29.7 0.0 1.7 0.0 0.21 0.03


LOAD CASE 7


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.1 0.0 2.9 0.0 7.7 0.0 0.02 0.01
2 0.1 0.0 2.9 0.0 7.7 0.0 0.02 0.01
3 0.1 0.0 2.9 0.0 7.7 0.0 0.02 0.01
4 0.1 0.0 2.9 0.0 7.7 0.0 0.02 0.01
5 0.1 0.0 2.9 0.0 7.7 0.0 0.02 0.01
6 0.1 0.0 2.9 0.0 7.7 0.0 0.02 0.01
7 0.1 0.0 2.9 0.0 7.7 0.0 0.02 0.01
8 0.1 0.0 2.9 0.0 7.7 0.0 0.02 0.01
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9 0.1 0.0 2.9 0.0 7.7 0.0 0.02 0.01
10 0.1 0.0 2.9 0.0 7.7 0.0 0.02 0.01
11 0.1 0.0 33.0 0.0 4.7 0.0 0.23 0.04
12 0.1 0.0 33.0 0.0 4.7 0.0 0.23 0.04
13 0.1 0.0 33.0 0.0 4.7 0.0 0.23 0.04
14 0.1 0.0 33.0 0.0 4.7 0.0 0.23 0.04
15 0.1 0.0 33.0 0.0 4.7 0.0 0.23 0.04
16 0.1 0.0 33.0 0.0 4.7 0.0 0.23 0.04
17 0.1 0.0 33.0 0.0 4.7 0.0 0.23 0.04
18 0.1 0.0 33.0 0.0 4.7 0.0 0.23 0.04
19 0.1 0.0 33.0 0.0 4.7 0.0 0.23 0.04
20 0.1 0.0 33.0 0.0 4.7 0.0 0.23 0.04
21 0.1 0.0 27.3 0.0 5.2 0.0 0.19 0.03
22 0.1 0.0 27.3 0.0 5.2 0.0 0.19 0.03
23 0.1 0.0 27.3 0.0 5.2 0.0 0.19 0.03
24 0.1 0.0 27.3 0.0 5.2 0.0 0.19 0.03
25 0.1 0.0 27.3 0.0 5.2 0.0 0.19 0.03
26 0.1 0.0 27.3 0.0 5.2 0.0 0.19 0.03
27 0.1 0.0 27.3 0.0 5.2 0.0 0.19 0.03
28 0.1 0.0 27.3 0.0 5.2 0.0 0.19 0.03
29 0.1 0.0 27.3 0.0 5.2 0.0 0.19 0.03
30 0.1 0.0 27.3 0.0 5.2 0.0 0.19 0.03
31 0.1 0.0 21.6 0.0 5.7 0.0 0.15 0.03
32 0.1 0.0 21.6 0.0 5.7 0.0 0.15 0.03
33 0.1 0.0 21.6 0.0 5.7 0.0 0.15 0.03
34 0.1 0.0 21.6 0.0 5.7 0.0 0.15 0.03
35 0.1 0.0 21.6 0.0 5.7 0.0 0.15 0.03
36 0.1 0.0 21.6 0.0 5.7 0.0 0.15 0.03
37 0.1 0.0 21.6 0.0 5.7 0.0 0.15 0.03
38 0.1 0.0 21.6 0.0 5.7 0.0 0.15 0.03
39 0.1 0.0 21.6 0.0 5.7 0.0 0.15 0.03
40 0.1 0.0 21.6 0.0 5.7 0.0 0.15 0.03


*******************************************************************************


PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 1


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 26.0 52.0 0.0 0.0 0.0
2 0.0 26.0 52.0 0.0 0.0 0.0
3 0.0 26.0 52.0 0.0 0.0 0.0
4 0.0 26.0 52.0 0.0 0.0 0.0
5 0.0 26.0 52.0 0.0 0.0 0.0
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6 0.0 26.0 52.0 0.0 0.0 0.0
7 0.0 26.0 52.0 0.0 0.0 0.0
8 0.0 26.0 52.0 0.0 0.0 0.0
9 0.0 26.0 52.0 0.0 0.0 0.0
10 0.0 26.0 52.0 0.0 0.0 0.0
11 0.0 11.8 23.8 0.0 0.0 0.0
12 0.0 11.8 23.8 0.0 0.0 0.0
13 0.0 11.8 23.8 0.0 0.0 0.0
14 0.0 11.8 23.8 0.0 0.0 0.0
15 0.0 11.8 23.8 0.0 0.0 0.0
16 0.0 11.8 23.8 0.0 0.0 0.0
17 0.0 11.8 23.8 0.0 0.0 0.0
18 0.0 11.8 23.8 0.0 0.0 0.0
19 0.0 11.8 23.8 0.0 0.0 0.0
20 0.0 11.8 23.8 0.0 0.0 0.0
21 0.0 9.9 20.1 0.0 0.0 0.0
22 0.0 9.9 20.1 0.0 0.0 0.0
23 0.0 9.9 20.1 0.0 0.0 0.0
24 0.0 9.9 20.1 0.0 0.0 0.0
25 0.0 9.9 20.1 0.0 0.0 0.0
26 0.0 9.9 20.1 0.0 0.0 0.0
27 0.0 9.9 20.1 0.0 0.0 0.0
28 0.0 9.9 20.1 0.0 0.0 0.0
29 0.0 9.9 20.1 0.0 0.0 0.0
30 0.0 9.9 20.1 0.0 0.0 0.0
31 0.0 8.1 16.4 0.0 0.0 0.0
32 0.0 8.1 16.4 0.0 0.0 0.0
33 0.0 8.1 16.4 0.0 0.0 0.0
34 0.0 8.1 16.4 0.0 0.0 0.0
35 0.0 8.1 16.4 0.0 0.0 0.0
36 0.0 8.1 16.4 0.0 0.0 0.0
37 0.0 8.1 16.4 0.0 0.0 0.0
38 0.0 8.1 16.4 0.0 0.0 0.0
39 0.0 8.1 16.4 0.0 0.0 0.0
40 0.0 8.1 16.4 0.0 0.0 0.0


LOAD CASE 2


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 30.2 60.2 0.0 0.0 0.0
2 0.0 30.2 60.2 0.0 0.0 0.0
3 0.0 30.2 60.2 0.0 0.0 0.0
4 0.0 30.2 60.2 0.0 0.0 0.0
5 0.0 30.2 60.2 0.0 0.0 0.0
6 0.0 30.2 60.2 0.0 0.0 0.0
7 0.0 30.2 60.2 0.0 0.0 0.0
8 0.0 30.2 60.2 0.0 0.0 0.0
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9 0.0 30.2 60.2 0.0 0.0 0.0
10 0.0 30.2 60.2 0.0 0.0 0.0
11 0.0 10.3 21.0 0.0 0.0 0.0
12 0.0 10.3 21.0 0.0 0.0 0.0
13 0.0 10.3 21.0 0.0 0.0 0.0
14 0.0 10.3 21.0 0.0 0.0 0.0
15 0.0 10.3 21.0 0.0 0.0 0.0
16 0.0 10.3 21.0 0.0 0.0 0.0
17 0.0 10.3 21.0 0.0 0.0 0.0
18 0.0 10.3 21.0 0.0 0.0 0.0
19 0.0 10.3 21.0 0.0 0.0 0.0
20 0.0 10.3 21.0 0.0 0.0 0.0
21 0.0 11.3 23.0 0.0 0.0 0.0
22 0.0 11.3 23.0 0.0 0.0 0.0
23 0.0 11.3 23.0 0.0 0.0 0.0
24 0.0 11.3 23.0 0.0 0.0 0.0
25 0.0 11.3 23.0 0.0 0.0 0.0
26 0.0 11.3 23.0 0.0 0.0 0.0
27 0.0 11.3 23.0 0.0 0.0 0.0
28 0.0 11.3 23.0 0.0 0.0 0.0
29 0.0 11.3 23.0 0.0 0.0 0.0
30 0.0 11.3 23.0 0.0 0.0 0.0
31 0.0 12.3 25.0 0.0 0.0 0.0
32 0.0 12.3 25.0 0.0 0.0 0.0
33 0.0 12.3 25.0 0.0 0.0 0.0
34 0.0 12.3 25.0 0.0 0.0 0.0
35 0.0 12.3 25.0 0.0 0.0 0.0
36 0.0 12.3 25.0 0.0 0.0 0.0
37 0.0 12.3 25.0 0.0 0.0 0.0
38 0.0 12.3 25.0 0.0 0.0 0.0
39 0.0 12.3 25.0 0.0 0.0 0.0
40 0.0 12.3 25.0 0.0 0.0 0.0


LOAD CASE 3


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 27.1 54.1 0.0 0.0 0.0
2 0.0 27.1 54.1 0.0 0.0 0.0
3 0.0 27.1 54.1 0.0 0.0 0.0
4 0.0 27.1 54.1 0.0 0.0 0.0
5 0.0 27.1 54.1 0.0 0.0 0.0
6 0.0 27.1 54.1 0.0 0.0 0.0
7 0.0 27.1 54.1 0.0 0.0 0.0
8 0.0 27.1 54.1 0.0 0.0 0.0
9 0.0 27.1 54.1 0.0 0.0 0.0


10 0.0 27.1 54.1 0.0 0.0 0.0
11 0.0 10.0 20.3 0.0 0.0 0.0
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12 0.0 10.0 20.3 0.0 0.0 0.0
13 0.0 10.0 20.3 0.0 0.0 0.0
14 0.0 10.0 20.3 0.0 0.0 0.0
15 0.0 10.0 20.3 0.0 0.0 0.0
16 0.0 10.0 20.3 0.0 0.0 0.0
17 0.0 10.0 20.3 0.0 0.0 0.0
18 0.0 10.0 20.3 0.0 0.0 0.0
19 0.0 10.0 20.3 0.0 0.0 0.0
20 0.0 10.0 20.3 0.0 0.0 0.0
21 0.0 12.3 25.0 0.0 0.0 0.0
22 0.0 12.3 25.0 0.0 0.0 0.0
23 0.0 12.3 25.0 0.0 0.0 0.0
24 0.0 12.3 25.0 0.0 0.0 0.0
25 0.0 12.3 25.0 0.0 0.0 0.0
26 0.0 12.3 25.0 0.0 0.0 0.0
27 0.0 12.3 25.0 0.0 0.0 0.0
28 0.0 12.3 25.0 0.0 0.0 0.0
29 0.0 12.3 25.0 0.0 0.0 0.0
30 0.0 12.3 25.0 0.0 0.0 0.0
31 0.0 14.7 29.8 0.0 0.0 0.0
32 0.0 14.7 29.8 0.0 0.0 0.0
33 0.0 14.7 29.8 0.0 0.0 0.0
34 0.0 14.7 29.8 0.0 0.0 0.0
35 0.0 14.7 29.8 0.0 0.0 0.0
36 0.0 14.7 29.8 0.0 0.0 0.0
37 0.0 14.7 29.8 0.0 0.0 0.0
38 0.0 14.7 29.8 0.0 0.0 0.0
39 0.0 14.7 29.8 0.0 0.0 0.0
40 0.0 14.7 29.8 0.0 0.0 0.0


LOAD CASE 4


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 7.4 14.9 0.0 0.0 0.0
2 0.0 7.4 14.9 0.0 0.0 0.0
3 0.0 7.4 14.9 0.0 0.0 0.0
4 0.0 7.4 14.9 0.0 0.0 0.0
5 0.0 7.4 14.9 0.0 0.0 0.0
6 0.0 7.4 14.9 0.0 0.0 0.0
7 0.0 7.4 14.9 0.0 0.0 0.0
8 0.0 7.4 14.9 0.0 0.0 0.0
9 0.0 7.4 14.9 0.0 0.0 0.0


10 0.0 7.4 14.9 0.0 0.0 0.0
11 0.0 16.0 32.0 0.0 0.0 0.0
12 0.0 16.0 32.0 0.0 0.0 0.0
13 0.0 16.0 32.0 0.0 0.0 0.0
14 0.0 16.0 32.0 0.0 0.0 0.0
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15 0.0 16.0 32.0 0.0 0.0 0.0
16 0.0 16.0 32.0 0.0 0.0 0.0
17 0.0 16.0 32.0 0.0 0.0 0.0
18 0.0 16.0 32.0 0.0 0.0 0.0
19 0.0 16.0 32.0 0.0 0.0 0.0
20 0.0 16.0 32.0 0.0 0.0 0.0
21 0.0 12.6 25.2 0.0 0.0 0.0
22 0.0 12.6 25.2 0.0 0.0 0.0
23 0.0 12.6 25.2 0.0 0.0 0.0
24 0.0 12.6 25.2 0.0 0.0 0.0
25 0.0 12.6 25.2 0.0 0.0 0.0
26 0.0 12.6 25.2 0.0 0.0 0.0
27 0.0 12.6 25.2 0.0 0.0 0.0
28 0.0 12.6 25.2 0.0 0.0 0.0
29 0.0 12.6 25.2 0.0 0.0 0.0
30 0.0 12.6 25.2 0.0 0.0 0.0
31 0.0 9.2 18.3 0.0 0.0 0.0
32 0.0 9.2 18.3 0.0 0.0 0.0
33 0.0 9.2 18.3 0.0 0.0 0.0
34 0.0 9.2 18.3 0.0 0.0 0.0
35 0.0 9.2 18.3 0.0 0.0 0.0
36 0.0 9.2 18.3 0.0 0.0 0.0
37 0.0 9.2 18.3 0.0 0.0 0.0
38 0.0 9.2 18.3 0.0 0.0 0.0
39 0.0 9.2 18.3 0.0 0.0 0.0
40 0.0 9.2 18.3 0.0 0.0 0.0


LOAD CASE 5


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 3.8 7.8 0.0 0.0 0.0
2 0.0 3.8 7.8 0.0 0.0 0.0
3 0.0 3.8 7.8 0.0 0.0 0.0
4 0.0 3.8 7.8 0.0 0.0 0.0
5 0.0 3.8 7.8 0.0 0.0 0.0
6 0.0 3.8 7.8 0.0 0.0 0.0
7 0.0 3.8 7.8 0.0 0.0 0.0
8 0.0 3.8 7.8 0.0 0.0 0.0
9 0.0 3.8 7.8 0.0 0.0 0.0


10 0.0 3.8 7.8 0.0 0.0 0.0
11 0.0 17.2 34.2 0.0 0.0 0.0
12 0.0 17.2 34.2 0.0 0.0 0.0
13 0.0 17.2 34.2 0.0 0.0 0.0
14 0.0 17.2 34.2 0.0 0.0 0.0
15 0.0 17.2 34.2 0.0 0.0 0.0
16 0.0 17.2 34.2 0.0 0.0 0.0
17 0.0 17.2 34.2 0.0 0.0 0.0
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18 0.0 17.2 34.2 0.0 0.0 0.0
19 0.0 17.2 34.2 0.0 0.0 0.0
20 0.0 17.2 34.2 0.0 0.0 0.0
21 0.0 11.4 22.7 0.0 0.0 0.0
22 0.0 11.4 22.7 0.0 0.0 0.0
23 0.0 11.4 22.7 0.0 0.0 0.0
24 0.0 11.4 22.7 0.0 0.0 0.0
25 0.0 11.4 22.7 0.0 0.0 0.0
26 0.0 11.4 22.7 0.0 0.0 0.0
27 0.0 11.4 22.7 0.0 0.0 0.0
28 0.0 11.4 22.7 0.0 0.0 0.0
29 0.0 11.4 22.7 0.0 0.0 0.0
30 0.0 11.4 22.7 0.0 0.0 0.0
31 0.0 5.6 11.1 0.0 0.0 0.0
32 0.0 5.6 11.1 0.0 0.0 0.0
33 0.0 5.6 11.1 0.0 0.0 0.0
34 0.0 5.6 11.1 0.0 0.0 0.0
35 0.0 5.6 11.1 0.0 0.0 0.0
36 0.0 5.6 11.1 0.0 0.0 0.0
37 0.0 5.6 11.1 0.0 0.0 0.0
38 0.0 5.6 11.1 0.0 0.0 0.0
39 0.0 5.6 11.1 0.0 0.0 0.0
40 0.0 5.6 11.1 0.0 0.0 0.0


LOAD CASE 6


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 4.8 9.7 0.0 0.0 0.0
2 0.0 4.8 9.7 0.0 0.0 0.0
3 0.0 4.8 9.7 0.0 0.0 0.0
4 0.0 4.8 9.7 0.0 0.0 0.0
5 0.0 4.8 9.7 0.0 0.0 0.0
6 0.0 4.8 9.7 0.0 0.0 0.0
7 0.0 4.8 9.7 0.0 0.0 0.0
8 0.0 4.8 9.7 0.0 0.0 0.0
9 0.0 4.8 9.7 0.0 0.0 0.0


10 0.0 4.8 9.7 0.0 0.0 0.0
11 0.0 13.6 27.2 0.0 0.0 0.0
12 0.0 13.6 27.2 0.0 0.0 0.0
13 0.0 13.6 27.2 0.0 0.0 0.0
14 0.0 13.6 27.2 0.0 0.0 0.0
15 0.0 13.6 27.2 0.0 0.0 0.0
16 0.0 13.6 27.2 0.0 0.0 0.0
17 0.0 13.6 27.2 0.0 0.0 0.0
18 0.0 13.6 27.2 0.0 0.0 0.0
19 0.0 13.6 27.2 0.0 0.0 0.0
20 0.0 13.6 27.2 0.0 0.0 0.0
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21 0.0 13.5 26.9 0.0 0.0 0.0
22 0.0 13.5 26.9 0.0 0.0 0.0
23 0.0 13.5 26.9 0.0 0.0 0.0
24 0.0 13.5 26.9 0.0 0.0 0.0
25 0.0 13.5 26.9 0.0 0.0 0.0
26 0.0 13.5 26.9 0.0 0.0 0.0
27 0.0 13.5 26.9 0.0 0.0 0.0
28 0.0 13.5 26.9 0.0 0.0 0.0
29 0.0 13.5 26.9 0.0 0.0 0.0
30 0.0 13.5 26.9 0.0 0.0 0.0
31 0.0 13.3 26.5 0.0 0.0 0.0
32 0.0 13.3 26.5 0.0 0.0 0.0
33 0.0 13.3 26.5 0.0 0.0 0.0
34 0.0 13.3 26.5 0.0 0.0 0.0
35 0.0 13.3 26.5 0.0 0.0 0.0
36 0.0 13.3 26.5 0.0 0.0 0.0
37 0.0 13.3 26.5 0.0 0.0 0.0
38 0.0 13.3 26.5 0.0 0.0 0.0
39 0.0 13.3 26.5 0.0 0.0 0.0
40 0.0 13.3 26.5 0.0 0.0 0.0


LOAD CASE 7


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 1.2 2.6 0.0 0.0 0.0
2 0.0 1.2 2.6 0.0 0.0 0.0
3 0.0 1.2 2.6 0.0 0.0 0.0
4 0.0 1.2 2.6 0.0 0.0 0.0
5 0.0 1.2 2.6 0.0 0.0 0.0
6 0.0 1.2 2.6 0.0 0.0 0.0
7 0.0 1.2 2.6 0.0 0.0 0.0
8 0.0 1.2 2.6 0.0 0.0 0.0
9 0.0 1.2 2.6 0.0 0.0 0.0


10 0.0 1.2 2.6 0.0 0.0 0.0
11 0.0 14.8 29.5 0.0 0.0 0.0
12 0.0 14.8 29.5 0.0 0.0 0.0
13 0.0 14.8 29.5 0.0 0.0 0.0
14 0.0 14.8 29.5 0.0 0.0 0.0
15 0.0 14.8 29.5 0.0 0.0 0.0
16 0.0 14.8 29.5 0.0 0.0 0.0
17 0.0 14.8 29.5 0.0 0.0 0.0
18 0.0 14.8 29.5 0.0 0.0 0.0
19 0.0 14.8 29.5 0.0 0.0 0.0
20 0.0 14.8 29.5 0.0 0.0 0.0
21 0.0 12.3 24.4 0.0 0.0 0.0
22 0.0 12.3 24.4 0.0 0.0 0.0
23 0.0 12.3 24.4 0.0 0.0 0.0
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24 0.0 12.3 24.4 0.0 0.0 0.0
25 0.0 12.3 24.4 0.0 0.0 0.0
26 0.0 12.3 24.4 0.0 0.0 0.0
27 0.0 12.3 24.4 0.0 0.0 0.0
28 0.0 12.3 24.4 0.0 0.0 0.0
29 0.0 12.3 24.4 0.0 0.0 0.0
30 0.0 12.3 24.4 0.0 0.0 0.0
31 0.0 9.7 19.3 0.0 0.0 0.0
32 0.0 9.7 19.3 0.0 0.0 0.0
33 0.0 9.7 19.3 0.0 0.0 0.0
34 0.0 9.7 19.3 0.0 0.0 0.0
35 0.0 9.7 19.3 0.0 0.0 0.0
36 0.0 9.7 19.3 0.0 0.0 0.0
37 0.0 9.7 19.3 0.0 0.0 0.0
38 0.0 9.7 19.3 0.0 0.0 0.0
39 0.0 9.7 19.3 0.0 0.0 0.0
40 0.0 9.7 19.3 0.0 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.
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10 Sunset T3 Twall Pinned
20 PIL 1 22.5 2.5 0
30 BAT 2 1
40 ANG 270 1
50 PIL 2 17.5 2.5 0
60 BAT 2 2
70 ANG 270 2
80 PIL 3 12.5 2.5 0
90 BAT 2 3
100 ANG 270 3
110 PIL 4 7.5 2.5 0
120 BAT 2 4
130 ANG 270 4
140 PIL 5 2.5 2.5 0
150 BAT 2 5
160 ANG 270 5
170 PIL 6 2.5 2.5 0
180 BAT 2 6
190 ANG 270 6
200 PIL 7 7.5 2.5 0
210 BAT 2 7
220 ANG 270 7
230 PIL 8 12.5 2.5 0
240 BAT 2 8
250 ANG 270 8
260 PIL 9 17.5 2.5 0
270 BAT 2 9
280 ANG 270 9
290 PIL 10 22.5 2.5 0
300 BAT 2 10
310 ANG 270 10
320 PIL 11 22.5 7.5 0
330 BAT 2 11
340 ANG 90 11
350 PIL 12 17.5 7.5 0
360 BAT 2 12
370 ANG 90 12
380 PIL 13 12.5 7.5 0
390 BAT 2 13
400 ANG 90 13
410 PIL 14 7.5 7.5 0
420 BAT 2 14
430 ANG 90 14
440 PIL 15 2.5 7.5 0
450 BAT 2 15
460 ANG 90 15
470 PIL 16 2.5 7.5 0
480 BAT 2 16
490 ANG 90 16
500 PIL 17 7.5 7.5 0
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510 BAT 2 17
520 ANG 90 17
530 PIL 18 12.5 7.5 0
540 BAT 2 18
550 ANG 90 18
560 PIL 19 17.5 7.5 0
570 BAT 2 19
580 ANG 90 19
590 PIL 20 22.5 7.5 0
600 BAT 2 20
610 ANG 90 20
620 PIL 21 22.5 12.5 0
630 BAT 2 21
640 ANG 90 21
650 PIL 22 17.5 12.5 0
660 BAT 2 22
670 ANG 90 22
680 PIL 23 12.5 12.5 0
690 BAT 2 23
700 ANG 90 23
710 PIL 24 7.5 12.5 0
720 BAT 2 24
730 ANG 90 24
740 PIL 25 2.5 12.5 0
750 BAT 2 25
760 ANG 90 25
770 PIL 26 2.5 12.5 0
780 BAT 2 26
790 ANG 90 26
800 PIL 27 7.5 12.5 0
810 BAT 2 27
820 ANG 90 27
830 PIL 28 12.5 12.5 0
840 BAT 2 28
850 ANG 90 28
860 PIL 29 17.5 12.5 0
870 BAT 2 29
880 ANG 90 29
890 PIL 30 22.5 12.5 0
900 BAT 2 30
910 ANG 90 30
920 PIL 31 22.5 17.5 0
930 BAT 2 31
940 ANG 90 31
950 PIL 32 17.5 17.5 0
960 BAT 2 32
970 ANG 90 32
980 PIL 33 12.5 17.5 0
990 BAT 2 33
1000 ANG 90 33
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1010 PIL 34 7.5 17.5 0
1020 BAT 2 34
1030 ANG 90 34
1040 PIL 35 2.5 17.5 0
1050 BAT 2 35
1060 ANG 90 35
1070 PIL 36 2.5 17.5 0
1080 BAT 2 36
1090 ANG 90 36
1100 PIL 37 7.5 17.5 0
1110 BAT 2 37
1120 ANG 90 37
1130 PIL 38 12.5 17.5 0
1140 BAT 2 38
1150 ANG 90 38
1160 PIL 39 17.5 17.5 0
1170 BAT 2 39
1180 ANG 90 39
1190 PIL 40 22.5 17.5 0
1200 BAT 2 40
1210 ANG 90 40
1220 PRO 29000 326 904 26.1 2 0 1 TO 40
1230 SOI ES 0.0345 L 69 0 1 TO 40
1240 RED 1 1 1
1250 ALL H 107 85 652 652 1107 3275 1 TO 40
1260 PIN 1 TO 40
1270 LOA 8 0 925 847 15859 0 0
1270 LOA 9 0 925 559 12732 0 0
1270 FOV 1.33 1.33 8
1270 FOV 1.33 1.33 9
1280 TOUT 1 2 3 4 5 6 7
1290 PFO ALL
1300 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 11 SEP 20 RUN TIME: 19:23:02


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


SUNSET T3 TWALL PINNED
DATA UNKNOWN REJECTED.


THERE ARE 40 PILES AND
2 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 22.50 , 2.50 , 0.00 )
( 22.50 , 17.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.32600E+03 0.90400E+03 0.26100E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.34500E 01 L 0.69000E+02 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.34500E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.40503E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.31387E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.18283E+04 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 22.50 2.50 0.00 2.00 270.00 69.00 P
2 17.50 2.50 0.00 2.00 270.00 69.00 P
3 12.50 2.50 0.00 2.00 270.00 69.00 P
4 7.50 2.50 0.00 2.00 270.00 69.00 P
5 2.50 2.50 0.00 2.00 270.00 69.00 P
6 2.50 2.50 0.00 2.00 270.00 69.00 P
7 7.50 2.50 0.00 2.00 270.00 69.00 P
8 12.50 2.50 0.00 2.00 270.00 69.00 P
9 17.50 2.50 0.00 2.00 270.00 69.00 P
10 22.50 2.50 0.00 2.00 270.00 69.00 P
11 22.50 7.50 0.00 2.00 90.00 69.00 P
12 17.50 7.50 0.00 2.00 90.00 69.00 P
13 12.50 7.50 0.00 2.00 90.00 69.00 P
14 7.50 7.50 0.00 2.00 90.00 69.00 P
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15 2.50 7.50 0.00 2.00 90.00 69.00 P
16 2.50 7.50 0.00 2.00 90.00 69.00 P
17 7.50 7.50 0.00 2.00 90.00 69.00 P
18 12.50 7.50 0.00 2.00 90.00 69.00 P
19 17.50 7.50 0.00 2.00 90.00 69.00 P
20 22.50 7.50 0.00 2.00 90.00 69.00 P
21 22.50 12.50 0.00 2.00 90.00 69.00 P
22 17.50 12.50 0.00 2.00 90.00 69.00 P
23 12.50 12.50 0.00 2.00 90.00 69.00 P
24 7.50 12.50 0.00 2.00 90.00 69.00 P
25 2.50 12.50 0.00 2.00 90.00 69.00 P
26 2.50 12.50 0.00 2.00 90.00 69.00 P
27 7.50 12.50 0.00 2.00 90.00 69.00 P
28 12.50 12.50 0.00 2.00 90.00 69.00 P
29 17.50 12.50 0.00 2.00 90.00 69.00 P
30 22.50 12.50 0.00 2.00 90.00 69.00 P
31 22.50 17.50 0.00 2.00 90.00 69.00 P
32 17.50 17.50 0.00 2.00 90.00 69.00 P
33 12.50 17.50 0.00 2.00 90.00 69.00 P
34 7.50 17.50 0.00 2.00 90.00 69.00 P
35 2.50 17.50 0.00 2.00 90.00 69.00 P
36 2.50 17.50 0.00 2.00 90.00 69.00 P
37 7.50 17.50 0.00 2.00 90.00 69.00 P
38 12.50 17.50 0.00 2.00 90.00 69.00 P
39 17.50 17.50 0.00 2.00 90.00 69.00 P
40 22.50 17.50 0.00 2.00 90.00 69.00 P


2760.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


8 0.0 925.0 847.0 15859.0 0.0 0.0 1.33 1.33
9 0.0 925.0 559.0 12732.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX


0.12555E+03 0.26703E 03 0.40658E 19 0.31964E 01 0.00000E+00 0.15066E+05
0.26703E 03 0.14756E+05 0.14594E+05 0.30647E+07 0.87311E 10 0.24033E 01
0.40658E 19 0.14594E+05 0.58537E+05 0.70244E+07 0.11642E 09 0.31964E 01
0.31964E 01 0.30647E+07 0.70244E+07 0.11063E+10 0.29802E 07 0.63927E+01
0.21684E 17 0.29104E 10 0.17462E 09 0.29802E 07 0.17385E+10 0.43343E+09
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0.15066E+05 0.24033E 01 0.31964E 01 0.63927E+01 0.43343E+09 0.44062E+09


40 PILES 2 LOAD CASES


LOAD CASE 8. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 10.


LOAD CASE 9. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 10.


*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


8 0.1369E 06 0.5948E 01 0.5164E 02 0.4004E 04 0.4064E 12 0.1630E 11
9 0.1504E 06 0.7843E 01 0.2118E 02 0.6571E 04 0.6513E 12 0.2612E 11


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY


M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 8


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.2 0.0 55.1 0.0 15.7 0.0 0.49 0.07
2 0.2 0.0 55.1 0.0 15.7 0.0 0.49 0.07
3 0.2 0.0 55.1 0.0 15.7 0.0 0.49 0.07
4 0.2 0.0 55.1 0.0 15.7 0.0 0.49 0.07
5 0.2 0.0 55.1 0.0 15.7 0.0 0.49 0.07
6 0.2 0.0 55.1 0.0 15.7 0.0 0.49 0.07
7 0.2 0.0 55.1 0.0 15.7 0.0 0.49 0.07
8 0.2 0.0 55.1 0.0 15.7 0.0 0.49 0.07
9 0.2 0.0 55.1 0.0 15.7 0.0 0.49 0.07
10 0.2 0.0 55.1 0.0 15.7 0.0 0.49 0.07
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11 0.2 0.0 46.1 0.0 16.5 0.0 0.32 0.06
12 0.2 0.0 46.1 0.0 16.5 0.0 0.32 0.06
13 0.2 0.0 46.1 0.0 16.5 0.0 0.32 0.06
14 0.2 0.0 46.1 0.0 16.5 0.0 0.32 0.06
15 0.2 0.0 46.1 0.0 16.5 0.0 0.32 0.06
16 0.2 0.0 46.1 0.0 16.5 0.0 0.32 0.06
17 0.2 0.0 46.1 0.0 16.5 0.0 0.32 0.06
18 0.2 0.0 46.1 0.0 16.5 0.0 0.32 0.06
19 0.2 0.0 46.1 0.0 16.5 0.0 0.32 0.06
20 0.2 0.0 46.1 0.0 16.5 0.0 0.32 0.06
21 0.2 0.0 50.0 0.0 16.2 0.0 0.35 0.06
22 0.2 0.0 50.0 0.0 16.2 0.0 0.35 0.06
23 0.2 0.0 50.0 0.0 16.2 0.0 0.35 0.06
24 0.2 0.0 50.0 0.0 16.2 0.0 0.35 0.06
25 0.2 0.0 50.0 0.0 16.2 0.0 0.35 0.06
26 0.2 0.0 50.0 0.0 16.2 0.0 0.35 0.06
27 0.2 0.0 50.0 0.0 16.2 0.0 0.35 0.06
28 0.2 0.0 50.0 0.0 16.2 0.0 0.35 0.06
29 0.2 0.0 50.0 0.0 16.2 0.0 0.35 0.06
30 0.2 0.0 50.0 0.0 16.2 0.0 0.35 0.06
31 0.2 0.0 53.9 0.0 15.8 0.0 0.38 0.07
32 0.2 0.0 53.9 0.0 15.8 0.0 0.38 0.07
33 0.2 0.0 53.9 0.0 15.8 0.0 0.38 0.07
34 0.2 0.0 53.9 0.0 15.8 0.0 0.38 0.07
35 0.2 0.0 53.9 0.0 15.8 0.0 0.38 0.07
36 0.2 0.0 53.9 0.0 15.8 0.0 0.38 0.07
37 0.2 0.0 53.9 0.0 15.8 0.0 0.38 0.07
38 0.2 0.0 53.9 0.0 15.8 0.0 0.38 0.07
39 0.2 0.0 53.9 0.0 15.8 0.0 0.38 0.07
40 0.2 0.0 53.9 0.0 15.8 0.0 0.38 0.07


LOAD CASE 9


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.3 0.0 70.8 0.0 20.9 0.0 0.63 0.09
2 0.3 0.0 70.8 0.0 20.9 0.0 0.63 0.09
3 0.3 0.0 70.8 0.0 20.9 0.0 0.63 0.09
4 0.3 0.0 70.8 0.0 20.9 0.0 0.63 0.09
5 0.3 0.0 70.8 0.0 20.9 0.0 0.63 0.09
6 0.3 0.0 70.8 0.0 20.9 0.0 0.63 0.09
7 0.3 0.0 70.8 0.0 20.9 0.0 0.63 0.09
8 0.3 0.0 70.8 0.0 20.9 0.0 0.63 0.09
9 0.3 0.0 70.8 0.0 20.9 0.0 0.63 0.09
10 0.3 0.0 70.8 0.0 20.9 0.0 0.63 0.09
11 0.3 0.0 51.0 0.0 22.6 0.0 0.36 0.06
12 0.3 0.0 51.0 0.0 22.6 0.0 0.36 0.06
13 0.3 0.0 51.0 0.0 22.6 0.0 0.36 0.06
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14 0.3 0.0 51.0 0.0 22.6 0.0 0.36 0.06
15 0.3 0.0 51.0 0.0 22.6 0.0 0.36 0.06
16 0.3 0.0 51.0 0.0 22.6 0.0 0.36 0.06
17 0.3 0.0 51.0 0.0 22.6 0.0 0.36 0.06
18 0.3 0.0 51.0 0.0 22.6 0.0 0.36 0.06
19 0.3 0.0 51.0 0.0 22.6 0.0 0.36 0.06
20 0.3 0.0 51.0 0.0 22.6 0.0 0.36 0.06
21 0.3 0.0 44.5 0.0 23.1 0.0 0.31 0.06
22 0.3 0.0 44.5 0.0 23.1 0.0 0.31 0.06
23 0.3 0.0 44.5 0.0 23.1 0.0 0.31 0.06
24 0.3 0.0 44.5 0.0 23.1 0.0 0.31 0.06
25 0.3 0.0 44.5 0.0 23.1 0.0 0.31 0.06
26 0.3 0.0 44.5 0.0 23.1 0.0 0.31 0.06
27 0.3 0.0 44.5 0.0 23.1 0.0 0.31 0.06
28 0.3 0.0 44.5 0.0 23.1 0.0 0.31 0.06
29 0.3 0.0 44.5 0.0 23.1 0.0 0.31 0.06
30 0.3 0.0 44.5 0.0 23.1 0.0 0.31 0.06
31 0.3 0.0 38.1 0.0 23.7 0.0 0.27 0.05
32 0.3 0.0 38.1 0.0 23.7 0.0 0.27 0.05
33 0.3 0.0 38.1 0.0 23.7 0.0 0.27 0.05
34 0.3 0.0 38.1 0.0 23.7 0.0 0.27 0.05
35 0.3 0.0 38.1 0.0 23.7 0.0 0.27 0.05
36 0.3 0.0 38.1 0.0 23.7 0.0 0.27 0.05
37 0.3 0.0 38.1 0.0 23.7 0.0 0.27 0.05
38 0.3 0.0 38.1 0.0 23.7 0.0 0.27 0.05
39 0.3 0.0 38.1 0.0 23.7 0.0 0.27 0.05
40 0.3 0.0 38.1 0.0 23.7 0.0 0.27 0.05


*******************************************************************************


PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 8


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 24.8 49.2 0.0 0.0 0.0
2 0.0 24.8 49.2 0.0 0.0 0.0
3 0.0 24.8 49.2 0.0 0.0 0.0
4 0.0 24.8 49.2 0.0 0.0 0.0
5 0.0 24.8 49.2 0.0 0.0 0.0
6 0.0 24.8 49.2 0.0 0.0 0.0
7 0.0 24.8 49.2 0.0 0.0 0.0
8 0.0 24.8 49.2 0.0 0.0 0.0
9 0.0 24.8 49.2 0.0 0.0 0.0


10 0.0 24.8 49.2 0.0 0.0 0.0
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11 0.0 20.8 41.1 0.0 0.0 0.0
12 0.0 20.8 41.1 0.0 0.0 0.0
13 0.0 20.8 41.1 0.0 0.0 0.0
14 0.0 20.8 41.1 0.0 0.0 0.0
15 0.0 20.8 41.1 0.0 0.0 0.0
16 0.0 20.8 41.1 0.0 0.0 0.0
17 0.0 20.8 41.1 0.0 0.0 0.0
18 0.0 20.8 41.1 0.0 0.0 0.0
19 0.0 20.8 41.1 0.0 0.0 0.0
20 0.0 20.8 41.1 0.0 0.0 0.0
21 0.0 22.6 44.6 0.0 0.0 0.0
22 0.0 22.6 44.6 0.0 0.0 0.0
23 0.0 22.6 44.6 0.0 0.0 0.0
24 0.0 22.6 44.6 0.0 0.0 0.0
25 0.0 22.6 44.6 0.0 0.0 0.0
26 0.0 22.6 44.6 0.0 0.0 0.0
27 0.0 22.6 44.6 0.0 0.0 0.0
28 0.0 22.6 44.6 0.0 0.0 0.0
29 0.0 22.6 44.6 0.0 0.0 0.0
30 0.0 22.6 44.6 0.0 0.0 0.0
31 0.0 24.3 48.1 0.0 0.0 0.0
32 0.0 24.3 48.1 0.0 0.0 0.0
33 0.0 24.3 48.1 0.0 0.0 0.0
34 0.0 24.3 48.1 0.0 0.0 0.0
35 0.0 24.3 48.1 0.0 0.0 0.0
36 0.0 24.3 48.1 0.0 0.0 0.0
37 0.0 24.3 48.1 0.0 0.0 0.0
38 0.0 24.3 48.1 0.0 0.0 0.0
39 0.0 24.3 48.1 0.0 0.0 0.0
40 0.0 24.3 48.1 0.0 0.0 0.0


LOAD CASE 9


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 31.9 63.2 0.0 0.0 0.0
2 0.0 31.9 63.2 0.0 0.0 0.0
3 0.0 31.9 63.2 0.0 0.0 0.0
4 0.0 31.9 63.2 0.0 0.0 0.0
5 0.0 31.9 63.2 0.0 0.0 0.0
6 0.0 31.9 63.2 0.0 0.0 0.0
7 0.0 31.9 63.2 0.0 0.0 0.0
8 0.0 31.9 63.2 0.0 0.0 0.0
9 0.0 31.9 63.2 0.0 0.0 0.0
10 0.0 31.9 63.2 0.0 0.0 0.0
11 0.0 23.1 45.5 0.0 0.0 0.0
12 0.0 23.1 45.5 0.0 0.0 0.0
13 0.0 23.1 45.5 0.0 0.0 0.0
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14 0.0 23.1 45.5 0.0 0.0 0.0
15 0.0 23.1 45.5 0.0 0.0 0.0
16 0.0 23.1 45.5 0.0 0.0 0.0
17 0.0 23.1 45.5 0.0 0.0 0.0
18 0.0 23.1 45.5 0.0 0.0 0.0
19 0.0 23.1 45.5 0.0 0.0 0.0
20 0.0 23.1 45.5 0.0 0.0 0.0
21 0.0 20.2 39.7 0.0 0.0 0.0
22 0.0 20.2 39.7 0.0 0.0 0.0
23 0.0 20.2 39.7 0.0 0.0 0.0
24 0.0 20.2 39.7 0.0 0.0 0.0
25 0.0 20.2 39.7 0.0 0.0 0.0
26 0.0 20.2 39.7 0.0 0.0 0.0
27 0.0 20.2 39.7 0.0 0.0 0.0
28 0.0 20.2 39.7 0.0 0.0 0.0
29 0.0 20.2 39.7 0.0 0.0 0.0
30 0.0 20.2 39.7 0.0 0.0 0.0
31 0.0 17.3 33.9 0.0 0.0 0.0
32 0.0 17.3 33.9 0.0 0.0 0.0
33 0.0 17.3 33.9 0.0 0.0 0.0
34 0.0 17.3 33.9 0.0 0.0 0.0
35 0.0 17.3 33.9 0.0 0.0 0.0
36 0.0 17.3 33.9 0.0 0.0 0.0
37 0.0 17.3 33.9 0.0 0.0 0.0
38 0.0 17.3 33.9 0.0 0.0 0.0
39 0.0 17.3 33.9 0.0 0.0 0.0
40 0.0 17.3 33.9 0.0 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.
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Reach E (5B) T3 Sunset twall
T-Wall Stems Loads


Top of Stem EL. 18.5 Weight of Water: 0.062 k/ft3


Bottom of Stem EL. -3 Moist Weight of Soil 0.120 k/ft3


F.S. Soil EL. -3.0 Wave Load: 0 k/ft
P.S. Soil EL. 0.0 Wave Arm  EL. 0
S.W.L  EL. 9.4 Debri 0.5 k/ft
P.S. Water EL. 0.0 Wind Load: 0.056 ksf
Ko: 0.8 Sat. Soil Weight: 0.058 k/ft3


Note: Inputs are already referenced from t-wall foundation sheet.


Load Case 2b.  Construction + Wind 1.6(D + Sur + Wind)


Item Fy z Mx Vx


Wind 1.20 10.75 12.94 1.20
Sub Total: 12.94 1.20


Total (Factored) 20.71 1.93
ft-k/ft k/ft
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Load Case 3a.  Flowline 1.6(D + EH + EV + HF+ IU)


Item Fy z Mx Vx
F.S. Horizontal Water 4.80 4.13 19.83 4.80
P.S. Horizontal Water -0.28 1.00 -0.28 -0.28
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) -0.21 3 -0.6221 -0.21
P.S. Horizontal Soil ( m rec) 0.00 1.5 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 1.00 0.00 0.00
Sub Total: 18.93 4.31


Total (Factored) 30.28 6.89
ft-k/ft k/ft


Load Case 3c.  Flowline+Wind+Debri 1.6(D + EH + EV + HF+ PU + I + W)


Item Fy z Mx Vx
F.S. Horizontal Water 4.80 4.13 19.83 4.80
P.S. Horizontal Water -0.28 1.00 -0.28 -0.28
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) -0.21 3.00 -0.62 -0.21
P.S. Horizontal Soil ( m rec) 0.00 1.50 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 1.00 0.00 0.00
Wind 0.51 16.95 8.64 0.51
Debri 0.50 21.50 10.75 0.50
Sub Total: 38.31 5.32


Total (Factored) 61.30 8.51
ft-k/ft k/ft


Load Case 4a.  Water to the Top + Debri 1.2D + 1.35EHD + 0.9EHR + 1.35EV + 1.3(HTW + I + IU)


Item Fy z Mx Vx
F.S. Horizontal Water 14.42 7.17 103.36 14.42
P.S. Horizontal Water -0.28 1.00 -0.28 -0.28
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) -0.21 3.00 -0.62 -0.21
P.S. Horizontal Soil ( m rec) 0.00 1.50 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 1.00 0.00 0.00
Debri 0.50 21.50 10.75 0.50


Total (Factored) 147.42 18.85
ft-k/ft k/ft


Load Case 4b.  Water to the Top + Debri 0.9D + 1.35EHD + 0.9EHR + 1.0EV + 1.3(HTW + I + IU)


Item Fy z Mx Vx
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F.S. Horizontal Water 14.42 7.17 103.36 14.42
P.S. Horizontal Water -0.28 1.00 -0.28 -0.28
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) -0.21 3.00 -0.62 -0.21
P.S. Horizontal Soil ( m rec) 0.00 1.50 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 1.00 0.00 0.00
Debri 0.50 21.50 10.75 0.50


Total (Factored) 147.42 18.85
ft-k/ft k/ft


Mu Vu
Load Case 2b 20.71 1.93
Load Case 3a 30.28 6.89
Load Case 3c 61.30 8.51
Load Case 4a 147.42 18.85
Load Case 4b 147.42 18.85


Maximum 147.42 18.85
ft-k/ft k/ft


Summary of Stem Loads
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As min =


As Req'd =


b =


 =


d =


f'c =


fy =


Mn =  = 0.9


Mu =


Vc = Nominal Shear strength (lb / linear foot)  = 0.75


Vu =


t =


 =


b =


Project: Reach E (5B) T3 Sunset twall
Reference:T-wall 50  ft Slab Stem Rebar Design


Inputs:


Mu = 1769.00


Vu = 18847.20 lb/linear ft


b = 12 in


d = 34.5 in


t = 39 in


f'c = 4 ksi


fy = 60 ksi


Notation:


Minimum Area of Steel per linear foot of structure allowed by ACI / USACE.  (in2)


Required Area of Steel per linear foot of structure using Ultimate Moment. (in2)


Member width. ( Use 12in  if forces are per linear foot of structure.)


ACI 318-14 Section 22.2


Distance from extreme compression fiber to centroid of tension reinforcement. (in)


Compressive strength of concrete. (ksi  ** except in Vc formula psi )


Yield strength of steel. (Usually 60 ksi. )


Nominal Moment strength (k-in / linear foot)


Ultimate moment in sttructure. ( k-in / linear foot)


Ultimate shear in structure. (lb / linear foot)


Thickness of structure. (In direction of applied moment)  (in)


Ratio of Reinforcement


Balanced Ratio of Reinforcement ( 0.0285 for 4ksi concrete )


k-in / linear ft
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 = 0.85 (unitless)


b = 0.0285 (unitless)


Check dd
Mn= Mu/
Mn= 1965.56


EM 1110-2-2104 (Table D-1)


dd= 20.22 in


d > dd ok


Calculations: ** All Areas are per side.


EM 1110-2-2104 (Table D-8)


Pn= 0
Ku= 0.041329


EM 1110-2-2104 (D-9)


As Req'd = 0.97 in2 /ft


As min = 1.31 in2 /ft EM 1110-2-2104, Chapter 3


As min = 1.38 in2 /ft  = 200 b d / Fy    (psi) EM 1110-2-2104, Chapter 3


As min = 1.29 in2 /ft  = 1.33 (As Req'd ) EM 1110-2-2104, Chapter 3


Use    As = 1.29 in2 /ft Flexural


Temperature and Shrinkage Rebar
As t&s = 1.17 in2 /ft  = 0.005b t/2 per face


k-in / linear ft


 = [ 3 b d  ( f'c )  ] / Fy   (psi)


-- EM 1110-2-2104 Table 2-3
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Use As t&s = 1.17 in2 /ft per face Use: #9@9in As: 1.33 in2 /ft


As Used: 1.33 in2 /ft Use: #9@9in


Mn = 2407.55 k-in


Mu = 1769.003 k-in


OK


Vc = 39.28 k


Vu = 18.85 k


OK


 = 0.003213


b =  0.007125


b =  0.010688


OK


OK


EM 1110-2-2104, Chapter 3.5


Check Moment:


Calculate Mn and compare to original Mu.


  = 0.9 As Fy d ( 1 -( As Fy / 2  b d f'c) )


If Mn > Mu then As is acceptable.


 = As / b d


 b  ( if possible )  


 b  ( always )


Check Shear:


Calculate Vc and compare to Vu.


 = 0.75 x 2 (  f'c ) b d


If Vc > Vu then As is acceptable.


Check Ratio of Reinforcement:
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Quantities
Sunset T-wall T-3 Reach E (5B)


1) Cast-in place concrete
Area of Base Slab per linear ft: 80 ft2


Area of Stem per linear ft: 69.88 ft2


Total area per linear ft: 149.88 ft2


Width of slab: 20.00 ft


Total Linear ft of wall: 1232 ft
Total Volume of Base Slab (CY) 3650.37 CY
Total Volume of Stem (CY): 3188.37 CY
Total volume of concrete (ft3): 184646 ft3


Total volume of concrete (CY): 6838.741 CY


2) Steel Sheet Piling
Cut off El. -6.25
Tip El. -37.5
Length: 31.25 ft
Area of sheet pile: 38500 ft2


3) HP 14x89 pile
Cut off El. -6.25
Tip El. -73
Batter: 2
Length: 74.62877 ft
spacing between piles 5 ft
total piles per row 4
Total length of piles: 73554.11 LF


4) Stab slab


Depth: 1 ft
Total volume: 24640 ft3


Total volume: 912.5926 CY


UBB Feasibility Report 
Structural Calculations and Drawings


Page 336 of 547







Reach E NewWall Pipeline Crossing T wall
Calculations and Quantities


UBB Feasibility Report 
Structural Calculations and Drawings


Page 337 of 547







Lo
ad


 C
as


e
Lo


ad
 D


es
cr


ip
tio


n
Lo


ad
 C


at
eg


or
y


Fa
ct


or
ed


 L
oa


ds
LC


1
N


or
m


al
 O


pe
ra


tio
n


0%
(D


 +
 E


H
 +


 E
V


)
LC


3
C


on
st


ru
ct


io
n


16
.6


7%
(D


 +
 S


ur
)


LC
4


C
on


st
ru


ct
io


n 
+ 


W
in


d
33


%
(D


 +
 S


ur
 +


 W
)


LC
5


Fl
ow


lin
e 


+ 
Im


pe
rv


 U
pl


ift
0%


(D
 +


 E
H


 +
 E


V
 +


 H
F 


+ 
IU


)
LC


6
Fl


ow
lin


e 
+ 


Pe
rv


 U
pl


ift
0%


(D
 +


 E
H


 +
 E


V
 +


 H
F 


+ 
PU


)
LC


7
Fl


ow
lin


e 
+ 


Im
pe


rv
 U


pl
ift


 +
 W


in
d 


+ 
D


eb
ris


33
%


(D
 +


 E
H


 +
 E


V
 +


 H
F 


+ 
IU


 +
 I 


+ 
W


LC
8


Fl
ow


lin
e 


+ 
Pe


rv
 U


pl
ift


 +
 W


in
d 


+ 
D


eb
ris


33
%


(D
 +


 E
H


 +
 E


V
 +


 H
F 


+ 
PU


 +
 I 


+ 
W


LC
9


Fr
ee


bo
ar


d 
+ 


Im
pe


rv
 U


pl
ift


 +
 D


eb
ris


33
%


(D
 +


 E
H


 +
 E


V
 +


 H
TW


 +
 I 


+ 
IU


)
LC


10
Fr


ee
bo


ar
d 


+ 
Pe


rv
 U


pl
ift


 +
 D


eb
ris


33
%


(D
 +


 E
H


 +
 E


V
 +


 H
TW


 +
 I 


+ 
PU


)


D=
De


ad
Lo
ad


EH
=
Ho


riz
on


ta
lS
oi
l


EV
=
Ve


rt
ica


lS
oi
l


ES
=
Su
rc
ha
rg
e
Lo
ad


(2
00


ps
f)


W
=
W
in
d


HF
=
W
at
er


at
Fl
ow


lin
e


PU
=
Pe


rv
io
us


Up
lif
t


IU
=
Im


pe
rv
io
us


Up
lif
t


I=
De


br
is
Im


pa
ct


H T
W
=
W
at
er


at
To


p
of


W
al
l


Su
r=


Su
rc
ha
rg
e


U
BB


 F
ea


si
bi


lit
y 


R
ep


or
t 


St
ru


ct
ur


al
 C


al
cu


la
tio


ns
 a


nd
 D


ra
w


in
gs


Pa
ge


 3
38


 o
f 5


47







ASCE 7-10 Wind Load Calculation


Wind on Wall


Kz= 1.03
Kzt= 1
Kd= 0.85
V= 158 mph


qz= 56.0 lb/ft2
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Reach E New wall Pipeline crossing
T-Wall Foundation Loads: Unfactored Loads for Pile Analysis


Top of Stem EL. 18.5 Weight of Water: 0.062 k/ft3


Top of Slab EL. 0.0 Weight Soil (FS) 0.120 k/ft3


Bottom of Slab EL. -2.5 Weight of Soil (PS): 0.12 k/ft4


Stem Width: 2.00 ft Weight of Concrete: 0.150 k/ft3


F.S. Slab Width: 3 ft Ko: 0.8
P.S. Slab Width: 10 ft Wave Load: 0 k/ft
Length of Monolith: 50 ft Wave Arm  EL. 0
Dist to Sheet Pile: 5 ft Unbal. Load SWL: 0.0 k/ft
F.S. Soil EL. 0.0 Unbal. Load HWL: 0.0 k/ft  
P.S. Soil EL. 0.0 Wind Load: 0.056 ksf
S.W.L  EL. (Flowline) 9.4 Boat Impact 0.5 k/ft  Debris applied at TOW for TOW LC 
P.S. Water EL. 0.0 Construction Surcharge: 0.2 k/ft2


Width of Monolith: 15.0 ft Area of Stem: 37.00 ft²
Area of Base Slab: 37.5 ft² Bouyant Soil Weight (PS): 0.058 k/ft3


Bouyant Soil Weight (FS): 0.058 k/ft4


Load Sheet Limitations - a) Straight aligned monoliths only b) No varying soil elevations along monolith
c) Constant stem thickness only d) Sheet only handles minimal impact loads


LC 1: Load Case 1a.  Normal Operation 


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 5.6 7.5 42.2
Concrete Stem 5.6 4.000 22.2
F.S. Vertical Soil 0.0 1.500 0.0
F.S. Horizontal Soil (Base) 0.3 0.83 0.3
P.S. Vertical Soil 0.0 10.00 0.0


Sub Total: 0.3 11.2 64.6 0.0 0.0


Sub Total x Monolith Length: 15 559 3232 0 0
Total 15 559 0 0 0 3232 0 0
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LC 6: Load Case 2a.  Construction


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 5.6 7.5 42.2
Concrete Stem 5.6 4.000 22.2
F.S. Horizontal Soil (Base) 0.3 0.83 0.3
Construction Surcharge(FS) 0.6 1.50 0.9
Construction Surcharge(PS) 2.0 10.00 20.0
Sub Total: 0.3 13.8 85.5


Sub Total x Monolith Length: 15 688.75 4276.875 0 0
Total 15 689 4277


LC 7: Load Case 2b.  Construction + Wind


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 5.6 7.5 42.2
Concrete Stem 5.6 4.000 22.2
F.S. Horizontal Soil (Base) 0.3 0.83 0.3
Construction Surcharge(FS) 0.6 1.5 0.9
Construction Surcharge(PS) 2 10 20.0
Wind 1.036 11.8 12.2
Sub Total: 1.34 13.78 97.71 0.00 0.00


Sub Total x Monolith Length: 66.8 688.75 4885.525 0 0
Total 67 689 4886


LC 8: Load Case 3a.  Flowline, Impervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 5.6 7.50 42.2
Concrete Stem 5.6 4.000 22.2
F.S. Vertical Water 1.8 1.50 2.6
F.S. Vertical Soil 0.0 1.50 0.0
P.S. Vertical Water 0.0000 10.000 0.0
P.S. Vertical Soil 0.0000 10.000 0.0
F.S. Horizontal Water 4.4 3.97 17.5
F.S. Horizontal Soil 0.144 0.83 0.1
P.S. Horizontal Water -0.1950 0.83 -0.2
P.S. Horizontal Soil ( m tri) 0.0000 2.50 0.0
P.S. Horizontal Soil ( m rec) 0.0 1.25 0.0
P.S. Horizontal Soil ( sat tri) -0.1 0.83 -0.1
F.S. Impervious Uplift -3.7 2.50 -9.3
P.S. Impervious Uplift -1.6 10.00 -15.6
Unbalanced Force 0.0
Sub Total: 4.2 7.7 59.5


Sub Total x Monolith Length: 211.2 383.1 2,975.4 0.0 0.0
Total 211 383 2975


LC 9: Load Case 3b. Flowline, Pervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 5.6 7.50 42.2
Concrete Stem 5.6 4.000 22.2
F.S. Vertical Water 1.8 1.50 2.6
F.S. Vertical Soil 0.0 1.50 0.0
P.S. Vertical Water 0.0 10.000 0.0
P.S. Vertical Soil 0.000 10.000 0.0
F.S. Horizontal Water 4.4 3.97 17.5
F.S. Horizontal Soil 0.1 0.83 0.1
P.S. Horizontal Water -0.195 0.83 -0.2
P.S. Horizontal Soil ( m tri) 0.000 2.50 0.0
P.S. Horizontal Soil ( m rec) 0.0 1.25 0.0
P.S. Horizontal Soil ( sat tri) -0.1 0.83 -0.1
Pervious Uplift  (Rec.) -2.3 7.50 -17.6
Pervious Uplift  (Tri.) -4.4 5.00 -22.0
Unbalanced Force 0.0
Sub Total: 4.2 6.2 44.8
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Sub Total x Monolith Length: 211.2 309.8 2242.2 0.0 0.0
Total 211 310 2242


LC 10: Load Case 3c.  Flowline + Wind + Debri, Impervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 5.6 7.50 42.2
Concrete Stem 5.6 4.000 22.2
F.S. Vertical Water 1.8 1.50 2.6
F.S. Vertical Soil 0.0 1.50 0.0
P.S. Vertical Water 0.0 10.000 0.0
P.S. Vertical Soil 0.000 10.000 0.0
F.S. Horizontal Water 4.4 3.97 17.5
F.S. Horizontal Soil 0.1 0.83 0.1
P.S. Horizontal Water -0.195 0.83 -0.2
P.S. Horizontal Soil ( m tri) 0.000 2.50 0.0
P.S. Horizontal Soil ( m rec) 0.0 1.25 0.0
P.S. Horizontal Soil ( sat tri) -0.1 0.83 -0.1
F.S. Impervious Uplift -3.7 2.50 -9.3
P.S. Impervious Uplift -1.6 10.00 -15.6
Wind 0.5 16.45 8.4
Debri 0.5 21.00 10.5
Sub Total: 5.2 7.7 78.4


Sub Total x Monolith Length: 261.6 383.1 3919.6 0.0 0.0
Total 262 383 3920


LC 11: Load Case 3d. Flowline + Wind + Debri, Pervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 5.6 7.50 42.2
Concrete Stem 5.6 4.000 22.2
F.S. Vertical Water 1.8 1.50 2.6
F.S. Vertical Soil 0.0 1.50 0.0
P.S. Vertical Water 0.0 10.000 0.0
P.S. Vertical Soil 0.000 10.000 0.0
F.S. Horizontal Water 4.4 3.97 17.5
F.S. Horizontal Soil 0.1 0.83 0.1
P.S. Horizontal Water -0.195 0.83 -0.2
P.S. Horizontal Soil ( m tri) 0.000 2.50 0.0
P.S. Horizontal Soil ( m rec) 0.0 1.25 0.0
P.S. Horizontal Soil ( sat tri) -0.1 0.83 -0.1
Pervious Uplift  (Rec.) -2.3 7.50 -17.6
Pervious Uplift  (Tri.) -4.4 5.00 -22.0
Wind 0.5 16.45 8.4
Debri 0.5 21.00 10.5
Sub Total: 5.2 6.2 63.7


Sub Total x Monolith Length: 261.6 309.8 3186.4 0.0 0.0
Total 262 310 3186


LC 12: Load Case 4a.  Water to the Top+ Debri, Impervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 5.6 7.50 42.2
Concrete Stem 5.6 4.000 22.2
F.S. Vertical Water 3.5 1.50 5.2
F.S. Vertical Soil 0.0 1.50 0.0
P.S. Vertical Water 0.0 10.000 0.0
P.S. Vertical Soil 0.000 10.000 0.0
F.S. Horizontal Water 13.8 7.00 96.3
F.S. Horizontal Soil 0.1 0.83 0.1
P.S. Horizontal Water -0.195 0.83 -0.2
P.S. Horizontal Soil ( m tri) 0.000 2.50 0.0
P.S. Horizontal Soil ( m rec) 0.0 1.25 0.0
P.S. Horizontal Soil ( sat tri) -0.1 0.83 -0.1
F.S. Impervious Uplift -6.6 2.50 -16.4
P.S. Impervious Uplift -1.6 10.00 -15.6
Debri 0.5 21.00 10.5
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Unbalanced Load 0.0
Sub Total: 14.1 6.5 144.3


Sub Total x Monolith Length: 703.2 326.3 7212.7 0.0 0.0
Total 703 326 7213


LC 13: Load Case 4b.  Water to the Top + Debri, Pervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 5.6 7.50 42.2
Concrete Stem 5.6 4.000 22.2
F.S. Vertical Water 3.5 1.50 5.2
F.S. Vertical Soil 0.0 1.50 0.0
P.S. Vertical Water 0.0 10.000 0.0
P.S. Vertical Soil 0.000 10.000 0.0
F.S. Horizontal Water 13.8 7.00 96.3
F.S. Horizontal Soil 0.1 0.83 0.1
P.S. Horizontal Water -0.195 0.83 -0.2
P.S. Horizontal Soil ( m tri) 0.000 2.50 0.0
P.S. Horizontal Soil ( m rec) 0.0 1.25 0.0
P.S. Horizontal Soil ( sat tri) -0.1 0.83 -0.1
Pervious Uplift  (Rec.) -2.3 7.50 -17.6
Pervious Uplift  (Tri.) -8.7 5.00 -43.3
Debri 0.5 21.00 10.5
Unbalanced Load 0.0
Sub Total: 14.1 3.6 115.4


Sub Total x Monolith Length: 703.2 182.0 5769.7 0.0 0.0
Total 703 182 5770


Fx Fy Fz Mx My Mz
Load Case 1a LOAD 1 0.0 15.0 558.8 3,231.9 0.0 0.0
Load Case 2a LOAD 6 0.0 15.0 688.8 4,276.9 0.0 0.0
Load Case 2b LOAD 7 0.0 66.8 688.8 4,885.5 0.0 0.0
Load Case 3a LOAD 8 0.0 211.2 383.1 2,975.4 0.0 0.0
Load Case 3b LOAD 9 0.0 211.2 309.8 2,242.2 0.0 0.0
Load Case 3c LOAD 10 0.0 261.6 383.1 3,919.6 0.0 0.0
Load Case 3d LOAD 11 0.0 261.6 309.8 3,186.4 0.0 0.0
Load Case 4a LOAD 12 0.0 703.2 326.3 7,212.7 0.0 0.0
Load Case 4b LOAD 13 0.0 703.2 182.0 5,769.7 0.0 0.0


Summary Table of CPGA Loads
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10 Reach E Pipeline Twall Fixed
20 PIL 1 22.5 2.5 0
30 BAT 2 1
40 ANG 270 1
50 PIL 2 17.5 2.5 0
60 BAT 2 2
70 ANG 270 2
80 PIL 3 12.5 2.5 0
90 BAT 2 3
100 ANG 270 3
110 PIL 4 7.5 2.5 0
120 BAT 2 4
130 ANG 270 4
140 PIL 5 2.5 2.5 0
150 BAT 2 5
160 ANG 270 5
170 PIL 6 2.5 2.5 0
180 BAT 2 6
190 ANG 270 6
200 PIL 7 7.5 2.5 0
210 BAT 2 7
220 ANG 270 7
230 PIL 8 12.5 2.5 0
240 BAT 2 8
250 ANG 270 8
260 PIL 9 17.5 2.5 0
270 BAT 2 9
280 ANG 270 9
290 PIL 10 22.5 2.5 0
300 BAT 2 10
310 ANG 270 10
320 PIL 11 22.5 7.5 0
330 BAT 2 11
340 ANG 90 11
350 PIL 12 17.5 7.5 0
360 BAT 2 12
370 ANG 90 12
380 PIL 13 12.5 7.5 0
390 BAT 2 13
400 ANG 90 13
410 PIL 14 7.5 7.5 0
420 BAT 2 14
430 ANG 90 14
440 PIL 15 2.5 7.5 0
450 BAT 2 15
460 ANG 90 15
470 PIL 16 2.5 7.5 0
480 BAT 2 16
490 ANG 90 16
500 PIL 17 7.5 7.5 0
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510 BAT 2 17
520 ANG 90 17
530 PIL 18 12.5 7.5 0
540 BAT 2 18
550 ANG 90 18
560 PIL 19 17.5 7.5 0
570 BAT 2 19
580 ANG 90 19
590 PIL 20 22.5 7.5 0
600 BAT 2 20
610 ANG 90 20
620 PIL 21 22.5 12.5 0
630 BAT 2 21
640 ANG 90 21
650 PIL 22 17.5 12.5 0
660 BAT 2 22
670 ANG 90 22
680 PIL 23 12.5 12.5 0
690 BAT 2 23
700 ANG 90 23
710 PIL 24 7.5 12.5 0
720 BAT 2 24
730 ANG 90 24
740 PIL 25 2.5 12.5 0
750 BAT 2 25
760 ANG 90 25
770 PIL 26 2.5 12.5 0
780 BAT 2 26
790 ANG 90 26
800 PIL 27 7.5 12.5 0
810 BAT 2 27
820 ANG 90 27
830 PIL 28 12.5 12.5 0
840 BAT 2 28
850 ANG 90 28
860 PIL 29 17.5 12.5 0
870 BAT 2 29
880 ANG 90 29
890 PIL 30 22.5 12.5 0
900 BAT 2 30
910 ANG 90 30
920 PRO 29000 326 904 26.1 2 0 1 TO 30
930 SOI ES 0.0345 L 69 0 1 TO 30
940 RED 1 1 1
950 ALL H 107 85 652 652 1107 3275 1 TO 30
960 FIX 1 TO 30
970 LOA 1 0 15 559 3232 0 0
970 LOA 2 0 15 689 4277 0 0
970 LOA 3 0 67 689 4886 0 0
970 LOA 4 0 211 383 2975 0 0


UBB Feasibility Report 
Structural Calculations and Drawings


Page 347 of 547







970 LOA 5 0 211 310 2242 0 0
970 LOA 6 0 262 383 3920 0 0
970 LOA 7 0 262 310 3186 0 0
970 FOV 1.167 1.167 2
970 FOV 1.33 1.33 3
970 FOV 1.33 1.33 6
970 FOV 1.33 1.33 7
980 TOUT 1 2 3 4 5 6 7
990 PFO ALL
1000 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 01 OCT 20 RUN TIME: 17:40:29


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


REACH E PIPELINE TWALL FIXED
DATA UNKNOWN REJECTED.


THERE ARE 30 PILES AND
7 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 22.50 , 2.50 , 0.00 )
( 22.50 , 12.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.32600E+03 0.90400E+03 0.26100E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.34500E 01 L 0.69000E+02 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.34500E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.81007E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.95103E+03 0.00000E+00
0.00000E+00 0.62774E+01 0.00000E+00 0.57111E+03 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.18283E+04 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.57111E+03 0.00000E+00 0.10392E+06 0.00000E+00 0.00000E+00
0.95103E+03 0.00000E+00 0.00000E+00 0.00000E+00 0.22330E+06 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 22.50 2.50 0.00 2.00 270.00 69.00 F
2 17.50 2.50 0.00 2.00 270.00 69.00 F
3 12.50 2.50 0.00 2.00 270.00 69.00 F
4 7.50 2.50 0.00 2.00 270.00 69.00 F
5 2.50 2.50 0.00 2.00 270.00 69.00 F
6 2.50 2.50 0.00 2.00 270.00 69.00 F
7 7.50 2.50 0.00 2.00 270.00 69.00 F
8 12.50 2.50 0.00 2.00 270.00 69.00 F
9 17.50 2.50 0.00 2.00 270.00 69.00 F
10 22.50 2.50 0.00 2.00 270.00 69.00 F
11 22.50 7.50 0.00 2.00 90.00 69.00 F
12 17.50 7.50 0.00 2.00 90.00 69.00 F
13 12.50 7.50 0.00 2.00 90.00 69.00 F
14 7.50 7.50 0.00 2.00 90.00 69.00 F
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15 2.50 7.50 0.00 2.00 90.00 69.00 F
16 2.50 7.50 0.00 2.00 90.00 69.00 F
17 7.50 7.50 0.00 2.00 90.00 69.00 F
18 12.50 7.50 0.00 2.00 90.00 69.00 F
19 17.50 7.50 0.00 2.00 90.00 69.00 F
20 22.50 7.50 0.00 2.00 90.00 69.00 F
21 22.50 12.50 0.00 2.00 90.00 69.00 F
22 17.50 12.50 0.00 2.00 90.00 69.00 F
23 12.50 12.50 0.00 2.00 90.00 69.00 F
24 7.50 12.50 0.00 2.00 90.00 69.00 F
25 2.50 12.50 0.00 2.00 90.00 69.00 F
26 2.50 12.50 0.00 2.00 90.00 69.00 F
27 7.50 12.50 0.00 2.00 90.00 69.00 F
28 12.50 12.50 0.00 2.00 90.00 69.00 F
29 17.50 12.50 0.00 2.00 90.00 69.00 F
30 22.50 12.50 0.00 2.00 90.00 69.00 F


2070.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


1 0.0 15.0 559.0 3232.0 0.0 0.0
2 0.0 15.0 689.0 4277.0 0.0 0.0 1.17 1.17
3 0.0 67.0 689.0 4886.0 0.0 0.0 1.33 1.33
4 0.0 211.0 383.0 2975.0 0.0 0.0
5 0.0 211.0 310.0 2242.0 0.0 0.0
6 0.0 262.0 383.0 3920.0 0.0 0.0 1.33 1.33
7 0.0 262.0 310.0 3186.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX


0.18832E+03 0.22259E 03 0.88591E 04 0.13082E 01 0.15324E+05 0.19503E+05
0.22259E 03 0.11164E+05 0.72806E+04 0.15034E+07 0.20674E 03 0.14722E 01
0.88591E 04 0.72806E+04 0.43927E+05 0.39577E+07 0.51752E 04 0.13289E 01
0.13082E 01 0.15034E+07 0.39577E+07 0.46972E+09 0.93042E 01 0.24530E+01
0.15324E+05 0.20674E 03 0.51752E 04 0.93042E 01 0.13071E+10 0.21803E+09
0.19503E+05 0.14722E 01 0.13289E 01 0.24530E+01 0.21803E+09 0.33524E+09


30 PILES 7 LOAD CASES
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LOAD CASE 1. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 2. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 3. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 4. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 10.


LOAD CASE 5. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 10.


LOAD CASE 6. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 10.


LOAD CASE 7. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 10.


*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


1 0.1649E 07 0.2517E 02 0.2323E 01 0.1212E 03 0.2148E 13 0.1090E 11
2 0.2034E 07 0.5169E 02 0.2162E 01 0.5632E 04 0.9873E 14 0.1394E 11
3 0.1341E 07 0.5927E 02 0.1541E 01 0.1395E 04 0.5578E 13 0.1269E 11
4 0.1329E 07 0.3839E 01 0.2731E 01 0.2770E 03 0.1387E 12 0.5876E 13
5 0.1526E 07 0.4635E 01 0.3147E 01 0.3562E 03 0.1230E 12 0.1312E 12
6 0.2055E 07 0.2899E 01 0.1350E 01 0.1064E 03 0.2250E 12 0.1920E 13
7 0.2251E 07 0.3697E 01 0.1767E 01 0.1859E 03 0.2092E 12 0.2093E 12


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY


M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 1


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K
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1 0.2 0.0 30.0 0.0 37.5 0.0 0.28 0.06
2 0.2 0.0 30.0 0.0 37.5 0.0 0.28 0.06
3 0.2 0.0 30.0 0.0 37.5 0.0 0.28 0.06
4 0.2 0.0 30.0 0.0 37.5 0.0 0.28 0.06
5 0.2 0.0 30.0 0.0 37.5 0.0 0.28 0.06
6 0.2 0.0 30.0 0.0 37.5 0.0 0.28 0.06
7 0.2 0.0 30.0 0.0 37.5 0.0 0.28 0.06
8 0.2 0.0 30.0 0.0 37.5 0.0 0.28 0.06
9 0.2 0.0 30.0 0.0 37.5 0.0 0.28 0.06
10 0.2 0.0 30.0 0.0 37.5 0.0 0.28 0.06
11 0.1 0.0 22.2 0.0 24.0 0.0 0.21 0.04
12 0.1 0.0 22.2 0.0 24.0 0.0 0.21 0.04
13 0.1 0.0 22.2 0.0 24.0 0.0 0.21 0.04
14 0.1 0.0 22.2 0.0 24.0 0.0 0.21 0.04
15 0.1 0.0 22.2 0.0 24.0 0.0 0.21 0.04
16 0.1 0.0 22.2 0.0 24.0 0.0 0.21 0.04
17 0.1 0.0 22.2 0.0 24.0 0.0 0.21 0.04
18 0.1 0.0 22.2 0.0 24.0 0.0 0.21 0.04
19 0.1 0.0 22.2 0.0 24.0 0.0 0.21 0.04
20 0.1 0.0 22.2 0.0 24.0 0.0 0.21 0.04
21 0.1 0.0 10.3 0.0 27.1 0.0 0.10 0.02
22 0.1 0.0 10.3 0.0 27.1 0.0 0.10 0.02
23 0.1 0.0 10.3 0.0 27.1 0.0 0.10 0.02
24 0.1 0.0 10.3 0.0 27.1 0.0 0.10 0.02
25 0.1 0.0 10.3 0.0 27.1 0.0 0.10 0.02
26 0.1 0.0 10.3 0.0 27.1 0.0 0.10 0.02
27 0.1 0.0 10.3 0.0 27.1 0.0 0.10 0.02
28 0.1 0.0 10.3 0.0 27.1 0.0 0.10 0.02
29 0.1 0.0 10.3 0.0 27.1 0.0 0.10 0.02
30 0.1 0.0 10.3 0.0 27.1 0.0 0.10 0.02


LOAD CASE 2


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.1 0.0 36.8 0.0 16.7 0.0 0.29 0.05
2 0.1 0.0 36.8 0.0 16.7 0.0 0.29 0.05
3 0.1 0.0 36.8 0.0 16.7 0.0 0.29 0.05
4 0.1 0.0 36.8 0.0 16.7 0.0 0.29 0.05
5 0.1 0.0 36.8 0.0 16.7 0.0 0.29 0.05
6 0.1 0.0 36.8 0.0 16.7 0.0 0.29 0.05
7 0.1 0.0 36.8 0.0 16.7 0.0 0.29 0.05
8 0.1 0.0 36.8 0.0 16.7 0.0 0.29 0.05
9 0.1 0.0 36.8 0.0 16.7 0.0 0.29 0.05
10 0.1 0.0 36.8 0.0 16.7 0.0 0.29 0.05
11 0.0 0.0 22.8 0.0 1.1 0.0 0.18 0.03
12 0.0 0.0 22.8 0.0 1.1 0.0 0.18 0.03
13 0.0 0.0 22.8 0.0 1.1 0.0 0.18 0.03
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14 0.0 0.0 22.8 0.0 1.1 0.0 0.18 0.03
15 0.0 0.0 22.8 0.0 1.1 0.0 0.18 0.03
16 0.0 0.0 22.8 0.0 1.1 0.0 0.18 0.03
17 0.0 0.0 22.8 0.0 1.1 0.0 0.18 0.03
18 0.0 0.0 22.8 0.0 1.1 0.0 0.18 0.03
19 0.0 0.0 22.8 0.0 1.1 0.0 0.18 0.03
20 0.0 0.0 22.8 0.0 1.1 0.0 0.18 0.03
21 0.0 0.0 17.3 0.0 2.6 0.0 0.14 0.02
22 0.0 0.0 17.3 0.0 2.6 0.0 0.14 0.02
23 0.0 0.0 17.3 0.0 2.6 0.0 0.14 0.02
24 0.0 0.0 17.3 0.0 2.6 0.0 0.14 0.02
25 0.0 0.0 17.3 0.0 2.6 0.0 0.14 0.02
26 0.0 0.0 17.3 0.0 2.6 0.0 0.14 0.02
27 0.0 0.0 17.3 0.0 2.6 0.0 0.14 0.02
28 0.0 0.0 17.3 0.0 2.6 0.0 0.14 0.02
29 0.0 0.0 17.3 0.0 2.6 0.0 0.14 0.02
30 0.0 0.0 17.3 0.0 2.6 0.0 0.14 0.02


LOAD CASE 3


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.0 0.0 30.7 0.0 1.4 0.0 0.22 0.04
2 0.0 0.0 30.7 0.0 1.4 0.0 0.22 0.04
3 0.0 0.0 30.7 0.0 1.4 0.0 0.22 0.04
4 0.0 0.0 30.7 0.0 1.4 0.0 0.22 0.04
5 0.0 0.0 30.7 0.0 1.4 0.0 0.22 0.04
6 0.0 0.0 30.7 0.0 1.4 0.0 0.22 0.04
7 0.0 0.0 30.7 0.0 1.4 0.0 0.22 0.04
8 0.0 0.0 30.7 0.0 1.4 0.0 0.22 0.04
9 0.0 0.0 30.7 0.0 1.4 0.0 0.22 0.04
10 0.0 0.0 30.7 0.0 1.4 0.0 0.22 0.04
11 0.1 0.0 22.4 0.0 15.2 0.0 0.16 0.03
12 0.1 0.0 22.4 0.0 15.2 0.0 0.16 0.03
13 0.1 0.0 22.4 0.0 15.2 0.0 0.16 0.03
14 0.1 0.0 22.4 0.0 15.2 0.0 0.16 0.03
15 0.1 0.0 22.4 0.0 15.2 0.0 0.16 0.03
16 0.1 0.0 22.4 0.0 15.2 0.0 0.16 0.03
17 0.1 0.0 22.4 0.0 15.2 0.0 0.16 0.03
18 0.1 0.0 22.4 0.0 15.2 0.0 0.16 0.03
19 0.1 0.0 22.4 0.0 15.2 0.0 0.16 0.03
20 0.1 0.0 22.4 0.0 15.2 0.0 0.16 0.03
21 0.1 0.0 23.8 0.0 15.6 0.0 0.17 0.03
22 0.1 0.0 23.8 0.0 15.6 0.0 0.17 0.03
23 0.1 0.0 23.8 0.0 15.6 0.0 0.17 0.03
24 0.1 0.0 23.8 0.0 15.6 0.0 0.17 0.03
25 0.1 0.0 23.8 0.0 15.6 0.0 0.17 0.03
26 0.1 0.0 23.8 0.0 15.6 0.0 0.17 0.03
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27 0.1 0.0 23.8 0.0 15.6 0.0 0.17 0.03
28 0.1 0.0 23.8 0.0 15.6 0.0 0.17 0.03
29 0.1 0.0 23.8 0.0 15.6 0.0 0.17 0.03
30 0.1 0.0 23.8 0.0 15.6 0.0 0.17 0.03


LOAD CASE 4


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.6 0.0 0.3 0.0 102.6 0.0 0.00 0.03
2 0.6 0.0 0.3 0.0 102.6 0.0 0.00 0.03
3 0.6 0.0 0.3 0.0 102.6 0.0 0.00 0.03
4 0.6 0.0 0.3 0.0 102.6 0.0 0.00 0.03
5 0.6 0.0 0.3 0.0 102.6 0.0 0.00 0.03
6 0.6 0.0 0.3 0.0 102.6 0.0 0.00 0.03
7 0.6 0.0 0.3 0.0 102.6 0.0 0.00 0.03
8 0.6 0.0 0.3 0.0 102.6 0.0 0.00 0.03
9 0.6 0.0 0.3 0.0 102.6 0.0 0.00 0.03
10 0.6 0.0 0.3 0.0 102.6 0.0 0.00 0.03
11 0.5 0.0 35.3 0.0 93.5 0.0 0.33 0.08
12 0.5 0.0 35.3 0.0 93.5 0.0 0.33 0.08
13 0.5 0.0 35.3 0.0 93.5 0.0 0.33 0.08
14 0.5 0.0 35.3 0.0 93.5 0.0 0.33 0.08
15 0.5 0.0 35.3 0.0 93.5 0.0 0.33 0.08
16 0.5 0.0 35.3 0.0 93.5 0.0 0.33 0.08
17 0.5 0.0 35.3 0.0 93.5 0.0 0.33 0.08
18 0.5 0.0 35.3 0.0 93.5 0.0 0.33 0.08
19 0.5 0.0 35.3 0.0 93.5 0.0 0.33 0.08
20 0.5 0.0 35.3 0.0 93.5 0.0 0.33 0.08
21 0.6 0.0 8.1 0.0 100.6 0.0 0.08 0.04
22 0.6 0.0 8.1 0.0 100.6 0.0 0.08 0.04
23 0.6 0.0 8.1 0.0 100.6 0.0 0.08 0.04
24 0.6 0.0 8.1 0.0 100.6 0.0 0.08 0.04
25 0.6 0.0 8.1 0.0 100.6 0.0 0.08 0.04
26 0.6 0.0 8.1 0.0 100.6 0.0 0.08 0.04
27 0.6 0.0 8.1 0.0 100.6 0.0 0.08 0.04
28 0.6 0.0 8.1 0.0 100.6 0.0 0.08 0.04
29 0.6 0.0 8.1 0.0 100.6 0.0 0.08 0.04
30 0.6 0.0 8.1 0.0 100.6 0.0 0.08 0.04


LOAD CASE 5


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.7 0.0 3.9 0.0 127.8 0.0 0.05 0.05
2 0.7 0.0 3.9 0.0 127.8 0.0 0.05 0.05
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3 0.7 0.0 3.9 0.0 127.8 0.0 0.05 0.05
4 0.7 0.0 3.9 0.0 127.8 0.0 0.05 0.05
5 0.7 0.0 3.9 0.0 127.8 0.0 0.05 0.05
6 0.7 0.0 3.9 0.0 127.8 0.0 0.05 0.05
7 0.7 0.0 3.9 0.0 127.8 0.0 0.05 0.05
8 0.7 0.0 3.9 0.0 127.8 0.0 0.05 0.05
9 0.7 0.0 3.9 0.0 127.8 0.0 0.05 0.05
10 0.7 0.0 3.9 0.0 127.8 0.0 0.05 0.05
11 0.7 0.0 36.9 0.0 119.2 0.0 0.35 0.09
12 0.7 0.0 36.9 0.0 119.2 0.0 0.35 0.09
13 0.7 0.0 36.9 0.0 119.2 0.0 0.35 0.09
14 0.7 0.0 36.9 0.0 119.2 0.0 0.35 0.09
15 0.7 0.0 36.9 0.0 119.2 0.0 0.35 0.09
16 0.7 0.0 36.9 0.0 119.2 0.0 0.35 0.09
17 0.7 0.0 36.9 0.0 119.2 0.0 0.35 0.09
18 0.7 0.0 36.9 0.0 119.2 0.0 0.35 0.09
19 0.7 0.0 36.9 0.0 119.2 0.0 0.35 0.09
20 0.7 0.0 36.9 0.0 119.2 0.0 0.35 0.09
21 0.8 0.0 2.0 0.0 128.3 0.0 0.02 0.04
22 0.8 0.0 2.0 0.0 128.3 0.0 0.02 0.04
23 0.8 0.0 2.0 0.0 128.3 0.0 0.02 0.04
24 0.8 0.0 2.0 0.0 128.3 0.0 0.02 0.04
25 0.8 0.0 2.0 0.0 128.3 0.0 0.02 0.04
26 0.8 0.0 2.0 0.0 128.3 0.0 0.02 0.04
27 0.8 0.0 2.0 0.0 128.3 0.0 0.02 0.04
28 0.8 0.0 2.0 0.0 128.3 0.0 0.02 0.04
29 0.8 0.0 2.0 0.0 128.3 0.0 0.02 0.04
30 0.8 0.0 2.0 0.0 128.3 0.0 0.02 0.04


LOAD CASE 6


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.3 0.0 6.8 0.0 52.8 0.0 0.06 0.02
2 0.3 0.0 6.8 0.0 52.8 0.0 0.06 0.02
3 0.3 0.0 6.8 0.0 52.8 0.0 0.06 0.02
4 0.3 0.0 6.8 0.0 52.8 0.0 0.06 0.02
5 0.3 0.0 6.8 0.0 52.8 0.0 0.06 0.02
6 0.3 0.0 6.8 0.0 52.8 0.0 0.06 0.02
7 0.3 0.0 6.8 0.0 52.8 0.0 0.06 0.02
8 0.3 0.0 6.8 0.0 52.8 0.0 0.06 0.02
9 0.3 0.0 6.8 0.0 52.8 0.0 0.06 0.02
10 0.3 0.0 6.8 0.0 52.8 0.0 0.06 0.02
11 0.3 0.0 30.1 0.0 46.7 0.0 0.21 0.05
12 0.3 0.0 30.1 0.0 46.7 0.0 0.21 0.05
13 0.3 0.0 30.1 0.0 46.7 0.0 0.21 0.05
14 0.3 0.0 30.1 0.0 46.7 0.0 0.21 0.05
15 0.3 0.0 30.1 0.0 46.7 0.0 0.21 0.05
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16 0.3 0.0 30.1 0.0 46.7 0.0 0.21 0.05
17 0.3 0.0 30.1 0.0 46.7 0.0 0.21 0.05
18 0.3 0.0 30.1 0.0 46.7 0.0 0.21 0.05
19 0.3 0.0 30.1 0.0 46.7 0.0 0.21 0.05
20 0.3 0.0 30.1 0.0 46.7 0.0 0.21 0.05
21 0.3 0.0 19.7 0.0 49.5 0.0 0.14 0.03
22 0.3 0.0 19.7 0.0 49.5 0.0 0.14 0.03
23 0.3 0.0 19.7 0.0 49.5 0.0 0.14 0.03
24 0.3 0.0 19.7 0.0 49.5 0.0 0.14 0.03
25 0.3 0.0 19.7 0.0 49.5 0.0 0.14 0.03
26 0.3 0.0 19.7 0.0 49.5 0.0 0.14 0.03
27 0.3 0.0 19.7 0.0 49.5 0.0 0.14 0.03
28 0.3 0.0 19.7 0.0 49.5 0.0 0.14 0.03
29 0.3 0.0 19.7 0.0 49.5 0.0 0.14 0.03
30 0.3 0.0 19.7 0.0 49.5 0.0 0.14 0.03


LOAD CASE 7


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.5 0.0 10.4 0.0 78.1 0.0 0.09 0.03
2 0.5 0.0 10.4 0.0 78.1 0.0 0.09 0.03
3 0.5 0.0 10.4 0.0 78.1 0.0 0.09 0.03
4 0.5 0.0 10.4 0.0 78.1 0.0 0.09 0.03
5 0.5 0.0 10.4 0.0 78.1 0.0 0.09 0.03
6 0.5 0.0 10.4 0.0 78.1 0.0 0.09 0.03
7 0.5 0.0 10.4 0.0 78.1 0.0 0.09 0.03
8 0.5 0.0 10.4 0.0 78.1 0.0 0.09 0.03
9 0.5 0.0 10.4 0.0 78.1 0.0 0.09 0.03
10 0.5 0.0 10.4 0.0 78.1 0.0 0.09 0.03
11 0.4 0.0 31.8 0.0 72.5 0.0 0.22 0.05
12 0.4 0.0 31.8 0.0 72.5 0.0 0.22 0.05
13 0.4 0.0 31.8 0.0 72.5 0.0 0.22 0.05
14 0.4 0.0 31.8 0.0 72.5 0.0 0.22 0.05
15 0.4 0.0 31.8 0.0 72.5 0.0 0.22 0.05
16 0.4 0.0 31.8 0.0 72.5 0.0 0.22 0.05
17 0.4 0.0 31.8 0.0 72.5 0.0 0.22 0.05
18 0.4 0.0 31.8 0.0 72.5 0.0 0.22 0.05
19 0.4 0.0 31.8 0.0 72.5 0.0 0.22 0.05
20 0.4 0.0 31.8 0.0 72.5 0.0 0.22 0.05
21 0.5 0.0 13.5 0.0 77.3 0.0 0.10 0.03
22 0.5 0.0 13.5 0.0 77.3 0.0 0.10 0.03
23 0.5 0.0 13.5 0.0 77.3 0.0 0.10 0.03
24 0.5 0.0 13.5 0.0 77.3 0.0 0.10 0.03
25 0.5 0.0 13.5 0.0 77.3 0.0 0.10 0.03
26 0.5 0.0 13.5 0.0 77.3 0.0 0.10 0.03
27 0.5 0.0 13.5 0.0 77.3 0.0 0.10 0.03
28 0.5 0.0 13.5 0.0 77.3 0.0 0.10 0.03
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29 0.5 0.0 13.5 0.0 77.3 0.0 0.10 0.03
30 0.5 0.0 13.5 0.0 77.3 0.0 0.10 0.03


*******************************************************************************


PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 1


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 13.2 26.9 37.5 0.0 0.0
2 0.0 13.2 26.9 37.5 0.0 0.0
3 0.0 13.2 26.9 37.5 0.0 0.0
4 0.0 13.2 26.9 37.5 0.0 0.0
5 0.0 13.2 26.9 37.5 0.0 0.0
6 0.0 13.2 26.9 37.5 0.0 0.0
7 0.0 13.2 26.9 37.5 0.0 0.0
8 0.0 13.2 26.9 37.5 0.0 0.0
9 0.0 13.2 26.9 37.5 0.0 0.0


10 0.0 13.2 26.9 37.5 0.0 0.0
11 0.0 10.0 19.8 24.0 0.0 0.0
12 0.0 10.0 19.8 24.0 0.0 0.0
13 0.0 10.0 19.8 24.0 0.0 0.0
14 0.0 10.0 19.8 24.0 0.0 0.0
15 0.0 10.0 19.8 24.0 0.0 0.0
16 0.0 10.0 19.8 24.0 0.0 0.0
17 0.0 10.0 19.8 24.0 0.0 0.0
18 0.0 10.0 19.8 24.0 0.0 0.0
19 0.0 10.0 19.8 24.0 0.0 0.0
20 0.0 10.0 19.8 24.0 0.0 0.0
21 0.0 4.7 9.2 27.1 0.0 0.0
22 0.0 4.7 9.2 27.1 0.0 0.0
23 0.0 4.7 9.2 27.1 0.0 0.0
24 0.0 4.7 9.2 27.1 0.0 0.0
25 0.0 4.7 9.2 27.1 0.0 0.0
26 0.0 4.7 9.2 27.1 0.0 0.0
27 0.0 4.7 9.2 27.1 0.0 0.0
28 0.0 4.7 9.2 27.1 0.0 0.0
29 0.0 4.7 9.2 27.1 0.0 0.0
30 0.0 4.7 9.2 27.1 0.0 0.0


LOAD CASE 2


PILE PX PY PZ MX MY MZ
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K K K IN K IN K IN K


1 0.0 16.4 33.0 16.7 0.0 0.0
2 0.0 16.4 33.0 16.7 0.0 0.0
3 0.0 16.4 33.0 16.7 0.0 0.0
4 0.0 16.4 33.0 16.7 0.0 0.0
5 0.0 16.4 33.0 16.7 0.0 0.0
6 0.0 16.4 33.0 16.7 0.0 0.0
7 0.0 16.4 33.0 16.7 0.0 0.0
8 0.0 16.4 33.0 16.7 0.0 0.0
9 0.0 16.4 33.0 16.7 0.0 0.0
10 0.0 16.4 33.0 16.7 0.0 0.0
11 0.0 10.2 20.4 1.1 0.0 0.0
12 0.0 10.2 20.4 1.1 0.0 0.0
13 0.0 10.2 20.4 1.1 0.0 0.0
14 0.0 10.2 20.4 1.1 0.0 0.0
15 0.0 10.2 20.4 1.1 0.0 0.0
16 0.0 10.2 20.4 1.1 0.0 0.0
17 0.0 10.2 20.4 1.1 0.0 0.0
18 0.0 10.2 20.4 1.1 0.0 0.0
19 0.0 10.2 20.4 1.1 0.0 0.0
20 0.0 10.2 20.4 1.1 0.0 0.0
21 0.0 7.7 15.5 2.6 0.0 0.0
22 0.0 7.7 15.5 2.6 0.0 0.0
23 0.0 7.7 15.5 2.6 0.0 0.0
24 0.0 7.7 15.5 2.6 0.0 0.0
25 0.0 7.7 15.5 2.6 0.0 0.0
26 0.0 7.7 15.5 2.6 0.0 0.0
27 0.0 7.7 15.5 2.6 0.0 0.0
28 0.0 7.7 15.5 2.6 0.0 0.0
29 0.0 7.7 15.5 2.6 0.0 0.0
30 0.0 7.7 15.5 2.6 0.0 0.0


LOAD CASE 3


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 13.7 27.5 1.4 0.0 0.0
2 0.0 13.7 27.5 1.4 0.0 0.0
3 0.0 13.7 27.5 1.4 0.0 0.0
4 0.0 13.7 27.5 1.4 0.0 0.0
5 0.0 13.7 27.5 1.4 0.0 0.0
6 0.0 13.7 27.5 1.4 0.0 0.0
7 0.0 13.7 27.5 1.4 0.0 0.0
8 0.0 13.7 27.5 1.4 0.0 0.0
9 0.0 13.7 27.5 1.4 0.0 0.0


10 0.0 13.7 27.5 1.4 0.0 0.0
11 0.0 9.9 20.1 15.2 0.0 0.0
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12 0.0 9.9 20.1 15.2 0.0 0.0
13 0.0 9.9 20.1 15.2 0.0 0.0
14 0.0 9.9 20.1 15.2 0.0 0.0
15 0.0 9.9 20.1 15.2 0.0 0.0
16 0.0 9.9 20.1 15.2 0.0 0.0
17 0.0 9.9 20.1 15.2 0.0 0.0
18 0.0 9.9 20.1 15.2 0.0 0.0
19 0.0 9.9 20.1 15.2 0.0 0.0
20 0.0 9.9 20.1 15.2 0.0 0.0
21 0.0 10.5 21.3 15.6 0.0 0.0
22 0.0 10.5 21.3 15.6 0.0 0.0
23 0.0 10.5 21.3 15.6 0.0 0.0
24 0.0 10.5 21.3 15.6 0.0 0.0
25 0.0 10.5 21.3 15.6 0.0 0.0
26 0.0 10.5 21.3 15.6 0.0 0.0
27 0.0 10.5 21.3 15.6 0.0 0.0
28 0.0 10.5 21.3 15.6 0.0 0.0
29 0.0 10.5 21.3 15.6 0.0 0.0
30 0.0 10.5 21.3 15.6 0.0 0.0


LOAD CASE 4


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 0.7 0.0 102.6 0.0 0.0
2 0.0 0.7 0.0 102.6 0.0 0.0
3 0.0 0.7 0.0 102.6 0.0 0.0
4 0.0 0.7 0.0 102.6 0.0 0.0
5 0.0 0.7 0.0 102.6 0.0 0.0
6 0.0 0.7 0.0 102.6 0.0 0.0
7 0.0 0.7 0.0 102.6 0.0 0.0
8 0.0 0.7 0.0 102.6 0.0 0.0
9 0.0 0.7 0.0 102.6 0.0 0.0


10 0.0 0.7 0.0 102.6 0.0 0.0
11 0.0 16.3 31.3 93.5 0.0 0.0
12 0.0 16.3 31.3 93.5 0.0 0.0
13 0.0 16.3 31.3 93.5 0.0 0.0
14 0.0 16.3 31.3 93.5 0.0 0.0
15 0.0 16.3 31.3 93.5 0.0 0.0
16 0.0 16.3 31.3 93.5 0.0 0.0
17 0.0 16.3 31.3 93.5 0.0 0.0
18 0.0 16.3 31.3 93.5 0.0 0.0
19 0.0 16.3 31.3 93.5 0.0 0.0
20 0.0 16.3 31.3 93.5 0.0 0.0
21 0.0 4.2 7.0 100.6 0.0 0.0
22 0.0 4.2 7.0 100.6 0.0 0.0
23 0.0 4.2 7.0 100.6 0.0 0.0
24 0.0 4.2 7.0 100.6 0.0 0.0
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25 0.0 4.2 7.0 100.6 0.0 0.0
26 0.0 4.2 7.0 100.6 0.0 0.0
27 0.0 4.2 7.0 100.6 0.0 0.0
28 0.0 4.2 7.0 100.6 0.0 0.0
29 0.0 4.2 7.0 100.6 0.0 0.0
30 0.0 4.2 7.0 100.6 0.0 0.0


LOAD CASE 5


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 2.4 3.2 127.8 0.0 0.0
2 0.0 2.4 3.2 127.8 0.0 0.0
3 0.0 2.4 3.2 127.8 0.0 0.0
4 0.0 2.4 3.2 127.8 0.0 0.0
5 0.0 2.4 3.2 127.8 0.0 0.0
6 0.0 2.4 3.2 127.8 0.0 0.0
7 0.0 2.4 3.2 127.8 0.0 0.0
8 0.0 2.4 3.2 127.8 0.0 0.0
9 0.0 2.4 3.2 127.8 0.0 0.0


10 0.0 2.4 3.2 127.8 0.0 0.0
11 0.0 17.1 32.7 119.2 0.0 0.0
12 0.0 17.1 32.7 119.2 0.0 0.0
13 0.0 17.1 32.7 119.2 0.0 0.0
14 0.0 17.1 32.7 119.2 0.0 0.0
15 0.0 17.1 32.7 119.2 0.0 0.0
16 0.0 17.1 32.7 119.2 0.0 0.0
17 0.0 17.1 32.7 119.2 0.0 0.0
18 0.0 17.1 32.7 119.2 0.0 0.0
19 0.0 17.1 32.7 119.2 0.0 0.0
20 0.0 17.1 32.7 119.2 0.0 0.0
21 0.0 1.6 1.4 128.3 0.0 0.0
22 0.0 1.6 1.4 128.3 0.0 0.0
23 0.0 1.6 1.4 128.3 0.0 0.0
24 0.0 1.6 1.4 128.3 0.0 0.0
25 0.0 1.6 1.4 128.3 0.0 0.0
26 0.0 1.6 1.4 128.3 0.0 0.0
27 0.0 1.6 1.4 128.3 0.0 0.0
28 0.0 1.6 1.4 128.3 0.0 0.0
29 0.0 1.6 1.4 128.3 0.0 0.0
30 0.0 1.6 1.4 128.3 0.0 0.0


LOAD CASE 6


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


UBB Feasibility Report 
Structural Calculations and Drawings


Page 361 of 547







1 0.0 3.4 6.0 52.8 0.0 0.0
2 0.0 3.4 6.0 52.8 0.0 0.0
3 0.0 3.4 6.0 52.8 0.0 0.0
4 0.0 3.4 6.0 52.8 0.0 0.0
5 0.0 3.4 6.0 52.8 0.0 0.0
6 0.0 3.4 6.0 52.8 0.0 0.0
7 0.0 3.4 6.0 52.8 0.0 0.0
8 0.0 3.4 6.0 52.8 0.0 0.0
9 0.0 3.4 6.0 52.8 0.0 0.0


10 0.0 3.4 6.0 52.8 0.0 0.0
11 0.0 13.7 26.8 46.7 0.0 0.0
12 0.0 13.7 26.8 46.7 0.0 0.0
13 0.0 13.7 26.8 46.7 0.0 0.0
14 0.0 13.7 26.8 46.7 0.0 0.0
15 0.0 13.7 26.8 46.7 0.0 0.0
16 0.0 13.7 26.8 46.7 0.0 0.0
17 0.0 13.7 26.8 46.7 0.0 0.0
18 0.0 13.7 26.8 46.7 0.0 0.0
19 0.0 13.7 26.8 46.7 0.0 0.0
20 0.0 13.7 26.8 46.7 0.0 0.0
21 0.0 9.1 17.5 49.5 0.0 0.0
22 0.0 9.1 17.5 49.5 0.0 0.0
23 0.0 9.1 17.5 49.5 0.0 0.0
24 0.0 9.1 17.5 49.5 0.0 0.0
25 0.0 9.1 17.5 49.5 0.0 0.0
26 0.0 9.1 17.5 49.5 0.0 0.0
27 0.0 9.1 17.5 49.5 0.0 0.0
28 0.0 9.1 17.5 49.5 0.0 0.0
29 0.0 9.1 17.5 49.5 0.0 0.0
30 0.0 9.1 17.5 49.5 0.0 0.0


LOAD CASE 7


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 5.1 9.1 78.1 0.0 0.0
2 0.0 5.1 9.1 78.1 0.0 0.0
3 0.0 5.1 9.1 78.1 0.0 0.0
4 0.0 5.1 9.1 78.1 0.0 0.0
5 0.0 5.1 9.1 78.1 0.0 0.0
6 0.0 5.1 9.1 78.1 0.0 0.0
7 0.0 5.1 9.1 78.1 0.0 0.0
8 0.0 5.1 9.1 78.1 0.0 0.0
9 0.0 5.1 9.1 78.1 0.0 0.0


10 0.0 5.1 9.1 78.1 0.0 0.0
11 0.0 14.6 28.2 72.5 0.0 0.0
12 0.0 14.6 28.2 72.5 0.0 0.0
13 0.0 14.6 28.2 72.5 0.0 0.0
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14 0.0 14.6 28.2 72.5 0.0 0.0
15 0.0 14.6 28.2 72.5 0.0 0.0
16 0.0 14.6 28.2 72.5 0.0 0.0
17 0.0 14.6 28.2 72.5 0.0 0.0
18 0.0 14.6 28.2 72.5 0.0 0.0
19 0.0 14.6 28.2 72.5 0.0 0.0
20 0.0 14.6 28.2 72.5 0.0 0.0
21 0.0 6.5 11.9 77.3 0.0 0.0
22 0.0 6.5 11.9 77.3 0.0 0.0
23 0.0 6.5 11.9 77.3 0.0 0.0
24 0.0 6.5 11.9 77.3 0.0 0.0
25 0.0 6.5 11.9 77.3 0.0 0.0
26 0.0 6.5 11.9 77.3 0.0 0.0
27 0.0 6.5 11.9 77.3 0.0 0.0
28 0.0 6.5 11.9 77.3 0.0 0.0
29 0.0 6.5 11.9 77.3 0.0 0.0
30 0.0 6.5 11.9 77.3 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.
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10 Reach E Pipeline Crossing Twall Fixed
20 PIL 1 22.5 2.5 0
30 BAT 2 1
40 ANG 270 1
50 PIL 2 17.5 2.5 0
60 BAT 2 2
70 ANG 270 2
80 PIL 3 12.5 2.5 0
90 BAT 2 3
100 ANG 270 3
110 PIL 4 7.5 2.5 0
120 BAT 2 4
130 ANG 270 4
140 PIL 5 2.5 2.5 0
150 BAT 2 5
160 ANG 270 5
170 PIL 6 2.5 2.5 0
180 BAT 2 6
190 ANG 270 6
200 PIL 7 7.5 2.5 0
210 BAT 2 7
220 ANG 270 7
230 PIL 8 12.5 2.5 0
240 BAT 2 8
250 ANG 270 8
260 PIL 9 17.5 2.5 0
270 BAT 2 9
280 ANG 270 9
290 PIL 10 22.5 2.5 0
300 BAT 2 10
310 ANG 270 10
320 PIL 11 22.5 7.5 0
330 BAT 2 11
340 ANG 90 11
350 PIL 12 17.5 7.5 0
360 BAT 2 12
370 ANG 90 12
380 PIL 13 12.5 7.5 0
390 BAT 2 13
400 ANG 90 13
410 PIL 14 7.5 7.5 0
420 BAT 2 14
430 ANG 90 14
440 PIL 15 2.5 7.5 0
450 BAT 2 15
460 ANG 90 15
470 PIL 16 2.5 7.5 0
480 BAT 2 16
490 ANG 90 16
500 PIL 17 7.5 7.5 0
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510 BAT 2 17
520 ANG 90 17
530 PIL 18 12.5 7.5 0
540 BAT 2 18
550 ANG 90 18
560 PIL 19 17.5 7.5 0
570 BAT 2 19
580 ANG 90 19
590 PIL 20 22.5 7.5 0
600 BAT 2 20
610 ANG 90 20
620 PIL 21 22.5 12.5 0
630 BAT 2 21
640 ANG 90 21
650 PIL 22 17.5 12.5 0
660 BAT 2 22
670 ANG 90 22
680 PIL 23 12.5 12.5 0
690 BAT 2 23
700 ANG 90 23
710 PIL 24 7.5 12.5 0
720 BAT 2 24
730 ANG 90 24
740 PIL 25 2.5 12.5 0
750 BAT 2 25
760 ANG 90 25
770 PIL 26 2.5 12.5 0
780 BAT 2 26
790 ANG 90 26
800 PIL 27 7.5 12.5 0
810 BAT 2 27
820 ANG 90 27
830 PIL 28 12.5 12.5 0
840 BAT 2 28
850 ANG 90 28
860 PIL 29 17.5 12.5 0
870 BAT 2 29
880 ANG 90 29
890 PIL 30 22.5 12.5 0
900 BAT 2 30
910 ANG 90 30
920 PRO 29000 326 904 26.1 2 0 1 TO 30
930 SOI ES 0.0345 L 69 0 1 TO 30
940 RED 1 1 1
950 ALL H 107 85 652 652 1107 3275 1 TO 30
960 FIX 1 TO 30
970 LOAD 8 0 703 326 7213 0 0
970 LOAD 9 0 703 182 5770 0 0
970 FOV 1.33 1.33 8
970 FOV 1.33 1.33 9
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980 TOUT 1 2 3 4 5 6 7
990 PFO ALL
1000 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 01 OCT 20 RUN TIME: 18:23:44


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


REACH E PIPELINE CROSSING TWALL FIXED
DATA UNKNOWN REJECTED.


THERE ARE 30 PILES AND
2 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 22.50 , 2.50 , 0.00 )
( 22.50 , 12.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.32600E+03 0.90400E+03 0.26100E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.34500E 01 L 0.69000E+02 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.34500E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.81007E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.95103E+03 0.00000E+00
0.00000E+00 0.62774E+01 0.00000E+00 0.57111E+03 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.18283E+04 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.57111E+03 0.00000E+00 0.10392E+06 0.00000E+00 0.00000E+00
0.95103E+03 0.00000E+00 0.00000E+00 0.00000E+00 0.22330E+06 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 22.50 2.50 0.00 2.00 270.00 69.00 F
2 17.50 2.50 0.00 2.00 270.00 69.00 F
3 12.50 2.50 0.00 2.00 270.00 69.00 F
4 7.50 2.50 0.00 2.00 270.00 69.00 F
5 2.50 2.50 0.00 2.00 270.00 69.00 F
6 2.50 2.50 0.00 2.00 270.00 69.00 F
7 7.50 2.50 0.00 2.00 270.00 69.00 F
8 12.50 2.50 0.00 2.00 270.00 69.00 F
9 17.50 2.50 0.00 2.00 270.00 69.00 F
10 22.50 2.50 0.00 2.00 270.00 69.00 F
11 22.50 7.50 0.00 2.00 90.00 69.00 F
12 17.50 7.50 0.00 2.00 90.00 69.00 F
13 12.50 7.50 0.00 2.00 90.00 69.00 F
14 7.50 7.50 0.00 2.00 90.00 69.00 F
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15 2.50 7.50 0.00 2.00 90.00 69.00 F
16 2.50 7.50 0.00 2.00 90.00 69.00 F
17 7.50 7.50 0.00 2.00 90.00 69.00 F
18 12.50 7.50 0.00 2.00 90.00 69.00 F
19 17.50 7.50 0.00 2.00 90.00 69.00 F
20 22.50 7.50 0.00 2.00 90.00 69.00 F
21 22.50 12.50 0.00 2.00 90.00 69.00 F
22 17.50 12.50 0.00 2.00 90.00 69.00 F
23 12.50 12.50 0.00 2.00 90.00 69.00 F
24 7.50 12.50 0.00 2.00 90.00 69.00 F
25 2.50 12.50 0.00 2.00 90.00 69.00 F
26 2.50 12.50 0.00 2.00 90.00 69.00 F
27 7.50 12.50 0.00 2.00 90.00 69.00 F
28 12.50 12.50 0.00 2.00 90.00 69.00 F
29 17.50 12.50 0.00 2.00 90.00 69.00 F
30 22.50 12.50 0.00 2.00 90.00 69.00 F


2070.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


8 0.0 703.0 326.0 7213.0 0.0 0.0 1.33 1.33
9 0.0 703.0 182.0 5770.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX


0.18832E+03 0.22259E 03 0.88591E 04 0.13082E 01 0.15324E+05 0.19503E+05
0.22259E 03 0.11164E+05 0.72806E+04 0.15034E+07 0.20674E 03 0.14722E 01
0.88591E 04 0.72806E+04 0.43927E+05 0.39577E+07 0.51752E 04 0.13289E 01
0.13082E 01 0.15034E+07 0.39577E+07 0.46972E+09 0.93042E 01 0.24530E+01
0.15324E+05 0.20674E 03 0.51752E 04 0.93042E 01 0.13071E+10 0.21803E+09
0.19503E+05 0.14722E 01 0.13289E 01 0.24530E+01 0.21803E+09 0.33524E+09


30 PILES 2 LOAD CASES


LOAD CASE 8. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 10.


LOAD CASE 9. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 10.
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*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


8 0.7904E 07 0.6113E 01 0.6996E 02 0.4757E 04 0.6878E 12 0.1396E 11
9 0.8292E 07 0.7675E 01 0.1136E 02 0.1078E 03 0.6570E 12 0.1770E 11


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY


M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 8


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.4 0.0 59.1 0.0 39.0 0.0 0.52 0.08
2 0.4 0.0 59.1 0.0 39.0 0.0 0.52 0.08
3 0.4 0.0 59.1 0.0 39.0 0.0 0.52 0.08
4 0.4 0.0 59.1 0.0 39.0 0.0 0.52 0.08
5 0.4 0.0 59.1 0.0 39.0 0.0 0.52 0.08
6 0.4 0.0 59.1 0.0 39.0 0.0 0.52 0.08
7 0.4 0.0 59.1 0.0 39.0 0.0 0.52 0.08
8 0.4 0.0 59.1 0.0 39.0 0.0 0.52 0.08
9 0.4 0.0 59.1 0.0 39.0 0.0 0.52 0.08
10 0.4 0.0 59.1 0.0 39.0 0.0 0.52 0.08
11 0.4 0.0 45.5 0.0 42.5 0.0 0.32 0.06
12 0.4 0.0 45.5 0.0 42.5 0.0 0.32 0.06
13 0.4 0.0 45.5 0.0 42.5 0.0 0.32 0.06
14 0.4 0.0 45.5 0.0 42.5 0.0 0.32 0.06
15 0.4 0.0 45.5 0.0 42.5 0.0 0.32 0.06
16 0.4 0.0 45.5 0.0 42.5 0.0 0.32 0.06
17 0.4 0.0 45.5 0.0 42.5 0.0 0.32 0.06
18 0.4 0.0 45.5 0.0 42.5 0.0 0.32 0.06
19 0.4 0.0 45.5 0.0 42.5 0.0 0.32 0.06
20 0.4 0.0 45.5 0.0 42.5 0.0 0.32 0.06
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21 0.4 0.0 50.2 0.0 41.3 0.0 0.35 0.07
22 0.4 0.0 50.2 0.0 41.3 0.0 0.35 0.07
23 0.4 0.0 50.2 0.0 41.3 0.0 0.35 0.07
24 0.4 0.0 50.2 0.0 41.3 0.0 0.35 0.07
25 0.4 0.0 50.2 0.0 41.3 0.0 0.35 0.07
26 0.4 0.0 50.2 0.0 41.3 0.0 0.35 0.07
27 0.4 0.0 50.2 0.0 41.3 0.0 0.35 0.07
28 0.4 0.0 50.2 0.0 41.3 0.0 0.35 0.07
29 0.4 0.0 50.2 0.0 41.3 0.0 0.35 0.07
30 0.4 0.0 50.2 0.0 41.3 0.0 0.35 0.07


LOAD CASE 9


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.7 0.0 66.2 0.0 88.5 0.0 0.59 0.10
2 0.7 0.0 66.2 0.0 88.5 0.0 0.59 0.10
3 0.7 0.0 66.2 0.0 88.5 0.0 0.59 0.10
4 0.7 0.0 66.2 0.0 88.5 0.0 0.59 0.10
5 0.7 0.0 66.2 0.0 88.5 0.0 0.59 0.10
6 0.7 0.0 66.2 0.0 88.5 0.0 0.59 0.10
7 0.7 0.0 66.2 0.0 88.5 0.0 0.59 0.10
8 0.7 0.0 66.2 0.0 88.5 0.0 0.59 0.10
9 0.7 0.0 66.2 0.0 88.5 0.0 0.59 0.10
10 0.7 0.0 66.2 0.0 88.5 0.0 0.59 0.10
11 0.7 0.0 48.7 0.0 93.0 0.0 0.34 0.08
12 0.7 0.0 48.7 0.0 93.0 0.0 0.34 0.08
13 0.7 0.0 48.7 0.0 93.0 0.0 0.34 0.08
14 0.7 0.0 48.7 0.0 93.0 0.0 0.34 0.08
15 0.7 0.0 48.7 0.0 93.0 0.0 0.34 0.08
16 0.7 0.0 48.7 0.0 93.0 0.0 0.34 0.08
17 0.7 0.0 48.7 0.0 93.0 0.0 0.34 0.08
18 0.7 0.0 48.7 0.0 93.0 0.0 0.34 0.08
19 0.7 0.0 48.7 0.0 93.0 0.0 0.34 0.08
20 0.7 0.0 48.7 0.0 93.0 0.0 0.34 0.08
21 0.7 0.0 38.2 0.0 95.8 0.0 0.27 0.07
22 0.7 0.0 38.2 0.0 95.8 0.0 0.27 0.07
23 0.7 0.0 38.2 0.0 95.8 0.0 0.27 0.07
24 0.7 0.0 38.2 0.0 95.8 0.0 0.27 0.07
25 0.7 0.0 38.2 0.0 95.8 0.0 0.27 0.07
26 0.7 0.0 38.2 0.0 95.8 0.0 0.27 0.07
27 0.7 0.0 38.2 0.0 95.8 0.0 0.27 0.07
28 0.7 0.0 38.2 0.0 95.8 0.0 0.27 0.07
29 0.7 0.0 38.2 0.0 95.8 0.0 0.27 0.07
30 0.7 0.0 38.2 0.0 95.8 0.0 0.27 0.07


*******************************************************************************
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PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 8


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 26.8 52.7 39.0 0.0 0.0
2 0.0 26.8 52.7 39.0 0.0 0.0
3 0.0 26.8 52.7 39.0 0.0 0.0
4 0.0 26.8 52.7 39.0 0.0 0.0
5 0.0 26.8 52.7 39.0 0.0 0.0
6 0.0 26.8 52.7 39.0 0.0 0.0
7 0.0 26.8 52.7 39.0 0.0 0.0
8 0.0 26.8 52.7 39.0 0.0 0.0
9 0.0 26.8 52.7 39.0 0.0 0.0


10 0.0 26.8 52.7 39.0 0.0 0.0
11 0.0 20.7 40.5 42.5 0.0 0.0
12 0.0 20.7 40.5 42.5 0.0 0.0
13 0.0 20.7 40.5 42.5 0.0 0.0
14 0.0 20.7 40.5 42.5 0.0 0.0
15 0.0 20.7 40.5 42.5 0.0 0.0
16 0.0 20.7 40.5 42.5 0.0 0.0
17 0.0 20.7 40.5 42.5 0.0 0.0
18 0.0 20.7 40.5 42.5 0.0 0.0
19 0.0 20.7 40.5 42.5 0.0 0.0
20 0.0 20.7 40.5 42.5 0.0 0.0
21 0.0 22.8 44.7 41.3 0.0 0.0
22 0.0 22.8 44.7 41.3 0.0 0.0
23 0.0 22.8 44.7 41.3 0.0 0.0
24 0.0 22.8 44.7 41.3 0.0 0.0
25 0.0 22.8 44.7 41.3 0.0 0.0
26 0.0 22.8 44.7 41.3 0.0 0.0
27 0.0 22.8 44.7 41.3 0.0 0.0
28 0.0 22.8 44.7 41.3 0.0 0.0
29 0.0 22.8 44.7 41.3 0.0 0.0
30 0.0 22.8 44.7 41.3 0.0 0.0


LOAD CASE 9


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 30.2 58.9 88.5 0.0 0.0
2 0.0 30.2 58.9 88.5 0.0 0.0
3 0.0 30.2 58.9 88.5 0.0 0.0
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4 0.0 30.2 58.9 88.5 0.0 0.0
5 0.0 30.2 58.9 88.5 0.0 0.0
6 0.0 30.2 58.9 88.5 0.0 0.0
7 0.0 30.2 58.9 88.5 0.0 0.0
8 0.0 30.2 58.9 88.5 0.0 0.0
9 0.0 30.2 58.9 88.5 0.0 0.0
10 0.0 30.2 58.9 88.5 0.0 0.0
11 0.0 22.4 43.3 93.0 0.0 0.0
12 0.0 22.4 43.3 93.0 0.0 0.0
13 0.0 22.4 43.3 93.0 0.0 0.0
14 0.0 22.4 43.3 93.0 0.0 0.0
15 0.0 22.4 43.3 93.0 0.0 0.0
16 0.0 22.4 43.3 93.0 0.0 0.0
17 0.0 22.4 43.3 93.0 0.0 0.0
18 0.0 22.4 43.3 93.0 0.0 0.0
19 0.0 22.4 43.3 93.0 0.0 0.0
20 0.0 22.4 43.3 93.0 0.0 0.0
21 0.0 17.7 33.8 95.8 0.0 0.0
22 0.0 17.7 33.8 95.8 0.0 0.0
23 0.0 17.7 33.8 95.8 0.0 0.0
24 0.0 17.7 33.8 95.8 0.0 0.0
25 0.0 17.7 33.8 95.8 0.0 0.0
26 0.0 17.7 33.8 95.8 0.0 0.0
27 0.0 17.7 33.8 95.8 0.0 0.0
28 0.0 17.7 33.8 95.8 0.0 0.0
29 0.0 17.7 33.8 95.8 0.0 0.0
30 0.0 17.7 33.8 95.8 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.
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10 Reach E Pipeline Twall Pinned
20 PIL 1 22.5 2.5 0
30 BAT 2 1
40 ANG 270 1
50 PIL 2 17.5 2.5 0
60 BAT 2 2
70 ANG 270 2
80 PIL 3 12.5 2.5 0
90 BAT 2 3
100 ANG 270 3
110 PIL 4 7.5 2.5 0
120 BAT 2 4
130 ANG 270 4
140 PIL 5 2.5 2.5 0
150 BAT 2 5
160 ANG 270 5
170 PIL 6 2.5 2.5 0
180 BAT 2 6
190 ANG 270 6
200 PIL 7 7.5 2.5 0
210 BAT 2 7
220 ANG 270 7
230 PIL 8 12.5 2.5 0
240 BAT 2 8
250 ANG 270 8
260 PIL 9 17.5 2.5 0
270 BAT 2 9
280 ANG 270 9
290 PIL 10 22.5 2.5 0
300 BAT 2 10
310 ANG 270 10
320 PIL 11 22.5 7.5 0
330 BAT 2 11
340 ANG 90 11
350 PIL 12 17.5 7.5 0
360 BAT 2 12
370 ANG 90 12
380 PIL 13 12.5 7.5 0
390 BAT 2 13
400 ANG 90 13
410 PIL 14 7.5 7.5 0
420 BAT 2 14
430 ANG 90 14
440 PIL 15 2.5 7.5 0
450 BAT 2 15
460 ANG 90 15
470 PIL 16 2.5 7.5 0
480 BAT 2 16
490 ANG 90 16
500 PIL 17 7.5 7.5 0
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510 BAT 2 17
520 ANG 90 17
530 PIL 18 12.5 7.5 0
540 BAT 2 18
550 ANG 90 18
560 PIL 19 17.5 7.5 0
570 BAT 2 19
580 ANG 90 19
590 PIL 20 22.5 7.5 0
600 BAT 2 20
610 ANG 90 20
620 PIL 21 22.5 12.5 0
630 BAT 2 21
640 ANG 90 21
650 PIL 22 17.5 12.5 0
660 BAT 2 22
670 ANG 90 22
680 PIL 23 12.5 12.5 0
690 BAT 2 23
700 ANG 90 23
710 PIL 24 7.5 12.5 0
720 BAT 2 24
730 ANG 90 24
740 PIL 25 2.5 12.5 0
750 BAT 2 25
760 ANG 90 25
770 PIL 26 2.5 12.5 0
780 BAT 2 26
790 ANG 90 26
800 PIL 27 7.5 12.5 0
810 BAT 2 27
820 ANG 90 27
830 PIL 28 12.5 12.5 0
840 BAT 2 28
850 ANG 90 28
860 PIL 29 17.5 12.5 0
870 BAT 2 29
880 ANG 90 29
890 PIL 30 22.5 12.5 0
900 BAT 2 30
910 ANG 90 30
920 PRO 29000 326 904 26.1 2 0 1 TO 30
930 SOI ES 0.0345 L 69 0 1 TO 30
940 RED 1 1 1
950 ALL H 107 85 652 652 1107 3275 1 TO 30
960 PIN 1 TO 30
970 LOA 1 0 15 559 3232 0 0
970 LOA 2 0 15 689 4277 0 0
970 LOA 3 0 67 689 4886 0 0
970 LOA 4 0 211 383 2975 0 0
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970 LOA 5 0 211 310 2242 0 0
970 LOA 6 0 262 383 3920 0 0
970 LOA 7 0 262 310 3186 0 0
970 FOV 1.167 1.167 2
970 FOV 1.33 1.33 3
970 FOV 1.33 1.33 6
970 FOV 1.33 1.33 7
980 TOUT 1 2 3 4 5 6 7
990 PFO ALL
1000 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 01 OCT 20 RUN TIME: 18:57:11


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


REACH E PIPELINE TWALL PINNED
DATA UNKNOWN REJECTED.


THERE ARE 30 PILES AND
7 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 22.50 , 2.50 , 0.00 )
( 22.50 , 12.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.32600E+03 0.90400E+03 0.26100E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.34500E 01 L 0.69000E+02 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.34500E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.40503E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.31387E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.18283E+04 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 22.50 2.50 0.00 2.00 270.00 69.00 P
2 17.50 2.50 0.00 2.00 270.00 69.00 P
3 12.50 2.50 0.00 2.00 270.00 69.00 P
4 7.50 2.50 0.00 2.00 270.00 69.00 P
5 2.50 2.50 0.00 2.00 270.00 69.00 P
6 2.50 2.50 0.00 2.00 270.00 69.00 P
7 7.50 2.50 0.00 2.00 270.00 69.00 P
8 12.50 2.50 0.00 2.00 270.00 69.00 P
9 17.50 2.50 0.00 2.00 270.00 69.00 P
10 22.50 2.50 0.00 2.00 270.00 69.00 P
11 22.50 7.50 0.00 2.00 90.00 69.00 P
12 17.50 7.50 0.00 2.00 90.00 69.00 P
13 12.50 7.50 0.00 2.00 90.00 69.00 P
14 7.50 7.50 0.00 2.00 90.00 69.00 P
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15 2.50 7.50 0.00 2.00 90.00 69.00 P
16 2.50 7.50 0.00 2.00 90.00 69.00 P
17 7.50 7.50 0.00 2.00 90.00 69.00 P
18 12.50 7.50 0.00 2.00 90.00 69.00 P
19 17.50 7.50 0.00 2.00 90.00 69.00 P
20 22.50 7.50 0.00 2.00 90.00 69.00 P
21 22.50 12.50 0.00 2.00 90.00 69.00 P
22 17.50 12.50 0.00 2.00 90.00 69.00 P
23 12.50 12.50 0.00 2.00 90.00 69.00 P
24 7.50 12.50 0.00 2.00 90.00 69.00 P
25 2.50 12.50 0.00 2.00 90.00 69.00 P
26 2.50 12.50 0.00 2.00 90.00 69.00 P
27 7.50 12.50 0.00 2.00 90.00 69.00 P
28 12.50 12.50 0.00 2.00 90.00 69.00 P
29 17.50 12.50 0.00 2.00 90.00 69.00 P
30 22.50 12.50 0.00 2.00 90.00 69.00 P


2070.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


1 0.0 15.0 559.0 3232.0 0.0 0.0
2 0.0 15.0 689.0 4277.0 0.0 0.0 1.17 1.17
3 0.0 67.0 689.0 4886.0 0.0 0.0 1.33 1.33
4 0.0 211.0 383.0 2975.0 0.0 0.0
5 0.0 211.0 310.0 2242.0 0.0 0.0
6 0.0 262.0 383.0 3920.0 0.0 0.0 1.33 1.33
7 0.0 262.0 310.0 3186.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX


0.94162E+02 0.22252E 03 0.88788E 04 0.13318E 01 0.00000E+00 0.84746E+04
0.22252E 03 0.11067E+05 0.72968E+04 0.15323E+07 0.87311E 10 0.14687E 01
0.88788E 04 0.72968E+04 0.43903E+05 0.39512E+07 0.11642E 09 0.13318E 01
0.13318E 01 0.15323E+07 0.39512E+07 0.46098E+09 0.14901E 07 0.24772E+01
0.21684E 17 0.29104E 10 0.17462E 09 0.14901E 07 0.13039E+10 0.21672E+09
0.84746E+04 0.14687E 01 0.13318E 01 0.24772E+01 0.21672E+09 0.32967E+09


30 PILES 7 LOAD CASES
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LOAD CASE 1. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 2. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 3. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 4. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 10.


LOAD CASE 5. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 20.


LOAD CASE 6. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 10.


LOAD CASE 7. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 10.


*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


1 0.3242E 07 0.6936E 02 0.2661E 01 0.1670E 03 0.1796E 12 0.1081E 11
2 0.4053E 07 0.4156E 02 0.2240E 01 0.6688E 04 0.2350E 12 0.1414E 11
3 0.2699E 07 0.7544E 02 0.1419E 01 0.3063E 04 0.2167E 12 0.1304E 11
4 0.2843E 07 0.5320E 01 0.3862E 01 0.4305E 03 0.6517E 14 0.3921E 13
5 0.3284E 07 0.6509E 01 0.4577E 01 0.5503E 03 0.4303E 13 0.2589E 12
6 0.4206E 07 0.3643E 01 0.1918E 01 0.1834E 03 0.1158E 13 0.6965E 13
7 0.4647E 07 0.4835E 01 0.2636E 01 0.3037E 03 0.4813E 13 0.2896E 12


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY


M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 1


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K
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1 0.1 0.0 29.7 0.0 4.9 0.0 0.28 0.05
2 0.1 0.0 29.7 0.0 4.9 0.0 0.28 0.05
3 0.1 0.0 29.7 0.0 4.9 0.0 0.28 0.05
4 0.1 0.0 29.7 0.0 4.9 0.0 0.28 0.05
5 0.1 0.0 29.7 0.0 4.9 0.0 0.28 0.05
6 0.1 0.0 29.7 0.0 4.9 0.0 0.28 0.05
7 0.1 0.0 29.7 0.0 4.9 0.0 0.28 0.05
8 0.1 0.0 29.7 0.0 4.9 0.0 0.28 0.05
9 0.1 0.0 29.7 0.0 4.9 0.0 0.28 0.05
10 0.1 0.0 29.7 0.0 4.9 0.0 0.28 0.05
11 0.0 0.0 24.6 0.0 0.3 0.0 0.23 0.04
12 0.0 0.0 24.6 0.0 0.3 0.0 0.23 0.04
13 0.0 0.0 24.6 0.0 0.3 0.0 0.23 0.04
14 0.0 0.0 24.6 0.0 0.3 0.0 0.23 0.04
15 0.0 0.0 24.6 0.0 0.3 0.0 0.23 0.04
16 0.0 0.0 24.6 0.0 0.3 0.0 0.23 0.04
17 0.0 0.0 24.6 0.0 0.3 0.0 0.23 0.04
18 0.0 0.0 24.6 0.0 0.3 0.0 0.23 0.04
19 0.0 0.0 24.6 0.0 0.3 0.0 0.23 0.04
20 0.0 0.0 24.6 0.0 0.3 0.0 0.23 0.04
21 0.0 0.0 8.2 0.0 1.7 0.0 0.08 0.01
22 0.0 0.0 8.2 0.0 1.7 0.0 0.08 0.01
23 0.0 0.0 8.2 0.0 1.7 0.0 0.08 0.01
24 0.0 0.0 8.2 0.0 1.7 0.0 0.08 0.01
25 0.0 0.0 8.2 0.0 1.7 0.0 0.08 0.01
26 0.0 0.0 8.2 0.0 1.7 0.0 0.08 0.01
27 0.0 0.0 8.2 0.0 1.7 0.0 0.08 0.01
28 0.0 0.0 8.2 0.0 1.7 0.0 0.08 0.01
29 0.0 0.0 8.2 0.0 1.7 0.0 0.08 0.01
30 0.0 0.0 8.2 0.0 1.7 0.0 0.08 0.01


LOAD CASE 2


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.0 0.0 36.8 0.0 1.7 0.0 0.29 0.05
2 0.0 0.0 36.8 0.0 1.7 0.0 0.29 0.05
3 0.0 0.0 36.8 0.0 1.7 0.0 0.29 0.05
4 0.0 0.0 36.8 0.0 1.7 0.0 0.29 0.05
5 0.0 0.0 36.8 0.0 1.7 0.0 0.29 0.05
6 0.0 0.0 36.8 0.0 1.7 0.0 0.29 0.05
7 0.0 0.0 36.8 0.0 1.7 0.0 0.29 0.05
8 0.0 0.0 36.8 0.0 1.7 0.0 0.29 0.05
9 0.0 0.0 36.8 0.0 1.7 0.0 0.29 0.05
10 0.0 0.0 36.8 0.0 1.7 0.0 0.29 0.05
11 0.0 0.0 23.4 0.0 3.4 0.0 0.19 0.03
12 0.0 0.0 23.4 0.0 3.4 0.0 0.19 0.03
13 0.0 0.0 23.4 0.0 3.4 0.0 0.19 0.03
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14 0.0 0.0 23.4 0.0 3.4 0.0 0.19 0.03
15 0.0 0.0 23.4 0.0 3.4 0.0 0.19 0.03
16 0.0 0.0 23.4 0.0 3.4 0.0 0.19 0.03
17 0.0 0.0 23.4 0.0 3.4 0.0 0.19 0.03
18 0.0 0.0 23.4 0.0 3.4 0.0 0.19 0.03
19 0.0 0.0 23.4 0.0 3.4 0.0 0.19 0.03
20 0.0 0.0 23.4 0.0 3.4 0.0 0.19 0.03
21 0.0 0.0 16.8 0.0 2.8 0.0 0.13 0.02
22 0.0 0.0 16.8 0.0 2.8 0.0 0.13 0.02
23 0.0 0.0 16.8 0.0 2.8 0.0 0.13 0.02
24 0.0 0.0 16.8 0.0 2.8 0.0 0.13 0.02
25 0.0 0.0 16.8 0.0 2.8 0.0 0.13 0.02
26 0.0 0.0 16.8 0.0 2.8 0.0 0.13 0.02
27 0.0 0.0 16.8 0.0 2.8 0.0 0.13 0.02
28 0.0 0.0 16.8 0.0 2.8 0.0 0.13 0.02
29 0.0 0.0 16.8 0.0 2.8 0.0 0.13 0.02
30 0.0 0.0 16.8 0.0 2.8 0.0 0.13 0.02


LOAD CASE 3


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.0 0.0 30.9 0.0 0.0 0.0 0.22 0.04
2 0.0 0.0 30.9 0.0 0.0 0.0 0.22 0.04
3 0.0 0.0 30.9 0.0 0.0 0.0 0.22 0.04
4 0.0 0.0 30.9 0.0 0.0 0.0 0.22 0.04
5 0.0 0.0 30.9 0.0 0.0 0.0 0.22 0.04
6 0.0 0.0 30.9 0.0 0.0 0.0 0.22 0.04
7 0.0 0.0 30.9 0.0 0.0 0.0 0.22 0.04
8 0.0 0.0 30.9 0.0 0.0 0.0 0.22 0.04
9 0.0 0.0 30.9 0.0 0.0 0.0 0.22 0.04
10 0.0 0.0 30.9 0.0 0.0 0.0 0.22 0.04
11 0.1 0.0 21.5 0.0 4.4 0.0 0.15 0.03
12 0.1 0.0 21.5 0.0 4.4 0.0 0.15 0.03
13 0.1 0.0 21.5 0.0 4.4 0.0 0.15 0.03
14 0.1 0.0 21.5 0.0 4.4 0.0 0.15 0.03
15 0.1 0.0 21.5 0.0 4.4 0.0 0.15 0.03
16 0.1 0.0 21.5 0.0 4.4 0.0 0.15 0.03
17 0.1 0.0 21.5 0.0 4.4 0.0 0.15 0.03
18 0.1 0.0 21.5 0.0 4.4 0.0 0.15 0.03
19 0.1 0.0 21.5 0.0 4.4 0.0 0.15 0.03
20 0.1 0.0 21.5 0.0 4.4 0.0 0.15 0.03
21 0.1 0.0 24.6 0.0 4.6 0.0 0.17 0.03
22 0.1 0.0 24.6 0.0 4.6 0.0 0.17 0.03
23 0.1 0.0 24.6 0.0 4.6 0.0 0.17 0.03
24 0.1 0.0 24.6 0.0 4.6 0.0 0.17 0.03
25 0.1 0.0 24.6 0.0 4.6 0.0 0.17 0.03
26 0.1 0.0 24.6 0.0 4.6 0.0 0.17 0.03
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27 0.1 0.0 24.6 0.0 4.6 0.0 0.17 0.03
28 0.1 0.0 24.6 0.0 4.6 0.0 0.17 0.03
29 0.1 0.0 24.6 0.0 4.6 0.0 0.17 0.03
30 0.1 0.0 24.6 0.0 4.6 0.0 0.17 0.03


LOAD CASE 4


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.2 0.0 1.5 0.0 18.1 0.0 0.02 0.01
2 0.2 0.0 1.5 0.0 18.1 0.0 0.02 0.01
3 0.2 0.0 1.5 0.0 18.1 0.0 0.02 0.01
4 0.2 0.0 1.5 0.0 18.1 0.0 0.02 0.01
5 0.2 0.0 1.5 0.0 18.1 0.0 0.02 0.01
6 0.2 0.0 1.5 0.0 18.1 0.0 0.02 0.01
7 0.2 0.0 1.5 0.0 18.1 0.0 0.02 0.01
8 0.2 0.0 1.5 0.0 18.1 0.0 0.02 0.01
9 0.2 0.0 1.5 0.0 18.1 0.0 0.02 0.01
10 0.2 0.0 1.5 0.0 18.1 0.0 0.02 0.01
11 0.2 0.0 43.3 0.0 14.6 0.0 0.40 0.07
12 0.2 0.0 43.3 0.0 14.6 0.0 0.40 0.07
13 0.2 0.0 43.3 0.0 14.6 0.0 0.40 0.07
14 0.2 0.0 43.3 0.0 14.6 0.0 0.40 0.07
15 0.2 0.0 43.3 0.0 14.6 0.0 0.40 0.07
16 0.2 0.0 43.3 0.0 14.6 0.0 0.40 0.07
17 0.2 0.0 43.3 0.0 14.6 0.0 0.40 0.07
18 0.2 0.0 43.3 0.0 14.6 0.0 0.40 0.07
19 0.2 0.0 43.3 0.0 14.6 0.0 0.40 0.07
20 0.2 0.0 43.3 0.0 14.6 0.0 0.40 0.07
21 0.2 0.0 1.1 0.0 18.1 0.0 0.01 0.01
22 0.2 0.0 1.1 0.0 18.1 0.0 0.01 0.01
23 0.2 0.0 1.1 0.0 18.1 0.0 0.01 0.01
24 0.2 0.0 1.1 0.0 18.1 0.0 0.01 0.01
25 0.2 0.0 1.1 0.0 18.1 0.0 0.01 0.01
26 0.2 0.0 1.1 0.0 18.1 0.0 0.01 0.01
27 0.2 0.0 1.1 0.0 18.1 0.0 0.01 0.01
28 0.2 0.0 1.1 0.0 18.1 0.0 0.01 0.01
29 0.2 0.0 1.1 0.0 18.1 0.0 0.01 0.01
30 0.2 0.0 1.1 0.0 18.1 0.0 0.01 0.01


LOAD CASE 5


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.3 0.0 5.4 0.0 21.8 0.0 0.06 0.01
2 0.3 0.0 5.4 0.0 21.8 0.0 0.06 0.01
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3 0.3 0.0 5.4 0.0 21.8 0.0 0.06 0.01
4 0.3 0.0 5.4 0.0 21.8 0.0 0.06 0.01
5 0.3 0.0 5.4 0.0 21.8 0.0 0.06 0.01
6 0.3 0.0 5.4 0.0 21.8 0.0 0.06 0.01
7 0.3 0.0 5.4 0.0 21.8 0.0 0.06 0.01
8 0.3 0.0 5.4 0.0 21.8 0.0 0.06 0.01
9 0.3 0.0 5.4 0.0 21.8 0.0 0.06 0.01
10 0.3 0.0 5.4 0.0 21.8 0.0 0.06 0.01
11 0.2 0.0 47.1 0.0 18.3 0.0 0.44 0.08
12 0.2 0.0 47.1 0.0 18.3 0.0 0.44 0.08
13 0.2 0.0 47.1 0.0 18.3 0.0 0.44 0.08
14 0.2 0.0 47.1 0.0 18.3 0.0 0.44 0.08
15 0.2 0.0 47.1 0.0 18.3 0.0 0.44 0.08
16 0.2 0.0 47.1 0.0 18.3 0.0 0.44 0.08
17 0.2 0.0 47.1 0.0 18.3 0.0 0.44 0.08
18 0.2 0.0 47.1 0.0 18.3 0.0 0.44 0.08
19 0.2 0.0 47.1 0.0 18.3 0.0 0.44 0.08
20 0.2 0.0 47.1 0.0 18.3 0.0 0.44 0.08
21 0.3 0.0 6.9 0.0 22.9 0.0 0.08 0.02
22 0.3 0.0 6.9 0.0 22.9 0.0 0.08 0.02
23 0.3 0.0 6.9 0.0 22.9 0.0 0.08 0.02
24 0.3 0.0 6.9 0.0 22.9 0.0 0.08 0.02
25 0.3 0.0 6.9 0.0 22.9 0.0 0.08 0.02
26 0.3 0.0 6.9 0.0 22.9 0.0 0.08 0.02
27 0.3 0.0 6.9 0.0 22.9 0.0 0.08 0.02
28 0.3 0.0 6.9 0.0 22.9 0.0 0.08 0.02
29 0.3 0.0 6.9 0.0 22.9 0.0 0.08 0.02
30 0.3 0.0 6.9 0.0 22.9 0.0 0.08 0.02


LOAD CASE 6


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.2 0.0 7.4 0.0 11.8 0.0 0.07 0.01
2 0.2 0.0 7.4 0.0 11.8 0.0 0.07 0.01
3 0.2 0.0 7.4 0.0 11.8 0.0 0.07 0.01
4 0.2 0.0 7.4 0.0 11.8 0.0 0.07 0.01
5 0.2 0.0 7.4 0.0 11.8 0.0 0.07 0.01
6 0.2 0.0 7.4 0.0 11.8 0.0 0.07 0.01
7 0.2 0.0 7.4 0.0 11.8 0.0 0.07 0.01
8 0.2 0.0 7.4 0.0 11.8 0.0 0.07 0.01
9 0.2 0.0 7.4 0.0 11.8 0.0 0.07 0.01
10 0.2 0.0 7.4 0.0 11.8 0.0 0.07 0.01
11 0.1 0.0 34.1 0.0 9.6 0.0 0.24 0.04
12 0.1 0.0 34.1 0.0 9.6 0.0 0.24 0.04
13 0.1 0.0 34.1 0.0 9.6 0.0 0.24 0.04
14 0.1 0.0 34.1 0.0 9.6 0.0 0.24 0.04
15 0.1 0.0 34.1 0.0 9.6 0.0 0.24 0.04
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16 0.1 0.0 34.1 0.0 9.6 0.0 0.24 0.04
17 0.1 0.0 34.1 0.0 9.6 0.0 0.24 0.04
18 0.1 0.0 34.1 0.0 9.6 0.0 0.24 0.04
19 0.1 0.0 34.1 0.0 9.6 0.0 0.24 0.04
20 0.1 0.0 34.1 0.0 9.6 0.0 0.24 0.04
21 0.1 0.0 16.2 0.0 11.1 0.0 0.11 0.02
22 0.1 0.0 16.2 0.0 11.1 0.0 0.11 0.02
23 0.1 0.0 16.2 0.0 11.1 0.0 0.11 0.02
24 0.1 0.0 16.2 0.0 11.1 0.0 0.11 0.02
25 0.1 0.0 16.2 0.0 11.1 0.0 0.11 0.02
26 0.1 0.0 16.2 0.0 11.1 0.0 0.11 0.02
27 0.1 0.0 16.2 0.0 11.1 0.0 0.11 0.02
28 0.1 0.0 16.2 0.0 11.1 0.0 0.11 0.02
29 0.1 0.0 16.2 0.0 11.1 0.0 0.11 0.02
30 0.1 0.0 16.2 0.0 11.1 0.0 0.11 0.02


LOAD CASE 7


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.2 0.0 11.3 0.0 15.6 0.0 0.10 0.02
2 0.2 0.0 11.3 0.0 15.6 0.0 0.10 0.02
3 0.2 0.0 11.3 0.0 15.6 0.0 0.10 0.02
4 0.2 0.0 11.3 0.0 15.6 0.0 0.10 0.02
5 0.2 0.0 11.3 0.0 15.6 0.0 0.10 0.02
6 0.2 0.0 11.3 0.0 15.6 0.0 0.10 0.02
7 0.2 0.0 11.3 0.0 15.6 0.0 0.10 0.02
8 0.2 0.0 11.3 0.0 15.6 0.0 0.10 0.02
9 0.2 0.0 11.3 0.0 15.6 0.0 0.10 0.02
10 0.2 0.0 11.3 0.0 15.6 0.0 0.10 0.02
11 0.2 0.0 37.9 0.0 13.4 0.0 0.27 0.05
12 0.2 0.0 37.9 0.0 13.4 0.0 0.27 0.05
13 0.2 0.0 37.9 0.0 13.4 0.0 0.27 0.05
14 0.2 0.0 37.9 0.0 13.4 0.0 0.27 0.05
15 0.2 0.0 37.9 0.0 13.4 0.0 0.27 0.05
16 0.2 0.0 37.9 0.0 13.4 0.0 0.27 0.05
17 0.2 0.0 37.9 0.0 13.4 0.0 0.27 0.05
18 0.2 0.0 37.9 0.0 13.4 0.0 0.27 0.05
19 0.2 0.0 37.9 0.0 13.4 0.0 0.27 0.05
20 0.2 0.0 37.9 0.0 13.4 0.0 0.27 0.05
21 0.2 0.0 8.1 0.0 15.9 0.0 0.06 0.01
22 0.2 0.0 8.1 0.0 15.9 0.0 0.06 0.01
23 0.2 0.0 8.1 0.0 15.9 0.0 0.06 0.01
24 0.2 0.0 8.1 0.0 15.9 0.0 0.06 0.01
25 0.2 0.0 8.1 0.0 15.9 0.0 0.06 0.01
26 0.2 0.0 8.1 0.0 15.9 0.0 0.06 0.01
27 0.2 0.0 8.1 0.0 15.9 0.0 0.06 0.01
28 0.2 0.0 8.1 0.0 15.9 0.0 0.06 0.01
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29 0.2 0.0 8.1 0.0 15.9 0.0 0.06 0.01
30 0.2 0.0 8.1 0.0 15.9 0.0 0.06 0.01


*******************************************************************************


PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 1


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 13.2 26.6 0.0 0.0 0.0
2 0.0 13.2 26.6 0.0 0.0 0.0
3 0.0 13.2 26.6 0.0 0.0 0.0
4 0.0 13.2 26.6 0.0 0.0 0.0
5 0.0 13.2 26.6 0.0 0.0 0.0
6 0.0 13.2 26.6 0.0 0.0 0.0
7 0.0 13.2 26.6 0.0 0.0 0.0
8 0.0 13.2 26.6 0.0 0.0 0.0
9 0.0 13.2 26.6 0.0 0.0 0.0


10 0.0 13.2 26.6 0.0 0.0 0.0
11 0.0 11.0 22.0 0.0 0.0 0.0
12 0.0 11.0 22.0 0.0 0.0 0.0
13 0.0 11.0 22.0 0.0 0.0 0.0
14 0.0 11.0 22.0 0.0 0.0 0.0
15 0.0 11.0 22.0 0.0 0.0 0.0
16 0.0 11.0 22.0 0.0 0.0 0.0
17 0.0 11.0 22.0 0.0 0.0 0.0
18 0.0 11.0 22.0 0.0 0.0 0.0
19 0.0 11.0 22.0 0.0 0.0 0.0
20 0.0 11.0 22.0 0.0 0.0 0.0
21 0.0 3.7 7.3 0.0 0.0 0.0
22 0.0 3.7 7.3 0.0 0.0 0.0
23 0.0 3.7 7.3 0.0 0.0 0.0
24 0.0 3.7 7.3 0.0 0.0 0.0
25 0.0 3.7 7.3 0.0 0.0 0.0
26 0.0 3.7 7.3 0.0 0.0 0.0
27 0.0 3.7 7.3 0.0 0.0 0.0
28 0.0 3.7 7.3 0.0 0.0 0.0
29 0.0 3.7 7.3 0.0 0.0 0.0
30 0.0 3.7 7.3 0.0 0.0 0.0


LOAD CASE 2


PILE PX PY PZ MX MY MZ
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K K K IN K IN K IN K


1 0.0 16.4 32.9 0.0 0.0 0.0
2 0.0 16.4 32.9 0.0 0.0 0.0
3 0.0 16.4 32.9 0.0 0.0 0.0
4 0.0 16.4 32.9 0.0 0.0 0.0
5 0.0 16.4 32.9 0.0 0.0 0.0
6 0.0 16.4 32.9 0.0 0.0 0.0
7 0.0 16.4 32.9 0.0 0.0 0.0
8 0.0 16.4 32.9 0.0 0.0 0.0
9 0.0 16.4 32.9 0.0 0.0 0.0
10 0.0 16.4 32.9 0.0 0.0 0.0
11 0.0 10.4 20.9 0.0 0.0 0.0
12 0.0 10.4 20.9 0.0 0.0 0.0
13 0.0 10.4 20.9 0.0 0.0 0.0
14 0.0 10.4 20.9 0.0 0.0 0.0
15 0.0 10.4 20.9 0.0 0.0 0.0
16 0.0 10.4 20.9 0.0 0.0 0.0
17 0.0 10.4 20.9 0.0 0.0 0.0
18 0.0 10.4 20.9 0.0 0.0 0.0
19 0.0 10.4 20.9 0.0 0.0 0.0
20 0.0 10.4 20.9 0.0 0.0 0.0
21 0.0 7.5 15.1 0.0 0.0 0.0
22 0.0 7.5 15.1 0.0 0.0 0.0
23 0.0 7.5 15.1 0.0 0.0 0.0
24 0.0 7.5 15.1 0.0 0.0 0.0
25 0.0 7.5 15.1 0.0 0.0 0.0
26 0.0 7.5 15.1 0.0 0.0 0.0
27 0.0 7.5 15.1 0.0 0.0 0.0
28 0.0 7.5 15.1 0.0 0.0 0.0
29 0.0 7.5 15.1 0.0 0.0 0.0
30 0.0 7.5 15.1 0.0 0.0 0.0


LOAD CASE 3


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 13.8 27.6 0.0 0.0 0.0
2 0.0 13.8 27.6 0.0 0.0 0.0
3 0.0 13.8 27.6 0.0 0.0 0.0
4 0.0 13.8 27.6 0.0 0.0 0.0
5 0.0 13.8 27.6 0.0 0.0 0.0
6 0.0 13.8 27.6 0.0 0.0 0.0
7 0.0 13.8 27.6 0.0 0.0 0.0
8 0.0 13.8 27.6 0.0 0.0 0.0
9 0.0 13.8 27.6 0.0 0.0 0.0


10 0.0 13.8 27.6 0.0 0.0 0.0
11 0.0 9.6 19.3 0.0 0.0 0.0
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12 0.0 9.6 19.3 0.0 0.0 0.0
13 0.0 9.6 19.3 0.0 0.0 0.0
14 0.0 9.6 19.3 0.0 0.0 0.0
15 0.0 9.6 19.3 0.0 0.0 0.0
16 0.0 9.6 19.3 0.0 0.0 0.0
17 0.0 9.6 19.3 0.0 0.0 0.0
18 0.0 9.6 19.3 0.0 0.0 0.0
19 0.0 9.6 19.3 0.0 0.0 0.0
20 0.0 9.6 19.3 0.0 0.0 0.0
21 0.0 10.9 22.0 0.0 0.0 0.0
22 0.0 10.9 22.0 0.0 0.0 0.0
23 0.0 10.9 22.0 0.0 0.0 0.0
24 0.0 10.9 22.0 0.0 0.0 0.0
25 0.0 10.9 22.0 0.0 0.0 0.0
26 0.0 10.9 22.0 0.0 0.0 0.0
27 0.0 10.9 22.0 0.0 0.0 0.0
28 0.0 10.9 22.0 0.0 0.0 0.0
29 0.0 10.9 22.0 0.0 0.0 0.0
30 0.0 10.9 22.0 0.0 0.0 0.0


LOAD CASE 4


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 0.9 1.2 0.0 0.0 0.0
2 0.0 0.9 1.2 0.0 0.0 0.0
3 0.0 0.9 1.2 0.0 0.0 0.0
4 0.0 0.9 1.2 0.0 0.0 0.0
5 0.0 0.9 1.2 0.0 0.0 0.0
6 0.0 0.9 1.2 0.0 0.0 0.0
7 0.0 0.9 1.2 0.0 0.0 0.0
8 0.0 0.9 1.2 0.0 0.0 0.0
9 0.0 0.9 1.2 0.0 0.0 0.0


10 0.0 0.9 1.2 0.0 0.0 0.0
11 0.0 19.5 38.6 0.0 0.0 0.0
12 0.0 19.5 38.6 0.0 0.0 0.0
13 0.0 19.5 38.6 0.0 0.0 0.0
14 0.0 19.5 38.6 0.0 0.0 0.0
15 0.0 19.5 38.6 0.0 0.0 0.0
16 0.0 19.5 38.6 0.0 0.0 0.0
17 0.0 19.5 38.6 0.0 0.0 0.0
18 0.0 19.5 38.6 0.0 0.0 0.0
19 0.0 19.5 38.6 0.0 0.0 0.0
20 0.0 19.5 38.6 0.0 0.0 0.0
21 0.0 0.7 0.9 0.0 0.0 0.0
22 0.0 0.7 0.9 0.0 0.0 0.0
23 0.0 0.7 0.9 0.0 0.0 0.0
24 0.0 0.7 0.9 0.0 0.0 0.0
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25 0.0 0.7 0.9 0.0 0.0 0.0
26 0.0 0.7 0.9 0.0 0.0 0.0
27 0.0 0.7 0.9 0.0 0.0 0.0
28 0.0 0.7 0.9 0.0 0.0 0.0
29 0.0 0.7 0.9 0.0 0.0 0.0
30 0.0 0.7 0.9 0.0 0.0 0.0


LOAD CASE 5


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 2.7 4.7 0.0 0.0 0.0
2 0.0 2.7 4.7 0.0 0.0 0.0
3 0.0 2.7 4.7 0.0 0.0 0.0
4 0.0 2.7 4.7 0.0 0.0 0.0
5 0.0 2.7 4.7 0.0 0.0 0.0
6 0.0 2.7 4.7 0.0 0.0 0.0
7 0.0 2.7 4.7 0.0 0.0 0.0
8 0.0 2.7 4.7 0.0 0.0 0.0
9 0.0 2.7 4.7 0.0 0.0 0.0


10 0.0 2.7 4.7 0.0 0.0 0.0
11 0.0 21.3 42.0 0.0 0.0 0.0
12 0.0 21.3 42.0 0.0 0.0 0.0
13 0.0 21.3 42.0 0.0 0.0 0.0
14 0.0 21.3 42.0 0.0 0.0 0.0
15 0.0 21.3 42.0 0.0 0.0 0.0
16 0.0 21.3 42.0 0.0 0.0 0.0
17 0.0 21.3 42.0 0.0 0.0 0.0
18 0.0 21.3 42.0 0.0 0.0 0.0
19 0.0 21.3 42.0 0.0 0.0 0.0
20 0.0 21.3 42.0 0.0 0.0 0.0
21 0.0 2.8 6.3 0.0 0.0 0.0
22 0.0 2.8 6.3 0.0 0.0 0.0
23 0.0 2.8 6.3 0.0 0.0 0.0
24 0.0 2.8 6.3 0.0 0.0 0.0
25 0.0 2.8 6.3 0.0 0.0 0.0
26 0.0 2.8 6.3 0.0 0.0 0.0
27 0.0 2.8 6.3 0.0 0.0 0.0
28 0.0 2.8 6.3 0.0 0.0 0.0
29 0.0 2.8 6.3 0.0 0.0 0.0
30 0.0 2.8 6.3 0.0 0.0 0.0


LOAD CASE 6


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K
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1 0.0 3.5 6.6 0.0 0.0 0.0
2 0.0 3.5 6.6 0.0 0.0 0.0
3 0.0 3.5 6.6 0.0 0.0 0.0
4 0.0 3.5 6.6 0.0 0.0 0.0
5 0.0 3.5 6.6 0.0 0.0 0.0
6 0.0 3.5 6.6 0.0 0.0 0.0
7 0.0 3.5 6.6 0.0 0.0 0.0
8 0.0 3.5 6.6 0.0 0.0 0.0
9 0.0 3.5 6.6 0.0 0.0 0.0


10 0.0 3.5 6.6 0.0 0.0 0.0
11 0.0 15.4 30.5 0.0 0.0 0.0
12 0.0 15.4 30.5 0.0 0.0 0.0
13 0.0 15.4 30.5 0.0 0.0 0.0
14 0.0 15.4 30.5 0.0 0.0 0.0
15 0.0 15.4 30.5 0.0 0.0 0.0
16 0.0 15.4 30.5 0.0 0.0 0.0
17 0.0 15.4 30.5 0.0 0.0 0.0
18 0.0 15.4 30.5 0.0 0.0 0.0
19 0.0 15.4 30.5 0.0 0.0 0.0
20 0.0 15.4 30.5 0.0 0.0 0.0
21 0.0 7.4 14.4 0.0 0.0 0.0
22 0.0 7.4 14.4 0.0 0.0 0.0
23 0.0 7.4 14.4 0.0 0.0 0.0
24 0.0 7.4 14.4 0.0 0.0 0.0
25 0.0 7.4 14.4 0.0 0.0 0.0
26 0.0 7.4 14.4 0.0 0.0 0.0
27 0.0 7.4 14.4 0.0 0.0 0.0
28 0.0 7.4 14.4 0.0 0.0 0.0
29 0.0 7.4 14.4 0.0 0.0 0.0
30 0.0 7.4 14.4 0.0 0.0 0.0


LOAD CASE 7


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 5.2 10.0 0.0 0.0 0.0
2 0.0 5.2 10.0 0.0 0.0 0.0
3 0.0 5.2 10.0 0.0 0.0 0.0
4 0.0 5.2 10.0 0.0 0.0 0.0
5 0.0 5.2 10.0 0.0 0.0 0.0
6 0.0 5.2 10.0 0.0 0.0 0.0
7 0.0 5.2 10.0 0.0 0.0 0.0
8 0.0 5.2 10.0 0.0 0.0 0.0
9 0.0 5.2 10.0 0.0 0.0 0.0


10 0.0 5.2 10.0 0.0 0.0 0.0
11 0.0 17.1 33.9 0.0 0.0 0.0
12 0.0 17.1 33.9 0.0 0.0 0.0
13 0.0 17.1 33.9 0.0 0.0 0.0


UBB Feasibility Report 
Structural Calculations and Drawings


Page 390 of 547







14 0.0 17.1 33.9 0.0 0.0 0.0
15 0.0 17.1 33.9 0.0 0.0 0.0
16 0.0 17.1 33.9 0.0 0.0 0.0
17 0.0 17.1 33.9 0.0 0.0 0.0
18 0.0 17.1 33.9 0.0 0.0 0.0
19 0.0 17.1 33.9 0.0 0.0 0.0
20 0.0 17.1 33.9 0.0 0.0 0.0
21 0.0 3.8 7.2 0.0 0.0 0.0
22 0.0 3.8 7.2 0.0 0.0 0.0
23 0.0 3.8 7.2 0.0 0.0 0.0
24 0.0 3.8 7.2 0.0 0.0 0.0
25 0.0 3.8 7.2 0.0 0.0 0.0
26 0.0 3.8 7.2 0.0 0.0 0.0
27 0.0 3.8 7.2 0.0 0.0 0.0
28 0.0 3.8 7.2 0.0 0.0 0.0
29 0.0 3.8 7.2 0.0 0.0 0.0
30 0.0 3.8 7.2 0.0 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.
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10 Reach E Pipeline Crossing Twall Pinned
20 PIL 1 22.5 2.5 0
30 BAT 2 1
40 ANG 270 1
50 PIL 2 17.5 2.5 0
60 BAT 2 2
70 ANG 270 2
80 PIL 3 12.5 2.5 0
90 BAT 2 3
100 ANG 270 3
110 PIL 4 7.5 2.5 0
120 BAT 2 4
130 ANG 270 4
140 PIL 5 2.5 2.5 0
150 BAT 2 5
160 ANG 270 5
170 PIL 6 2.5 2.5 0
180 BAT 2 6
190 ANG 270 6
200 PIL 7 7.5 2.5 0
210 BAT 2 7
220 ANG 270 7
230 PIL 8 12.5 2.5 0
240 BAT 2 8
250 ANG 270 8
260 PIL 9 17.5 2.5 0
270 BAT 2 9
280 ANG 270 9
290 PIL 10 22.5 2.5 0
300 BAT 2 10
310 ANG 270 10
320 PIL 11 22.5 7.5 0
330 BAT 2 11
340 ANG 90 11
350 PIL 12 17.5 7.5 0
360 BAT 2 12
370 ANG 90 12
380 PIL 13 12.5 7.5 0
390 BAT 2 13
400 ANG 90 13
410 PIL 14 7.5 7.5 0
420 BAT 2 14
430 ANG 90 14
440 PIL 15 2.5 7.5 0
450 BAT 2 15
460 ANG 90 15
470 PIL 16 2.5 7.5 0
480 BAT 2 16
490 ANG 90 16
500 PIL 17 7.5 7.5 0
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510 BAT 2 17
520 ANG 90 17
530 PIL 18 12.5 7.5 0
540 BAT 2 18
550 ANG 90 18
560 PIL 19 17.5 7.5 0
570 BAT 2 19
580 ANG 90 19
590 PIL 20 22.5 7.5 0
600 BAT 2 20
610 ANG 90 20
620 PIL 21 22.5 12.5 0
630 BAT 2 21
640 ANG 90 21
650 PIL 22 17.5 12.5 0
660 BAT 2 22
670 ANG 90 22
680 PIL 23 12.5 12.5 0
690 BAT 2 23
700 ANG 90 23
710 PIL 24 7.5 12.5 0
720 BAT 2 24
730 ANG 90 24
740 PIL 25 2.5 12.5 0
750 BAT 2 25
760 ANG 90 25
770 PIL 26 2.5 12.5 0
780 BAT 2 26
790 ANG 90 26
800 PIL 27 7.5 12.5 0
810 BAT 2 27
820 ANG 90 27
830 PIL 28 12.5 12.5 0
840 BAT 2 28
850 ANG 90 28
860 PIL 29 17.5 12.5 0
870 BAT 2 29
880 ANG 90 29
890 PIL 30 22.5 12.5 0
900 BAT 2 30
910 ANG 90 30
920 PRO 29000 326 904 26.1 2 0 1 TO 30
930 SOI ES 0.0345 L 69 0 1 TO 30
940 RED 1 1 1
950 ALL H 107 85 652 652 1107 3275 1 TO 30
960 PIN 1 TO 30
970 LOA 8 0 703 326 7213 0 0
970 LOA 9 0 703 182 5770 0 0
970 FOV 1.33 1.33 8
970 FOV 1.33 1.33 9
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980 TOUT 1 2 3 4 5 6 7
990 PFO ALL
1000 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 01 OCT 20 RUN TIME: 18:56:25


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


REACH E PIPELINE CROSSING TWALL PINNED
DATA UNKNOWN REJECTED.


THERE ARE 30 PILES AND
2 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 22.50 , 2.50 , 0.00 )
( 22.50 , 12.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.32600E+03 0.90400E+03 0.26100E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.34500E 01 L 0.69000E+02 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.34500E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.40503E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.31387E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.18283E+04 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 22.50 2.50 0.00 2.00 270.00 69.00 P
2 17.50 2.50 0.00 2.00 270.00 69.00 P
3 12.50 2.50 0.00 2.00 270.00 69.00 P
4 7.50 2.50 0.00 2.00 270.00 69.00 P
5 2.50 2.50 0.00 2.00 270.00 69.00 P
6 2.50 2.50 0.00 2.00 270.00 69.00 P
7 7.50 2.50 0.00 2.00 270.00 69.00 P
8 12.50 2.50 0.00 2.00 270.00 69.00 P
9 17.50 2.50 0.00 2.00 270.00 69.00 P
10 22.50 2.50 0.00 2.00 270.00 69.00 P
11 22.50 7.50 0.00 2.00 90.00 69.00 P
12 17.50 7.50 0.00 2.00 90.00 69.00 P
13 12.50 7.50 0.00 2.00 90.00 69.00 P
14 7.50 7.50 0.00 2.00 90.00 69.00 P
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15 2.50 7.50 0.00 2.00 90.00 69.00 P
16 2.50 7.50 0.00 2.00 90.00 69.00 P
17 7.50 7.50 0.00 2.00 90.00 69.00 P
18 12.50 7.50 0.00 2.00 90.00 69.00 P
19 17.50 7.50 0.00 2.00 90.00 69.00 P
20 22.50 7.50 0.00 2.00 90.00 69.00 P
21 22.50 12.50 0.00 2.00 90.00 69.00 P
22 17.50 12.50 0.00 2.00 90.00 69.00 P
23 12.50 12.50 0.00 2.00 90.00 69.00 P
24 7.50 12.50 0.00 2.00 90.00 69.00 P
25 2.50 12.50 0.00 2.00 90.00 69.00 P
26 2.50 12.50 0.00 2.00 90.00 69.00 P
27 7.50 12.50 0.00 2.00 90.00 69.00 P
28 12.50 12.50 0.00 2.00 90.00 69.00 P
29 17.50 12.50 0.00 2.00 90.00 69.00 P
30 22.50 12.50 0.00 2.00 90.00 69.00 P


2070.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


8 0.0 703.0 326.0 7213.0 0.0 0.0 1.33 1.33
9 0.0 703.0 182.0 5770.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX


0.94162E+02 0.22252E 03 0.88788E 04 0.13318E 01 0.00000E+00 0.84746E+04
0.22252E 03 0.11067E+05 0.72968E+04 0.15323E+07 0.87311E 10 0.14687E 01
0.88788E 04 0.72968E+04 0.43903E+05 0.39512E+07 0.11642E 09 0.13318E 01
0.13318E 01 0.15323E+07 0.39512E+07 0.46098E+09 0.14901E 07 0.24772E+01
0.21684E 17 0.29104E 10 0.17462E 09 0.14901E 07 0.13039E+10 0.21672E+09
0.84746E+04 0.14687E 01 0.13318E 01 0.24772E+01 0.21672E+09 0.32967E+09


30 PILES 2 LOAD CASES


LOAD CASE 8. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 10.


LOAD CASE 9. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 10.
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*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


8 0.1590E 06 0.6725E 01 0.2324E 02 0.1588E 04 0.2434E 12 0.1465E 11
9 0.1677E 06 0.9059E 01 0.1169E 01 0.2511E 03 0.3154E 12 0.1897E 11


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY


M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 8


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.2 0.0 59.6 0.0 18.0 0.0 0.53 0.07
2 0.2 0.0 59.6 0.0 18.0 0.0 0.53 0.07
3 0.2 0.0 59.6 0.0 18.0 0.0 0.53 0.07
4 0.2 0.0 59.6 0.0 18.0 0.0 0.53 0.07
5 0.2 0.0 59.6 0.0 18.0 0.0 0.53 0.07
6 0.2 0.0 59.6 0.0 18.0 0.0 0.53 0.07
7 0.2 0.0 59.6 0.0 18.0 0.0 0.53 0.07
8 0.2 0.0 59.6 0.0 18.0 0.0 0.53 0.07
9 0.2 0.0 59.6 0.0 18.0 0.0 0.53 0.07
10 0.2 0.0 59.6 0.0 18.0 0.0 0.53 0.07
11 0.3 0.0 48.9 0.0 18.9 0.0 0.34 0.06
12 0.3 0.0 48.9 0.0 18.9 0.0 0.34 0.06
13 0.3 0.0 48.9 0.0 18.9 0.0 0.34 0.06
14 0.3 0.0 48.9 0.0 18.9 0.0 0.34 0.06
15 0.3 0.0 48.9 0.0 18.9 0.0 0.34 0.06
16 0.3 0.0 48.9 0.0 18.9 0.0 0.34 0.06
17 0.3 0.0 48.9 0.0 18.9 0.0 0.34 0.06
18 0.3 0.0 48.9 0.0 18.9 0.0 0.34 0.06
19 0.3 0.0 48.9 0.0 18.9 0.0 0.34 0.06
20 0.3 0.0 48.9 0.0 18.9 0.0 0.34 0.06
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21 0.3 0.0 47.3 0.0 19.1 0.0 0.33 0.06
22 0.3 0.0 47.3 0.0 19.1 0.0 0.33 0.06
23 0.3 0.0 47.3 0.0 19.1 0.0 0.33 0.06
24 0.3 0.0 47.3 0.0 19.1 0.0 0.33 0.06
25 0.3 0.0 47.3 0.0 19.1 0.0 0.33 0.06
26 0.3 0.0 47.3 0.0 19.1 0.0 0.33 0.06
27 0.3 0.0 47.3 0.0 19.1 0.0 0.33 0.06
28 0.3 0.0 47.3 0.0 19.1 0.0 0.33 0.06
29 0.3 0.0 47.3 0.0 19.1 0.0 0.33 0.06
30 0.3 0.0 47.3 0.0 19.1 0.0 0.33 0.06


LOAD CASE 9


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.3 0.0 67.3 0.0 25.4 0.0 0.60 0.08
2 0.3 0.0 67.3 0.0 25.4 0.0 0.60 0.08
3 0.3 0.0 67.3 0.0 25.4 0.0 0.60 0.08
4 0.3 0.0 67.3 0.0 25.4 0.0 0.60 0.08
5 0.3 0.0 67.3 0.0 25.4 0.0 0.60 0.08
6 0.3 0.0 67.3 0.0 25.4 0.0 0.60 0.08
7 0.3 0.0 67.3 0.0 25.4 0.0 0.60 0.08
8 0.3 0.0 67.3 0.0 25.4 0.0 0.60 0.08
9 0.3 0.0 67.3 0.0 25.4 0.0 0.60 0.08
10 0.3 0.0 67.3 0.0 25.4 0.0 0.60 0.08
11 0.3 0.0 56.2 0.0 26.3 0.0 0.40 0.07
12 0.3 0.0 56.2 0.0 26.3 0.0 0.40 0.07
13 0.3 0.0 56.2 0.0 26.3 0.0 0.40 0.07
14 0.3 0.0 56.2 0.0 26.3 0.0 0.40 0.07
15 0.3 0.0 56.2 0.0 26.3 0.0 0.40 0.07
16 0.3 0.0 56.2 0.0 26.3 0.0 0.40 0.07
17 0.3 0.0 56.2 0.0 26.3 0.0 0.40 0.07
18 0.3 0.0 56.2 0.0 26.3 0.0 0.40 0.07
19 0.3 0.0 56.2 0.0 26.3 0.0 0.40 0.07
20 0.3 0.0 56.2 0.0 26.3 0.0 0.40 0.07
21 0.4 0.0 31.6 0.0 28.4 0.0 0.22 0.04
22 0.4 0.0 31.6 0.0 28.4 0.0 0.22 0.04
23 0.4 0.0 31.6 0.0 28.4 0.0 0.22 0.04
24 0.4 0.0 31.6 0.0 28.4 0.0 0.22 0.04
25 0.4 0.0 31.6 0.0 28.4 0.0 0.22 0.04
26 0.4 0.0 31.6 0.0 28.4 0.0 0.22 0.04
27 0.4 0.0 31.6 0.0 28.4 0.0 0.22 0.04
28 0.4 0.0 31.6 0.0 28.4 0.0 0.22 0.04
29 0.4 0.0 31.6 0.0 28.4 0.0 0.22 0.04
30 0.4 0.0 31.6 0.0 28.4 0.0 0.22 0.04


*******************************************************************************
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PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 8


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 26.9 53.2 0.0 0.0 0.0
2 0.0 26.9 53.2 0.0 0.0 0.0
3 0.0 26.9 53.2 0.0 0.0 0.0
4 0.0 26.9 53.2 0.0 0.0 0.0
5 0.0 26.9 53.2 0.0 0.0 0.0
6 0.0 26.9 53.2 0.0 0.0 0.0
7 0.0 26.9 53.2 0.0 0.0 0.0
8 0.0 26.9 53.2 0.0 0.0 0.0
9 0.0 26.9 53.2 0.0 0.0 0.0


10 0.0 26.9 53.2 0.0 0.0 0.0
11 0.0 22.1 43.6 0.0 0.0 0.0
12 0.0 22.1 43.6 0.0 0.0 0.0
13 0.0 22.1 43.6 0.0 0.0 0.0
14 0.0 22.1 43.6 0.0 0.0 0.0
15 0.0 22.1 43.6 0.0 0.0 0.0
16 0.0 22.1 43.6 0.0 0.0 0.0
17 0.0 22.1 43.6 0.0 0.0 0.0
18 0.0 22.1 43.6 0.0 0.0 0.0
19 0.0 22.1 43.6 0.0 0.0 0.0
20 0.0 22.1 43.6 0.0 0.0 0.0
21 0.0 21.4 42.2 0.0 0.0 0.0
22 0.0 21.4 42.2 0.0 0.0 0.0
23 0.0 21.4 42.2 0.0 0.0 0.0
24 0.0 21.4 42.2 0.0 0.0 0.0
25 0.0 21.4 42.2 0.0 0.0 0.0
26 0.0 21.4 42.2 0.0 0.0 0.0
27 0.0 21.4 42.2 0.0 0.0 0.0
28 0.0 21.4 42.2 0.0 0.0 0.0
29 0.0 21.4 42.2 0.0 0.0 0.0
30 0.0 21.4 42.2 0.0 0.0 0.0


LOAD CASE 9


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 30.4 60.0 0.0 0.0 0.0
2 0.0 30.4 60.0 0.0 0.0 0.0
3 0.0 30.4 60.0 0.0 0.0 0.0
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4 0.0 30.4 60.0 0.0 0.0 0.0
5 0.0 30.4 60.0 0.0 0.0 0.0
6 0.0 30.4 60.0 0.0 0.0 0.0
7 0.0 30.4 60.0 0.0 0.0 0.0
8 0.0 30.4 60.0 0.0 0.0 0.0
9 0.0 30.4 60.0 0.0 0.0 0.0
10 0.0 30.4 60.0 0.0 0.0 0.0
11 0.0 25.5 50.1 0.0 0.0 0.0
12 0.0 25.5 50.1 0.0 0.0 0.0
13 0.0 25.5 50.1 0.0 0.0 0.0
14 0.0 25.5 50.1 0.0 0.0 0.0
15 0.0 25.5 50.1 0.0 0.0 0.0
16 0.0 25.5 50.1 0.0 0.0 0.0
17 0.0 25.5 50.1 0.0 0.0 0.0
18 0.0 25.5 50.1 0.0 0.0 0.0
19 0.0 25.5 50.1 0.0 0.0 0.0
20 0.0 25.5 50.1 0.0 0.0 0.0
21 0.0 14.5 28.1 0.0 0.0 0.0
22 0.0 14.5 28.1 0.0 0.0 0.0
23 0.0 14.5 28.1 0.0 0.0 0.0
24 0.0 14.5 28.1 0.0 0.0 0.0
25 0.0 14.5 28.1 0.0 0.0 0.0
26 0.0 14.5 28.1 0.0 0.0 0.0
27 0.0 14.5 28.1 0.0 0.0 0.0
28 0.0 14.5 28.1 0.0 0.0 0.0
29 0.0 14.5 28.1 0.0 0.0 0.0
30 0.0 14.5 28.1 0.0 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.
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Reach E New wall Pipeline crossing
T-Wall Stems Loads


Top of Stem EL. 18.5 Weight of Water: 0.062 k/ft3


Bottom of Stem EL. 0 Moist Weight of Soil 0.120 k/ft3


F.S. Soil EL. 0.0 Wave Load: 0 k/ft
P.S. Soil EL. 0.0 Wave Arm  EL. 0
S.W.L  EL. 9.4 Debri 0.5 k/ft
P.S. Water EL. 0.0 Wind Load: 0.056 ksf
Ko: 0.8 Sat. Soil Weight: 0.058 k/ft3


Note: Inputs are already referenced from t-wall foundation sheet.


Load Case 2b.  Construction + Wind 1.6(D + Sur + Wind)


Item Fy z Mx Vx


Wind 1.04 9.25 9.58 1.04
Sub Total: 9.58 1.04


Total (Factored) 15.33 1.66
ft-k/ft k/ft
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Load Case 3a.  Flowline 1.6(D + EH + EV + HF+ IU)


Item Fy z Mx Vx
F.S. Horizontal Water 2.76 3.13 8.64 2.76
P.S. Horizontal Water 0.00 0.00 0.00 0.00
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) 0.00 0 0.0000 0.00
P.S. Horizontal Soil ( m rec) 0.00 0 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 0.00 0.00 0.00
Sub Total: 8.64 2.76


Total (Factored) 13.82 4.41
ft-k/ft k/ft


Load Case 3c.  Flowline+Wind+Debri 1.6(D + EH + EV + HF+ PU + I + W)


Item Fy z Mx Vx
F.S. Horizontal Water 2.76 3.13 8.64 2.76
P.S. Horizontal Water 0.00 0.00 0.00 0.00
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m rec) 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 0.00 0.00 0.00
Wind 0.51 13.95 7.11 0.51
Debri 0.50 18.50 9.25 0.50
Sub Total: 25.00 3.77


Total (Factored) 40.00 6.03
ft-k/ft k/ft


Load Case 4a.  Water to the Top + Debri 1.2D + 1.35EHD + 0.9EHR + 1.35EV + 1.3(HTW + I + IU)


Item Fy z Mx Vx
F.S. Horizontal Water 10.68 6.17 65.85 10.68
P.S. Horizontal Water 0.00 0.00 0.00 0.00
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m rec) 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 0.00 0.00 0.00
Debri 0.50 18.50 9.25 0.50


Total (Factored) 97.63 14.53
ft-k/ft k/ft
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Load Case 4b.  Water to the Top + Debri 0.9D + 1.35EHD + 0.9EHR + 1.0EV + 1.3(HTW + I + IU)


Item Fy z Mx Vx
F.S. Horizontal Water 10.68 6.17 65.85 10.68
P.S. Horizontal Water 0.00 0.00 0.00 0.00
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m rec) 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 0.00 0.00 0.00
Debri 0.50 18.50 9.25 0.50


Total (Factored) 97.63 14.53
ft-k/ft k/ft


Mu Vu
Load Case 2b 15.33 1.66
Load Case 3a 13.82 4.41
Load Case 3c 40.00 6.03
Load Case 4a 97.63 14.53
Load Case 4b 97.63 14.53


Maximum 97.63 14.53
ft-k/ft k/ft


Summary of Stem Loads
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As min =


As Req'd =


b =


 =


d =


f'c =


fy =


Mn =  = 0.9


Mu =


Vc = Nominal Shear strength (lb / linear foot)  = 0.75


Vu =


t =


 =


b =


Project: Reach E New wall Pipeline crossing
Reference:T-wall 40  ft Slab Stem Rebar Design


Inputs:


Mu = 1171.54


Vu = 14531.66 lb/linear ft


b = 12 in


d = 19.43 in


t = 24 in


f'c = 4 ksi


fy = 60 ksi


Ratio of Reinforcement


Balanced Ratio of Reinforcement ( 0.0285 for 4ksi concrete )


k-in / linear ft


Compressive strength of concrete. (ksi  ** except in Vc formula psi )


Yield strength of steel. (Usually 60 ksi. )


Nominal Moment strength (k-in / linear foot)


Ultimate moment in sttructure. ( k-in / linear foot)


Ultimate shear in structure. (lb / linear foot)


Thickness of structure. (In direction of applied moment)  (in)


Notation:


Minimum Area of Steel per linear foot of structure allowed by ACI / USACE.  (in2)


Required Area of Steel per linear foot of structure using Ultimate Moment. (in2)


Member width. ( Use 12in  if forces are per linear foot of structure.)


ACI 318-14 Section 22.2


Distance from extreme compression fiber to centroid of tension reinforcement. (in)
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 = 0.85 (unitless)


b = 0.0285 (unitless)


Check dd
Mn= Mu/
Mn= 1301.71


EM 1110-2-2104 (Table D-1)


dd= 16.45 in


d > dd ok


Calculations: ** All Areas are per side.


EM 1110-2-2104 (Table D-8)


Pn= 0
Ku= 0.088419


EM 1110-2-2104 (D-9)


As Req'd = 1.17 in2 /ft


As min = 0.74 in2 /ft EM 1110-2-2104, Chapter 3


As min = 0.78 in2 /ft  = 200 b d / Fy    (psi) EM 1110-2-2104, Chapter 3


As min = 1.55 in2 /ft  = 1.33 (As Req'd ) EM 1110-2-2104, Chapter 3


Use    As = 1.17 in2 /ft Flexural


k-in / linear ft


 = [ 3 b d  ( f'c )  ] / Fy   (psi)
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Temperature and Shrinkage Rebar
As t&s = 0.72 in2 /ft  = 0.005b t/2 per face


Use As t&s = 0.72 in2 /ft per face Use: #8@12in As: 0.78 in2 /ft


As Used: 1.2 in2 /ft Use: #9@10in


Mn = 1201.89 k-in


Mu = 1171.543 k-in


OK


Vc = 22.12 k


Vu = 14.53 k


OK


 = 0.005147


b =  0.007125


b =  0.010688


 = As / b d


Check Shear:


Calculate Vc and compare to Vu.


 = 0.75 x 2 (  f'c ) b d


If Vc > Vu then As is acceptable.


Check Ratio of Reinforcement: EM 1110-2-2104, Chapter 3.5


-- EM 1110-2-2104 Table 2-3


Check Moment:


Calculate Mn and compare to original Mu.


  = 0.9 As Fy d ( 1 -( As Fy / 2  b d f'c) )


If Mn > Mu then As is acceptable.
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OK


OK


 b  ( if possible )  


 b  ( always )
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Quantities
Reach E New Wall with pipeline crossing


1) Cast-in place concrete
Area of Base Slab per linear ft: 37.5 ft2


Area of Stem per linear ft: 37.00 ft2


Total area per linear ft: 74.50 ft2


Width of slab: 15.00 ft


Total Linear ft of wall: 400 ft
Total Volume of Base Slab (CY): 555.5556 CY
Total Volume of Stem (CY): 548.1481 CY
Total volume of concrete (ft3): 29800 ft3


Total volume of concrete (CY): 1103.704 CY


2) Steel Sheet Piling
Cut off El. -1.75
Tip El. -25.5
Length: 23.75 ft
Extre tie in wall length (30' each side): 60 ft
Cut off El. 17.75
Tip El. -25.5
Area of sheet pile: 12095 ft2


3) HP 14x89 pile
Cut off El. -1.75
Tip El. -73
Batter: 2
Length: 79.65992 ft
spacing between piles 5 ft
total piles per row 3
Total length of piles: 19118.38 LF


4) Stab slab


Depth: 1 ft
Total volume: 6000 ft3


Total volume: 222.2222 CY
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Bayou Des Allemands T wall Calculations
and Quantities
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ASCE 7-10 Wind Load Calculation


Wind on Wall


Kz= 1.03
Kzt= 1
Kd= 0.85
V= 158 mph


qz= 56.0 lb/ft2


Wave Loads


El. 18.5


El. 18.5


El. 12.5


El. -10
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P1= 0.33
P2= 0.2
P3= 0.28


Wave load calc
Load (L) (k/ft2) y Ly


1 6.3 11.25 70.875
2 0.5625 15 8.4375
3 1.2 25.5 30.6
4 0.39 24.5 9.555


= 8.4525 119.4675


Total wave= 8.4525 k/ft
= Ly/ L= 14.13398 ft
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Bayou Des Allemands T-wall
T-Wall Foundation Loads: Unfactored Loads for Pile Analysis


Top of Stem EL. 18.5 Weight of Water: 0.062 k/ft3


Top of Slab EL. -10.0 Weight Soil (FS) 0.120 k/ft3


Bottom of Slab EL. -15.0 Weight of Soil (PS): 0.12 k/ft4


Stem Width at TOW: 3.50 ft Weight of Concrete: 0.150 k/ft3


Stem Width at Top of slab: 5.0 ft Ko: 0.8
F.S. Slab Width: 19.25 ft Wave Load: 8.45 k/ft
P.S. Slab Width: 17.75 ft Wave Arm  EL. 19.13 ft
Length of Monolith: 50 ft Unbal. Load SWL: 0.0 k/ft
Dist to Sheet Pile: 18 ft Unbal. Load HWL: 0.0 k/ft
F.S. Soil EL. -10.0 Wind Load: 0.056 ksf
P.S. Soil EL. -10.0 Boat Impact 0.5 k/ft  Debris applied at TOW for TOW LC 
S.W.L  EL. (Flowline) 12.5 Construction Surcharge: 0.2 k/ft2


P.S. Water EL. -1.0 Walkway weight : 1.02 k/ft Approx.


Width of Monolith: 42.0 ft Area of Stem: 99.75 ft²
Area of Base Slab: 210 ft² Bouyant Soil Weight (PS): 0.058 k/ft3


Bouyant Soil Weight (FS): 0.058 k/ft4


Stem Areas Area (ft2) y (ft) Ay
Stem triangle area: 21.375 ft² 21.5 459.5625
Stem rectangle area: 99.75 ft² 21 2094.75
Stem area total: 121.125 ft²


y= 21.09 ft


Load Sheet Limitations - a) Straight aligned monoliths only b) No varying soil elevations along monolith
c) Sheet only handles minimal impact loads


LC 1: Load Case 1a.  Normal Operation 


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 31.5 21.0 661.5
Concrete Stem 18.2 21.088 383.1
Walkway 1.0 21.088 21.5
F.S. Vertical Soil 0.0 9.625 0.0
F.S. Horizontal Soil (Base) 1.2 1.67 2.0
P.S. Vertical Soil 0.0 33.13 0.0


Sub Total: 1.2 50.7 1,068.2 0.0 0.0


Sub Total x Monolith Length: 60 2534 53408 0 0
Total 60 2534 0 0 0 53408 0 0


X


Y
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LC 3: Load Case 2a.  Construction


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 31.5 21.0 661.5
Concrete Stem 18.2 21.088 383.1
Walkway 1.0 21.088 21.5
F.S. Horizontal Soil (Base) 1.2 1.67 2.0
Construction Surcharge(FS) 3.9 9.63 37.1
Construction Surcharge(PS) 3.6 33.13 117.6
Sub Total: 1.2 58.1 1,222.8


Sub Total x Monolith Length: 60 2904.4375 61140.3438 0 0
Total 60 2904 61140


LC 4: Load Case 2b.  Construction + Wind


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 31.5 21.0 661.5
Concrete Stem 18.2 21.088 383.1
Walkway 1.0 21.088 21.5
F.S. Horizontal Soil (Base) 1.2 1.67 2.0
Construction Surcharge(FS) 3.9 9.6 37.1
Construction Surcharge(PS) 3.55 33.125 117.6
Wind 1.596 19.3 30.7
Sub Total: 2.80 58.09 1,253.53 0.00 0.00


Sub Total x Monolith Length: 139.8 2904.4375 62676.4938 0 0
Total 140 2904 62676


LC 5: Load Case 3a.  Flowline, Impervious Uplift, Wave


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 31.5 21.00 661.5
Concrete Stem 18.2 21.088 383.1
Walkway 1.0 21.088 21.5
F.S. Vertical Water 27.0 9.63 260.1
F.S. Vertical Soil 0.0 9.63 0.0
P.S. Vertical Water 9.9684 31.625 315.3
P.S. Vertical Soil 0.0000 31.625 0.0
F.S. Horizontal Water 23.6 9.17 216.3
F.S. Horizontal Soil 0.576 1.67 1.0
P.S. Horizontal Water -6.1152 4.67 -28.5
P.S. Horizontal Soil ( m tri) -0.5760 1.67 -1.0
P.S. Horizontal Soil ( m rec) 0.0 7.00 0.0
P.S. Horizontal Soil ( sat tri) 0.0 4.67 0.0
F.S. Impervious Uplift -30.9 9.00 -278.0
P.S. Impervious Uplift -21.0 30.00 -629.0
Wave 8.5  19.13 161.7
Sub Total: 25.9 35.8 1,084.0


Sub Total x Monolith Length: 1,296.6 1,791.5 54,201.9 0.0 0.0
Total 1297 1791 54202


LC 6: Load Case 3b. Flowline, Pervious Uplift, Wave


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 31.5 21.00 661.5
Concrete Stem 18.2 21.088 383.1
Walkway 1.0 21.088 21.5
F.S. Vertical Water 27.0 9.63 260.1
F.S. Vertical Soil 0.0 9.63 0.0
P.S. Vertical Water 10.0 31.625 315.3
P.S. Vertical Soil 0.000 31.625 0.0
F.S. Horizontal Water 23.6 9.17 216.3
F.S. Horizontal Soil 0.6 1.67 1.0
P.S. Horizontal Water -6.115 4.67 -28.5
P.S. Horizontal Soil ( m tri) -0.576 1.67 -1.0
P.S. Horizontal Soil ( m rec) 0.0 7.00 0.0
P.S. Horizontal Soil ( sat tri) 0.0 4.67 0.0
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Pervious Uplift  (Rec.) -36.7 21.00 -770.5
Pervious Uplift  (Tri.) -17.7 14.00 -247.7
Wave 8.5 19.13 161.7
Sub Total: 25.9 33.3 972.8


Sub Total x Monolith Length: 1296.6 1665.1 48642.1 0.0 0.0
Total 1297 1665 48642


LC 7: Load Case 3c.  Flowline + Wind + Debri, Impervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 31.5 21.00 661.5
Concrete Stem 18.2 21.088 383.1
Walkway 1.0 21.088 21.5
F.S. Vertical Water 27.0 9.63 260.1
F.S. Vertical Soil 0.0 9.63 0.0
P.S. Vertical Water 10.0 31.625 315.3
P.S. Vertical Soil 0.000 31.625 0.0
F.S. Horizontal Water 23.6 9.17 216.3
F.S. Horizontal Soil 0.6 1.67 1.0
P.S. Horizontal Water -6.115 4.67 -28.5
P.S. Horizontal Soil ( m tri) -0.576 1.67 -1.0
P.S. Horizontal Soil ( m rec) 0.0 7.00 0.0
P.S. Horizontal Soil ( sat tri) 0.0 4.67 0.0
F.S. Impervious Uplift -30.9 9.00 -278.0
P.S. Impervious Uplift -21.0 30.00 -629.0
Wind 0.3 30.50 10.2
Debri 0.5 28.50 14.3
Sub Total: 18.3 35.8 946.8


Sub Total x Monolith Length: 915.8 1791.5 47340.3 0.0 0.0
Total 916 1791 47340


LC 8: Load Case 3d. Flowline + Wind + Debri, Pervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 31.5 21.00 661.5
Concrete Stem 18.2 21.088 383.1
Walkway 1.0 21.088 21.5
F.S. Vertical Water 27.0 9.63 260.1
F.S. Vertical Soil 0.0 9.63 0.0
P.S. Vertical Water 10.0 31.625 315.3
P.S. Vertical Soil 0.000 31.625 0.0
F.S. Horizontal Water 23.6 9.17 216.3
F.S. Horizontal Soil 0.6 1.67 1.0
P.S. Horizontal Water -6.115 4.67 -28.5
P.S. Horizontal Soil ( m tri) -0.576 1.67 -1.0
P.S. Horizontal Soil ( m rec) 0.0 7.00 0.0
P.S. Horizontal Soil ( sat tri) 0.0 4.67 0.0
Pervious Uplift  (Rec.) -36.7 21.00 -770.5
Pervious Uplift  (Tri.) -17.7 14.00 -247.7
Wind 0.3 30.50 10.2
Debri 0.5 28.50 14.3
Sub Total: 18.3 33.3 835.6


Sub Total x Monolith Length: 915.8 1665.1 41780.5 0.0 0.0
Total 916 1665 41780


LC 9: Load Case 4a.  Water to the Top+ Debri, Impervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 31.5 21.00 661.5
Concrete Stem 18.2 21.088 383.1
Walkway 1.0 21.088 21.5
F.S. Vertical Water 34.2 9.63 329.5
F.S. Vertical Soil 0.0 9.63 0.0
P.S. Vertical Water 10.0 31.625 315.3
P.S. Vertical Soil 0.000 31.625 0.0
F.S. Horizontal Water 35.0 11.17 391.0
F.S. Horizontal Soil 0.6 1.67 1.0
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P.S. Horizontal Water -6.115 4.67 -28.5
P.S. Horizontal Soil ( m tri) -0.576 1.67 -1.0
P.S. Horizontal Soil ( m rec) 0.0 7.00 0.0
P.S. Horizontal Soil ( sat tri) 0.0 4.67 0.0
F.S. Impervious Uplift -37.6 9.00 -338.6
P.S. Impervious Uplift -21.0 30.00 -629.0
Debri 0.5 33.50 16.8
Unbalanced Load 0.0
Sub Total: 29.4 36.3 1122.5


Sub Total x Monolith Length: 1470.0 1814.9 56124.0 0.0 0.0
Total 1470 1815 56124


LC 10: Load Case 4b.  Water to the Top + Debri, Pervious Uplift


Item Fx Fy Fz x y z Mx My Mz
Concrete Base 31.5 21.00 661.5
Concrete Stem 18.2 21.088 383.1
Walkway 1.0 21.088 21.5
F.S. Vertical Water 34.2 9.63 329.5
F.S. Vertical Soil 0.0 9.63 0.0
P.S. Vertical Water 10.0 31.625 315.3
P.S. Vertical Soil 0.000 31.625 0.0
F.S. Horizontal Water 35.0 11.17 391.0
F.S. Horizontal Soil 0.6 1.67 1.0
P.S. Horizontal Water -6.115 4.67 -28.5
P.S. Horizontal Soil ( m tri) -0.576 1.67 -1.0
P.S. Horizontal Soil ( m rec) 0.0 7.00 0.0
P.S. Horizontal Soil ( sat tri) 0.0 4.67 0.0
Pervious Uplift  (Rec.) -36.7 21.00 -770.5
Pervious Uplift  (Tri.) -25.6 14.00 -357.7
Debri 0.5 33.50 16.8
Unbalanced Load 0.0
Sub Total: 29.4 32.6 961.9


Sub Total x Monolith Length: 1470.0 1632.4 48093.1 0.0 0.0
Total 1470 1632 48093


Fx Fy Fz Mx My Mz
Load Case 1a LOAD 1 0.0 60.0 2,534.4 53,407.8 0.0 0.0
Load Case 2a LOAD 2 0.0 60.0 2,904.4 61,140.3 0.0 0.0
Load Case 2b LOAD 3 0.0 139.8 2,904.4 62,676.5 0.0 0.0
Load Case 3a LOAD 4 0.0 1,296.6 1,791.5 54,201.9 0.0 0.0
Load Case 3b LOAD 5 0.0 1,296.6 1,665.1 48,642.1 0.0 0.0
Load Case 3c LOAD 6 0.0 915.8 1,791.5 47,340.3 0.0 0.0
Load Case 3d LOAD 7 0.0 915.8 1,665.1 41,780.5 0.0 0.0
Load Case 4a LOAD 8 0.0 1,470.0 1,814.9 56,124.0 0.0 0.0
Load Case 4b LOAD 9 0.0 1,470.0 1,632.4 48,093.1 0.0 0.0


Summary Table of CPGA Loads
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Pile Load Capacity Plot For Control Structure 
Segment 3 - Boring B-6 - Bayou Des Allemands


Figure 4.2
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Compression= 320T-20T=300T/3=100Tx2=200 kips
Tension=215T-20T=195T/3=65Tx2=130 kips







10 Bayou Des Allemands Twall Fixed
20 PIL 1 20 2.5 0
30 BAT 2 1
40 ANG 270 1
50 PIL 2 12 2.5 0
60 BAT 2 2
70 ANG 270 2
80 PIL 3 4 2.5 0
90 BAT 2 3
100 ANG 270 3
110 PIL 4 4 2.5 0
120 BAT 2 4
130 ANG 270 4
140 PIL 5 12 2.5 0
150 BAT 2 5
160 ANG 270 5
170 PIL 6 20 2.5 0
180 BAT 2 6
190 ANG 270 6
200 PIL 7 20 11.75 0
210 BAT 2 7
220 ANG 270 7
230 PIL 8 12 11.75 0
240 BAT 2 8
250 ANG 270 8
260 PIL 9 4 11.75 0
270 BAT 2 9
280 ANG 270 9
290 PIL 10 4 11.75 0
300 BAT 2 10
310 ANG 270 10
320 PIL 11 12 11.75 0
330 BAT 2 11
340 ANG 270 11
350 PIL 12 20 11.75 0
360 BAT 2 12
370 ANG 270 12
380 PIL 13 20 21 0
390 BAT 2 13
400 ANG 90 13
410 PIL 14 12 21 0
420 BAT 2 14
430 ANG 90 14
440 PIL 15 4 21 0
450 BAT 2 15
460 ANG 90 15
470 PIL 16 4 21 0
480 BAT 2 16
490 ANG 90 16
500 PIL 17 12 21 0
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510 BAT 2 17
520 ANG 90 17
530 PIL 18 20 21 0
540 BAT 2 18
550 ANG 90 18
560 PIL 19 20 30.25 0
570 BAT 2 19
580 ANG 90 19
590 PIL 20 12 30.25 0
600 BAT 2 20
610 ANG 90 20
620 PIL 21 4 30.25 0
630 BAT 2 21
640 ANG 90 21
650 PIL 22 4 30.25 0
660 BAT 2 22
670 ANG 90 22
680 PIL 23 12 30.25 0
690 BAT 2 23
700 ANG 90 23
710 PIL 24 20 30.25 0
720 BAT 2 24
730 ANG 90 24
740 PIL 25 20 39.5 0
750 BAT 2 25
760 ANG 90 25
770 PIL 26 12 39.5 0
780 BAT 2 26
790 ANG 90 26
800 PIL 27 4 39.5 0
810 BAT 2 27
820 ANG 90 27
830 PIL 28 4 39.5 0
840 BAT 2 28
850 ANG 90 28
860 PIL 29 12 39.5 0
870 BAT 2 29
880 ANG 90 29
890 PIL 30 20 39.5 0
900 BAT 2 30
910 ANG 90 30
920 PRO 29000 2549 2549 36.91 2 0 1 TO 30
930 SOI ES 0.056 L 180 0 1 TO 30
940 RED 1 1 1
950 ALL R 200 130 921 921 6890 6590 1 TO 30
960 FIX 1 TO 30
970 LOA 1 0 60 2534 53408 0 0
970 LOA 2 0 60 2904 61140 0 0
970 LOA 3 0 140 2904 62676 0 0
970 LOA 4 0 1297 1791 54202 0 0
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970 LOA 5 0 1297 1665 48642 0 0
970 FOV 1.167 1.167 2
970 FOV 1.33 1.33 3
970 FOV 1.33 1.33 4
970 FOV 1.33 1.33 5
980 TOUT 1 2 3 4 5 6 7
990 PFO ALL
1000 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 28 AUG 20 RUN TIME: 15:18:30


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


BAYOU DES ALLEMANDS TWALL FIXED
DATA UNKNOWN REJECTED.


THERE ARE 30 PILES AND
5 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 20.00 , 2.50 , 0.00 )
( 20.00 , 39.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.25490E+04 0.25490E+04 0.36910E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.56000E 01 L 0.18000E+03 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.56000E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.15096E+02 0.00000E+00 0.00000E+00 0.00000E+00 0.20346E+04 0.00000E+00
0.00000E+00 0.15096E+02 0.00000E+00 0.20346E+04 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.99110E+03 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.20346E+04 0.00000E+00 0.54845E+06 0.00000E+00 0.00000E+00
0.20346E+04 0.00000E+00 0.00000E+00 0.00000E+00 0.54845E+06 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 20.00 2.50 0.00 2.00 270.00 180.00 F
2 12.00 2.50 0.00 2.00 270.00 180.00 F
3 4.00 2.50 0.00 2.00 270.00 180.00 F
4 4.00 2.50 0.00 2.00 270.00 180.00 F
5 12.00 2.50 0.00 2.00 270.00 180.00 F
6 20.00 2.50 0.00 2.00 270.00 180.00 F
7 20.00 11.75 0.00 2.00 270.00 180.00 F
8 12.00 11.75 0.00 2.00 270.00 180.00 F
9 4.00 11.75 0.00 2.00 270.00 180.00 F
10 4.00 11.75 0.00 2.00 270.00 180.00 F
11 12.00 11.75 0.00 2.00 270.00 180.00 F
12 20.00 11.75 0.00 2.00 270.00 180.00 F
13 20.00 21.00 0.00 2.00 90.00 180.00 F
14 12.00 21.00 0.00 2.00 90.00 180.00 F
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15 4.00 21.00 0.00 2.00 90.00 180.00 F
16 4.00 21.00 0.00 2.00 90.00 180.00 F
17 12.00 21.00 0.00 2.00 90.00 180.00 F
18 20.00 21.00 0.00 2.00 90.00 180.00 F
19 20.00 30.25 0.00 2.00 90.00 180.00 F
20 12.00 30.25 0.00 2.00 90.00 180.00 F
21 4.00 30.25 0.00 2.00 90.00 180.00 F
22 4.00 30.25 0.00 2.00 90.00 180.00 F
23 12.00 30.25 0.00 2.00 90.00 180.00 F
24 20.00 30.25 0.00 2.00 90.00 180.00 F
25 20.00 39.50 0.00 2.00 90.00 180.00 F
26 12.00 39.50 0.00 2.00 90.00 180.00 F
27 4.00 39.50 0.00 2.00 90.00 180.00 F
28 4.00 39.50 0.00 2.00 90.00 180.00 F
29 12.00 39.50 0.00 2.00 90.00 180.00 F
30 20.00 39.50 0.00 2.00 90.00 180.00 F


5400.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


1 0.0 60.0 2534.0 53408.0 0.0 0.0
2 0.0 60.0 2904.0 61140.0 0.0 0.0 1.17 1.17
3 0.0 140.0 2904.0 62676.0 0.0 0.0 1.33 1.33
4 0.0 1297.0 1791.0 54202.0 0.0 0.0 1.33 1.33
5 0.0 1297.0 1665.0 48642.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX


0.45287E+03 0.12826E 03 0.85507E 04 0.16417E 01 0.54594E+05 0.11958E+06
0.12826E 03 0.63089E+04 0.23424E+04 0.20957E+07 0.43656E 10 0.23030E 01
0.85507E 04 0.23424E+04 0.23877E+05 0.60225E+07 0.19929E 03 0.16417E 01
0.16417E 01 0.20957E+07 0.60225E+07 0.21311E+10 0.11034E+00 0.10145E+02
0.54594E+05 0.43656E 10 0.19929E 03 0.11034E+00 0.65498E+09 0.78038E+08
0.11958E+06 0.23030E 01 0.16417E 01 0.10145E+02 0.78038E+08 0.22282E+09


30 PILES 5 LOAD CASES


LOAD CASE 1. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.
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LOAD CASE 2. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 3. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 4. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 12.


LOAD CASE 5. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 12.


*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


1 0.3378E 07 0.8108E 01 0.6308E 01 0.2022E 03 0.1201E 13 0.2360E 10
2 0.3912E 07 0.9578E 01 0.7113E 01 0.2375E 03 0.8122E 14 0.2714E 10
3 0.3493E 07 0.8120E 01 0.7114E 01 0.2317E 03 0.2308E 12 0.2622E 10
4 0.3810E 07 0.2660E+00 0.1320E+00 0.3294E 03 0.3435E 11 0.2977E 11
5 0.3849E 07 0.3073E+00 0.1627E+00 0.4880E 03 0.3319E 11 0.2035E 11


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY


M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 1


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 1.0 0.0 97.2 0.0 195.5 0.0 0.49 0.13
2 1.0 0.0 97.2 0.0 195.5 0.0 0.49 0.13
3 1.0 0.0 97.2 0.0 195.5 0.0 0.49 0.13
4 1.0 0.0 97.2 0.0 195.5 0.0 0.49 0.13
5 1.0 0.0 97.2 0.0 195.5 0.0 0.49 0.13
6 1.0 0.0 97.2 0.0 195.5 0.0 0.49 0.13
7 0.9 0.0 117.1 0.0 175.1 0.0 0.59 0.15
8 0.9 0.0 117.1 0.0 175.1 0.0 0.59 0.15
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9 0.9 0.0 117.1 0.0 175.1 0.0 0.59 0.15
10 0.9 0.0 117.1 0.0 175.1 0.0 0.59 0.15
11 0.9 0.0 117.1 0.0 175.1 0.0 0.59 0.15
12 0.9 0.0 117.1 0.0 175.1 0.0 0.59 0.15
13 2.3 0.0 65.2 0.0 362.2 0.0 0.33 0.12
14 2.3 0.0 65.2 0.0 362.2 0.0 0.33 0.12
15 2.3 0.0 65.2 0.0 362.2 0.0 0.33 0.12
16 2.3 0.0 65.2 0.0 362.2 0.0 0.33 0.12
17 2.3 0.0 65.2 0.0 362.2 0.0 0.33 0.12
18 2.3 0.0 65.2 0.0 362.2 0.0 0.33 0.12
19 2.4 0.0 85.0 0.0 382.6 0.0 0.43 0.15
20 2.4 0.0 85.0 0.0 382.6 0.0 0.43 0.15
21 2.4 0.0 85.0 0.0 382.6 0.0 0.43 0.15
22 2.4 0.0 85.0 0.0 382.6 0.0 0.43 0.15
23 2.4 0.0 85.0 0.0 382.6 0.0 0.43 0.15
24 2.4 0.0 85.0 0.0 382.6 0.0 0.43 0.15
25 2.6 0.0 104.9 0.0 403.0 0.0 0.52 0.17
26 2.6 0.0 104.9 0.0 403.0 0.0 0.52 0.17
27 2.6 0.0 104.9 0.0 403.0 0.0 0.52 0.17
28 2.6 0.0 104.9 0.0 403.0 0.0 0.52 0.17
29 2.6 0.0 104.9 0.0 403.0 0.0 0.52 0.17
30 2.6 0.0 104.9 0.0 403.0 0.0 0.52 0.17


LOAD CASE 2


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 1.2 0.0 111.8 0.0 233.3 0.0 0.48 0.13
2 1.2 0.0 111.8 0.0 233.3 0.0 0.48 0.13
3 1.2 0.0 111.8 0.0 233.3 0.0 0.48 0.13
4 1.2 0.0 111.8 0.0 233.3 0.0 0.48 0.13
5 1.2 0.0 111.8 0.0 233.3 0.0 0.48 0.13
6 1.2 0.0 111.8 0.0 233.3 0.0 0.48 0.13
7 1.1 0.0 135.2 0.0 209.3 0.0 0.58 0.15
8 1.1 0.0 135.2 0.0 209.3 0.0 0.58 0.15
9 1.1 0.0 135.2 0.0 209.3 0.0 0.58 0.15
10 1.1 0.0 135.2 0.0 209.3 0.0 0.58 0.15
11 1.1 0.0 135.2 0.0 209.3 0.0 0.58 0.15
12 1.1 0.0 135.2 0.0 209.3 0.0 0.58 0.15
13 2.7 0.0 73.6 0.0 423.7 0.0 0.32 0.12
14 2.7 0.0 73.6 0.0 423.7 0.0 0.32 0.12
15 2.7 0.0 73.6 0.0 423.7 0.0 0.32 0.12
16 2.7 0.0 73.6 0.0 423.7 0.0 0.32 0.12
17 2.7 0.0 73.6 0.0 423.7 0.0 0.32 0.12
18 2.7 0.0 73.6 0.0 423.7 0.0 0.32 0.12
19 2.8 0.0 97.0 0.0 447.7 0.0 0.42 0.15
20 2.8 0.0 97.0 0.0 447.7 0.0 0.42 0.15
21 2.8 0.0 97.0 0.0 447.7 0.0 0.42 0.15


UBB Feasibility Report 
Structural Calculations and Drawings


Page 426 of 547







22 2.8 0.0 97.0 0.0 447.7 0.0 0.42 0.15
23 2.8 0.0 97.0 0.0 447.7 0.0 0.42 0.15
24 2.8 0.0 97.0 0.0 447.7 0.0 0.42 0.15
25 3.0 0.0 120.4 0.0 471.7 0.0 0.52 0.17
26 3.0 0.0 120.4 0.0 471.7 0.0 0.52 0.17
27 3.0 0.0 120.4 0.0 471.7 0.0 0.52 0.17
28 3.0 0.0 120.4 0.0 471.7 0.0 0.52 0.17
29 3.0 0.0 120.4 0.0 471.7 0.0 0.52 0.17
30 3.0 0.0 120.4 0.0 471.7 0.0 0.52 0.17


LOAD CASE 3


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 1.0 0.0 105.2 0.0 203.8 0.0 0.40 0.11
2 1.0 0.0 105.2 0.0 203.8 0.0 0.40 0.11
3 1.0 0.0 105.2 0.0 203.8 0.0 0.40 0.11
4 1.0 0.0 105.2 0.0 203.8 0.0 0.40 0.11
5 1.0 0.0 105.2 0.0 203.8 0.0 0.40 0.11
6 1.0 0.0 105.2 0.0 203.8 0.0 0.40 0.11
7 0.9 0.0 128.0 0.0 180.4 0.0 0.48 0.12
8 0.9 0.0 128.0 0.0 180.4 0.0 0.48 0.12
9 0.9 0.0 128.0 0.0 180.4 0.0 0.48 0.12
10 0.9 0.0 128.0 0.0 180.4 0.0 0.48 0.12
11 0.9 0.0 128.0 0.0 180.4 0.0 0.48 0.12
12 0.9 0.0 128.0 0.0 180.4 0.0 0.48 0.12
13 2.4 0.0 78.8 0.0 392.7 0.0 0.30 0.11
14 2.4 0.0 78.8 0.0 392.7 0.0 0.30 0.11
15 2.4 0.0 78.8 0.0 392.7 0.0 0.30 0.11
16 2.4 0.0 78.8 0.0 392.7 0.0 0.30 0.11
17 2.4 0.0 78.8 0.0 392.7 0.0 0.30 0.11
18 2.4 0.0 78.8 0.0 392.7 0.0 0.30 0.11
19 2.6 0.0 101.6 0.0 416.1 0.0 0.38 0.13
20 2.6 0.0 101.6 0.0 416.1 0.0 0.38 0.13
21 2.6 0.0 101.6 0.0 416.1 0.0 0.38 0.13
22 2.6 0.0 101.6 0.0 416.1 0.0 0.38 0.13
23 2.6 0.0 101.6 0.0 416.1 0.0 0.38 0.13
24 2.6 0.0 101.6 0.0 416.1 0.0 0.38 0.13
25 2.8 0.0 124.4 0.0 439.5 0.0 0.47 0.15
26 2.8 0.0 124.4 0.0 439.5 0.0 0.47 0.15
27 2.8 0.0 124.4 0.0 439.5 0.0 0.47 0.15
28 2.8 0.0 124.4 0.0 439.5 0.0 0.47 0.15
29 2.8 0.0 124.4 0.0 439.5 0.0 0.47 0.15
30 2.8 0.0 124.4 0.0 439.5 0.0 0.47 0.15


LOAD CASE 4
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PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 5.1 0.0 9.6 0.0 775.8 0.0 0.06 0.09
2 5.1 0.0 9.6 0.0 775.8 0.0 0.06 0.09
3 5.1 0.0 9.6 0.0 775.8 0.0 0.06 0.09
4 5.1 0.0 9.6 0.0 775.8 0.0 0.06 0.09
5 5.1 0.0 9.6 0.0 775.8 0.0 0.06 0.09
6 5.1 0.0 9.6 0.0 775.8 0.0 0.06 0.09
7 4.8 0.0 42.1 0.0 742.5 0.0 0.24 0.12
8 4.8 0.0 42.1 0.0 742.5 0.0 0.24 0.12
9 4.8 0.0 42.1 0.0 742.5 0.0 0.24 0.12
10 4.8 0.0 42.1 0.0 742.5 0.0 0.24 0.12
11 4.8 0.0 42.1 0.0 742.5 0.0 0.24 0.12
12 4.8 0.0 42.1 0.0 742.5 0.0 0.24 0.12
13 3.9 0.0 161.3 0.0 620.1 0.0 0.61 0.20
14 3.9 0.0 161.3 0.0 620.1 0.0 0.61 0.20
15 3.9 0.0 161.3 0.0 620.1 0.0 0.61 0.20
16 3.9 0.0 161.3 0.0 620.1 0.0 0.61 0.20
17 3.9 0.0 161.3 0.0 620.1 0.0 0.61 0.20
18 3.9 0.0 161.3 0.0 620.1 0.0 0.61 0.20
19 4.2 0.0 128.9 0.0 653.4 0.0 0.48 0.18
20 4.2 0.0 128.9 0.0 653.4 0.0 0.48 0.18
21 4.2 0.0 128.9 0.0 653.4 0.0 0.48 0.18
22 4.2 0.0 128.9 0.0 653.4 0.0 0.48 0.18
23 4.2 0.0 128.9 0.0 653.4 0.0 0.48 0.18
24 4.2 0.0 128.9 0.0 653.4 0.0 0.48 0.18
25 4.4 0.0 96.5 0.0 686.6 0.0 0.36 0.15
26 4.4 0.0 96.5 0.0 686.6 0.0 0.36 0.15
27 4.4 0.0 96.5 0.0 686.6 0.0 0.36 0.15
28 4.4 0.0 96.5 0.0 686.6 0.0 0.36 0.15
29 4.4 0.0 96.5 0.0 686.6 0.0 0.36 0.15
30 4.4 0.0 96.5 0.0 686.6 0.0 0.36 0.15


LOAD CASE 5


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 6.1 0.0 5.0 0.0 961.5 0.0 0.03 0.11
2 6.1 0.0 5.0 0.0 961.5 0.0 0.03 0.11
3 6.1 0.0 5.0 0.0 961.5 0.0 0.03 0.11
4 6.1 0.0 5.0 0.0 961.5 0.0 0.03 0.11
5 6.1 0.0 5.0 0.0 961.5 0.0 0.03 0.11
6 6.1 0.0 5.0 0.0 961.5 0.0 0.03 0.11
7 5.8 0.0 53.0 0.0 912.3 0.0 0.31 0.14
8 5.8 0.0 53.0 0.0 912.3 0.0 0.31 0.14
9 5.8 0.0 53.0 0.0 912.3 0.0 0.31 0.14
10 5.8 0.0 53.0 0.0 912.3 0.0 0.31 0.14
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11 5.8 0.0 53.0 0.0 912.3 0.0 0.31 0.14
12 5.8 0.0 53.0 0.0 912.3 0.0 0.31 0.14
13 4.9 0.0 171.4 0.0 790.7 0.0 0.64 0.23
14 4.9 0.0 171.4 0.0 790.7 0.0 0.64 0.23
15 4.9 0.0 171.4 0.0 790.7 0.0 0.64 0.23
16 4.9 0.0 171.4 0.0 790.7 0.0 0.64 0.23
17 4.9 0.0 171.4 0.0 790.7 0.0 0.64 0.23
18 4.9 0.0 171.4 0.0 790.7 0.0 0.64 0.23
19 5.2 0.0 123.4 0.0 840.0 0.0 0.46 0.19
20 5.2 0.0 123.4 0.0 840.0 0.0 0.46 0.19
21 5.2 0.0 123.4 0.0 840.0 0.0 0.46 0.19
22 5.2 0.0 123.4 0.0 840.0 0.0 0.46 0.19
23 5.2 0.0 123.4 0.0 840.0 0.0 0.46 0.19
24 5.2 0.0 123.4 0.0 840.0 0.0 0.46 0.19
25 5.6 0.0 75.4 0.0 889.3 0.0 0.28 0.16
26 5.6 0.0 75.4 0.0 889.3 0.0 0.28 0.16
27 5.6 0.0 75.4 0.0 889.3 0.0 0.28 0.16
28 5.6 0.0 75.4 0.0 889.3 0.0 0.28 0.16
29 5.6 0.0 75.4 0.0 889.3 0.0 0.28 0.16
30 5.6 0.0 75.4 0.0 889.3 0.0 0.28 0.16


*******************************************************************************


PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 1


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 44.4 86.5 195.5 0.0 0.0
2 0.0 44.4 86.5 195.5 0.0 0.0
3 0.0 44.4 86.5 195.5 0.0 0.0
4 0.0 44.4 86.5 195.5 0.0 0.0
5 0.0 44.4 86.5 195.5 0.0 0.0
6 0.0 44.4 86.5 195.5 0.0 0.0
7 0.0 53.2 104.4 175.1 0.0 0.0
8 0.0 53.2 104.4 175.1 0.0 0.0
9 0.0 53.2 104.4 175.1 0.0 0.0
10 0.0 53.2 104.4 175.1 0.0 0.0
11 0.0 53.2 104.4 175.1 0.0 0.0
12 0.0 53.2 104.4 175.1 0.0 0.0
13 0.0 27.1 59.3 362.2 0.0 0.0
14 0.0 27.1 59.3 362.2 0.0 0.0
15 0.0 27.1 59.3 362.2 0.0 0.0
16 0.0 27.1 59.3 362.2 0.0 0.0
17 0.0 27.1 59.3 362.2 0.0 0.0
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18 0.0 27.1 59.3 362.2 0.0 0.0
19 0.0 35.9 77.2 382.6 0.0 0.0
20 0.0 35.9 77.2 382.6 0.0 0.0
21 0.0 35.9 77.2 382.6 0.0 0.0
22 0.0 35.9 77.2 382.6 0.0 0.0
23 0.0 35.9 77.2 382.6 0.0 0.0
24 0.0 35.9 77.2 382.6 0.0 0.0
25 0.0 44.6 95.0 403.0 0.0 0.0
26 0.0 44.6 95.0 403.0 0.0 0.0
27 0.0 44.6 95.0 403.0 0.0 0.0
28 0.0 44.6 95.0 403.0 0.0 0.0
29 0.0 44.6 95.0 403.0 0.0 0.0
30 0.0 44.6 95.0 403.0 0.0 0.0


LOAD CASE 2


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 51.1 99.5 233.3 0.0 0.0
2 0.0 51.1 99.5 233.3 0.0 0.0
3 0.0 51.1 99.5 233.3 0.0 0.0
4 0.0 51.1 99.5 233.3 0.0 0.0
5 0.0 51.1 99.5 233.3 0.0 0.0
6 0.0 51.1 99.5 233.3 0.0 0.0
7 0.0 61.4 120.4 209.3 0.0 0.0
8 0.0 61.4 120.4 209.3 0.0 0.0
9 0.0 61.4 120.4 209.3 0.0 0.0
10 0.0 61.4 120.4 209.3 0.0 0.0
11 0.0 61.4 120.4 209.3 0.0 0.0
12 0.0 61.4 120.4 209.3 0.0 0.0
13 0.0 30.6 67.1 423.7 0.0 0.0
14 0.0 30.6 67.1 423.7 0.0 0.0
15 0.0 30.6 67.1 423.7 0.0 0.0
16 0.0 30.6 67.1 423.7 0.0 0.0
17 0.0 30.6 67.1 423.7 0.0 0.0
18 0.0 30.6 67.1 423.7 0.0 0.0
19 0.0 40.8 88.0 447.7 0.0 0.0
20 0.0 40.8 88.0 447.7 0.0 0.0
21 0.0 40.8 88.0 447.7 0.0 0.0
22 0.0 40.8 88.0 447.7 0.0 0.0
23 0.0 40.8 88.0 447.7 0.0 0.0
24 0.0 40.8 88.0 447.7 0.0 0.0
25 0.0 51.1 109.0 471.7 0.0 0.0
26 0.0 51.1 109.0 471.7 0.0 0.0
27 0.0 51.1 109.0 471.7 0.0 0.0
28 0.0 51.1 109.0 471.7 0.0 0.0
29 0.0 51.1 109.0 471.7 0.0 0.0
30 0.0 51.1 109.0 471.7 0.0 0.0
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LOAD CASE 3


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 48.0 93.6 203.8 0.0 0.0
2 0.0 48.0 93.6 203.8 0.0 0.0
3 0.0 48.0 93.6 203.8 0.0 0.0
4 0.0 48.0 93.6 203.8 0.0 0.0
5 0.0 48.0 93.6 203.8 0.0 0.0
6 0.0 48.0 93.6 203.8 0.0 0.0
7 0.0 58.0 114.1 180.4 0.0 0.0
8 0.0 58.0 114.1 180.4 0.0 0.0
9 0.0 58.0 114.1 180.4 0.0 0.0
10 0.0 58.0 114.1 180.4 0.0 0.0
11 0.0 58.0 114.1 180.4 0.0 0.0
12 0.0 58.0 114.1 180.4 0.0 0.0
13 0.0 33.1 71.6 392.7 0.0 0.0
14 0.0 33.1 71.6 392.7 0.0 0.0
15 0.0 33.1 71.6 392.7 0.0 0.0
16 0.0 33.1 71.6 392.7 0.0 0.0
17 0.0 33.1 71.6 392.7 0.0 0.0
18 0.0 33.1 71.6 392.7 0.0 0.0
19 0.0 43.1 92.1 416.1 0.0 0.0
20 0.0 43.1 92.1 416.1 0.0 0.0
21 0.0 43.1 92.1 416.1 0.0 0.0
22 0.0 43.1 92.1 416.1 0.0 0.0
23 0.0 43.1 92.1 416.1 0.0 0.0
24 0.0 43.1 92.1 416.1 0.0 0.0
25 0.0 53.2 112.6 439.5 0.0 0.0
26 0.0 53.2 112.6 439.5 0.0 0.0
27 0.0 53.2 112.6 439.5 0.0 0.0
28 0.0 53.2 112.6 439.5 0.0 0.0
29 0.0 53.2 112.6 439.5 0.0 0.0
30 0.0 53.2 112.6 439.5 0.0 0.0


LOAD CASE 4


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 8.9 6.4 775.8 0.0 0.0
2 0.0 8.9 6.4 775.8 0.0 0.0
3 0.0 8.9 6.4 775.8 0.0 0.0
4 0.0 8.9 6.4 775.8 0.0 0.0
5 0.0 8.9 6.4 775.8 0.0 0.0
6 0.0 8.9 6.4 775.8 0.0 0.0
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7 0.0 23.1 35.5 742.5 0.0 0.0
8 0.0 23.1 35.5 742.5 0.0 0.0
9 0.0 23.1 35.5 742.5 0.0 0.0
10 0.0 23.1 35.5 742.5 0.0 0.0
11 0.0 23.1 35.5 742.5 0.0 0.0
12 0.0 23.1 35.5 742.5 0.0 0.0
13 0.0 75.7 142.5 620.1 0.0 0.0
14 0.0 75.7 142.5 620.1 0.0 0.0
15 0.0 75.7 142.5 620.1 0.0 0.0
16 0.0 75.7 142.5 620.1 0.0 0.0
17 0.0 75.7 142.5 620.1 0.0 0.0
18 0.0 75.7 142.5 620.1 0.0 0.0
19 0.0 61.4 113.4 653.4 0.0 0.0
20 0.0 61.4 113.4 653.4 0.0 0.0
21 0.0 61.4 113.4 653.4 0.0 0.0
22 0.0 61.4 113.4 653.4 0.0 0.0
23 0.0 61.4 113.4 653.4 0.0 0.0
24 0.0 61.4 113.4 653.4 0.0 0.0
25 0.0 47.1 84.3 686.6 0.0 0.0
26 0.0 47.1 84.3 686.6 0.0 0.0
27 0.0 47.1 84.3 686.6 0.0 0.0
28 0.0 47.1 84.3 686.6 0.0 0.0
29 0.0 47.1 84.3 686.6 0.0 0.0
30 0.0 47.1 84.3 686.6 0.0 0.0


LOAD CASE 5


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 7.7 1.7 961.5 0.0 0.0
2 0.0 7.7 1.7 961.5 0.0 0.0
3 0.0 7.7 1.7 961.5 0.0 0.0
4 0.0 7.7 1.7 961.5 0.0 0.0
5 0.0 7.7 1.7 961.5 0.0 0.0
6 0.0 7.7 1.7 961.5 0.0 0.0
7 0.0 28.9 44.8 912.3 0.0 0.0
8 0.0 28.9 44.8 912.3 0.0 0.0
9 0.0 28.9 44.8 912.3 0.0 0.0
10 0.0 28.9 44.8 912.3 0.0 0.0
11 0.0 28.9 44.8 912.3 0.0 0.0
12 0.0 28.9 44.8 912.3 0.0 0.0
13 0.0 81.0 151.1 790.7 0.0 0.0
14 0.0 81.0 151.1 790.7 0.0 0.0
15 0.0 81.0 151.1 790.7 0.0 0.0
16 0.0 81.0 151.1 790.7 0.0 0.0
17 0.0 81.0 151.1 790.7 0.0 0.0
18 0.0 81.0 151.1 790.7 0.0 0.0
19 0.0 59.9 108.0 840.0 0.0 0.0
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20 0.0 59.9 108.0 840.0 0.0 0.0
21 0.0 59.9 108.0 840.0 0.0 0.0
22 0.0 59.9 108.0 840.0 0.0 0.0
23 0.0 59.9 108.0 840.0 0.0 0.0
24 0.0 59.9 108.0 840.0 0.0 0.0
25 0.0 38.7 64.9 889.3 0.0 0.0
26 0.0 38.7 64.9 889.3 0.0 0.0
27 0.0 38.7 64.9 889.3 0.0 0.0
28 0.0 38.7 64.9 889.3 0.0 0.0
29 0.0 38.7 64.9 889.3 0.0 0.0
30 0.0 38.7 64.9 889.3 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.
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10 Bayou Des Allemands Twall Fixed
20 PIL 1 20 2.5 0
30 BAT 2 1
40 ANG 270 1
50 PIL 2 12 2.5 0
60 BAT 2 2
70 ANG 270 2
80 PIL 3 4 2.5 0
90 BAT 2 3
100 ANG 270 3
110 PIL 4 4 2.5 0
120 BAT 2 4
130 ANG 270 4
140 PIL 5 12 2.5 0
150 BAT 2 5
160 ANG 270 5
170 PIL 6 20 2.5 0
180 BAT 2 6
190 ANG 270 6
200 PIL 7 20 11.75 0
210 BAT 2 7
220 ANG 270 7
230 PIL 8 12 11.75 0
240 BAT 2 8
250 ANG 270 8
260 PIL 9 4 11.75 0
270 BAT 2 9
280 ANG 270 9
290 PIL 10 4 11.75 0
300 BAT 2 10
310 ANG 270 10
320 PIL 11 12 11.75 0
330 BAT 2 11
340 ANG 270 11
350 PIL 12 20 11.75 0
360 BAT 2 12
370 ANG 270 12
380 PIL 13 20 21 0
390 BAT 2 13
400 ANG 90 13
410 PIL 14 12 21 0
420 BAT 2 14
430 ANG 90 14
440 PIL 15 4 21 0
450 BAT 2 15
460 ANG 90 15
470 PIL 16 4 21 0
480 BAT 2 16
490 ANG 90 16
500 PIL 17 12 21 0
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510 BAT 2 17
520 ANG 90 17
530 PIL 18 20 21 0
540 BAT 2 18
550 ANG 90 18
560 PIL 19 20 30.25 0
570 BAT 2 19
580 ANG 90 19
590 PIL 20 12 30.25 0
600 BAT 2 20
610 ANG 90 20
620 PIL 21 4 30.25 0
630 BAT 2 21
640 ANG 90 21
650 PIL 22 4 30.25 0
660 BAT 2 22
670 ANG 90 22
680 PIL 23 12 30.25 0
690 BAT 2 23
700 ANG 90 23
710 PIL 24 20 30.25 0
720 BAT 2 24
730 ANG 90 24
740 PIL 25 20 39.5 0
750 BAT 2 25
760 ANG 90 25
770 PIL 26 12 39.5 0
780 BAT 2 26
790 ANG 90 26
800 PIL 27 4 39.5 0
810 BAT 2 27
820 ANG 90 27
830 PIL 28 4 39.5 0
840 BAT 2 28
850 ANG 90 28
860 PIL 29 12 39.5 0
870 BAT 2 29
880 ANG 90 29
890 PIL 30 20 39.5 0
900 BAT 2 30
910 ANG 90 30
920 PRO 29000 2549 2549 36.91 2 0 1 TO 30
930 SOI ES 0.056 L 180 0 1 TO 30
940 RED 1 1 1
950 ALL R 200 130 921 921 6890 6590 1 TO 30
960 FIX 1 TO 30
970 LOA 6 0 916 1791 47340 0 0
970 LOA 7 0 916 1665 41780 0 0
970 LOA 8 0 1470 1815 56124 0 0
970 LOA 9 0 1470 1632 48093 0 0
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970 FOV 1.33 1.33 6
970 FOV 1.33 1.33 7
970 FOV 1.33 1.33 8
970 FOV 1.33 1.33 9
980 TOUT 1 2 3 4 5 6 7
990 PFO ALL
1000 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 28 AUG 20 RUN TIME: 15:13:58


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


BAYOU DES ALLEMANDS TWALL FIXED
DATA UNKNOWN REJECTED.


THERE ARE 30 PILES AND
4 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 20.00 , 2.50 , 0.00 )
( 20.00 , 39.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.25490E+04 0.25490E+04 0.36910E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT


UBB Feasibility Report 
Structural Calculations and Drawings


Page 437 of 547







0.56000E 01 L 0.18000E+03 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.56000E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.15096E+02 0.00000E+00 0.00000E+00 0.00000E+00 0.20346E+04 0.00000E+00
0.00000E+00 0.15096E+02 0.00000E+00 0.20346E+04 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.99110E+03 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.20346E+04 0.00000E+00 0.54845E+06 0.00000E+00 0.00000E+00
0.20346E+04 0.00000E+00 0.00000E+00 0.00000E+00 0.54845E+06 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 20.00 2.50 0.00 2.00 270.00 180.00 F
2 12.00 2.50 0.00 2.00 270.00 180.00 F
3 4.00 2.50 0.00 2.00 270.00 180.00 F
4 4.00 2.50 0.00 2.00 270.00 180.00 F
5 12.00 2.50 0.00 2.00 270.00 180.00 F
6 20.00 2.50 0.00 2.00 270.00 180.00 F
7 20.00 11.75 0.00 2.00 270.00 180.00 F
8 12.00 11.75 0.00 2.00 270.00 180.00 F
9 4.00 11.75 0.00 2.00 270.00 180.00 F
10 4.00 11.75 0.00 2.00 270.00 180.00 F
11 12.00 11.75 0.00 2.00 270.00 180.00 F
12 20.00 11.75 0.00 2.00 270.00 180.00 F
13 20.00 21.00 0.00 2.00 90.00 180.00 F
14 12.00 21.00 0.00 2.00 90.00 180.00 F
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15 4.00 21.00 0.00 2.00 90.00 180.00 F
16 4.00 21.00 0.00 2.00 90.00 180.00 F
17 12.00 21.00 0.00 2.00 90.00 180.00 F
18 20.00 21.00 0.00 2.00 90.00 180.00 F
19 20.00 30.25 0.00 2.00 90.00 180.00 F
20 12.00 30.25 0.00 2.00 90.00 180.00 F
21 4.00 30.25 0.00 2.00 90.00 180.00 F
22 4.00 30.25 0.00 2.00 90.00 180.00 F
23 12.00 30.25 0.00 2.00 90.00 180.00 F
24 20.00 30.25 0.00 2.00 90.00 180.00 F
25 20.00 39.50 0.00 2.00 90.00 180.00 F
26 12.00 39.50 0.00 2.00 90.00 180.00 F
27 4.00 39.50 0.00 2.00 90.00 180.00 F
28 4.00 39.50 0.00 2.00 90.00 180.00 F
29 12.00 39.50 0.00 2.00 90.00 180.00 F
30 20.00 39.50 0.00 2.00 90.00 180.00 F


5400.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


6 0.0 916.0 1791.0 47340.0 0.0 0.0 1.33 1.33
7 0.0 916.0 1665.0 41780.0 0.0 0.0 1.33 1.33
8 0.0 1470.0 1815.0 56124.0 0.0 0.0 1.33 1.33
9 0.0 1470.0 1632.0 48093.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX


0.45287E+03 0.12826E 03 0.85507E 04 0.16417E 01 0.54594E+05 0.11958E+06
0.12826E 03 0.63089E+04 0.23424E+04 0.20957E+07 0.43656E 10 0.23030E 01
0.85507E 04 0.23424E+04 0.23877E+05 0.60225E+07 0.19929E 03 0.16417E 01
0.16417E 01 0.20957E+07 0.60225E+07 0.21311E+10 0.11034E+00 0.10145E+02
0.54594E+05 0.43656E 10 0.19929E 03 0.11034E+00 0.65498E+09 0.78038E+08
0.11958E+06 0.23030E 01 0.16417E 01 0.10145E+02 0.78038E+08 0.22282E+09


30 PILES 4 LOAD CASES


LOAD CASE 6. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 6.
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LOAD CASE 7. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 6.


LOAD CASE 8. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 12.


LOAD CASE 9. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 12.


*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


6 0.1837E 07 0.1909E+00 0.1267E+00 0.2794E 03 0.2316E 11 0.7307E 11
7 0.1876E 07 0.2322E+00 0.1574E+00 0.4380E 03 0.2200E 11 0.6365E 11
8 0.4588E 07 0.3201E+00 0.1543E+00 0.4347E 03 0.3870E 11 0.1393E 11
9 0.4647E 07 0.3796E+00 0.1983E+00 0.6629E 03 0.3704E 11 0.2112E 13


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY


M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 6


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 3.9 0.0 20.3 0.0 608.4 0.0 0.08 0.08
2 3.9 0.0 20.3 0.0 608.4 0.0 0.08 0.08
3 3.9 0.0 20.3 0.0 608.4 0.0 0.08 0.08
4 3.9 0.0 20.3 0.0 608.4 0.0 0.08 0.08
5 3.9 0.0 20.3 0.0 608.4 0.0 0.08 0.08
6 3.9 0.0 20.3 0.0 608.4 0.0 0.08 0.08
7 3.7 0.0 7.2 0.0 580.2 0.0 0.04 0.07
8 3.7 0.0 7.2 0.0 580.2 0.0 0.04 0.07
9 3.7 0.0 7.2 0.0 580.2 0.0 0.04 0.07
10 3.7 0.0 7.2 0.0 580.2 0.0 0.04 0.07
11 3.7 0.0 7.2 0.0 580.2 0.0 0.04 0.07
12 3.7 0.0 7.2 0.0 580.2 0.0 0.04 0.07
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13 2.8 0.0 134.6 0.0 449.4 0.0 0.51 0.16
14 2.8 0.0 134.6 0.0 449.4 0.0 0.51 0.16
15 2.8 0.0 134.6 0.0 449.4 0.0 0.51 0.16
16 2.8 0.0 134.6 0.0 449.4 0.0 0.51 0.16
17 2.8 0.0 134.6 0.0 449.4 0.0 0.51 0.16
18 2.8 0.0 134.6 0.0 449.4 0.0 0.51 0.16
19 3.0 0.0 107.1 0.0 477.7 0.0 0.40 0.14
20 3.0 0.0 107.1 0.0 477.7 0.0 0.40 0.14
21 3.0 0.0 107.1 0.0 477.7 0.0 0.40 0.14
22 3.0 0.0 107.1 0.0 477.7 0.0 0.40 0.14
23 3.0 0.0 107.1 0.0 477.7 0.0 0.40 0.14
24 3.0 0.0 107.1 0.0 477.7 0.0 0.40 0.14
25 3.2 0.0 79.6 0.0 505.9 0.0 0.30 0.12
26 3.2 0.0 79.6 0.0 505.9 0.0 0.30 0.12
27 3.2 0.0 79.6 0.0 505.9 0.0 0.30 0.12
28 3.2 0.0 79.6 0.0 505.9 0.0 0.30 0.12
29 3.2 0.0 79.6 0.0 505.9 0.0 0.30 0.12
30 3.2 0.0 79.6 0.0 505.9 0.0 0.30 0.12


LOAD CASE 7


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 5.0 0.0 25.0 0.0 794.2 0.0 0.09 0.11
2 5.0 0.0 25.0 0.0 794.2 0.0 0.09 0.11
3 5.0 0.0 25.0 0.0 794.2 0.0 0.09 0.11
4 5.0 0.0 25.0 0.0 794.2 0.0 0.09 0.11
5 5.0 0.0 25.0 0.0 794.2 0.0 0.09 0.11
6 5.0 0.0 25.0 0.0 794.2 0.0 0.09 0.11
7 4.7 0.0 18.1 0.0 749.9 0.0 0.10 0.10
8 4.7 0.0 18.1 0.0 749.9 0.0 0.10 0.10
9 4.7 0.0 18.1 0.0 749.9 0.0 0.10 0.10
10 4.7 0.0 18.1 0.0 749.9 0.0 0.10 0.10
11 4.7 0.0 18.1 0.0 749.9 0.0 0.10 0.10
12 4.7 0.0 18.1 0.0 749.9 0.0 0.10 0.10
13 3.7 0.0 144.6 0.0 620.1 0.0 0.54 0.19
14 3.7 0.0 144.6 0.0 620.1 0.0 0.54 0.19
15 3.7 0.0 144.6 0.0 620.1 0.0 0.54 0.19
16 3.7 0.0 144.6 0.0 620.1 0.0 0.54 0.19
17 3.7 0.0 144.6 0.0 620.1 0.0 0.54 0.19
18 3.7 0.0 144.6 0.0 620.1 0.0 0.54 0.19
19 4.0 0.0 101.5 0.0 664.3 0.0 0.38 0.16
20 4.0 0.0 101.5 0.0 664.3 0.0 0.38 0.16
21 4.0 0.0 101.5 0.0 664.3 0.0 0.38 0.16
22 4.0 0.0 101.5 0.0 664.3 0.0 0.38 0.16
23 4.0 0.0 101.5 0.0 664.3 0.0 0.38 0.16
24 4.0 0.0 101.5 0.0 664.3 0.0 0.38 0.16
25 4.4 0.0 58.4 0.0 708.5 0.0 0.22 0.13
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26 4.4 0.0 58.4 0.0 708.5 0.0 0.22 0.13
27 4.4 0.0 58.4 0.0 708.5 0.0 0.22 0.13
28 4.4 0.0 58.4 0.0 708.5 0.0 0.22 0.13
29 4.4 0.0 58.4 0.0 708.5 0.0 0.22 0.13
30 4.4 0.0 58.4 0.0 708.5 0.0 0.22 0.13


LOAD CASE 8


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 6.2 0.0 16.7 0.0 949.5 0.0 0.10 0.12
2 6.2 0.0 16.7 0.0 949.5 0.0 0.10 0.12
3 6.2 0.0 16.7 0.0 949.5 0.0 0.10 0.12
4 6.2 0.0 16.7 0.0 949.5 0.0 0.10 0.12
5 6.2 0.0 16.7 0.0 949.5 0.0 0.10 0.12
6 6.2 0.0 16.7 0.0 949.5 0.0 0.10 0.12
7 5.8 0.0 59.5 0.0 905.6 0.0 0.34 0.15
8 5.8 0.0 59.5 0.0 905.6 0.0 0.34 0.15
9 5.8 0.0 59.5 0.0 905.6 0.0 0.34 0.15
10 5.8 0.0 59.5 0.0 905.6 0.0 0.34 0.15
11 5.8 0.0 59.5 0.0 905.6 0.0 0.34 0.15
12 5.8 0.0 59.5 0.0 905.6 0.0 0.34 0.15
13 4.9 0.0 181.5 0.0 780.3 0.0 0.68 0.23
14 4.9 0.0 181.5 0.0 780.3 0.0 0.68 0.23
15 4.9 0.0 181.5 0.0 780.3 0.0 0.68 0.23
16 4.9 0.0 181.5 0.0 780.3 0.0 0.68 0.23
17 4.9 0.0 181.5 0.0 780.3 0.0 0.68 0.23
18 4.9 0.0 181.5 0.0 780.3 0.0 0.68 0.23
19 5.2 0.0 138.8 0.0 824.2 0.0 0.52 0.20
20 5.2 0.0 138.8 0.0 824.2 0.0 0.52 0.20
21 5.2 0.0 138.8 0.0 824.2 0.0 0.52 0.20
22 5.2 0.0 138.8 0.0 824.2 0.0 0.52 0.20
23 5.2 0.0 138.8 0.0 824.2 0.0 0.52 0.20
24 5.2 0.0 138.8 0.0 824.2 0.0 0.52 0.20
25 5.6 0.0 96.0 0.0 868.1 0.0 0.36 0.17
26 5.6 0.0 96.0 0.0 868.1 0.0 0.36 0.17
27 5.6 0.0 96.0 0.0 868.1 0.0 0.36 0.17
28 5.6 0.0 96.0 0.0 868.1 0.0 0.36 0.17
29 5.6 0.0 96.0 0.0 868.1 0.0 0.36 0.17
30 5.6 0.0 96.0 0.0 868.1 0.0 0.36 0.17


LOAD CASE 9


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 7.7 0.0 10.1 0.0 1216.7 0.0 0.06 0.14
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2 7.7 0.0 10.1 0.0 1216.7 0.0 0.06 0.14
3 7.7 0.0 10.1 0.0 1216.7 0.0 0.06 0.14
4 7.7 0.0 10.1 0.0 1216.7 0.0 0.06 0.14
5 7.7 0.0 10.1 0.0 1216.7 0.0 0.06 0.14
6 7.7 0.0 10.1 0.0 1216.7 0.0 0.06 0.14
7 7.2 0.0 75.3 0.0 1149.7 0.0 0.44 0.19
8 7.2 0.0 75.3 0.0 1149.7 0.0 0.44 0.19
9 7.2 0.0 75.3 0.0 1149.7 0.0 0.44 0.19
10 7.2 0.0 75.3 0.0 1149.7 0.0 0.44 0.19
11 7.2 0.0 75.3 0.0 1149.7 0.0 0.44 0.19
12 7.2 0.0 75.3 0.0 1149.7 0.0 0.44 0.19
13 6.3 0.0 196.0 0.0 1025.9 0.0 0.74 0.27
14 6.3 0.0 196.0 0.0 1025.9 0.0 0.74 0.27
15 6.3 0.0 196.0 0.0 1025.9 0.0 0.74 0.27
16 6.3 0.0 196.0 0.0 1025.9 0.0 0.74 0.27
17 6.3 0.0 196.0 0.0 1025.9 0.0 0.74 0.27
18 6.3 0.0 196.0 0.0 1025.9 0.0 0.74 0.27
19 6.8 0.0 130.7 0.0 1092.8 0.0 0.49 0.23
20 6.8 0.0 130.7 0.0 1092.8 0.0 0.49 0.23
21 6.8 0.0 130.7 0.0 1092.8 0.0 0.49 0.23
22 6.8 0.0 130.7 0.0 1092.8 0.0 0.49 0.23
23 6.8 0.0 130.7 0.0 1092.8 0.0 0.49 0.23
24 6.8 0.0 130.7 0.0 1092.8 0.0 0.49 0.23
25 7.3 0.0 65.5 0.0 1159.8 0.0 0.25 0.18
26 7.3 0.0 65.5 0.0 1159.8 0.0 0.25 0.18
27 7.3 0.0 65.5 0.0 1159.8 0.0 0.25 0.18
28 7.3 0.0 65.5 0.0 1159.8 0.0 0.25 0.18
29 7.3 0.0 65.5 0.0 1159.8 0.0 0.25 0.18
30 7.3 0.0 65.5 0.0 1159.8 0.0 0.25 0.18


*******************************************************************************


PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 6


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 5.5 19.9 608.4 0.0 0.0
2 0.0 5.5 19.9 608.4 0.0 0.0
3 0.0 5.5 19.9 608.4 0.0 0.0
4 0.0 5.5 19.9 608.4 0.0 0.0
5 0.0 5.5 19.9 608.4 0.0 0.0
6 0.0 5.5 19.9 608.4 0.0 0.0
7 0.0 6.6 4.8 580.2 0.0 0.0
8 0.0 6.6 4.8 580.2 0.0 0.0
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9 0.0 6.6 4.8 580.2 0.0 0.0
10 0.0 6.6 4.8 580.2 0.0 0.0
11 0.0 6.6 4.8 580.2 0.0 0.0
12 0.0 6.6 4.8 580.2 0.0 0.0
13 0.0 62.7 119.1 449.4 0.0 0.0
14 0.0 62.7 119.1 449.4 0.0 0.0
15 0.0 62.7 119.1 449.4 0.0 0.0
16 0.0 62.7 119.1 449.4 0.0 0.0
17 0.0 62.7 119.1 449.4 0.0 0.0
18 0.0 62.7 119.1 449.4 0.0 0.0
19 0.0 50.6 94.4 477.7 0.0 0.0
20 0.0 50.6 94.4 477.7 0.0 0.0
21 0.0 50.6 94.4 477.7 0.0 0.0
22 0.0 50.6 94.4 477.7 0.0 0.0
23 0.0 50.6 94.4 477.7 0.0 0.0
24 0.0 50.6 94.4 477.7 0.0 0.0
25 0.0 38.4 69.8 505.9 0.0 0.0
26 0.0 38.4 69.8 505.9 0.0 0.0
27 0.0 38.4 69.8 505.9 0.0 0.0
28 0.0 38.4 69.8 505.9 0.0 0.0
29 0.0 38.4 69.8 505.9 0.0 0.0
30 0.0 38.4 69.8 505.9 0.0 0.0


LOAD CASE 7


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 6.7 24.6 794.2 0.0 0.0
2 0.0 6.7 24.6 794.2 0.0 0.0
3 0.0 6.7 24.6 794.2 0.0 0.0
4 0.0 6.7 24.6 794.2 0.0 0.0
5 0.0 6.7 24.6 794.2 0.0 0.0
6 0.0 6.7 24.6 794.2 0.0 0.0
7 0.0 12.3 14.1 749.9 0.0 0.0
8 0.0 12.3 14.1 749.9 0.0 0.0
9 0.0 12.3 14.1 749.9 0.0 0.0
10 0.0 12.3 14.1 749.9 0.0 0.0
11 0.0 12.3 14.1 749.9 0.0 0.0
12 0.0 12.3 14.1 749.9 0.0 0.0
13 0.0 68.0 127.7 620.1 0.0 0.0
14 0.0 68.0 127.7 620.1 0.0 0.0
15 0.0 68.0 127.7 620.1 0.0 0.0
16 0.0 68.0 127.7 620.1 0.0 0.0
17 0.0 68.0 127.7 620.1 0.0 0.0
18 0.0 68.0 127.7 620.1 0.0 0.0
19 0.0 49.0 89.0 664.3 0.0 0.0
20 0.0 49.0 89.0 664.3 0.0 0.0
21 0.0 49.0 89.0 664.3 0.0 0.0
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22 0.0 49.0 89.0 664.3 0.0 0.0
23 0.0 49.0 89.0 664.3 0.0 0.0
24 0.0 49.0 89.0 664.3 0.0 0.0
25 0.0 30.0 50.3 708.5 0.0 0.0
26 0.0 30.0 50.3 708.5 0.0 0.0
27 0.0 30.0 50.3 708.5 0.0 0.0
28 0.0 30.0 50.3 708.5 0.0 0.0
29 0.0 30.0 50.3 708.5 0.0 0.0
30 0.0 30.0 50.3 708.5 0.0 0.0


LOAD CASE 8


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 13.0 12.2 949.5 0.0 0.0
2 0.0 13.0 12.2 949.5 0.0 0.0
3 0.0 13.0 12.2 949.5 0.0 0.0
4 0.0 13.0 12.2 949.5 0.0 0.0
5 0.0 13.0 12.2 949.5 0.0 0.0
6 0.0 13.0 12.2 949.5 0.0 0.0
7 0.0 31.8 50.6 905.6 0.0 0.0
8 0.0 31.8 50.6 905.6 0.0 0.0
9 0.0 31.8 50.6 905.6 0.0 0.0
10 0.0 31.8 50.6 905.6 0.0 0.0
11 0.0 31.8 50.6 905.6 0.0 0.0
12 0.0 31.8 50.6 905.6 0.0 0.0
13 0.0 85.6 160.2 780.3 0.0 0.0
14 0.0 85.6 160.2 780.3 0.0 0.0
15 0.0 85.6 160.2 780.3 0.0 0.0
16 0.0 85.6 160.2 780.3 0.0 0.0
17 0.0 85.6 160.2 780.3 0.0 0.0
18 0.0 85.6 160.2 780.3 0.0 0.0
19 0.0 66.7 121.8 824.2 0.0 0.0
20 0.0 66.7 121.8 824.2 0.0 0.0
21 0.0 66.7 121.8 824.2 0.0 0.0
22 0.0 66.7 121.8 824.2 0.0 0.0
23 0.0 66.7 121.8 824.2 0.0 0.0
24 0.0 66.7 121.8 824.2 0.0 0.0
25 0.0 47.9 83.4 868.1 0.0 0.0
26 0.0 47.9 83.4 868.1 0.0 0.0
27 0.0 47.9 83.4 868.1 0.0 0.0
28 0.0 47.9 83.4 868.1 0.0 0.0
29 0.0 47.9 83.4 868.1 0.0 0.0
30 0.0 47.9 83.4 868.1 0.0 0.0


LOAD CASE 9
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PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 11.4 5.6 1216.7 0.0 0.0
2 0.0 11.4 5.6 1216.7 0.0 0.0
3 0.0 11.4 5.6 1216.7 0.0 0.0
4 0.0 11.4 5.6 1216.7 0.0 0.0
5 0.0 11.4 5.6 1216.7 0.0 0.0
6 0.0 11.4 5.6 1216.7 0.0 0.0
7 0.0 40.1 64.1 1149.7 0.0 0.0
8 0.0 40.1 64.1 1149.7 0.0 0.0
9 0.0 40.1 64.1 1149.7 0.0 0.0
10 0.0 40.1 64.1 1149.7 0.0 0.0
11 0.0 40.1 64.1 1149.7 0.0 0.0
12 0.0 40.1 64.1 1149.7 0.0 0.0
13 0.0 93.2 172.5 1025.9 0.0 0.0
14 0.0 93.2 172.5 1025.9 0.0 0.0
15 0.0 93.2 172.5 1025.9 0.0 0.0
16 0.0 93.2 172.5 1025.9 0.0 0.0
17 0.0 93.2 172.5 1025.9 0.0 0.0
18 0.0 93.2 172.5 1025.9 0.0 0.0
19 0.0 64.5 113.9 1092.8 0.0 0.0
20 0.0 64.5 113.9 1092.8 0.0 0.0
21 0.0 64.5 113.9 1092.8 0.0 0.0
22 0.0 64.5 113.9 1092.8 0.0 0.0
23 0.0 64.5 113.9 1092.8 0.0 0.0
24 0.0 64.5 113.9 1092.8 0.0 0.0
25 0.0 35.8 55.3 1159.8 0.0 0.0
26 0.0 35.8 55.3 1159.8 0.0 0.0
27 0.0 35.8 55.3 1159.8 0.0 0.0
28 0.0 35.8 55.3 1159.8 0.0 0.0
29 0.0 35.8 55.3 1159.8 0.0 0.0
30 0.0 35.8 55.3 1159.8 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.
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10 Bayou Des Allemands Twall Pinned
20 PIL 1 20 2.5 0
30 BAT 2 1
40 ANG 270 1
50 PIL 2 12 2.5 0
60 BAT 2 2
70 ANG 270 2
80 PIL 3 4 2.5 0
90 BAT 2 3
100 ANG 270 3
110 PIL 4 4 2.5 0
120 BAT 2 4
130 ANG 270 4
140 PIL 5 12 2.5 0
150 BAT 2 5
160 ANG 270 5
170 PIL 6 20 2.5 0
180 BAT 2 6
190 ANG 270 6
200 PIL 7 20 11.75 0
210 BAT 2 7
220 ANG 270 7
230 PIL 8 12 11.75 0
240 BAT 2 8
250 ANG 270 8
260 PIL 9 4 11.75 0
270 BAT 2 9
280 ANG 270 9
290 PIL 10 4 11.75 0
300 BAT 2 10
310 ANG 270 10
320 PIL 11 12 11.75 0
330 BAT 2 11
340 ANG 270 11
350 PIL 12 20 11.75 0
360 BAT 2 12
370 ANG 270 12
380 PIL 13 20 21 0
390 BAT 2 13
400 ANG 90 13
410 PIL 14 12 21 0
420 BAT 2 14
430 ANG 90 14
440 PIL 15 4 21 0
450 BAT 2 15
460 ANG 90 15
470 PIL 16 4 21 0
480 BAT 2 16
490 ANG 90 16
500 PIL 17 12 21 0
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510 BAT 2 17
520 ANG 90 17
530 PIL 18 20 21 0
540 BAT 2 18
550 ANG 90 18
560 PIL 19 20 30.25 0
570 BAT 2 19
580 ANG 90 19
590 PIL 20 12 30.25 0
600 BAT 2 20
610 ANG 90 20
620 PIL 21 4 30.25 0
630 BAT 2 21
640 ANG 90 21
650 PIL 22 4 30.25 0
660 BAT 2 22
670 ANG 90 22
680 PIL 23 12 30.25 0
690 BAT 2 23
700 ANG 90 23
710 PIL 24 20 30.25 0
720 BAT 2 24
730 ANG 90 24
740 PIL 25 20 39.5 0
750 BAT 2 25
760 ANG 90 25
770 PIL 26 12 39.5 0
780 BAT 2 26
790 ANG 90 26
800 PIL 27 4 39.5 0
810 BAT 2 27
820 ANG 90 27
830 PIL 28 4 39.5 0
840 BAT 2 28
850 ANG 90 28
860 PIL 29 12 39.5 0
870 BAT 2 29
880 ANG 90 29
890 PIL 30 20 39.5 0
900 BAT 2 30
910 ANG 90 30
920 PRO 29000 2549 2549 36.91 2 0 1 TO 30
930 SOI ES 0.056 L 180 0 1 TO 30
940 RED 1 1 1
950 ALL R 200 130 921 921 6890 6590 1 TO 30
960 PIN 1 TO 30
970 LOA 1 0 60 2534 53408 0 0
970 LOA 2 0 60 2904 61140 0 0
970 LOA 3 0 140 2904 62676 0 0
970 LOA 4 0 1297 1791 54202 0 0
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970 LOA 5 0 1297 1665 48642 0 0
970 FOV 1.167 1.167 2
970 FOV 1.33 1.33 3
970 FOV 1.33 1.33 4
970 FOV 1.33 1.33 5
980 TOUT 1 2 3 4 5 6 7
990 PFO ALL
1000 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 28 AUG 20 RUN TIME: 15:20:32


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


BAYOU DES ALLEMANDS TWALL PINNED
DATA UNKNOWN REJECTED.


THERE ARE 30 PILES AND
5 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 20.00 , 2.50 , 0.00 )
( 20.00 , 39.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.25490E+04 0.25490E+04 0.36910E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.56000E 01 L 0.18000E+03 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.56000E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.75478E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.75478E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.99110E+03 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 20.00 2.50 0.00 2.00 270.00 180.00 P
2 12.00 2.50 0.00 2.00 270.00 180.00 P
3 4.00 2.50 0.00 2.00 270.00 180.00 P
4 4.00 2.50 0.00 2.00 270.00 180.00 P
5 12.00 2.50 0.00 2.00 270.00 180.00 P
6 20.00 2.50 0.00 2.00 270.00 180.00 P
7 20.00 11.75 0.00 2.00 270.00 180.00 P
8 12.00 11.75 0.00 2.00 270.00 180.00 P
9 4.00 11.75 0.00 2.00 270.00 180.00 P
10 4.00 11.75 0.00 2.00 270.00 180.00 P
11 12.00 11.75 0.00 2.00 270.00 180.00 P
12 20.00 11.75 0.00 2.00 270.00 180.00 P
13 20.00 21.00 0.00 2.00 90.00 180.00 P
14 12.00 21.00 0.00 2.00 90.00 180.00 P
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15 4.00 21.00 0.00 2.00 90.00 180.00 P
16 4.00 21.00 0.00 2.00 90.00 180.00 P
17 12.00 21.00 0.00 2.00 90.00 180.00 P
18 20.00 21.00 0.00 2.00 90.00 180.00 P
19 20.00 30.25 0.00 2.00 90.00 180.00 P
20 12.00 30.25 0.00 2.00 90.00 180.00 P
21 4.00 30.25 0.00 2.00 90.00 180.00 P
22 4.00 30.25 0.00 2.00 90.00 180.00 P
23 12.00 30.25 0.00 2.00 90.00 180.00 P
24 20.00 30.25 0.00 2.00 90.00 180.00 P
25 20.00 39.50 0.00 2.00 90.00 180.00 P
26 12.00 39.50 0.00 2.00 90.00 180.00 P
27 4.00 39.50 0.00 2.00 90.00 180.00 P
28 4.00 39.50 0.00 2.00 90.00 180.00 P
29 12.00 39.50 0.00 2.00 90.00 180.00 P
30 20.00 39.50 0.00 2.00 90.00 180.00 P


5400.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


1 0.0 60.0 2534.0 53408.0 0.0 0.0
2 0.0 60.0 2904.0 61140.0 0.0 0.0 1.17 1.17
3 0.0 140.0 2904.0 62676.0 0.0 0.0 1.33 1.33
4 0.0 1297.0 1791.0 54202.0 0.0 0.0 1.33 1.33
5 0.0 1297.0 1665.0 48642.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX


0.22643E+03 0.12925E 03 0.86169E 04 0.16544E 01 0.21684E 18 0.57061E+05
0.12925E 03 0.61278E+04 0.23605E+04 0.21670E+07 0.14552E 10 0.23007E 01
0.86169E 04 0.23605E+04 0.23832E+05 0.60056E+07 0.29104E 10 0.16544E 01
0.16544E 01 0.21670E+07 0.60056E+07 0.21007E+10 0.14901E 07 0.10271E+02
0.43368E 18 0.14552E 10 0.29104E 10 0.14901E 07 0.64060E+09 0.63451E+08
0.57061E+05 0.23007E 01 0.16544E 01 0.10271E+02 0.63451E+08 0.18467E+09


30 PILES 5 LOAD CASES


LOAD CASE 1. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.
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LOAD CASE 2. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 3. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 0.


LOAD CASE 4. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 12.


LOAD CASE 5. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 6.


*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


1 0.6500E 07 0.1170E+00 0.3798E 01 0.3172E 03 0.2723E 11 0.2749E 10
2 0.7536E 07 0.1380E+00 0.4160E 01 0.3727E 03 0.3132E 11 0.3162E 10
3 0.6694E 07 0.1199E+00 0.4416E 01 0.3554E 03 0.3023E 11 0.3051E 10
4 0.8255E 07 0.3481E+00 0.1901E+00 0.5928E 03 0.1962E 12 0.1980E 11
5 0.8470E 07 0.4110E+00 0.2360E+00 0.8208E 03 0.5374E 13 0.5425E 12


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY


M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 1


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.6 0.0 94.0 0.0 54.7 0.0 0.47 0.11
2 0.6 0.0 94.0 0.0 54.7 0.0 0.47 0.11
3 0.6 0.0 94.0 0.0 54.7 0.0 0.47 0.11
4 0.6 0.0 94.0 0.0 54.7 0.0 0.47 0.11
5 0.6 0.0 94.0 0.0 54.7 0.0 0.47 0.11
6 0.6 0.0 94.0 0.0 54.7 0.0 0.47 0.11
7 0.5 0.0 125.2 0.0 44.3 0.0 0.63 0.14
8 0.5 0.0 125.2 0.0 44.3 0.0 0.63 0.14
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9 0.5 0.0 125.2 0.0 44.3 0.0 0.63 0.14
10 0.5 0.0 125.2 0.0 44.3 0.0 0.63 0.14
11 0.5 0.0 125.2 0.0 44.3 0.0 0.63 0.14
12 0.5 0.0 125.2 0.0 44.3 0.0 0.63 0.14
13 1.2 0.0 52.7 0.0 103.1 0.0 0.26 0.07
14 1.2 0.0 52.7 0.0 103.1 0.0 0.26 0.07
15 1.2 0.0 52.7 0.0 103.1 0.0 0.26 0.07
16 1.2 0.0 52.7 0.0 103.1 0.0 0.26 0.07
17 1.2 0.0 52.7 0.0 103.1 0.0 0.26 0.07
18 1.2 0.0 52.7 0.0 103.1 0.0 0.26 0.07
19 1.3 0.0 83.9 0.0 113.4 0.0 0.42 0.11
20 1.3 0.0 83.9 0.0 113.4 0.0 0.42 0.11
21 1.3 0.0 83.9 0.0 113.4 0.0 0.42 0.11
22 1.3 0.0 83.9 0.0 113.4 0.0 0.42 0.11
23 1.3 0.0 83.9 0.0 113.4 0.0 0.42 0.11
24 1.3 0.0 83.9 0.0 113.4 0.0 0.42 0.11
25 1.4 0.0 115.1 0.0 123.8 0.0 0.58 0.14
26 1.4 0.0 115.1 0.0 123.8 0.0 0.58 0.14
27 1.4 0.0 115.1 0.0 123.8 0.0 0.58 0.14
28 1.4 0.0 115.1 0.0 123.8 0.0 0.58 0.14
29 1.4 0.0 115.1 0.0 123.8 0.0 0.58 0.14
30 1.4 0.0 115.1 0.0 123.8 0.0 0.58 0.14


LOAD CASE 2


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.8 0.0 108.0 0.0 65.4 0.0 0.46 0.11
2 0.8 0.0 108.0 0.0 65.4 0.0 0.46 0.11
3 0.8 0.0 108.0 0.0 65.4 0.0 0.46 0.11
4 0.8 0.0 108.0 0.0 65.4 0.0 0.46 0.11
5 0.8 0.0 108.0 0.0 65.4 0.0 0.46 0.11
6 0.8 0.0 108.0 0.0 65.4 0.0 0.46 0.11
7 0.6 0.0 144.7 0.0 53.3 0.0 0.62 0.14
8 0.6 0.0 144.7 0.0 53.3 0.0 0.62 0.14
9 0.6 0.0 144.7 0.0 53.3 0.0 0.62 0.14
10 0.6 0.0 144.7 0.0 53.3 0.0 0.62 0.14
11 0.6 0.0 144.7 0.0 53.3 0.0 0.62 0.14
12 0.6 0.0 144.7 0.0 53.3 0.0 0.62 0.14
13 1.4 0.0 59.0 0.0 120.6 0.0 0.25 0.07
14 1.4 0.0 59.0 0.0 120.6 0.0 0.25 0.07
15 1.4 0.0 59.0 0.0 120.6 0.0 0.25 0.07
16 1.4 0.0 59.0 0.0 120.6 0.0 0.25 0.07
17 1.4 0.0 59.0 0.0 120.6 0.0 0.25 0.07
18 1.4 0.0 59.0 0.0 120.6 0.0 0.25 0.07
19 1.5 0.0 95.6 0.0 132.7 0.0 0.41 0.11
20 1.5 0.0 95.6 0.0 132.7 0.0 0.41 0.11
21 1.5 0.0 95.6 0.0 132.7 0.0 0.41 0.11
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22 1.5 0.0 95.6 0.0 132.7 0.0 0.41 0.11
23 1.5 0.0 95.6 0.0 132.7 0.0 0.41 0.11
24 1.5 0.0 95.6 0.0 132.7 0.0 0.41 0.11
25 1.7 0.0 132.3 0.0 144.8 0.0 0.57 0.14
26 1.7 0.0 132.3 0.0 144.8 0.0 0.57 0.14
27 1.7 0.0 132.3 0.0 144.8 0.0 0.57 0.14
28 1.7 0.0 132.3 0.0 144.8 0.0 0.57 0.14
29 1.7 0.0 132.3 0.0 144.8 0.0 0.57 0.14
30 1.7 0.0 132.3 0.0 144.8 0.0 0.57 0.14


LOAD CASE 3


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 0.6 0.0 101.7 0.0 54.2 0.0 0.38 0.09
2 0.6 0.0 101.7 0.0 54.2 0.0 0.38 0.09
3 0.6 0.0 101.7 0.0 54.2 0.0 0.38 0.09
4 0.6 0.0 101.7 0.0 54.2 0.0 0.38 0.09
5 0.6 0.0 101.7 0.0 54.2 0.0 0.38 0.09
6 0.6 0.0 101.7 0.0 54.2 0.0 0.38 0.09
7 0.5 0.0 136.7 0.0 42.6 0.0 0.51 0.12
8 0.5 0.0 136.7 0.0 42.6 0.0 0.51 0.12
9 0.5 0.0 136.7 0.0 42.6 0.0 0.51 0.12
10 0.5 0.0 136.7 0.0 42.6 0.0 0.51 0.12
11 0.5 0.0 136.7 0.0 42.6 0.0 0.51 0.12
12 0.5 0.0 136.7 0.0 42.6 0.0 0.51 0.12
13 1.3 0.0 65.4 0.0 109.4 0.0 0.25 0.07
14 1.3 0.0 65.4 0.0 109.4 0.0 0.25 0.07
15 1.3 0.0 65.4 0.0 109.4 0.0 0.25 0.07
16 1.3 0.0 65.4 0.0 109.4 0.0 0.25 0.07
17 1.3 0.0 65.4 0.0 109.4 0.0 0.25 0.07
18 1.3 0.0 65.4 0.0 109.4 0.0 0.25 0.07
19 1.4 0.0 100.4 0.0 121.0 0.0 0.38 0.10
20 1.4 0.0 100.4 0.0 121.0 0.0 0.38 0.10
21 1.4 0.0 100.4 0.0 121.0 0.0 0.38 0.10
22 1.4 0.0 100.4 0.0 121.0 0.0 0.38 0.10
23 1.4 0.0 100.4 0.0 121.0 0.0 0.38 0.10
24 1.4 0.0 100.4 0.0 121.0 0.0 0.38 0.10
25 1.5 0.0 135.4 0.0 132.5 0.0 0.51 0.12
26 1.5 0.0 135.4 0.0 132.5 0.0 0.51 0.12
27 1.5 0.0 135.4 0.0 132.5 0.0 0.51 0.12
28 1.5 0.0 135.4 0.0 132.5 0.0 0.51 0.12
29 1.5 0.0 135.4 0.0 132.5 0.0 0.51 0.12
30 1.5 0.0 135.4 0.0 132.5 0.0 0.51 0.12


LOAD CASE 4
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PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 2.9 0.0 1.6 0.0 254.4 0.0 0.01 0.03
2 2.9 0.0 1.6 0.0 254.4 0.0 0.01 0.03
3 2.9 0.0 1.6 0.0 254.4 0.0 0.01 0.03
4 2.9 0.0 1.6 0.0 254.4 0.0 0.01 0.03
5 2.9 0.0 1.6 0.0 254.4 0.0 0.01 0.03
6 2.9 0.0 1.6 0.0 254.4 0.0 0.01 0.03
7 2.7 0.0 59.9 0.0 235.2 0.0 0.35 0.07
8 2.7 0.0 59.9 0.0 235.2 0.0 0.35 0.07
9 2.7 0.0 59.9 0.0 235.2 0.0 0.35 0.07
10 2.7 0.0 59.9 0.0 235.2 0.0 0.35 0.07
11 2.7 0.0 59.9 0.0 235.2 0.0 0.35 0.07
12 2.7 0.0 59.9 0.0 235.2 0.0 0.35 0.07
13 2.2 0.0 190.3 0.0 192.0 0.0 0.72 0.18
14 2.2 0.0 190.3 0.0 192.0 0.0 0.72 0.18
15 2.2 0.0 190.3 0.0 192.0 0.0 0.72 0.18
16 2.2 0.0 190.3 0.0 192.0 0.0 0.72 0.18
17 2.2 0.0 190.3 0.0 192.0 0.0 0.72 0.18
18 2.2 0.0 190.3 0.0 192.0 0.0 0.72 0.18
19 2.4 0.0 132.0 0.0 211.3 0.0 0.50 0.13
20 2.4 0.0 132.0 0.0 211.3 0.0 0.50 0.13
21 2.4 0.0 132.0 0.0 211.3 0.0 0.50 0.13
22 2.4 0.0 132.0 0.0 211.3 0.0 0.50 0.13
23 2.4 0.0 132.0 0.0 211.3 0.0 0.50 0.13
24 2.4 0.0 132.0 0.0 211.3 0.0 0.50 0.13
25 2.7 0.0 73.7 0.0 230.6 0.0 0.28 0.09
26 2.7 0.0 73.7 0.0 230.6 0.0 0.28 0.09
27 2.7 0.0 73.7 0.0 230.6 0.0 0.28 0.09
28 2.7 0.0 73.7 0.0 230.6 0.0 0.28 0.09
29 2.7 0.0 73.7 0.0 230.6 0.0 0.28 0.09
30 2.7 0.0 73.7 0.0 230.6 0.0 0.28 0.09


LOAD CASE 5


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 3.5 0.0 5.2 0.0 302.8 0.0 0.02 0.04
2 3.5 0.0 5.2 0.0 302.8 0.0 0.02 0.04
3 3.5 0.0 5.2 0.0 302.8 0.0 0.02 0.04
4 3.5 0.0 5.2 0.0 302.8 0.0 0.02 0.04
5 3.5 0.0 5.2 0.0 302.8 0.0 0.02 0.04
6 3.5 0.0 5.2 0.0 302.8 0.0 0.02 0.04
7 3.2 0.0 75.6 0.0 276.1 0.0 0.44 0.09
8 3.2 0.0 75.6 0.0 276.1 0.0 0.44 0.09
9 3.2 0.0 75.6 0.0 276.1 0.0 0.44 0.09
10 3.2 0.0 75.6 0.0 276.1 0.0 0.44 0.09
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11 3.2 0.0 75.6 0.0 276.1 0.0 0.44 0.09
12 3.2 0.0 75.6 0.0 276.1 0.0 0.44 0.09
13 2.7 0.0 208.0 0.0 232.3 0.0 0.78 0.20
14 2.7 0.0 208.0 0.0 232.3 0.0 0.78 0.20
15 2.7 0.0 208.0 0.0 232.3 0.0 0.78 0.20
16 2.7 0.0 208.0 0.0 232.3 0.0 0.78 0.20
17 2.7 0.0 208.0 0.0 232.3 0.0 0.78 0.20
18 2.7 0.0 208.0 0.0 232.3 0.0 0.78 0.20
19 3.0 0.0 127.3 0.0 259.0 0.0 0.48 0.13
20 3.0 0.0 127.3 0.0 259.0 0.0 0.48 0.13
21 3.0 0.0 127.3 0.0 259.0 0.0 0.48 0.13
22 3.0 0.0 127.3 0.0 259.0 0.0 0.48 0.13
23 3.0 0.0 127.3 0.0 259.0 0.0 0.48 0.13
24 3.0 0.0 127.3 0.0 259.0 0.0 0.48 0.13
25 3.3 0.0 46.5 0.0 285.7 0.0 0.17 0.07
26 3.3 0.0 46.5 0.0 285.7 0.0 0.17 0.07
27 3.3 0.0 46.5 0.0 285.7 0.0 0.17 0.07
28 3.3 0.0 46.5 0.0 285.7 0.0 0.17 0.07
29 3.3 0.0 46.5 0.0 285.7 0.0 0.17 0.07
30 3.3 0.0 46.5 0.0 285.7 0.0 0.17 0.07


*******************************************************************************


PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 1


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 42.6 83.8 0.0 0.0 0.0
2 0.0 42.6 83.8 0.0 0.0 0.0
3 0.0 42.6 83.8 0.0 0.0 0.0
4 0.0 42.6 83.8 0.0 0.0 0.0
5 0.0 42.6 83.8 0.0 0.0 0.0
6 0.0 42.6 83.8 0.0 0.0 0.0
7 0.0 56.4 111.7 0.0 0.0 0.0
8 0.0 56.4 111.7 0.0 0.0 0.0
9 0.0 56.4 111.7 0.0 0.0 0.0


10 0.0 56.4 111.7 0.0 0.0 0.0
11 0.0 56.4 111.7 0.0 0.0 0.0
12 0.0 56.4 111.7 0.0 0.0 0.0
13 0.0 22.5 47.6 0.0 0.0 0.0
14 0.0 22.5 47.6 0.0 0.0 0.0
15 0.0 22.5 47.6 0.0 0.0 0.0
16 0.0 22.5 47.6 0.0 0.0 0.0
17 0.0 22.5 47.6 0.0 0.0 0.0
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18 0.0 22.5 47.6 0.0 0.0 0.0
19 0.0 36.3 75.6 0.0 0.0 0.0
20 0.0 36.3 75.6 0.0 0.0 0.0
21 0.0 36.3 75.6 0.0 0.0 0.0
22 0.0 36.3 75.6 0.0 0.0 0.0
23 0.0 36.3 75.6 0.0 0.0 0.0
24 0.0 36.3 75.6 0.0 0.0 0.0
25 0.0 50.2 103.6 0.0 0.0 0.0
26 0.0 50.2 103.6 0.0 0.0 0.0
27 0.0 50.2 103.6 0.0 0.0 0.0
28 0.0 50.2 103.6 0.0 0.0 0.0
29 0.0 50.2 103.6 0.0 0.0 0.0
30 0.0 50.2 103.6 0.0 0.0 0.0


LOAD CASE 2


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 49.0 96.2 0.0 0.0 0.0
2 0.0 49.0 96.2 0.0 0.0 0.0
3 0.0 49.0 96.2 0.0 0.0 0.0
4 0.0 49.0 96.2 0.0 0.0 0.0
5 0.0 49.0 96.2 0.0 0.0 0.0
6 0.0 49.0 96.2 0.0 0.0 0.0
7 0.0 65.2 129.1 0.0 0.0 0.0
8 0.0 65.2 129.1 0.0 0.0 0.0
9 0.0 65.2 129.1 0.0 0.0 0.0


10 0.0 65.2 129.1 0.0 0.0 0.0
11 0.0 65.2 129.1 0.0 0.0 0.0
12 0.0 65.2 129.1 0.0 0.0 0.0
13 0.0 25.1 53.4 0.0 0.0 0.0
14 0.0 25.1 53.4 0.0 0.0 0.0
15 0.0 25.1 53.4 0.0 0.0 0.0
16 0.0 25.1 53.4 0.0 0.0 0.0
17 0.0 25.1 53.4 0.0 0.0 0.0
18 0.0 25.1 53.4 0.0 0.0 0.0
19 0.0 41.4 86.2 0.0 0.0 0.0
20 0.0 41.4 86.2 0.0 0.0 0.0
21 0.0 41.4 86.2 0.0 0.0 0.0
22 0.0 41.4 86.2 0.0 0.0 0.0
23 0.0 41.4 86.2 0.0 0.0 0.0
24 0.0 41.4 86.2 0.0 0.0 0.0
25 0.0 57.7 119.1 0.0 0.0 0.0
26 0.0 57.7 119.1 0.0 0.0 0.0
27 0.0 57.7 119.1 0.0 0.0 0.0
28 0.0 57.7 119.1 0.0 0.0 0.0
29 0.0 57.7 119.1 0.0 0.0 0.0
30 0.0 57.7 119.1 0.0 0.0 0.0
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LOAD CASE 3


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 46.0 90.7 0.0 0.0 0.0
2 0.0 46.0 90.7 0.0 0.0 0.0
3 0.0 46.0 90.7 0.0 0.0 0.0
4 0.0 46.0 90.7 0.0 0.0 0.0
5 0.0 46.0 90.7 0.0 0.0 0.0
6 0.0 46.0 90.7 0.0 0.0 0.0
7 0.0 61.6 122.0 0.0 0.0 0.0
8 0.0 61.6 122.0 0.0 0.0 0.0
9 0.0 61.6 122.0 0.0 0.0 0.0


10 0.0 61.6 122.0 0.0 0.0 0.0
11 0.0 61.6 122.0 0.0 0.0 0.0
12 0.0 61.6 122.0 0.0 0.0 0.0
13 0.0 28.1 59.1 0.0 0.0 0.0
14 0.0 28.1 59.1 0.0 0.0 0.0
15 0.0 28.1 59.1 0.0 0.0 0.0
16 0.0 28.1 59.1 0.0 0.0 0.0
17 0.0 28.1 59.1 0.0 0.0 0.0
18 0.0 28.1 59.1 0.0 0.0 0.0
19 0.0 43.7 90.4 0.0 0.0 0.0
20 0.0 43.7 90.4 0.0 0.0 0.0
21 0.0 43.7 90.4 0.0 0.0 0.0
22 0.0 43.7 90.4 0.0 0.0 0.0
23 0.0 43.7 90.4 0.0 0.0 0.0
24 0.0 43.7 90.4 0.0 0.0 0.0
25 0.0 59.2 121.8 0.0 0.0 0.0
26 0.0 59.2 121.8 0.0 0.0 0.0
27 0.0 59.2 121.8 0.0 0.0 0.0
28 0.0 59.2 121.8 0.0 0.0 0.0
29 0.0 59.2 121.8 0.0 0.0 0.0
30 0.0 59.2 121.8 0.0 0.0 0.0


LOAD CASE 4


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 3.3 0.1 0.0 0.0 0.0
2 0.0 3.3 0.1 0.0 0.0 0.0
3 0.0 3.3 0.1 0.0 0.0 0.0
4 0.0 3.3 0.1 0.0 0.0 0.0
5 0.0 3.3 0.1 0.0 0.0 0.0
6 0.0 3.3 0.1 0.0 0.0 0.0
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7 0.0 29.2 52.4 0.0 0.0 0.0
8 0.0 29.2 52.4 0.0 0.0 0.0
9 0.0 29.2 52.4 0.0 0.0 0.0
10 0.0 29.2 52.4 0.0 0.0 0.0
11 0.0 29.2 52.4 0.0 0.0 0.0
12 0.0 29.2 52.4 0.0 0.0 0.0
13 0.0 87.1 169.3 0.0 0.0 0.0
14 0.0 87.1 169.3 0.0 0.0 0.0
15 0.0 87.1 169.3 0.0 0.0 0.0
16 0.0 87.1 169.3 0.0 0.0 0.0
17 0.0 87.1 169.3 0.0 0.0 0.0
18 0.0 87.1 169.3 0.0 0.0 0.0
19 0.0 61.2 117.0 0.0 0.0 0.0
20 0.0 61.2 117.0 0.0 0.0 0.0
21 0.0 61.2 117.0 0.0 0.0 0.0
22 0.0 61.2 117.0 0.0 0.0 0.0
23 0.0 61.2 117.0 0.0 0.0 0.0
24 0.0 61.2 117.0 0.0 0.0 0.0
25 0.0 35.3 64.7 0.0 0.0 0.0
26 0.0 35.3 64.7 0.0 0.0 0.0
27 0.0 35.3 64.7 0.0 0.0 0.0
28 0.0 35.3 64.7 0.0 0.0 0.0
29 0.0 35.3 64.7 0.0 0.0 0.0
30 0.0 35.3 64.7 0.0 0.0 0.0


LOAD CASE 5


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 0.8 6.2 0.0 0.0 0.0
2 0.0 0.8 6.2 0.0 0.0 0.0
3 0.0 0.8 6.2 0.0 0.0 0.0
4 0.0 0.8 6.2 0.0 0.0 0.0
5 0.0 0.8 6.2 0.0 0.0 0.0
6 0.0 0.8 6.2 0.0 0.0 0.0
7 0.0 36.6 66.2 0.0 0.0 0.0
8 0.0 36.6 66.2 0.0 0.0 0.0
9 0.0 36.6 66.2 0.0 0.0 0.0


10 0.0 36.6 66.2 0.0 0.0 0.0
11 0.0 36.6 66.2 0.0 0.0 0.0
12 0.0 36.6 66.2 0.0 0.0 0.0
13 0.0 95.4 184.9 0.0 0.0 0.0
14 0.0 95.4 184.9 0.0 0.0 0.0
15 0.0 95.4 184.9 0.0 0.0 0.0
16 0.0 95.4 184.9 0.0 0.0 0.0
17 0.0 95.4 184.9 0.0 0.0 0.0
18 0.0 95.4 184.9 0.0 0.0 0.0
19 0.0 59.6 112.5 0.0 0.0 0.0
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20 0.0 59.6 112.5 0.0 0.0 0.0
21 0.0 59.6 112.5 0.0 0.0 0.0
22 0.0 59.6 112.5 0.0 0.0 0.0
23 0.0 59.6 112.5 0.0 0.0 0.0
24 0.0 59.6 112.5 0.0 0.0 0.0
25 0.0 23.7 40.1 0.0 0.0 0.0
26 0.0 23.7 40.1 0.0 0.0 0.0
27 0.0 23.7 40.1 0.0 0.0 0.0
28 0.0 23.7 40.1 0.0 0.0 0.0
29 0.0 23.7 40.1 0.0 0.0 0.0
30 0.0 23.7 40.1 0.0 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.


UBB Feasibility Report 
Structural Calculations and Drawings


Page 461 of 547







10 Bayou Des Allemands Twall Pinned
20 PIL 1 20 2.5 0
30 BAT 2 1
40 ANG 270 1
50 PIL 2 12 2.5 0
60 BAT 2 2
70 ANG 270 2
80 PIL 3 4 2.5 0
90 BAT 2 3
100 ANG 270 3
110 PIL 4 4 2.5 0
120 BAT 2 4
130 ANG 270 4
140 PIL 5 12 2.5 0
150 BAT 2 5
160 ANG 270 5
170 PIL 6 20 2.5 0
180 BAT 2 6
190 ANG 270 6
200 PIL 7 20 11.75 0
210 BAT 2 7
220 ANG 270 7
230 PIL 8 12 11.75 0
240 BAT 2 8
250 ANG 270 8
260 PIL 9 4 11.75 0
270 BAT 2 9
280 ANG 270 9
290 PIL 10 4 11.75 0
300 BAT 2 10
310 ANG 270 10
320 PIL 11 12 11.75 0
330 BAT 2 11
340 ANG 270 11
350 PIL 12 20 11.75 0
360 BAT 2 12
370 ANG 270 12
380 PIL 13 20 21 0
390 BAT 2 13
400 ANG 90 13
410 PIL 14 12 21 0
420 BAT 2 14
430 ANG 90 14
440 PIL 15 4 21 0
450 BAT 2 15
460 ANG 90 15
470 PIL 16 4 21 0
480 BAT 2 16
490 ANG 90 16
500 PIL 17 12 21 0
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510 BAT 2 17
520 ANG 90 17
530 PIL 18 20 21 0
540 BAT 2 18
550 ANG 90 18
560 PIL 19 20 30.25 0
570 BAT 2 19
580 ANG 90 19
590 PIL 20 12 30.25 0
600 BAT 2 20
610 ANG 90 20
620 PIL 21 4 30.25 0
630 BAT 2 21
640 ANG 90 21
650 PIL 22 4 30.25 0
660 BAT 2 22
670 ANG 90 22
680 PIL 23 12 30.25 0
690 BAT 2 23
700 ANG 90 23
710 PIL 24 20 30.25 0
720 BAT 2 24
730 ANG 90 24
740 PIL 25 20 39.5 0
750 BAT 2 25
760 ANG 90 25
770 PIL 26 12 39.5 0
780 BAT 2 26
790 ANG 90 26
800 PIL 27 4 39.5 0
810 BAT 2 27
820 ANG 90 27
830 PIL 28 4 39.5 0
840 BAT 2 28
850 ANG 90 28
860 PIL 29 12 39.5 0
870 BAT 2 29
880 ANG 90 29
890 PIL 30 20 39.5 0
900 BAT 2 30
910 ANG 90 30
920 PRO 29000 2549 2549 36.91 2 0 1 TO 30
930 SOI ES 0.056 L 180 0 1 TO 30
940 RED 1 1 1
950 ALL R 200 130 921 921 6890 6590 1 TO 30
960 PIN 1 TO 30
970 LOA 6 0 916 1791 47340 0 0
970 LOA 7 0 916 1665 41780 0 0
970 LOA 8 0 1470 1815 56124 0 0
970 LOA 9 0 1470 1632 48093 0 0
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970 FOV 1.33 1.33 6
970 FOV 1.33 1.33 7
970 FOV 1.33 1.33 8
970 FOV 1.33 1.33 9
980 TOUT 1 2 3 4 5 6 7
990 PFO ALL
1000 PLB ALL
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CPGA CASE PILE GROUP ANALYSIS PROGRAM
RUN DATE: 28 AUG 20 RUN TIME: 15:16:22


FOR PILES WITH UNSUPPORTED HEIGHT:
A. CPGA CANNOT CALCULATE PMAXMOM FOR NH TYPE SOIL
B. THE ALLOWABLE STRESS CHECKS, ASC AND AST, ARE


NOT FULLY DEVELOPED FOR UNSUPPORTED PILES.
WORK IS IN PROGRESS TO COMPLETE THIS ASPECT OF CPGA.


ELASTIC CENTER LOCATION IS NOT COMPUTED FOR 3 DIMENSIONAL PROBLEMS.


BAYOU DES ALLEMANDS TWALL PINNED
DATA UNKNOWN REJECTED.


THERE ARE 30 PILES AND
4 LOAD CASES IN THIS RUN.


ALL PILE COORDINATES ARE CONTAINED WITHIN A BOX
X Y Z


WITH DIAGONAL COORDINATES = ( 20.00 , 2.50 , 0.00 )
( 20.00 , 39.50 , 0.00 )


*******************************************************************************


PILE PROPERTIES AS INPUT


E I1 I2 A C33 B66
KSI IN**4 IN**4 IN**2


0.29000E+05 0.25490E+04 0.25490E+04 0.36910E+02 0.20000E+01 0.00000E+00


THESE PILE PROPERTIES APPLY TO THE FOLLOWING PILES


ALL


*******************************************************************************


SOIL DESCRIPTIONS AS INPUT


ES ESOIL LENGTH L LU
K/IN**2 FT FT
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0.56000E 01 L 0.18000E+03 0.00000E+00


ESOIL(ORIGINAL) RGROUP RCYCLIC
K/IN**2


0.56000E 01 0.1000E+01 0.1000E+01


THIS SOIL DESCRIPTION APPLIES TO THE FOLLOWING PILES


ALL


*******************************************************************************


PILE STIFFNESSES AS CALCULATED FROM PROPERTIES


0.75478E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.75478E+01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.99110E+03 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00


THIS MATRIX APPLIES TO THE FOLLOWING PILES


1


*******************************************************************************


PILE GEOMETRY AS INPUT AND/OR GENERATED


NUM X Y Z BATTER ANGLE LENGTH FIXITY
FT FT FT FT


1 20.00 2.50 0.00 2.00 270.00 180.00 P
2 12.00 2.50 0.00 2.00 270.00 180.00 P
3 4.00 2.50 0.00 2.00 270.00 180.00 P
4 4.00 2.50 0.00 2.00 270.00 180.00 P
5 12.00 2.50 0.00 2.00 270.00 180.00 P
6 20.00 2.50 0.00 2.00 270.00 180.00 P
7 20.00 11.75 0.00 2.00 270.00 180.00 P
8 12.00 11.75 0.00 2.00 270.00 180.00 P
9 4.00 11.75 0.00 2.00 270.00 180.00 P
10 4.00 11.75 0.00 2.00 270.00 180.00 P
11 12.00 11.75 0.00 2.00 270.00 180.00 P
12 20.00 11.75 0.00 2.00 270.00 180.00 P
13 20.00 21.00 0.00 2.00 90.00 180.00 P
14 12.00 21.00 0.00 2.00 90.00 180.00 P
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15 4.00 21.00 0.00 2.00 90.00 180.00 P
16 4.00 21.00 0.00 2.00 90.00 180.00 P
17 12.00 21.00 0.00 2.00 90.00 180.00 P
18 20.00 21.00 0.00 2.00 90.00 180.00 P
19 20.00 30.25 0.00 2.00 90.00 180.00 P
20 12.00 30.25 0.00 2.00 90.00 180.00 P
21 4.00 30.25 0.00 2.00 90.00 180.00 P
22 4.00 30.25 0.00 2.00 90.00 180.00 P
23 12.00 30.25 0.00 2.00 90.00 180.00 P
24 20.00 30.25 0.00 2.00 90.00 180.00 P
25 20.00 39.50 0.00 2.00 90.00 180.00 P
26 12.00 39.50 0.00 2.00 90.00 180.00 P
27 4.00 39.50 0.00 2.00 90.00 180.00 P
28 4.00 39.50 0.00 2.00 90.00 180.00 P
29 12.00 39.50 0.00 2.00 90.00 180.00 P
30 20.00 39.50 0.00 2.00 90.00 180.00 P


5400.00


*******************************************************************************


APPLIED LOADS


LOAD PX PY PZ MX MY MZ OVERSTRESS
CASE K K K FT K FT K FT K COM TEN


6 0.0 916.0 1791.0 47340.0 0.0 0.0 1.33 1.33
7 0.0 916.0 1665.0 41780.0 0.0 0.0 1.33 1.33
8 0.0 1470.0 1815.0 56124.0 0.0 0.0 1.33 1.33
9 0.0 1470.0 1632.0 48093.0 0.0 0.0 1.33 1.33


*******************************************************************************


ORIGINAL PILE GROUP STIFFNESS MATRIX


0.22643E+03 0.12925E 03 0.86169E 04 0.16544E 01 0.21684E 18 0.57061E+05
0.12925E 03 0.61278E+04 0.23605E+04 0.21670E+07 0.14552E 10 0.23007E 01
0.86169E 04 0.23605E+04 0.23832E+05 0.60056E+07 0.29104E 10 0.16544E 01
0.16544E 01 0.21670E+07 0.60056E+07 0.21007E+10 0.14901E 07 0.10271E+02
0.43368E 18 0.14552E 10 0.29104E 10 0.14901E 07 0.64060E+09 0.63451E+08
0.57061E+05 0.23007E 01 0.16544E 01 0.10271E+02 0.63451E+08 0.18467E+09


30 PILES 4 LOAD CASES


LOAD CASE 6. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 6.
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LOAD CASE 7. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 6.


LOAD CASE 8. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 12.


LOAD CASE 9. NUMBER OF FAILURES = 0. NUMBER OF PILES IN TENSION = 6.


*******************************************************************************


PILE CAP DISPLACEMENTS


LOAD
CASE DX DY DZ RX RY RZ


IN IN IN RAD RAD RAD


6 0.4265E 07 0.2528E+00 0.1706E+00 0.4780E 03 0.7191E 12 0.7260E 11
7 0.4479E 07 0.3158E+00 0.2165E+00 0.7060E 03 0.5767E 12 0.5822E 11
8 0.9920E 07 0.4223E+00 0.2265E+00 0.7625E 03 0.1641E 13 0.1657E 12
9 0.1023E 06 0.5129E+00 0.2925E+00 0.1091E 02 0.2232E 12 0.2254E 11


*******************************************************************************


PILE FORCES IN LOCAL GEOMETRY


M1 & M2 NOT AT PILE HEAD FOR PINNED PILES
* INDICATES PILE FAILURE
# INDICATES CBF BASED ON MOMENTS DUE TO


(F3*EMIN) FOR CONCRETE PILES
B INDICATES BUCKLING CONTROLS


LOAD CASE 6


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 2.2 0.0 26.4 0.0 193.9 0.0 0.10 0.04
2 2.2 0.0 26.4 0.0 193.9 0.0 0.10 0.04
3 2.2 0.0 26.4 0.0 193.9 0.0 0.10 0.04
4 2.2 0.0 26.4 0.0 193.9 0.0 0.10 0.04
5 2.2 0.0 26.4 0.0 193.9 0.0 0.10 0.04
6 2.2 0.0 26.4 0.0 193.9 0.0 0.10 0.04
7 2.1 0.0 20.6 0.0 178.4 0.0 0.12 0.04
8 2.1 0.0 20.6 0.0 178.4 0.0 0.12 0.04
9 2.1 0.0 20.6 0.0 178.4 0.0 0.12 0.04
10 2.1 0.0 20.6 0.0 178.4 0.0 0.12 0.04
11 2.1 0.0 20.6 0.0 178.4 0.0 0.12 0.04
12 2.1 0.0 20.6 0.0 178.4 0.0 0.12 0.04
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13 1.5 0.0 156.5 0.0 133.5 0.0 0.59 0.14
14 1.5 0.0 156.5 0.0 133.5 0.0 0.59 0.14
15 1.5 0.0 156.5 0.0 133.5 0.0 0.59 0.14
16 1.5 0.0 156.5 0.0 133.5 0.0 0.59 0.14
17 1.5 0.0 156.5 0.0 133.5 0.0 0.59 0.14
18 1.5 0.0 156.5 0.0 133.5 0.0 0.59 0.14
19 1.7 0.0 109.4 0.0 149.0 0.0 0.41 0.11
20 1.7 0.0 109.4 0.0 149.0 0.0 0.41 0.11
21 1.7 0.0 109.4 0.0 149.0 0.0 0.41 0.11
22 1.7 0.0 109.4 0.0 149.0 0.0 0.41 0.11
23 1.7 0.0 109.4 0.0 149.0 0.0 0.41 0.11
24 1.7 0.0 109.4 0.0 149.0 0.0 0.41 0.11
25 1.9 0.0 62.4 0.0 164.5 0.0 0.23 0.07
26 1.9 0.0 62.4 0.0 164.5 0.0 0.23 0.07
27 1.9 0.0 62.4 0.0 164.5 0.0 0.23 0.07
28 1.9 0.0 62.4 0.0 164.5 0.0 0.23 0.07
29 1.9 0.0 62.4 0.0 164.5 0.0 0.23 0.07
30 1.9 0.0 62.4 0.0 164.5 0.0 0.23 0.07


LOAD CASE 7


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 2.8 0.0 33.2 0.0 242.2 0.0 0.12 0.05
2 2.8 0.0 33.2 0.0 242.2 0.0 0.12 0.05
3 2.8 0.0 33.2 0.0 242.2 0.0 0.12 0.05
4 2.8 0.0 33.2 0.0 242.2 0.0 0.12 0.05
5 2.8 0.0 33.2 0.0 242.2 0.0 0.12 0.05
6 2.8 0.0 33.2 0.0 242.2 0.0 0.12 0.05
7 2.5 0.0 36.3 0.0 219.3 0.0 0.21 0.05
8 2.5 0.0 36.3 0.0 219.3 0.0 0.21 0.05
9 2.5 0.0 36.3 0.0 219.3 0.0 0.21 0.05
10 2.5 0.0 36.3 0.0 219.3 0.0 0.21 0.05
11 2.5 0.0 36.3 0.0 219.3 0.0 0.21 0.05
12 2.5 0.0 36.3 0.0 219.3 0.0 0.21 0.05
13 2.0 0.0 174.2 0.0 173.7 0.0 0.65 0.16
14 2.0 0.0 174.2 0.0 173.7 0.0 0.65 0.16
15 2.0 0.0 174.2 0.0 173.7 0.0 0.65 0.16
16 2.0 0.0 174.2 0.0 173.7 0.0 0.65 0.16
17 2.0 0.0 174.2 0.0 173.7 0.0 0.65 0.16
18 2.0 0.0 174.2 0.0 173.7 0.0 0.65 0.16
19 2.3 0.0 104.7 0.0 196.7 0.0 0.39 0.11
20 2.3 0.0 104.7 0.0 196.7 0.0 0.39 0.11
21 2.3 0.0 104.7 0.0 196.7 0.0 0.39 0.11
22 2.3 0.0 104.7 0.0 196.7 0.0 0.39 0.11
23 2.3 0.0 104.7 0.0 196.7 0.0 0.39 0.11
24 2.3 0.0 104.7 0.0 196.7 0.0 0.39 0.11
25 2.5 0.0 35.2 0.0 219.6 0.0 0.13 0.05
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26 2.5 0.0 35.2 0.0 219.6 0.0 0.13 0.05
27 2.5 0.0 35.2 0.0 219.6 0.0 0.13 0.05
28 2.5 0.0 35.2 0.0 219.6 0.0 0.13 0.05
29 2.5 0.0 35.2 0.0 219.6 0.0 0.13 0.05
30 2.5 0.0 35.2 0.0 219.6 0.0 0.13 0.05


LOAD CASE 8


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 3.5 0.0 6.7 0.0 307.1 0.0 0.04 0.04
2 3.5 0.0 6.7 0.0 307.1 0.0 0.04 0.04
3 3.5 0.0 6.7 0.0 307.1 0.0 0.04 0.04
4 3.5 0.0 6.7 0.0 307.1 0.0 0.04 0.04
5 3.5 0.0 6.7 0.0 307.1 0.0 0.04 0.04
6 3.5 0.0 6.7 0.0 307.1 0.0 0.04 0.04
7 3.3 0.0 81.7 0.0 282.3 0.0 0.47 0.10
8 3.3 0.0 81.7 0.0 282.3 0.0 0.47 0.10
9 3.3 0.0 81.7 0.0 282.3 0.0 0.47 0.10
10 3.3 0.0 81.7 0.0 282.3 0.0 0.47 0.10
11 3.3 0.0 81.7 0.0 282.3 0.0 0.47 0.10
12 3.3 0.0 81.7 0.0 282.3 0.0 0.47 0.10
13 2.7 0.0 217.6 0.0 237.4 0.0 0.82 0.20
14 2.7 0.0 217.6 0.0 237.4 0.0 0.82 0.20
15 2.7 0.0 217.6 0.0 237.4 0.0 0.82 0.20
16 2.7 0.0 217.6 0.0 237.4 0.0 0.82 0.20
17 2.7 0.0 217.6 0.0 237.4 0.0 0.82 0.20
18 2.7 0.0 217.6 0.0 237.4 0.0 0.82 0.20
19 3.0 0.0 142.6 0.0 262.2 0.0 0.54 0.15
20 3.0 0.0 142.6 0.0 262.2 0.0 0.54 0.15
21 3.0 0.0 142.6 0.0 262.2 0.0 0.54 0.15
22 3.0 0.0 142.6 0.0 262.2 0.0 0.54 0.15
23 3.0 0.0 142.6 0.0 262.2 0.0 0.54 0.15
24 3.0 0.0 142.6 0.0 262.2 0.0 0.54 0.15
25 3.3 0.0 67.6 0.0 287.0 0.0 0.25 0.09
26 3.3 0.0 67.6 0.0 287.0 0.0 0.25 0.09
27 3.3 0.0 67.6 0.0 287.0 0.0 0.25 0.09
28 3.3 0.0 67.6 0.0 287.0 0.0 0.25 0.09
29 3.3 0.0 67.6 0.0 287.0 0.0 0.25 0.09
30 3.3 0.0 67.6 0.0 287.0 0.0 0.25 0.09


LOAD CASE 9


PILE F1 F2 F3 M1 M2 M3 ALF CBF
K K K IN K IN K IN K


1 4.3 0.0 3.0 0.0 376.6 0.0 0.01 0.04


UBB Feasibility Report 
Structural Calculations and Drawings


Page 470 of 547







2 4.3 0.0 3.0 0.0 376.6 0.0 0.01 0.04
3 4.3 0.0 3.0 0.0 376.6 0.0 0.01 0.04
4 4.3 0.0 3.0 0.0 376.6 0.0 0.01 0.04
5 4.3 0.0 3.0 0.0 376.6 0.0 0.01 0.04
6 4.3 0.0 3.0 0.0 376.6 0.0 0.01 0.04
7 3.9 0.0 104.3 0.0 341.2 0.0 0.60 0.12
8 3.9 0.0 104.3 0.0 341.2 0.0 0.60 0.12
9 3.9 0.0 104.3 0.0 341.2 0.0 0.60 0.12
10 3.9 0.0 104.3 0.0 341.2 0.0 0.60 0.12
11 3.9 0.0 104.3 0.0 341.2 0.0 0.60 0.12
12 3.9 0.0 104.3 0.0 341.2 0.0 0.60 0.12
13 3.4 0.0 243.0 0.0 295.3 0.0 0.91 0.23
14 3.4 0.0 243.0 0.0 295.3 0.0 0.91 0.23
15 3.4 0.0 243.0 0.0 295.3 0.0 0.91 0.23
16 3.4 0.0 243.0 0.0 295.3 0.0 0.91 0.23
17 3.4 0.0 243.0 0.0 295.3 0.0 0.91 0.23
18 3.4 0.0 243.0 0.0 295.3 0.0 0.91 0.23
19 3.8 0.0 135.7 0.0 330.8 0.0 0.51 0.15
20 3.8 0.0 135.7 0.0 330.8 0.0 0.51 0.15
21 3.8 0.0 135.7 0.0 330.8 0.0 0.51 0.15
22 3.8 0.0 135.7 0.0 330.8 0.0 0.51 0.15
23 3.8 0.0 135.7 0.0 330.8 0.0 0.51 0.15
24 3.8 0.0 135.7 0.0 330.8 0.0 0.51 0.15
25 4.2 0.0 28.4 0.0 366.3 0.0 0.11 0.06
26 4.2 0.0 28.4 0.0 366.3 0.0 0.11 0.06
27 4.2 0.0 28.4 0.0 366.3 0.0 0.11 0.06
28 4.2 0.0 28.4 0.0 366.3 0.0 0.11 0.06
29 4.2 0.0 28.4 0.0 366.3 0.0 0.11 0.06
30 4.2 0.0 28.4 0.0 366.3 0.0 0.11 0.06


*******************************************************************************


PILE FORCES IN GLOBAL GEOMETRY


LOAD CASE 6


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 9.8 24.6 0.0 0.0 0.0
2 0.0 9.8 24.6 0.0 0.0 0.0
3 0.0 9.8 24.6 0.0 0.0 0.0
4 0.0 9.8 24.6 0.0 0.0 0.0
5 0.0 9.8 24.6 0.0 0.0 0.0
6 0.0 9.8 24.6 0.0 0.0 0.0
7 0.0 11.0 17.5 0.0 0.0 0.0
8 0.0 11.0 17.5 0.0 0.0 0.0
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9 0.0 11.0 17.5 0.0 0.0 0.0
10 0.0 11.0 17.5 0.0 0.0 0.0
11 0.0 11.0 17.5 0.0 0.0 0.0
12 0.0 11.0 17.5 0.0 0.0 0.0
13 0.0 71.4 139.3 0.0 0.0 0.0
14 0.0 71.4 139.3 0.0 0.0 0.0
15 0.0 71.4 139.3 0.0 0.0 0.0
16 0.0 71.4 139.3 0.0 0.0 0.0
17 0.0 71.4 139.3 0.0 0.0 0.0
18 0.0 71.4 139.3 0.0 0.0 0.0
19 0.0 50.5 97.1 0.0 0.0 0.0
20 0.0 50.5 97.1 0.0 0.0 0.0
21 0.0 50.5 97.1 0.0 0.0 0.0
22 0.0 50.5 97.1 0.0 0.0 0.0
23 0.0 50.5 97.1 0.0 0.0 0.0
24 0.0 50.5 97.1 0.0 0.0 0.0
25 0.0 29.6 55.0 0.0 0.0 0.0
26 0.0 29.6 55.0 0.0 0.0 0.0
27 0.0 29.6 55.0 0.0 0.0 0.0
28 0.0 29.6 55.0 0.0 0.0 0.0
29 0.0 29.6 55.0 0.0 0.0 0.0
30 0.0 29.6 55.0 0.0 0.0 0.0


LOAD CASE 7


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 12.4 30.9 0.0 0.0 0.0
2 0.0 12.4 30.9 0.0 0.0 0.0
3 0.0 12.4 30.9 0.0 0.0 0.0
4 0.0 12.4 30.9 0.0 0.0 0.0
5 0.0 12.4 30.9 0.0 0.0 0.0
6 0.0 12.4 30.9 0.0 0.0 0.0
7 0.0 18.5 31.3 0.0 0.0 0.0
8 0.0 18.5 31.3 0.0 0.0 0.0
9 0.0 18.5 31.3 0.0 0.0 0.0
10 0.0 18.5 31.3 0.0 0.0 0.0
11 0.0 18.5 31.3 0.0 0.0 0.0
12 0.0 18.5 31.3 0.0 0.0 0.0
13 0.0 79.7 154.9 0.0 0.0 0.0
14 0.0 79.7 154.9 0.0 0.0 0.0
15 0.0 79.7 154.9 0.0 0.0 0.0
16 0.0 79.7 154.9 0.0 0.0 0.0
17 0.0 79.7 154.9 0.0 0.0 0.0
18 0.0 79.7 154.9 0.0 0.0 0.0
19 0.0 48.8 92.6 0.0 0.0 0.0
20 0.0 48.8 92.6 0.0 0.0 0.0
21 0.0 48.8 92.6 0.0 0.0 0.0
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22 0.0 48.8 92.6 0.0 0.0 0.0
23 0.0 48.8 92.6 0.0 0.0 0.0
24 0.0 48.8 92.6 0.0 0.0 0.0
25 0.0 18.0 30.4 0.0 0.0 0.0
26 0.0 18.0 30.4 0.0 0.0 0.0
27 0.0 18.0 30.4 0.0 0.0 0.0
28 0.0 18.0 30.4 0.0 0.0 0.0
29 0.0 18.0 30.4 0.0 0.0 0.0
30 0.0 18.0 30.4 0.0 0.0 0.0


LOAD CASE 8


PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 6.2 4.4 0.0 0.0 0.0
2 0.0 6.2 4.4 0.0 0.0 0.0
3 0.0 6.2 4.4 0.0 0.0 0.0
4 0.0 6.2 4.4 0.0 0.0 0.0
5 0.0 6.2 4.4 0.0 0.0 0.0
6 0.0 6.2 4.4 0.0 0.0 0.0
7 0.0 39.5 71.6 0.0 0.0 0.0
8 0.0 39.5 71.6 0.0 0.0 0.0
9 0.0 39.5 71.6 0.0 0.0 0.0


10 0.0 39.5 71.6 0.0 0.0 0.0
11 0.0 39.5 71.6 0.0 0.0 0.0
12 0.0 39.5 71.6 0.0 0.0 0.0
13 0.0 99.8 193.4 0.0 0.0 0.0
14 0.0 99.8 193.4 0.0 0.0 0.0
15 0.0 99.8 193.4 0.0 0.0 0.0
16 0.0 99.8 193.4 0.0 0.0 0.0
17 0.0 99.8 193.4 0.0 0.0 0.0
18 0.0 99.8 193.4 0.0 0.0 0.0
19 0.0 66.5 126.2 0.0 0.0 0.0
20 0.0 66.5 126.2 0.0 0.0 0.0
21 0.0 66.5 126.2 0.0 0.0 0.0
22 0.0 66.5 126.2 0.0 0.0 0.0
23 0.0 66.5 126.2 0.0 0.0 0.0
24 0.0 66.5 126.2 0.0 0.0 0.0
25 0.0 33.2 58.9 0.0 0.0 0.0
26 0.0 33.2 58.9 0.0 0.0 0.0
27 0.0 33.2 58.9 0.0 0.0 0.0
28 0.0 33.2 58.9 0.0 0.0 0.0
29 0.0 33.2 58.9 0.0 0.0 0.0
30 0.0 33.2 58.9 0.0 0.0 0.0


LOAD CASE 9
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PILE PX PY PZ MX MY MZ
K K K IN K IN K IN K


1 0.0 2.6 4.6 0.0 0.0 0.0
2 0.0 2.6 4.6 0.0 0.0 0.0
3 0.0 2.6 4.6 0.0 0.0 0.0
4 0.0 2.6 4.6 0.0 0.0 0.0
5 0.0 2.6 4.6 0.0 0.0 0.0
6 0.0 2.6 4.6 0.0 0.0 0.0
7 0.0 50.2 91.6 0.0 0.0 0.0
8 0.0 50.2 91.6 0.0 0.0 0.0
9 0.0 50.2 91.6 0.0 0.0 0.0
10 0.0 50.2 91.6 0.0 0.0 0.0
11 0.0 50.2 91.6 0.0 0.0 0.0
12 0.0 50.2 91.6 0.0 0.0 0.0
13 0.0 111.7 215.8 0.0 0.0 0.0
14 0.0 111.7 215.8 0.0 0.0 0.0
15 0.0 111.7 215.8 0.0 0.0 0.0
16 0.0 111.7 215.8 0.0 0.0 0.0
17 0.0 111.7 215.8 0.0 0.0 0.0
18 0.0 111.7 215.8 0.0 0.0 0.0
19 0.0 64.1 119.7 0.0 0.0 0.0
20 0.0 64.1 119.7 0.0 0.0 0.0
21 0.0 64.1 119.7 0.0 0.0 0.0
22 0.0 64.1 119.7 0.0 0.0 0.0
23 0.0 64.1 119.7 0.0 0.0 0.0
24 0.0 64.1 119.7 0.0 0.0 0.0
25 0.0 16.5 23.5 0.0 0.0 0.0
26 0.0 16.5 23.5 0.0 0.0 0.0
27 0.0 16.5 23.5 0.0 0.0 0.0
28 0.0 16.5 23.5 0.0 0.0 0.0
29 0.0 16.5 23.5 0.0 0.0 0.0
30 0.0 16.5 23.5 0.0 0.0 0.0


NO FILES WERE GENERATED DURING THIS RUN.
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Bayou Des Allemands T-wall
T-Wall Stems Loads


Top of Stem EL. 18.5 Weight of Water: 0.062 k/ft3


Bottom of Stem EL. -10 Moist Weight of Soil 0.120 k/ft3


F.S. Soil EL. -10.0 Wave Load: 8.5 k/ft
P.S. Soil EL. -10.0 Wave Arm  EL. 19.1
S.W.L  EL. 12.5 Debri 0.5 k/ft
P.S. Water EL. -1.0 Wind Load: 0.056 ksf
Ko: 0.8 Sat. Soil Weight: 0.058 k/ft3


Note: Inputs are already referenced from t-wall foundation sheet.


Load Case 2b.  Construction + Wind 1.6(D + Sur + Wind)


Item Fy z Mx Vx


Wind 1.60 14.25 22.74 1.60
Sub Total: 22.74 1.60


Total (Factored) 36.39 2.55
ft-k/ft k/ft
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Load Case 3a.  Flowline + Wave 1.6(D + EH + EV + HF + IU + Hw)


Item Fy z Mx Vx
F.S. Horizontal Water 15.80 7.50 118.46 15.80
P.S. Horizontal Water -2.53 3.00 -7.58 -2.53
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) 0.00 0 0.0000 0.00
P.S. Horizontal Soil ( m rec) 0.00 4.5 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 3.00 0.00 0.00
Wave 8.45 19.13 161.73 8.45
Sub Total: 272.61 21.72


Total (Factored) 436.18 34.75
ft-k/ft k/ft


Load Case 3c.  Flowline+Wind+Debri 1.6(D + EH + EV + HF+ PU + I + W)


Item Fy z Mx Vx
F.S. Horizontal Water 15.80 7.50 118.46 15.80
P.S. Horizontal Water -2.53 3.00 -7.58 -2.53
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m rec) 0.00 4.50 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 3.00 0.00 0.00
Wind 0.34 25.50 8.57 0.34
Debri 0.50 23.50 11.75 0.50
Sub Total: 131.20 14.10


Total (Factored) 209.92 22.57
ft-k/ft k/ft


Load Case 4a.  Water to the Top + Debri 1.2D + 1.35EHD + 0.9EHR + 1.35EV + 1.3(HTW + I + IU)


Item Fy z Mx Vx
F.S. Horizontal Water 25.34 9.50 240.75 25.34
P.S. Horizontal Water -2.53 3.00 -7.58 -2.53
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m rec) 0.00 4.50 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 3.00 0.00 0.00
Debri 0.50 28.50 14.25 0.50


Total (Factored) 321.65 30.31
ft-k/ft k/ft


Load Case 4b.  Water to the Top + Debri 0.9D + 1.35EHD + 0.9EHR + 1.0EV + 1.3(HTW + I + IU)
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Item Fy z Mx Vx
F.S. Horizontal Water 25.34 9.50 240.75 25.34
P.S. Horizontal Water -2.53 3.00 -7.58 -2.53
F.S. Horizontal Soil 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m tri) 0.00 0.00 0.00 0.00
P.S. Horizontal Soil ( m rec) 0.00 4.50 0.00 0.00
P.S. Horizontal Soil ( sat tri) 0.00 3.00 0.00 0.00
Debri 0.50 28.50 14.25 0.50


Total (Factored) 321.65 30.31
ft-k/ft k/ft


Mu Vu
Load Case 2b 36.39 2.55
Load Case 3a 436.18 34.75
Load Case 3c 209.92 22.57
Load Case 4a 321.65 30.31
Load Case 4b 321.65 30.31


Maximum 436.18 34.75
ft-k/ft k/ft


Summary of Stem Loads
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As min =


As Req'd =


b =


 =


d =


f'c =


fy =


Mn =  = 0.9


Mu =


Vc = Nominal Shear strength (lb / linear foot)  = 0.75


Vu =


t =


 =


b =


Project: Bayou Des Allemands T-wall
Reference:T-wall 40  ft Slab Stem Rebar Design


Inputs:


Mu = 5234.13


Vu = 34752.48 lb/linear ft


b = 12 in


d = 55.3 in


t = 60 in


f'c = 4 ksi


fy = 60 ksi


Ratio of Reinforcement


Balanced Ratio of Reinforcement ( 0.0285 for 4ksi concrete )


k-in / linear ft


Compressive strength of concrete. (ksi  ** except in Vc formula psi )


Yield strength of steel. (Usually 60 ksi. )


Nominal Moment strength (k-in / linear foot)


Ultimate moment in sttructure. ( k-in / linear foot)


Ultimate shear in structure. (lb / linear foot)


Thickness of structure. (In direction of applied moment)  (in)


Notation:


Minimum Area of Steel per linear foot of structure allowed by ACI / USACE.  (in2)


Required Area of Steel per linear foot of structure using Ultimate Moment. (in2)


Member width. ( Use 12in  if forces are per linear foot of structure.)


ACI 318-14 Section 22.2


Distance from extreme compression fiber to centroid of tension reinforcement. (in)
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 = 0.85 (unitless)


b = 0.0285 (unitless)


Check dd
Mn= Mu/
Mn= 5815.70


EM 1110-2-2104 (Table D-1)


dd= 34.78 in


d > dd ok


Calculations: ** All Areas are per side.


EM 1110-2-2104 (Table D-8)


Pn= 0
Ku= 0.047751


EM 1110-2-2104 (D-9)


As Req'd = 1.80 in2 /ft


As min = 2.10 in2 /ft EM 1110-2-2104, Chapter 3


As min = 2.21 in2 /ft  = 200 b d / Fy    (psi) EM 1110-2-2104, Chapter 3


As min = 2.39 in2 /ft  = 1.33 (As Req'd ) EM 1110-2-2104, Chapter 3


Use    As = 2.39 in2 /ft Flexural


Temperature and Shrinkage Rebar
As t&s = 2.20 in2 /ft  = 0.004b t/2 per face -- EM 1110-2-2104 Table 2-3


k-in / linear ft


 = [ 3 b d  ( f'c )  ] / Fy   (psi)
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Use As t&s = 2.20 in2 /ft per face Use: #11@8in As: 2.34 in2 /ft


As Used: 2.08 in2 /ft Use: #11@9in


Mn = 6039.51 k-in


Mu = 5234.129 k-in


OK


Vc = 62.95 k


Vu = 34.75 k


OK


 = 0.003134


b =  0.007125


b =  0.010688


OK


OK


 = As / b d


 b  ( if possible )  


 b  ( always )


Check Shear:


Calculate Vc and compare to Vu.


 = 0.75 x 2 (  f'c ) b d


If Vc > Vu then As is acceptable.


Check Ratio of Reinforcement: EM 1110-2-2104, Chapter 3.5


Check Moment:


Calculate Mn and compare to original Mu.


  = 0.9 As Fy d ( 1 -( As Fy / 2  b d f'c) )


If Mn > Mu then As is acceptable.
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Bayou Des Allemands T-wall quantities


1) Cast-in place concrete
Area of Base Slab per linear ft: 210 ft2


Area of Stem per linear ft: 121.125 ft2


Total area per linear ft: 331.125 ft2


Linear ft of wall: 500 ft
Total volume of concrete (ft3): 165562.5 ft3


Total volume of concrete (CY): 6131.944 CY


2) Steel Sheet Piling
Cut off El. -14.25
Tip El. -100
Length: 85.75 ft
Area of sheet pile: 42875 ft2


3) 24" diameter pipe pile
Cut off El. -14.25
Tip El. -175
Batter: 2
Length: 179.724 ft
Piles per monolith 30
monolith no. 10
Total length of piles: 53917.19 LF


4) Concrete Sub base
Dewatered Area: 61923.5 ft2


Depth: 3 ft
Total volume: 185770.5 ft3


Total volume: 6880.389 CY


5)Sand sub-base:
Dewatered Area: 61923.5 ft2


Depth: 1.5 ft
Total volume: 92885.25 ft3


Total volume: 3440.194 CY
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Reach G and H: Hydraulic Structures
Calculations and Quantities
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Reach G and H: Hydraulic Structures


Assumptions
1. The soil fill for 30 ft on either side of levee center line was at +16.0
2. The soil fill outside of 30 ft on either side of the levee center line was at +10
3. Soil has a unit weight of 110 pcf
4. Salt water has a unit weight of 64 pcf
5. Assuming that the concrete used is normal weight at 150 pcf


Pile spacing under the levee crown


The cross section to the left represents the typical areas used for the center 60 ft of the levee.


Areas:
Soil: (16.0 ft x 10.875 ft) + 3.375 ft x 7.5 ft = 199.31 ft2


Salt water: 6 ft x 6 ft = 36 ft2


Concrete: ( 2 ft x 10.875 ft) + ((7.5 ft)2 (6 ft)2)=42 ft2


These areas were used to determine the distributed load.


Linear load:=


Linear load of soil:


Linear load of water:


Linear load of concrete:


Total linear load:


To determine pile tip, unfactored total loads was used.
Pile capacities were provided by the geotechnical engineer.


199.31   110 1000 21.924
36   64 1000 2.304


   1000


42   150 1000 6.3
21.924 2.304 6.3 30.5


The following caclculations for the Hydraulic Structures follows the same methodology used in the
10% Conceptual report Calculations.
The main difference in calculations is the difference in Top of Levee elevations, from El. 12.5 to El
16.0 based on levee cross sectins provided by Geotechnical office for reaches G and H.
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24” OD steel pipe piles 180 feet long were selected for this structure.
Using SF= 3.0, pile capacity for a pile tipped at El. 185 is:


Pile spacing under the levee slopes


The cross section to the left represents the typical areas used for the center 60 ft of the levee.


Areas:
Soil: (10 ft x 10.875 ft) + 3.375 ft x 7.5 ft = 134.06 ft2


Salt waterz: 6 ft x 6 ft = 36 ft2


Concrete: ( 2 ft x 10.875 ft) + ((7.5 ft)2 (6 ft)2)=42 ft2


These areas were used to determine the distributed load.


Linear load:=


Linear load of soil:


Linear load of water:


Linear load of concrete:


Total linear load:


To determine pile tip, unfactored total loads was used.
Pile capacities were provided by the geotechnical engineer.
24” OD steel pipe piles 180 feet long were selected for this structure.
Using SF= 3.0, pile capacity for a pile tipped at El. 185 is:


  247 30.5 / 8.0 
 375 5 3.0 2 1 247 


134.06   110 1000 14.75
36   64 1000 2.304


   1000


42   150 1000 6.3
14.75 2.304 6.3 23.35


 375 5 3.0 2 1 247 
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*Use 9.75 ft as shown on 10% conceptual design


  227 23.35 / 10.0
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Hydraulic Structures Quantities


A) Large Hydraulic Structure (4) 6' x 6' RCB Culverts


Item Description
10 % Conceptual
Design Elevation


El. 12.5


100 yr Future Lift
Elevation
El. 16.0


# Items Difference
(ft)


Total
Difference


(ft)


Area
(ft2)


Volume
(ft3)


Volume
(CY)


Length (ft) Length (ft)
1 6'x6' Culverts 242 170 4 72 288
2 Walkway 162.5 126.5 1 36 36


3
12" Steel Pile Pipes
(0.375") Pipes over sheet
pile wall 9.5 13 4 3.5 14


4
12" Steel Pile Pipes
(0.375") Piles parallel to
culverts 60 63.5 3 180


5 Concrete footing 242 170 1 72 72 87 6264 232


6
24" Steel Pile Pipes
(0.375") 170 180 28 3660


B) Small Hydraulic Structure Single RCP culvert 60"


Item Description
10 % Conceptual
Design Elevation


El. 12.5


100 yr Future Lift
Elevation
El. 16.0


# Items Difference
(ft)


Total
Difference


(ft)


Area
(ft2)


Volume
(ft3)


Volume
(CY)


Length (ft) Length (ft)
1 60" RC Pipes Culverts 76 98 1 22 22
2 Walkway 44.1 58.1 1 14 14


3
12" Steel Pile Pipes
(0.375") Pipes over
concrete headwall 5.5 9 2 3.5 7


4
12" Steel Pile Pipes
(0.375") Piles parallel to
culverts 60 63.5 1 63.5


5 Gravel (Bedding) 76 92 1 16 16 46 4232 156.7407
6 Geotextile 76 92 1 16 16 3259


The Upper Barataria Basin Recommended Plan is a structural alignment constructed to a 100 yr future design elevation. These hydraulic
structures are located in Reach G and Reach H.


The newly constructed levee would incorporate five sets of culverts, 4 6 X 6 foot box culverts with sluice gates (no screens), are needed to
maintain the flows in and out of the marsh on the southern side of the alignment through small tributaries and oil and gas line canals. The
proposed levee for Reach G would initially be constructed to an elevation of 14 feet in 2026, with a second (final) lift to an elevation of 16
feet in 2054 in order to maintain the 1% AEP design elevation over the 50 yr period of analysis.


The proposed construction for Reach H includes construction of a new levee which would parallel US Highway 90 through the marsh. The
newly constructed levee would incorporate two sets of culverts for hydraulic exchange from the north to the south of the alignment.
These are 2 84 inch in diameter culverts with sluice gates and a 1 60 inch in diameter culvert with sluice gate (no screens). The proposed
levee for Reach H would be constructed with one lift to an elevation of 16 feet in 2026 in order to maintain the 1% AEP design elevation
over the 50 yr period of analysis.
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C) Hydraulic Structure Double RCP culvert 84"


Item Description
10 % Conceptual
Design Elevation


El. 12.5


100 yr Future Lift
Elevation
El. 16.0


# Items Difference
(ft)


Total
Difference


(ft)


Area
(ft2)


Volume
(ft3)


Volume
(CY)


Length (ft) Length (ft)
1 84" RC Pipes Culverts 122.5 168 2 45.5 91
2 Walkway 84.67 105.67 1 21 21


3
12" Steel Pile Pipes
(0.375") Pipes over
concrete headwall 5.5 9 3 3.5 10.5


4
12" Steel Pile Pipes
(0.375") Piles parallel to
culverts 60 63.5 3 190.5


5 Gravel (Bedding) 122.5 162 1 39.5 39.5 107.9 17481.42 647.46
6 Geotextile 122.5 162 1 39.5 39.5 11154


Gravel Quanitities calculations


1. Small Hydraulic Structure Single RCP culvert 60"


2.) Hydraulic Structure Double RCP culvert 84"


 7.167 22.67 ft 162.45 


  6 10 ft 60    /2 = 3 14.14


   2 /2 = 4.167 54.54


   60 14.14 46


   162.45 54.54 107.91


   46 92 4232


   107.91 162 17481.42


   423227 157 


   17481.4227 648 
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Geotextile Quanitities calculations


1. Small Hydraulic Structure Single RCP culvert 60"


2.) Hydraulic Structure Double RCP culvert 84"


22.67   2 7.0 ft 2 2 2 2  4.167 68.85    68.85 162 11153.7   11153.79 1239.3 


10   2 6 ft 2 2 2  3 /2 35.42    35.42 92 3259.08
   3259.089 362.12 
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Bayou Des Allemands Sluice Gate
Quantities
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Upper Barataria Basin 
Bayou Des Allemands


Lafourche Parish, Lousiana
 Sluice Gate Quantity Take-Offs - 100 yr


Des By: IBT    7/31/20 
Chk By: 


                                          1/5


 1.) SLUICE GATE QUANTITIES - BAYOU DES ALLEMANDS 100 YR
 A. CONCRETE


tslab 8ft Thickness of Base Slab


Lslab 50ft Length of Base Slab


tbw 36in Thickness  of Breast Wall


bopb 24in Width of Operating Platform Beam


topb 30in Thickness of Operating Platform Beam


tpw 36in Thickness of pier wall


Nogates 6 Number of Sluice Gates


ELtslab 10ft Top of Slab


Height of Sluice Gate
hsg 15ft


topFSpw 16ft Top of Flood Side Pier Wall


topPSpw 12ft Top of Protected Side Pier Wall


hFSpw topFSpw ELtslab 26 ft Height of Flood Side Pier Wall


Height of Protected Side Pier Wall
hPSpw topPSpw ELtslab 22 ft


Length of Flood Side Pier Wall
LFSpw 30ft


Length of Protected Side Pier Wall
LPSpw 20ft


hbw topFSpw topb ELtslab hsg 13.5 ft Height of Breast Wall


Widthslab Nogates 20ft Nogates 2 tpw 144 ft


Volumeslab Widthslab Lslab tslab 2.133 103 yd3


VolumeFSpw LFSpw hFSpw tpw Nogates 2 693.333 yd3


VolumePSpw LPSpw hPSpw tpw Nogates 2 391.111 yd3


Volumeopb Widthslab bopb topb 26.667 yd3
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Upper Barataria Basin 
Bayou Des Allemands


Lafourche Parish, Lousiana
 Sluice Gate Quantity Take-Offs - 100 yr


Des By: IBT    7/31/20 
Chk By: 


                                          2/5


Volumebw tbw hbw Nogates 16ft 144 yd3


Volumewalls VolumeFSpw VolumePSpw Volumeopb Volumebw 1.255 103 yd3
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Upper Barataria Basin 
Bayou Des Allemands


Lafourche Parish, Lousiana
 Sluice Gate Quantity Take-Offs - 100 yr


Des By: IBT    7/31/20 
Chk By: 


                                          3/5


 B. STEEL PILES
Nopilerows 14


Nopilecolumns 6


Cutoffpile 17.25ft


Tippile 130ft


Lengthpile
Tippile Cutoffpile


3


2


Tippile Cutoffpile
2


.5


118.849 ft


Nopiles Nopilerows Nopilecolumns 84


TotLengthpile Lengthpile Nopiles 9.983 103 ft


 C. STEEL SHEET PILE CUTOFF WALL
Cutoffsheet 17.25ft


Tipsheet 100ft


Widthsheets Tipsheet Cutoffpile Widthslab 1.192 104 ft2


 D. HANDRAIL
Lhandrail Widthslab 2 288 ft


Noposts
Lhandrail


5ft
57.6 Assume 5' Spacing
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Upper Barataria Basin 
Bayou Des Allemands


Lafourche Parish, Lousiana
 Sluice Gate Quantity Take-Offs - 100 yr


Des By: IBT    7/31/20 
Chk By: 


                                          4/5


γal 165pcf Unit Weight of Aluminum


Ahandrail 1.07in2 Area of 2" STD Aluminum Pipe


Weighthandrails γal Ahandrail Lhandrail Noposts 3.5ft 0.6 kip


 E. BULKHEADS
Widthbulk 21ft Width of Bulkhead


Heightbulk topPSpw ELtslab 22 ft Height of Bulkhead


tskinplate
3
8


in Thickness of Skin Plate


γs 490pcf Unit Weight of Steel


WTskinplate γs Widthbulk Heightbulk tskinplate 7.074 kip


Noangles 10 Number of Angle Intercostals


WTangle 19.6
lbf
ft


Weight of Angle L8X6X1/2


WTint Noangles WTangle Widthbulk 4.116 kip


tplate
3
8


in Thickness of Stiffener Plate


Width of Stiffener Plate
Widthplate 7.5in


WTstiffplate tplate Widthplate Heightbulk 7 γs 1.474 kip


WTbulkheads WTskinplate WTint WTstiffplate 4 50.657 kip Weight of 4
Bulkheads
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Upper Barataria Basin 
Bayou Des Allemands


Lafourche Parish, Lousiana
 Sluice Gate Quantity Take-Offs - 100 yr


Des By: IBT    7/31/20 
Chk By: 


                                          5/5
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Upper Barataria Basin
Structural Drawings
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NOTES:


1. SOIL BORING LOGS ARE PROVIDED IN APPENDIX I(a).
LABORATORY TEST REPORTS ARE SHOWN IN APPENDIX
I(b) (SHEAR) AND I(c) (CONSOLIDATION). SOIL BORING
LOGS FROM PREVIOUS PROJECTS ARE
SHOWN IN APPENDIX II.


2. UNIT WEIGHTS SHOWN ARE TOTAL UNIT WEIGHTS
AND MUST BE APPROPRIATELY REDUCED TO ESTIMATE
EFFECTIVE STRESS STATES.


3. UNDRAINED SHEAR STRENGTHS SHOWN IN RED WERE
BACK-CALCULATED USING THE SHANSEP EQUATION
WITH PAST MAXIMUM PRESSURES OBTAINED FROM THE
CONSOLIDATION TESTS AND ASSUMING THE Su/P'o
RATIO FOR NORMALLY CONSOLIDATED SOIL AT THIS
SITE IS 0.25 AND THAT m=0.80.


4. AVERAGE GROUND TAKEN AS  EL.1.5 ACROSS
PROJECT SITE. AVERAGE TOP OF LEVEE AT EL 6.
PARAMATERS ABOVE EL 1.5 REPRESENT THE
EXISTING LEVEE THAT WILL BE DEGRADED AS
PART OF THIS PROJECT. GEOTECHNICAL DATA
EVALUATION TO EL -80.


5. DESIGN PROFILES SHOWN CANNOT FULLY ANTICIPATE
ALL PARAMETERS WHICH MAY INFLUENCE SELECTION OF
DESIGN VALUES FOR A SPECIFIC ANALYSIS. FOR THIS
REASON, THE USER SHOULD CONTACT EUSTIS
ENGINEERING SERVICES, L.L.C. PRIOR TO USE OF DESIGN
PROFILES IN ANY ANALYSES.


6. FOR S-CASE (DRAINED SHEAR STRENGTHS) WE
RECOMMEND USING =23° FOR ALL CLAY STRATA
AND =28° FOR ALL SILT STRATA.


7. ALTERNATE CONDITION FOR EL -10 TO EL -13
INCLUDES A SEMI-COHESIVE MATERIAL
(I.E., SILT) USING AN UNDRAINED COHESION
OF 200 PSF AND UNDRAINED FRICTION
ANGLE OF 15 DEGREES.
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Gains in Strength from additional loadings were added for this stability analysis
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Gains in Strength from additional loadings 
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BORING DATA PLATES.


     SHEAR STRENGTHS BETWEEN VERTICALS
WERE ASSUMED TO VARY LINEARLY BETWEEN
THE VALUES INDICATED FOR THESE LOCATIONS.


Note: This design is only for cost estimating 
purposes.  A more detailed design will be 
completed at a later time.


EL. +16


EL. +51V:4H
1V:25H


EL. +3
1V:11H


1V:4H
EL. +7EL. +6


1V:29H
1V:22H EL. 0EL. 0


Color Name Model Unit 
Weight
(pcf)


Weight Fn Cohesion
Spatial 
Fn


Cohesion
Fn


Cohesion'
(psf)


Phi'
(°)


Phi-B
(°)


Piezometric
Line


2 - Clay Spatial Mohr-Coulomb 2 - Unit Weight 600 0 0 1


3 - Clay Spatial Mohr-Coulomb 3 - Unit Weight 3 - 0 0 1


4 - Clay Spatial Mohr-Coulomb 4 - Unit Weight 4 - 0 0 1


5 - Clay Spatial Mohr-Coulomb 5 - Unit Weight 5 - 0 0 1


6 - Clay Spatial Mohr-Coulomb 6 - Unit Weight 6 - 0 0 1


7 - Clay Spatial Mohr-Coulomb 7 - Unit Weight 7 - 0 0 1


8 - Clay Spatial Mohr-Coulomb 8 - Unit Weight 8 - 0 0 1


9 - Dense
Sand


Spatial Mohr-Coulomb 122 0 30 0 1


New Fill Mohr-Coulomb 115 600 0 0 1


Plate 24
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GENERAL NOTES


File Name: Sunset185Updated10022020.gsz
Directory: G:\F&MHOME\Danton\Barataria Basin\Upper Barataria Basin\~100 Year Design\Stability Analysis\


Interior


Upper Barataria Basin
Stability Analysis for Cost Estimate
Alternative 6


Construction Grade - Entry Exit Slip Surface
Louisiana


Exterior Side


     CLASSIFICATION STRATIFICATION
SHEAR STRENGTHS AND UNIT WEIGHTS OF
THE SOIL WERE BASED ON THE RESULTS OF
UNDISTURBED BORINGS. SEE
BORING DATA PLATES.


     SHEAR STRENGTHS BETWEEN VERTICALS
WERE ASSUMED TO VARY LINEARLY BETWEEN
THE VALUES INDICATED FOR THESE LOCATIONS.


Note: This design is only for cost estimating purposes.  A more detailed design will be 
completed at a later time.


EL. 18.5'


1:3
1:90


EL. 7' 1:4 1:4
EL. 7' EL. 4'1:44


1:4


Color Name Model Unit 
Weight
(pcf)


Weight Fn Cohesion
Spatial 
Fn


Cohesion
Fn


Cohesion'
(psf)


Phi'
(°)


Phi-B
(°)


Piezometric
Line


2 - Clay Spatial Mohr-Coulomb 2 - Unit Weight 600 0 0 1


3 - Clay Spatial Mohr-Coulomb 3 - Unit Weight 3 - 0 0 1


4 - Clay Spatial Mohr-Coulomb 4 - Unit Weight 4 - 0 0 1


5 - Clay Spatial Mohr-Coulomb 5 - Unit Weight 5 - 0 0 1


6 - Clay Spatial Mohr-Coulomb 6 - Unit Weight 6 - 0 0 1


7 - Clay Spatial Mohr-Coulomb 7 - Unit Weight 7 - 0 0 1


8 - Clay Spatial Mohr-Coulomb 8 - Unit Weight 8 - 0 0 1


9 - Dense
Sand


Spatial Mohr-Coulomb 122 0 30 0 1


New Fill Mohr-Coulomb 115 600 0 0 1


EL. 5'1:3


Plate 25
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GENERAL NOTES


File Name: Sunset185Updated10022020.gsz
Directory: G:\F&MHOME\Danton\Barataria Basin\Upper Barataria Basin\~100 Year Design\Stability Analysis\


Interior


Upper Barataria Basin
Stability Analysis for Cost Estimate
Alternative 6


Low Water Level - Entry Exit Slip Surface
Louisiana


Exterior Side


     CLASSIFICATION STRATIFICATION
SHEAR STRENGTHS AND UNIT WEIGHTS OF
THE SOIL WERE BASED ON THE RESULTS OF
UNDISTURBED BORINGS. SEE
BORING DATA PLATES.


     SHEAR STRENGTHS BETWEEN VERTICALS
WERE ASSUMED TO VARY LINEARLY BETWEEN
THE VALUES INDICATED FOR THESE LOCATIONS.


Note: This design is only for cost estimating purposes.  A more detailed design will be 
completed at a later time.


EL. 18.5'


1:3
1:90


EL. 7' 1:4 1:4
EL. 7' EL. 4'1:44


1:4


Color Name Model Unit 
Weight
(pcf)


Weight Fn Cohesion
Spatial 
Fn


Cohesion
Fn


Cohesion'
(psf)


Phi'
(°)


Phi-B
(°)


Piezometric
Line


2 - Clay Spatial Mohr-Coulomb 2 - Unit Weight 600 0 0 1


3 - Clay Spatial Mohr-Coulomb 3 - Unit Weight 3 - 0 0 1


4 - Clay Spatial Mohr-Coulomb 4 - Unit Weight 4 - 0 0 1


5 - Clay Spatial Mohr-Coulomb 5 - Unit Weight 5 - 0 0 1


6 - Clay Spatial Mohr-Coulomb 6 - Unit Weight 6 - 0 0 1


7 - Clay Spatial Mohr-Coulomb 7 - Unit Weight 7 - 0 0 1


8 - Clay Spatial Mohr-Coulomb 8 - Unit Weight 8 - 0 0 1


9 - Dense
Sand


Spatial Mohr-Coulomb 122 0 30 0 1


New Fill Mohr-Coulomb 115 600 0 0 1


EL. 5'1:3


Plate 26
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GENERAL NOTES


File Name: Sunset185Updated10022020.gsz
Directory: G:\F&MHOME\Danton\Barataria Basin\Upper Barataria Basin\~100 Year Design\Stability Analysis\


Interior


Upper Barataria Basin
Stability Analysis for Cost Estimate
Alternative 6


Still Water Level - Entry Exit Slip Surface
Louisiana


Exterior Side


     CLASSIFICATION STRATIFICATION
SHEAR STRENGTHS AND UNIT WEIGHTS OF
THE SOIL WERE BASED ON THE RESULTS OF
UNDISTURBED BORINGS. SEE
BORING DATA PLATES.


     SHEAR STRENGTHS BETWEEN VERTICALS
WERE ASSUMED TO VARY LINEARLY BETWEEN
THE VALUES INDICATED FOR THESE LOCATIONS.


Note: This design is only for cost estimating purposes.  A more detailed design will be 
completed at a later time.


EL. 18.5'


1:3
1:90


EL. 7' 1:4 1:4
EL. 7' EL. 4'1:44


1:4


Color Name Model Unit 
Weight
(pcf)


Weight Fn Cohesion
Spatial 
Fn


Cohesion
Fn


Cohesion'
(psf)


Phi'
(°)


Phi-B
(°)


Piezometric
Line


2 - Clay Spatial Mohr-Coulomb 2 - Unit Weight 600 0 0 1


3 - Clay Spatial Mohr-Coulomb 3 - Unit Weight 3 - 0 0 1


4 - Clay Spatial Mohr-Coulomb 4 - Unit Weight 4 - 0 0 1


5 - Clay Spatial Mohr-Coulomb 5 - Unit Weight 5 - 0 0 1


6 - Clay Spatial Mohr-Coulomb 6 - Unit Weight 6 - 0 0 1


7 - Clay Spatial Mohr-Coulomb 7 - Unit Weight 7 - 0 0 1


8 - Clay Spatial Mohr-Coulomb 8 - Unit Weight 8 - 0 0 1


9 - Dense
Sand


Spatial Mohr-Coulomb 122 0 30 0 1


New Fill Mohr-Coulomb 115 600 0 0 1


EL. 5'1:3


Plate 27
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Gains in Strength from additional loadings were added for this stability analysis


This analysis should only be used for the cost estimate.  


GENERAL NOTESFile Name:
 UBB16Geotextile.gsz
Directory:
 G:\F&MHOME\Danton\Barataria Basin\Upper Barataria Basin\~100 Year Design\Stability Analysis\


Interior


Upper Barataria Basin
Stability Analysis for Cost Estimate


Construction Grade - Entry Exit Slip Surface - Around Geote
Louisiana


Exterior Side


     CLASSIFICATION STRATIFICATION
SHEAR STRENGTHS AND UNIT WEIGHTS OF
THE SOIL WERE BASED ON THE RESULTS OF
UNDISTURBED BORINGS. SEE
BORING DATA PLATES.


     SHEAR STRENGTHS BETWEEN VERTICALS
WERE ASSUMED TO VARY LINEARLY BETWEEN
THE VALUES INDICATED FOR THESE LOCATIONS.


Note: This design is only for cost estimating purposes.
A more detailed design will be completed at a later
time.


EL. +16


EL. 4'1V:4H


1V:20H
EL. +3


1V:4H


1V:4H


EL. 01V on 20HEL. 3'
1V:4H


EL. 4'


Color Name Model Unit 
Weight
(pcf)


Weight Fn Cohesion
Spatial 
Fn


Cohesion
Fn


Cohesion'
(psf)


Phi'
(°)


Phi-B
(°)


Piezometric
Line


2 - Clay Spatial Mohr-Coulomb 2 - Unit Weight 600 0 0 1


3 - Clay Spatial Mohr-Coulomb 3 - Unit Weight 3 - 0 0 1


4 - Clay Spatial Mohr-Coulomb 4 - Unit Weight 4 - 0 0 1


5 - Clay Spatial Mohr-Coulomb 5 - Unit Weight 5 - 0 0 1


6 - Clay Spatial Mohr-Coulomb 6 - Unit Weight 6 - 0 0 1


7 - Clay Spatial Mohr-Coulomb 7 - Unit Weight 7 - 0 0 1


8 - Clay Spatial Mohr-Coulomb 8 - Unit Weight 8 - 0 0 1


9 - Dense 
Sand


Spatial Mohr-Coulomb 122 0 30 0 1


New Fill Mohr-Coulomb 115 600 0 0 1


 10 ft 


Plate 28
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Gains in Strength from additional loadings were added for this stability analysis


This analysis should only be used for the cost estimate.  


GENERAL NOTESFile Name:
 UBB16Geotextile.gsz
Directory:
 G:\F&MHOME\Danton\Barataria Basin\Upper Barataria Basin\~100 Year Design\Stability Analysis\


Interior


Upper Barataria Basin
Stability Analysis for Cost Estimate


Construction Grade - Entry Exit Slip Surface - Through Geot
Louisiana


Exterior Side


     CLASSIFICATION STRATIFICATION
SHEAR STRENGTHS AND UNIT WEIGHTS OF
THE SOIL WERE BASED ON THE RESULTS OF
UNDISTURBED BORINGS. SEE
BORING DATA PLATES.


     SHEAR STRENGTHS BETWEEN VERTICALS
WERE ASSUMED TO VARY LINEARLY BETWEEN
THE VALUES INDICATED FOR THESE LOCATIONS.


Note: This design is only for cost estimating purposes.
A more detailed design will be completed at a later
time.


EL. +16


EL. 4'1V:4H


1V:20H
EL. +3


1V:4H


1V:4H


EL. 01V on 20HEL. 3'
1V:4H


EL. 4'


Color Name Model Unit 
Weight
(pcf)


Weight Fn Cohesion
Spatial 
Fn


Cohesion
Fn


Cohesion'
(psf)


Phi'
(°)


Phi-B
(°)


Piezometric
Line


2 - Clay Spatial Mohr-Coulomb 2 - Unit Weight 600 0 0 1


3 - Clay Spatial Mohr-Coulomb 3 - Unit Weight 3 - 0 0 1


4 - Clay Spatial Mohr-Coulomb 4 - Unit Weight 4 - 0 0 1


5 - Clay Spatial Mohr-Coulomb 5 - Unit Weight 5 - 0 0 1


6 - Clay Spatial Mohr-Coulomb 6 - Unit Weight 6 - 0 0 1


7 - Clay Spatial Mohr-Coulomb 7 - Unit Weight 7 - 0 0 1


8 - Clay Spatial Mohr-Coulomb 8 - Unit Weight 8 - 0 0 1


9 - Dense 
Sand


Spatial Mohr-Coulomb 122 0 30 0 1


New Fill Mohr-Coulomb 115 600 0 0 1


 10 ft 


Plate 29
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Gains in Strength from additional loadings were added for this stability analysis


This analysis should only be used for the cost estimate.  


GENERAL NOTESFile Name:
 UBB16Geotextile.gsz
Directory:
 G:\F&MHOME\Danton\Barataria Basin\Upper Barataria Basin\~100 Year Design\Stability Analysis\


Interior


Upper Barataria Basin
Stability Analysis for Cost Estimate


Low Water Level - Entry Exit Slip Surface - Around Geotextil
Louisiana


Exterior Side


     CLASSIFICATION STRATIFICATION
SHEAR STRENGTHS AND UNIT WEIGHTS OF
THE SOIL WERE BASED ON THE RESULTS OF
UNDISTURBED BORINGS. SEE
BORING DATA PLATES.


     SHEAR STRENGTHS BETWEEN VERTICALS
WERE ASSUMED TO VARY LINEARLY BETWEEN
THE VALUES INDICATED FOR THESE LOCATIONS.


Note: This design is only for cost estimating purposes.
A more detailed design will be completed at a later
time.


EL. +16


EL. 4'1V:4H


1V:20H
EL. +3


1V:4H


1V:4H


EL. 01V on 20HEL. 3'
1V:4H


EL. 4'


Color Name Model Unit 
Weight
(pcf)


Weight Fn Cohesion
Spatial 
Fn


Cohesion
Fn


Cohesion'
(psf)


Phi'
(°)


Phi-B
(°)


Piezometric
Line


2 - Clay Spatial Mohr-Coulomb 2 - Unit Weight 600 0 0 1


3 - Clay Spatial Mohr-Coulomb 3 - Unit Weight 3 - 0 0 1


4 - Clay Spatial Mohr-Coulomb 4 - Unit Weight 4 - 0 0 1


5 - Clay Spatial Mohr-Coulomb 5 - Unit Weight 5 - 0 0 1


6 - Clay Spatial Mohr-Coulomb 6 - Unit Weight 6 - 0 0 1


7 - Clay Spatial Mohr-Coulomb 7 - Unit Weight 7 - 0 0 1


8 - Clay Spatial Mohr-Coulomb 8 - Unit Weight 8 - 0 0 1


9 - Dense 
Sand


Spatial Mohr-Coulomb 122 0 30 0 1


New Fill Mohr-Coulomb 115 600 0 0 1


 10 ft 


Plate 30







1.41
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Gains in Strength from additional loadings were added for this stability analysis


This analysis should only be used for the cost estimate.  


GENERAL NOTESFile Name:
 UBB16Geotextile.gsz
Directory:
 G:\F&MHOME\Danton\Barataria Basin\Upper Barataria Basin\~100 Year Design\Stability Analysis\


Interior


Upper Barataria Basin
Stability Analysis for Cost Estimate


Low Water Level - Entry Exit Slip Surface - Through Geotext
Louisiana


Exterior Side


     CLASSIFICATION STRATIFICATION
SHEAR STRENGTHS AND UNIT WEIGHTS OF
THE SOIL WERE BASED ON THE RESULTS OF
UNDISTURBED BORINGS. SEE
BORING DATA PLATES.


     SHEAR STRENGTHS BETWEEN VERTICALS
WERE ASSUMED TO VARY LINEARLY BETWEEN
THE VALUES INDICATED FOR THESE LOCATIONS.


Note: This design is only for cost estimating purposes.
A more detailed design will be completed at a later
time.


EL. +16


EL. 4'1V:4H


1V:20H
EL. +3


1V:4H


1V:4H


EL. 01V on 20HEL. 3'
1V:4H


EL. 4'


Color Name Model Unit 
Weight
(pcf)


Weight Fn Cohesion
Spatial 
Fn


Cohesion
Fn


Cohesion'
(psf)


Phi'
(°)


Phi-B
(°)


Piezometric
Line


2 - Clay Spatial Mohr-Coulomb 2 - Unit Weight 600 0 0 1


3 - Clay Spatial Mohr-Coulomb 3 - Unit Weight 3 - 0 0 1


4 - Clay Spatial Mohr-Coulomb 4 - Unit Weight 4 - 0 0 1


5 - Clay Spatial Mohr-Coulomb 5 - Unit Weight 5 - 0 0 1


6 - Clay Spatial Mohr-Coulomb 6 - Unit Weight 6 - 0 0 1


7 - Clay Spatial Mohr-Coulomb 7 - Unit Weight 7 - 0 0 1


8 - Clay Spatial Mohr-Coulomb 8 - Unit Weight 8 - 0 0 1


9 - Dense 
Sand


Spatial Mohr-Coulomb 122 0 30 0 1


New Fill Mohr-Coulomb 115 600 0 0 1


 10 ft 


Plate 31







1.50
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Gains in Strength from additional loadings were added for this stability analysis


This analysis should only be used for the cost estimate.  


GENERAL NOTESFile Name:
 UBB16Geotextile.gsz
Directory:
 G:\F&MHOME\Danton\Barataria Basin\Upper Barataria Basin\~100 Year Design\Stability Analysis\


Interior


Upper Barataria Basin
Stability Analysis for Cost Estimate


Still Water Level - Entry Exit Slip Surface - Around Geotextile
Louisiana


Exterior Side


     CLASSIFICATION STRATIFICATION
SHEAR STRENGTHS AND UNIT WEIGHTS OF
THE SOIL WERE BASED ON THE RESULTS OF
UNDISTURBED BORINGS. SEE
BORING DATA PLATES.


     SHEAR STRENGTHS BETWEEN VERTICALS
WERE ASSUMED TO VARY LINEARLY BETWEEN
THE VALUES INDICATED FOR THESE LOCATIONS.


Note: This design is only for cost estimating purposes.
A more detailed design will be completed at a later
time.


EL. +16


EL. 4'1V:4H


1V:20H
EL. +3


1V:4H


1V:4H


EL. 01V on 20HEL. 3'
1V:4H


EL. 4'


Color Name Model Unit 
Weight
(pcf)


Weight Fn Cohesion
Spatial 
Fn


Cohesion
Fn


Cohesion'
(psf)


Phi'
(°)


Phi-B
(°)


Piezometric
Line


2 - Clay Spatial Mohr-Coulomb 2 - Unit Weight 600 0 0 1


3 - Clay Spatial Mohr-Coulomb 3 - Unit Weight 3 - 0 0 1


4 - Clay Spatial Mohr-Coulomb 4 - Unit Weight 4 - 0 0 1


5 - Clay Spatial Mohr-Coulomb 5 - Unit Weight 5 - 0 0 1


6 - Clay Spatial Mohr-Coulomb 6 - Unit Weight 6 - 0 0 1


7 - Clay Spatial Mohr-Coulomb 7 - Unit Weight 7 - 0 0 1


8 - Clay Spatial Mohr-Coulomb 8 - Unit Weight 8 - 0 0 1


9 - Dense 
Sand


Spatial Mohr-Coulomb 122 0 30 0 1


New Fill Mohr-Coulomb 115 600 0 0 1


 10 ft 


Plate 32
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Gains in Strength from additional loadings were added for this stability analysis


This analysis should only be used for the cost estimate.  


GENERAL NOTESFile Name:
 UBB16Geotextile.gsz
Directory:
 G:\F&MHOME\Danton\Barataria Basin\Upper Barataria Basin\~100 Year Design\Stability Analysis\


Interior


Upper Barataria Basin
Stability Analysis for Cost Estimate


Still Water Level - Entry Exit Slip Surface - Through Geotext
Louisiana


Exterior Side


     CLASSIFICATION STRATIFICATION
SHEAR STRENGTHS AND UNIT WEIGHTS OF
THE SOIL WERE BASED ON THE RESULTS OF
UNDISTURBED BORINGS. SEE
BORING DATA PLATES.


     SHEAR STRENGTHS BETWEEN VERTICALS
WERE ASSUMED TO VARY LINEARLY BETWEEN
THE VALUES INDICATED FOR THESE LOCATIONS.


Note: This design is only for cost estimating purposes.
A more detailed design will be completed at a later
time.


EL. +16


EL. 4'1V:4H


1V:20H
EL. +3


1V:4H


1V:4H


EL. 01V on 20HEL. 3'
1V:4H


EL. 4'


Color Name Model Unit 
Weight
(pcf)


Weight Fn Cohesion
Spatial 
Fn


Cohesion
Fn


Cohesion'
(psf)


Phi'
(°)


Phi-B
(°)


Piezometric
Line
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Upper Barataria Basin (UBB) Louisiana Feasibility Study 


Life Safety Risk Assessment 


1.0 Background 


Project is a 100-year flood risk reduction system located in St. Charles and Lafourche Parishes, Louisiana. 
Project includes incorporation of existing systems, new work, and ties into the existing Mississippi River 
& Tributaries (MR&T) system at the eastern end and the higher banks of Bayou Lafourche in Raceland to 
the west.  See Figure 1 for a project map.  Total proposed system is 161,300 linear feet (30.6) miles long. 


Figure 1 – Study Area Map 


Figure 1 annotates the Hydraulic Reaches.  Existing systems include the Davis Pond Freshwater Diversion 
Project (DPFDP) shown in Figure 1 as Segment A, St. Charles Parish Westbank Levee Project (SCLP) 
shown in Figure 1 as Segment B and Segment C, and the Sunset Drainage Project (SUN) shown in Figure 
1 as Segment D and Segment E. 


New segments include the area between Bayou des Allemands and Bayou Lafourche shown in Figure 1 
as Segments G and H.  Project also includes 29 structures as shown in Figures 2 and 3. 
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Figure 2 – Northern Portion of Project with Structure Locations 


List of structures included in the project as numbered on Figure 2 are provided below. 


1 River Road crossing ramp 10 Kellogg Pump Station frontage protection 
2 Union Pacific Railroad crossing 11 T-wall section for West Gas Pipeline 
3 BNSF Railroad crossing 12 Ellington Pump Station Frontage Protection 
4 US Highway 90 Crossing Ramp 13 T-wall section for Magnolia Pipeline 
5 Davis Pond Pump Station frontage 


protection 
14 Magnolia Ridge Pump Station Frontage 


Protection 
6 Willowdale Pump Station, two new tidal 


exchange structures 
15 Existing Paradis Control Structure 


7 Willowridge Pump Station frontage 
protection 


28 T-wall section, Enterprise and Shell Pipeline 
Crossing (Davis Pond Crossing #1) 


8 Cousins Pump Station Frontage Protection 29 T-wall section, Bridgeline Enlink Pipeline 
Crossing (Davis Pond Crossing #2) 


9 T-wall section for East Gas Pipeline   
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Figure 3 – Southern Portion of Project with Structure Locations 


List of structures included in the project as numbered on Figure 3 are provided below. 


13 T-wall section for Magnolia Pipeline 21 Environmental structures on either side of 
the Bayou Des Allemands Barge Gate, 12-15 
X 20 foot box culverts with sluice gates 


14 Magnolia Ridge Pump Station Frontage 
Protection 


22 Godchaux Canal Bridge TOW El. 9.5 


15 Existing Paradis Control Structure 23 Drainage Structure – 4-6 X 6 foot RC box 
culverts with sluice gates in 3 locations 


16 Floodwall section in Hydraulic Reach D TOW 
El. 15.0 


24 Drainage Structure – 4-6 X 6 foot RC box 
culverts with sluice gates 


17 Floodwall section in Hydraulic Reach E TOW 
El. 18.5 


25 Drainage Structure – 4-6 X 6 foot RC box 
culverts with sluice gates 


18 45 foot Highway 306 (Bayou Gauche) Roller 
Gate TOW El. 18.5 


26 Drainage Structure – 2-84 inch RCP culverts 
with sluice gates 


19 Crawford Canal P.S. Fronting Protection 
TOW El 18.5 (50 LF of wall) 


27 Drainage Structure – 1-60 inch RCP culvert 
with sluice gates 


20 270 foot Barge Gate crossing Bayou Des 
Allemands TOW El. 18.5 


  


 


Many reaches of the project are site unseen by design team due to remote location at the date of this 
Appendix. 


Implementation:  PDT is still preparing feasibility report with submission scheduled for March 2021. 
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2. Consequences 


Limited modeling has been done to inform the benefit to cost ratio (B:C).  PDT made the determination 
to complete HEC-LifeSIM during Preconstruction Engineering and Design (PED) Phase.  Planning PDT 
does not include a HEC-LifeSIM modeler.  H&H input is required to generate consequences.  Time and 
cost will be needed to finalize determination of initiation. 


3. Loading: 


3.1 No significant seismic concerns are expected.  Seismic chapter will be produced in the 
Preconstruction Engineering and Design Phase (PED). 


3.2 HEC-RAS (2D) and ADCIRC modeling is complete.  Additional iterations will be made with barge gate 
in place for Bayou des Allemands.  Additional RAS modeling needed may impact barge gate dimensions 
and operating procedures.  Modeling has not been District Quality Control (DQC) reviewed per date of 
Appendix. 


3.3 Sea Level Rise.  Sea level rise and subsidence considerations must be investigated for both design 
and future risk assessment. 


4.0 Engineering Concerns 


4.1 Geotechnical Exploration.  No additional exploration will be made during the feasibility study.  
Limited existing data exists along the Davis Pond Guide Levee. 


4.2 Coordination with local entities for St. Charles Parish Levee and the Sunset Drainage District has not 
yielded deign surveys, design reports, as-built drawings, or monitoring reports.  Historic records should 
include levees and structures (fronting protection).  This data will influence the data exploration needed 
and better inform existing system performance in the risk assessment. 


4.3 Very limited data exists at the barge gate location in Bayou des Allemands.  Previous field 
investigations in the vicinity for possible mitigation efforts were not pursued due to foundation 
concerns. Current design efforts are on assumed foundation parameters. 


4.4 Additional loading on pile founded pipeline crossings in Davis Pond vicinity. 


4.5 Historic channel crossing with new levee alignment.  Concerns include both foundation settlement 
and seepage. 


5.0 Cost Concerns 


5.1 Borrow.  Borrow source for levee construction has not been completed.  Figure 6-3.1 and 6-3.2 of 
the Main Report shows potential sites in Raceland.  Approximately 75% (7.9Mcy/10.6Mcy) of the borrow 
is assumed to come from these sites.  Quantity and quality have not been calculated to ensure 
compliance with project needs over the project life as these are undeveloped sites.  Final selection will 
affect cost including land acquisition and site preparation.  Material cost from a commercial source with 
greater haul distance is still a possibility.  The remaining 2.7Mcy are assumed to be available under 
previous HSDRRS projects. 


5.2 Barge gate Operation and Maintenance (O&M) costs.  Confined space concerns. 
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5.3 Construction methods and monitoring especially at gates and structural tie-ins. 


5.3 Limited Access.  Portion west of Bayou des Allemands has very limited access.  One current proposal 
is to build an access port along the southwestern boundary of the de Allemands crawfish ponds (see 
Figure 6-10 of Main Report).  Repeated truck loading will induce high settlement if not designed 
properly. 


5.4 Construction Phasing.  Project is subject to tidal inundations, especially significant during tropical 
storm season.  New construction subject to wave environment due to proximately to coastal lakes. 


5.5 Environmental Mitigation.  During PDT meeting with Risk Assessment Team, final alignment for Davis 
Pond to St. Charles Parish levee system was still under construction.  New segment from Bayou des 
Allemands to LDB of Bayou Lafourche will require clearing for access and construction.  Tidal action is 
still needed to support wetlands interior of the new system.  In addition, Bayou des Allemands is a 
possible scenic stream with construction impacts likely requiring mitigation. 


5.6 Current project cost is over $2.0 billion dollars.  No duration was provided.  Multiple lifts are 
included in the current cost but not developed due to limited geotechnical information. 


6.0 Semi-Quantitative Risk Assessment (SQRA) 


6.1 SQRA is targeted for an early PED activity should the project be authorized and appropriated.  High 
cost and low B:C ratio has pushed SQRA into PED phase. 


6.2 Potential Failure Mode Analysis (PFMA) is an early function of the SQRA.  PFMS will be accomplished 
with PDT design team and risk assessment team.  Risk assessment team members chosen at this time 
have experience with design of the project features.  Shared experience with existing design PDT can 
assist with proposed exploration plan and subsequently ensure all current guidelines are met. 


6.3 Risk Drivers chosen during SQRA process will assist in design criteria.  Overtopping rates will consider 
the 100 year, 0.1 cfs overtopping.  Discussion during elicitation on risk drivers may inform construction 
sequencing.  Sea level rise and subsidence along with storm frequencies beyond the current project 
scope will be included in the risk assessment.  Ongoing land loss rates will be checked to assess future 
conditions.  Project life is 50 years. 


6.4 Completed SQRA will meet current Risk Management Center (RMC) criteria and greatly assist 
subsequent need for National Flood Insurance Protection (NFIP) analysis. 


6.5 A Life Safety Measure/Plan Evaluation Matrix was generated in conjunction with design PDT and 
provided below. 


 


 







Updated 05MAR21  6 


 


 





		cover annex

		20210305-Revised_Annex






Mississippi Valley Division 
Regional Planning and Environmental Division South 


Upper Barataria Basin, Louisiana 
Feasibility Report 


Appendix A: Annex 15 – Cost Estimate Information 


December 2021 







       Upper Barataria Basin, Louisiana 
 Final Feasibility Report and Integrated Environmental Impact Statement 


UPPER BARATARIA BASIN, LOUISIANA  


FINAL FEASIBILITY REPORT 


AND 


INTEGRATED ENVIRONMENTAL IMPACT STATEMENT 


ENGINEERING APPENDIX A 


COST ENGINEERING ANNEX 15 







       Upper Barataria Basin, Louisiana 
 Final Feasibility Report and Integrated Environmental Impact Statement 


Annex 15  1  July 2021 


TABLE OF CONTENTS 
1 UPPER BARATARIA BASIN COST – 1% AEP RECOMMENDED PLAN ............................ 4 


1.1  General Cost Information for 1% AEP Recommended Plan ............................................. 4 


1.1.1  Cost Estimate Development ....................................................................................... 4 


1.1.2  Estimate Structure ...................................................................................................... 5 


1.1.3  Bid Competition .......................................................................................................... 5 


1.1.4  Contract Acquisition Strategy ..................................................................................... 5 


1.1.5  Labor Shortages ......................................................................................................... 5 


1.1.6  Labor Rates ............................................................................................................... 5 


1.1.7  Materials .................................................................................................................... 5 


1.1.8  Quantities ................................................................................................................... 6 


1.1.9  Equipment .................................................................................................................. 6 


1.1.10  Rental Rates ............................................................................................................ 6 


1.1.11  Fuels ........................................................................................................................ 6 


1.1.12  Crews ....................................................................................................................... 7 


1.1.13  Unit Prices ................................................................................................................ 7 


1.1.14  Relocation Costs ...................................................................................................... 7 


1.1.15  Mobilization .............................................................................................................. 8 


1.1.16  Field Office Overhead .............................................................................................. 8 


1.1.17  Overhead Assumptions ............................................................................................ 8 


1.1.18  Home Office Overhead ............................................................................................ 8 


1.1.19  Taxes ....................................................................................................................... 9 


1.1.20  Bond ......................................................................................................................... 9 


1.1.21  Real Estate Costs .................................................................................................... 9 


1.1.22  Environmental Costs ................................................................................................ 9 


1.1.23  Cultural Resources Costs ...................................................................................... 10 


1.1.24  Planning, Engineering and Design (PED) .............................................................. 10 


1.1.25  Supervision and Administration (S&A) ................................................................... 10 


1.1.26  Contingencies ........................................................................................................ 10 


1.1.27  Escalation .............................................................................................................. 10 







       Upper Barataria Basin, Louisiana 
 Final Feasibility Report and Integrated Environmental Impact Statement 


Annex 15  2  July 2021 


1.1.28  Hazardous, Toxic and Radioactive Waste (HTRW) ............................................... 10 


1.1.29  Schedule ................................................................................................................ 11 


1.1.30  Cost Estimate ......................................................................................................... 11 


1.1.31 Cost Estimate – 1% AEP Recommended Plan - Mii Project Summary ................... 12 


1.1.32 Cost Estimate – 1% AEP Recommended Plan - CSRA Executive Summary ......... 12 


2 UPPER BARATARIA COST – SCREENING PHASE – FINAL ARRAY ............................. 14 


2.1  General Cost Information for Final Array of Alternatives (Alternates 1, 2, 7 and 10) ...... 14 


2.1.1  Cost Estimate Development ..................................................................................... 14 


2.1.2  Estimate Structure .................................................................................................... 16 


2.1.3  Bid Competition ........................................................................................................ 16 


2.1.4  Contract Acquisition Strategy ................................................................................... 16 


2.1.5  Labor Shortages ....................................................................................................... 16 


2.1.6  Labor Rates ............................................................................................................. 16 


2.1.7  Materials .................................................................................................................. 16 


2.1.8  Quantities ................................................................................................................. 17 


2.1.9  Equipment ................................................................................................................ 17 


2.1.10  Rental Rates .......................................................................................................... 17 


2.1.11  Fuels ...................................................................................................................... 17 


2.1.12  Crews ..................................................................................................................... 18 


2.1.13  Unit Prices .............................................................................................................. 18 


2.1.14  Relocation Costs .................................................................................................... 18 


2.1.15  Mobilization ............................................................................................................ 18 


2.1.16  Field Office Overhead ............................................................................................ 19 


2.1.17  Overhead Assumptions .......................................................................................... 19 


2.1.18  Home Office Overhead .......................................................................................... 19 


2.1.19  Taxes ..................................................................................................................... 19 


2.1.20  Bond ....................................................................................................................... 19 


2.1.21  Real Estate Costs .................................................................................................. 19 


2.1.22  Environmental Costs .............................................................................................. 20 


2.1.23  Cultural Resources Costs ...................................................................................... 20 







       Upper Barataria Basin, Louisiana 
 Final Feasibility Report and Integrated Environmental Impact Statement 


Annex 15  3  July 2021 


2.1.24  Planning, Engineering and Design (PED) .............................................................. 20 


2.1.25  Supervision and Administration (S&A) ................................................................... 20 


2.1.26  Contingencies ........................................................................................................ 20 


2.1.27  Escalation .............................................................................................................. 21 


2.1.28  Hazardous, Toxic and Radioactive Waste (HTRW) ............................................... 21 


2.1.29  Schedule ................................................................................................................ 21 


2.1.30  Cost Estimates ....................................................................................................... 21 


2.1.31  NED Plan/Tentatively Selected Plan ...................................................................... 23 







       Upper Barataria Basin, Louisiana 
 Final Feasibility Report and Integrated Environmental Impact Statement 


Annex 15  4  July 2021 


1 UPPER BARATARIA BASIN COST – 1% AEP RECOMMENDED PLAN 


1.1  General Cost Information for 1% AEP Recommended Plan 


1.1.1  Cost Estimate Development 


The 1% AEP recommended plan follows basically the same alignment as State of Louisiana 
Master plan (100 yr level of protection) US Hwy. 90 Alignment - which starts in Luling, Louisiana 
where it connects at the Mississippi River levee, extends through the Davis Pond Diversion 
Structure West Guide Levee and the St. Charles Parish Levee, crosses Bayou Des Allemands 
and continues parallel along US Hwy. 90 before tying into high ground across the Barataria 
Basin near Raceland. The Lafourche Basin Levee District Upper Barataria Risk Reduction 
Conceptual Design Report (LBLDDR), dated December 2018, has already developed the State’s 
master plan alignment to 10% conceptual designs. The main difference between the 
recommended plan and the State’s master plan is the outcome from the Corps’ 2020 Hydraulic 
analysis for a 1% AEP level of flood protection which will require higher levels of protection for 
1% AEP recommended plan. With concurrence from PDT, all the structures contained within the 
LBLDDR alignment would also be utilized in the 1% AEP recommended plan. In addition, three 
more large hydraulic structures were added in Reach G near Dufrene ponds, a Phillips 66 
Pipeline crossing T-wall was added just north of Crawford Pump Station in Reach F and 12 
sluice gates connected to new concrete T-walls at Bayou Des Allemands barge gate structure 
were added in Reach F. Utilizing LBLDDR’s quantities for each structure, the structural designer 
reviewed each of the designs and developed new piling and concrete quantities for structural 
features of work based on the new design elevations. (LBLDDR used a design elevation - 
EL.14.5’ for most their structures). For levees, the Geotechnical designer utilized LBLDDR 
boring data and other historical boring information to develop levee sections and lift schedules 
for each levee reach. From this information, Civil designer developed quantities for clearing and 
grubbing, silt fence, embankment and turf establishment for the first lift for each reach and all 
subsequent levee lifts.  Once quantities were provided incorporating the new design elevations 
the cost estimate could be developed. 


Cost estimate for the 1% AEP recommended plan was developed in the latest TRACES MII cost 
estimating software, using the standard approaches for a feasibility estimate structure regarding 
labor, equipment, materials, crews, unit prices, quotes, subcontractor and prime contractor 
markups to develop a Class 3 cost estimate. The philosophy was taken wherever practical within 
the time constraints. It was supplemented with estimating information from other sources where 
necessary such as quotes, bid data, and A-E estimates.  The estimate assumed a typical 
application of tiering subcontractors.   


The intent of the cost estimate was to provide or convey a “fair and reasonable” estimate and 
where cost detail was provided, it depicted the local market conditions. All of the construction 
work (e.g., levees, floodwalls, gate structures, control structures, dredging, excavation, 
dewatering, pilings, rock, etc.) is common to the gulf coast region.  The construction sites are 
mostly accessible from land with additional water access available for the construction of the 
barge gate structure.  Site access is easily provided from US Hwy.90 and other various local 
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highways. Water access is available from the Gulf Intracoastal Waterway (GIWW) through Lake 
Salvador, Bayou des Allemands and Petit Lac des Allemands waterways to the barge gate site. 


1.1.2  Estimate Structure 


The estimate was subdivided by USACE feature Work Breakdown Structure (WBS) codes.  Each 
WBS cost is subdivided into base cost, contingency and total cost. 


1.1.3  Bid Competition 


It is assumed there will not be an economically saturated market, and that bidding competition 
will be present.   


1.1.4  Contract Acquisition Strategy 


There is no declared contract acquisition plan/type at this time.  It is assumed that the contract 
acquisition strategy will be similar to past projects with some negotiated contracts, focus and 
preference of small business/8(a) with some large or more complex, unrestricted 
design/bid/build contracts. 


1.1.5  Labor Shortages 


It is assumed there will be a normal labor market pulled from the regional gulf coast region.  


1.1.6  Labor Rates 


Labor rates were developed comparing regional gulf coast labor market wages with the local 
Davis-Bacon Wage Determination, using whichever was determined greater. Regional gulf coast 
wage information was formulated from data gathered from approximately 20 different CEMVN 
construction projects in the Greater New Orleans region and is assumed to be a fair 
representation of wage rates for the Upper Barataria area. 


1.1.7  Materials 


Cost quotes were used for the major construction items such as concrete, steel H piling and 
sheet piling, sod, rock, gravel, sand material, etc., when available. It is assumed that materials, 
except for borrow material, will be purchased as part of the construction contract and prices 
include delivery of materials.   


All borrow material is assumed to be government furnished.  Specific sources for borrow material 
have not yet been established.  This study has identified considerable farmland and commercial 
borrow sites (e.g., Raceland Raw Sugars and River Birch) within a 15-20mile radius of the 
project.  Therefore, the PDT assumed average one-way haul distance of 20 miles until a 
committed borrow source has been confirmed to be available.  Haul speeds are estimated using 
a 30mph average speed, given the rural access roads and highways that exist in the area.   
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Until a borrow source has been confirmed the borrow quantity calculations will followed the CEMVN 
Geotechnical guidance as follows:  for hauled levee material, 10 bank cubic yards (BCY) of borrow 
material = 12 loose cubic yards (LCY) hauled = 8 embankment cubic yards (ECY) compacted.    


1.1.8  Quantities 


Quantities for levee construction were provided by the Civil designer. Quantities for each of the 
representative structures were provided by the Structural designer. The entire flood protection 
alignment was divided into eight reaches (Reach A through H).  Levee construction quantities 
were separated and provided for each reach which had an initial lift and one subsequent lift, with 
the exception of Reach H that had only an initial reach and Reach D that had an initial lift and 
two subsequent lifts to maintain 1% AEP until 2073.  For structural quantity development, 
Structural designer relied heavily on the 2018 10% conceptual design report compiled by Burk-
Kleinpeter, Inc., APTIM and GIS Engineering for the Lafourche Basin Levee District(LBLD) and 
North Lafourche Levee District(NLLD) as the majority of the structures in this report were also 
located within the 1% AEP alignment. The quantities provided for each of the structures in the 
LBLD report were reviewed by Structural designer to determine relative sufficiency, while the 
major structural components (i.e. piling and concrete) were modified to suit new design flood 
elevations. 


The assumed borrow acreage required for 1% AEP recommend plan is 500 acres and was 
provided by the civil designer. 


1.1.9  Equipment 


Rates used were based on the 2016 version of USACE EP-1110-1-8, Region III. Adjustments 
are made for fuel and facility capital cost of money (FCCM). Full FCCM/Cost of Money rate is 
latest available; Mii program takes EP recommended discount, no other adjustments have been 
made to the FCCM. Equipment was selected based on historical knowledge of similar projects.  


1.1.10  Rental Rates 


Judicious use of owned verses rental rates was considered based on typical contractor usage 
and local equipment availability.  Where rental of equipment is typical, rental rates were applied 
(ie. for marsh excavators in “Heavy Clearing and Grubbing” cost item, Tugboat, marine barges, 
etc. for barge gate structures and fronting protection where needed).    


1.1.11  Fuels 


Fuels (e.g., gasoline, on and off-road diesel fuel) for rental equipment were based on local 
market averages for the gulf coast area.  It was discovered that fuels fluctuate irrationally, which 
is why an average was used.   
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1.1.12  Crews 


Major crew and productivity rates were developed and studied by senior USACE estimators 
familiar with the type of work.  All of the work is typical to the gulf coast area and New Orleans 
District cost engineers.  The crews and productivities were checked by local MVN estimators, 
discussions with contractors and comparisons with historical cost data.  Major crews include 
haul, earthwork, piling, concrete, and hydraulic dredging. 


Most crew work hours were assumed to be 10 hrs. per day at 6 days per week, which is typical 
to the area.  Marine based bucket excavation/dredging operations are assumed to work 2-12 
hours shifts 7 days / week. 


A 10% markup on labor for weather delay was selectively applied to the labor in major earthwork-
placing detail items, and associated items that would be affected by the weather, creating unsafe 
or difficult conditions to operate (e.g., trying to run dump trucks on a wet levee) or would be 
detrimental/non-compliant to the work being performed (such as trying to place/compact material 
in the rain).  The 10% markup was to cover the common practice of paying for labor “showing 
up” to the job site and then being sent home due to minor weather conditions, which is part of 
known average weather impacts as reflected within the standard contract specifications.  The 
markup was not applied to small quantities where this can be scheduled around. 


1.1.13  Unit Prices 


The unit prices found within the various project estimates fluctuate within a range between similar 
construction units such as floodwall concrete, earthwork and piling.  Variances are a result of 
differing haul distances (by truck or barge), small or large business markups, subcontracted 
items, designs and estimates by others.   


1.1.14  Relocation Costs 


Relocation costs are defined as the relocation of public roads, bridges, railroads and utilities 
required for project purposes.  In cases where potential significant impacts were known, 
relocation costs were included within the cost estimate. Information from Relocations designer 
indicated relocations of certain public roads (Hwy. 90 and Hwy 18-River Road) were required for 
the 1% AEP recommended plan. The Relocations designer also provided all utilities to be 
relocated (i.e. pipe - ownership, diameter, material, product, location) and are shown in 
Engineering Appendix A. In addition, the Relocation designer provided the proposed method of 
flood protection for each underground utility (ie. Utility sleeved through a T-wall construction or 
relocated over the new earthen levee). Relocation of a utility to be sleeved through a T-wall 
includes excavation, installation of TRS, temporary support pipe, jack-in sheet pile, installation 
of pipe sleeve, backfill and removal of TRS.  Relocation of a utility to be relocated over the 
earthen levee includes excavation of a trench, including TRS if needed, hot tapping, 
demo/disposal of existing pipeline, routing new utility, backfill and removal of TRS.  For borrow 
sites, pipeline protection was included where pipelines crossed borrow area may cross haul 
access roads. Additionally, an Owner PED of 5% and S&A of 8% was added to the cost of each 
relocation.  
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1.1.15  Mobilization 


For the levee construction items Contractor mobilization (mob.) and demobilization (demob.) are 
based upon the assumption that most of the contractors will be coming from within the gulf 
coast/southern region.  Mob./demob. costs are based on historical studies of detailed 
government estimates for mob./demob., which are in the range of 5% of the construction costs 
for most projects with a few having a higher percentage or allowance for very small construction 
projects.   


1.1.16  Field Office Overhead 


The estimate used a field office overhead rate of 12% for the prime contractors at budget level 
development.  Based on historical studies and experience, Walla Walla District has 
recommended typical rates ranging from 9% to 11% for large civil works projects; however, the 
9-11% rate does not consider possible incentives such as camps, allowances, travel trailers,
meals, etc. which have been used previously to facilitate large or remote projects.  With
undefined acquisition strategies and assumed individual project limits, the estimate utilizes a
more comprehensive percentage-based approach applied at each contract rather than risking
minimizing overhead costs by detailing costs based on an assumed number of contracts.  The
applied rates were previously discussed among numerous USACE District cost engineers
including Walla Walla, Vicksburg, Norfolk, Huntington, St. Paul and New Orleans.


1.1.17  Overhead Assumptions 


Overhead assumptions may include costs for the superintendent, the office manager, pickup 
trucks, periodic travel costs, communications, temporary offices (contractor and Government), 
office furniture, office supplies, computers and software, as-built drawings and minor designs, 
tool trailers, staging setup, camp/facility/kitchen maintenance and utilities, utility service, toilets, 
safety equipment, security and fencing, small hand and power tools, project signs, traffic control, 
surveys, temporary fuel tank station, generators, compressors, lighting and minor 
miscellaneous.   


1.1.18  Home Office Overhead 


The estimated percentages range based upon consideration of 8(a), small business and 
unrestricted prime contractors. The rates were based upon estimating and negotiating 
experience, and consultation with local construction representatives.  Different percentages are 
used when considering the contract acquisition strategy regarding small business 8(a), 
competitive small business and large business, high to low, respectively.  For prime contractor 
the Home Office Overhead a percentage of 10% was assumed.  
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1.1.19  Taxes 


Local taxes on supplies and materials needed for construction would be applied based on the 
parishes that contain the work.  Reference the tax rate website for Louisiana: 
http://www.salestaxstates.com. 


1.1.20  Bond 


The Bond interest rate was assumed to be 1%, applied against the prime contractor, assuming 
large contracts.  There was no differentiation between large and small businesses. 


1.1.21  Real Estate Costs 


Real Estate (RE) costs were developed and provided by the Realty Specialist and placed in 
WBS-01 Lands and Damages.  The total RE cost for Land, Easements, Rights-Of-Way, 
Relocation, and Disposal Areas (LERRD) is estimated to be $96.1 Million and includes 
approximately $11.9 Million in real estate costs associated with the acquisition of real estate 
interests for the recommended plan (structural features) and $84.2 Million for the non-structural 
plan to mitigate for induced flooding produced by the flood protection for the recommended plan. 
Real Estate costs include 25% for contingencies. Refer to Real Estate Appendix D for more 
detailed information. 


For the non-structural portion of the recommended plan, the induced flooding risk is greatest 
within the community of Bayou Gauche due to the close proximity to the proposed flood 
protection. With the presence of existing local flood risk reduction measures in Gheens and 
Mathews, the extent of induced flooding risk in those communities is more uncertain. The 
potential induced damages and mitigation for economic damages would be further addressed 
during PED, including options to make improvements to the existing local levees (Gheens and 
Mathews) as a mitigation measure.  At this time, we have included the highest cost, a worst-
case scenario mitigation for potential induced flooding, which includes acquisition of 64 
residential structures in Bayou Gauche, 173 residential structures in Gheens, and 33 residential 
structures plus 5 commercial structures in Mathews. Even though the highest cost (acquisitions) 
was accounted for in the overall project cost estimate, further modeling to determine whether 
there is a potential taking and individual investigation and mitigation for each structure will be 
done during PED to determine if mitigation is appropriate. See section 6 of the main report and 
Appendix D, Real Estate Plan, for more information on methods to reduce risk of induced 
flooding outside the project. 


1.1.22  Environmental Costs 


Cost estimate includes $93 Million for “Mitigation – Habitat Loss” and placed in Work Breakdown 
Structure WBS-06 Fish and Wildlife Facilities. This Environmental cost includes mitigation for 
direct impacts only (i.e. alignment footprint, access roads, etc.). The total Environmental cost 
was provided by the Environmentalist and was developed assuming compensatory mitigation 
will be handled using Mitigation Bank Credits. In determining this overall mitigation cost the 
Environmentalist first took the acres directly impacted by construction and separated these acres 
by land type - Bottom Land Hardwood-Wet (BLH-Wet), Cypress-Tupelo Swamp, Fresh Marsh 



http://www.salestaxstates.com/
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and Water Bottom. There are approximately 291 acres of BLH-Wet, 167 acres of Cypress-
Tupelo Swamp, 267 acres of Fresh Marsh and 95 acres of water bottom that would be impacted 
as a result of construction. These acres were then converted to Average Annual Habitat Unit 
(AAHU’s) as compensatory mitigation for the impacts resulting from construction of the 
recommended plan. A cost factor was then applied to each type of AAHU. These cost factors 
were developed utilizing historical bid cost data from completed mitigation projects.  


1.1.23  Cultural Resources Costs 


Cultural Resources (CR) costs were provided by the Archaeologist, Natural/Cultural Resources 
Analyst and placed in WBS-13 Cultural Resources Preservation. The CR costs include Phase I 
& II Cultural Surveys and mitigation of resources if required. For borrow sites, known or identified 
cultural resource sites will be avoided.   


1.1.24  Planning, Engineering and Design (PED) 


The PED cost included such costs as USACE project management, engineering, planning, 
designs, investigations, studies, reviews, value engineering (VE) and engineering during 
construction.  Historically, a rate of approximately 12% for Engineering and Design (E&D) 
portion, plus small percentages for other support features, is applied against the estimated 
construction costs.  Other USACE civil works districts such as St. Paul, Memphis and St. Louis 
have reported values ranging from 10% to 15% for E&D.  Additional support features might 
include project management, engineering, planning, designs, investigations, studies, reviews 
and VE.  A PED rate of 20.5% was applied for this project.    


1.1.25  Supervision and Administration (S&A)  


Historically, a range from 5% to 15%, depending on project size and type, has been applied 
against the estimated construction costs.  Other USACE civil works districts such as St. Paul, 
Memphis and St. Louis report values ranging from 7.5% to 10%.  Consideration includes that a 
portion of the Supervision and Administration (S&A) effort could be performed by contractors. 
An S&A rate of 11% was applied for this project.   


1.1.26  Contingencies 


For the Recommended Plan, a full Cost and Schedule Risk Analysis (CSRA) was developed on 
the complete project using the Crystal Ball Program.  See Project Cost and Schedule Risk 
Analysis Report for details. 


1.1.27  Escalation 


The escalation for the structural items taken from the LBLDDR were based upon the latest 
version of the USACE Engineering Manual (EM) 1110-2-1304, “Civil Works Construction Cost 
Index System (CWCCIS)”.   


1.1.28  Hazardous, Toxic and Radioactive Waste (HTRW) 
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Phase 1 surveys have not been fully performed, but preliminary investigation by the Biologist 
indicates no issues were found along Reaches D through H alignment and the risk of finding 
HTRW in the remaining mostly rural and residential areas of Reaches A, B and C that are along 
the alignment is low.  At this time there is no reason to believe HTRW will be found, therefore, 
the estimates do not include costs for any potential HTRW.   


1.1.29  Schedule  


Plan Formulation/Project Management for the UBB study have directed that major construction 
of the system be assumed to begin in first quarter of FY2024 with a complete 1% AEP risk 
reduction system in place by end of FY2026. The expected construction duration period is three 
years with the first lift including all structures completed by 2026 followed by maintenance lift 
events occurring in 2038, 2041, 2044, 2054, 2056 and 2059.  


1.1.30  Cost Estimate 


Table 1-1 shows the baseline project cost for the 1% AEP Recommend Plan. This information 
was taken from the Total Project Cost Sheet (TPCS). See Table 1-2 shows the TPCS for the 1% 
AEP Recommended Plan.  All costs are at November 2020 price levels and rounded to the 
nearest thousandth.       


Table 1-1:  1% AEP Recommended Plan 
Feature Cost Contingency Total 
01 Lands and Damages $76,863,000 $19,216,000 $96,079,000 


02 Relocations $23,827,000 $8,578,000 $32,405,000 


06 Fish and Wildlife Facilities $68,571,000 $24,686,000 $93,257,000 


11 Levees and Floodwalls $509,516,000 $183,426,000 $692,942,000 


15 Floodway Control and Diversion 
Structures 


$181,014,000 $65,165,000 $246,179,000 


18 Cultural Resources Preservation $1,100,000 $396,000 $1,496,000 


30 Planning, Engineering & Design $160,726,000 $57,861,000 $218,587,000 


31 Construction Management $86,243,000 $31,048,000 $117,291,000 


TOTAL $1,107,860,000 $390,376,000 $1,498,236,000 
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Table 1-2:  TPCS for 1% AEP Recommended Plan 


1.1.31 Cost Estimate – 1% AEP Recommended Plan - Mii Project Summary 


Mii project Summary for the Recommended Plan is attached at the end of the Annex. 


1.1.32 Cost Estimate – 1% AEP Recommended Plan - CSRA Executive Summary 
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EXECUTIVE SUMMARY 


The US Army Corps of Engineers (USACE), New Orleans District, presents this cost and 
schedule risk analysis (CSRA) report regarding the risk findings and recommended 
contingencies for the UPPER BARATARIA BASIN FEASIBILITY STUDY 1% AEP 
Recommended Plan.  In compliance with Engineer Regulation (ER) 1110-2-1302 CIVIL WORKS 
COST ENGINEERING, dated June 30, 2016, a formal risk analysis, a Monte-Carlo based-study 
was conducted by the Project Development Team (PDT) on remaining costs.  The purpose of 
this risk analysis study is to present the cost and schedule risks considered, those determined 
and respective project contingencies at a recommended 80% confidence level of successful 
execution to project completion. 


The scope of the 1% AEP (100yr future design) Recommended Plan consists of constructing a 
30.6-mile flood protection alignment near the communities of Boutte, Paradis, Des Allemands 
and Raceland.  The system starts in Luling, Louisiana where it connects to the Mississippi River 
Levee through the Davis Pond Diversion Structure West Guide Levee, continues south, 
improving upon and updating deficiencies in the St. Charles Parish Levee, crosses Bayou Des 
Allemands with a 270-ft barge gate structure and continues parallel to U.S. Highway 90 before 
it ties into high ground across the basin near Raceland.  


Specific to the Upper Barataria Basin Project, the current project base cost estimate, pre-
contingency, approximates $1.055B, excluding Real Estate. This CSRA study excludes “spent” 
costs, excludes contingencies, and is expressed in FY2021 dollars. Real Estate requirements 
have not been included in the CSRA since the USACE Real Estate office provides a 25% 
contingency to be used.  


Cost estimates fluctuate over time.  During this period of study, minor cost fluctuations can and 
have occurred.  For this reason, contingency reporting is based in cost and per cent values. 
Should cost vary to a slight degree with similar scope and risks, contingency per cent values will 
be reported, cost values rounded.  Based on the results of the analysis, the Cost Engineering 
Mandatory Center of Expertise for Civil Works (MCX- located in Walla Walla District) 
recommends a 29% contingency applied to base cost, excluding Real Estate, at an 80% 
confidence level of successful project completion. This contingency is applied to construction 
costs, PED and Construction Management.  See Table ES-1.      


Table ES-1 Construction Contingency Results 


Contingency Table 


Confidence Level Base Cost Contingency $ Contingency (%) 
50% $1,054,848,835 $253,163,720 24% 
70% $1,054,848,835 $284,809,185 27% 
80% $1,054,848,835 $305,906,162 29% 
90% $1,054,848,835 $327,003,139 31% 
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2 UPPER BARATARIA COST – SCREENING PHASE – FINAL ARRAY 


2.1  General Cost Information for Final Array of Alternatives (Alternates 1, 2, 7 and 10) 


2.1.1  Cost Estimate Development 


Cost estimates for the final array of structural alternatives (Alternatives 1, 2 & 10) were 
developed at a Class 4 Level of effort utilizing largely parametric unit prices from sources such 
as historical Government and Commercial bid data, Architect/Engineer (A/E) cost estimates 
available from design reports, 2019 Gordian/RS Means Cost Data Books and other available 
historical cost data. For developing costs for certain levee construction items such as “Clearing 
and Grubbing” and “Embankment, Compacted Fill” the standard approaches for developing a 
feasibility cost regarding cost elements such as labor, equipment, materials, crews, unit prices, 
subcontractor and prime contractor markups was used. The Lafourche Basin Levee District 
Upper Barataria Risk Reduction Conceptual Design Report (LBLDDR), dated December 2018, 
was very useful to the feasibility study in developing costs for structural features of work. The 
LBLDDR had already developed 10% conceptual designs for all structures in an alignment that 
would span from the Mississippi River to Raceland and mimic very closely the alignment paths 
of the final array of structural alternatives, but used a higher design elevation for the structures 
(EL.14.5’). It was decided by the Project Delivery Team (PDT) that any LBLDDR structure type 
that fell within the same path along the alternatives’ alignments would also be included in that 
alternative alignment. The A/E cost estimates from the LBLDDR included itemized quantities in 
sufficient enough detail as to be useful in prorating the quantities for eight (8) representative 
structures (Davis Pond Pump Station Fronting Protection, Union Pacific Railroad Gate, Tidal 
Exchange Structure #1, 270 ft. Barge Gate, 45 ft. Roller Gate, 20 ft. Stop Log Gate, Large 
Hydraulic Structure and Davis Diversion Pipeline #2 T-wall) at the new design elevation for each 
alternative. Unit costs for the representative structures were reviewed for reasonableness and 
then applied to the revised quantities to develop new total costs for the representative structures. 
The cost factor differential for each representative structure was then applied to other similar 
structures within each alignment. In the final step, cost of each structure was then escalated to 
4th quarter 2019 pricing to develop new costs for all structures. There are 8 pump station 
structures included in the LBLDDR alignment (Davis Pond PS, Willowdale PS, Willowridge PS, 
Cousins PS, Kellogg PS, Ellington PS, Magnolia Ridge PS and Crawford Canal PS) which are 
all located within St. Charles Parish. Seven are existing pump stations and Magnolia Ridge 
Pump Station is presently being constructed. The Hydraulics designer stated no new pump 
stations will be required for any of the final array of alternatives, but costs for new fronting 
protection for these pump stations will be included where necessary based upon the design 
elevation requirement for each alternative.  


The intent of the cost estimate was to provide or convey a “fair and reasonable” estimate and 
where cost detail was provided, it depicted the local market conditions. All of the construction 
work (e.g., levees, floodwalls, gate structures, control structures, dredging, excavation, 
dewatering, pilings, rock, etc.) is common to the gulf coast region.  The construction sites are 
mostly accessible from land with additional water access available for the construction of the 
barge gate structure.  Site access is easily provided from US Hwy.90 and other various local 
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highways. Water access is available from the Gulf Intracoastal Waterway (GIWW) through Lake 
Salvador, Bayou des Allemands and Petit Lac des Allemands waterways to the barge gate site.  


The cost estimate for the non-structural alternative (NS1 or Alternative 7) was developed to 
capture costs for elevating residential structures and flood proofing non-residential structures in 
which the first floor elevation was below the FWOP flood stage and where flood damages would 
be expected to occur. Inventory of the residential and non-residential structures and foundation 
heights were developed using the National Structure Inventory (NIS) version 2 and foundation 
heights from the 2010 Donaldsonville to the Gulf Feasibility Study: Residential and Non-
Residential Structure Inventory.  


Elevation costs for residential structures were based on the difference in the number of feet 
between the original first floor elevation and the target elevation (100 year future-without project 
stage) for each structure. The number of feet that each structure was raised was rounded to the 
closet one-foot increment, with the exception that structures less than one foot below the target 
elevation were rounded up to one foot. The costs per square foot for raising residential structures 
were developed using previous unit costs from the 2012 Donaldsonville to the Gulf Feasibility 
Study evaluation. The previous unit costs were calculated from data collected from interviews 
with representatives of three major metropolitan New Orleans area firms that specialize in 
structure elevation; these October 2011 unit costs were then escalated to October 2019 prices. 
(See Engineering Appendix A, Section 2.7.3, Table 2-1: Cost per square foot to Raise 
Residential Structures (October 2019 Price Level).   Composite costs were derived for residential 
structures by type: slab and pier foundation, one- story and two-story configuration and for 
mobile homes.  These composite unit costs also vary by the number of feet that structures may 
be elevated. The cost per square foot to raise an individual structure to the target height was 
multiplied by the footprint square footage of each structure to compute the costs to elevate the 
structure. Additionally, a labor estimate of $15,000 per structure to complete required 
administrative activities by the Federal sponsor in implementing this nonstructural measure was 
added to the cost of implementation. Additionally, a real estate cost of $15,000 per structure was 
added to the cost of implementation. Elevation costs by structure were summed to yield an 
estimate of total structure elevation costs. 


Dry flood proofing costs for non-residential structures were developed based on their relative 
square footage. Separate costs were assigned to three ranges of square footage based on 
previous costs developed for the 2012 Donaldsonville to the Gulf Feasibility Study evaluation by 
contacting local contractors and escalated to October 2019 prices. Additionally, a labor estimate 
of $15,000 per structure to complete required administrative activities by the Federal sponsor in 
implementing this nonstructural measure was added to the cost of implementation. Additionally, 
a real estate cost of $15,000 per structure was added to the cost of implementation. Flood 
proofing costs by structure were summed to yield an estimate of total structure flood proofing 
costs. 


The non-structural costs for elevating and flood proofing were then combined. As the first cost 
was over $1.1 Billion, the PDT decided as a first run to apply the 34.5% risk contingency that 
was originally developed for the Southwest Coastal Study NED/TSP non-structural alternative 
which is similar in scope and risks to the UBB non-structural alternative. As the resultant benefit-
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to-cost ratio (BCR) fell well below unity(BCR = 0.3) with the contingency and would still fall below 
unity without the contingency, the alternative no longer was economically justifiable, therefore, 
no further effort was placed on this alternative.   


2.1.2  Estimate Structure 


The estimates have been subdivided by alternative and each estimate contains USACE feature 
Work Breakdown Structure (WBS) codes.  Each WBS cost is subdivided into base cost, 
contingency and total cost. 


2.1.3  Bid Competition 


It is assumed there will not be an economically-saturated market, and that bidding competition 
will be present.   


2.1.4  Contract Acquisition Strategy 


There is no declared contract acquisition plan/type at this time.  It is assumed that the contract 
acquisition strategy will be similar to past projects with some negotiated contracts, focus and 
preference of small business/8(a) with some large, unrestricted design/bid/build contracts. 


2.1.5  Labor Shortages 


It is assumed there will be a normal labor market pulled from the regional gulf coast region.  


2.1.6  Labor Rates 


Labor rates used for “Clearing and Grubbing” and “Embankment, Compacted Fill” items were 
developed comparing regional gulf coast labor market wages with the local Davis-Bacon Wage 
Determination, using whichever was determined greater. Regional gulf coast wage information 
was formulated from data gathered from approximately 20 different CEMVN construction 
projects in the Greater New Orleans region and is assumed to be a fair representation of wage 
rates for the Upper Barataria area. 


2.1.7  Materials 


As parametric unit costs were used for the major construction items such as concrete, steel H 
piling and sheet piling, HPTRM, sod, rock, gravel, sand material, etc., no material quotes were 
obtained at this time. Material prices for steel piping used in relocation costs was taken from the 
2019 Heavy Construction Costs RS Means Data Book. It is assumed that materials, except for 
borrow material, will be purchased as part of the construction contract and prices include delivery 
of materials.   


All borrow material is assumed to be government furnished.  Specific sources for borrow material 
have not yet been established.  There is considerable farmland and commercial borrow sites 
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(e.g., Raceland Raw Sugars and River Birch) within a 15 mile radius of the project.  Therefore, 
the PDT assumed average one-way haul distance of 15 miles until a committed borrow source 
has been confirmed to be available.  Haul speeds are estimated using a 35 mph average speed, 
given the rural access roads and highways that exist in the area.   


Until a borrow source has been confirmed, the borrow quantity calculations will follow the CEMVN 
Geotechnical guidance as follows:  for hauled levee material, 10 bank cubic yards (BCY) of borrow 
material = 12 loose cubic yards (LCY) hauled = 8 embankment cubic yards (ECY) compacted.    


2.1.8  Quantities 


The PDT decided that for each alternative a single design elevation would be the used across 
the entire alignment to calculate levee quantities. This single design elevation was determined 
by calculating the mean average of all the design elevations for that alignment. Quantities for 
levee construction were developed by the civil designer for the various alternatives and are 
provided in Annex 1 of the Engineering Appendix A. The PDT also decided at this time that 2 
feet would be added to the design elevation for all structures to address structural superiority. In 
feasibility level design it will be further investigated, whether this additional 2 feet will be 
necessary for all structural applications based on the latest HSDRRS design criteria.  Eight 
representative structures (Davis Pond Pump Station Fronting Protection, Union Pacific Railroad 
Gate, Tidal Exchange Structure #1, 270 ft. Barge Gate, 45 ft. Roller Gate, 20 ft. Stop Log Gate, 
Large Hydraulic Structure and Davis Diversion Pipeline #2 T-wall) were selected from the 
LBLDDR including their respective A/E costs. The design parameters and quantities for each 
representative structure were changed by the structural designer to meet the new design 
elevations for each alternative and new costs were developed for each representative structure 
for each alternative. The new cost divided by the old cost created a cost factor for each of these 
eight representative structures that was then applied to other similar structures in the alignment 
to generate new costs for those structures. During feasibility level design of the TSP all the 
structures within the proposed alignment will be further developed and the associated quantities 
individually defined.  


The assumed borrow acreage required for Alt. 1 is 54 acres, Alt. 2 is 74 acres and Alt. 10 is 226 
acres. 


2.1.9  Equipment 


Rates used for “Clearing and Grubbing” and “Embankment, Compacted Fill” cost items were 
based on the 2016 version of USACE EP-1110-1-8, Region III.  Equipment was selected based 
on historical knowledge of similar projects.   


2.1.10  Rental Rates 


Where rental of equipment is typical, rental rates were applied (ie. for marsh excavators in 
“Heavy Clearing and Grubbing” cost item).    


2.1.11  Fuels 
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Fuels (e.g., gasoline and diesel fuel) for rental equipment were based on local market averages 
for the gulf coast area.  It was discovered that fuels fluctuate irrationally, which is why an average 
was used.   


2.1.12  Crews 


For “Clearing and Grubbing” and “Embankment, Compacted Fill” cost items crew work hours 
were assumed to be 10 hrs. per day at 6 days per week, which is typical to the area.   


A 10% markup on labor for weather delay was selectively applied to the labor in major earthwork-
placing detail items, and associated items that would be affected by the weather, creating unsafe 
or difficult conditions to operate (e.g., trying to run dump trucks on a wet levee) or would be 
detrimental/non-compliant to the work being performed (such as trying to place/compact material 
in the rain).  The 10% markup was to cover the common practice of paying for labor “showing 
up” to the job site and then being sent home due to minor weather conditions, which is part of 
known average weather impacts as reflected within the standard contract specifications.   


2.1.13  Unit Prices 


The unit prices found within the various project estimates fluctuate within a range between similar 
construction units such as floodwall concrete, earthwork and piling.  Variances are a result of 
differing haul distances (by truck or barge), small or large business markups, subcontracted 
items, designs and estimates by others.   


2.1.14  Relocation Costs 


Relocation costs are defined as the relocation of public roads, bridges, railroads and utilities 
required for project purposes.  In cases where potential significant impacts were known, 
relocation costs were included within the cost estimate. Information from Relocations Designer 
showed no relocations of public roads, bridges or railroads were required for these alternatives. 
The Relocations designer did provide all utilities to be relocated for each of the alternatives (i.e. 
pipe - ownership, diameter, material, product, location) and are shown in Engineering Appendix 
A, Section 2.15.3, Tables 2-2, 2-3 and 2-4. In addition, the Relocation designer provided the 
proposed method of flood protection for underground pipe (ie. pipeline sleeved through a T-wall 
construction or relocated over the new earthen levee). Relocation of a pipeline to be sleeved 
through a T-wall includes excavation, installation of TRS, temporary support pipe, jack-in sheet 
pile, installation of pipe sleeve, backfill and removal of TRS and cost provided was based on 
historical bid data. Relocation of a pipeline to be relocated over the earthen levee includes 
excavation of a trench, including TRS if needed, hot tapping, demo/disposal of existing pipeline, 
routing new pipeline, backfill and removal of TRS. Cost was developed using historical cost data 
and 2019 Heavy Construction Gordian/RS Means Data Book.  Additionally, an Owner PED of 
5% and S&A of 8% was added to the cost of each relocation. Relocation costs were placed in 
Work Breakdown Structure WBS-02 Relocations. 


2.1.15  Mobilization 
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For the levee construction items Contractor mobilization (mob.) and demobilization (demob.) are 
based on the assumption that most of the contractors will be coming from within the gulf 
coast/southern region.  Mob./demob. costs are based on historical studies of detailed 
government estimates for mob./demob., which are in the range of 3% to 5% of the construction 
costs.   


2.1.16  Field Office Overhead 


The “Clearing and Grubbing” and “Embankment, Compacted Fill” items used a field office 
overhead rate of 25% for the prime contractors based on historical projects such as ABL - West 
Bayou Sale North Bend Phase B and MRL- Carrolton Phase II. 


2.1.17  Overhead Assumptions 


Overhead assumptions may include costs for the superintendent, the office manager, pickup 
trucks, periodic travel costs, communications, temporary offices (contractor and Government), 
office furniture, office supplies, computers and software, as-built drawings and minor designs, 
tool trailers, staging setup, camp/facility/kitchen maintenance and utilities, utility service, toilets, 
safety equipment, security and fencing, small hand and power tools, project signs, traffic control, 
surveys, temporary fuel tank station, generators, compressors, lighting and minor 
miscellaneous.   


2.1.18  Home Office Overhead 


The estimated percentages range based upon consideration of 8(a), small business and 
unrestricted prime contractors. The rates were based upon estimating and negotiating 
experience, and consultation with local construction representatives.  Different percentages are 
used when considering the contract acquisition strategy regarding small business 8(a), 
competitive small business and large business, high to low, respectively.  For Home Office 
Overhead a percentage of 13% was assumed.  


2.1.19  Taxes 


Local taxes on supplies and materials needed for construction would be applied based on the 
parishes that contain the work.  Reference the tax rate website for Louisiana: 
http://www.salestaxstates.com. 


2.1.20  Bond 


The Bond interest rate was assumed to be 1%, applied against the prime contractor, assuming 
large contracts.  There was no differentiation between large and small businesses. 


2.1.21  Real Estate Costs 


Real Estate (RE) costs were developed and provided by the Realty Specialist and placed in 
WBS-02 Lands and Damages.  The RE cost for each alternative includes land costs, acquisition 
costs (including acquisition of agricultural land for borrow) and 25% for contingencies.  



http://www.salestaxstates.com/
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2.1.22  Environmental Costs 


Environmental costs were provided by the Environmentalist and placed in Work Breakdown 
Structure WBS-06 Fish and Wild Life Facilities. The Environmental costs for each alternative 
includes only mitigation of the flood protection alignment footprint.   


2.1.23  Cultural Resources Costs 


Cultural Resources (CR) costs were provided by the Archaeologist, Natural/Cultural Resources 
Analyst and placed in WBS-13 Cultural Resources Preservation. The CR costs for each 
alternative include Phase I & II Cultural Surveys and mitigation of resources if required. For 
borrow sites, known or identified cultural resource sites will be avoided.   


2.1.24  Planning, Engineering and Design (PED) 


The PED cost included such costs as USACE project management, engineering, planning, 
designs, investigations, studies, reviews, value engineering (VE) and engineering during 
construction.  Historically, a rate of approximately 12% for Engineering and Design (E&D) 
portion, plus small percentages for other support features, is applied against the estimated 
construction costs.  Other USACE civil works districts such as St. Paul, Memphis and St. Louis 
have reported values ranging from 10% to 15% for E&D.  Additional support features might 
include project management, engineering, planning, designs, investigations, studies, reviews 
and VE.  A PED rate of 20.5% was applied for this project.    


2.1.25  Supervision and Administration (S&A) 


Historically, a range from 5% to 15%, depending on project size and type, has been applied 
against the estimated construction costs.  Other USACE civil works districts such as St. Paul, 
Memphis and St. Louis report values ranging from 7.5% to 10%.  Consideration includes that a 
portion of the Supervision and Administration (S&A) effort could be performed by contractors. 
An S&A rate of 11% was applied for this project.   


2.1.26  Contingencies 


Contingencies for the final array of structural alternatives were developed using the USACE 
Abbreviated Cost Risk Analysis (ARA) program.  An ARA is a qualitative approach used by the 
PDT to address key risk concerns for major features of work and their impact to cost and 
schedule drivers such as Project Scope Growth, Acquisition Strategy, Construction Elements, 
Quantities, Specialty Fabrication or Equipment, Cost Estimate Assumptions and External Project 
Risks.  A separate ARA was conducted for Alternatives 1 and 2, with each analysis resulting in 
a composite risk contingency of approximately 31%. As Alternative 10 was added very late as a 
final alternative, it was decided by PDT that the same 31% composite risk contingency could 
logically be applied to Alternative 10, since each of the three structural alternatives had the same 
features of work and very similar risk concerns.  It should be noted Real Estate, PED and S&A 
costs were not included in formulating the composite risk contingency.    
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2.1.27  Escalation 


The escalation for the structural items taken from the LBLDDR were based upon the latest 
version of the USACE Engineering Manual (EM) 1110-2-1304, “Civil Works Construction Cost 
Index System (CWCCIS)”.   


2.1.28  Hazardous, Toxic and Radioactive Waste (HTRW) 


Phase 1 surveys have not been performed, but preliminary investigation by the Biologist 
indicates no issues were found along the proposed final alternative alignments and the risk of 
finding HTRW in the mostly rural and residential areas that are along the alignment is low.  At 
this time there is no reason to believe HTRW will be found, therefore, the estimates do not 
include costs for any potential HTRW.   


2.1.29  Schedule  


The project schedule for each structural alternative was developed based on the construction 
features of work.  A generic construction schedule was applied to all of the alternatives for 
comparison purposes.   


Plan Formulation/Project Management for the UBB study have directed that construction of the 
system be assumed to begin in 2020 with a complete risk reduction system in place by 2023. 
The expected construction period for Alternatives 1 & 2 are each three years. The expected 
construction period for Alternative 10 is three years for the first lift including all structures followed 
by maintenance lift events, each 1-2 years in duration, occurring in 2033, 2038, 2053, 2062 and 
2064.  


2.1.30  Cost Estimates 


The final array of alternatives, from which a TSP was selected, consisted of Alternatives 1, 2, 7, 
10 and the future without project conditions.  Tables 1-1 through 1-3 show the baseline project 
cost for each structural alternative in the final array.  All costs are at October 2019 price levels.  
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*Table 1-1:  Alternative 1 – U.S. Highway 90 – Segment 1 Extension, 7.5ft
Feature Cost Contingency Total 
01 Lands and Damages $3,907,000 $977,000 $4,884,000 


02 Relocations $21,434,000 $6,587,000 $28,021,000 


06 Fish and Wildlife Facilities $57,557,000 $17,689,000 $75,246,000 


11 Levees and Floodwalls $140,569,000 $43,201,000 $183,770,000 


15 Floodway Control and Diversion 
Structures 


$86,519,000 $26,590,000 $113,109,000 


18 Cultural Resources Preservation $682,000 $210,000 $892,000 


30 Planning, Engineering & Design $50,947,000 $15,658,000 $66,605,000 


31 Construction Management $27,337,000 $8,402,000 $35,739,000 


TOTAL $388,952,000 $119,314,000 $508,266,000 


*Table 1-2:  Alternative 2 – U.S. Highway 90 – Full Alignment, 8.5 ft
Feature Cost Contingency Total 
01 Lands and Damages $4,743,000 $1,186,000 $5,929,000 


02 Relocations $29,226,000 $9,001,000 $38,277,000 


06 Fish and Wildlife Facilities $75,818,000 $23,350,000 $99,168,000 


11 Levees and Floodwalls $196,480,000 $60,510,000 $256,990,000 


15 Floodway Control and Diversion 
Structures 


$95,748,000 $29,488,000 $125,236,000 


18 Cultural Resources Preservation $694,000 $214,000 $908,000 


30 Planning, Engineering & Design $65,898,000 $20,295,000 $86,193,000 


31 Construction Management $35,360,000 $10,890,000 $46,250,000 


TOTAL $503,967,000 $154,934,000 $658,901,000 
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*Table 1-3:  Alternative 10 – 1% AEP Open Basin, 12.0 ft
Feature Cost Contingency Total 
01 Lands and Damages $5,365,000 $1,341,000 $6,706,000 


02 Relocations $19,270,000 $5,916,000 $25,186,000 


06 Fish and Wildlife Facilities $55,920,000 $17,167,000 $73,087,000 


11 Levees and Floodwalls $371,317,000 $113,994,000 $485,311,000 


15 Floodway Control and Diversion 
Structures 


$88,383,000 $27,134,000 $115,517,000 


18 Cultural Resources Preservation $853,000 $262,000 $1,115,000 


30 Planning, Engineering & Design $98,189,000 $30,144,000 $128,333,000 


31 Construction Management $52,687,000 $16,175,000 $68,862,000 


TOTAL $691,984,000 $212,133,000 $904,117,000 


* All costs for Tables 1-1 through 1-3 above do not include costs for armoring.


The total baseline project cost for the nonstructural alternative (NS1 or Alternative 7) is 
$1,568,912,000.   


2.1.31  NED Plan/Tentatively Selected Plan 


The final array of alternatives were compared based on a variety of factors such as input from 
economics, hydraulic impacts and non-Federal sponsor coordination.  Alternatives 1 and 2 were 
found to have positive net benefits, 1.5 and 1.2, respectively.  Alternative 7(NS1) was not 
economically justified as a standalone alternative at a BCR of 0.3.  Alternative 10 was eliminated 
from consideration due to a further economic adjustment, which yielded a BCR of 0.95.   Based 
on the economic analysis of the final array of alternatives the National Economic Development 
(NED) plan is Alternate 1 – US Highway 90 – Segment 1 Extension, which is also the PDT’s 
Tentatively Selected Plan (TSP).   


For the final array of structural alternatives, armoring of the flood protection system for resiliency 
had not been fully vetted; therefore, costs for armoring was not included in any of the 
alternatives.  As the flood protection system would need some type of armoring to allow for 
resiliency during elevated overtopping rates, the PDT agreed armoring would be provided along 
the entire levee alignment, including the existing St. Charles Parish Levee, regardless of which 
alternative was chosen. With consensus from the civil designer the armoring designs for Alt. 1, 
2 and 10 would likely look very similar along the alignment, but Alt. 2 and Alt. 10 would need to 
protect more cross sectional area due to greater system design elevations; therefore, would be 
more costly. Based on this information, the addition of armoring costs to the alternatives would 
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not have changed the NED/TSP selection. As part of a sensitivity analysis to indicate a range of 
probable additional costs for armoring, costs were developed for armoring Alt.1 (NED/TSP) with 
either (1) High Performance Turf Reinforcement Matting (HPTRM) system or by utilizing (2) 
concrete armoring as the most extreme case. Applying an armoring unit cost/SY for each method 
to the estimated SY of armoring over the length of the flood protection alignment calculated an 
additional cost of $47,000,000 for HPTRM and $140,000,000 for concrete. Adding each 
respective armoring cost to the baseline or first cost, Alt. 1 using HPTRM is $555,266,000 and 
for Alt. 1 using concrete is $648,266,000. Utilizing either armoring design, Alternate 1 would still 
maintain a positive net benefit of between 1.2 and 1.4; therefore, it is still the PDT’s Tentatively 
Selected Plan (TSP).  The armoring system design for the NED/TSP will be further defined and 
optimized during feasibility level design.  


As part of system optimization during Feasibility Level design, in conjunction with new hydraulic 
information from “Future With Project Conditions” and associated overtopping conditions, non-
structural measures could be re-introduced in certain targeted populated areas. 
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Description Quantity UOM ContractCost Contingency Escalation ProjectCost


bid schedule summary 1,105,524,412.90 2,335,936.83 0.00 1,107,860,349.73


01 Lands and Damages 1.0000 JOB 76,863,000.00 0.00 0.00 76,863,000.00


02 Relocations 1.0000 JOB 21,490,827.28 2,335,936.83 0.00 23,826,764.11


06 Fish and Wildlife Facilities 1.0000 JOB 68,571,399.00 0.00 0.00 68,571,399.00


11 Levees and Floodwalls 1.0000 JOB 509,516,498.17 0.00 0.00 509,516,498.17


15 Floodway Control-Diversion Structure 1.0000 EA 181,013,688.45 0.00 0.00 181,013,688.45


18 Cultural Resource Preservation 1.0000 JOB 1,100,000.00 0.00 0.00 1,100,000.00


30 Planning, Engineering and Design 1.0000 JOB 160,726,000.00 0.00 0.00 160,726,000.00


31 Construction Management 1.0000 JOB 86,243,000.00 0.00 0.00 86,243,000.00
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Upper Barataria Basin 
Barge Gate 


Design Analysis 


Designer: Whitney Hickerson 


Reviewed by: Jerry Shih 


Date: August 16, 2021 


Subject: Upper Barataria Basin Barge Gate Analysis 


Files: 


Description of Required Support: 


H&H branch has been requested to design the barge gate structure where the Recommended 


Plan’s levee alignment crosses at Bayou des Allemands.  See Figure 1 for the location of the 


barge gate structure. 


Figure 1 – Barge Gate Location 
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Methodology: 


The sizing of the barge gate structure was based on not exceeding the flow restriction at the 


railroad crossing (See Figure 2) thus allowing the barge gate structure to convey a similar flow 


regime. For this exercise, the RR crossing is treated as an open channel not accounting for losses 


around the piers which leads to a more conservative design. This can be done by using the 


Continuity Equation (Q = V x A) and its proportionality to the Manning’s Equations:  


Q = (1.49/n *A * R2/3 * S1/2). 


Figure 2 – Railroad Restriction 


Using the channel invert elevation of -10 ft (see Figure 6) and a top of bank elevation of 4 ft (See 


Figure 3), the total depth is 14 ft at the barge gate structure.  At the RR crossing, the channel 


invert elevation of -20 ft (provided by USFWS) and a top of bank elevation of 4 ft, results in a 


total depth to 24 ft. Also, the record high stage at the gage located at the Hwy 631 bridge is 3.92 


ft (See Figures 4 and 5) which further informs the decision to use 4 ft as the maximum stage 


achievable. 
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Figure 3 – Bank Elevation 
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Figure 4 – Location of Bayou Des Allemands at Des Allmands Gage 82700 
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Figure 5 – Bayou Des Allemands at Des Allmands Gage 82700 
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First, the flow (QRR) at the railroad crossing is calculated: 


Restriction @ RR Crossing 


QRR = A x V = A x (1.49/n x R2/3 x S1/2) 


  QRR = flow rate (cfs) 


  A = cross-sectional area (ft2) 


  V = average velocity (fps) 


  n = roughness coefficient 


  R = hydraulic radius (ft) 


  S = hydraulic slope (ft/ft) 


W= 370  ft (see Figure 2) 


H= 24  ft 


A= 8,880  ft2 


P= 418  ft 


R= 21.24  ft 


n= 0.035 


S= 0.00004 


V= 2.065  fps 


QRR =          18,339  cfs 


Next, the flow through the barge gate (QB) and sluice gates (QSG) are calculated. 


  Barge Gate  


QB = A x V = A x (1.49/n x R2/3 x S1/2) 


  QB = flow rate (cfs) 


  A = cross-sectional area (ft2) 


  V = average velocity (fps) 


  n = roughness coefficient 


  R = hydraulic radius (ft) 


  S = hydraulic slope (ft/ft) 


W= 270 ft 


H= 14 ft 


A=         3,780 ft2 


P= 298 ft 


R= 12.68 ft 


n= 0.013 


S= 0.00004 


V= 3.943 fps 


QB =          14,903 cfs 
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  Sluice Gates 


QSG = A x V = A x (1.49/n x R2/3 x S1/2) 


   


  QSG = flow rate (cfs) 


  A = cross-sectional area (ft2) 


  V = average velocity (fps) 


  n = roughness coefficient 


  R = hydraulic radius (ft) 


  S = hydraulic slope (ft/ft) 


 


W= 20 ft  


H= 14 ft  


A= 


               


280  ft2  


P= 48 ft  


R= 5.83 ft  


n= 0.013   


S= 0.00004  


V= 2.349 fps  


QsG = 


               


658  cfs 


   


N= 


                   


6  


# of sluice gates 


needed 


N*QsG = 


           


3,946  cfs 


 


 


The flow through the barge gate (QB) and total flow through all sluice gates (N*QSG) are then 


combined and compared to the flow through the restriction at the railroad crossing (QRR). 


QB+N*QSG = 


         


   


18,850  cfs 
 


Check QRR = 18,339 ≤  QB+N*QSG = 
       


18,850 cfs (O.K.) 
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Results: 


The flow through the restriction at the railroad crossing and through the combination of the barge 


and sluice gates are approximately the same thus the barge gate and sluice gate structure will not 


increase the flow constriction that exists at the railroad crossing. Although this exercise shows 


that 6 sluice gates are needed, the proposed barge and sluice gate structure consists of a 270 ft 


wide barge gate flanked by 6 - 20 ft wide x 15 ft high tidal interchange sluice gates on each side 


(Total of 12).  To prevent the navigation channel from scouring, riprap will be placed at the 


entrance and exit of the structure. After a storm has passed, the tidal interchange sluice gates will 


be opened following the step-by-step instructions indicated in the “Water Control Manual” to 


lower the stage at the protected side before removing the barge gate away. These additional 


sluice gates provide the local municipality flexibility in the operation and maintenance of the 


barge gate structure. This barge gate structure combines design characteristics contained in 


CPRA’s Conceptual Design Report and the Donaldsonville to the Gulf Design (See Figures 6 


and 7). 


 


 


 
Figure 6 – 270 ft Barge Gate as described in CPRA Conceptual Design Report 
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Figure 7 – 20 ft wide x 15 ft high Sluice Gates as described in the Donaldsonville to the Gulf Design 
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Plate 2







0.0


1.0


2.0


3.0


4.0


5.0


6.0


7.0


8.0


9.0


10.0


11.0


12.0


13.0


14.0


15.0


16.0


17.0


18.0


19.0


20.0


21.0


22.0


23.0


2020 2030 2040 2050 2060 2070 2080


El
ev


at
io


n 
(ft


) N
AV


D
 8


8


Year


Upper Barataria Basin Lift Schedule - Alternative 6 - Reaches D, E, F, G, H and K


Project Grade


First Lift (EL. 15' in 2023)


Second Lift (EL 17 in 2034)


Third Lift (EL. 19' in 2047)


Fourth Lift (EL. 21' in 2060)


Note: Time‐Rate Settlement Calculations are only 
an estimate.  Time‐Rate Settlement may vary from 
what is shown and is only developed for 
planning purposes.


NOTE: This Lift Schedule is for Cost estimation purposes only. 


Plate 3







Plate 4







0.0


1.0


2.0


3.0


4.0


5.0


6.0


7.0


8.0


9.0


10.0


11.0


12.0


13.0


14.0


15.0


16.0


17.0


18.0


19.0


20.0


21.0


22.0


2020 2030 2040 2050 2060 2070 2080


El
ev


at
io


n 
(ft


) N
AV


D
 8


8


Year


Upper Barataria Basin Lift Schedule For Alternative 8 - Highway


Project Grade


First Lift (EL. 15' in 2023)


Second Lift (EL 17 in 2051)


Third Lift (EL. 19' in 2059)


Fourth Lift (EL. 20.5' in 2067)


Note: Time‐Rate Settlement Calculations are only 
an estimate.  Time‐Rate Settlement may vary from 
what is shown and is only developed for 
planning purposes.


NOTE: This Lift Schedule is for Cost estimation purposes only.  


Plate 5







Plate 6







7.0


8.0


9.0


10.0


11.0


12.0


13.0


14.0


15.0


16.0


17.0


2023 2028 2033 2038 2043 2048 2053 2058 2063 2068 2073


El
ev


at
io


n 
(ft


 N
.A


.V
.D


. 8
8)


Year


Upper Barataria Basin Reaches A,B and C- Lift Schedule


Project Grade


1st Lift EL. 10' in 2023


2nd Lift EL. 13' in
2033


3rd Lift EL. 14' in
2062


This curve is for cost estimation 
purposes only.


Plate 7


Alternative 10







0.0


2.0


4.0


6.0


8.0


10.0


12.0


14.0


2023 2028 2033 2038 2043 2048 2053 2058 2063 2068 2073


El
ev


at
io


n 
(ft


 N
.A


.V
.D


. 8
8)


Year


Upper Barataria Basin Reaches D to F - Lift Schedule


Project Grade


1st Lift EL. 10' in 2023


2nd Lift EL. 13.5' in
2038


3rd Lift EL. 13.5' in
2053


4th Lift EL. 13.5' in
2064


For Cost Estimation 
Purposes only.  


Plate 8


Alternative 10







Plate 9
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LAFAYETTE BATON ROUGE NEW ORLEANS GULFPORT


DRAWN BY: S.G.W.


CHECKED BY:  S.G.W.


5 OCTOBER 2015


JOB NO.:  22557 FIGURE 3


FILE: LEVEE.grf


NOTES:


1. SOIL BORING LOGS ARE PROVIDED IN APPENDIX I(a).
LABORATORY TEST REPORTS ARE SHOWN IN APPENDIX
I(b) (SHEAR) AND I(c) (CONSOLIDATION). SOIL BORING
LOGS FROM PREVIOUS PROJECTS ARE
SHOWN IN APPENDIX II.


2. UNIT WEIGHTS SHOWN ARE TOTAL UNIT WEIGHTS
AND MUST BE APPROPRIATELY REDUCED TO ESTIMATE
EFFECTIVE STRESS STATES.


3. UNDRAINED SHEAR STRENGTHS SHOWN IN RED WERE
BACK-CALCULATED USING THE SHANSEP EQUATION
WITH PAST MAXIMUM PRESSURES OBTAINED FROM THE
CONSOLIDATION TESTS AND ASSUMING THE Su/P'o
RATIO FOR NORMALLY CONSOLIDATED SOIL AT THIS
SITE IS 0.25 AND THAT m=0.80.


4. AVERAGE GROUND TAKEN AS  EL.1.5 ACROSS
PROJECT SITE. AVERAGE TOP OF LEVEE AT EL 6.
PARAMATERS ABOVE EL 1.5 REPRESENT THE
EXISTING LEVEE THAT WILL BE DEGRADED AS
PART OF THIS PROJECT. GEOTECHNICAL DATA
EVALUATION TO EL -80.


5. DESIGN PROFILES SHOWN CANNOT FULLY ANTICIPATE
ALL PARAMETERS WHICH MAY INFLUENCE SELECTION OF
DESIGN VALUES FOR A SPECIFIC ANALYSIS. FOR THIS
REASON, THE USER SHOULD CONTACT EUSTIS
ENGINEERING SERVICES, L.L.C. PRIOR TO USE OF DESIGN
PROFILES IN ANY ANALYSES.


6. FOR S-CASE (DRAINED SHEAR STRENGTHS) WE
RECOMMEND USING =23° FOR ALL CLAY STRATA
AND =28° FOR ALL SILT STRATA.


7. ALTERNATE CONDITION FOR EL -10 TO EL -13
INCLUDES A SEMI-COHESIVE MATERIAL
(I.E., SILT) USING AN UNDRAINED COHESION
OF 200 PSF AND UNDRAINED FRICTION
ANGLE OF 15 DEGREES.
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Uses soil Properties from Magnolia Ridge Geotechnical Report
22557-SCP-Magnolia Ridge Levee Project - Report I - Earthen Levees - Report and Figures. pdf 
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Gains in Strength from additional loadings were added for this stability analysis


This analysis should only be used for the cost estimate.  


GENERAL NOTES
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     CLASSIFICATION STRATIFICATION
SHEAR STRENGTHS AND UNIT WEIGHTS OF
THE SOIL WERE BASED ON THE RESULTS OF
UNDISTURBED BORINGS. SEE
BORING DATA PLATES.


     SHEAR STRENGTHS BETWEEN VERTICALS
WERE ASSUMED TO VARY LINEARLY BETWEEN
THE VALUES INDICATED FOR THESE LOCATIONS.


Note: This design is only for cost estimating purposes.  A more detailed design will be 
completed at a later time.
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Gains in Strength from additional loadings were added for this stability analysis


This analysis should only be used for the cost estimate.  
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Note: This design is only for cost estimating purposes.  A more detailed design will be 
completed at a later time.
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Gains in Strength from additional loadings were added for this stability analysis


This analysis should only be used for the cost estimate.  
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Note: This design is only for cost estimating purposes.  A more detailed design will be 
completed at a later time.
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Gains in Strength from additional loadings were added for this stability analysis
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Note: This design is only for cost estimating purposes.  A more detailed design will be 
completed at a later time.
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Gains in Strength from additional loadings were added for this stability analysis
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WERE ASSUMED TO VARY LINEARLY BETWEEN
THE VALUES INDICATED FOR THESE LOCATIONS.


Note: This design is only for cost estimating purposes.  A more detailed design will be 
completed at a later time.
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Gains in Strength from additional loadings were added for this stability analysis
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Note: This design is only for cost estimating purposes.  A more detailed design will be 
completed at a later time.
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Gains in Strength from additional loadings were added for this stability analysis


1:3
EL. 5'EL. 5'EL. 3'


EL. 19'


1:10 EL. 3'


GENERAL NOTES


File Name: UBBFootPrintMagnolia2007VersionEL19W07242019.gsz
Directory: G:\F&MHOME\Danton\Barataria Basin\Upper Barataria Basin\Project Footprints\Alt 6 for Cost\Alt 6 Stability Analysis for Cost\


Interior of CDF-7


Upper Barataria Basin
Stability Analysis for Cost Estimate 
Alternative 6


Top of Levee - Entry Exit Slip Surface
Louisiana


Exterior Side


1:21


     CLASSIFICATION STRATIFICATION
SHEAR STRENGTHS AND UNIT WEIGHTS OF
THE SOIL WERE BASED ON THE RESULTS OF
UNDISTURBED BORINGS. SEE
BORING DATA PLATES.


     SHEAR STRENGTHS BETWEEN VERTICALS
WERE ASSUMED TO VARY LINEARLY BETWEEN
THE VALUES INDICATED FOR THESE LOCATIONS.


1:3


Note:  This design is only for cost estimating purposes.  A more detailed design will be 
completed at a later time.
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Gains in Strength from additional loadings were added for this stability analysis
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Note:  This design is only for cost estimating purposes.  A more detailed design will be 
completed at a later time.
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Gains in Strength from additional loadings were added for this stability analysis
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Note:  This design is only for cost estimating purposes.  A more detailed design will be 
completed at a later time.
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Gains in Strength from additional loadings were added for this stability analysis
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Note: Using Design Shearline for Levee Reach 2 [Soil Boring B-2 and CPT Probe B-7]
On page 29/113 of Appendix 4-Geotechnical Investigations Figure 2.2. from the 
LBLD -Upper Barataria RRP Conceptual Report
This design is only for cost estimating purposes.  A more detailed design will be 
completed at a later time.
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Gains in Strength from additional loadings were added for this stability analysis
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This design is only for cost estimating purposes.  A more detailed design will be 
completed at a later time.
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Gains in Strength from additional loadings were added for this stability analysis
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Note: Using Design Shearline for Levee Reach 2 [Soil Boring B-2 and CPT Probe B-7]
On page 29/113 of Appendix 4-Geotechnical Investigations Figure 2.2. from the 
LBLD -Upper Barataria RRP Conceptual Report
This design is only for cost estimating purposes.  A more detailed design will be 
completed at a later time.
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Gains in Strength from additional loadings were added for this stability analysis
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Coastal Protection and Restoration Authority 


This document was prepared in support of the 2017 Coastal Master Plan being prepared by the 


Coastal Protection and Restoration Authority (CPRA). CPRA was established by the Louisiana 


Legislature in response to Hurricanes Katrina and Rita through Act 8 of the First Extraordinary 


Session of 2005. Act 8 of the First Extraordinary Session of 2005 expanded the membership, duties, 


and responsibilities of CPRA and charged the new authority to develop and implement a 


comprehensive coastal protection plan, consisting of a master plan (revised every five years) 


and annual plans. CPRA’s mandate is to develop, implement, and enforce a comprehensive 


coastal protection and restoration master plan. 


Suggested Citation: 


Roberts, H. and Cobell, Z. (2017).  2017 Coastal Master Plan: Attachment C3-25.1: Storm Surge. 


Version Final. (pp. 1-110). Baton Rouge, Louisiana: Coastal Protection and Restoration Authority. 
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Appendix 1: ADCIRC+SWAN Model Updates and Validation 


Introduction 


As part of the 2017 Coastal Master Plan improvement process, the CPRA 2012 (Cobell et al., 


2013) ADvanced CIRCulation (ADCIRC) and Simulating Waves Nearshore (SWAN) models, 


referred to as the ADCIRC+SWAN model, were updated to improve the representation of storm 


surge across Louisiana while maintaining the mission of providing a high-speed, physics-based 


modeling approach. The model geometry was updated in three critical ways: geometry 


enhancements to account for features that were underrepresented, additional model resolution 


in areas that enhance model skill, and inclusion of protected areas. With these enhancements in 


place, the model is now referred to as the CPRA 2017 ADCIRC+SWAN model. 


After applying the aforementioned updates, the model was validated using Hurricane Ike (Ike; 


2008) and Hurricane Gustav (Gustav; 2008) observations like the CPRA 2012 ADCIRC+SWAN 


model. Additionally, the CPRA 2017 model was compared to observations collected during 


Hurricane Katrina (Katrina; 2005) and Hurricane Rita (Rita; 2005). For the purposes of validation, 


the geometry of the CPRA 2017 model was altered to remove major features that have been 


constucted since the storms occurred, such as the Seabrook Gate, the Inner Harbor Navigation 


Canal Lake Borgne Surge Barrier, and the Gulf Intracoastal Waterway West Closure Complex. 


Model Geometry Updates 


Model geometry was updated to enhance the representation of Louisiana’s coast in the model. 


The geometry was specifically updated in the following ways: 


1. Texas and the Louisiana-Texas Shelf – Additional model resolution on the continental


shelf improves SWAN model performance, specifically in transforming waves from deep


water to the more shallow coastal areas. Additionally, increased model resolution in


Coastal Texas improves model performance in southwestern Louisiana. Figure 1 shows


the change in model resolution between CPRA 2012 and CPRA 2017.


2. Coastal Mississippi and Alabama – The model boundary was extended inland to mimic


the extent used in the Federal Emergency Management Agency (FEMA) models


developed for the Flood Insurance Rate Map (FIRM) development in this area (U.S. Army


Corps of Engineers [USACE], 2008b). This allows surge to propagate inland naturally,


enhancing model performance for storms and scenarios that result in high flood levels in


these areas. Figure 2 shows the model with and without the extended model boundary.


3. Protected Areas – Areas that were previously excluded from the model in order to


reduce computational costs have been introduced to provide both additional


numerical accuracy and better visual understanding of model outputs. With the


protected areas included, a more accurate head differential across the protection


system can be computed in ADCIRC, thereby enhancing the exterior calculation while


providing results on the interior as well. (Note: The Coastal Louisiana Risk Assessment


[CLARA] model does not directly use ADCIRC model results in protected areas.) Figure 3


shows the model with and without the protected areas included.


4. West Shore of Lake Pontchartrain – Under high sea level rise conditions, the CPRA 2012


model boundary was near the edge of surge inundation limits. To prevent possible
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boundary effects, the boundary was extended further to the west, and the Mississippi 


River was extended north to Baton Rouge. Figures 1 and 3 show this model extension. 


5. Feedback – Relatively minor changes were made to select areas that were specifically


recommended for updates by individuals familiar with the CPRA 2012 model or as part of


CPRA studies since the 2012 Coastal Master Plan. Updates were based upon available


survey and satellite images. The most noteworthy update is near Des Allemandes, which


was upgraded as part of a separate CPRA study in the Upper Barataria Basin.


Upon completion of these updates, the CPRA 2017 model contained 1.39 million vertices. This is 


a significant reduction from the current high-resolution model in Louisiana, SL18, which contains 


6.9 million vertices. In the following sections, validation results for the CPRA 2017 model are 


analyzed and compared to the SL16 model, the predecessor to SL18. The SL16 model contains 


5.0 million vertices, and its validation has been published in multiple journal articles (Dietrich et 


al., 2011; Dietrich et al., 2012).  


Figure 1: A) CPRA 2012 Model Resolution and B) CPRA 2017 Model Resolution. Warmer colors 


indicate greater model resolution. 
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Figure 2: Model Domain in Mississippi and Alabama for the A) CPRA 2012 and B) CPRA 2017 


Models. Warmer colors indicate greater elevations. 


Figure 3: Protected Areas in the A) CPRA 2012 and B) CPRA 2017 Models. Warmer colors indicate 


greater elevations. Black boxes identify areas of model improvement for CPRA 2017. 
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Model Validation 


The 2017 CPRA model validation was conducted using the same two storms as were used for the 


2012 Coastal Master Plan, Gustav and Ike, as well as two additional storms, Katrina and Rita. 


Oceanweather, Inc., produced data-assimilated wind, and pressure fields were applied. These 


Katrina and Rita wind and pressure fields were created during the 2007 FEMA Flood Insurance 


Study (FIS) in Louisiana, and the Gustav and Ike wind and pressure fields were created during the 


2011 FEMA FIS in Texas. The studies were conducted to develop coastal FIRMs in both states 


(USACE, 2008a; USACE, 2008b; USACE, 2008c; USACE, 2011). 


Tidal forcing for the model was provided by the Oregon State University Tidal Database 


(TPXO 7.2). The constituents Q1, O1, P1, K1, N2, M2, S2, and K2 were used to force the model 


open boundary as well as tidal potential forcing throughout the model. 


River discharges were applied for both the Mississippi and Atchafalaya Rivers. Currently, the 


ADCIRC model only allows a single flow rate to be applied for the entire simulation and, 


therefore, an averaged flow rate was applied from measured discharges during the individual 


events. The Mississippi River discharge was applied at Baton Rouge, Louisiana with measurement 


from United States Geological Survey (USGS) Station 07374000. The Atchafalaya River flowrate 


was applied near Splice Island with the discharge measurement at Simmesport, Louisiana from 


USGS Station 07381490. 


The model tidal and river forcings were allowed to reach a dynamic equilibrium for a minimum 


of 18 days before wind and pressure forcing was applied, during which time the SWAN wave 


model was not active. Once the wind and pressure information was applied to the model, 


ADCIRC and SWAN computed hydrodynamic and wave calculations, respectively, passing 


information between the models every 10 minutes. The wind velocity vectors were applied to 


the water surface in both the ADCIRC and SWAN model using the wind drag formulation 


described in Appendix 4. 


Note that the 2005 and 2008 model versions removed various newly constructed protection 


features to reflect the conditions under which these storms occurred. 


The model was validated with data from the following sources: 


 National Oceanographc and Atmospheric Administration (NOAA) water level


measurement time series;


 USACE water level measurement time series;


 Coastal Studies Institute (CSI) wave information and water level information;


 Andrew Kennedy (Kennedy et al., 2011) deployed gages in the path of both Gustav and


Ike in 2008. These gages measure both wave information and water level information;


 USGS water level measurement time series;


 Coastwide Reference Monitoring System (CRMS) water level measurement time series;


and


 High water mark measurements collected post-storm by FEMA, USACE, and their


contractors.
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Unless otherwise noted, the data used in this study are the same as used in Dietrich et al., 2012. 


Hurricane Katrina (2005) 


Katrina entered the Gulf of Mexico (Gulf) and quickly became a Category 5 storm while 


approaching Louisiana. Shortly after weakening to a Category 3 storm, Katrina turned north 


across the Mississippi River Delta, making landfall and building surge against the Mississippi River 


levees and the Greater New Orleans hurricane protection system. The storm continued north 


before making another landfall in Mississippi and eventually degrading while moving north across 


the southern United States. 


The CPRA 2017 model simulation of Katrina began on August 7, 2005, and concluded on 


August 31, 2005. River discharges of 4,842 cubic meters per second (m3/s) and 2,067 m3/s were 


applied for the Mississippi and Atchafalaya River model boundaries, respectively. Other 


freshwater inputs such as the Pearl River are not included in the model setup due to model 


resolution limitations. The lack of freshwater inputs may impact water surface elevation 


calculations locally. However, the Mississippi and Atchafalaya Rivers are included to ensure that 


regional impacts from the large river basins are included in the analyses. 


Katrina provides an excellent test for the updated model, particularly because of the observed 


storm surge elevations in Mississippi and Alabama, which can be used to validate the recently 


added portions of the model domain. Many of the measured high water marks are concentrated 


in this region. 


Figure 4 shows the maximum computed surge from the ADCIRC+SWAN model, and Figure 5 shows 


the maximum computed significant wave height. Figure 6 show gage locations used for the 


validation of all four storms. Table 1 reflects the station names as they relate to the numbers shown 


in these figures. Figures 7 through 9 show the comparison to National Data Buoy Center (NDBC) 


wave gages. Figures 10 and 11 show the water level comparisons to gage data. Comparisons to 


high water mark information are shown in Figures 12 and 13. For this storm, high water mark data 


were available in Mississippi as well as Louisiana. Figures 12 and 13 include high water marks west of 


I-110 near Biloxi, Mississippi. The ADCIRC model resolution east of Biloxi Bay is more coarse than


areas west of the bay in order to minimize computational costs. Previous studies, including analyses


of a barrier from New Orleans to the Pearl River Basin, have shown that projects in Louisiana have


very limited, if any, impacts on storm surge levels east of Biloxi Bay (Ben C. Gerwick, Inc., 2012).
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Figure 4: Maximum Storm Surge Elevation (meters [m], North American Vertical Datum of 1988 


[NAVD88]) during the 2017 CPRA Hurricane Katrina Simulation. Storm track shown in brown. 


Figure 5: Maximum Significant Wave Height (m) during the 2017 CPRA Hurricane Katrina 


Simulation. Storm track shown in brown. 
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Figure 6: Gage Locations used for CPRA 2017 Model Validation. 
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Table 1: CPRA 2017 Validation Gages. 


Station Number Longitude Latitude Name 


1 -90.117000 30.025000 17th Street Canal (USACE) 


2 -89.791547 30.100333 CRMS 0002-H01 


3 -90.325165 30.303964 CRMS 0030-H01 


4 -90.543070 30.093135 CRMS 0059-W01 


5 -89.765495 29.397287 CRMS 0174-H01 


6 -89.796239 29.408751 CRMS 0176-H01 


7 -89.692874 29.419984 CRMS 0272-H01 


8 -90.355854 29.311394 CRMS 0337-H01 


9 -92.728166 29.665219 CRMS 0581-H01 


10 -92.665070 29.606958 CRMS 0599-H01 


11 -92.604395 29.693726 CRMS 0626-W01 


12 -89.937500 29.847779 CRMS BS08-30 


13 -90.100000 29.466667 CRMS DCPBA07 


14 -89.614445 29.592222 CRMS DCPBS03 


15 -92.061333 29.441167 CSI 03 


16 -90.533333 29.053333 CSI 05 


17 -90.483333 28.866667 CSI 06 


18 -90.832000 28.833167 CSI 15 


19 -89.963300 29.267100 Grand Isle (NOAA) 


20 -90.026397 29.966639 IHNC Lock(USACE) 


21 -90.865100 29.001033 Kennedy 1 


22 -89.759817 29.306183 Kennedy 11 


23 -88.844850 29.590567 Kennedy 12 


24 -89.605633 29.520317 Kennedy 13 


25 -87.715150 30.127117 Kennedy 19 


26 -92.053183 29.499367 Kennedy 6 


27 -94.708950 29.281267 Kennedy X 


28 -94.388400 29.496333 Kennedy Y 


29 -94.125333 29.584683 Kennedy Z 


30 -89.667000 25.900000 NDBC 42001 


31 -88.769000 30.090000 NDBC 42007 


32 -95.360000 27.913000 NDBC 42019 


33 -94.803000 29.003000 NDBC 42035 


34 -84.517000 28.500000 NDBC 42036 


35 -86.008000 28.791000 NDBC 42039 


36 -88.205000 29.205000 NDBC 42040 


37 -88.075000 30.250000 NOAA 8735180 


38 -88.798330 30.391670 NOAA 8743281 


39 -89.366700 30.281700 NOAA 8747766 
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Station Number Longitude Latitude Name 


40 -93.341670 29.766670 NOAA 8768094 


41 -93.870000 29.728330 NOAA 8770570 


42 -89.406700 28.931700 Southwest Pass (NOAA) 


43 -90.466131 30.001667 USACE 01275 


44 -92.849242 29.862933 USACE 70750 


45 -92.209250 29.787019 USACE 76800 


46 -93.294886 30.088719 USACE 76960 


47 -90.110556 29.669444 USACE 82875 


48 -90.922888 30.365797 USACE 85575 


49 -90.092289 30.365797 USACE 85575 


50 -90.115644 30.022164 USACE 85625 


51 -89.861900 30.141700 USGS 300830089515000 


52 -89.740600 30.166900 USGS 301001089442600 


53 -90.336000 30.296400 USGS 301748090200900 


54 -93.014730 29.770570 USGS DEP-LA11 


55 -93.114940 29.786100 USGS DEP-LA12 


56 -92.192500 29.783110 USGS DEP-LA9B 


57 -93.582580 29.761980 USGS DEP-LC11 


58 -93.187500 30.284920 USGS DEP-LC2B 


59 -93.328860 29.797640 USGS DEP-LC8A 


60 -90.135430 29.936750 USGS DEP-SSS-LA-ORL-001 


61 -89.943340 30.077170 USGS DEP-SSS-LA-ORL-014 


62 -89.678340 29.855790 USGS DEP-SSS-LA-STB-004 


63 -90.660810 29.243140 USGS DEP-SSS-LA-TER-024 


64 -89.719444 29.708056 USGS PERM-73745257 


65 -93.247222 30.236944 USGS PERM-8017044 


66 -93.348800 29.815500 USGS PERM-8017118 
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Figure 7: NDBC Significant Wave Height Comparisons for Hurricane Katrina. Observations are in 


blue; CPRA 2017 model results are in red. 
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Figure 8: NDBC Peak Wave Period Comparisons for Hurricane Katrina. Observations are in blue; 


CPRA 2017 model results are in red. 
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Figure 9: NDBC Mean Wave Direction Comparisons for Hurricane Katrina. Observations are in 


blue; CPRA 2017 model results are in red. 
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Figure 10: Water Elevation (m, NAVD88) Comparisons for Hurricane Katrina. Observations are in 


blue; CPRA 2017 model results are in red. 
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Figure 11: Water Elevation (m, NAVD88) Comparisons for Hurricane Katrina. Observations are in 


blue; CPRA 2017 model results are in red.
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Figure 12: CPRA 2017 Model Hurricane Katrina Comparison to Measured High Water Marks. Warm colors indicate the model results are 


greater than measurement; cool colors indicate the model results are lower than measurement. 
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Figure 13: Hurricane Katrina Regression Plot Comparing Measured High Water Marks to CPRA 


2017 Model Results.  
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Hurricane Rita (2005) 


Rita entered the Gulf, passing between Florida and Cuba. While moving northwest toward 


Louisiana, warm waters strengthened the storm to Category 5 intensity. However, the storm 


weakened to a Category 3 before making landfall in western Louisiana near Sabina Pass 


approximately one month after Katrina. 


The CPRA 2017 model simulation of Rita began on August 31, 2005, and concluded September 


5, 2005. River discharges of 5,437 m3/s and 2,322 m3/s were used for the Mississippi and 


Atchafalaya River model boundaries, respectively. Other freshwater inputs such as the 


Calcasieu River are not included in the model setup due to model resolution limitations. 


Figure 14 shows the maximum computed surge from the ADCIRC+SWAN model, and Figure 15 


shows the maximum computed significant wave height. Figures 16 through 18 show the 


comparisons to wave measurements. Figure 19 shows the comparison to water level 


measurements. Finally, Figures 20 and 21 show the comparisons to measured high water marks. 


One notable deviation from the measurement is seen in the high water mark comparisons west 


of Lake Calcasieu near where the eye of the storm made landfall. Previous studies have shown 


simliar trends (Dietrich et al., 2012). The overpredicted water levels have been attributed to wind 


speeds greater than those which actually occurred during the storm. Unlike the other storms 


applied for model calibration, the best available Hurricane Rita winds were not developed using 


data assimilaton in the eye of the storm. Instead parametric wind fields have been applied, 


which are generally less accurate than data assimilated winds. 


 


Figure 14: Maximum Storm Surge Elevation (m, NAVD88) During the 2017 CPRA Hurricane Rita 


Simulation. Storm track shown in brown. 
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Figure 15: Maximum Significant Wave Height (m) During the 2017 CPRA Hurricane Rita Simulation. 


Storm track shown in brown. 
 


  







2017 Coastal Master Plan: Storm Surge 


  P a g e | 19 


 


Figure 16: NDBC Significant Wave Height Comparisons for Hurricane Rita. Observations are in 


blue; CPRA 2017 model results are in red. 
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Figure 17: NDBC Peak Wave Period Comparisons for Hurricane Rita. Observations are in blue; 


CPRA 2017 model results are in red.  
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Figure 18: NDBC Mean Wave Direction Comparisons for Hurricane Rita. Observations are in blue; 


CPRA 2017 model results are in red. Note that observed wave directions at CSI_05 are believed 


to be a result of incorrect measurement.  
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Figure 19: Water Elevation (m, NAVD88) Comparisons for Hurricane Rita. Observations are in blue; 


CPRA 2017 model results are in red.
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Figure 20: CPRA 2017 Model Hurricane Rita Comparison to Measured High Water Marks. Warm colors indicate the model results are 


greater than measurement; cool colors indicate the model results are lower than measurement. 
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Figure 21: Hurricane Rita Regression Plot Comparing Measured High Water Marks to CPRA 2017 


Model Results. 
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Hurricane Gustav (2008) 


Gustav spent a short time as a Category 4 hurricane before weakening as it crossed Cuba. On 


August 31, 2008, three years and two days after Katrina made landfall, Gustav weakened to a 


Category 2 storm and made landfall near Terrebonne Bay. Gustav continued its northwestern 


track across the state as a tropical storm until finally making a turn toward the northeast over 


Arkansas as a tropical depression.  


The CPRA 2017 model simulation of Gustav began on July 21, 2008, and concluded on 


September 4, 2008. River discharges of 4,729 m3/s and 1,982 m3/s were applied to the Mississippi 


and Atchafalaya River model boundaries, respectively. Other freshwater inputs are not included 


in the model setup due to model resolution limitations. 


Figure 22 shows the maximum computed surge from the ADCIRC+SWAN model, and Figure 23 


shows the maximum computed significant wave height. Figures 24 through 28 show the time 


series comparisons of wave data. Figures 29 and 30 show the comparisons to measured time 


series water level measurements. Finally, Figures 31 and 32 show the comparisons to measured 


high water marks. 


 


Figure 22: Maximum Storm Surge Elevation (m, NAVD88) During the 2017 CPRA Hurricane Gustav 


Simulation. Storm track shown in brown. 


 


 


Figure 23: Maximum Significant Wave Height (m) During the 2017 CPRA Hurricane Gustav 


Simulation. Storm track shown in brown.  
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Figure 24: NDBC and CSI Significant Wave Height Comparisons for Hurricane Gustav. 


Observations are in blue; CPRA 2017 model results are in red.  
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Figure 25: Significant Wave Height Comparisons at Andrew Kennedy Locations for Hurricane 


Gustav. Observations are in blue; CPRA 2017 model results are in red.  
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Figure 26: NDBC and CSI Peak Wave Period Comparisons for Hurricane Gustav. Observations are 


in blue; CPRA 2017 model results are in red.  
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Figure 27: Peak Wave Period Comparisons at Andrew Kennedy Locations for Hurricane Gustav. 


Observations are in blue; CPRA 2017 model results are in red.  
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Figure 28: NDBC and CSI Mean Wave Direction Comparisons for Hurricane Gustav. Observations 


are in blue; CPRA 2017 model results are in red. Note that observed wave directions at CSI_05 


are believed to be a result of incorrect measurement. 
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Figure 29: Water Elevation (m, NAVD88) Comparisons at CRMS Stations for Hurricane Gustav. 


Observations are in blue; CPRA 2017 model results are in red.  
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Figure 30: Water Elevation (m, NAVD88) Comparisons at USGS and USACE Stations for Hurricane 


Gustav. Observations are in blue; CPRA 2017 model results are in red. Note that Station 01275 


and SSS-LA-ORL-001 lie in the Mississippi River. Because a constant flow rate is used, the pre-storm 


river stage is not captured; however, an accurate maximum water level is maintained once the 


surge overwhelms the river flow.
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Figure 31: CPRA 2017 Model Hurricane Gustav Comparison to Measured High Water Marks. Warm colors indicate the model results are 


greater than measurement; cool colors indicate the model results are lower than measurement. 
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Figure 32: Hurricane Gustav Regression Plot Comparing Measured High Water Marks to CPRA 


2017 Model Results. 
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Hurricane Ike (2008) 


Before Ike entered the Gulf and made landfall in Cuba, it was a Category 4 hurricane. By the 


time it entered the Gulf, however, it was a Category 1 storm. Warm currents in the Gulf 


reintensified the storm to a Category 2 hurricane before making landfall on September 13, 2008, 


in Galveston, Texas, just two weeks after Gustav made landfall in Louisiana. 


Ike provides an interesting test of model ability. Shore parallel currents caused waters to rise 


nearly a full day before landfall in western Louisiana and Texas. This can be attributed to an 


Ekman setup (Kennedy et al., 2011). This extra setup is driven by a combination of the Coriolis 


force and current velocities. As Kennedy points out, these velocities, especially in shallower 


waters like those on the Louisiana-Texas shelf, are highly dependent upon properly selected 


bottom friction coefficients and are very difficult to determine, given the size and inaccessibility 


of the Louisiana-Texas shelf. However, applying a similar model setup as Kennedy et al. (2011) 


and Hope et al. (2013), much of this extra setup is achieved. Figure 33 shows the water level as 


measured by the NOAA gage at Sabine Lake, the computed surge in the CPRA 2017 model, 


and the computed surge from the newly developed 9.1 million vertex SL18+TX model used by 


Hope et al. (2013) for validation of Ike. The plot shows much of the forerunner is captured by 


CPRA 2017 between midnight on September 12, 2008, and midnight on September 13, 2008. The 


plot additinally shows excellent agreement with the state of the art SL18+TX model. Notice that 


the surge hits the first peak during the forerunner, followed by a small dip. Then a second, larger 


peak is observed as the storm passes through the area. This early forerunner provides the initial 


water level necessary to generate the measured surge. 


 


Figure 33: Hurricane Ike Forerunner Surge (m, NAVD88; Hope et al., 2013). Observations are 


shown in blue; CPRA 2017 is shown in red; SL18+TX is shown in green. 
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The simulation of Ike uses Gustav as an initial condition. Because the storms occur so near each 


other in time, the dynamic solution already computed from Gustav creates the initial condition 


for Ike. The initial conditions for both circulation and waves are applied. The simulation 


concludes on September 14, 2008. 


River flow rates from Gustav are carried forward and used during the Ike simulation. 


Figure 34 shows the maximum computed surge from the ADCIRC+SWAN model, and Figure 35 


shows the maximum computed significant wave height during the simulation of Ike. Figures 36 


through 40 show the wave comparisons to measured data. Figures 41 through 43 show the water 


level comparisons to measured data. Finally, Figures 44 and 45 show the comparisons to 


measured high water marks. 


 


Figure 34: Maximum Storm Surge Elevation (m, NAVD88) During the 2017 CPRA Hurricane Ike 


Simulation. Storm track shown in brown. 


 


 


Figure 35: Maximum Significant Wave Height (m) During the 2017 CPRA Hurricane Ike Simulation. 


Storm track shown in brown. 
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Figure 36: Significant Wave Height Comparisons at CSI and Andrew Kennedy Locations for 


Hurricane Ike. Observations are in blue; CPRA 2017 model results are in red.  
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Figure 37: Significant Wave Height Comparisons at NDBC Locations for Hurricane Ike. 


Observations are in blue; CPRA 2017 model results are in red.  
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Figure 38: Peak Wave Period Comparisons at CSI and Andrew Kennedy Locations for Hurricane 


Ike. Observations are in blue; CPRA 2017 model results are in red.  
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Figure 39: Peak Wave Period Comparisons at NDBC Locations for Hurricane Ike. Observations are 


in blue; CPRA 2017 model results are in red.  
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Figure 40: Mean Wave Direction Comparisons for Hurricane Ike at NDBC and CSI Locations. 


Observations are in blue; CPRA 2017 model results are in red.  
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Figure 41: Water Elevation (m, NAVD88) Comparisons for Hurricane Ike at CRMS Locations. 


Observations are in blue; CPRA 2017 model results are in red.  
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Figure 42: Water Elevation (m, NAVD88) Comparisons for Hurricane Ike at USACE Locations. 


Observations are in blue; CPRA 2017 model results are in red.  
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Figure 43: Water Elevation (m, NAVD88) Comparisons for Hurricane Ike at NOAA and USGS 


Locations. Observations are in blue; CPRA 2017 model results are in red.
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Figure 44: CPRA 2017 Model Hurricane Ike Comparison to Measured High Water Marks. Warm colors indicate the model results are 


greater than measurement; cool colors indicate the model results are lower than measurement. 
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Figure 45: Hurricane Ike Regression Plot Comparing Measured High Water Marks to CPRA 2017 


Model Results. 


 


Validation Simulations Performance Summary 


2017 CPRA model comparisons to high water marks are summarized in Table 2. The 2017 CPRA 


model demonstrates a high skill level simlar to the Dietrich et al. study performed on the five 


million vertex SL16 mesh (2012). Figure 46 shows a regression plot for all four storms combined. 


When comparing measured high water marks to model results for all four storms, the overall 


regression slope is 1.02, the correlation coefficient is 0.97, and the standard deviation is 


0.36 meters. 
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Table 2: Summary of High Water Mark Comparisons. 
 


 


  CPRA 2017 Dietrich et al. 2012 


Storm Regression 


Slope 


Correlation 


Coefficient 


Regression 


Slope 


Correlation 


Coefficient 


Katrina 1.04 0.96 1.00 0.93 


Rita 1.06 0.73 1.08 0.79 


Gustav 0.98 0.77 0.95 0.80 


Ike* 0.94 0.78 0.93 0.77 


*Note: Not compared to Hope et al. (2013) because domain coverage is significantly different. 


 


 


Figure 46: Regression Plot Comparing Measured High Water Marks for All Four Storms to CPRA 


2017 Model Results. 
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Appendix 2: Synthetic Storm Suite Simulations 


In order to supply ADCIRC+SWAN model results for CLARA model improvements, the CPRA 2017 


model was used to simulate all 446 synthetic storms that were developed as part of the Federal 


Emergency Management Agency Flood Insurance Rate Map studies in Louisiana (USACE, 2008b; 


USACE, 2008c). The storm tracks are shown in Figure 47. For each storm track, there are multiple 


storm parameters. These parameters are shown in Table 3. This storm suite includes both the 


FEMA low-frequency storms, which are the most powerful and generate the largest surge levels 


but happen more rarely, and the FEMA high-frequency storms, which are relatively less powerful 


and generate lower surge levels but happen more frequently. These simulations were 


completed on both the current conditions geometry from the 2012 Coastal Master Plan and the 


Less Optimistic (S13) future without action (FWOA) scenario 50 years into the future which takes 


into account future sea level rise (0.46 meter) and landscape changes.  


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 47: Synthetic Storm Tracks for Louisiana. Note that more than one storm lies on each track. 
 


Model setup for these simulations mirrored that of the 2012 Coastal Master Plan with only a few 


changes: 


1. Wave coupling occurred every 10 minutes as opposed to every 20 minutes. This provides 


a more detailed wave solution and quicker wave model numerical convergence; 


2. The Powell (2006) wind drag formulation was used in ADCIRC and SWAN. More details 


about this can be found in Appendix 4; and 
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3. The ADCIRC model used was release version 50 where version 49 was used during the 


2012 Coastal Master Plan.  


Table 3: Louisiana Synthetic Storm Parameters. 
 


Storm 


Number 


Minimum 


Central 


Pressure (mb) 


Radius To 


Maximum 


Winds (km) 


Track Forward 


Velocity 


(m/s) 


Angle 


(°) 


Landfall Location 


Longitude Latitude 


1 960 20.4 E1 5.7 0 -91.2111 29.5000 


2 960 38.9 E1 5.7 0 -91.2111 29.5000 


3 960 65.9 E1 5.7 0 -91.2111 29.5000 


4 930 14.8 E1 5.7 0 -91.2111 29.5000 


5 930 32.8 E1 5.7 0 -91.2111 29.5000 


6 930 47.8 E1 5.7 0 -91.2111 29.5000 


7 900 11.1 E1 5.7 0 -91.2111 29.5000 


8 900 27.6 E1 5.7 0 -91.2111 29.5000 


9 900 40.4 E1 5.7 0 -91.2111 29.5000 


10 960 20.4 E2 5.7 0 -90.4511 29.5000 


11 960 38.9 E2 5.7 0 -90.4511 29.5000 


12 960 65.9 E2 5.7 0 -90.4511 29.5000 


13 930 14.8 E2 5.7 0 -90.4511 29.5000 


14 930 32.8 E2 5.7 0 -90.4511 29.5000 


15 930 47.8 E2 5.7 0 -90.4511 29.5000 


16 900 11.1 E2 5.7 0 -90.4511 29.5000 


17 900 27.6 E2 5.7 0 -90.4511 29.5000 


18 900 40.4 E2 5.7 0 -90.4511 29.5000 


19 960 20.4 E3 5.7 0 -89.8479 29.5000 


20 960 38.9 E3 5.7 0 -89.8479 29.5000 


21 960 65.9 E3 5.7 0 -89.8479 29.5000 


22 930 14.8 E3 5.7 0 -89.8479 29.5000 


23 930 32.8 E3 5.7 0 -89.8479 29.5000 


24 930 47.8 E3 5.7 0 -89.8479 29.5000 


25 900 11.1 E3 5.7 0 -89.8479 29.5000 


26 900 27.6 E3 5.7 0 -89.8479 29.5000 


27 900 40.4 E3 5.7 0 -89.8479 29.5000 


28 960 20.4 E4 5.7 0 -89.2758 29.5000 


29 960 38.9 E4 5.7 0 -89.2758 29.5000 


30 960 65.9 E4 5.7 0 -89.2758 29.5000 


31 930 14.8 E4 5.7 0 -89.2758 29.5000 


32 930 32.8 E4 5.7 0 -89.2758 29.5000 


33 930 47.8 E4 5.7 0 -89.2758 29.5000 


34 900 11.1 E4 5.7 0 -89.2758 29.5000 


35 900 27.6 E4 5.7 0 -89.2758 29.5000 
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Storm 


Number 


Minimum 


Central 


Pressure (mb) 


Radius To 


Maximum 


Winds (km) 


Track Forward 


Velocity 


(m/s) 


Angle 


(°) 


Landfall Location 


Longitude Latitude 


36 900 40.4 E4 5.7 0 -89.2758 29.5000 


37 960 20.4 E5 5.7 0 -88.6467 29.5000 


38 960 38.9 E5 5.7 0 -88.6467 29.5000 


39 960 65.9 E5 5.7 0 -88.6467 29.5000 


40 930 14.8 E5 5.7 0 -88.6467 29.5000 


41 930 32.8 E5 5.7 0 -88.6467 29.5000 


42 930 47.8 E5 5.7 0 -88.6467 29.5000 


43 900 11.1 E5 5.7 0 -88.6467 29.5000 


44 900 27.6 E5 5.7 0 -88.6467 29.5000 


45 900 40.4 E5 5.7 0 -88.6467 29.5000 


46 960 33.7 E1 5.7 -45 -91.3677 29.5000 


47 960 45.6 E1 5.7 -45 -91.3677 29.5000 


48 900 23.2 E1 5.7 -45 -91.3677 29.5000 


49 900 34.1 E1 5.7 -45 -91.3677 29.5000 


50 960 33.7 E2 5.7 -45 -90.7238 29.5000 


51 960 45.6 E2 5.7 -45 -90.7238 29.5000 


52 900 23.2 E2 5.7 -45 -90.7238 29.5000 


53 900 34.1 E2 5.7 -45 -90.7238 29.5000 


54 960 33.7 E3 5.7 -45 -89.9208 29.5000 


55 960 45.6 E3 5.7 -45 -89.9208 29.5000 


56 900 23.2 E3 5.7 -45 -89.9208 29.5000 


57 900 34.1 E3 5.7 -45 -89.9208 29.5000 


58 960 33.7 E4 5.7 -45 -89.1054 29.5000 


59 960 45.6 E4 5.7 -45 -89.1054 29.5000 


60 900 23.2 E4 5.7 -45 -89.1054 29.5000 


61 900 34.1 E4 5.7 -45 -89.1054 29.5000 


66 960 33.7 E1 5.7 45 -90.9941 29.5000 


67 960 45.6 E1 5.7 45 -90.9941 29.5000 


68 900 23.2 E1 5.7 45 -90.9941 29.5000 


69 900 34.1 E1 5.7 45 -90.9941 29.5000 


70 960 33.7 E2 5.7 45 -90.2138 29.5000 


71 960 45.6 E2 5.7 45 -90.2138 29.5000 


72 900 23.2 E2 5.7 45 -90.2138 29.5000 


73 900 34.1 E2 5.7 45 -90.2138 29.5000 


74 960 33.7 E3 5.7 45 -89.6380 29.5000 


75 960 45.6 E3 5.7 45 -89.6380 29.5000 


76 900 23.2 E3 5.7 45 -89.6380 29.5000 


77 900 34.1 E3 5.7 45 -89.6380 29.5000 
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Storm 


Number 


Minimum 


Central 


Pressure (mb) 


Radius To 


Maximum 


Winds (km) 


Track Forward 


Velocity 


(m/s) 


Angle 


(°) 


Landfall Location 


Longitude Latitude 


78 960 33.7 E4 5.7 45 -89.0471 29.5000 


79 960 45.6 E4 5.7 45 -89.0471 29.5000 


80 900 23.2 E4 5.7 45 -89.0471 29.5000 


81 900 34.1 E4 5.7 45 -89.0471 29.5000 


82 960 32.8 E1 3.1 0 -91.1978 29.5000 


83 900 32.8 E1 3.1 0 -91.1978 29.5000 


84 960 32.8 E2 3.1 0 -90.4540 29.5000 


85 900 32.8 E2 3.1 0 -90.4540 29.5000 


86 960 32.8 E3 3.1 0 -89.8470 29.5000 


87 900 32.8 E3 3.1 0 -89.8470 29.5000 


88 960 32.8 E4 3.1 0 -89.2700 29.5000 


89 900 32.8 E4 3.1 0 -89.2700 29.5000 


90 960 32.8 E5 3.1 0 -88.6490 29.5000 


91 900 32.8 E5 3.1 0 -88.6490 29.5000 


92 930 32.8 E1 3.1 -45 -91.3729 29.5000 


93 930 32.8 E2 3.1 -45 -90.7129 29.5000 


94 930 32.8 E3 3.1 -45 -89.9200 29.5000 


95 930 32.8 E4 3.1 -45 -89.0971 29.5000 


97 930 32.8 E1 3.1 45 -90.9920 29.5000 


98 930 32.8 E2 3.1 45 -90.2100 29.5000 


99 930 32.8 E3 3.1 45 -89.6425 29.5000 


100 930 32.8 E4 3.1 45 -89.0500 29.5000 


101 930 32.8 E1 8.7 0 -91.2177 29.5000 


102 930 32.8 E2 8.7 0 -90.4437 29.5000 


103 930 32.8 E3 8.7 0 -89.8476 29.5000 


104 930 32.8 E4 8.7 0 -89.2743 29.5000 


105 930 32.8 E5 8.7 0 -88.6455 29.5000 


106 930 32.8 E1 8.7 -45 -91.3730 29.5000 


107 930 32.8 E2 8.7 -45 -90.7265 29.5000 


108 930 32.8 E3 8.7 -45 -89.9205 29.5000 


109 930 32.8 E4 8.7 -45 -89.1060 29.5000 


111 930 32.8 E1 8.7 45 -90.9923 29.5000 


112 930 32.8 E2 8.7 45 -90.2108 29.5000 


113 930 32.8 E3 8.7 45 -89.6386 29.5000 


114 930 32.8 E4 8.7 45 -89.0571 29.5000 


115 960 32.8 E1B 5.7 0 -90.8224 29.5000 


116 900 32.8 E1B 5.7 0 -90.8224 29.5000 


117 960 32.8 E2B 5.7 0 -90.1267 29.5000 
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Storm 


Number 


Minimum 


Central 


Pressure (mb) 


Radius To 


Maximum 


Winds (km) 


Track Forward 


Velocity 


(m/s) 


Angle 


(°) 


Landfall Location 


Longitude Latitude 


118 900 32.8 E2B 5.7 0 -90.1267 29.5000 


119 960 32.8 E3B 5.7 0 -89.6000 29.5000 


120 900 32.8 E3B 5.7 0 -89.6000 29.5000 


121 960 32.8 E4B 5.7 0 -88.9500 29.5000 


122 900 32.8 E4B 5.7 0 -88.9500 29.5000 


123 960 32.8 E1B 5.7 -45 -91.0508 29.5000 


124 960 32.8 E2B 5.7 -45 -90.3192 29.5000 


125 960 32.8 E3B 5.7 -45 -89.5123 29.5000 


126 900 32.8 E1B 5.7 -45 -91.0508 29.5000 


127 900 32.8 E2B 5.7 -45 -90.3192 29.5000 


128 900 32.8 E3B 5.7 -45 -89.5123 29.5000 


131 960 32.8 E1B 5.7 45 -90.6000 29.5000 


132 900 32.8 E1B 5.7 45 -90.6000 29.5000 


133 960 32.8 E2B 5.7 45 -89.9267 29.5000 


134 900 32.8 E2B 5.7 45 -89.9267 29.5000 


135 960 32.8 E3B 5.7 45 -89.3457 29.5000 


136 900 32.8 E3B 5.7 45 -89.3457 29.5000 


137 960 32.8 E1B 3.1 0 -90.8100 29.5000 


138 900 32.8 E1B 3.1 0 -90.8100 29.5000 


139 960 32.8 E2B 3.1 0 -90.1380 29.5000 


140 900 32.8 E2B 3.1 0 -90.1380 29.5000 


141 960 32.8 E3B 3.1 0 -89.6000 29.5000 


142 900 32.8 E3B 3.1 0 -89.6000 29.5000 


143 960 32.8 E4B 3.1 0 -88.9520 29.5000 


144 900 32.8 E4B 3.1 0 -88.9520 29.5000 


145 930 32.8 E1B 3.1 -45 -91.0486 29.5000 


146 930 32.8 E2B 3.1 -45 -90.3243 29.5000 


147 930 32.8 E3B 3.1 -45 -89.5057 29.5000 


149 930 32.8 E1B 3.1 45 -90.6050 29.5000 


150 930 32.8 E2B 3.1 45 -89.9233 29.5000 


151 930 32.8 E3B 3.1 45 -89.3500 29.5000 


152 930 32.8 E1B 8.7 0 -90.8207 29.5000 


153 930 32.8 E2B 8.7 0 -90.1300 29.5000 


154 930 32.8 E3B 8.7 0 -89.6000 29.5000 


155 930 32.8 E4B 8.7 0 -88.9548 29.5000 


156 930 32.8 E1B 8.7 -45 -91.0470 29.5000 


157 930 32.8 E2B 8.7 -45 -90.3185 29.5000 


158 930 32.8 E3B 8.7 -45 -89.5195 29.5000 
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Storm 


Number 


Minimum 


Central 


Pressure (mb) 


Radius To 


Maximum 


Winds (km) 


Track Forward 


Velocity 


(m/s) 


Angle 


(°) 


Landfall Location 


Longitude Latitude 


160 930 32.8 E1B 8.7 45 -90.6068 29.5000 


161 930 32.8 E2B 8.7 45 -89.9217 29.5000 


162 930 32.8 E3B 8.7 45 -89.3445 29.5000 


201 960 20.4 W1 5.7 0 -94.2200 29.5000 


202 960 38.9 W1 5.7 0 -94.2200 29.5000 


203 960 65.9 W1 5.7 0 -94.2200 29.5000 


204 930 14.8 W1 5.7 0 -94.2200 29.5000 


205 930 32.8 W1 5.7 0 -94.2200 29.5000 


206 930 47.8 W1 5.7 0 -94.2200 29.5000 


207 900 11.1 W1 5.7 0 -94.2200 29.5000 


208 900 27.6 W1 5.7 0 -94.2200 29.5000 


209 900 40.4 W1 5.7 0 -94.2200 29.5000 


210 960 20.4 W2 5.7 0 -93.5575 29.5000 


211 960 38.9 W2 5.7 0 -93.5575 29.5000 


212 960 65.9 W2 5.7 0 -93.5575 29.5000 


213 930 14.8 W2 5.7 0 -93.5575 29.5000 


214 930 32.8 W2 5.7 0 -93.5575 29.5000 


215 930 47.8 W2 5.7 0 -93.5575 29.5000 


216 900 11.1 W2 5.7 0 -93.5575 29.5000 


217 900 27.6 W2 5.7 0 -93.5575 29.5000 


218 900 40.4 W2 5.7 0 -93.5575 29.5000 


219 960 20.4 W3 5.7 0 -92.9641 29.5000 


220 960 38.9 W3 5.7 0 -92.9641 29.5000 


221 960 65.9 W3 5.7 0 -92.9641 29.5000 


222 930 14.8 W3 5.7 0 -92.9641 29.5000 


223 930 32.8 W3 5.7 0 -92.9641 29.5000 


224 930 47.8 W3 5.7 0 -92.9641 29.5000 


225 900 11.1 W3 5.7 0 -92.9641 29.5000 


226 900 27.6 W3 5.7 0 -92.9641 29.5000 


227 900 40.4 W3 5.7 0 -92.9641 29.5000 


228 960 20.4 W4 5.7 0 -92.3165 29.5000 


229 960 38.9 W4 5.7 0 -92.3165 29.5000 


230 960 65.9 W4 5.7 0 -92.3165 29.5000 


231 930 14.8 W4 5.7 0 -92.3165 29.5000 


232 930 32.8 W4 5.7 0 -92.3165 29.5000 


233 930 47.8 W4 5.7 0 -92.3165 29.5000 


234 900 11.1 W4 5.7 0 -92.3165 29.5000 


235 900 27.6 W4 5.7 0 -92.3165 29.5000 
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Storm 


Number 


Minimum 


Central 


Pressure (mb) 


Radius To 


Maximum 


Winds (km) 


Track Forward 


Velocity 


(m/s) 


Angle 


(°) 


Landfall Location 


Longitude Latitude 


236 900 40.4 W4 5.7 0 -92.3165 29.5000 


237 960 20.4 W5 5.7 0 -91.6535 29.5000 


238 960 38.9 W5 5.7 0 -91.6535 29.5000 


239 960 65.9 W5 5.7 0 -91.6535 29.5000 


240 930 14.8 W5 5.7 0 -91.6535 29.5000 


241 930 32.8 W5 5.7 0 -91.6535 29.5000 


242 930 47.8 W5 5.7 0 -91.6535 29.5000 


243 900 11.1 W5 5.7 0 -91.6535 29.5000 


244 900 27.6 W5 5.7 0 -91.6535 29.5000 


245 900 40.4 W5 5.7 0 -91.6535 29.5000 


246 960 33.7 W1 5.7 -45 -94.2600 29.5000 


247 960 45.6 W1 5.7 -45 -94.2600 29.5000 


248 900 23.2 W1 5.7 -45 -94.2600 29.5000 


249 900 34.1 W1 5.7 -45 -94.2600 29.5000 


250 960 33.7 W2 5.7 -45 -93.2636 29.5000 


251 960 45.6 W2 5.7 -45 -93.2636 29.5000 


252 900 23.2 W2 5.7 -45 -93.2636 29.5000 


253 900 34.1 W2 5.7 -45 -93.2636 29.5000 


254 960 33.7 W3 5.7 -45 -92.3845 29.5000 


255 960 45.6 W3 5.7 -45 -92.3845 29.5000 


256 900 23.2 W3 5.7 -45 -92.3845 29.5000 


257 900 34.1 W3 5.7 -45 -92.3845 29.5000 


258 960 33.7 W4 5.7 -45 -91.7515 29.5000 


259 960 45.6 W4 5.7 -45 -91.7515 29.5000 


260 900 23.2 W4 5.7 -45 -91.7515 29.5000 


261 900 34.1 W4 5.7 -45 -91.7515 29.5000 


266 960 33.7 W1 5.7 45 -94.2467 29.5000 


267 960 45.6 W1 5.7 45 -94.2467 29.5000 


268 900 23.2 W1 5.7 45 -94.2467 29.5000 


269 900 34.1 W1 5.7 45 -94.2467 29.5000 


270 960 33.7 W2 5.7 45 -93.2833 29.5000 


271 960 45.6 W2 5.7 45 -93.2833 29.5000 


272 900 23.2 W2 5.7 45 -93.2833 29.5000 


273 900 34.1 W2 5.7 45 -93.2833 29.5000 


274 960 33.7 W3 5.7 45 -92.3167 29.5000 


275 960 45.6 W3 5.7 45 -92.3167 29.5000 


276 900 23.2 W3 5.7 45 -92.3167 29.5000 


277 900 34.1 W3 5.7 45 -92.3167 29.5000 
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Storm 


Number 


Minimum 


Central 


Pressure (mb) 


Radius To 


Maximum 


Winds (km) 


Track Forward 


Velocity 


(m/s) 


Angle 


(°) 


Landfall Location 


Longitude Latitude 


278 960 33.7 W4 5.7 45 -91.4135 29.5000 


279 960 45.6 W4 5.7 45 -91.4135 29.5000 


280 900 23.2 W4 5.7 45 -91.4135 29.5000 


281 900 34.1 W4 5.7 45 -91.4135 29.5000 


282 960 32.8 W1 3.1 0 -94.2244 29.5000 


283 900 32.8 W1 3.1 0 -94.2244 29.5000 


284 960 32.8 W2 3.1 0 -93.5575 29.5000 


285 900 32.8 W2 3.1 0 -93.5575 29.5000 


286 960 32.8 W3 3.1 0 -92.9600 29.5000 


287 900 32.8 W3 3.1 0 -92.9600 29.5000 


288 960 32.8 W4 3.1 0 -92.3178 29.5000 


289 900 32.8 W4 3.1 0 -92.3178 29.5000 


290 960 32.8 W5 3.1 0 -91.6522 29.5000 


291 900 32.8 W5 3.1 0 -91.6522 29.5000 


292 930 32.8 W1 3.1 -45 -94.2500 29.5000 


293 930 32.8 W2 3.1 -45 -93.2650 29.5000 


294 930 32.8 W3 3.1 -45 -92.3800 29.5000 


295 930 32.8 W4 3.1 -45 -91.7500 29.5000 


297 930 32.8 W1 3.1 45 -94.2540 29.5000 


298 930 32.8 W2 3.1 45 -93.2867 29.5000 


299 930 32.8 W3 3.1 45 -92.3189 29.5000 


300 930 32.8 W4 3.1 45 -91.4140 29.5000 


301 930 32.8 W1 8.7 0 -94.2250 29.5000 


302 930 32.8 W2 8.7 0 -93.5624 29.5000 


303 930 32.8 W3 8.7 0 -92.9640 29.5000 


304 930 32.8 W4 8.7 0 -92.3159 29.5000 


305 930 32.8 W5 8.7 0 -91.6531 29.5000 


306 930 32.8 W1 8.7 -45 -94.2567 29.5000 


307 930 32.8 W2 8.7 -45 -93.2650 29.5000 


308 930 32.8 W3 8.7 -45 -92.3771 29.5000 


309 930 32.8 W4 8.7 -45 -91.7442 29.5000 


311 930 32.8 W1 8.7 45 -94.2500 29.5000 


312 930 32.8 W2 8.7 45 -93.2800 29.5000 


313 930 32.8 W3 8.7 45 -92.3144 29.5000 


314 930 32.8 W4 8.7 45 -91.4137 29.5000 


315 960 32.8 W1B 5.7 0 -93.9253 29.5000 


316 900 32.8 W1B 5.7 0 -93.9253 29.5000 


317 960 32.8 W2B 5.7 0 -93.2294 29.5000 
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Storm 


Number 


Minimum 


Central 


Pressure (mb) 


Radius To 


Maximum 


Winds (km) 


Track Forward 


Velocity 


(m/s) 


Angle 


(°) 


Landfall Location 


Longitude Latitude 


318 900 32.8 W2B 5.7 0 -93.2294 29.5000 


319 960 32.8 W3B 5.7 0 -92.6065 29.5000 


320 900 32.8 W3B 5.7 0 -92.6065 29.5000 


321 960 32.8 W4B 5.7 0 -91.9718 29.5000 


322 900 32.8 W4B 5.7 0 -91.9718 29.5000 


323 960 32.8 W1B 5.7 -45 -93.7340 29.5000 


324 960 32.8 W2B 5.7 -45 -92.8027 29.5000 


325 960 32.8 W3B 5.7 -45 -92.0336 29.5000 


326 900 32.8 W1B 5.7 -45 -93.7340 29.5000 


327 900 32.8 W2B 5.7 -45 -92.8027 29.5000 


328 900 32.8 W3B 5.7 -45 -92.0336 29.5000 


331 960 32.8 W1B 5.7 45 -93.7278 29.5000 


332 900 32.8 W1B 5.7 45 -93.7278 29.5000 


333 960 32.8 W2B 5.7 45 -92.7953 29.5000 


334 900 32.8 W2B 5.7 45 -92.7953 29.5000 


335 960 32.8 W3B 5.7 45 -91.9044 29.5000 


336 900 32.8 W3B 5.7 45 -91.9044 29.5000 


337 960 32.8 W1B 3.1 0 -93.9233 29.5000 


338 900 32.8 W1B 3.1 0 -93.9233 29.5000 


339 960 32.8 W2B 3.1 0 -93.2344 29.5000 


340 900 32.8 W2B 3.1 0 -93.2344 29.5000 


341 960 32.8 W3B 3.1 0 -92.6133 29.5000 


342 900 32.8 W3B 3.1 0 -92.6133 29.5000 


343 960 32.8 W4B 3.1 0 -91.9733 29.5000 


344 900 32.8 W4B 3.1 0 -91.9733 29.5000 


345 930 32.8 W1B 3.1 -45 -93.7267 29.5000 


346 930 32.8 W2B 3.1 -45 -92.8000 29.5000 


347 930 32.8 W3B 3.1 -45 -92.0350 29.5000 


349 930 32.8 W1B 3.1 45 -93.7278 29.5000 


350 930 32.8 W2B 3.1 45 -92.7867 29.5000 


351 930 32.8 W3B 3.1 45 -91.9040 29.5000 


352 930 32.8 W1B 8.7 0 -93.9225 29.5000 


353 930 32.8 W2B 8.7 0 -93.2320 29.5000 


354 930 32.8 W3B 8.7 0 -92.6100 29.5000 


355 930 32.8 W4B 8.7 0 -91.9723 29.5000 


356 930 32.8 W1B 8.7 -45 -93.7327 29.5000 


357 930 32.8 W2B 8.7 -45 -92.8012 29.5000 


358 930 32.8 W3B 8.7 -45 -92.0317 29.5000 
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Storm 


Number 


Minimum 


Central 


Pressure (mb) 


Radius To 


Maximum 


Winds (km) 


Track Forward 


Velocity 


(m/s) 


Angle 


(°) 


Landfall Location 


Longitude Latitude 


360 930 32.8 W1B 8.7 45 -93.7300 29.5000 


361 930 32.8 W2B 8.7 45 -92.7932 29.5000 


362 930 32.8 W3B 8.7 45 -91.9037 29.5000 


401 975 20.4 W1 5.7 0 -94.2200 29.5000 


402 975 38.9 W1 5.7 0 -94.2200 29.5000 


403 975 65.9 W1 5.7 0 -94.2200 29.5000 


404 975 20.4 W2 5.7 0 -93.5575 29.5000 


405 975 38.9 W2 5.7 0 -93.5575 29.5000 


406 975 65.9 W2 5.7 0 -93.5575 29.5000 


407 975 20.4 W3 5.7 0 -92.9641 29.5000 


408 975 38.9 W3 5.7 0 -92.9641 29.5000 


409 975 65.9 W3 5.7 0 -92.9641 29.5000 


410 975 20.4 W4 5.7 0 -92.3165 29.5000 


411 975 38.9 W4 5.7 0 -92.3165 29.5000 


412 975 65.9 W4 5.7 0 -92.3165 29.5000 


413 975 20.4 W5 5.7 0 -91.6535 29.5000 


414 975 38.9 W5 5.7 0 -91.6535 29.5000 


415 975 65.9 W5 5.7 0 -91.6535 29.5000 


416 975 33.7 W1 5.7 -45 -94.2600 29.5000 


417 975 45.6 W1 5.7 -45 -94.2600 29.5000 


418 975 33.7 W2 5.7 -45 -93.2636 29.5000 


419 975 45.6 W2 5.7 -45 -93.2636 29.5000 


420 975 33.7 W3 5.7 -45 -92.3845 29.5000 


421 975 45.6 W3 5.7 -45 -92.3845 29.5000 


422 975 33.7 W4 5.7 -45 -91.7515 29.5000 


423 975 45.6 W4 5.7 -45 -91.7515 29.5000 


424 975 33.7 W1 5.7 45 -94.2467 29.5000 


425 975 45.6 W1 5.7 45 -94.2467 29.5000 


426 975 33.7 W2 5.7 45 -93.2833 29.5000 


427 975 45.6 W2 5.7 45 -93.2833 29.5000 


428 975 33.7 W3 5.7 45 -92.3167 29.5000 


429 975 45.6 W3 5.7 45 -92.3167 29.5000 


430 975 33.7 W4 5.7 45 -91.4135 29.5000 


431 975 45.6 W4 5.7 45 -91.4135 29.5000 


432 975 32.8 W1 3.1 0 -94.2244 29.5000 


433 975 32.8 W2 3.1 0 -93.5575 29.5000 


434 975 32.8 W3 3.1 0 -92.9600 29.5000 


435 975 32.8 W4 3.1 0 -92.3178 29.5000 
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Storm 


Number 


Minimum 


Central 


Pressure (mb) 


Radius To 


Maximum 


Winds (km) 


Track Forward 


Velocity 


(m/s) 


Angle 


(°) 


Landfall Location 


Longitude Latitude 


436 975 32.8 W5 3.1 0 -91.6522 29.5000 


437 975 32.8 W1 3.1 -45 -94.2500 29.5000 


438 975 32.8 W2 3.1 -45 -93.2650 29.5000 


439 975 32.8 W3 3.1 -45 -92.3800 29.5000 


440 975 32.8 W4 3.1 -45 -91.7500 29.5000 


441 975 32.8 W1 3.1 45 -94.2540 29.5000 


442 975 32.8 W2 3.1 45 -93.2867 29.5000 


443 975 32.8 W3 3.1 45 -92.3189 29.5000 


444 975 32.8 W4 3.1 45 -91.4140 29.5000 


445 975 32.8 W1 8.7 0 -94.2250 29.5000 


446 975 32.8 W2 8.7 0 -93.5624 29.5000 


447 975 32.8 W3 8.7 0 -92.9640 29.5000 


448 975 32.8 W4 8.7 0 -92.3159 29.5000 


449 975 32.8 W5 8.7 0 -91.6531 29.5000 


450 975 32.8 W1 8.7 -45 -94.2567 29.5000 


451 975 32.8 W2 8.7 -45 -93.2650 29.5000 


452 975 32.8 W3 8.7 -45 -92.3771 29.5000 


453 975 32.8 W4 8.7 -45 -91.7442 29.5000 


454 975 32.8 W1 8.7 45 -94.2500 29.5000 


455 975 32.8 W2 8.7 45 -93.2800 29.5000 


456 975 32.8 W3 8.7 45 -92.3144 29.5000 


457 975 32.8 W4 8.7 45 -91.4137 29.5000 


458 975 32.8 W1B 5.7 0 -93.9253 29.5000 


459 975 32.8 W2B 5.7 0 -93.2294 29.5000 


460 975 32.8 W3B 5.7 0 -92.6065 29.5000 


461 975 32.8 W4B 5.7 0 -91.9718 29.5000 


462 975 32.8 W1B 3.1 0 -93.9233 29.5000 


463 975 32.8 W2B 3.1 0 -93.2344 29.5000 


464 975 32.8 W3B 3.1 0 -92.6133 29.5000 


465 975 32.8 W4B 3.1 0 -91.9733 29.5000 


466 975 32.8 W1B 3.1 -45 -93.7267 29.5000 


467 975 32.8 W2B 3.1 -45 -92.8000 29.5000 


468 975 32.8 W3B 3.1 -45 -92.0350 29.5000 


469 975 32.8 W1B 3.1 45 -93.7278 29.5000 


470 975 32.8 W2B 3.1 45 -92.7867 29.5000 


471 975 32.8 W3B 3.1 45 -91.9040 29.5000 


501 975 20.4 E1 5.7 0 -91.2111 29.5000 


502 975 38.9 E1 5.7 0 -91.2111 29.5000 
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Storm 


Number 


Minimum 


Central 


Pressure (mb) 


Radius To 


Maximum 


Winds (km) 


Track Forward 


Velocity 


(m/s) 


Angle 


(°) 


Landfall Location 


Longitude Latitude 


503 975 65.9 E1 5.7 0 -91.2111 29.5000 


504 975 20.4 E2 5.7 0 -90.4511 29.5000 


505 975 38.9 E2 5.7 0 -90.4511 29.5000 


506 975 65.9 E2 5.7 0 -90.4511 29.5000 


507 975 20.4 E3 5.7 0 -89.8479 29.5000 


508 975 38.9 E3 5.7 0 -89.8479 29.5000 


509 975 65.9 E3 5.7 0 -89.8479 29.5000 


510 975 20.4 E4 5.7 0 -89.2758 29.5000 


511 975 38.9 E4 5.7 0 -89.2758 29.5000 


512 975 65.9 E4 5.7 0 -89.2758 29.5000 


513 975 20.4 E5 5.7 0 -88.6467 29.5000 


514 975 38.9 E5 5.7 0 -88.6467 29.5000 


515 975 65.9 E5 5.7 0 -88.6467 29.5000 


516 975 33.7 E1 5.7 -45 -91.3677 29.5000 


517 975 45.6 E1 5.7 -45 -91.3677 29.5000 


518 975 33.7 E2 5.7 -45 -90.7238 29.5000 


519 975 45.6 E2 5.7 -45 -90.7238 29.5000 


520 975 33.7 E3 5.7 -45 -89.9208 29.5000 


521 975 45.6 E3 5.7 -45 -89.9208 29.5000 


522 975 33.7 E4 5.7 -45 -89.1054 29.5000 


523 975 45.6 E4 5.7 -45 -89.1054 29.5000 


524 975 33.7 E1 5.7 45 -90.9941 29.5000 


525 975 45.6 E1 5.7 45 -90.9941 29.5000 


526 975 33.7 E2 5.7 45 -90.2138 29.5000 


527 975 45.6 E2 5.7 45 -90.2138 29.5000 


528 975 33.7 E3 5.7 45 -89.6380 29.5000 


529 975 45.6 E3 5.7 45 -89.6380 29.5000 


530 975 33.7 E4 5.7 45 -89.0471 29.5000 


531 975 45.6 E4 5.7 45 -89.0471 29.5000 


532 975 32.8 E1 3.1 0 -91.1978 29.5000 


533 975 32.8 E2 3.1 0 -90.4540 29.5000 


534 975 32.8 E3 3.1 0 -89.8470 29.5000 


535 975 32.8 E4 3.1 0 -89.2700 29.5000 


536 975 32.8 E5 3.1 0 -88.6490 29.5000 


537 975 32.8 E1 3.1 -45 -91.3729 29.5000 


538 975 32.8 E2 3.1 -45 -90.7129 29.5000 


539 975 32.8 E3 3.1 -45 -89.9200 29.5000 


540 975 32.8 E4 3.1 -45 -89.0971 29.5000 
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Track Forward 
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Angle 
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Landfall Location 


Longitude Latitude 


541 975 32.8 E1 3.1 45 -90.9920 29.5000 


542 975 32.8 E2 3.1 45 -90.2100 29.5000 


543 975 32.8 E3 3.1 45 -89.6425 29.5000 


544 975 32.8 E4 3.1 45 -89.0500 29.5000 


545 975 32.8 E1 8.7 0 -91.2177 29.5000 


546 975 32.8 E2 8.7 0 -90.4437 29.5000 


547 975 32.8 E3 8.7 0 -89.8476 29.5000 


548 975 32.8 E4 8.7 0 -89.2743 29.5000 


549 975 32.8 E5 8.7 0 -88.6455 29.5000 


550 975 32.8 E1 8.7 -45 -91.3730 29.5000 


551 975 32.8 E2 8.7 -45 -90.7265 29.5000 


552 975 32.8 E3 8.7 -45 -89.9205 29.5000 


553 975 32.8 E4 8.7 -45 -89.1060 29.5000 


554 975 32.8 E1 8.7 45 -90.9923 29.5000 


555 975 32.8 E2 8.7 45 -90.2108 29.5000 


556 975 32.8 E3 8.7 45 -89.6386 29.5000 


557 975 32.8 E4 8.7 45 -89.0571 29.5000 


558 975 32.8 E1B 5.7 0 -90.8224 29.5000 


559 975 32.8 E2B 5.7 0 -90.1267 29.5000 


560 975 32.8 E3B 5.7 0 -89.6000 29.5000 


561 975 32.8 E4B 5.7 0 -88.9500 29.5000 


562 975 32.8 E1B 3.1 0 -90.8100 29.5000 


563 975 32.8 E2B 3.1 0 -90.1380 29.5000 


564 975 32.8 E3B 3.1 0 -89.6000 29.5000 


565 975 32.8 E4B 3.1 0 -88.9520 29.5000 


566 975 32.8 E1B 3.1 -45 -91.0486 29.5000 


567 975 32.8 E2B 3.1 -45 -90.3243 29.5000 


568 975 32.8 E3B 3.1 -45 -89.5057 29.5000 


569 975 32.8 E1B 3.1 45 -90.6050 29.5000 


570 975 32.8 E2B 3.1 45 -89.9233 29.5000 


571 975 32.8 E3B 3.1 45 -89.3500 29.5000 


Figures 48 and 49 show a single storm simulation that was conducted using the 2017 CPRA 


model, assuming the current conditions landscape. Figures 50 and 51 show the same storm for 


the Less Optimistic FWOA scenario. Finally, Figure 52 shows the difference between the surge 


levels in current conditions and the Less Optimistic FWOA scenario. Note in Figure 52 that, 


through much of the domain, the orange value is representative of the eustatic sea level rise 


applied to the model in Less Optimistic conditions. Contours other than orange represent a 


nonlinear storm surge response (e.g., a flood hazard change that differs from the eustatic sea 


level rise applied in the model). 







2017 Coastal Master Plan: Storm Surge 


  P a g e | 62 


Information from these simulations was extracted and packaged for analysis by the CLARA 


model. The CLARA model recieves input from the surge and waves model at four sets of 


locations: 1) Unprotected census blocks, 2) Semi-protected census blocks, 3) Surge and wave 


points, and 4) CLARA model grid points. Each set of points receives maximum surge elevation 


and maximum signficiant wave height information. Surge and wave points additionaly receive 


the peak wave period for the maximum wave significant height, as well as time series storm 


surge elevation. 


 


Figure 48: Maximum Storm Surge Elevation (meters [m], North American Vertical Datum of 1988 


[NAVD88]) for Storm 245 Under the Current Conditions Scenario. Storm track shown in brown. 


 


 


Figure 49: Maximum Significant Wave Height (m) for Storm 245 Under the Current Conditions 


Scenario. Storm track shown in brown. 
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Figure 50: Maximum Storm Surge Elevation (m, NAVD88) for Storm 245 Under the Less Optimistic 


Scenario. Storm track shown in brown. 
 


 


 


Figure 51: Maximum Significant Wave Height (m) for Storm 245 Under the Less Optimistic 


Scenario. Storm track shown in brown. 
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Figure 52: Difference in Water Levels (m) between the Less Optimistic Scenario and Current 


Conditions Scenario. Positive values indicate Less Optimistic elevations higher than current 


conditions. Strom track shown in brown. 
  







2017 Coastal Master Plan: Storm Surge 


  P a g e | 65 


References 


Powell, M.D. (2006). Final Report to the National Oceanic and Atmospheric Administration 


(NOAA) Joint Hurricane Testbed (JHT) Program. 26 pp. 


USACE (2008b). Flood Insurance Study: Southeastern Parishes, Louisiana. Intermediate Submission 


2: Offshore Water Levels and Waves. Vicksburg, Mississippi: USACE, 152 pp. 


USACE (2008c). Flood Insurance Study: Southwestern Parishes, Louisiana. Intermediate 


Submission 2. Vicksburg, Mississippi: USACE, 697 pp. 


  







2017 Coastal Master Plan: Storm Surge 


  P a g e | 66 


Appendix 3: Raised Feature Elevation Interpolation 


Sensitivity Analysis 


In coastal Louisiana, there are many critical features included in a storm surge model to 


accurately predict the movement of water throughout the system. A portion of these are 


frequently surveyed levees, such as federally maintained levees. The application of levee 


elevations in the ADCIRC+SWAN model using levee crown surveys is a process that is as 


accurate as the survey itself. However, some critical hydraulic features (one meter or more 


above the surrounding landscape), such as local levees, roadways, dredge spoil mounds, and 


natural ridges lack site specific survey data gathered with the intention of capturing the 


feature’s crown elevation. When site specific survey data are not available, the crown 


elevations of these features must be defined using LIDAR data which do not target specific 


locations (e.g., feature crown locations) on the landscape. The determination of accurate 


representative crown elevations for these features may reduce model uncertainty. 


Crown elevations for critical raised features without site specific survey data have previously 


been estimated from LIDAR datasets using a control volume method to normalize the selection 


area for elevations based upon the size of elements in the numerical model (Cobell et al., 2013; 


USACE, 2008a; USACE, 2008b; USACE, 2008c). A schematic is shown in Figure 53. In this figure, the 


black lines represent the triangular finite elements of the ADCIRC mesh, with the red dot 


representing the vertex of concern. The blue triangles represent the centers of each finite 


element. The red box is an example of a control volume. The LIDAR data inside this control 


volume are selected for analysis. 


 


 


 


 


 


 


Figure 53: Schematic of a Control Volume Approach for Triangular Finite Elements. 
 


Determining crown elevations of raised features, particularly at intersections of multiple features, 


can be difficult and is an ongoing research topic known as edge or ridge detection 


(Coggin, 2008).  


For this analysis, three methods were applied to determine crown elevations of raised features 


that do not have individual survey data. These methods were applied in Barataria Basin and the 


Chenier Plain using the 2001 ATLAS LIDAR (Louisiana State University, 2004), shown in Figure 54. 


Barataria Basin has features that have relatively shorter lengths, on the order of a few killometers, 


than the Chenier Plain, which has many roads and natural ridges extending over the broad 


floodplain for 80 killometers or more. This analysis assumes that the LIDAR maintains enough 


resolution to adequately describe the crest of the feature and, therefore, all three methods were 


applied without any additional post-processing. 
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Figure 54: Raised Feature Sensitivity Test Domains. 
 


Note that more recent LIDAR is available in coastal Louisiana than the 2001 ATLAS data. 


However, other data were not readily available during the study. Because this analysis is an 


evaluation of the sensitivity of interpolation methodologies and not the data themselves, these 


data were applied rather than more recent LIDAR. 


For each of the methods, the suite of 40 storms utilized during the 2012 Coastal Master Plan was 


simulated on ADCIRC model meshes with modified raised feature elevations. As was done with 


the full suite of 446 storms from Appendix 2, information regarding storm surge and waves was 


extracted at discrete locations and passed to the CLARA model for analysis. Results are used as 


part of the CLARA model development tasks to assess the uncertainty related to the ADCIRC 


model development, specifically the translation of continuous, two-dimensional data onto linear 


features defined by discrete points. The appliciation of elevation data onto the model vertices is 


believed to be one of the largest sources of uncertainty in ADCIRC model development. 


Maximum Value Method 


The maximum value method extracts the maximum topographic elevation within a defined 


control volume around each model vertex aligned along a given raised feature. The sampling is 


performed on a diameter equal to the maximum finite element size that is connected to the 


vertex. As an example, if the vertex is connected to a 100 meter element, the searching radius 


will be 50 meters in any direction. The 1:1 size selection was used to ensure that the crown 


elevation along a suitable raised feature length is captured, even in instances where the model 


vertices are not aligned exactly along the raised feature crown as it is defined by LIDAR. 
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This method has the benefit of always finding the highest topography in the area and has 


generally been used for applying values to previous versions of USACE and CPRA ADCIRC 


models throughout coastal Louisiana since the Louisiana Coastal Protection and Restoration 


analysis, including the 2012 Coastal Master Plan. In this way, crown elevations are not 


underestimated, ensuring that hydraulic controls are fully captured. However, the risk of an 


approach like this is that crown elevations can be overstated by outliers in the data that are 


either not filtered in LIDAR post-processing or are high ground along an adjacent feature. 


Based on comparisons to available site specific data, this technique has generally provided a 


reasonable representation of crown elevations along a feature, with the exception of feature 


reaches adjacent to other high land that can unintentionally set a crown elevation that is 


significantly higher than is actually present on the feature itself. Overstated elevations (e.g., 


those 0.3 meters above crown elevations determined through manual quality check 


procedures) have been manually adjusted in previous ADCIRC mesh development efforts. 


However, when numerous model scenarios are simulated, particularly for state wide analyses like 


the master plan, improved automation helps limit model setup errors and reduces the human 


time necessary for quality control. 


Averaging Method 


The averaging method, similar to the maximum value method, considers all LIDAR data within a 


selected control volume. LIDAR elevations within a diameter one half the maximum element size 


are averaged. For example, a vertex that is connected to a 100 meter element would search 25 


meters in any direction. This method makes use of a smaller control volume than the maximum 


value method in order to reduce the number of low-lying LIDAR data (e.g., those in the 


floodplain immediately adjacent to the raised feature) included in the control volume. As the 


control volume becomes larger, the greater number of points selected from LIDAR will be from 


the floodplain, unintentionally lowering the crown elevation extracted at the mesh vertex. 


The primary disadvantage of this approach is that some features, particularly those with narrow 


widths relative to the control volume size, will potentially be defined with too low of a crown 


elevation. However, the potential pitfall of overstating elevations in the maximum value method 


is addressed. 


2σ Averaging Method 


The 2σ averaging method was developed with the intent to leverage the benefits of the 


maximum value and averaging methods while limiting the impacts of the disadvantages 


associated with each method. The control volume size used is the same as the maximum value 


method. 


This method assumes that the points that lie within each control volume resemble a normal 


distribution. To determine a representative crown elevation, only points with an elevation of 2σ or 


higher are considered, as shown in the red box in Figure 55. The aim is to isolate only those LIDAR 


points that are part of some raised features and not part of the surrounding floodplain. 
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Figure 55: A Normal Distribution. Points within the control volume are assumed to follow a normal 


distribution, with the raised features falling outside positive 2σ from the mean, as shown by the 


red box. 
 


Figures 56 and 58 show vertices with representative crown elevations determined through the 2σ 


averaging method and plotted with the same contour range as the LIDAR behind them. 


Similarly, Figures 57 and 59 show vertices with the representative crown elevations defined by the 


maximum value method. Figures 56 and 57 show a roadway that is higher than the surrounding 


topography. The applied crown elevations follow the trend of the raised feature in general for 


both methods. The maximum value method shows slightly higher elevations than the 2σ 


averaging method. Because the roadway has a generally consistent elevation, the slight 


difference in interpolation methods is expected, rather than more substantial differences. 
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Figure 56: An Example of an Elevated Roadway. LIDAR data is shown as a background. Circles 


show the elevations prescribed by the 2σ averaging method. 
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Figure 57: An Example of an Elevated Roadway. LIDAR data is shown as a background. Circles 


show the elevations prescribed by the maximum value method. 
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Figure 58: An Example of a Local Levee with Variable Elevation. LIDAR data is shown as a 


background. Circles show the elevations prescribed by the 2σ averaging method. 
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Figure 59: An Example of a Local Levee with Variable Elevation. LIDAR data is shown as a 


background. Circles show the elevations prescribed by the maximum value method. 


 


Figures 58 and 59 highlight a local levee. The LIDAR data contains high variability in topography 


along the feature. In the outlined region specifically, variability in LIDAR results in higher crown 


elevations when the maximum value approach is applied, as highlighted by the different 


interpolated elevations shown in Figures 58 and 59. The colored vertices in Figure 58 show that 


these high adjacent ground elevations are being filtered from the data to provide more realistic 


elevations for the targeted feature while Figure 59 shows that the maximum value overstates the 


elevation of the feature.  


Simulation Results 


Figure 60 shows the difference when surge elevations computed for the averaging method is 


subtracted from maximum value method. As expected, the averaging method increases surge 


behind most raised features because these features are comparatively lower. Surge is higher on 


the unprotected side of many raised features when using the maximum value method because 


the water builds up against the higher features. This comparison shows the level of difference 


that can be created by different methods of selecting elevation values for raised features.  


The 2σ averaging method, however, results in only minor differences when compared to the 


maximum value method. Figure 61 shows this comparison. This is due to the small portion of data 


in the LIDAR that could artificially raise the elevation of a raised feature when applying a 


maximum value method.  
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The results demonstrate that the averaging method greatly understates the protection of 


features while the 2σ averaging method generates surges very near the maximum value 


method that had been generally applied previously. For future mesh development, the 


2σ averaging method is recommended because it will not overstate protection. However, the 


simulations have shown that the maximum value method is reasonable as well, but would be a 


slightly more conservative estimate of protection.  


 


Figure 60: Difference in Maximum Surge Elevation for Maximum Value Method Minus Averaging 


Method. Positive values indicate maximum value method has a higher surge in the area. 


 


Figure 61: Difference in Maximum Surge Elevation for Maximum Value Method Minus 2σ 


Averaging Method. Positive values indicate maximum value method has a higher surge in the 


area. 
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Appendix 4: Sector-Based Wind Drag Analysis 


Until recently, storm surge and wave simulations utilizing the ADCIRC model have applied a wind 


drag coefficient from Garratt (1977), as shown in Equation 1. Similarly, SWAN applied a nearly 


identical drag coefficient from Wu (1982), as shown in Equation 2. 
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However, Powell (2006) observed an azimuthal dependence of wind drag based upon 


dropsonde data. Later, Black et al. (2007) parameterized this dependence into storm sectors. 


This parameterization is shown in Figure 62.  


 


 


 


 


 


 


 


 


Figure 62: Parameterization of Storm Sectors. 
 


This parameterization aims to recreate the dependence of wind drag upon not only the speed 


of the wind but also the mean direction of wave travel. For waves that are moving in the same 


direction as the wind, the drag will be lower than when the waves are moving in the opposite 


direction as the wind. Figure 63 shows the wind drag scheme applied. The behavior in the right 


and rear sectors is similar to medium and low speed winds where the maximum drag coefficient 


is set at 0.002 with the right sector receiving a boost for high speed winds to 0.003. For these 


storm sectors, the counterclockwise winds, direction of storm travel, and mean wave directions 


are approximately aligned. By contrast, the left sector sees significantly increased wind drag. On 


the left side of the storm, the winds and waves are aligned in opposite directions. In this sector, 


wind drag is allowed to increase to 0.0045. 


This wind drag algorithm is available to ADCIRC+SWAN model versions 50 and greater.  
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Figure 63: Garratt Wind Drag Parameterization (left) and Parameterization of Hurricane Wind Drag 


Based Upon Storm Sectors (right). 
 


Before finalizing validations for Gustav (Dietrich et al., 2011) and Katrina, Rita, and Ike (Dietrich et 


al., 2012), Dietrich et al. implemented this new wind drag formulation into the ADCIRC model to 


optimize the validation of storm surge elevations and wave parameters. The Powell drag 


formulation, however, does create significant differences in storm surge response compared to 


the Garratt formulation. Figures 65 and 66 show the differences in storm surge elevations using 


the current conditions landscape created by simulating ADCIRC+SWAN considering the two 


wind drag formulations. For individual storms, the Powell wind drag formulation produces results 


that differ from both the 2012 Coastal Master Plan analysis and many other previous analyses, 


including the FEMA studies from 2008. However, based on model validation, described in 


Appendix 1, and to embrace the state of the science, the Powell sector based wind drag 


formulation is recommended for implementation in the 2017 Coastal Master Plan. 
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Figure 64: Surge Elevation Change for Storm 18 with Powell Wind Drag. Warm colors indicate 


greater surge when Powell wind drag is active. 
 


 


Figure 65: Surge Elevation Change for Storm 218 with Powell Wind Drag. Warm colors indicate 


greater surge when Powell wind drag is active. 
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Appendix 5: Asymmetric Hurricane Literature Review 


At the 2013 ADCIRC model users meeting, Dr. Rick Luettich presented work that he has been 


pursuing related to asymmetric parametric hurricane wind models used in real time forecasting 


applications. The surge and waves team felt it would be important to understand how this 


related to statistical applications and better understand the treatment of asymmetry in the 


Planetary Boundary Layer (PBL) model used during the 2008 FEMA study in Louisiana and 2012 


Coastal Master Plan. 


Storm asymmetry plays an important part in determining how storm surge and waves will affect 


an area. Figure 66 shows Hurricane Isabel, which has a high level of symmetry, and Hurricane 


Bob, which has a high level of asymmetry. Storms with high asymmetry have greater distance to 


wind isotachs on one side of the storm than the other. This storm asymmetry is largely linked to 


the distortion that occurs due to greater translation speed (Tang & Liu, 2009). Figure 67 shows 


wind composites generated from data collected between 2000 and 2007 in the Northern 


Hemisphere. This data is normalized to the storm direction. The tangential component shows 


that, when storms have a greater translation speed, a left-right asymmetry is induced. The 


authors conclude that this asymmetry is an important component of hurricane weakening 


because it acts like a natural speed brake.  


 


 


 


 


 


 


 


 


 


Figure 66: Hurricane Isabel (left), which is Symmetric, and Hurricane Bob (right), which is Highly 


Asymmetric. 
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Figure 67: Radial (top) and Tangential (bottom) Wind Composites for Varying Storm Translation 


Speeds in the Northern Hemisphere between 2000 and 2007 (Tang & Liu 2009). 
 


Hurricane asymmetry has important implications to a hurricane storm surge model. The surge 


model used in the master plan suite of simulations is primarily driven by wind and pressure 


forcing. Therefore, it is important to select storms that represent the diversity of storms that can 


occur. For instance, a fast-moving, symmetric storm, even with identical maximum wind speeds 


as a slow moving, asymmetric storm, might inundate an area to a significantly lower level. The 


slow-moving storm will give water much more time to move through narrow channels and 


ultimately inundate the broader floodplain to a greater elevation, which may be accentuated 


in some instances due to the asymmetry. 


Upon review, the PBL model takes into account some of these asymmetries. Figure 68 shows two 


storms on identical tracks within the full storm suite discussed in Appendix 2. The storm on the top 


is moving significantly slower than the storm on the bottom. Notice the difference in structure. 


The storm on the top is a near perfect set of concentric rings while the storm on the bottom is 


asymmetric.   
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Figure 68: Hurricane Wind Symmetry (top) and Asymmetry (bottom) in the PBL Model. 
 


At the onset of this task, the team assumed that all storms in the suite from the 2008 FEMA study 


were symmetric. The intention was to better understand the impacts of storm asymmetry to 


make a recommendation whether CPRA should consider regenerating wind fields with an 


updated wind model that better incorporates asymmetry patterns into the storm suite. However, 


upon evaluating the existing storm suite more closely, it has been determined that some faster 


moving storms already include asymmetry.  


Rather than evaluating the topic of asymmetry further, it is recommended that storms with 


varying forward speed, and thus greater degrees of asymmetry, are incorporated into the final 


selected suite of storms used in the 2017 Coastal Master Plan. 
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Appendix 6: Initial Water Levels for Surge and Waves 


Simulations in the 2017 Coastal Master Plan 


As part of updates to the ADCIRC model for the 2017 Coastal Master Plan, new topographic, 


bathymetric, and levee elevation information has been applied to the model. These data have 


been provided in the North American Vertical Datum of 1988 (NAVD88) 2009.55 datum. Previous 


ADCIRC studies have used the NAVD88 2004.65 datum and have developed model initial 


conditions accordingly. In July 2014, USACE examined the differences between these datums in 


an effort to update their ADCIRC models. The report states: 


0.05 m was subtracted from the previous water surface elevation of 0.37 m (all 


other considerations, including steric adjustment, uncertainty, rounding, etc. were 


again left unchanged), yielding a starting water surface elevation of +0.32 m 


NAVD88 2009.55.  


An identical adjustment has been made for the 2017 Coastal Master Plan modeling efforts. The 


initial water level for production simulations will be set to +0.31 meter, which will be incrementally 


raised due to sea level rise for future conditions scenarios. Validation simulations will use an initial 


water level representative of the period in which each storm occurred to adjust for the seasonal 


oscillations in mean sea level.  
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Appendix 7: River Stages for Production Simulations in the 


2017 Coastal Master Plan 


As part of the model improvement plan implementation, Mississippi and Atchafalaya River flows 


used in the 2012 Coastal Master Plan modeling have been reviewed and lessons learned from 


other modeling efforts have been examined. The 2012 Coastal Master Plan model setup used 


river flows consistent with those in the FEMA study completed in 2007 (USACE, 2008a, b). FEMA 


selected river flows similar to flows that occurred during Hurricanes Katrina and Rita.  


Work by the New Orleans District USACE for the Hurricane and Storm Damage Risk Reduction 


System (HSDRRS) levee design and accreditation showed that river flow has a substantial effect 


on surge propagation in the Mississippi River. Higher river flows can result in higher river stages 


during a tropical event; the extent of the effect is dependent on the storm track in relation to 


the river levees. To incorporate the effect of river flow on surge response in determination of the 


1% annual exceedance water level along the Mississippi River, USACE modified the ADCIRC 


model grid, recalibrated the model, revised the Joint Probability Method Optimal Sampling 


(JPM-OS) to incorporate river flow as an independent variable and modeled multiple storm sets, 


with different river flows, to develop input for the revised JPM-OS.  


Modification of JPM-OS and modeling multiple storm sets are beyond the scope of the 2017 


Coastal Master Plan modeling effort. If one flow per river is used to represent river conditions, the 


flow should be characteristic of flow conditions when tropical events occur. Considering daily 


river flow records during hurricane season for the period 1976 through 2014 and the USACE 


analysis, it is apparent that flows used in the FEMA study, and hence the 2012 Coastal Master 


Plan, are low and need to be revised.  


To ensure that the peak surge in the river is effectively captured in the modeling, it is 


recommended that the median river flows, 9,175 m3/s for the Mississippi River and 3,936 m3/s for 


the Atchafalaya River, be used for the 2017 Coastal Master Plan modeling. These flows represent 


a more realistic representation of river flow throughout hurricane season, allowing the 2017 


Coastal Master Plan modeling effort to better capture surge response in the river.  


Attached is a summary of the New Orleans District analysis and documentation of the 


determination of the recommended flows. 
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Attachment: New Orleans District U.S. Amy Corps of 


Engineers River Flow Analysis 


During the HSDRRS design process, the New Orleans District USACE reviewed the ADCIRC 


modeling used in the HSDRRS levee design to assess the 1% annual exceedance water levels in 


the Mississippi River to determine if the Mississippi River levees within the HSDRRS area could be 


accredited. The review revealed that all storms had a constant low discharge, water levels in 


the Mississippi River were not calibrated or validated, and the JPM-OS analysis did not consider 


discharge variation throughout the hurricane season. Thus, it was apparent that additional work 


was required to establish 1% annual exceedance design elevations for the Mississippi River 


levees within the HSDRRS area and identify possible deficiencies. The work included compilation 


and evaluation of historical tropical events and associated water levels along the Mississippi 


River, modification of the ADCIRC model grid to add resolution in the Mississippi River and Head 


of Passes area, calibration of the ADCIRC model for different river flows, re-running the ADCIRC 


model with a set of synthetic storms and multiple river flows, and revision of the JPM-OS to 


incorporate river flow as an independent variable in the computation of 1% exceedance water 


levels in the Mississippi River. 


The Effect of Mississippi River Flow on Surge  


Figures 70 and 71 show peak water levels in the Mississippi River for historical tropical events, 


supplemented by water surface profiles created using ADCIRC model output for similar events. 


The storms shown on these figures occurred with different river flows ranging from 5,012 to 


26,900 m3/s.  


For tracks that pass the Mississippi River Bird’s Foot Delta to the east, surge can enter the river 


downstream of the New Orleans to Venice Reach C levee system. Surge levels peak 


downstream of the New Orleans area but also push water upstream. When the New Orleans to 


Venice levees are overtopped, as occurred during Hurricane Katrina, surge can enter the river in 


more locations, affecting the water surface profile. For tracks that pass to the west of the Bird’s 


Foot Delta, the water surface profile is smoother, likely because of the predominant wind 


direction.  


Figures 70 and 71 demonstrate that river flow has an effect on surge propagation in the 


Mississippi River. The extent of the effect is dependent on the location of the storm in proximity to 


the river levees and the magnitude of the flow.  
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Figure 69: Mississippi River Water Surface Profiles for Tropical Events Passing to the East of the 


Bird’s Foot Delta. 
 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 70: Mississippi River Water Surface Profiles for Tropical Events Passing to the West of the 


Bird’s Foot Delta. 
 


Table 4 shows peak stages for the Mississippi River at the Carrollton gage for several tropical 


events, demonstrating the effect of flow and surge on peak stages.  
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Table 4: Mississippi River at Carrollton Stages for Different Tropical Events. 


Tropical Event 
Mississippi River 


Flow (m3/s) 
Stage Prior to Event 


(m, Gage) 


Peak Stage 


(m, Gage) 


Hurricane Betsy, 1965 5,380 0.61 3.66 


Hurricane Camille, 1969 7,079 0.91 3.05 


Hurricane Katrina, 2005 5,012 0.61 4.57 


Hurricane Gustav, 2008 8,495 0.91 3.05 


Hurricane Ida, 2009 26,901 3.66 4.57 


 


The original FEMA ADCIRC modeling, also used for the Louisiana Coastal Protection and 


Restoration Program and HSDRRS, used Mississippi River and Atchafalaya River flows that 


occurred at the time of Hurricanes Katrina and Rita. The modeled flow in the Mississippi River, 


4,729 m3/s, was lower than the flow in the river for other major hurricanes such as Hurricanes 


Camille, Gustav, and Betsy. The modeled flow was also significantly lower than the average and 


median flows in the Mississippi River for hurricane season, June through November. Figure 71 


shows flow variation for the Mississippi River at the time of the USACE river analysis.  


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 71: Hurricane Variation and Mississippi River Flow Variation. 
 


In determining the 1% annual exceedance water level in the Mississippi River, river flow can be 


considered to be independent of hurricane activity. Figure 72 shows this independence.  
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Figure 72: Verification of Independence of Mississippi River Flow and Hurricane Occurrence. 
 


It was apparent that additional modeling and improvements to the JPM-OS code were needed 


to appropriately define the 1% annual exceedance water surface elevation for the Mississippi 


River for the HSDRRS effort. USACE improved the resolution of the grid of the lower Mississippi 


River, calibrated the model to several river flows, and ran several storms with three different river 


flows: 4,729 m3/s, 18,916 m3/s, and 33,102 m3/s.  


The JPM-OS code was revised to add flow as an independent variable to the probability 


functions, as shown on Figure 73. Assumptions made in the JPM-OS analysis are listed below. 


 Hurricane strength is uncorrelated with river discharge. 


 Hurricane activity and river discharge are independent phenomena. 


 Three probability density functions need to be known to compute the probability of the 


surge level if the river discharge can vary. 


- The probability density of the surge level given a certain discharge (from ADCIRC model 


runs). 


- The hurricane probability density for each hurricane month (from NOAA data). 


- The discharge probability density for each hurricane month (from river data). 
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Figure 73: Revisions to JPM-OS. 


 


Figure 74 shows an example of the water surface profiles for one storm, storm 124, with different 


river discharges, again demonstrating that flow has an effect on surge propagation and peak 


water levels in the river. Ultimately, USACE ran the ADCIRC model with two different river flows, 


4,729 m3/s and 11,327 m3/s, and utilized the revised JPM-OS code to develop 1% annual 


exceedance water surface elevations in the river for HSDRRS design and accreditation.  
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Figure 74: Peak Stages in the Mississippi River for Storm 124. 
 


Note: For the accreditation investigation of the Atchafalaya Basin Floodway levees, a similar 


analysis was initiated, running storms with multiple river flows and revising JPM-OS to account for 


river flow as a variable. As of the date of this memorandum, the analysis is incomplete. 


River Flow Analysis and Recommendation 


Daily computed flow data for the Mississippi River and Atchafalaya River can be found on the 


USACE Rivergages.com web page. The daily flow data for the USACE stations Mississippi River at 


Tarbert Landing and Atchafalaya River at Simmesport for the period of record 1976 through 2014 


were acquired from the web page. The year 1976 is the year that USACE began to allocate flow 


at the Old River Control Complex to 70% Mississippi and 30% Atchafalaya on a daily basis. 


Although flows have been computed at these locations on a daily basis since 1930, statistics 


based on the record from 1976 to date are more reflective of current USACE water control 


practices. 


Table 5 shows the average and median flows for the Mississippi River and Atchafalaya River for 


the period of record 1976 through 2014 for the months June through November and the months 


August through October, which are considered the peak of hurricane season. Note the 


difference between the average flow rates and the median flow rates.  
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Table 5: Average and Median Flow Rates, Mississippi and Atchafalaya Rivers. 


Period of Record 1976 through 2014 Mississippi River at 


Tarbert Landing Flow 


(m3/s) 


Atchafalaya River at 


Simmesport Flow 


(m3/s) 


June through 


November 


Average Flow 10,987 4,672 


Median Flow 9,175 3,936 


August through 


October 


Average Flow 8,325 3,511 


Median Flow 7,532 3,200 


 
Consideration should be given to using the median flow rates for June through November in the 


ADCIRC modeling as representative of flow throughout the hurricane season. The revised 


JPM-OS utilizes a probability density function for flow. Using the median flow rate is more 


consistent with the revised JPM-OS methodology than if the average flow rate is used.  
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Appendix 8: Interpolation of Land Use Data for the 2017 


Coastal Master Plan 


Land use data are critical for determining frictional parameters for use within the ADCIRC model. 


Manning’s n bottom roughness and a direction-specific reduction factor applied to the wind 


vectors are both derived from land use data.  


Two datasets were distributed for the initial landscape condition. First, a 15 meter resolution land 


use dataset containing 67 land use classes generated by the USGS (shown in Figures 75 and 76) 


and a 500 meter resolution containing seven land use classes generated by the Integrated 


Compartment Model (ICM) model (shown on Figure 77). 


Two issues, described below, prevent the ADCIRC model from using the ICM land classification 


data directly. First, on Figure 77, the pink area shows the “Upland/Developed/Not Modeled” 


category, or areas that will not be updated by the ICM model. These are areas that the surge 


and waves model does consider and will need to have values derived from an alternate data 


source. Second, the 500 meter resolution of the land use data provided by the ICM model is 


significantly greater than the ADCIRC model, which resolves features as small as 30 meters.  


To solve these issues, a hybrid approach will be applied. First, the 15 meter land use data will be 


interpolated to the ADCIRC mesh and validated. Then, the 500 meter land use data will be 


applied to the same ADCIRC mesh. This secondary interpolation will serve as a basis for future 


runs. When a future scenario is set up, the same interpolation method of the 500 meter data will 


be completed on the future data. Next, the initial conditions ADCIRC Manning’s n bottom 


roughness and direction-specific reduction factors based on the 500 meter land use data and 


the future conditions ADCIRC Manning’s n bottom roughness and direction-specific reduction 


factors based on the 500 meter land use data will be subtracted from each other. This will 


generate the difference between the two scenarios. This difference can then be applied to the 


initial conditions ADCIRC model frictional parameters derived from the 15 meter dataset to 


reflect future conditions. Finally, the values in the new mesh will be checked for values outside a 


reasonable range. For instance, if a difference was shown inside a channel that already had the 


minimum Manning’s n value, the difference would not be applied in that area.  
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Figure 75: USGS Land Classification Dataset. 
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Figure 76: USGS Land Classification Categories. 
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Figure 77: ICM Land Classification Dataset. 
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Appendix 9:  Treatment of Waves in the Mississippi River for 


the 2017 Coastal Master Plan 


Major drivers of overtopping rates and subsequent damages in enclosed areas in the CLARA 


model are wave heights and periods determined by the ADCIRC+SWAN model. For most 


enclosed areas, waves at the ADCIRC+SWAN model extraction locations generally approach 


perpendicular to the enclosing structures. Accordingly, model outputs extracted from 


ADCIRC+SWAN and passed to the CLARA model assume that the extracted maximum wave 


heights and associated wave periods occur at a direction perpendicular to the flood protection 


features. However, because of the levee and river geometries, the maximum wave heights and 


periods extracted from the ADCIRC+SWAN model do not necessarily align perpendicular to 


Mississippi River levees. The wind fetch along the river drives the development of the largest 


waves, and in the river, the longest fetches are in line with the river and thus parallel to many of 


the levees along the bank (Figure 78). Consequently, the assumption that maximum wave 


heights arrive perpendicular to the river levees leads to overestimates of overtopping rates in the 


CLARA model for the adjacent enclosed areas. 


 


Figure 78: An Example of Wave Heights (contour colors) and Wave Directions (arrows) Near 


Algiers Point in New Orleans, Louisiana, for a Storm Simulation. Note that the waves do not 


approach perpendicular to the river levees at many locations. 


 


To better estimate overtopping within adjacent enclosed areas, an approach developed by 


USACE was applied to adjust wave heights for oblique waves (USACE, 2012). At each time snap 


in the ADCIRC+SWAN model, wave heights were calculated based on reduction factors that 


account for the angle between the wave direction and the nearest river levee. The product of 


the modeled wave heights and the reduction factors created effective wave heights, and the 
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maximum effective wave height during each storm and the associated peak period were used 


in overtopping calculations. An example of the time series with and without the reduction factor 


and the resulting maximum wave heights passed to the CLARA model for a sample storm are 


presented on Figure 79.  


 


Figure 79: Wave Height Time Series with and without the Directional Correction Factor Near 


Algiers Point in New Orleans, Louisiana. The thick black line is the modeled wave height time 


series. The thin black line is the wave height at maximum water surface elevation. Red is the 


effective wave height time series with directional correction factor applied. Blue is the effective 


wave height at maximum water surface elevation. Green is the maximum effective wave height 


passed to the CLARA model. 
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1. Background


a. Purpose of Model


The Advanced CIRCulation (ADCIRC) and Unstructured Simulating WAves Near‐shore (UnSWAN)
models are used to compute storm surge and nearshore waves, respectively, throughout the
Louisiana coastal area.  The models are coupled with wind fields generated by the Planetary
Boundary Layer (PBL) model to systematically produce storm surge and wave output that can be
understood and analyzed statistically to inform risk and damage assessments. Models are run in a
coupled fashion, with varying model inputs to evaluate the change in storm surge and nearshore
wave response for current and future conditions, with and without projects.


ADCIRC was selected for this storm surge analysis, as it is a highly vetted and commonly utilized
storm surge analysis model.  ADCIRC is the standard coastal storm surge model used by the U.S.
Army Corps of Engineers (USACE), the National Oceanic and Atmospheric Administration (NOAA)
and numerous other organizations.  ADCIRC was the model applied in the 2007 coastal Louisiana
Flood Insurance Study (FIS) conducted by USACE and the Federal Emergency Management Agency
(FEMA), the 2007 Louisiana Coastal Protection and Restoration (LACPR) analysis, the Interagency
Performance Evaluation Taskforce (IPET) analysis, and numerous subsequent levee design and risk
assessment projects in Louisiana (USACE 2008a, USACE 2008b, USACE 2008c).  The methodology
applied for this study was established by updating and fine‐tuning existing models used previously
for the Joint Storm Surge (JSS) Analysis in Southern Louisiana, which consisted of the LACPR project
and FEMA FIS.  Many model applications and assumptions are based on the findings of JSS study.


ADCIRC has been under continuous development since 1990.  The first peer‐reviewed publication
about ADCIRC was published in 1991.  It was developed with funding from the United States Army
Corps of Engineers.  It is maintained and improved by a users group, in an open source collaborative.
This users group is described in www.adcirc.org.  The model can simulate a variety of water
circulation conditions, including tides, storm surges, tsunamis, relative sea level rise, and other
hydrodynamic phenomena.  Simulations of flows are used for the design and placement of hydraulic
structures, coastal restoration and protection projects, and other scenarios.  The model is primarily
used by the engineering and scientific community. For planning efforts, the model can provide
systematic evaluation of proposed projects, and help planners determine which projects will best
satisfy their objectives in the near and long term.


b. Model Description and Depiction


The newest generation of ADCIRC model meshes in Louisiana was initially developed by ARCADIS,
the University of Notre Dame and USACE in 2005 and 2006 as part of the JSS analysis (USACE 2008a,
USACE 2008b, USACE 2008c).  The JSS ADCIRC mesh generation is known as SL15, which is short for
Southern Louisiana version 15.  The state of the art ADCIRC mesh has evolved to SL18 by updating
the SL15 mesh as new data become available, such as topographic and bathymetric survey, as well
as by increasing resolution as necessary for project analysis (ARCADIS 2008a, ARCADIS 2008b,
ARCADIS 2008c, ARCADIS 2008d, ARCADIS 2010, ARCADIS 2011a, ARCADIS 2011b, ARCADIS 2011c).
The SL18 mesh includes the most recent and accurate elevation data available throughout Louisiana
and notably increased model resolution than the SL15 model.  The SL versions of the ADCIRC mesh
are highly accurate and robust models that have been thoroughly validated and reviewed by some
of leading experts in the field of coastal engineering.
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The 2012 Coastal Master Plan model development team was able to leverage the SL mesh 
development, validation, and application for statistical analysis to create a state of the art ADCIRC‐
based modeling system specific for the needs of the master plan.   This modeling system is 
subsequently referred to as the OCPR2012 ADCIRC model.  Prior to the development of the 
OCPR2012 modeling system, a preliminary study considering the master plan framework was 
undertaken by OCPR (now referred to as the Coastal Protection and Restoration Authority or CPRA) 
to investigate the most cost effective, efficient and accurate means to model storm surge and wave 
conditions for damage assessment (ARCADIS 2011d).  The study considered the application of 
various numerical models, nesting options, and a scaling analysis to investigate ideal model 
parameters such as resolution, time step, and parallel computing preferences.  The ultimate 
outcome of the study was the recommendation to utilize a Louisiana coast‐wide ADCIRC model, 
coupled with UnSWAN.  The current conditions OCPR2012 ADCIRC mesh, OCPR2012_S50, was 
developed by retaining critical model features from SL18, such as waterways, levees and other 
hydraulic controls.  The SL18 model features maintained elevation information, as well as model 
resolution.  The OCPR2012_S50 model strategically derefined the SL18 model away from these 
features, resulting in a mesh capable of accurately analyzing the breadth of coastal projects in the 
timeframe necessary to complete the Master Plan analysis.   


The ADCIRC model itself is static for this application.  The model, as it relates to ADCIRC refers to the 
actual computational code that is compiled to simulate flow processes.  The most recent version of 
the ADCIRC model, version 49, was applied for this study (Luettich et al. 2010).  The ADCIRC 
hydrodynamic model solves the shallow water equations on unstructured, linear triangular 
elements.  ADCIRC is a physics‐based model, using the depth‐integrated barotropic equations of 
mass and momentum conservation subject to the incompressibility, Boussinesq, and hydrostatic 
pressure approximations.  The depth‐integrated implementation is used, where the water level and 
depth‐averaged velocity are solved for at each triangle vertex, referred to as nodes.  


In this study, ADCIRC has been coupled with the unstructured SWAN (UnSWAN) wave model, which 
is incorporated into ADCIRC version 49 (Dietrich et al. 2011b).  UnSWAN is a spectral wave model 
which predicts the wave action density spectrum and is applied to estimate nearshore wind‐wave 
growth and transformation to quantify wave parameters, such as wave height, period and direction.  
Since UnSWAN is a spectral wave model, it does not attempt to resolve processes less than one 
wavelength, even in areas of very high resolution.  Instead, in UnSWAN the waves are described 
with the two‐dimensional wave action density spectrum, even when nonlinear phenomena 
dominate, such as in the surf zone.  It is a third generation wave model to obtain realistic wave 
estimates of wave parameters for given wind‐, bottom‐, and current conditions, based on the 
spectrum evolution in time and space. 


ADCIRC was previously coupled with the STeady State Spectral WAVE (STWAVE) nearshore wave 
model in most previous SL studies, including the JSS.  However, the UnSWAN model was selected in 
this analysis due to its ease of coupling with ADCIRC and recent study findings that UnSWAN displays 
similar levels of accuracy as structured nearshore wave models such as STWAVE and SWAN (Dietrich 
et al. 2011a).  UnSWAN and STWAVE have been found to produce similar wave outputs and have 
similar effects on storm surge when hindcasting Hurricanes Ike, Gustav, Rita and Katrina.  Dietrich et 
al. describe this in detail in a recent publication centered on the hindcast of Hurricane Gustav 
(Dietrich et al. 2011a). 
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c. Contribution to Planning Effort


Hurricane storm surge modeling using ADCIRC and UnSWAN contributes to the master plan effort by
producing storm surge and nearshore wave computations essential to the risk and damage
assessment component of the study.  The storm surge and wave output is imperative to quantify
risk to coastal communities, infrastructure and the ecosystem.  Systematically modifying the ADCIRC
and UnSWAN model to account for future conditions with and without proposed restoration and
protection projects creates storm surge and wave model output unique to each proposed condition.
ADCIRC and UnSWAN model output is subsequently used to compute risk levels for future landscape
and sea level rise scenarios, as well as the change in risk due to implementation and construction of
proposed restoration and protection projects.


Aside from the master plan, ADCIRC modeling is currently being used in a variety of ways for coastal
planning.  Examples of the types of applications include analysis of the impact of proposed projects
on storm surge and nearshore wave propagation; tidal analysis, including tidal prism, velocity, and
hydroperiod variance due to restoration projects, levees and gates; impacts of relative sea level rise
and subsidence on surge and tides; effects of proposed structures on geomorphology and salinity;
and flood protection and coastal restoration feature optimization, design and placement.


d. Description of Input Data


The critical ADCIRC and UnSWAN model inputs for this study are the computational mesh
(OCPR2012), surface characteristics file (fort.13), and system forcing information, such as inflows at
the Mississippi and Atchafalaya Rivers, hurricane wind fields, hurricane pressure fields, and tides for
validation simulations.  ADCIRC and UnSWAN models utilize the same model inputs and thus
communicate directly at each node in the computational mesh.  All system forcing data in this study
are based on or used directly from the JSS study.  Model initial conditions and boundary conditions
are based on the JSS study, including riverine inflows, regional mean sea level (MSL) approximations
and seasonal sea surface adjustments.  Additionally, the PBL synthetic wind and pressure fields
applied for this study are the identical fields applied as part of the JSS.  The exception being, that
rather than simulating the 304 synthetic storms outlined in the JSS, this study utilizes a hypothetical
storm set of 40 of the 304 synthetic storms to produce storm surge and wave output for use in the
Risk Assessment Model (See Appendix D‐25 Risk Assessment).


The computational mesh consists of nodes, which are the locations where the ADCIRC model solves
the shallow water equations and the UnSWAN model computes wave action density spectrum.
Nodes communicate with each other via linear triangular finite elements.  The computational
modeling process requires that the physical system is accurately described and characterized at the
nodal locations.  This means that topographic and bathymetric elevations must be accurately
represented by the nodes.  Figure 1 displays the mesh domain and bathymetric contours of the
current conditions version of the mesh, OCPR2012_s50.  Note that the mesh domain includes the
North Atlantic, Caribbean and Gulf of Mexico.  The large domain allows the mesh to accurately
propagate storm surge through the Caribbean and Gulf of Mexico, onto the continental shelf and
overland.  Figure 2 shows the mesh domain and elevation contours in the Gulf of Mexico.  Louisiana
is shown in the northern portion of the domain.  Details of the OCPR2012_s50 elevations along
coastal Louisiana for current conditions can be seen in Figures 3 through 5.
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Unstructured finite element meshes permit solutions to the shallow water equations that take 
advantage of highly localized resolution.  This study applies coarser element sizes in the open waters 
and higher resolution elements near and onshore.  OCPR2012 contains nearly 1.1 million 
computational nodes and 2.1 million finite elements.  Approximately 82 percent of the 
computational nodes for the OCPR2012 mesh reside in coastal Louisiana.  In the mesh, resolution is 
focused along the Louisiana coast as a whole and more specifically, in critical areas such as deep 
draft channels and levees.  The elements vary in size from multiple kilometers in the open ocean to 
resolutions as fine as 15 meters in Louisiana.  Varying resolution throughout the mesh domain leads 
to globally and locally more accurate solutions, while saving on computational expense.  Mesh 
resolution is depicted in Figures 6 through 9.  Note that some critical conveyance and impedance 
areas, such as rivers, dredged channels, levees and highways are highly resolved, while other areas 
such as the deep waters of the Gulf of Mexico are more coarsely resolved. 


Current Conditions Mesh Development and Elevation Assignment 


Accurate mapping of the region’s elevation data is essential to correctly simulate inland flood 
propagation.  Unique treatment of bathymetry, low lying topography and pronounced vertical 
features is critical to accurate mapping.  Bathymetry and low lying topography influence wind‐wave 
and surge propagation speed, direction, and frictional dissipation, as well as both amplify and 
attenuate storm surge.  Bathymetric areas are typically mapped onto an ADCIRC mesh in a different 
manner than low lying topography.  This is primarily due to the data availability and spatial extent of 
bathymetric features, particularly narrow and deep waterways.  As shown in Figures 6 through 9, 
narrow bathymetric features require relatively high resolution to adequately capture the 
conveyance properties of the natural and dredged waterways.  Additionally, special attention is 
given to these waterways when constructing an ADCIRC mesh to assure proper nodal location and 
elevation assignments to satisfy numerical requirements, such as Courant factor limitations and 
consideration of the wetting and drying algorithm. 


In addition to describing bathymetry and low lying topography, the model must account for 
pronounced vertical features with small horizontal scales relative to the mesh scale.  While 
pronounced features such as barrier islands, river banks, and salt domes are generally well resolved 
in meshes, features such as levees, floodwalls, railroads, and raised highways will not be sufficiently 
resolved with 100‐foot mesh resolution.  These small‐scale features can be significant horizontal 
obstructions to flow, causing water to rise or be diverted elsewhere.  Therefore, these features must 
be incorporated into the model as sub‐mesh scale features or a line of computational nodes along 
the crown of the feature.  Both approaches require strategic positioning both horizontally and 
vertically.  Sub‐mesh scale features are included as sub‐ and super‐critical weirs.  


As part of the JSS analysis and subsequent applications of the SL generation of ADCIRC meshes, 
bathymetric and raised features have been strategically positioned and vertically defined.  The 
features are critical components to producing highly accurate simulations using the SL generation of 
models.  Additionally, these features ‐ most notably narrow bathymetric channels ‐ have been stably 
exercised under various storm surge and wave conditions.  A robust model, with a history of 
accurate results and model stability was required to meet the time constraints of the master plan.  
Because of this the OCPR2012 mesh was developed by maintaining the majority of the bathymetric 
and vertically pronounced features from the SL18 mesh. 


SL18 mesh elevation values and mesh resolution are shown in Figures 10 and 11.  Note the high 
resolution of the SL18 mesh, which includes over 6.8 million nodes and 13.5 million elements.  All 
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bathymetric features, including those in coastal Louisiana, the nearshore, and offshore were defined 
using the SL18 mesh nodes and elevations.  The Mississippi River and its outlets south of Venice are 
the only exception, and were defined using the SL15 mesh.  Bathymetry survey for the nearshore 
and inland waterways was provided by regional bathymetric surveys and dredging surveys, typically 
from the USACE New Orleans District (MVN) and the National Ocean Service (NOS).  Figure 12 shows 
the inland areas in which the SL mesh generation ADCIRC nodes and elements were directly used as 
part of the OCPR2012 mesh.  The SL18 mesh elevations were assigned to current conditions (S50) 
version of the OCPR2012 mesh.  Future conditions S12 (Moderate Future Conditions) and S13 (Less 
Optimistic Future Conditions) include regional subsidence and accretion, which are accounted for in 
the mesh, including locations where elevations were established for current conditions using the 
SL18 mesh.  It should also be noted that all topographic and bathymetric values for Texas and 
Mississippi were interpolated from the SL18 mesh as well. 


Similarly, most vertically pronounced features, such as highways, railways, dredge spoil mounds, 
floodwalls and levees were also maintained from SL18.  The exceptions were areas in which new 
USACE levee and floodwall surveys or new features were implemented.  Federal, state, and local 
roads, levees, and railroads were positioned in the horizontal using the USACE GIS database, Atlas 
lidar (Louisiana State University 2004), and satellite imagery.  The crown elevation for each feature 
was obtained from federal, state or parish surveys where available.  Elsewhere, lidar elevations were 
extracted automatically by searching a defined region around each node along the pronounced 
feature. Vertically pronounced features defined using the SL18 model and additional surveys are 
shown in Figure 13.  Green lines represent features that were defined using updated survey or 
design data which is described in Appendix A ‐ Project Definitions.  Yellow lines symbolize areas that 
utilized SL18 nodal locations and elevations.  Black lines employed SL18 feature alignments, but 
reset elevations using Atlas lidar due to the change in model resolution.  Red lines represent 
features that were repositioned horizontally using lidar and satellite imagery and assigned 
elevations using lidar. 


Though the location of most pronounced vertical features in OCPR2012 were guided by the SL18 
mesh, the treatment of the features is different in many cases.  The SL18 mesh uses an internal weir 
boundary condition for most features while the OCPR2012 mesh applies a strategically positioned 
row of nodes along the crown of many features instead of a weir boundary condition.  This is the 
case for all pronounced features south of the Gulf Intracoastal Waterway (GIWW), with the 
exception of large levees, such as those in Plaquemines Parish.  The internal weir boundary 
conditions were replaced with nodes along feature crowns in order to utilize the shallow water 
equation approximation of flow when topographic gradients are not too steep relative to horizontal 
resolution.  Using this approach is also beneficial to the UnSWAN model accuracy, which assumes 
local wave heights are zeroed at weir boundary interfaces.  In cases where storm surge elevations 
are notably higher than the crown of features, a shallow water equation approximation of flow and 
minimal reduction of wave heights is the most accurate treatment of the physical system.  The 
differenced in weir locations between OCPR2012 and SL18 can be seen by comparing Figure 3 and 
Figure 10. 


Bathymetric and vertically pronounced features are the primary framework for the OCPR2012 mesh 
development.  The remainder of coastal Louisiana, as well as portions of Mississippi and Texas, was 
built outward from the features, nodes and elements that were retained from the SL mesh.  
Generally, model resolution was reduced substantially from the SL18 model in areas with mild 
topographic gradients, resulting in areas with resolution as low as 500 to 1,000 meters, as shown in 
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Figures 6 through 9.  The parameters for coarsening resolution were defined during the initial phase 
of this project (ARCADIS 2011d).  A key finding was that the SL18 ADCIRC mesh could be successfully 
derefined in strategic areas yet still replicate the surge and wave conditions of the SL mesh.  The 
methodologies for derefinement determined during this pilot study were applied to construct the 
statewide OCPR2012 mesh.  Figure 14 shows a representative hydrograph example from study 
findings.  Model output from mesh version v0.0, which is the full SL16 mesh, was compared to 
derefined versions (v3.0, v2.0 and v1.0) of a pilot mesh of Barataria Bay.  Note that the boundary 
conditions applied to v3.0, v2.0, and v1.0 were different than v0.0, causing the slightly lower peak 
surge.  Additionally v3.0 was a cutout portion of SL16.  The analysis showed that in general, the 
response values were nearly identical for all three Barataria Bay mesh versions, illustrating that 
derefinement can be selectively done without a loss in model accuracy.  Therefore, where possible, 
mesh resolution was established in a manner similar to the v1.0 mesh.  Table 1 lists the number of 
mesh nodes and CPU hours required for each mesh.   


Table 1  ADCIRC Meshes, Numbers of Nodes, and CPU Hours Used 


Mesh  Nodes  CPU Hours 


v3.0  922,936  721 


v2.0  482,130  413 


v1.0  251,087  298 


 


Once nodal locations are determined after derefinement, each node is assigned elevation and 
surface characteristic information.  Nodal elevations not determined using the SL ADCIRC models 
were set using the U.S. Geological Survey (USGS) digital elevation model (DEM) described in 
Appendix D‐2 – Wetland Morphology Model.  The 30‐meter resolution DEM was interpolated onto 
nodes applying mesh scale averaging techniques.  The approach to determining area averaged 
elevations is graphically represented in Figure 15.  The red circle in the figure denotes a mesh node.  
Black lines show mesh elements and blue triangles are the centroids of each element.  The 
maximum extents of the adjacent elemental centroids are determined to establish the area limits 
used for averaging elevation data for each node. The red dashed box defines this area.  All 
topographic survey data, for instance the DEM, within the red dashed box is averaged and applied 
to the given node.  The size of the area used for mesh scale averaging varies as elemental resolution 
varies.  Note, the current conditions mesh, OCPR2012_S50, applied a current conditions DEM for 
averaging onto nodes.  The resulting values are shown in Figures 3 through 5.  Future landscapes, 
such as S12 and S13, applied unique future conditions DEMs.  This is discussed in more detail in 
Appendix D‐2 – Wetland Morphology Model.   


Mesh scale averaging is applied for two reasons.  The first reason is that each ADCIRC node must 
represent an approximation to the terrain in a region surrounding it.  In order to appropriately 
describe the area, each nodal elevation must incorporate data from the surrounding area rather 
than from a single data point.  The exception to this rule is when vertically pronounced features 
(such as levees) are included to correctly capture small scale hydraulic conveyances and 
impedances.  The second reason is for model stability purposes.  Mesh scale averaging creates a 
more smooth elevation surface than direct sampling, which in general leads to better model 
stability.   
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Horizontal and Vertical Datum 


The OCPR2012 ADCIRC model references water level data to NAVD88.  DEM data described in 
Appendix D‐2 – Wetland Morphology Model and levee elevation data described in Appendix A – 
Project Definitions are referenced to NAVD88.  The SL ADCIRC mesh elevations reference NAVD88, 
thus all data carried forward from the SL18 and SL15 models utilized the same vertical and 
horizontal datum as all other data sources.  The SL models were constructed using the best known 
survey data and all survey elevations were adjusted as necessary to maintain a reference to 
NAVD88.  Bathymetric data are typically referenced to Mean Lower Low Water (MLLW).  However, 
during the development of the SL generation of ADCIRC models, NOAA gauges and VDatum 
resources were utilized to make the appropriate vertical adjustments (USACE 2008b, USACE 2008c). 


Current Conditions (Year 0+1 day) Surface Characteristics 


In addition to elevation information, ADCIRC requires a description of the terrain roughness over 
which the wind blows and waves and surge propagate.  Surface roughness significantly influences 
the flow of the overlying fluid, whether it is water or air.  In the case of water flowing or waves 
propagating over a surface, the bottom friction force that is developed is an important resistance 
mechanism that must be accurately quantified.  Manning’s n bottom friction resistance formulation 
is applied to account for surface roughness effects on the water column. This formulation is a widely 
used standard applied in hydraulic computations.  In the case of air flowing over land or water, the 
wind boundary layer is modified based on an associated surface roughness.  Roughness lengths 
determined by the FEMA hazard loss estimation methodology (HAZUS) program are used to adjust 
the wind boundary layer (FEMA 2005).  A transformation of the wind boundary layer results in a 
modification to the 10 meters above ground level wind speed and surface drag.  Note, the wind 
boundary layer does not adjust instantaneously to the local roughness but adjusts slowly based on 
the upwind roughness, as far as 10 kilometers upwind.  The third surface roughness that is 
accounted for is heavily forested canopy.  It can be shown that very little wind momentum transfers 
through heavily forested canopies (Reid and Whitaker 1976).  In order to evaluate the reduced air‐
sea drag force from shielding and canopy, the roughness of the land surface needs to be described. 


For this study, land roughness in overland regions is characterized by land cover conditions such as 
urban, forested, agricultural or marsh as described by datasets such as the USGS land use/land cover 
(LULC) data discussed in Appendix D‐2 – Wetland Morphology Model. For this study, the USGS LULC 
data, USGS land/water data, Vegetation Model data and NOAA Coastal Change Analysis Program (C‐
CAP) data are applied.  These data sources are described in Appendix D‐2 – Wetland Morphology 
Model, Appendix D‐4 – Vegetation Model, and at the NOAA website 
http://www.csc.noaa.gov/digitalcoast/data/ccapregional, respectively.  Prior to characterizing land 
roughness using the land cover data, the four datasets are combined into one continuous 30 meter 
resolution dataset.   


The first step to creating the continuous dataset is to combine USGS LULC data with C‐CAP data.  
Both the USGS LULC and C‐CAP data are 30 meter resolution datasets.  C‐CAP data is incorporated at 
the outer extents of the USGS data to ensure that the combined LULC data extends beyond the 
OCPR2012 mesh domain.  The results of the Vegetation Model were added to the other LULC data 
sets.   The Vegetation Model results are provided in 500 meter cells and defined the percentage of 
each the modeled vegetation types contained in each 500m cell.  The vegetation model results were 
resampled to a 30 meter cell size raster dataset to conform to the cell size of the other data sets.  All 
30 meter cell averages within a 500 meter cell are applied the same vegetation data as the original 
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500m cell.  The vegetation raster is then combined with the USGS LULC and C‐CAP dataset by 
overwriting USGS and C‐CAP cells with vegetation data where it existed.    Lastly, the water cells 
from the 30 meter resolution USGS land/water files were given the highest priority.  Thus, all 
locations where water existed in the land/water file were set to a water class throughout the 
combined dataset.  Note that for cells incorporating information from the vegetation model, the 
percentage of vegetation types is scaled appropriately to account for water cells that fall within the 
500 meter vegetation cell.  This step is necessary to ensure that the percentage of water in a 30 
meter resampled cell is not accounted for twice.  The result is a continuous, derived data set that 
covers the extent of the computational domain.   The spatial extents of these datasets for current 
conditions are shown in Figure 16.  


The continuous land cover dataset is then applied to the OCPR2012 mesh using grid scale averaging 
techniques in the same manner as topography is applied from the DEM.  In order to apply land cover 
data, each land cover or vegetation type is assigned a hydraulic bottom roughness and roughness 
length to adjust the wind boundary layer.  The Manning’s n associated with these land classifications 
was selected or interpolated/extrapolated from standard hydraulic literature (Chow 1959, 
Henderson 1966, Arcement and Schneider 1989, Barnes 1967). The roughness lengths or more 
specifically “nominal” roughness lengths Z0 used to adjust the wind boundary layer are defined by 
the FEMA HAZUS program (FEMA 2005).  Because the FEMA HAZUS definitions were specifically 
defined for the National Land Cover Data (NLCD), an interpreted version of the NLCD values was 
used in order to define the roughness lengths.  Additionally, the designation of Manning’s n and Z0 
values for each class were guided by the selection in previous studies, most notably the Hurricane 
Gustav validation by Dietrich et al. and the JSS analysis (Dietrich et al. 2011a, USACE 2008a, USACE 
2008b, USACE 2008c).  The final classifications associated with Manning’s n and Z0 that were 
selected are given in Table 2.  


Table 2  LULC Classifications and Associated Manning’s n and Z0 Values 


ID No.  Source  Class Name  Manning’s n Z0 


1  USGS LU/LC  High Intensity Developed  0.120  0.500 


2  USGS LU/LC  Medium Intensity Developed  0.120  0.390 


3  USGS LU/LC  Low Intensity Developed  0.120  0.500 


4  USGS LU/LC  Developed Open Space  0.035  0.330 


5  USGS LU/LC  Cultivated  0.050  0.060 


6  USGS LU/LC  Pasture/Hay  0.055  0.060 


7  USGS LU/LC  Grassland  0.035  0.040 


8  Vegetation 
Model 


Bare Land  0.030  0.090 


9  USGS LU/LC  Upland Evergreen Forest ‐ Longleaf/Slash Pine 
Group 


0.180  0.720 


10  USGS LU/LC  Upland Evergreen Forest ‐ Loblolly/Shortleaf Pine 
Group 


0.180  0.720 


11  USGS LU/LC  Upland Mixed Forest ‐ Southern yellow pine/mixed 
hardwoods 


0.170  0.710 


12  USGS LU/LC  Upland Deciduous Forest ‐ Mixed upland 
hardwoods 


0.160  0.650 


13  USGS LU/LC  PFW‐Southern yellow pine/mixed hardwood group  0.150  0.550 


14  USGS LU/LC  Palustrine Forested Wetland ‐ Bottomland Ridges ‐  0.150  0.550 
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Table 2  LULC Classifications and Associated Manning’s n and Z0 Values 


ID No.  Source  Class Name  Manning’s n Z0 


Sweetgum/yellow popl 


15  USGS LU/LC  Palustrine Forested Wetland ‐ Bottomland ‐ 
Sugarberry/elm/green ash 


0.150  0.550 


16  USGS LU/LC  Palustrine Forested Wetland ‐ Bottomland ‐ Nutall 
oak/sweetgum/willow 


0.150  0.550 


17  USGS LU/LC  Palustrine Forested Wetland ‐ Bottomland Ridges ‐ 
Cottonwood/willow/Sy 


0.150  0.550 


18  USGS LU/LC  Palustrine Forested Wetland ‐ Bottomland ‐ 
Overcup oak/water hickory 


0.150  0.550 


19  USGS LU/LC  Palustrine Forested Wetland ‐ Swamp ‐ 
Sweetbay/tupelo/red maple 


0.075  0.330 


20  Vegetation 
Model 


Palustrine Forested Wetland ‐ Swamp ‐ 
Cypress/tupelo 


0.120  0.330 


21  USGS LU/LC  Palustrine Forested Wetland ‐ Swamp ‐ Red maple 
lowland 


0.075  0.330 


22  Vegetation 
Model 


Palustrine Scrub/Shrub Wetland  0.075  0.150 


23  Vegetation 
Model 


Scrub/Shrub Wetland ‐ Wax Myrtle  0.080  0.150 


24  Vegetation 
Model 


Estuarine Scrub/Shrub Wetland ‐ Black Mangrove  0.070  0.150 


25  Vegetation 
Model 


Palustrine herbaceous wetlands ‐ delta splay  0.060  0.100 


26  Vegetation 
Model 


Palustrine herbaceous wetlands ‐ cutgrass  0.070  0.150 


27  Vegetation 
Model 


Palustrine herbaceous wetlands – maiden cane  0.065  0.125 


28  Vegetation 
Model 


Palustrine herbaceous wetlands ‐ thin mat  0.060  0.100 


29  Vegetation 
Model 


Palustrine herbaceous wetlands ‐ cattail  0.070  0.150 


30  Vegetation 
Model 


Palustrine herbaceous wetlands – sawgrass  0.070  0.150 


31  Vegetation 
Model 


Intermediate herbaceous marsh – bull tongue  0.055  0.125 


32  Vegetation 
Model 


Intermediate herbaceous marsh – Roseau cane  0.070  0.150 


33  Vegetation 
Model 


Intermediate herbaceous marsh ‐ bullwhip  0.060  0.150 


34  Vegetation 
Model 


Brackish herbaceous marsh ‐ wiregrass  0.063  0.100 


35  Vegetation 
Model 


Brackish herbaceous marsh ‐ paspalum  0.055  0.125 


36  Vegetation 
Model 


Brackish herbaceous marsh‐ 
wiregrass/saltgrass/oystergrass 


0.055  0.100 
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Table 2  LULC Classifications and Associated Manning’s n and Z0 Values 


ID No.  Source  Class Name  Manning’s n Z0 


37  Vegetation 
Model 


Salt herbaceous marsh ‐ needle grass  0.035  0.100 


38  Vegetation 
Model 


Salt herbaceous marsh ‐ saltgrass  0.035  0.100 


39  Vegetation 
Model 


Salt herbaceous marsh ‐ oystergrass  0.035  0.100 


40  Land/Water  Water  0.025  0.001 


41  USGS LU/LC  Sub‐aquatic vegetation  0.030  0.001 


102  C‐CAP  High Intensity Developed  0.120  0.500 


103  C‐CAP  Medium Intensity Developed  0.120  0.390 


104  C‐CAP  Low Intensity Developed  0.120  0.500 


105  C‐CAP  Developed Open Space  0.035  0.330 


106  C‐CAP  Cultivated Land  0.100  0.060 


107  C‐CAP  Pasture/Hay  0.055  0.060 


108  C‐CAP  Grassland  0.035  0.040 


109  C‐CAP  Deciduous Forest  0.160  0.650 


110  C‐CAP  Evergreen Forest  0.180  0.720 


111  C‐CAP  Mixed Forest  0.170  0.710 


112  C‐CAP  Scrub/Shrub  0.080  0.120 


113  C‐CAP  Palustrine Forested Wetland  0.150  0.550 


114  C‐CAP  Palustrine Scrub/Shrub Wetland  0.075  0.110 


115  C‐CAP  Palustrine Emergent Wetland  0.070  0.110 


116  C‐CAP  Estuarine Forested Wetland  0.150  0.550 


117  C‐CAP  Estuarine Scrub/Shrub Wetland  0.070  0.120 


118  C‐CAP  Estuarine Emergent Wetland  0.060  0.110 


119  C‐CAP  Unconsolidated Shore  0.030  0.090 


120  C‐CAP  Bare Land  0.030  0.090 


121  C‐CAP  Open Water  0.025  0.001 


122  C‐CAP  Palustrine Aquatic Bed  0.035  0.040 


123  C‐CAP  Estuarine Aquatic Bed  0.030  0.040 


 


Current condition, OCPR2012_s50, Manning’s n values are shown in Figures 17 through 20.  Note 
the increased frictional values in forested and developed areas relative to marshes and open water.  
Throughout the domain, the standard quadratic parameterization of bottom stress is applied.  In 
order to model the spatially variable frictional losses, a Manning’s n formulation is applied in order 
to compute the bottom friction coefficient (Cf),  


2


1/3f


g n
C


H


 
  
                  (1) 


where g is acceleration due to gravity, H is the total water column height and n is the Manning’s 
coefficient.  Bottom friction coefficient values are computed for a specific node and water column 
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height.  Previous studies that applied the ADCIRC version 46 also employed a lower limit for Cf of 
0.003.  This study utilized ADCIRC version 49, without a lower limit to the bottom friction coefficient. 


Figures 21 through 24 display directional wind reduction coefficients (Z0) values for southerly winds, 
while Figures 25 through 28 display values for northerly winds.  Again, note the increased wind 
reduction in forested and developed areas, relative to marshes and open water as well as the wind 
boundary layer lag for winds coming off and onto land in nearshore regions.  Wind boundary layer 
re‐adjustments depend upon roughness conditions upwind of the location because the 
wind boundary layer does not adjust to a new roughness instantaneously.  Therefore, Z0 upwind 
wind reduction factors are computed for 12 directions about the compass by examining all 
roughness coefficients up to six miles upwind, two of which are shown in Figures 21 through 28.  
Then, the directional roughness used at each computational point within the mesh is based upon 
the existing wind direction. This upwind effect is particularly important in the nearshore region 
where winds are traveling either off or onshore and transitioning to or from open marine conditions. 
The directional roughness/wind reduction factors were computed with a weighted average of the 
roughness lengths for all pixels upwind of the computational mesh node in the land classification 
raster image.  Twelve upwind directions are chosen (every 30 degrees about the compass) so that 
each computational node chooses the closest of the 12 directional roughness/reduction factor 
directions to the current wind direction.  Our approach has been to compute an arithmetic average 
using land cover data within a control volume around each ADCIRC node.  That way, the roughness 
field is defined at the appropriate grid scale, meaning a finer discretization produces a more detailed 
characterization of the roughness while a coarser discretization captures a larger‐scale average.  The 
weighted land roughness Z0 within six miles upwind of the computational node are added together 
to get the weighted upwind land roughness coefficient: 
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where the normalization parameter is computed by an inverse distance weighted average according 
to:  
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The distance from the computational mesh node and the pixel d(i) is limited to six miles in each of 


the 12 directions. The weighting parameter   determines the importance of the closest pixels and 
is set to four miles.  


Each of the 12 equal 30‐degree slices are split into five linear rays, each ray starting at the 
coordinates of the node and extending radially six miles distant.  The computations incorporate 
every land cover pixel along the ray and use these values in the weighted averaging formula given. 
Finally, the five ray averages are averaged to get an average Z0 value for each 30‐degree slice at each 
ADCIRC node.  The resulting upwind effect is particularly important in the nearshore region and 
results in reduced winds offshore when winds come from land and results in sustained marine winds 
overland when winds come off the water.  Standard non‐directional land masking procedures would 
incorrectly produce full marine winds in the near‐offshore zone when winds come from land and 
result in reduced marine winds in the near‐overland zone when winds come off the water.  It is in 
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these nearshore and low‐lying overland regions experiencing either drawdown or flooding that 
accurate winds are critical because the wind stress term in the shallow water equations is inversely 
proportional to total water column height and thus the sensitivity to these winds is the greatest.  


An additional consideration when establishing model surface characteristics is that directional wind 
boundary layer adjustments do not characterize how the wind penetrates the physical roughness 
elements, such as heavily forested canopies.  There are large‐scale features that shelter the water 
surface from the wind stress and they are in effect two‐layered systems. Because these large 
roughness elements are exposed to the hurricane winds, shear stress at the water column surface is 
much smaller.  It can be demonstrated that very little momentum transfer occurs from the wind 
field to the water column in heavily canopied areas (Reid and Whitaker 1976).  Thus canopied areas 
can be identified with regions where the land cover data defines forested areas.  In canopied areas, 
no wind stress is applied to model the limited impact wind shear stress has on the water column in 
these areas.  The resulting canopied areas in the OCPR2012 model are shown in Figures 29 through 
31.  It should be noted that canopied areas do not change between current and future model 
scenarios, as forested land cover types are supplied in the USGS LU/LC dataset, which remains 
constant between current and future landscapes. 


Two additional surface parameters that are included in the model setup are lateral eddy viscosity 


and the numerical parameter 0 .  Both parameters were mapped from the SL18 model (ARCADIS 


2011d) and similar to the canopy parameter, both are static for current and future conditions.  An 
eddy viscosity type closure model is applied to account for momentum diffusion and dispersion due 
to unresolved lateral scales of motion, as well as the effects of depth averaging.  A simple version of 
the standard isotropic and homogeneous eddy viscosity model implemented by Kolar and Gray 
(1990) is used, where the depth averaged horizontal eddy viscosity coefficient is constant.  For this 
study, a value of 2 m2 s‐1 is applied to bathymetry and low lying, highly resolved topographic regions 
and a value of 20 m2 s‐1 is applied elsewhere.  Figures 32 through 34 show the eddy viscosity values 


in the OCPR2012 model.  The  0 parameter, discussed in more detail in Section 2a, controls the 


dispersion properties of the solution and optimizes phase propagation properties.  Figure 35 


displays  0  
values through the Gulf of Mexico in the OCPR2012 model.   


Model Initial Conditions 


Because the NAVD88 datum is a geodetic equipotential surface, the ADCIRC model requires that 
initial water levels be raised in the model to account for the fact that average Local MSL (LMSL) lies 
above zero NAVD88 for most of the year.  The JSS analysis examined eleven NOAA benchmarks in 
Southeastern Louisiana and showed that on average LMSL is 0.44 foot above NAVD88, with a 
standard deviation equal to 0.15 foot (USACE 2008b, Garster et al. 2007).  Additionally, model initial 
conditions account for the annual fluctuation in sea level due to thermal expansion of the upper 
layers of the Gulf of Mexico and by other effects including coastal currents, riverine runoff, salinity 
variations, seasonally prevailing winds and atmospheric pressure. This annual sea surface 
fluctuation, largely due to the steric effect, clearly presents itself in water level time history records 
as well as long‐term harmonic tidal analyses.  The LACPR study estimated sea surface differential 
based on NOAA long‐term sea level stations in the region (NOAA 2007).  For the hypothetical storm 
set, LACPR assumed a maximum end of summer increase of 0.76 foot (USACE 2008a, ARCADIS 
2008d).   
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Initial water levels in all regions of the OCPR2012 ADCIRC model are therefore raised at the start of 
the computation with the combined yearly averaged regional difference between LMSL and NAVD88 
in addition to the seasonal increase in water level.  For the hypothetical storm set, a NAVD88 
elevation of 1.20 feet (0.44 foot + 0.76 foot) was applied.  Validation simulations apply a different 
seasonal adjustment based on the landfall date and thus apply an initial condition specific to each 
storm.  This is discussed on more detail in Section 3d. 


Model Time Step 


ADCIRC and UnSWAN step through time together on the same unstructured mesh. ADCIRC applies a 
one second time step for OCPR2012, as ADCIRC is limited by wetting and drying criteria as well as 
other numerical parameters. UnSWAN can take much larger time steps than ADCIRC and during the 
study, a 1200 second time step was used for UnSWAN. This means that ADCIRC is run for 1200 
seconds, at which point information about water levels, currents winds, and wind speeds are passed 
to the UnSWAN model.  UnSWAN was then run at a 1200 second time step and passed information 
back to ADCIRC, primarily radiation stress gradients.  ADCIRC has access to both the radiation stress 
gradients from the beginning and end of the UnSWAN time step. ADCIRC then extrapolates these 
gradients forward in time for use in the next 1200 seconds until UnSWAN is run again. UnSWAN uses 
averaged water levels, currents and wind speeds during its time step. 


Model Boundary Conditions 


It is critical that boundary location and boundary condition specification do not degrade the model 
response or introduce non‐physical artifacts.  The OCPR2012 mesh employs similar logic as the SL18 
mesh to determine boundary placement and specification.  The mesh boundaries include an open 
boundary in the North Atlantic at 60 degrees West, major river flows, no flow boundaries at some 
mesh perimeter locations such as the Gulf of Mexico and North Atlantic, and internal and external 
weir boundary conditions.   


The open boundary in the North Atlantic is primarily used as a tidal boundary.  While tidal conditions 
are not considered during the application of synthetic storms, tides are important to properly 
hindcast events such as Hurricane Gustav and Hurricane Ike.  These hindcasts are described in 
Section 3d.  For tidal simulations, the open ocean boundary is forced with the K1, O1, M2, S2, and 
N2 tidal constituents, interpolating tidal amplitude and phase from Le Provost’s global tidal model 
based upon satellite altimetry (Le Provost et al. 1998) onto the open ocean boundary nodes.  
Second, tidal potential forcing that incorporates an appropriate effective earth elasticity factor for 
each constituent was applied on the interior of the domain for these same constituents (Westerink 
et al. 1994, Mukai et al. 2002).  The nodal factor and equilibrium argument for boundary and interior 
domain forcing tidal constituents were determined based on the starting time of the simulation 
(Luettich and Westerink 2004). 


Many structures, such as levees and roadways, are implemented as sub‐grid scale parameterized 
weirs within the domain.  These weir locations are shown as brown lines in Figures 3 through 5.  
ADCIRC defines these barrier boundaries by a pair of computational nodes with a specified crown 
elevation (Westerink et al. 2001).  Once the water level elevation exceeds the crown elevation, the 
flow across the structure is computed according to basic weir formulae. This is accomplished by 
examining each node in the defined pair for their respective water surface elevations and computing 
flow according to the difference in water elevation. The resulting flux is specified as a normal flow 
from the node with the higher water level to the node with the lower water level for each node pair.  
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Weir boundary conditions also are implemented for external barrier boundaries, which permit surge 
that overtops levee structures at the edge of the domain to transmit flow out of the computational 
area.  External weir boundaries were placed in many locations along the inland boundary of the 
OCPR2012 mesh, including locations without notable structures or pronounced features.  Use of 
external weir boundary conditions reduced the overall domain size and thus computational cost of 
the model.  Applying external weir boundaries allows flows to leave the system, rather than 
unnaturally building against a traditional no flow boundary type.  The SL18 domain is extended to 
the 12 meter contour.  Conversely, the OCPR2012 domain extents are defined by the extents of 
output locations required for the damage and risk assessment portion of the study.  Beyond the 
output locations, external weir boundaries are applied.  Comparing Figure 3 and Figure 10 shows the 
change in model limits between OCPR2012 and SL18, while comparing Figure 7 and Figure 11 gives a 
general idea on the computational cost savings of reducing the mesh size and implementing 
external weir boundaries.  Figures 36 through 39 display the outpoint point locations, which are 
further discussed in Section 1e.  


Flows from major rivers, the Mississippi and Atchafalaya, are explicitly incorporated into the model 
and thus their effect on LMSL in the respective deltas is accounted for explicitly.  Not all river flows 
are included in the model, which can result in small, localized increases in open water LMSL.  
However, river flows were only absent in the model when their effects are assumed to have an 
insignificant effect on the resulting water levels.   


Mississippi and Atchafalaya River flow rates and river stages were applied based on assumptions 
from the JSS analysis, using average flow rates from May through September. The Mississippi and 
Atchafalaya rivers were forced with steady flows of 167,000 cfs and 70,000 cfs, respectively, for 
synthetic storm simulations.  Historical hindcasts are simulated with discharge values averaged over 
the time of the storm available from stream gauge data from the hurricane event.  The Mississippi 
River boundary condition is placed near Convent, LA.  The Atchafalaya River boundary condition is 
placed immediately south of the Spice Island Chute/Little Devil Cut intersection with the main 
channel of the river.  At river boundaries, a simple elevation or flux boundary condition would 
reflect tides and surge waves that are propagating upriver back into the domain.  In order to prevent 
this non‐physical reflection from occurring, a wave radiation boundary condition was developed that 
specifies flux into the domain while allowing surface waves to propagate out (Luettich and 
Westerink 2003).  The radiation condition is based on the relationship between the normal flow and 
elevation at the boundary.  River inflow to the Mississippi River and to the Atchafalaya River is 
specified as a flux per unit width as defined by the wave radiation boundary condition.  A 2‐day spin‐
up period with a 0.5‐day hyperbolic ramping function is applied to the river boundary forcing prior 
to any additional model forcing. This allows for a dynamic steady state in the rivers to be established 
prior to interaction with any other forcing terms to properly define pre‐tide and pre‐storm river 
stage on the boundaries. 


Wind and Pressure Fields 


Wind and pressure fields were generated utilizing the Oceanweather, Inc. (OWI), Planetary 
Boundary Layer Model.  These wind fields are the required input into the storm surge and wave 
models for validation and production simulations.  The production wind fields were created as part 
of the JSS analysis (USACE 2008a, USACE 2008b, USACE 2008c).  For this study, 40 of the 304 
production wind fields were applied to the ADCIRC and UnSWAN modeling system.  Further details 
for storm selection are described in the Appendix D‐25 – Risk Assessment Model.  Figure 40 displays 
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the ten tracks considered as part of this study.  Table 3 lists all 40 storms, with four storms falling on 
each track. 


Table 3  PBL Storm Parameters 
Storm Parameters 


Run No. 
Wind 
(m/s) 


Pressure 
(mbar) 


Landfall 
Winds 
(m/s) 


Landfall 
Pressure 


(mbar) 
Rp  


(nm) 
Track 


Number 


Forward 
Velocity 


(kt) 
005 52.5 930 41.2 943 17.7 E1 11 
006 51.8 930 38.8 951 25.8 E1 11 
008 58.4 900 48.4 910 14.9 E1 11 
009 57.9 900 46.6 918 21.8 E1 11 
014 52.4 930 41.3 943 17.7 E2 11 
015 51.7 930 38.9 951 25.8 E2 11 
017 58.3 900 48.5 910 14.9 E2 11 
018 57.8 900 46.7 918 21.8 E2 11 
023 52.3 930 41.5 943 17.7 E3 11 
024 51.7 930 38.9 951 25.8 E3 11 
026 58.1 900 48.7 910 14.9 E3 11 
027 57.7 900 46.8 918 21.8 E3 11 
032 52.6 930 41.1 943 17.7 E4 11 
033 51.7 930 38.6 951 25.8 E4 11 
035 58.1 900 48.3 910 14.9 E4 11 
036 57.8 900 46.5 918 21.8 E4 11 
041 52.3 930 40.9 943 17.7 E5 11 
042 51.8 930 38.3 951 25.8 E5 11 
044 58.0 900 48.2 910 14.9 E5 11 
045 57.6 900 46.1 918 21.8 E5 11 
205 52.5 930 41.2 943 17.7 W1 11 
206 51.8 930 38.8 951 25.8 W1 11 
208 58.4 900 48.4 910 14.9 W1 11 
209 57.9 900 46.6 918 21.8 W1 11 
214 52.4 930 41.3 943 17.7 W2 11 
215 51.7 930 38.9 951 25.8 W2 11 
217 58.3 900 48.5 910 14.9 W2 11 
218 57.8 900 46.7 918 21.8 W2 11 
223 52.3 930 41.5 943 17.7 W3 11 
224 51.7 930 38.9 951 25.8 W3 11 
226 58.1 900 48.7 910 14.9 W3 11 
227 57.7 900 46.8 918 21.8 W3 11 
232 52.6 930 41.1 943 17.7 W4 11 
233 51.7 930 38.6 951 25.8 W4 11 
235 58.1 900 48.3 910 14.9 W4 11 
236 57.8 900 46.5 918 21.8 W4 11 
241 52.3 930 40.9 943 17.7 W5 11 
242 51.8 930 38.3 951 25.8 W5 11 
244 58.0 900 48.2 910 14.9 W5 11 
245 57.6 900 46.1 918 21.8 W5 11 


Note: 


Track Numbers are from Figure 40 
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Each wind and pressure field includes information for the entire Gulf of Mexico and into the state of 
Louisiana north to 30.5 degrees latitude.  A 15‐minute time step was used for all wind fields with a 
0.05‐degree delta in both the North‐South and East‐West directions.  PBL storm data are mapped 
onto the ADCIRC mesh geometry during each simulation to apply wind and pressure data at each 
node.  Wind and pressure data is interpolated linearly in time for ADCIRC and UnSWAN 
computations occurring between each PBL time step.  The nodal wind values are subsequently 
scaled by the appropriate canopy factor and directional Z0 value. 


The wind surface stress, s,s,  is computed by a standard quadratic drag law: 
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W10 is wind speed sampled at a 10‐meter height over a 10‐minute time period (Hsu 1988). The ratio 


of the density of air to that of water, air/0, is 0.001293.  The drag coefficient,  dC , is defined by 


Garratt’s drag formula which defines the drag coefficient as a linear function of wind speed (Garratt 
1977).  


3
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This drag coefficient is based predominantly on 10‐minute averaged wind data.  The winds are 
therefore adjusted to 10‐minute averages by noting that shorter averaging periods lead to higher 
averaged winds and increasing them by a factor of 1.09.  This factor leads to almost identical 10‐
minute winds as would be obtained by converting peak 1‐minute winds to 10‐minute winds using 
Powell’s recommended conversion factor of 0.89 (Powell et al. 1996).  The drag coefficient increases 
linearly with wind speed to a limit of 0.002 at intermediate winds speeds (18.7 meters per second 
(m s‐1) to 35 m s‐1).  At higher winds speeds, the linear function is again applied, and is eventually 
limited to an upper value of 0.003 at wind speeds greater than 45 m s‐1 (Figure 41).  It is clear from 
recent literature that there does appear to be an upper limit on the drag coefficient associated with 
processes such as sheeting (Powell et al. 2003).  Upper limit values based on dropsondes are as low 
as 0.0025 although they may be higher in outer portions of the storm. 


Note, the directional changes in surface roughness from open marine conditions do not fully 
characterize the changes in surface stress on the water column during storm surge inundation.  As 
inundation takes place, the land roughness elements (e.g., marsh grass, crops, and bushes) are 
slowly submerged and the drag is reduced.  Therefore, the overland roughness length is reduced in 
the model depending upon the local water column height and assuming that the physical roughness 


height is               (Simiu and Scanlan 1986).  The reduced roughness length   is limited to 


the marine roughness value, which is reached as the water depth   increases 
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where the open marine roughness,  z0marine
, can be computed based on the Charnock relationship 


(Charnock 1955) and the relationship between the friction velocity and the applied drag law (Hsu 
1988):  
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The wind reduction factor, fr‐directional, is then calculated for each of the 12 directions as a ratio 
between the surface roughness for open marine conditions z0marine


 and the weighted upwind land 


roughness adjusted for local inundation.  The approximation of the wind speed reduction is based 
on applying a power law approximation to logarithmic boundary layer theory (Powell et al. 1996, 
Simiu and Scanlan 1986): 
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Actual wind reduction factors used at each node during the simulation are determined from the pre‐
computed Z0 directional roughness values closest to the wind direction at that time and place.  The 
adjusted wind speeds used in the wind stress formulae are then computed from PBL marine wind 
speeds as: 


marine
WfW kldirectionar 1010 


            (10) 


Future Conditions Model Adjustments 


Future conditions were modeled in the study.  Year 50 conditions for both the S12 (Moderate Future 
Conditions) and S13 (Less Optimistic Future Conditions) scenarios were modeled.  Details for the S12 
and S13 scenarios are described in Appendix C – Environmental Scenarios.  In order to account for 
future conditions in the combined ADCIRC and UnSWAN modeling system, four model components 
are considered:  change in landscape elevation due to subsidence and accretion; vegetation 
changes; sea level rise (SLR); and consideration of proposed projects. 


Model elevation changes are accounted for on the mesh level.  OCPR2012_S50 is used as a basis to 
create OCPR2012_S12_G90 and OCPR2012_S13_G90.  Both G90 mesh versions (S12 and S13) utilize 
the same mesh nodes, elements and boundaries as OCPR2012_S50.  Elevation adjustments are 
made to the model by applying the differences between the current and future conditions DEMs.  
This is done to ensure that features such as waterways in Figure 12 and pronounced features in 
Figure 13 are not inadvertently removed, which would occur by directly applying future DEM 
elevations.   Elevation differences are applied using area averaging techniques in the same manner 
as described in Figure 15.  Weir boundary crown elevations are adjusted to account for subsidence 
as well.  Weir elevations defined by recent survey for current conditions, shown in green in Figure 
13, are adjusted in the OCPR2012_S12_G90 and OCPR2012_S13_G90 meshes by applying elevations 
provided by the Risk Assessment Team.  These areas apply elevations that account for planned levee 
maintenance.   All other weir boundary conditions alter crown elevations by applying the same 
elevation change to the weir crown that has been applied to the weir base elevation nodes.  Thus, 
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the elevation changes that are regionally accounted for in the future DEMs are implemented at the 
weir boundary conditions as well.  Figures 42 through 45 show the resulting OCPR2012_S12 and 
OCPR2012_S13 mesh elevations as well as their differences from the OCPR2012_S50 mesh 
elevations. 


Vegetation changes are accounted for in the surface characteristics file.  Manning’s n and Z0 values 
are updated for all nodes where vegetation and land/water characteristics changed using the same 
process previously described.  Areas that were assigned values derived from USGS LU/LC and C‐CAP 


data for current conditions remain static.  Eddy viscosity, canopy, and  0  values also remain the 


same for all conditions.  The resulting Manning’s n and Z0 values for OCPR2012_S12 and 
OCPR2012_S13, as well as their differences from the OCPR2012_S50 frictional characteristics are 
shown in Figures 46 through 57. A detailed description of the surface characteristics methodology is 
contained in Section 1e, Description of Input Data: Current Conditions (Year 0+1 day) Surface 
Characteristics. 


The inclusion of SLR varies with model initial conditions.  The S50 initial condition is increased based 
on the level of eustatic SLR being analyzed.  For instance, S12 experiences 0.89 feet of SLR, 
rendering a model initial condition of 2.09 feet NAVD88.  Details for S50, S12 and S13 are found in 
Table 4.  This initial condition is applied throughout the model domain. 


Table 4  Model Initial Conditions Including Sea Level Rise 


Scenario 
Model Initial Condition 


(NAVD88 m) 
Model Initial Condition 


(NAVD88 ft)  Sea Level Rise (ft) 


S50  0.37  1.20  0.00 


S12  0.64  2.09  0.89 


S13  0.82  2.68  1.48 


 


Proposed projects are included in the future with plan (FWP) ADCIRC meshes.  Thirty‐four coastal 
protection projects are considered in this analysis.  These 34 projects are grouped into seven 
ADCIRC meshes in order to analyze multiple independent projects with one mesh, saving on 
computational cost by simulating 40 storms per mesh rather than per project.  The project 
groupings were constructed in a manner such that the projects do not interfere with the response of 
an adjacent project.  This was confirmed during the quality control portion of the study, described in 
Section 1e.  Figures 58 through 64 display the mesh groupings.  For naming convention purposes, 
mesh grouping 1 is referred to as G91, mesh grouping 2 is referred to as G92, etc.  Table 5 contains a 
list of project attributes for all 34 coastal protection projects analyzed.  All seven future with project 
mesh groupings were simulated using the same mesh elevation and surface characteristics as the 
OCPR2012_S12_G90 and OCPR2012_S13_G90 simulations.  Future projects were implemented by 
inserting a new weir boundary condition along the project alignment or updating the crown 
elevation of existing weir boundary alignments.  Crown elevations are listed in Table 5. 


Table 5  Project Attributes 


Project Name 
Project  


Mesh Number 
Modeled  


Elevation (ft) 
Lift  


Amount (ft) 


001.HP.07  G91  33.0  N/A 


002.HP.07  G91  8.0  N/A 
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Table 5  Project Attributes 


Project Name 
Project  


Mesh Number 
Modeled  


Elevation (ft) 
Lift  


Amount (ft) 


03b.HP.07  G91  18.0  N/A 


004.HP.05  G91  9.0  N/A 


004.HP.11  G91  14.4  N/A 


001.HP.05  G92  13.5  N/A 


001.HP.09  G92  30.3  N/A 


002.HP.01  G92  9.5  N/A 


03a.HP.02a  G92  12.0‐28.0  N/A 


03b.HP.12  G92  16.5  N/A 


004.HP.03  G92  9.0  N/A 


004.HP.06  G92  17.0  N/A 


001.HP.04  G93  15.0‐35.0  N/A 


002.HP.06  G93  15.5  N/A 


03b.HP.10  G93  13.5  N/A 


004.HP.12  G93  21.4  N/A 


001.HP.13  G94  15.4  N/A 


002.HP.05  G94  12‐16.5  N/A 


03b.HP.06  G94  21.5  N/A 


002_HP_09  G94  N/A  2.43 


001.HP.02  G95  31.5  N/A 


002.HP.04  G95  14.0‐17.0  N/A 


03b.HP.09  G95  16.5  N/A 


004.HP.04  G95  17.0‐20.0  N/A 


Larose_GoldenMeadow_Lift  G95  N/A  2.76 


001.HP.08  G96  24.5  N/A 


03b.HP.08  G96  18.0  N/A 


004.HP.13  G96  12.0  N/A 


002_HP_08  G96  N/A  2.23 


001.HP.01  G97  33.0  N/A 


03a.HP.02b  G97  19.5‐36.5  N/A 


03b.HP.11  G97  18.0  N/A 


004.HP.14  G97  15.0  N/A 


001_HP_20  G97  N/A  2.23 


Note: Incorrect alignments were modeled for 001.HP.09 and 002_HP_09; please disregard modeled 
output in these areas. 


e. Description of Output Data 


The ADCIRC and UnSWAN models calculates storm surge, water currents, wave height, wave period 
and wave direction at every node in the mesh at every time step. At the end of each simulation, the 
model creates output files which contain time series information for these parameters, as well as 
the maximum value at any given time step during the simulation. The only exception comes in the 
form of the wave period. The maximum wave period is synced to the time in which the maximum 
significant wave height occurs.  For quality control purposes, time series and maximum data are 
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analyzed for each storm and each scenario.  However, ultimately data at specific locations is passed 
to the Risk Assessment Model. 


The output passed to the Risk Assessment Model consists of maximum values for surge, wave 
height, and wave period as well as hydrographs detailing the evolution of surge.  These hydrographs 
are output every 15 simulation minutes.  There are four different point sets: Unprotected Census 
Blocks, Semi‐Protected Census Blocks, Regularly Spaced Points, and Surge/Wave Points.  
Unprotected Census Blocks, Semi‐Protected Census Blocks and Surge/Wave points were determined 
by the Risk Assessment Model. Regularly spaced points were created by the Storm Surge/Waves 
Team at 2.5 kilometer intervals across the state to be used for mapping purposes.  The Risk 
Assessment Model utilizes maximum surge and maximum wave height information for all point sets. 
At the Surge/Wave Points, wave period and hydrograph data were additionally supplied. 


For the purposes of illustration, images of synthetic storms 009 and 227 are shown for the S50, 
S12_G90, and S13_G90 project simulations. A comprehensive set of figures, illustrating the surge 
and wave results for all of the synthetic storms simulated for S50, S12_G90, and S13_G90, are 
included in Appendices D‐24‐B, D‐24‐C, and D‐24‐D, respectively. 


Current Conditions 


Simulation results were analyzed on the current conditions (OCPR2012_S50) mesh to ensure model 
stability and performance, validate the model, as well as to establish surge responses for 
comparison to the future scenarios. The mesh was created using current data sources for 
bathymetry and topography, and model parameters were assigned using current land cover 
(frictional resistance to flow), directional roughness length, forested canopy, and eddy viscosity 
data, as described in Section 1d.  Maximum water surface elevation, maximum significant wave 
height, peak wave period and wave direction were examined for current conditions simulations.  For 
the purposes of illustration, images of maximum water surface elevation and maximum significant 
wave height for synthetic storms 009 and 227 are shown in Figures 65 through 76. 


S12_G90 


The model mesh elevation and frictional parameters were modified using the methodology outlined 
in Section 1d.  Simulations were performed on the S12_G90 future without action mesh.  For the 
purposes of illustration, images of maximum water surface elevation and maximum significant wave 
height for synthetic storms 009 and 227 are shown in this section.  Results of S12_G90 maximum 
water surface elevation for storms 009 and 227 are illustrated in Figures 77 through 82.  Figures 83 
through 88 show the difference in maximum water surface elevation between 2011 current 
conditions (S50) and S12_G90.  There is a region‐wide water surface elevation increase compared to 
S50, due to the increase in the initial water level of the simulation to account for SLR.  Surge 
generally propagates further inland compared to S50.  Offshore, the rise in surge takes on the value 
of sea level rise. However, the rise in surge inland is nonlinear, with localized increases in surge 
response as high as two or three times the sea level rise value. 


Comparisons of maximum wave height were made between S12_G90 and S50.  Figures 89 through 
92 show the maximum significant wave height for storms 009 and 227, while Figures 93 through 96 
show the difference in maximum water surface elevation as compared to S50 current conditions.  
Significant wave heights exhibit an increase of over four feet at some barrier islands and headlands, 
and wave heights are generally one to two feet higher across much of the study area, as compared 
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to current condition waves.  One notable exception is that waves appear to decrease by about one 
foot in the vicinity of the Atchafalaya and Wax Lake Outlet Deltas.  This decrease is due to the 
accretion that occurs in the area. 


Hydrograph plots were also produced for the surge and wave points shown in Figure 36.  Six of 
those points are presented here for illustrative purposes.  Figure 97 shows the location of the six 
hydrograph locations plotted.  Note that none of the hydrographs are in Southwestern Louisiana, as 
existing infrastructure does not exist that requires hydrograph output for risk and damage 
assessment purposes for current and future without action studies.  Therefore, hydrograph 
information was not output by the ADCIRC model for surge and wave points shown in Southwestern 
Louisiana in Figure 36.  Figures 98 and 99 show example hydrographs at the six output locations for 
storms 009 and 227, respectively.  S12_G90 output is compared to S50 in order to analyze the 
effects of SLR, subsidence, accretion and vegetation change throughout the duration of the storm. 


S13_G90 


The model mesh elevation and frictional parameters were modified using the methodology outlined 
in Section 1d.  Simulations were performed on the S13_G90 future without action mesh.  For the 
purposes of illustration, images of maximum water surface elevation and maximum significant wave 
height for synthetic storms 009 and 227 are shown in this section.  Results of S13_G90 maximum 
water surface elevation for storms 009 and 227 are illustrated in Figures 100 through 105.  Figures 
106 through 111 show the difference in maximum water surface elevation between 2011 current 
conditions (S50) and S13_G90.  There is a greater region‐wide water surface elevation increase than 
both S50 and S12_G90, due to increased initial water level of the simulation to account for the S13 
SLR. Surge generally propagates further inland compared to S50 and S12_G90.  Similar to S12_G90, 
the increase in storm surge values are approximately the SLR value offshore and vary nonlinearly n 
coastal Louisiana. 


Comparisons of maximum wave height were made between S12_G90 and S50.  Figures 112 through 
115 show the maximum significant wave height for storms 009 and 227, while Figures 116 through 
119 show the differences in maximum water surface elevation as compared to S50 current 
conditions.  Significant wave heights exhibit an increase of over four feet at some barrier islands and 
headlands, and wave heights are generally one to two feet higher across much of the study area, as 
compared to current conditions waves.  Waves generally propagate inland farther than S50 or 
S12_G90.  One notable exception is that waves appear to decrease by about one foot in the vicinity 
of the Atchafalaya and Wax Lake Outlet Deltas. 


Hydrograph plots were also produced for the same six points shown in Figure 97.  Figures 120 and 
121 show example hydrographs at the six output locations for storms 009 and 227, respectively.   
S13_G90 output is compared to S50 in order to analyze the effects of SLR, subsidence, accretion and 
vegetation change throughout the duration of the storm. 


S12 Future with Project (G91‐G97) Simulations 


The impacts of projects on S12 were evaluated using Project Meshes G91, G92, G93, G94, G95, G96, 
and G97, shown in Figures 58 through 64.  A comprehensive set of results images for all seven 
project meshes is contained in Appendix D‐24‐C.  Results of storms 009 and 227 on the S12 project 
mesh 6 (S12_G96) are presented in this section.  Figures 122 through 127 show the difference in 
maximum water surface elevation between S12_G96 and S12_G90.  These results illustrate that, in 
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general, surge accumulates on the unprotected side of proposed projects, and is decreased on the 
protected side.  This can be seen in Figure 127, using the Pontchartrain Barrier alignment as an 
example.  Surge is amplified across a wide area outside of the protection feature, affecting St. 
Bernard Parish, the East Bank of Plaquemines Parish, and the Pearl River Basin of St. Tammany 
Parish.  The structure provides over four feet of surge attenuation throughout the Pontchartrain 
Basin on the protected side, as shown at station 191 in the hydrographs in Figures 128 and 129 
comparing S12_G90 with S12_G96. Similar effects are seen on significant wave height, as shown in 
Figures 130 through 133.  An important note is that depending on the storm track, certain 
protection features can increase surge on the protected side of projects. An example of this is 
shown in Figure 123. Alignment 004.HP.13 experiences winds that increase surge on the protected 
side of the project. 


S13 Future with Project (G91‐G97) Simulations 


The impacts of projects on S13 were evaluated using Project Meshes G91, G92, G93, G94, G95, G96, 
and G97, shown in Figures 58 through 64.  A comprehensive set of results images for all seven 
project meshes is contained in Appendix D‐24‐D.  Results of storms 009 and 227 on the S13 project 
mesh 6 (S13_G96) are presented in this section.  Figures 134 through 139 show the difference in 
maximum water surface elevation between S13_G96 and S13_G90.  These results illustrate that, in 
general, surge accumulates on the unprotected side of proposed projects, and is decreased on the 
protected side.  This can be seen in Figure 138, using one of the Southwest Coastal Levee alignments 
as an example.  Surge is amplified across a wide area outside of the protection feature, affecting 
much of the coastal Chenier Plain with up to three feet of increased surge height.  The structure 
provides over four feet of surge attenuation on the protected side.  A similar change in hydrograph 
response as S12 can be seen in Figures 140 and 141.  Additionally, similar changes as S12 are seen 
on significant wave height, as shown in Figures 142 through 145. 


QA/QC Process 


The QA/QC process for the model output consists of two steps, product creation and product 
review.  Product creation is further broken down into three main categories:  1) maximum water 
surface elevation (WSE) plots; 2) UnSWAN wave results (maximum wave height and corresponding 
wave period and direction); and 3) difference plots comparing base conditions with project 
conditions.  In order to maintain consistency among the products, an automated script is used in the 
creation of these products.  One script plots the maximum WSE and UnSWAN wave period and wave 
height results using the same seven zooms shown in Figure 146.  Another script searches through 
the 40 storms and calls the plotting script when the simulation has completed.  This minimizes the 
amount of human error that can be introduced in grabbing the correct output file since the script 
automatically searches through the storms that remain to be plotted and captures the appropriate 
files.  A similar calling script is used to create difference files for the WSE and UnSWAN results 
(project less future without action; e.g. S12_G94_V00 less S12_G90_V00) and plot these differences 
using symmetric scales centered at zero. 


For the WSE and UnSWAN wave output created for any given storm in the 40 run suite, plots are 
created for the following seven zooms: 


z1 – the Louisiana Gulf coast 


z2 – the western study region 
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z3 – the eastern study region 


z4 – close‐up view of western inland region 


z5 – close‐up view of central inland region 


z6 – close‐up view of eastern inland region 


z7 – close‐up of the Mississippi River Delta.   


These are also shown in Figure 146.  Note that all of the smaller zooms overlap the larger zooms to 
provide complete coverage of the study area.  However, for the difference plots, only the first three 
zooms are created.  The main goal of the difference plots is to verify that a project’s area of 
influence makes sense and to double‐check that project data was properly implemented.  The 
majority of these plots should be white, indicating zero difference between the FWOA scenario and 
the project scenario. 


After the plots have been created, they undergo a thorough review.  The UnSWAN wave plots are 
reviewed by a wave expert and the maximum WSE plots are reviewed by two hydrodynamics 
experts.  The WSE plots are examined for unnatural “mounds” of water due to numerical artifacts, 
proper input of river flow rates, and hydraulic area of influence for projects.  Further examination of 
the hydraulic area of influence for the proposed project is conducted by examining the difference 
plots of WSE.  It is expected that the only areas of non‐zero difference should be in the immediate 
vicinity of the proposed project.  Differences can be negative or positive indicating that surge is 
either reduced (or eliminated entirely) or accumulation is occurring along new levees.  The creation 
and review process occurs concurrently with the production runs so that any errors can be quickly 
corrected and the production runs halted and resubmitted.   


The current condition ADCIRC and UnSWAN wave plots are reviewed and compared to JSS study 
results and make sure both results are consistent and physically reasonable, including wave 
propagation, shoaling and dissipation.  In the JSS analysis, although the wave model STWAVE was 
used, the wave results should be in the same order of magnitude because the UnSWAN model is 
equivalent to the STWAVE with full‐plane mode. There are some differences between UnSWAN and 
STWAVE in half‐plane mode, especially for the wave field behind barrier islands, since STWAVE with 
half‐plane mode is unable to resolve the offshore wave propagation.  In the nearshore and overland 
area, most of waves are depth‐limited, resulting in similar UnSWAN and STWAVE results.  


Post Processing and Transferring Output to Risk Assessment Model 


Four sets of data points were constructed by the Risk Assessment Team for output from the storm 
surge and wave models.  These points were: 


1. Surge/Wave Points (Figure 36) 


2. Semi‐Protected Census Blocks (Figure 37) 


3. Unprotected Census Blocks (Figure 38) 


4. Regularly Spaced Points (Figure 39) 


This data is broken down into two types; time series data and maximum value data.  Maximum 
surge values are the maximum water surface elevation at a given location at any time during the 
simulation.  Maximum wave values consist of the maximum significant wave height at a location at 
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any time during the simulation and the corresponding peak period.  This means that at the time the 
maximum wave height occurred, the computed peak period is saved from that time.  Time series 
data consists of water surface elevations written during the simulation every simulation half hour at 
specified locations.  The types of data provided for each dataset is summarized in Table 6. 


Table 6  Data Types passed at Various Point Sets to Risk Assessment Team 


Max 
Surge 


Time Series 
Surge 


Max Wave 
Height  Peak Period 


Unprotected Census Blocks       


Semi‐Protected Census Blocks       


Surge/Wave Points      
Regularly Spaced Points       


 


Hydraulic Sub Units 


Due to the limited selection of storms used, responses at some points throughout the state were 
limited, exaggerating the statistical extrapolation used to compute surge for many other storms.  In 
order to make for a more accurate risk and damage assessment, points with limited responses were 
checked to see if they were candidates for a nearest neighbor value based upon the hydraulic sub 
units and associated criteria. 


Hydraulic sub units were created using the known features of the state and the ADCIRC model to 
create polygons of areas hydraulically connected, with respect to storm surge.  Figures 147 through 
154 show what the polygons look like after they were created. Each color represents a particular sub 
unit.  Geoprocessing software was used to compute which hydraulic sub unit each output location 
fell within. Different sets of sub units were created from each project mesh as certain protection 
projects might hydraulically disconnect areas that were once connected. 


The criteria used to determine if a point should use a nearest neighbor value relied on the number 
of times a storm was able to wet a location for a particular storm track.  If an output point was wet 
or dry for all for storms that fell on a particular track, then the point was left untouched.  If between 
one and three storms wet a point, then the nearest wet point within the sub unit for the storm was 
determined and added in place of the null value.  Points outside of the hydraulic sub unit were not 
considered.  If all other points within the sub unit were also dry for that particular storm, no action 
was taken.  The nearest neighbor value was allowed to be pulled from any dataset to find the most 
accurate substitution value that could be calculated within a reasonable amount of time. 


f. Statement on the Capabilities and Limitations of the Model 


ADCIRC solves the depth‐averaged shallow water equations using an unstructured finite element 
approach.  Derivations of the shallow water equations require making the following assumptions: 


 The flow is incompressible which is appropriate for fluids such as liquid water; 


 The pressure distribution through the water column is linear with depth (hydrostatic);  


 Boussinesq approximation to neglect density differences in all terms except those involving 
the gravity term; 
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 Horizontal velocity is independent of depth; and 


 Horizontal motions are much greater than the vertical motions. 


These assumptions mathematically justify depth averaging of the Navier‐Stokes Equations, which 
are an expression of mass and momentum conservation for fluid flow.  The depth averaged Navier‐
Stokes equations are called the shallow water equations.  With the above approximations, the 
shallow water equations describe horizontally dominant flows such as oceanic tides, wind driven 
storm surge, circulation in estuaries, bays, and lakes and flow in rivers.  The formulation used in 
ADCIRC also includes terms to account for Coriolis accelerations, variations in atmospheric pressure 
at the water surface, viscous dissipations and frictional resistance (drag) from the roughness of the 
surface over which the water flows.     


The viscous term can be used to account for molecular diffusion of momentum and the much larger 
dissipation due to turbulent mixing.  While many sophisticated turbulence models exist in the 
scientific literature, ADCIRC uses a very simple approximation for turbulent dissipation.  ADCIRC uses 
a scalar eddy viscosity in place of molecular viscosity.  


The shallow water equations are non‐linear partial differential equations which are not easily solved 
in closed form using standard tools of calculus.  Numerical approximations are required to solve the 
equations.   The ADCIRC model uses linear, triangular finite element method to approximate the 
spatial derivatives in the equations and a variably implicit finite‐difference scheme to replace the 
time derivatives.  The basic derivation of the shallow water equations is called the primitive form, 
which produces errors when solved with linear finite elements.  In order to overcome these 
numerical difficulties with linear finite elements, ADCIRC takes advantage of a reformulation of the 
shallow water equations in which the equations are recast into a wave equation formulation.  The 
specific details of the formulation are described in the theory section of this report.  The beneficial 
outcome of reformulating the equations is that the ADCIRC model is robust and stable.    


ADCIRC is open‐source and widely distributed.  It has been in use for more than 30 years by 
university researchers, the U.S. Army Corps of Engineers, FEMA, state governments, and consulting 
firms around the world.  ADCIRC has been deployed successfully on many computer systems from 
single processor desktop PCs to multi‐processor super computers.  There is an active development 
community in which the latest advances are tested and compiled.  The strength of development 
across a diversity of computer platforms and by a large group or participants is a flexible, well 
exercised model, that has been extensively verified and validated for a large number of flow 
scenarios.    


The fidelity of an ADCIRC solution depends upon the quality and accuracy of the model input.  The 
user of the ADCIRC computer program must supply the finite element mesh.  The mesh is actually a 
model of the terrain and roughness over which the flow occurs.  The user creates a mesh of non‐
overlapping triangles for which the vertices of the triangles are called nodes.  The mesh can be 
constructed in geographic coordinates or a Cartesian coordinate system such as State‐Plane 
coordinate systems.  At each node, an elevation of topography/bathymetry and frictional 
parameters are defined.  When the ARCIRC code is run to solve the flow across a mesh, it uses the 
same mesh to resolve the flow features such as velocity gradients, circulation, and eddies in the 
flow.  Thus, the size, spacing, and configuration of the mesh dictate the solution accuracy.  The user 
can control the accuracy through the size of the elements in the mesh; the smaller the elements are, 
the more detail can be resolved both in the underlying terrain and in the flow field.  However, as the 
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element size decreases, it requires more elements and nodes to cover the same spatial extent.  
Because the solution time required for the ADCIRC code to solve the governing equations is 
proportional to the total number of nodes in the mesh, the cost of running the ADCIRC model 
increases as element size decreases.  This is a limitation that ADCIRC shares with all computer 
models; increasing accuracy comes with increasing cost to run the code.  One of the strengths of the 
unstructured mesh used with ADCIRC is that the element size can vary substantially throughout a 
mesh.  The user can define small elements where needed and can use large elements where the 
bathymetry or flow features vary gradually in space.  See Figures 6 through 9 for examples of how 
the element size varies to resolve topographic features over many horizontal scales.  This allows 
ADCIRC users to balance accuracy and efficiency. 


Efficiency is also enhanced by virtue of attention to optimization and solution routines.  ADCIRC has 
been optimized by unrolling loops for enhanced performance on multiple computer architectures. 
ADCIRC includes MPI library calls to allow it to operate at high efficiency (typically better than 90 
percent) on parallel computer architectures.  The solution method allows some flexibility for the 
user to choose the solution procedure.  The equations can be solved using either a consistent or a 
lumped mass matrix (via a compiler flag) and an implicit or explicit time stepping scheme (via 
variable time weighting coefficients).  If a lumped, fully explicit formulation is specified, no matrix 
solver is necessary.  In all other cases the Generalized Wave‐Continuity Equation (GWCE) is solved 
using the Jacobi preconditioned iterative solver from the ITPACKV 2D package.  When ADCIRC is run 
with the explicit formulations which do not require a matrix solver, the code is very efficient and 
fast.  In addition, ADCIRC makes use of a least squares analysis routine that computes harmonic 
constituents for elevation and depth averaged velocity during the course of the run, thereby 
avoiding the need to write out long time series for post processing. 


ADCIRC users are required to define boundary conditions at the edges of the mesh.  Boundary 
conditions allow the solution with the computational domain to be consistent with conditions 
external to the domain.  Boundary conditions also provide a mechanism to introduce mass and 
momentum sources, such as riverine discharge entering the computational domain.   ADCIRC users 
can specify any of the following boundary conditions along segments of the domain boundary: 


 specified elevation variation (harmonic tidal constituents or time series); 


 specified normal flow (steady or time varying); 


 zero normal flow;  


 slip or no‐slip conditions for velocity;  


 external barrier overflow out of the domain;  


 internal barrier overflow between sections of the domain;  


 surface stress (wind and/or wave radiation stress);  


 atmospheric pressure; and 


 outward radiation of waves (Sommerfield condition). 


Of particular interest to solving storm surge flood conditions is the use of the internal and external 
barrier boundary conditions.  These conditions are used to provide ADCIRC with the capability of 
solving flow over weirs and levees. 
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For flow scenarios that include the effect of tides, ADCIRC has the capability of defining tidal 
constituents for all relevant celestial forcing, internal tides and tidal potential effects. 


ADCIRC has a lot of flexibility in allowing the user to save model results in a number of formats.  The 
user can choose between ASCII, binary, or NetCDF formats for time series of the solution or other 
state variables at defined locations or global solution values.  Harmonic parameters may also be 
produced.  


One uncertainty that should be noted is the dependency of mesh quality upon the available data.  
The elevations in the mesh are only as accurate as the topographic and bathymetric data.  The 
friction parameters are only as accurate as the land cover data sets used to derive them.   


The ADCIRC model also has the capability to be coupled to a separate surface wave model to 
account for the additional wave setup associated with the wave conditions created during a 
hurricane event.  For the work described here, ADCIRC was coupled to the unstructured SWAN 
model.  Unstructured SWAN is a derivative of the structured SWAN model (described in detail in 
Section 2a) which has been modified to use the same finite element mesh as the ADCIRC model.  
UnSWAN is a spectral wave model which solves the propagation, growth and decay of wave energy 
for waves of different frequencies.  UnSWAN accounts for wave growth due to winds, energy lost to 
whitecapping, wave breaking, and bottom frictions, and energy exchanged between wave 
interactions.  When waves break, some of the momentum they lose is transferred to the water 
column which creates additional push on the water and can increase surge by as much as two or 
three feet.  UnSWAN exports wave radiation stress gradients which ADCIRC incorporates as an 
additional nodal forcing in the momentum balance. 


Summary 


Following are the primary capabilities of the ADCIRC and UnSWAN model: 


1. The finite element mesh provides a detailed model of topography, bathymetry and frictional 
roughness for the region of interest. 


2. The topography in the model resolves hydraulically relevant levees, roads, railroads, ridges, 
spoil mounds and islands. 


3. The bathymetry resolves elevations from off shore to interior bays, lakes, bayous, natural 
and dredged channels, rivers and canals. 


4. The frictional parameters are derived from the most recent land cover data and from future 
land cover forecasts provided by USGS (Appendix D‐2  – Wetland Morphology Model), the 
Vegetation Model (Appendix D‐4 – Vegetation Model) and C‐CAP. 


5. The finite element mesh utilizes the large domain paradigm with local resolution.  This 
paradigm simplifies specification of boundary conditions, and accurately captures large 
basin scale effects and basin‐to‐basin interactions, while simultaneously capturing 
important small scale topographic and flow features with localized high resolution. 


6. Unstructured meshes provide flexibility to meet accuracy requirements and efficiency/time 
constraints. 
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7. The governing equations solved by the ADCIRC code are appropriate for describing tides, 
riverine flow, channel flow, wind driven storm surge, surge attenuation by friction and 
topography, surge modification by wave setup and inland inundation by propagating surge. 


8. The ADCIRC code accounts for modification of the computed flow by Coriolis, turbulent 
dissipation, frictional dissipation, atmospheric pressure/wind, tidal potential Earth self‐
potential tides. 


9. ADCIRC makes use of elevation, flow and radiation boundary conditions. 


10. The solution algorithm is robust, second‐order, non‐damped and consistent with the 
governing equations. 


11. The ADCIRC code is well documented and has been subjected to 30 years of peer‐review, 
testing and validation exercises. 


12. ADCIRC and UnSWAN are dynamically coupled and use the same finite element mesh. 


13. The governing equations solved by the UnSWAN code are appropriate for describing wave 
growth by wind, wave attenuation by bottom friction, whitecapping, and breaking and 
wave‐wave interactions. 


14. The coupling to ADCIRC allows UnSWAN to make use of time variation in water column 
depth and inundation during a simulation. 


15. The coupling to UnSWAN allows ADCIRC to include the contribution of surface waves to the 
momentum balance for the entire water column and thereby include wave‐setup. 


16. The coupled ADCIRC and UnSWAN model has been optimized to run efficiently on massively 
parallel platforms such as those used for this study. 


Following are potential limitations of the ADCIRC and UnSWAN models, though none are considered 
necessary to accurately propagate storm surge and waves: 


1. ADCIRC includes the approximations used to derive the shallow water equations. 


2. No three dimensional effects are included. 


3. Neither variation in density or density gradient effects are considered. 


4. No propagation of sound waves or other compressibility effects are considered. 


5. Thermal, saline and sediment transport are neglected. 


6. UnSWAN is a spectral model thus does not resolve individual waves. 


7. ADCIRC and UnSWAN depend upon the finite element mesh adequately resolving all 
hydraulically relevant topographic flow features. 


8. ADCIRC and UnSWAN depend upon the finite element mesh being adequately resolved to 
obtain the level of accuracy required from the project. 


9. ADCIRC and UnSWAN depend upon the accuracy of the underlying data sources for 
topography, bathymetry, levee heights and land cover. 


10. ADCIRC and UnSWAN output accuracy depends upon the accuracy of the hurricane wind 
and pressure input. 
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g. Description of Model Development Process Including Documentation on Testing Conducted (Alpha 
and Beta tests) 


ADCIRC was selected as the basis for the surge modeling effort.  This model has been and continues 
to be a standard coastal model utilized by the USACE, NOAA and other agencies.  ADCIRC has been 
in development for over 30 years and is in continual development by the larger ADCIRC user group.  
Alpha and beta tests are conducted for each ADCIRC version prior to public release.   


UnSWAN has been selected due to its ease of coupling with ADCIRC.  UnSWAN is included in the 
ADCIRC version 49 code and has been rigorously validated and compared to similar spectral wave 
model such as structured SWAN and STWAVE (Dietrich 2011a, Dietrich 2011b). 


The OCPR2012 mesh was tested during the validation stage, described in Section 3d.  Initial 
validation exercises were completed using a model with elevation and frictional parameters mapped 
from the SL18 model.  After including revised elevation data and updated land cover data, multiple 
tests were conducted to ensure that SL18 parameters applied to the OCPR2012 mesh, particularly 
for land cover types supplied by USGS (Appendix D‐2 – Wetland Morphology Model) and the 
Vegetation Model (Appendix D‐4) that did not exist in the C‐CAP data used to create the SL18 
model.  The final mapping of Manning’s n and Z0 values assigned from land cover are described in 
Table 2.  These values were similar to those of the SL18 model and produced the best results when 
hindcasting Hurricanes Gustav and Ike. 


 


2. Technical Quality 


a. Theory 


The ADCIRC theory for this study remains largely the same as that of the JSS analysis.  Theory 
described in those documents is below (USACE 2008a, USACE 2008b, USACE 2008c). 


ADCIRC can be run either as a two‐dimensional depth integrated (2DDI) model or as a three‐
dimensional (3D) model.  In either case, elevation is obtained from the solution of the depth‐
integrated continuity equation in GWCE form.  Velocity is obtained from the solution of either the 
2DDI or 3D momentum equations.  All nonlinear terms have been retained in these equations. 


ADCIRC‐2DDI, the two‐dimensional, depth‐integrated implementation of the ADCIRC coastal ocean 
model, was used to perform the hydrodynamic computations in this study (Luettich et al. 1992, 
Westerink et al. 1992, Westerink 1993, Luettich and Westerink 2004).  The model uses the depth‐
integrated barotropic equations of mass and momentum conservation subject to the 
incompressibility, Boussinesq, and hydrostatic pressure approximations.  The primitive, 
non‐conservative continuity and momentum equations are given below in a spherical coordinate 
system (Kolar et al. 1994, Luettich and Westerink 1995). 
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where: 


t   = time; 


,   = degrees longitude and latitude; 


    = free surface elevation relative to the geoid; 


U, V   = depth‐averaged horizontal velocities; 


H   =  h = total water column; 


h   = bathymetric depth relative to the geoid; 


f   = 2 sin  = Coriolis parameter; 


   = angular speed of the Earth; 


ps   = atmospheric pressure at the free surface; 


g   = acceleration due to gravity; 


   = Newtonian equilibrium tide potential; 


    = effective Earth elasticity factor; 


0   = reference density of water; 


s,s   = applied free surface stress; 


*   = 


 
H


VU
C f


2
1


22 


 = bottom friction term; 


Cf   = nonlinear bottom friction coefficient; and 


νT   = depth averaged horizontal eddy viscosity coefficient. 


A practical expression for the Newtonian equilibrium tidal potential, , is given by Reid (1990). 


Numerical solutions to the shallow water equations on unstructured meshes using finite element 
methods have been under development for the past 30 years (Westerink and Gray 1991, Kolar and 
Westerink 2000).  Unstructured finite element‐based methods permit shallow water equation 
solutions that can localize resolution leading to globally and locally more accurate solutions within 
the realm of feasible computational expense.  A significant problem for unstructured shallow water 
equation solutions has been avoiding non‐physical spurious modes with wavelengths nearly twice 
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the mesh size without requiring adding artificial damping.  The artificial spurious modes are related 
to a numerical dispersion curve which leads to dual wave numbers for one frequency in the forcing 
spectrum.  The analytical dispersion curve for the shallow water equation is monotonic.  Four finite 
element‐based unstructured shallow water equation algorithms have emerged which are at least 
second order accurate in space, have noise free solutions without requiring artificial damping, and 
are sufficiently robust to be applied to the wide range of scales of motion and wide range of 
hydrodynamic balances that exist when computing flows in the deep ocean to computing flows in 
inlets, floodplains, and rivers.  These algorithms include the GWCE formulation (Lynch and Gray 
1979, Kinnmark 1986, Kolar and Westerink 2000), the Quasi‐Bubble (QB) formulation (Galland et al. 
1991); Raviart‐Thomas based solutions, and recently the Discontinuous Galerkin Method (Dawson et 
al. 2006, Kubatko et al. 2006a, Kubatko et al. 2006b, Kubatko et al. 2007).  The most mature of these 
algorithms are the GWCE and the QB formulations, which are, in fact, functionally almost identical 
despite entirely different approaches to deriving them (Atkinson et al. 2004).  It is the GWCE 
solution that we have selected as our current base algorithm in our shallow water equations code, 
ADCIRC (Luettich et al. 1992, Westerink et al. 1992, Westerink 1993, Luettich and Westerink 2004).  
The GWCE is generated by combining the spatially differentiated momentum equation in its 
conservative form with the temporally differentiated continuity equation and adding the continuity 


equation multiplied by a numerical parameter  0  (Kinnmark 1986, Kolar and Westerink 2000).  The 


0  parameter in fact controls the dispersion properties of the solution and its optimal selection 
avoids a folded dispersion curve and optimizes phase propagation properties.  Extensive numerical 
experimentation and comparisons to the functionally equivalent QB finite element (FE) solution 


provide guidance in the specification of the  0  parameter as (Kolar et al. 1994, Atkinson et al. 2004): 
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where   equals the forcing frequency. 


The friction term  *  increases as depth decreases and a higher  0  is required in shallow, nearshore 
regions (generally less than 30 feet deep); a smaller value is more appropriate in deep basins. 


However,  *  is also proportional to the flow velocity.  Therefore, it is also important to apply larger 


0  values in high‐flow regions that can be deep, such as rivers and inlets.  Operationally, we have 


implemented our GWCE solution to accommodate spatially variable  0  and set  005.00   in 


quiescent waters deeper than 30 feet outside of Southern Louisiana and Mississippi, we set  02.00   


in waters shallower than 30 feet outside of Southern Louisiana and Mississippi, and we set  0 0.03   
in waters shallower than 30 feet and/or in rivers and inlets where higher velocities lead to higher 
frictional resistance within Southern Louisiana and Mississippi (Feyen et al. 2000).  In addition, we 


increase  0  within Southern Louisiana and Mississippi based on the total water column height and 
local currents: 


*
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This automated current dependent value optimizes both accuracy and robustness, particularly for 
the very high current speeds encountered during hurricanes. 


The GWCE and the momentum equations are solved sequentially. The FE solution is implemented 
using Lagrange linear finite elements in space and three and two level schemes in time for the 
GWCE and momentum equations, respectively.  Details of the discretization and solution techniques 
used in ADCIRC are given in Luettich et al. 1992, Westerink et al. 1992, Westerink 1993, Luettich and 
Westerink 2004.  The present simulations were done using an implicit discretization for all linear and 
some nonlinear terms in the equations and an explicit discretization for most nonlinear terms.  This 
effectively imposes a Courant restriction on the time stepping solution.  However, because GWCE 


solutions are always more accurate for a Courant number, x


tgh
C







, below unity and because our 


wetting/drying procedure is Courant limited as well, this condition is not restrictive.   


Modeling storm surge inundation requires that the model accurately represent wetting and drying 
processes at the mesh scale.  ADCIRC applies a wet/dry algorithm that is based on a combination of 
nodal and elemental criteria (Luettich and Westerink 1999, Dietrich et al. 2005).  The algorithm 
requires all nodes within an element to be wet in order for that element to be included in the 
hydrodynamic computations.  Two parameters are used to define the wetting/drying criteria.  First, 
H0 defines the nominal water depth for a node to be considered wet.  Second, a minimum velocity 
Umin is specified that must be exceeded for water to propagate from a wet node to a dry node.  
Nodes are defined as initially dry if they lie above the defined starting water level or if they are 
below the starting water level but are within pre‐defined regions, such as ring levees (e.g., New 
Orleans). 


The algorithm proceeds through the following steps to update the wet and dry elements for the 
next time level.  Wetting is accomplished by examining each dry element with at least two wet 
nodes with depth greater than 1.2 H0 (ensuring sufficient water depth to sustain flow to the 
adjacent node).  The velocity of the flow from the wet nodes toward the dry node along each 
element edge is computed based on a simple force balance between the free surface gradient and 
the bottom friction. If this velocity exceeds Umin , then the third node and the element are wetted. 
Finally, a check is made for elements that are surrounded by wet elements to ensure sufficient 
water column height (greater than 1.2 H0 at all flow originating nodes) to allow flow to occur 
through these elements.  While a purely nodal wetting scheme will allow these elements to wet, the 
elemental check may prevent this from occurring.  For hurricane storm surge inundation, wet/dry 
parameters that are relatively unrestrictive have been found to be most effective: H0 = 0.10 m, and 
Umin = 0.01 m s‐1.  It is critical that all wet/dry checks be done at a small enough time interval so that 
the wetting/drying algorithm is not Courant surpassing.  This latter condition artificially retards the 
wetting front as the surge progresses inland and the surge height will excessively build up behind 
the wetting front.  Practically, this implies performing wet/dry checks at each model time step. 


UnSWAN Model 


SWAN (Simulating WAves Nearshore) and UnSWAN are spectral wave models which predict the 
wave action density spectrum using the Action Balance Equation, 
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where: 


 
డே


డ௧
   = propagation of wave action in ݔറ‐space 


  ܿሬሬሬറ   = wave group velocity 


  ሬܷሬറ   = ambient current vector 


  ܰ   = wave action density 


   റݔ  = geographic space 


   ߠ  = wave direction 


   ߪ  = relative frequency 


  ܿఏ   = turning rate 


  ܿఙ    = shifting rate 


ܵ௧௧   = wave growth by wind, action lost to whitecapping, surf breaking and bottom friction,    
and action exchanged between spectral components in deep and shallow water 
(Dietrich et al. 2011b).  


Parameterizations of the above are given by Booij et al. (1999) and further modification, as of 
version 40.72, is given by Holthuijsen et al (2003) which includes the phase‐decoupled refraction‐
diffraction. At present, diffraction has not been enabled (Dietrich et al. 2011b).  


SWAN uses a triple loop to compute wave action densities.  The innermost loop represents a sweep 
of the mesh in opposite directions to allow wave energy to propagate sufficiently throughout the 
domain.  The next loop is a Gauss‐Seidel iteration similar to that which is used within the structured 
version of SWAN.  Finally, the outermost loop represents stepping through time. 


Since SWAN is a spectral wave model, it does not attempt to resolve processes less than one 
wavelength, even in areas of very high resolution.  This is a task more suited to a phase resolving 
wave model. This resolution, however, is not wasted as it is necessary to accurately solve complex 
topography. 


b. Description of System being Represented by the Model 


Storm surge and waves in southern Louisiana, are described by a coupled ADCIRC circulation, 
UnSWAN wave and PBL wind model system.  The surge and waves propagate over an elevation 
surface that contains frictional parameterizations to reflect the real world system and physical 
interaction with fluids to correctly simulate inland flood propagation.  Further details are described 
in Sections 1b and 1d. 


c. Analytical Requirements 


Not applicable. 
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d. Assumptions 


Assumptions have been described in Section 1f.  These assumptions are commonly made and 
applied for similar applications, such as the storm surge and wave analysis conducted as part of the 
LACPR study. 


e. Identification of Formulas Used in the Model and Proof that the Computations are Appropriate 
and Done Correctly 


See Section 2a. 


 


3. System Quality 


a. Description and rationale for selection of supporting Software Tool/Programming Language and 
Hardware Platform 


FORTRAN is the programming language used for UnSWAN.  This is due to the 30‐year history of the 
model.  


The hardware platforms used to simulate the OCPR20212 model are high‐performance computing 
clusters.  Parallel computing is commonly used for ADCIRC applications, as it’s highly scalable.  
Details of the systems used are described in Section 3c. 


b. Proof that the Programming was Done Correctly 


Public release version of ADCIRC version 49 was applied.  Validation results were as anticipated. 


c. Availability of Software and Hardware Required by Model 


ADCIRC and UnSWAN are both open‐source, FORTRAN‐based codes.  The source code is available 
for download from http://www.adcirc.org.  The programs both use the standardized MPI (Message 
Passing Interface) for parallel communications and have been tested with various MPI libraries and 
FORTRAN compilers. 


Louisiana Optical Network Initiative, in conjunction with Louisiana State University, provided high 
performance computing resources for parallel computing. Queen Bee is a 50.7 TFlops Peak 
Performance, 668 compute node cluster running Red Hat Enterprise Linux version 4 operating 
system.  Each node contains dual Quad Core Xeon 64‐bit processors operating at a core frequency of 
2.33 GHz.  


In cooperation with the University of Notre Dame Center for Research Computing and 
Environmental Fluid Dynamics group, computer time was provided on the computing cluster Athos. 
Athos is an 83 node machine with 2 processors per node and 6 computational cores per processor, 
totaling 996 computational cores which communicate over an Infiniband system.  The processors 
are based upon the Nehalem architecture which makes them much faster when compared to their 
predecessors at the same processor speed.  This is due to their ability to use Intel’s Quick Path 
Interconnect.  This allows the computational cores on each processor to communicate directly with 
both memory and each other with no need for an intermediary.  Communication between nodes is 
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handled by the Infiniband system which allows the nodes to communicate much faster than 
traditional methods.  The computational cores operate at clock speed of 2.66 GHz, though true 
performance can be as much as twice that of other machines running older hardware.  


d. Description of Process Used to Test and Validate Model 


Hurricane Gustav was the first named storm to make landfall in Louisiana during the 2008 Atlantic 
hurricane season.  Unlike previous storms, various agencies collected an unprecedented amount of 
time series and high water mark (HWM) data spanning the Louisiana coastline.  FEMA provided 
measured high water marks, and time series data was provided by Andrew Kennedy (AK), the U.S. 
Army Corps of Engineers and Computational Hydraulics Lab (USACE‐CHL), the U. S. Geological Survey 
(USGS) and the Coastwide Reference Monitoring System (CRMS).  


The eye of the hurricane moved from southeast to northwest across the state.  Gustav was 
significantly smaller and weaker than the last storm to make landfall in the southeast.  Katrina, 
however, as it progressed, the radius affected by tropical storm strength or greater winds increased 
and the observed surge was larger than expected.   


Hurricane Ike first made landfall in Cuba and tracked northwest across the Gulf eventually making its 
U.S. landfall near Galveston, Texas on September 13, 2008. At its maximum, Ike’s tropical storm 
force and hurricane force winds extended out almost 275 miles and 90 miles respectively from its 
center generating significant wave heights up to 26 feet in the Gulf of Mexico.  Ike’s unprecedented 
size and track coupled with the distinctive bathymetry on the Texas shelf, created a forerunner 
surge that arrived almost 12 hours ahead of the storm (Kennedy, 2011). Sustained shore parallel 
currents caused a seven‐foot water surface increase as the forerunner propagated along the 
Louisiana‐Texas coast toward Galveston.  


This combination of storms, Hurricane Gustav followed closely by Hurricane Ike, is a challenging 
exercise for determining model skill.  Making landfall on opposite ends of Louisiana, the two storms 
collectively affected hundreds of miles of coastline.  The quantity of data available for evaluating 
simulation results for these two storms is greater than available for any other storms to date along 
coastal Louisiana.  Additionally, correctly hindcasting Hurricane Ike depends on correctly calculating 
the surge and waves from Hurricane Gustav since the storms occurred in such rapid succession.  For 
these reasons, simulating the successive impact of these two storms was used to demonstrate the 
skill of the ADCIRC and SWAN models for this OCPR project.  It should be noted that the ADCIRC 
model was not tuned to a particular storm.  Rather the model relies on physics‐based adjustments 
to work on a variety of storms over the entire Louisiana coastline.  


Model Setup 


The ADCIRC model was used to simulate water surface elevations and currents driven by winds, 
tides and fresh water inputs.  Waves were simulated using the unstructured version of the UnSWAN 
model which is run at the same time as ADCIRC in a tightly coupled paradigm.  ADCIRC was run with 
a one second time step and coupled to UnSWAN every 1,200 seconds during the simulation.  The 
UnSWAN time step was set to 1,200 seconds to match the coupling interval.  ADCIRC and UnSWAN 
are run on the same finite element mesh and ADCIRC shares its parameters such as Manning’s n, 
directional wind reduction, wind and pressure forcing, water surface elevations and currents at each 
node throughout the domain with UnSWAN, which then passes wave radiation stress information 
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back to ADCIRC.  These wave radiation stresses are then used until the next coupling interval occurs 
where new radiation stress information is received.  


The mesh used for the validation exercise contains the fully open Inner Harbor Navigation Canal 
(IHNC) because construction of the Lake Borgne barrier was not complete when Hurricanes Gustav 
and Ike occurred.   This allows for the exchange of water between Lake Pontchartrain and Lake 
Borgne via the IHNC.  This area was taken directly from the SL16 ADCIRC mesh used to validate 
Hurricane Gustav in 2011 by Dietrich et al.  Note that the production mesh used for evaluating 
future scenarios includes the closure of the Lake Borgne barrier. 


As previously mentioned, Hurricanes Gustav and Ike occurred within a short time frame, so in order 
to accurately capture surge and currents in Ike, both hurricanes were run as a single simulation.  
This means that after Gustav was complete, the Ike simulation would begin with the waves, water 
surface elevations and velocities present at the end of the Gustav simulation.  A schematic of the 
simulation timing is shown in Figure 155. 


The simulation of Hurricane Gustav and Ike began at 0000 GMT on July 25, 2008.  Tidal forcing and 
fresh water inputs in the Mississippi and Atchafalaya Rivers were applied at the model boundaries 
for 36 days until the hurricane winds were applied on August 30, 2008.  Tidal constituents used 
during this time period were K1, K2, M2, N2, O1, Q1 and S2.  Full descriptions of the tidal 
parameters can be found in Table 7. 


Table 7  Tidal Constituents used for the Gustav/Ike simulation beginning on 7/25/2008 @ 
0000GMT 


Tidal 
Constituent  Amplitude  Frequency 


Earth Tide 
Potential 


Reduction Factor 
Nodal 
Factor 


Equilibrium 
Argument 
(degrees) 


K1  0.141565  0.0000729212  0.736  1.092  218.225 


K2  0.030704  0.0001458423  0.693  1.244  256.990 


M2  0.242334  0.0001405189  0.693  0.972  192.543 


N2  0.046398  0.0001378797  0.693  0.972  236.809 


O1  0.100514  0.0000675977  0.695  1.149  332.220 


Q1  0.019256  0.0000649585  0.695  1.149  16.485 


S2  0.112841  0.0001454441  0.693  1.000  0.000 


 


Riverine inputs were also introduced at the Mississippi and Atchafalaya rivers using a river‐wave 
radiation boundary which allow tides and surge to propagate past the boundary condition 
(Westerink et al. 2008, Bunya et al. 2010).  During the aforementioned tidal component of the 
simulation, river influx is ramped up from zero to 8,920 cubic meters per second (m3/s) and 3,823 
m3/s in the Mississippi and Atchafalaya rivers respectively, using a 5‐day hyperbolic ramp function 
(Dietrich 2011).  The extended ramp ensures the Atchafalaya basin fills completely during the 36 
days of tidal forcing to set up an accurate condition once hurricane winds are applied.  A current 
limitation of the ADCIRC model is the requirement that riverine inputs remain constant throughout 
the simulation.  Hurricane Gustav river conditions were used throughout the entire simulation.  
Hurricane Ike saw a large increase in river flows in both the Mississippi and Atchafalaya River.  Flow 
rates measured 12,225 m3/s and 5,239 m3/s in the two rivers, a 37 percent increase in flow from 
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what was measured during Gustav.  Thus, it is expected that the gauge comparisons in both rivers 
should appear to have lower ADCIRC results than measured data during Hurricane Ike.  


Tidal constituent parameters were calculated using the LeProvost Tidal Database.  During the tidal 
forcing portion of the simulation, only ADCIRC was run.  On August 30, the winds from Hurricane 
Gustav began and the UnSWAN model was coupled to ADCIRC.  This portion of the simulation ran 
until September 2 and the model was allowed to again run with tidal forcing only.  After the Gustav 
winds completed, the UnSWAN model was still active to allow waves to continue to propagate and 
set up an accurate initial condition for Hurricane Ike. Hurricane Ike forcing began on September 5, 
2008 at 1200 UTC and lasted through September 14, 2008 at 0600 UTC.  A 1.25 day period was 
incorporated to allow flow to continue to penetrate inland, as well as drain from the system after 
the storm. 


Data assimilated wind forcing for both storms were provided by Oceanweather, Inc. The winds are 
provided as 30‐minute sustained winds at 10 meters in height.  These values are then interpolated 
to 15‐minute intervals and multiplied by 1.09 to convert them to 10 minute sustained winds. 
(Bunya, 2010).  A directional wind coefficient is applied to the winds, as previously described, to 
account for reduction in the winds by different landforms, such as trees, which reduce the wind 
forcing felt by the water column.  


The ADCIRC model is constructed with bathymetry and topography relative to the North American 
Vertical Datum of 1988 (NAVD88).  A value of 0.134m is added to the initial water surface to adjust 
the water surface to the NAVD88 datum (Garster et al. 2007, Bunya et al. 2010). The initial water 
surface is also adjusted to reflect thermal expansion and other seasonal effects in the Gulf of 
Mexico.  The approximation for thermal expansion is computed using long term NOAA stations at 
Grand Isle, Eugene Island, and Dauphin Island.  The computed adjustment is 0.119m.  Finally, 
0.025m is added to account for SLR between 2004 and 2008.  The total initial water surface for the 
simulation of Hurricanes Gustav and Ike is 0.134 + 0.025 + 0.119 = 0.278m (ARCADIS 2001c). 


The master plan validation model contained 1,148,270 nodes and 2,252,355 elements.  This 
represents an 83 percent reduction in computational nodes from the mesh used by USACE (ARCADIS 
2011c) (6,850,379 nodes) to validate Ike in the same single simulation paradigm.  This reduction was 
necessary in order to produce a light weight model capable of analyzing many project scenarios for 
the Master Plan study. 


2012 Coastal Master Plan Model Validation 


Gustav 


Figure 156 shows the maximum predicted water surface elevation during the simulation of 
Hurricane Gustav.  As shown, this storm primarily exercises the eastern portion of the mesh leaving 
the westernmost third of the state largely unaffected by surge.  Therefore, the majority of measured 
high water mark (HWM) and surge data is concentrated in the eastern portion of the state.  Counter 
clockwise winds concentrate the highest surge in Lake Borgne and the Carnarvon Marsh.  Maximum 
surge is almost 13 feet. 


Figure 157 shows the differences between the measured high water marks and the computed high 
water marks from the ADCIRC and UnSWAN model run. Locations colored white in Figure 157 show 
high water mark locations that are within one foot of the measured values.  Warm colors are where 
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ADCIRC over predicts by over a foot and cool colors are locations ADCIRC under predicts by over a 
foot. Much of the state falls within the +/‐ one foot difference range and almost entirely within the 
+/‐ two foot difference range.  Figure 158 shows a correlation coefficient of 0.74 and slope of 0.98. 
Agreement is generally good throughout Barataria Bay and areas north. Predictions are slightly high 
interior to Lake Pontchartrain and south of Lake Maurepas. Moving west, Golden Meadow to 
Morgan City, the area where the eye tracked directly over, show excellent agreement in nearly all 
the high water marks measured. 


Sample hydrograph comparisons for Gustav are shown in Figures 160 through 162 and their 
locations in Figure 159.  Additional hydrograph comparisons for Hurricane Gustav can be found in 
Appendix D‐24‐E.  ADCIRC output from the Hurricane Gustav simulation begins on August 30, 2008.  
Stations show generally skillful agreement with the measured tidal signal and peak surge.  


USACE Station 01300, located in the Mississippi River south of New Orleans, shows that the river 
stages are correct and the tides and surge are correctly propagating up the river to the station. As 
previously mentioned, the ADCIRC model can only use a single river forcing during the course of a 
simulation at its current version (49.14). The forcing that was applied corresponded to Hurricane 
Gustav, and therefore we expect a match between measured and predicted water levels. Moving 
southwest to CRMS station 0374‐H01 which lies just west of Terrebonne Bay near Dog Lake, the 
agreement continues to be excellent with the measured data. Tides match well and the correct draw 
down is calculated before the surge arrives. Surge leaves the area slightly more quickly than 
measured data shows, however this drop off corresponds directly with the end of the Gustav wind 
data (09/02/2008 @ 1200GMT) during the time between the two storms (Ike winds begin on 
09/03/2008 @ 0000GMT) so it is possible that the problem is more related to the lack of wind data 
than to the ADCIRC model itself. CRMS station DCPBS03 is located just outside the Carnarvon marsh 
on the same latitude as Point a la Hache. This station shows a very strong correlation to the data in 
tidal signal, run up, peak surge, and drain off.  


Ike 


In contrast to Hurricane Gustav, Hurricane Ike affects a much larger region of the computational 
domain and is an excellent test for a very large portion of the model, with about 70 percent of the 
study area coast receiving six or more feet of surge and much of it receiving eight or more feet. 
Though the storm makes landfall in Galveston, Texas, the storm tracks in such a way that surge is 
forced into the Carnarvon Marsh and Lake Borgne as well as heavily inundating the Lake Calcasieu 
area all the way along the coast to the Atchafalaya Basin.  Figure 163 shows the maximum predicted 
surge levels during Hurricane Ike followed by Figure 164 which shows the spatial distribution of high 
water mark measurements compared to ADCIRC predicted results.  Locations colored white in 
Figure 164 show high water mark locations that are within one foot of the measured values.  Warm 
colors are where ADCIRC over predicts by over a foot and cool colors are locations ADCIRC under 
predicts by over a foot.  Like Gustav, almost all of the measured high water marks lie within the +/‐2 
foot difference bar shown in the correlation plot, Figure 165.  The correlation (R^2) is 0.743 and 
slope shows slight under prediction at 0.957. 


Hydrograph output was also recorded during Hurricane Ike.  A full suite of hydrograph plots for 
Hurricane Ike can be found in Appendix D‐24‐F.  Sample hydrographs are shown in Figures 167 
through 169 and their locations in Figure 166.  CRMS station 1069‐H01 lies on the eastern side of the 
storm track just outside of Lake Borgne.  Though not directly affected by Ike’s eye, a surge of six and 
a half feet was pushed through the area by the passing storm. The hydrograph shows proper 
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phasing of the tidal signal as well as a nicely matching peak.  As seen in the Gustav simulation, the 
drain off occurs more quickly than shown in measured data.  However, the shape of the data is well 
captured.  CRMS Station 0651‐W01 is located between Lakes Calcasieu and Sabine in one of the 
hardest hit areas of Louisiana.  Measured data shows a peak surge at this location of approximately 
eight and a half feet while ADCIRC over predicts slightly at nine feet.  Finally, CRMS station 0345‐H01 
located on the west side of Terrebone Bay.  This station shows agreement with tides and peak surge.  
However, the forerunner surge mentioned earlier, shown as the first large bump in the data on 
September 11 with an elevation of about three and a half feet, is under predicted by approximately 
three‐quarters of a foot. 


e. Discussion of the Ability to Import Data into Other Software Analysis Tools (interoperability issue) 


Data is passed to other Master Plan models in an ASCII text based format that can easily be edited to 
any necessary format.  For further details, see Section 1e. 


 


4. Usability 


a. Availability of Input Data Necessary to Support the Model 


Data input required for the model is primarily elevation data for the mesh, land cover data for 
surface characteristic description and system forcing information (PBL wind and pressure fields for 
this study).  Elevation and land cover data is readily available as part of the Master Plan effort.  
Additional elevation data from SL18 and land cover data from C‐CAP is also readily available.  PBL 
wind fields and all other forcing information carried forward from the LACPR study were provided in 
literature and from USACE. 


b. Formatting of Output in an Understandable Manner 


All output formats are described at http://www.adcirc.org.  The user can choose between ASCII, 
binary, or NetCDF formats that can easily be edited to any other necessary format.   


c. Usefulness of Results To Support Project Analysis 


ADCIRC and UnSWAN can be used to provide impacts of proposed projects on storm surge, tides, 
nearshore waves and other hydrodynamic conditions for a variety of protection and restoration 
projects.  The types of protection project that can be evaluated include structural flood protection 
(levees, floodwalls, and flood gates), and non‐structural projects (relocations, elevation or flood‐
proofing of structures). Restoration projects that can be evaluated include barrier island restoration, 
marsh restoration, channel realignment and closures, coastal ridge restoration, freshwater and 
sediment diversions, and other types of restoration projects. 


d. Ability to Export Results Into Project Reports  


Several visual ADCIRC output products are available for use in project reports. Maps of the 
maximum surge elevation and maximum current velocity are available. Difference plots can also be 
made of those parameters, to evaluate differences between surge and wave values for various 
scenarios and project analyses.  Time series output can also be extracted at point locations for 
inclusion in tables or hydrographs. 
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e. Training Availability 


There are training options available.  The ADCIRC Developers Group hosts an annual “ADCIRC Boot 
Camp” for those interested in learning the model.  


f. Users Documentation Availability and whether it is User Friendly and Complete 


The ADCIRC user manual is available at http://www.adcirc.org/document/ADCIRC_title_page.html.  


g. Technical Support Availability 


Technical support for SMS mesh generation software is provided by Aquaveo.  Support for ADCIRC is 
provided by the user community via an email listserv, at http://www.adcirc.org. 


h. Software/Hardware Platform Availability to All or Most Users  


The software is free for download.  Hardware can be desktop PCs.  However, due to the solution size 
for this project, specialized high performance computers are necessary, which are usually housed at 
universities or government agencies.  Usually, special arrangement must be made to have access to 
these high‐performance computing resources. 


i. Accessibility of the Model 


The ADCIRC model is free to download and comes as a source code that is compiled by the end user. 
The cmplrflags.mk file that comes as part of the source code has many predefined compiler suites 
on various computing systems to serve as a template for other systems.  ADCIRC uses the makefile 
system to build the various executables.  The “make” command is standard on nearly all UNIX 
platforms.  ADCIRC input files are set up according to the guidelines provided on 
https://www.adcirc.org input file descriptions page.  These input files are the fort.13, fort.14, 
fort.15, fort.22, fort.26 and swaninit.  The end user can compile the code in serial or parallel.  If a 
parallel code is preferred, the preprocessing code, ADCPREP, must be run first to set up the parallel 
run.  The parallel version of the code is run using the commands specific to the MPI library installed 
on the particular machine. 


j. Transparency of Model and how it Allows for Easy Verification of Calculations and Outputs 


The ADCIRC theory and formulation report can be found on the ADCIRC website and are described in 
Section 2a.  Calculations are verified during historic storm validation described in Section 3d.  


The easiest means to verify outputs are the creation of images, which can be automated with 
ADCIRC output.  Details for reviewing outputs using plots are described in Section 1e. 


 


5. Sources of Model Uncertainty 


The ADCIRC model solves the shallow water equations.  As with any equation, they represent an 
approximation to reality.  These equations and their derivations rely on certain assumptions which 
can present errors in themselves if they are not met. See Sections 2a and 2d for a discussion of 
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ADCIRC assumptions.  Also, the code is run in its two‐dimensional depth integrated form, which 
means three‐dimensional currents are not resolved.  


Error for both ADCIRC and UnSWAN arise from a poorly designed mesh.  A mesh lacking the critical 
features and the mesh resolution to convey flow will not accurately reproduce measured data.  Also, 
mesh topography and bathymetry must be an accurate representation the area which it attempts to 
replicate. 


Finally, the ADCIRC and UnSWAN model is limited by its inputs.  Between elevation sources, LULC 
data, meteorological forcing, and historical data for validation comparison, ARCIRC and UnSWAN 
rely heavily on inputs from other systems and surveys.  ADCIRC and UnSWAN, like any other 
modeling system, operates under the assumption that the input data itself is correct. 


 


6. Suggested Model Improvements 


The ADCIRC and UnSWAN models themselves are not in need of any known fundamental 
improvements for capturing the dynamics of hurricane driven waves and storm surge.  Through 
previous use in numerous other projects and through the validation performed specifically for this 
project, these models have demonstrated that they provide the desired level of accuracy and detail 
for surge and waves.  Nonetheless, the ADCIRC model has been evolving for thirty years as 
computational methods become more efficient and physical systems better understood.  This is a 
trend that is certain to continue.  Ongoing ADCIRC research shows promising improvements for 
model computational speeds, with decreases in compute time by orders of magnitude.  
Improvements such as these allow for more highly resolved computational meshes and 
consequently create a need for improved tools to create, simulate and post process results.   


The 2012 Coastal Master Plan models would have benefited from additional computational 
resources.  If more and faster computer processors were available, the models could be run in less 
time which would allow for evaluation of more scenarios, a larger storm suit per scenario, and a 
shorter project schedule.    Additional computer resources would also permit the resolution in the 
mesh to be increased which would in turn allow for inclusion of smaller scale features, such as 
narrow bayous that are not currently incorporated into the model. 


While it is believed that the storm surge and wave components are being adequately served, the 
overall project could potentially benefit from a tighter coupling of a hydrodynamic model to the 
ecosystem components.   The OCPR2012 model has a very detailed representation of offshore 
bathymetry and on‐land topography and roughness which could be used as the basis for a more 
comprehensive modeling system.  For example, in addition to extreme events, the ADCIRC model 
can be used to simulate tidal and low‐energy daily scenarios to explore changes in tidal prism and 
marsh hydroperiod for future scenarios.  Spatially varying impacts to the tidal prism and marsh 
hydroperiod would better inform the wetland morphology and vegetation models of regional 
variance in future conditions.  Additionally, a hydrodynamic model using the same finite element 
representation as OCPR2012 could inform the distribution and time scales of transport for salinity, 
sediment, and nutrients, which could in turn enhance the understanding of subsidence, accretion, 
and changes in vegetation.   Developing more comprehensive modeling paradigms would bring 
additional accuracy to the water quality and ecosystem models and would enhance the overall value 
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of the project.  Finally, in a circuitous way, enhancing the eco‐system dynamics will yield more 
accurate depictions of future land cover, marshes, and topography which would ultimately yield 
better surge estimates when those improved results are used to update the ADCIRC‐UnSWAN 
model. 


 


7. Quality Review 


Specific QR procedures for the Storm Surge/Waves model to support the 2012 Coastal Master Plan 


included the following: 


1. Review of the following outputs from the maximum value output dataset: 


 Maximum storm surge for seven zooms throughout Louisiana. 


 Maximum significant wave height for the seven zooms. 


 Peak wave period for the seven zooms. 


 Difference plots for maximum storm surge and significant wave height: 


o For the Year0+1Day simulations (S50_G90), the difference plots for surge were 


analyzed between 2007 LACPR output and Master Plan output. 


o For S12_G90, S11_G90 and S13_G90, the difference plots for surge and waves 


were analyzed between the given scenario and S50_G90. 


o G91‐G97 storm suites were compared to the G90 storm suite for the same 


scenario. 


2. Extraction of point location data for the Damage Assessment model following QR 


procedures for the maximum value output:   


 The only data posted to the CPRA FTP site were the point location data; thus a second 


round of QAQC procedures was incorporated to ensure that the point data are 


extracted and posted correctly. 


 Time series data for over 11,000 point locations were extracted for each storm.  


Because 40 storms were simulated for each suite, the team thinned the point location 


review set to approximately 100 points.  Additionally, 10 of 40 storms were reviewed to 


ensure that a storm on each track was reviewed prior to posting the data. 


 


8. Uncertainty analysis 


ADCIRC and UnSWAN uncertainty is best quantified by comparing model output to measured data.  
Section 3d describes the model validation for Hurricane Gustav and Hurricane Ike.  Figure 158 and 
Figure 165 show the comparison between model output and measured data for the two events.  
Comparison of ADCIRC model output to measured data was used as a guideline for sensitivity tests 
completed as part of the Risk Assessment Team uncertainty analysis. 
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Figure 1: 2011 Current Conditions mesh bathymetry (OCPR2012_s50), in feet. Full mesh domain view. Mesh boundaries are indicated by 


brown lines. 
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Figure 2: 2011 Current Conditions mesh bathymetry (OCPR2012_s50), in feet. Gulf wide view. Mesh boundaries are indicated by brown lines. 
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Figure 3: 2011 Current Conditions mesh elevations (OCPR2012_s50), in feet. Vertically pronounced features are indicated by brown lines. 


Louisiana coast from Texas to Mississippi. 
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Figure 4: 2011 Current Conditions mesh elevations (OCPR2012_s50), in feet. Vertically pronounced features are indicated by brown lines. 


Southeastern Louisiana detail view. 
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Figure 5: 2011 Current Conditions mesh elevations (OCPR2012_s50), in feet. Vertically pronounced features are indicated by brown lines. 


Southwestern Louisiana detailed view. 
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Figure 6: OCPR2012 mesh element size, in feet. Gulf wide view. Vertically pronounced features are indicated by brown lines. 
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Figure 7: OCPR2012 mesh element size, in feet. Vertically pronounced features are indicated by brown lines. Louisiana coast from Texas to 


Mississippi. 
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Figure 8: OCPR2012 mesh element size, in feet. Vertically pronounced features are indicated by brown lines. Southeastern Louisiana detail 


view. 
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Figure 9: OCPR2012 mesh element size, in feet. Vertically pronounced features are indicated by brown lines. Southwestern Louisiana detailed 


view. 
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Figure 10: SL18 mesh elevations, in feet. Vertically pronounced features are indicated by brown lines. Louisiana coast from Texas to 


Mississippi. 
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Figure 11: SL18 mesh element size, in feet. Vertically pronounced features are indicated by brown lines. Louisiana coast from Texas to 


Mississippi. 
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Figure 12: Bathymetric features, including channels, dredged channels, and other inland water bodies,  defined using SL18 and SL15 nodal 


locations and elevations. 
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Figure 13: Data sources for raised feature positioning and elevations.   
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Figure 14: Hydrograph comparison of increased derefinement of the ADCIRC mesh in Barataria Bay.   Results for derefined mesh 


versions, v1.0, v2.0 and v3.0 are compared to v0.0, the full resolution, SL16 mesh. 
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Figure 15: Grid scale averaging domain definition.  The red circle denotes a mesh node.  Black lines show mesh elements.  Blue triangles are 


the centroid of surrounding elements.  The red dashed line defines the area around the node used for mesh scale averaging. 
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Figure 16: Land class data sources for Louisiana used for surface characteristics in the ADCIRC model.  The red area is USGS supplied LULC 


data.  Blue denotes USGS defined water areas.  Green areas are areas that vary in the vegetation module for current and future conditions.  


The peach area is the surrounding area supplemented by CCAP LULC data. 
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Figure 17: 2011 Current Conditions (OCPR2012_s50) mesh Manning’s n frictional parameter. Gulf wide view. Vertically pronounced features 


are indicated by brown lines. 
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Figure 18: 2011 Current Conditions mesh (OCPR2012_s50) Manning’s n frictional parameter. Vertically pronounced features are indicated by 


brown lines. Louisiana coast from Texas to Mississippi. 
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Figure 19: 2011 Current Conditions mesh (OCPR2012_s50) Manning’s n frictional parameter. Vertically pronounced features are indicated by 


brown lines. Southeastern Louisiana detail view. 
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Figure 20: 2011 Current Conditions mesh (OCPR2012_s50) Manning’s n frictional parameter. Vertically pronounced features are indicated by 


brown lines. Southwestern Louisiana detailed view. 
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Figure 21: 2011 Current Conditions mesh (OCPR2012_s50) directional wind reduction coefficient, for winds from the south. Gulf wide view. 


Vertically pronounced features are indicated by brown lines. 
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Figure 22: 2011 Current Conditions mesh (OCPR2012_s50) directional wind reduction coefficient, for winds from the south. Vertically 


pronounced features are indicated by brown lines. Louisiana coast from Texas to Mississippi. 
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Figure 23: 2011 Current Conditions mesh (OCPR2012_s50) directional wind reduction coefficient, for winds from the south. Vertically 


pronounced features are indicated by brown lines. Southeastern Louisiana detail view. 
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Figure 24: 2011 Current Conditions mesh (OCPR2012_s50) directional wind reduction coefficient, for winds from the south. Vertically 


pronounced features are indicated by brown lines. Southwestern Louisiana detailed view. 
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Figure 25: 2011 Current Conditions mesh (OCPR2012_s50) directional wind reduction coefficient, for winds from the north. Gulf wide view. 


Vertically pronounced features are indicated by brown lines. 
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Figure 26: 2011 Current Conditions mesh (OCPR2012_s50) directional wind reduction coefficient, for winds from the north. Vertically 


pronounced features are indicated by brown lines. Louisiana coast from Texas to Mississippi. 


 







APPENDIX D‐24 STORM SURGE / WAVE MODEL (ADCIRC) TECHNICAL REPORT 


	


	 Louisiana’s Comprehensive Master Plan for a Sustainable Coast 
Page 28 


 


Figure 27: 2011 Current Conditions mesh (OCPR2012_s50) directional wind reduction coefficient, for winds from the north. Vertically 


pronounced features are indicated by brown lines. Southeastern Louisiana detail view. 
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Figure 28: 2011 Current Conditions mesh (OCPR2012_s50) directional wind reduction coefficient, for winds from the north. Vertically 


pronounced features are indicated by brown lines. Southwestern Louisiana detailed view. 
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Figure 29: OCPR2012 canopy parameter. Vertically pronounced features are indicated by brown lines. Louisiana coast from Texas to 


Mississippi. 
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Figure 30: OCPR2012 canopy parameter. Vertically pronounced features are indicated by brown lines. Southeastern Louisiana detail view. 
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Figure 31: OCPR2012 canopy parameter. Vertically pronounced features are indicated by brown lines. Southwestern Louisiana detailed view. 
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Figure 32: OCPR2012 eddy viscosity. Vertically pronounced features are indicated by brown lines. Louisiana coast from Texas to Mississippi. 
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Figure 33: OCPR2012 eddy viscosity. Vertically pronounced features are indicated by brown lines. Southeastern Louisiana detail view. 
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Figure 34: OCPR2012 mesh eddy viscosity. Vertically pronounced features are indicated by brown lines. Southwestern Louisiana detailed 


view. 
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Figure 35: OCPR2012 Tau0 primitive weighting parameter. Gulf wide view. Vertically pronounced features are indicated by brown lines. 
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Figure 36: Surge and wave point output locations, utilized for damage and risk assessment. 
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Figure 37: Semi‐protected census blocks output locations, utilized for damage and risk assessment. 
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Figure 38: Unprotected census block output locations, utilized for damage and risk assessment. 
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Figure 39: Regularly spaced point output locations, utilized for damage and risk assessment. 
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Figure 40: PBL wind and pressure field tracks. 
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Figure 41: Unified wind drag scheme. 
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Figure 42: OCPR2012_s12 mesh elevations, in feet. Vertically pronounced features are indicated by brown lines. Louisiana coast from Texas to 


Mississippi. 
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Figure 43: OCPR2012_S12 mesh bathymetry difference from OCPR2012_S50, in feet. Vertically pronounced features are indicated by brown 


lines. Louisiana coast from Texas to Mississippi. 
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Figure 44: OCPR2012_s13 mesh elevations, in feet. Vertically pronounced features are indicated by brown lines. Louisiana coast from Texas to 


Mississippi. 
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Figure 45: OCPR2012_S13 mesh bathymetry difference from OCPR2012_S50, in feet. Vertically pronounced features are indicated by brown 


lines. Louisiana coast from Texas to Mississippi. 
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Figure 46: OCPR2012_S12 Manning’s n frictional parameter. Gulf wide view. Vertically pronounced features are indicated by brown lines. 
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Figure 47: OCPR2012_S12 Manning’s n frictional parameter difference from OCPR2012_S50. Gulf wide view. Vertically pronounced features 


are indicated by brown lines. 







APPENDIX D‐24 STORM SURGE / WAVE MODEL (ADCIRC) TECHNICAL REPORT 


	


	 Louisiana’s Comprehensive Master Plan for a Sustainable Coast 
Page 49 


 


Figure 48: OCPR2012_S12 directional wind reduction coefficient, for winds from the south. Vertically pronounced features are indicated by 


brown lines. Louisiana coast from Texas to Mississippi. 
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Figure 49: OCPR2012_S12 directional wind reduction coefficient difference from OCPR2012_S50, for winds from the south. Vertically 


pronounced features are indicated by brown lines. Louisiana coast from Texas to Mississippi. 
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Figure 50: OCPR2012_S12 directional wind reduction coefficient, for winds from the north. Vertically pronounced features are indicated by 


brown lines. Louisiana coast from Texas to Mississippi. 
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Figure 51: OCPR2012_S12 directional wind reduction coefficient difference from OCPR2012_S50, for winds from the north. Vertically 


pronounced features are indicated by brown lines. Louisiana coast from Texas to Mississippi. 
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Figure 52: OCPR2012_S13 Manning’s n frictional parameter. Gulf wide view. Vertically pronounced features are indicated by brown lines. 







APPENDIX D‐24 STORM SURGE / WAVE MODEL (ADCIRC) TECHNICAL REPORT 


	


	 Louisiana’s Comprehensive Master Plan for a Sustainable Coast 
Page 54 


 


Figure 53: OCPR2012_S13 Manning’s n frictional parameter difference OCPR2012_S50. Gulf wide view. Vertically pronounced features are 


indicated by brown lines. 
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Figure 54: OCPR2012_S13 directional wind reduction coefficient, for winds from the south. Vertically pronounced features are indicated by 


brown lines. Louisiana coast from Texas to Mississippi. 
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Figure 55: OCPR2012_S13 directional wind reduction coefficient difference from OCPR2012_S50, for winds from the south. Vertically 


pronounced features are indicated by brown lines. Louisiana coast from Texas to Mississippi. 
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Figure 56: OCPR2012_S13 directional wind reduction coefficient, for winds from the north. Vertically pronounced features are indicated by 


brown lines. Louisiana coast from Texas to Mississippi. 
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Figure 57: OCPR2012_S13 directional wind reduction coefficient difference from 2011Current Conditions, for winds from the north. Vertically 


pronounced features are indicated by brown lines. Louisiana coast from Texas to Mississippi. 
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Figure 58: Future with project mesh grouping 1. 
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Figure 59: Future with project mesh grouping 2.  


Note: Incorrect alignment was modeled for 001.HP.09; please disregard modeled output in this area. 
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Figure 60: Future with project mesh grouping 3. 
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Figure 61: Future with project mesh grouping 4. 


Note: Incorrect alignment was modeled for NO‐Venice (002_HP_09); please disregard modeled output in this area. 
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Figure 62: Future with project mesh grouping 5. 
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Figure 63: Future with project mesh grouping 6. 







APPENDIX D‐24 STORM SURGE / WAVE MODEL (ADCIRC) TECHNICAL REPORT 


	


	 Louisiana’s Comprehensive Master Plan for a Sustainable Coast 
Page 65 


 


Figure 64: Future with project mesh grouping 7. 
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Figure 65: 2011 Current Conditions maximum water surface elevation for storm 009, in feet. Vertically pronounced features are indicated by 


brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm track.  Louisiana coast from Texas to 


Mississippi. 
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Figure 66: 2011 Current Conditions maximum water surface elevation for storm 009, in feet. Vertically pronounced features are indicated by 


brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm track. Southwestern Louisiana detailed view. 
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Figure 67: 2011 Current Conditions maximum water surface elevation for storm 009, in feet. Vertically pronounced features are indicated by 


brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm track. Southeastern Louisiana detail view. 
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Figure 68: 2011 Current Conditions maximum water surface elevation for storm 227, in feet. Vertically pronounced features are indicated by 


brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm track. Louisiana coast from Texas to Mississippi. 
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Figure 69: 2011 Current Conditions maximum water surface elevation for storm 227, in feet. Vertically pronounced features are indicated by 


brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm track. Southwestern Louisiana detailed view. 
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Figure 70: 2011 Current Conditions maximum water surface elevation for storm 227, in feet. Vertically pronounced features are indicated by 


brown lines.  Black lines depict the coast line.  The storm track is shown in the lower right corner. Southeastern Louisiana detail view. 
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Figure 71: 2011 Current Conditions maximum significant wave height for storm 009, in feet. Vertically pronounced features are indicated by 


brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm track. Louisiana coast from Texas to Mississippi. 
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Figure 72: Current Conditions maximum significant wave height for storm 009, in feet. Black vector arrows indicate wave direction. Black 


vector arrows indicate wave direction. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick 


dashed red line is the center of the storm track. Southwestern Louisiana detailed view. 
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Figure 73: 2011 Current Conditions maximum significant wave height for storm 009, in feet. Black vector arrows indicate wave direction. 


Black vector arrows indicate wave direction. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  


Thick dashed red line is the center of the storm track. Southeastern Louisiana detail view. 
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Figure 74: 2011 Current Conditions maximum significant wave height for storm 227, in feet. Vertically pronounced features are indicated by 


brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm track. Louisiana coast from Texas to Mississippi. 
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Figure 75: Current Conditions maximum significant wave height for storm 227, in feet. Black vector arrows indicate wave direction. Black 


vector arrows indicate wave direction. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick 


dashed red line is the center of the storm track. Southwestern Louisiana detailed view. 
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Figure 76: 2011 Current Conditions maximum significant wave height for storm 227, in feet. Black vector arrows indicate wave direction. 


Black vector arrows indicate wave direction. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  


The storm track is shown in the lower right corner.. Southeastern Louisiana detail view. 
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Figure 77: OCPR2012_OCPR2012_S12 Future without Action Conditions (G90) maximum water surface elevation for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track. Louisiana coast from Texas to Mississippi. 
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Figure 78: OCPR2012_OCPR2012_S12 Future without Action Conditions (G90) maximum water surface elevation for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track. Southwestern Louisiana detailed view. 







APPENDIX D‐24 STORM SURGE / WAVE MODEL (ADCIRC) TECHNICAL REPORT 


	


	 Louisiana’s Comprehensive Master Plan for a Sustainable Coast 
Page 80 


 


Figure 79: OCPR2012_OCPR2012_S12 Future without Action Conditions (G90) maximum water surface elevation for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track. Southeastern Louisiana detail view. 
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Figure 80: OCPR2012_OCPR2012_S12 Future without Action Conditions (G90) maximum water surface elevation for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track. Louisiana coast from Texas to Mississippi. 
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Figure 81: OCPR2012_OCPR2012_S12 Future without Action Conditions (G90) maximum water surface elevation for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track. Southwestern Louisiana detailed view. 
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Figure 82: OCPR2012_OCPR2012_S12 Future without Action Conditions (G90) maximum water surface elevation for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower right 


corner. Southeastern Louisiana detail view. 
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Figure 83: OCPR2012_OCPR2012_S12 Future without Action Conditions (G90) minus 2011 Current Conditions maximum water surface 


elevation difference for storm 009, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  


Thick dashed red line is the center of the storm track. Louisiana coast from Texas to Mississippi. 
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Figure 84: OCPR2012_OCPR2012_S12 Future without Action Conditions (G90) minus 2011 Current Conditions maximum water surface 


elevation difference for storm 009, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  


Thick dashed red line is the center of the storm track. Southwestern Louisiana detailed view. 
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Figure 85: OCPR2012_OCPR2012_S12 Future without Action Conditions (G90) minus 2011 Current Conditions maximum water surface 


elevation difference for storm 009, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  


Thick dashed red line is the center of the storm track. Southeastern Louisiana detail view. 
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Figure 86: OCPR2012_OCPR2012_S12 Future without Action Conditions (G90) minus 2011 Current Conditions maximum water surface 


elevation difference for storm 227, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  


Thick dashed red line is the center of the storm track. Louisiana coast from Texas to Mississippi. 
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Figure 87: OCPR2012_OCPR2012_S12 Future without Action Conditions (G90) minus 2011 Current Conditions maximum water surface 


elevation difference for storm 227, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  


Thick dashed red line is the center of the storm track. Southwestern Louisiana detailed view. 
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Figure 88: OCPR2012_OCPR2012_S12 Future without Action Conditions (G90) minus 2011 Current Conditions maximum water surface 


elevation difference for storm 227, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The 


storm track is shown in the lower right corner. Southeastern Louisiana detail view. 
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Figure 89: OCPR2012_OCPR2012_S12 Future without Action Conditions (G90) Conditions maximum significant wave height for storm 009, in 


feet. Black vector arrows indicate wave direction. Black vector arrows indicate wave direction.  Vertically pronounced features are indicated 


by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm track. Southwestern Louisiana detailed view. 
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Figure 90: OCPR2012_OCPR2012_S12 Future without Action Conditions (G90) Conditions maximum significant wave height for storm 009, in 


feet. Black vector arrows indicate wave direction. Black vector arrows indicate wave direction. Vertically pronounced features are indicated 


by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm track. Southeastern Louisiana detail view. 
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Figure 91: OCPR2012_OCPR2012_S12 Future without Action Conditions (G90) Conditions maximum significant wave height for storm 227, in 


feet. Black vector arrows indicate wave direction. Black vector arrows indicate wave direction. Vertically pronounced features are indicated 


by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm track. Southwestern Louisiana detailed view. 
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Figure 92: OCPR2012_OCPR2012_S12 Future without Action Conditions (G90) Conditions maximum significant wave height for storm 227, in 


feet. Black vector arrows indicate wave direction. Black vector arrows indicate wave direction. Vertically pronounced features are indicated 


by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower right corner. Southeastern Louisiana detail view. 
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Figure 93: OCPR2012_OCPR2012_S12 Future without Action Conditions (G90) minus 2011 Current Conditions maximum significant wave 


height difference for storm 009, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick 


dashed red line is the center of the storm track. Southwestern Louisiana detailed view. 
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Figure 94: OCPR2012_OCPR2012_S12 Future without Action Conditions (G90) minus 2011 Current Conditions maximum significant wave 


height difference for storm 009, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick 


dashed red line is the center of the storm track. Southeastern Louisiana detail view. 
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Figure 95: OCPR2012_S12 Future without Action Conditions (G90) minus 2011 Current Conditions maximum significant wave height 


difference for storm 227, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed 


red line is the center of the storm track. Southwestern Louisiana detailed view. 
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Figure 96: OCPR2012_S12 Future without Action Conditions (G90) minus 2011 Current Conditions maximum significant wave height 


difference for storm 227, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm 


track is shown in the lower left corner. Southeastern Louisiana detail view. 
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Figure 97: Selected hydrograph locations for water surface elevation time series output. 
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Figure 98: OCPR2012_S12 hydrographs at selected stations for storm 009, showing water surface 


elevation for OCPR2012_S12_G90 (Future without Action) and S50 (Current Conditions). 
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Figure 99: OCPR2012_S12 hydrographs at selected stations for storm 227, showing water surface 


elevation for OCPR2012_S12_G90 (Future without Action) and S50 (Current Conditions). 
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Figure 100: OCPR2012_S13 Future without Action Conditions (G90) maximum water surface elevation for storm 009, in feet. Vertically 


pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm track. 


Louisiana coast from Texas to Mississippi. 
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Figure 101: OCPR2012_S13 Future without Action Conditions (G90) maximum water surface elevation for storm 009, in feet. Vertically 


pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm track. 


Southwestern Louisiana detailed view. 
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Figure 102: OCPR2012_S13 Future without Action Conditions (G90) maximum water surface elevation for storm 009, in feet. Vertically 


pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm track. 


Southeastern Louisiana detail view. 
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Figure 103: OCPR2012_S13 Future without Action Conditions (G90) maximum water surface elevation for storm 227, in feet. Vertically 


pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm track. 


Louisiana coast from Texas to Mississippi. 
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Figure 104: OCPR2012_S13 Future without Action Conditions (G90) maximum water surface elevation for storm 227, in feet. Vertically 


pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm track. 


Southwestern Louisiana detailed view. 
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Figure 105: OCPR2012_S13 Future without Action Conditions (G90) maximum water surface elevation for storm 227, in feet. Vertically 


pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower right corner. 


Southeastern Louisiana detail view. 
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Figure 106: OCPR2012_S13 Future without Action Conditions (G90) minus 2011 Current Conditions maximum water surface elevation 


difference for storm 009, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed 


red line is the center of the storm track. Louisiana coast from Texas to Mississippi. 
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Figure 107: OCPR2012_S13 Future without Action Conditions (G90) minus 2011 Current Conditions maximum water surface elevation 


difference for storm 009, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed 


red line is the center of the storm track. Southwestern Louisiana detailed view. 
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Figure 108: OCPR2012_S13 Future without Action Conditions (G90) minus 2011 Current Conditions maximum water surface elevation 


difference for storm 009, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed 


red line is the center of the storm track. Southeastern Louisiana detail view. 
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Figure 109: OCPR2012_S13 Future without Action Conditions (G90) minus 2011 Current Conditions maximum water surface elevation 


difference for storm 227, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed 


red line is the center of the storm track. Louisiana coast from Texas to Mississippi. 
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Figure 110: OCPR2012_S13 Future without Action Conditions (G90) minus 2011 Current Conditions maximum water surface elevation 


difference for storm 227, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed 


red line is the center of the storm track. Southwestern Louisiana detailed view. 
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Figure 111: OCPR2012_S13 Future without Action Conditions (G90) minus 2011 Current Conditions maximum water surface elevation 


difference for storm 227, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm 


track is shown in the lower right corner. Southeastern Louisiana detail view. 
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Figure 112: OCPR2012_S13 Future without Action Conditions (G90) Conditions maximum significant wave height for storm 009, in feet. Black 


vector arrows indicate wave direction. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick 


dashed red line is the center of the storm track. Southwestern Louisiana detailed view. 
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Figure 113: OCPR2012_S13 Future without Action Conditions (G90) Conditions maximum significant wave height for storm 009, in feet. Black 


vector arrows indicate wave direction. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick 


dashed red line is the center of the storm track. Southeastern Louisiana detail view. 
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Figure 114: OCPR2012_S13 Future without Action Conditions (G90) Conditions maximum significant wave height for storm 227, in feet. Black 


vector arrows indicate wave direction. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick 


dashed red line is the center of the storm track. Southwestern Louisiana detailed view. 
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Figure 115: OCPR2012_S13 Future without Action Conditions (G90) Conditions maximum significant wave height for storm 227, in feet. Black 


vector arrows indicate wave direction. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The 


storm track is shown in the lower right corner.  Southeastern Louisiana detail view. 
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Figure 116: OCPR2012_S13 Future without Action Conditions (G90) minus 2011 Current Conditions maximum significant wave height 


difference for storm 009, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed 


red line is the center of the storm track. Southwestern Louisiana detailed view. 
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Figure 117: OCPR2012_S13 Future without Action Conditions (G90) minus 2011 Current Conditions maximum significant wave height 


difference for storm 009, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed 


red line is the center of the storm track. Southeastern Louisiana detail view. 
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Figure 118: OCPR2012_S13 Future without Action Conditions (G90) minus 2011 Current Conditions maximum significant wave height 


difference for storm 227, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed 


red line is the center of the storm track. Southwestern Louisiana detailed view. 
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Figure 119: OCPR2012_S13 Future without Action Conditions (G90) minus 2011 Current Conditions maximum significant wave height 


difference for storm 227, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm 


track is shown in the lower right corner. Southeastern Louisiana detail view. 
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Figure 120: OCPR2012_S13 hydrographs at selected stations for storm 009, showing water surface 


elevation for OCPR2012_S13_G90 (Future without Action) and S50 (Current Conditions). 
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Figure 121: OCPR2012_S13 hydrographs at selected stations for storm 227, showing water surface 


elevation forOCPR2012_S13_G90 (Future without Project) and S50 (Current Conditions). 
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Figure 122: OCPR2012_S12 Production mesh 6 (G96) minus OCPR2012_S12 Future without Action (G90) maximum water surface elevation 


difference for storm 009, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed 


red line is the center of the storm track. Louisiana coast from Texas to Mississippi. 
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Figure 123: OCPR2012_S12 Production mesh 6 (G96) minus OCPR2012_S12 Future without Action (G90) maximum water surface elevation 


difference for storm 009, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed 


red line is the center of the storm track. Southwestern Louisiana detailed view. 
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Figure 124: OCPR2012_S12 Production mesh 6 (G96) minus OCPR2012_S12 Future without Action (G90) maximum water surface elevation 


difference for storm 009, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed 


red line is the center of the storm track. Southeastern Louisiana detail view. 







APPENDIX D‐24 STORM SURGE / WAVE MODEL (ADCIRC) TECHNICAL REPORT 


	


	 Louisiana’s Comprehensive Master Plan for a Sustainable Coast 
Page 126 


 


Figure 125: OCPR2012_S12 Production mesh 6 (G96) minus OCPR2012_S12 Future without Action (G90) maximum water surface elevation 


difference for storm 227, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed 


red line is the center of the storm track. Louisiana coast from Texas to Mississippi. 
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Figure 126: OCPR2012_S12 Production mesh 6 (G96) minus OCPR2012_S12 Future without Action (G90) maximum water surface elevation 


difference for storm 227, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed 


red line is the center of the storm track. Southwestern Louisiana detailed view. 
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Figure 127: OCPR2012_S12 Production mesh 6 (G96) minus OCPR2012_S12 Future without Action (G90) maximum water surface elevation 


difference for storm 227, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm 


track is shown in the lower right corner. Southeastern Louisiana detail view. 
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Figure 128: OCPR2012_S12 hydrographs at selected stations for storm 009, showing water surface 


elevation for OCPR2012_S12_G90 (Future without Action) and OCPR2012_S12_G96 (Future with 


Project Mesh 6). 
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Figure 129: OCPR2012_S12 hydrographs at selected stations for storm 227, showing water surface 


elevation for OCPR2012_S12_G90 (Future without Action) and OCPR2012_S12_G96 (Future with 


Project Mesh 6). 
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Figure 130: OCPR2012_S12 Production mesh 6 (G96) minus OCPR2012_S12 Future without Action (G90) maximum significant wave height 


difference for storm 009, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed 


red line is the center of the storm track. Southwestern Louisiana detailed view. 
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Figure 131: OCPR2012_S12 Production mesh 6 (G96) minus OCPR2012_S12 Future without Action (G90) maximum significant wave height 


difference for storm 009, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed 


red line is the center of the storm track. Southeastern Louisiana detail view. 
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Figure 132: OCPR2012_S12 Production mesh 6 (G96) minus OCPR2012_S12 Future without Action (G90) maximum significant wave height 


difference for storm 227, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed 


red line is the center of the storm track. Southwestern Louisiana detailed view. 
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Figure 133: OCPR2012_S12 Production mesh 6 (G96) minus OCPR2012_S12 Future without Action (G90) maximum significant wave height 


difference for storm 227, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm 


track is shown in the lower left corner. Southeastern Louisiana detail view. 
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Figure 134: OCPR2012_S13 Production mesh 6 (G96) minus OCPR2012_S13 Future without Action (G90) maximum water surface elevation 


difference for storm 009, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed 
red line is the center of the storm track. Louisiana coast from Texas to Mississippi. 
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Figure 135: OCPR2012_S13 Production mesh 6 (G96) minus OCPR2012_S13 Future without Action (G90) maximum water surface elevation 


difference for storm 009, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed 
red line is the center of the storm track. Southwestern Louisiana detailed view. 







APPENDIX D‐24 STORM SURGE / WAVE MODEL (ADCIRC) TECHNICAL REPORT 


	


	 Louisiana’s Comprehensive Master Plan for a Sustainable Coast 
Page 137 


 
Figure 136: OCPR2012_S13 Production mesh 6 (G96) minus OCPR2012_S13 Future without Action (G90) maximum water surface elevation 


difference for storm 009, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed 
red line is the center of the storm track. Southeastern Louisiana detail view. 







APPENDIX D‐24 STORM SURGE / WAVE MODEL (ADCIRC) TECHNICAL REPORT 


	


	 Louisiana’s Comprehensive Master Plan for a Sustainable Coast 
Page 138 


 
Figure 137: OCPR2012_S13 Production mesh 6 (G96) minus OCPR2012_S13 Future without Action (G90) maximum water surface elevation 


difference for storm 227, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed 
red line is the center of the storm track. Louisiana coast from Texas to Mississippi. 
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Figure 138: OCPR2012_S13 Production mesh 6 (G96) minus OCPR2012_S13 Future without Action (G90) maximum water surface elevation 


difference for storm 227, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed 
red line is the center of the storm track. Southwestern Louisiana detailed view. 
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Figure 139: OCPR2012_S13 Production mesh 6 (G96) minus OCPR2012_S13 Future without Action (G90) maximum water surface elevation 


difference for storm 227, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm 


track is shown in the lower right corner. Southeastern Louisiana detail view. 
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Figure 140: OCPR2012_S13 hydrographs at selected stations for storm 009, showing water surface 


elevation for OCPR2012_S13_G90 (Future without Action) and OCPR2012_S13_G96 (Future with 


Project Mesh 6). 
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Figure 141: OCPR2012_S13 hydrographs at selected stations for storm 227, showing water surface 


elevation for OCPR2012_S13_G90 (Future without Action) and OCPR2012_S13_G96 (Future with 


Project Mesh 6). 
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Figure 142: OCPR2012_S13 Production mesh 6 (G96) minus OCPR2012_S13 Future without Action (G90) maximum significant wave height 


difference for storm 009, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed 


red line is the center of the storm track. Southwestern Louisiana detailed view. 
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Figure 143: OCPR2012_S13 Production mesh 6 (G96) minus OCPR2012_S13 Future without Action (G90) maximum significant wave height 


difference for storm 009, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed 


red line is the center of the storm track. Southeastern Louisiana detail view. 
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Figure 144: OCPR2012_S13 Production mesh 6 (G96) minus OCPR2012_S13 Future without Action (G90) maximum significant wave height 


difference for storm 227, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed 


red line is the center of the storm track. Southwestern Louisiana detailed view. 
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Figure 145: OCPR2012_S13 Production mesh 6 (G96) minus OCPR2012_S13 Future without Action (G90) maximum significant wave height 


difference for storm 227, in feet. Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm 


track is shown in the lower right corner. Southeastern Louisiana detail view. 







APPENDIX D‐24 STORM SURGE / WAVE MODEL (ADCIRC) TECHNICAL REPORT 


	


	 Louisiana’s Comprehensive Master Plan for a Sustainable Coast 
Page 147 


 


Figure 146: QAQC zoom windows. 
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Figure 147: Hydraulic subunits for risk assessment output, future without action. 
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Figure 148: Hydraulic subunits for risk assessment output, project mesh 1. 
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Figure 149: Hydraulic subunits for risk assessment output, project mesh 2. 
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Figure 150: Hydraulic subunits for risk assessment output, project mesh 3. 
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Figure 151: Hydraulic subunits for risk assessment output, project mesh 4. 
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Figure 152: Hydraulic subunits for risk assessment output, project mesh 5. 
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Figure 153: Hydraulic subunits for risk assessment output, project mesh 6. 
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Figure 154: Hydraulic subunits for risk assessment output, project mesh. 
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Figure 155: Timing of the combined Gustav and Ike Simulation 
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Figure 156: Gustav Maximum Elevation. 
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Figure 157: Comparison to measured HWM for Hurricane Gustav. Colored dots represent the difference in HWM between the modeled 


results and the measured value during Hurricane Gustav. 
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Figure 158: Hurricane Gustav High Water Mark Correlation. 
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Figure 159: Locations of Sample Gustav Validation Hydrographs. 
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Figure 160: Hurricane Gustav Validation Hydrograph, USACE Station 01300 (Mississippi River). 


 







APPENDIX D‐24 STORM SURGE / WAVE MODEL (ADCIRC) TECHNICAL REPORT 


	


	 Louisiana’s Comprehensive Master Plan for a Sustainable Coast 
Page 162 


 


Figure 161: Hurricane Gustav Validation Hydrograph, CRMS Station 0374‐H01. 
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Figure 162: : Hurricane Gustav Validation Hydrograph, CRMS Station 0374‐H01. 
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Figure 163: Hurricane Ike Maximum Elevation. 
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Figure 164: Hurricane Ike High Water Mark Comparisons. Colored dots represent the difference in HWM between the modeled results and 


the measured value during Hurricane Ike. 
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Figure 165: Hurricane Ike High Water Mark Correlation. 
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Figure 166: Locations of Hurricane Ike Hydrographs. 
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Figure 167: CRMS Station 1069‐H01. 
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Figure 168: CRMS Station 0651‐W01. 
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Figure 169: CRMS Station 0345‐H01. 
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The figure numbers in this appendix do not correspond to figures referenced in the storm surge / waves 


report; for report figures, see appendix D‐24‐A. 
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Figure 1: 2011 Current Conditions maximum water surface elevation for storm 009, in feet. Vertically pronounced features are indicated by 


brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm track.   Louisiana coast from Texas to 


Mississippi. 
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Figure 2: 2011 Current Conditions maximum water surface elevation for storm 009, in feet. Vertically pronounced features are indicated by 


brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm track.   Southwestern Louisiana detailed view. 
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Figure 3: 2011 Current Conditions maximum water surface elevation for storm 009, in feet. Vertically pronounced features are indicated by 


brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm track.   Southeastern Louisiana detail view. 
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Figure 4: 2011 Current Conditions maximum water surface elevation for storm 227, in feet. Vertically pronounced features are indicated by 


brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm track.   Louisiana coast from Texas to 


Mississippi. 
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Figure 5: 2011 Current Conditions maximum water surface elevation for storm 227, in feet. Vertically pronounced features are indicated by 


brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm track.   Southwestern Louisiana detailed view. 
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Figure 6: 2011 Current Conditions maximum water surface elevation for storm 227, in feet. Vertically pronounced features are indicated by 


brown lines.  Black lines depict the coast line.  The storm track is shown in the lower right corner.   Southeastern Louisiana detail view. 
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Figure 7: 2011 Current Conditions maximum wave height for storm 009, in feet. Vertically pronounced features are indicated by brown lines.  


Black lines depict the coast line.  Thick dashed red line is the center of the storm track.   Louisiana coast from Texas to Mississippi. 
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Figure 8: Current Conditions maximum wave height for storm 009, in feet. Black vector arrows indicate wave direction. Vertically pronounced 


features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm track.   Southwestern 


Louisiana detailed view. 
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Figure 9: 2011 Current Conditions maximum wave height for storm 009, in feet. Black vector arrows indicate wave direction. Vertically 


pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm track.   


Southeastern Louisiana detail view. 
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Figure 10: 2011 Current Conditions maximum wave height for storm 227, in feet. Black vector arrows indicate wave direction. Vertically 


pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm track.   


Louisiana coast from Texas to Mississippi. 
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Figure 11: Current Conditions maximum wave height for storm 227, in feet. Black vector arrows indicate wave direction. Vertically 


pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm track.   


Southwestern Louisiana detailed view. 
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Figure 12: 2011 Current Conditions maximum wave height for storm 227, in feet. Black vector arrows indicate wave direction. Vertically 


pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower right corner.   


Southeastern Louisiana detail view. 
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The figure numbers in this appendix do not correspond to figures referenced in the storm surge  / waves 


report; for report figures, see appendix D‐24‐A. 
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Figure 1: Production mesh 1 (G91) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 2: Production mesh 1 (G91) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 3: Production mesh 1 (G91) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 4: Production mesh 1 (G91) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 5: Production mesh 1 (G91) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 6: Production mesh 1 (G91) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower right 


corner.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 7: Production mesh 2 (G92) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 8: Production mesh 2 (G92) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 9: Production mesh 2 (G92) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 10: Production mesh 2 (G92) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.  
 







 APPENDIX D‐24 STORM SURGE / WAVE MODEL (ADCIRC) TECHNICAL REPORT 
 


 


  Louisiana’s Comprehensive Master Plan for a Sustainable Coast 
Page 12 


 


Figure 11: Production mesh 2 (G92) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 12: Production mesh 2 (G92) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower right 


corner Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 13: Production mesh 3 (G93) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 14: Production mesh 3 (G93) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 15: Production mesh 3 (G93) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 16: Production mesh 3 (G93) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.  
 







 APPENDIX D‐24 STORM SURGE / WAVE MODEL (ADCIRC) TECHNICAL REPORT 
 


 


  Louisiana’s Comprehensive Master Plan for a Sustainable Coast 
Page 18 


 


Figure 17: Production mesh 3 (G93) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 18: Production mesh 3 (G93) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower right 


corner.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 19: Production mesh 4 (G94) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 20: Production mesh 4 (G94) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 21: Production mesh 4 (G94) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 22: Production mesh 4 (G94) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 23: Production mesh 4 (G94) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 24: Production mesh 4 (G94) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower right 


corner.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 25: Production mesh 5 (G95) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 26: Production mesh 5 (G95) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 27: Production mesh 5 (G95) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 28: Production mesh 5 (G95) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 29: Production mesh 5 (G95) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 30: Production mesh 1 (G91) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower right 


corner.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 31: Production mesh 6 (G96) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.  
 







 APPENDIX D‐24 STORM SURGE / WAVE MODEL (ADCIRC) TECHNICAL REPORT 
 


 


  Louisiana’s Comprehensive Master Plan for a Sustainable Coast 
Page 33 


 


Figure 32: Production mesh 6 (G96) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 33: Production mesh 6 (G96) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 34: Production mesh 6 (G96) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 35: Production mesh 6 (G96) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 36: Production mesh 6 (G96) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower right 


corner.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 37: Production mesh 7 (G97) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 38: Production mesh 7 (G97) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 39: Production mesh 7 (G97) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 40: Production mesh 7 (G97) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.  
 







 APPENDIX D‐24 STORM SURGE / WAVE MODEL (ADCIRC) TECHNICAL REPORT 
 


 


  Louisiana’s Comprehensive Master Plan for a Sustainable Coast 
Page 42 


 


Figure 41: Production mesh 7 (G97) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 42: Production mesh 7 (G97) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower right 


corner.  Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 43: Selected hydrograph locations. 
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Figure 44: Hydrographs at selected stations for storm 009, showing water surface elevation difference 
between S12 and G90 (Current Conditions), and S12 minus the effects of G91 (Project Mesh 1). In 
some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference is 


shown between the two simulations. 
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Figure 45: Hydrographs at selected stations for storm 009, showing water surface elevation difference 
between S12 and G90 (Current Conditions), and S12 minus the effects of G92 (Project Mesh 2). In 
some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference is 


shown between the two simulations. 
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Figure 46: Hydrographs at selected stations for storm 009, showing water surface elevation difference 
between S12 and G90 (Current Conditions), and S12 minus the effects of G93 (Project Mesh 3). In 
some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference is 


shown between the two simulations. 
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Figure 47: Hydrographs at selected stations for storm 009, showing water surface elevation difference 
between S12 and G90 (Current Conditions), and S12 minus the effects of G94 (Project Mesh 4). In 
some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference is 


shown between the two simulations. 
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Figure 48: Hydrographs at selected stations for storm 009, showing water surface elevation difference 
between S12 and G90 (Current Conditions), and S12 minus the effects of G95 (Project Mesh 5). In 
some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference is 


shown between the two simulations. 
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Figure 49: Hydrographs at selected stations for storm 009, showing water surface elevation difference 
between S12 and G90 (Current Conditions), and S12 minus the effects of G96 (Project Mesh 6). In 
some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference is 


shown between the two simulations. 
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Figure 50: Hydrographs at selected stations for storm 009, showing water surface elevation difference 
between S12 and G90 (Current Conditions), and S12 minus the effects of G97 (Project Mesh 7). In 
some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference is 


shown between the two simulations. 
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Figure 51: Hydrographs at selected stations for storm 009, showing water surface elevation difference 
between S50 (Future without Project) and G90 (Current Conditions), and S12 minus the effects of G90 
(Current Conditions). In some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating 


that no difference is shown between the two simulations. 
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Figure 52: Hydrographs at selected stations for storm 227, showing water surface elevation difference 
between S12 and G90 (Current Conditions), and S12 minus the effects of G91 (Project Mesh 1). In 
some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference is 


shown between the two simulations. 
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Figure 53: Hydrographs at selected stations for storm 227, showing water surface elevation difference 
between S12 and G90 (Current Conditions), and S12 minus the effects of G92 (Project Mesh 2). In 
some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference is 


shown between the two simulations. 
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Figure 54: Hydrographs at selected stations for storm 227, showing water surface elevation difference 
between S12 and G90 (Current Conditions), and S12 minus the effects of G93 (Project Mesh 3). In 
some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference is 


shown between the two simulations. 
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Figure 55: Hydrographs at selected stations for storm 227, showing water surface elevation difference 
between S12 and G90 (Current Conditions), and S12 minus the effects of G94 (Project Mesh 4). In 
some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference is 


shown between the two simulations. 
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Figure 56: Hydrographs at selected stations for storm 227, showing water surface elevation difference 
between S12 and G90 (Current Conditions), and S12 minus the effects of G95 (Project Mesh 5). In 
some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference is 


shown between the two simulations. 
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Figure 57: Hydrographs at selected stations for storm 227, showing water surface elevation difference 
between S12 and G90 (Current Conditions), and S12 minus the effects of G96 (Project Mesh 6). In 
some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference is 


shown between the two simulations. 
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Figure 58: Hydrographs at selected stations for storm 227, showing water surface elevation difference 
between S12 and G90 (Current Conditions), and S12 minus the effects of G97 (Project Mesh 7). In 
some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference is 


shown between the two simulations. 
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Figure 59: Hydrographs at selected stations for storm 227, showing water surface elevation difference 
between S50 (Future without Project) and G90 (Current Conditions), and S12 minus the effects of G90 
(Current Conditions). In some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating 


that no difference is shown between the two simulations.
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Figure 60: Production mesh 1 (G91) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 61: Production mesh 1 (G91) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 62: Production mesh 1 (G91) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 63: Production mesh 1 (G91) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower left 


corner Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 64: Production mesh 2 (G92) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 65: Production mesh 2 (G92) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
 







 APPENDIX D‐24 STORM SURGE / WAVE MODEL (ADCIRC) TECHNICAL REPORT 
 


 


  Louisiana’s Comprehensive Master Plan for a Sustainable Coast 
Page 67 


 


Figure 66: Production mesh 2 (G92) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 67: Production mesh 2 (G92) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower left 


corner.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 68: Production mesh 3 (G93) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  







 APPENDIX D‐24 STORM SURGE / WAVE MODEL (ADCIRC) TECHNICAL REPORT 
 


 


  Louisiana’s Comprehensive Master Plan for a Sustainable Coast 
Page 70 


 


Figure 69: Production mesh 3 (G93) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 70: Production mesh 3 (G93) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 71: Production mesh 3 (G93) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower left 


corner.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 72: Production mesh 4 (G94) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 73: Production mesh 4 (G94) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 74: Production mesh 4 (G94) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 75: Production mesh 4 (G94) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower left 


corner.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 76: Production mesh 5 (G95) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 77: Production mesh 5 (G95) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 78: Production mesh 5 (G95) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 79: Production mesh 5 (G95) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower left 


corner.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 80: Production mesh 6 (G96) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 81: Production mesh 6 (G96) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 82: Production mesh 6 (G96) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 83: Production mesh 6 (G96) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower left 


corner.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 84: Production mesh 7 (G97) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 85: Production mesh 7 (G97) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 86: Production mesh 7 (G97) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 


track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 87: Production mesh 7 (G97) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower left 


corner.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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The figure numbers in this appendix do not correspond to figures referenced in the storm surge / 
waves report; for report figures, see appendix D‐24‐A. 
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Figure 1: S13 Production mesh 1 (G91) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.   
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Figure 2: S13 Production mesh 1 (G91) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.   


 







 APPENDIX D‐24 STORM SURGE / WAVE MODEL (ADCIRC) TECHNICAL REPORT 


 


  Louisiana’s Comprehensive Master Plan for a Sustainable Coast 
Page 4 


 
Figure 3: S13 Production mesh 1 (G91) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.   
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Figure 4: S13 Production mesh 1 (G91) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.   
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Figure 5: S13 Production mesh 1 (G91) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.   
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Figure 6: S13 Production mesh 1 (G91) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower right 


corner.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 7: S13 Production mesh 2 (G92) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 8: S13 Production mesh 2 (G92) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 9: S13 Production mesh 2 (G92) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 10: S13 Production mesh 2 (G92) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 11: S13 Production mesh 2 (G92) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  







 APPENDIX D‐24 STORM SURGE / WAVE MODEL (ADCIRC) TECHNICAL REPORT 


 


  Louisiana’s Comprehensive Master Plan for a Sustainable Coast 
Page 13 


 
Figure 12: S13 Production mesh 2 (G92) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower right 


corner.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 13: S13 Production mesh 3 (G93) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 14: S13 Production mesh 3 (G93) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 15: S13 Production mesh 3 (G93) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 16: S13 Production mesh 3 (G93) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 17: S13 Production mesh 3 (G93) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 18: S13 Production mesh 3 (G93) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower right 


corner.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  







 APPENDIX D‐24 STORM SURGE / WAVE MODEL (ADCIRC) TECHNICAL REPORT 


 


  Louisiana’s Comprehensive Master Plan for a Sustainable Coast 
Page 20 


 
Figure 19: S13 Production mesh 4 (G94) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 20: S13 Production mesh 4 (G94) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 21: S13 Production mesh 4 (G94) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 22: S13 Production mesh 4 (G94) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 23: S13 Production mesh 4 (G94) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 24: S13 Production mesh 4 (G94) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower right 


corner.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 25: S13 Production mesh 5 (G95) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 26: S13 Production mesh 5 (G95) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 27: S13 Production mesh 5 (G95) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 28: S13 Production mesh 5 (G95) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 29: S13 Production mesh 5 (G95) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 30: S13 Production mesh 5 (G95) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  







 APPENDIX D‐24 STORM SURGE / WAVE MODEL (ADCIRC) TECHNICAL REPORT 


 


  Louisiana’s Comprehensive Master Plan for a Sustainable Coast 
Page 32 


 
Figure 31: S13 Production mesh 6 (G96) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 32: S13 Production mesh 6 (G96) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 33: S13 Production mesh 6 (G96) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 34: S13 Production mesh 6 (G96) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 35: S13 Production mesh 6 (G96) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 36: S13 Production mesh 6 (G96) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 37: S13 Production mesh 7 (G97) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 38: S13 Production mesh 7 (G97) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 39: S13 Production mesh 7 (G97) minus 2011 Current Conditions maximum water surface elevation difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 40: S13 Production mesh 7 (G97) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Louisiana coast from Texas to Mississippi. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 41: S13 Production mesh 7 (G97) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 42: S13 Production mesh 7 (G97) minus 2011 Current Conditions maximum water surface elevation difference for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet. 
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Figure 43: S13 Hydrographs at selected stations for storm 009, showing water surface elevation 


difference between S13 and G90 (Current Conditions), and S13 minus the effects of G91 (Project Mesh 
1). In some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference 
is shown between the two simulations. In some hydrographs, the S12‐G90 line lies beneath the S12‐


G91 line, indicating that no difference is shown between the two simulations. 
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Figure 44: S13 Hydrographs at selected stations for storm 009, showing water surface elevation 


difference between S13 and G90 (Current Conditions), and S13 minus the effects of G92 (Project Mesh 
2). In some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference 


is shown between the two simulations. 
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Figure 45: S13 Hydrographs at selected stations for storm 009, showing water surface elevation 


difference between S13 and G90 (Current Conditions), and S13 minus the effects of G93 (Project Mesh 
3). In some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference 


is shown between the two simulations. 
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Figure 46: S13 Hydrographs at selected stations for storm 009, showing water surface elevation 


difference between S13 and G90 (Current Conditions), and S13 minus the effects of G94 (Project Mesh 
4). In some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference 


is shown between the two simulations. 
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Figure 47: S13 Hydrographs at selected stations for storm 009, showing water surface elevation 


difference between S13 and G90 (Current Conditions), and S13 minus the effects of G95 (Project Mesh 
5). In some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference 


is shown between the two simulations. 
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Figure 48: S13 Hydrographs at selected stations for storm 009, showing water surface elevation 


difference between S13 and G90 (Current Conditions), and S13 minus the effects of G96 (Project Mesh 
6). In some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference 


is shown between the two simulations. 
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Figure 49: S13 Hydrographs at selected stations for storm 009, showing water surface elevation 


difference between S13 and G90 (Current Conditions), and S13 minus the effects of G97 (Project Mesh 
7). In some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference 


is shown between the two simulations. 
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Figure 50: S13 Hydrographs at selected stations for storm 009, showing water surface elevation 


difference between S50 (Future without Project) and G90 (Current Conditions), and S13 minus the 
effects of G90 (Current Conditions). In some hydrographs, the S12‐G90 line lies beneath the S12‐G91 


line, indicating that no difference is shown between the two simulations. 
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Figure 51: S13 Hydrographs at selected stations for storm 227, showing water surface elevation 
difference between S12 and G90 (Current Conditions), and S13 minus the effects of G90 (Current 


Conditions). In some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no 
difference is shown between the two simulations. 
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Figure 52: S13 Hydrographs at selected stations for storm 227, showing water surface elevation 


difference between S13 and G90 (Current Conditions), and S13 minus the effects of G91 (Project Mesh 
1). In some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference 


is shown between the two simulations. 
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Figure 53: S13 Hydrographs at selected stations for storm 227, showing water surface elevation 


difference between S13 and G90 (Current Conditions), and S13 minus the effects of G92 (Project Mesh 
2). In some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference 


is shown between the two simulations. 
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Figure 54: S13 Hydrographs at selected stations for storm 227, showing water surface elevation 


difference between S13 and G90 (Current Conditions), and S13 minus the effects of G93 (Project Mesh 
3). In some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference 


is shown between the two simulations. 
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Figure 55: S13 Hydrographs at selected stations for storm 227, showing water surface elevation 


difference between S13 and G90 (Current Conditions), and S13 minus the effects of G94 (Project Mesh 
4). In some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference 


is shown between the two simulations. 
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Figure 56: S13 Hydrographs at selected stations for storm 227, showing water surface elevation 


difference between S13 and G90 (Current Conditions), and S13 minus the effects of G95 (Project Mesh 
5). In some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference 


is shown between the two simulations. 
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Figure 57: S13 Hydrographs at selected stations for storm 227, showing water surface elevation 


difference between S13 and G90 (Current Conditions), and S13 minus the effects of G96 (Project Mesh 
6). In some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference 


is shown between the two simulations. 
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Figure 58: S13 Hydrographs at selected stations for storm 227, showing water surface elevation 


difference between S13 and G90 (Current Conditions), and S13 minus the effects of G97 (Project Mesh 
7). In some hydrographs, the S12‐G90 line lies beneath the S12‐G91 line, indicating that no difference 


is shown between the two simulations. 
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Figure 59: S13 Hydrographs at selected stations for storm 227, showing water surface elevation 


difference between S50 (Future without Project) and G90 (Current Conditions), and S13 minus the 
effects of G90 (Current Conditions). In some hydrographs, the S12‐G90 line lies beneath the S12‐G91 


line, indicating that no difference is shown between the two simulations.
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Figure 60: S13 Production mesh 1 (G91) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 61: S13 Production mesh 1 (G91) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 62: S13 Production mesh 1 (G91) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 63: S13 Production mesh 1 (G91) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower left 


corner.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 64: S13 Production mesh 2 (G92) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 65: S13 Production mesh 2 (G92) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 66: S13 Production mesh 2 (G92) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 67: S13 Production mesh 2 (G92) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower left 


corner Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 68: S13 Production mesh 3 (G93) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 69: S13 Production mesh 3 (G93) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 70: S13 Production mesh 3 (G93) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 71: S13 Production mesh 3 (G93) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower left 


corner.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 72: S13 Production mesh 4 (G94) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 73: S13 Production mesh 4 (G94) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 74: S13 Production mesh 4 (G94) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  







 APPENDIX D‐24 STORM SURGE / WAVE MODEL (ADCIRC) TECHNICAL REPORT 


 


  Louisiana’s Comprehensive Master Plan for a Sustainable Coast 
Page 76 


 
Figure 75: S13 Production mesh 4 (G94) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower left 


corner.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 76: S13 Production mesh 5 (G95) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 77: S13 Production mesh 5 (G95) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 78: S13 Production mesh 5 (G95) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 79: S13 Production mesh 5 (G95) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower left 


corner.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 80: S13 Production mesh 6 (G96) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 81: S13 Production mesh 6 (G96) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 82: S13 Production mesh 6 (G96) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 83: S13 Production mesh 6 (G96) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower left 


corner.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 84: S13 Production mesh 7 (G97) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 85: S13 Production mesh 7 (G97) minus 2011 Current Conditions maximum significant wave height difference for storm 009, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 86: S13 Production mesh 7 (G97) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 


Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  Thick dashed red line is the center of the storm 
track.   Southwestern Louisiana detailed view. The green color indicates areas where surge is reduced by over 4 feet.  
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Figure 87: S13 Production mesh 7 (G97) minus 2011 Current Conditions maximum significant wave height difference for storm 227, in feet. 
Vertically pronounced features are indicated by brown lines.  Black lines depict the coast line.  The storm track is shown in the lower left 


corner.   Southeastern Louisiana detail view. The green color indicates areas where surge is reduced by over 4 feet.  
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The figure numbers in this appendix do not correspond to figures referenced in the storm surge / waves 
report; for report figures, see appendix D‐24‐A. 
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Figure 1: Hurricane Gustav hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


NOAA measured gauge data (blue dots). 
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Figure 2: Hurricane Gustav hydrographs, validation on OCPR_2012 mesh. Model results (red line) 


versus NOAA measured gauge data (blue dots). 
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Figure 3: Hurricane Gustav hydrographs, validation on OCPR_2012 mesh. Model results (red line) 


versus NOAA measured gauge data (blue dots). 
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Figure 4: Hurricane Gustav hydrographs, validation on OCPR_2012 mesh. Model results (red line) 


versus USACE Coastal Hydraulics Lab (CHL) measured gauge data (blue dots). 
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Figure 5: Hurricane Gustav hydrographs, validation on OCPR_2012 mesh. Model results (red line) 


versus USGS Permanent Station measured gauge data (blue dots). 
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Figure 6: Hurricane Gustav hydrographs, validation on OCPR_2012 mesh. Model results (red line) 


versus USGS Permanent Station measured gauge data (blue dots). 
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Figure 7: Hurricane Gustav hydrographs, validation on OCPR_2012 mesh. Model results (red line) 


versus USGS Permanent Station measured gauge data (blue dots). 
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Figure 8: Hurricane Gustav hydrographs, validation on OCPR_2012 mesh. Model results (red line) 


versus USACE measured gauge data (blue dots). 
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Figure 9: Hurricane Gustav hydrographs, validation on OCPR_2012 mesh. Model results (red line) 


versus USACE measured gauge data (blue dots). 
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Figure 10: Hurricane Gustav hydrographs, validation on OCPR_2012 mesh. Model results (red line) 


versus USACE measured gauge data (blue dots). 
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Figure 11: Hurricane Gustav hydrographs, validation on OCPR_2012 mesh. Model results (red line) 


versus USACE measured gauge data (blue dots). 
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Figure 12: Hurricane Gustav hydrographs, validation on OCPR_2012 mesh. Model results (red line) 


versus University of Notre Dame deployable measured gauge data (blue dots). 
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Figure 13: Hurricane Gustav hydrographs, validation on OCPR_2012 mesh. Model results (red line) 


versus University of Notre Dame deployable measured gauge data (blue dots). 
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Figure 14: Hurricane Gustav hydrographs, validation on OCPR_2012 mesh. Model results (red line) 


versus University of Notre Dame deployable measured gauge data (blue dots). 
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Figure 15: Hurricane Gustav hydrographs, validation on OCPR_2012 mesh. Model results (red line) 


versus CRMS measured gauge data (blue dots). 
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Figure 16: Hurricane Gustav hydrographs, validation on OCPR_2012 mesh. Model results (red line) 


versus CRMS measured gauge data (blue dots). 
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Figure 17: Hurricane Gustav hydrographs, validation on OCPR_2012 mesh. Model results (red line) 


versus CRMS measured gauge data (blue dots). 
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Figure 18: Hurricane Gustav hydrographs, validation on OCPR_2012 mesh. Model results (red line) 


versus CRMS measured gauge data (blue dots). 
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Figure 19: Hurricane Gustav hydrographs, validation on OCPR_2012 mesh. Model results (red line) 


versus CRMS measured gauge data (blue dots). 
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Figure 20: Hurricane Gustav hydrographs, validation on OCPR_2012 mesh. Model results (red line) 


versus CRMS measured gauge data (blue dots). 
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Figure 21: Hurricane Gustav hydrographs, validation on OCPR_2012 mesh. Model results (red line) 


versus CRMS measured gauge data (blue dots). 
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Figure 22: Hurricane Gustav hydrographs, validation on OCPR_2012 mesh. Model results (red line) 


versus CRMS measured gauge data (blue dots). 
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Figure 23: Hurricane Gustav hydrographs, validation on OCPR_2012 mesh. Model results (red line) 


versus CRMS measured gauge data (blue dots). 
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Figure 24: Hurricane Gustav hydrographs, validation on OCPR_2012 mesh. Model results (red line) 


versus CRMS measured gauge data (blue dots). 
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Figure 25: Hurricane Gustav hydrographs, validation on OCPR_2012 mesh. Model results (red line) 


versus CRMS measured gauge data (blue dots). 
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The figure numbers in this appendix do not correspond to figures referenced in the storm surge / waves 
report; for report figures, see appendix D‐24‐A. 
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Figure 1: Hurricane Ike hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


University of Notre Dame deployable measured gauge data (blue dots). 
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Figure 2: Hurricane Ike hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


University of Notre Dame deployable measured gauge data (blue dots). 
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Figure 3: Hurricane Ike hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


University of Notre Dame deployable measured gauge data (blue dots). 
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Figure 4: Hurricane Ike hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


NOAA measured gauge data (blue dots). 
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Figure 5: Hurricane Ike hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


NOAA measured gauge data (blue dots). 
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Figure 6: Hurricane Ike hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


NOAA measured gauge data (blue dots). 
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Figure 7: Hurricane Ike hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


CRMS measured gauge data (blue dots). 
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Figure 8: Hurricane Ike hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


CRMS measured gauge data (blue dots). 
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Figure 9: Hurricane Ike hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


CRMS measured gauge data (blue dots). 
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Figure 10: Hurricane Ike hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


CRMS measured gauge data (blue dots). 
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Figure 11: Hurricane Ike hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


CRMS measured gauge data (blue dots). 
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Figure 12: Hurricane Ike hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


CRMS measured gauge data (blue dots). 
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Figure 13: Hurricane Ike hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


CRMS measured gauge data (blue dots). 







 APPENDIX D‐24 STORM SURGE / WAVE MODEL (ADCIRC) TECHNICAL REPORT 


 


  Louisiana’s Comprehensive Master Plan for a Sustainable Coast 
Page 15 


 


Figure 14: Hurricane Ike hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


CRMS measured gauge data (blue dots). 
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Figure 15: Hurricane Ike hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


CRMS measured gauge data (blue dots). 
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Figure 16: Hurricane Ike hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


CRMS measured gauge data (blue dots). 
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Figure 17: Hurricane Ike hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


CRMS measured gauge data (blue dots). 
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Figure 18: Hurricane Ike hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


CRMS measured gauge data (blue dots). 
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Figure 19: Hurricane Ike hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


CRMS measured gauge data (blue dots). 
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Figure 20: Hurricane Ike hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


USACE Coastal Hydraulics Lab (CHL) measured gauge data (blue dots). 
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Figure 21: Hurricane Ike hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


USACE measured gauge data (blue dots). 
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Figure 22: Hurricane Ike hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


USACE measured gauge data (blue dots). The two stations, 01440 and 01480, did not record during 


Hurricane Ike. The hydrographs are displayed to provide a consistent dataset with the USACE 


measured data from Hurricane Gustav, and to provide an idea of the response of the model at these 


gauges, while not comparing to actual measurements. 
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Figure 23: Hurricane Ike hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


USACE measured gauge data (blue dots). 
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Figure 24: Hurricane Ike hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


USACE measured gauge data (blue dots). 
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Figure 25: Hurricane Ike hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


USGS Permanent Station measured gauge data (blue dots). 
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Figure 26: Hurricane Ike hydrographs, validation on OCPR_2012 mesh. Model results (red line) versus 


USGS Permanent Station measured gauge data (blue dots). 
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Annex 8 – Relative Sea Level and Climate Change 


Part I: Sea Level Change 


The Upper Barataria Basin (UBB) project is a coastal storm damage risk reduction 
(CSDR) project located in a coastal area subject rapid local sea level change.  
Therefore, changes in sea level are expected to affect project performance over time.  
By policy, USACE projects must perform as intended for their full project life, despite 
uncertainty about future conditions, including sea level and future climate.  While the 
fact of sea level change is not uncertain, the rate of future change is unknown.  USACE 
guidance, in the form of ER 1100-2-8162, requires sea level change to be considered in 
planning and design, and defines the range of reasonably plausible future sea level 
conditions using three scenarios, called Low, Intermediate, and High.  For projects such 
as UBB, these scenarios can be used to address three main questions: 


1) What is the reasonable extent of potential future climate change (particularly sea
level change) in this area?


2) Is the selected plan the best alternative under all reasonable future climate
scenarios?


3) How does the selected plan balance initial investment with adaptation cost to
optimize performance in consideration of future climate change?


These three questions are addressed below. 


1) The reasonable extent of future sea level change can be estimated by using the
High sea level scenario in the year 2123, which is 100 years after the assumed
construction date.  Per ER 1110-2-8159, Life Cycle Performance and Design, major
infrastructure such as levees are assumed to have a 100 year project life unless
otherwise specified (note that this project life is distinct from the 50 year period of
economic analysis that derives from discounting future costs and benefits to net present
value).  The closest tidegage to the UBB project is the USACE gage on Bayou Barataria
at Barataria (MVN gage 82750), in Figure 1 below.  The three USACE sea level
scenarios are plotted for this gage in Figure 2, below.
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Figure 1:  Location of Barataria gage relative to UBB project location 


 
Figure 2:  Sea level projections for Bayou Barataria at Barataria 


 


The High scenario for relative sea level change at this gage is 9.37 ft relative to 1992, 
which is the midpoint of the most recent National Tidal Datum Epoch (NTDE) and thus 
represents presently published mean sea level.  The extent of inundation at this sea 
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level was visualized using the NOAA Sea Level Rise Viewer and is shown in Figure 3.  
It is no surprise that the UBB project area is largely covered by this degree of sea level 
change.  This represents the maximum extent of potential impact for the project area 
and sets the strategic decision context for the project analysis of climate change. 


 
Figure 3:  Inundation and mean sea level in the year 2123 under the USACE High sea level 
scenario.  This represents the maximum plausible upper range of future conditions facing the 
UBB project. 


 


2) USACE policy, outlined in ER 1100-2-8162, requires that sea level change be 
considered in project formulation.  In particular, policy requires that alternatives be 
evaluated such that an alternative that performs best across the full range of plausible 
future conditions should generally be selected over an alternative that only performs 
well under one of the scenarios.  At the TSP selection step, the team should 
demonstrate that uncertainty over future sea level conditions does not constitute 
uncertainty over which alternative will perform the best in the future.  In the case of the 
UBB project, the TSP is the plan that ties into existing high ground and pre-existing 
levee systems without raising the elevation of those systems or the surrounding high 
ground.  Alternative plans considered consisted of alternate levee alignments as well as 
nonstructural measures.  Nonstructural measures (such as house raisings) were 
evaluated as a stand-alone alternative (limited to hot spots within the basin).  This 
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alternative was subsequently eliminated from further consideration because it could not 
be economically justified.  The elimination of this alternative is not sensitive to the 
uncertainty over sea level change since there is a low population density in the area, 
which results in low net benefits.  However, the TSP can be enhanced with the inclusion 
of nonstructural measures, provided the implementation of these measures can be 
economically justified.  Alternative levee alignments considered (see Hydraulic Levee 
Design Exterior Analysis for details) would be impacted by sea level similarly to the TSP 
alignment.  Thus the choice of the TSP was not highly sensitive to sea level change 
uncertainty and the team is confident that the TSP is the best choice under all plausible 
future sea levels. 


3) Performance of the selected plan over the project life can be assessed using future 
conditions model runs.  The constraints of SMART planning, combined with the 
temporal urgency of projects funded under the Bipartisan Budget Act of 2018, did not 
allow for new model studies of future conditions for this project.  Instead, the team 
leveraged analysis performed by the Coastal Protection and Restoration Authority of 
Louisiana for the 2017 Coastal Master Plan.  This analysis modeled future conditions 
storm surge and waves for large areas of the Louisiana Coast using the ADCIRC storm 
surge model combined with the UnSWAN model for nearshore waves (model details are 
available at http://sonris-www.dnr.state.la.us/dnrservices/redirectUrl.jsp?dID=4734245).  
The CPRA analyzed several eustatic sea level scenarios; the one used for this study 
assumed approximately 1.5 feet of eustatic sea level rise beginning in the year 2017.  
Subsidence and accretion of topography and bathymetry in this analysis were spatially-
varying based on the outputs of a geomorphic model; relative change in elevations is 
shown in Figure 4.  The local land area around the UBB project shows net accretion of 
wetland over time (relative to NAVD88) but the bottoms of Lakes Salvador and 
Cataouatche are subsided approximately 0.5 feet.  Thus this CPRA analysis is 
equivalent to approximately 2 feet of relative sea level rise. 



http://sonris-www.dnr.state.la.us/dnrservices/redirectUrl.jsp?dID=4734245
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Figure 4:  Relative change between CPRA 2017 and S13 future conditions ADCIRC model grids. 


Mean sea level rise at the Barataria tidegage between 2017 and 2073 is approximately 
1.8 feet under the Intermediate scenario, thus the CPRA analysis using scenario S13 
for future conditions was considered reasonably similar, given the constraints of this 
study, to the Intermediate scenario at the end of the period of economic analysis.  This 
was the sea level condition used to compute project economic benefits over the 
economic analysis period.  While this assumption ignores the uncertainty in relative sea 
level in the year 2017, which may be 0.6-0.8 feet higher than 1992 at Barataria, the 
CPRA ADCIRC model uses a starting water surface elevation of 1.2 feet NAVD88 to 
account for factors such as thermosteric effect, despite the fact that mean sea level at 
the NOAA gage located on Bayou Gauche (gage 8762482) is only about 0.8 feet above 
NAVD88 (note also that this MSL is based on the NOAA modified 5 year NTDE used in 
high-subsidence areas which spans from 2012-2016, rather than the standard NTDE 
that spans from 1983-2001).  For the purposes of this study, the 1.2 foot initial water 
surface elevation was considered sufficient to address sea level rise between 1992 and 
2017.   


It is critical to understand that the UBB TSP design is optimized for NED benefits, rather 
than to deliver a set quantity of residual risk to the project area.  Furthermore, the 
design is dictated by the elevation and performance of the surrounding high ground and 
pre-existing levee systems into which the proposed levee will tie.  This means that the 
project will reduce risk to a known level (approximately 2% AEP) when construction is 
complete, at which point risk will gradually increase over time at an unknown rate due to 
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sea level rise and subsidence.  Because the plan does not address adaptation of the 
existing high ground or pre-existing levee system, there is no opportunity to adapt this 
project in the future to maintain performance because such adaptations would not be 
marginally economically justified.  The project sponsor and public must be aware of the 
increasing risk to the project area communities and take actions to manage this risk. 


Adaptation to sea level is most effectively considered in a “when, not if” context.  The 
fact of sea level rise is certain; only the rate is uncertain.  In the case of UBB, there is no 
performance threshold where the plan suddenly no longer performs due to excessive 
sea level.  Instead, performance gradually decreases over time.  The 50-year, 
Intermediate sea level change scenario used for economic analysis and represented by 
the CPRA 2017 analysis may be considered a benchmark for assessing the TSP 
against the other two USACE sea level scenarios.  Under the Low scenario, this 2 foot 
increase would not be expected until approximately the year 2105, after the end of the 
assumed project life.  Under the High scenario, it would be expected as soon as the 
year 2053.  Thus at some point between the year 2053 and the year 2105, the risk to 
the project area can be expected to equal the conditions described in the CPRA 2017 
analysis in the with-project condition (see Upper Barataria Basin Hydraulic Levee 
Design  Exterior Analysis for details of the future conditions flood frequency). 


While residual risk to the project area will increase faster under the High sea level 
scenario (and slower under the Low scenario) than assumed under the Intermediate 
scenario, this does not mean that the project benefits will necessarily be lower than 
computed if sea level rises faster than assumed.  In fact, economic benefits may 
actually be higher under the High scenario due to worsened conditions in the without-
project condition, though this cannot be confirmed without detailed economic analysis. 
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Table 1:  Duration of assumed future conditions project performance under the three USACE sea 


level scenarios 
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Part II: Climate Change Impacts to Inland Hydrology 


Introduction 
 
USACE guidance for analyzing the impacts of climate change on inland hydrology is 
included in Engineering and Construction Bulletin (ECB) 2018-14, entitled Guidance for 
Incorporating Climate Change Impacts to Inland Hydrology in Civil Works Studies, 
Designs, and Projects (USACE 2018). The bulletin provides a framework for evaluating 
the effects of climate change on inland hydrology and related climate variables 
(including but not limited to temperature, precipitation, and evaporation), as well as the 
effects of climate change on non-climate variables affecting inland hydrology (for 
example, sedimentation). The analysis is intended to aid in reducing climate change-
related vulnerabilities and enhancing the resilience of Corps projects, and can be used 
to inform decisions pertaining to project planning, engineering, operations, and 
maintenance. The focus of the analysis is the evaluation of observed and projected 
trends for project area air temperature, precipitation, and streamflow, based on literature 
review and USACE climate tools, which are described later in this section.  
 
Literature Review 
 
ECB 2018-14 specifies that the assessment of climate change impacts on inland 
hydrology includes a literature review summarizing observed and projected climate 
trends applicable to the project area, with an emphasis on the climate variables of air 
temperature, precipitation, and streamflow. Literature reviewed for the UBB study 
includes Recent Climate Change and Hydrology Literature Applicable to U.S. Army 
Corps of Engineers Missions ‒ Lower Mississippi River Region (USACE 2015), the 
Louisiana State Climate Summary (NOAA 2019), Climate Change Indicators in the 
United States (USEPA 2016), and volumes I and II of the National Climate Assessment 
(USGCRP 2017/2018). The following sections summarize literature review findings for 
observed and projected air temperature, precipitation, and streamflow trends. 


 
Air Temperature 
 
Observed Trends 
 
Climate Change and Hydrology Literature Applicable to U.S. Army Corps of 
Engineers Missions ‒ Lower Mississippi River Region:  Although there are no 
studies evaluating historical temperature trends specifically within the Lower Mississippi 
River Region, several studies are available evaluating historical temperature trends on a 
national scale, from which trends within the Lower Mississippi River Region can be 
ascertained. Findings from Wang et al. (2009) and Westby et al. (2013) suggest a slight 
cooling trend occurred in the region during the second half of the 20th century, while Liu 
et al. (2012) suggests a cooling trend occurred during the third quarter of the 20th 
century and was followed by a warming trend during the final quarter of the century. The 
third National Climate Assessment (Carter et al. 2014) also suggests the region 
experienced a cooling period near mid-century and has been warming since the latter 
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20th century.  Despite their findings of overall slight cooling trends, Wang et al. (2009) 
and Carter et al. (2014) found no significant temperature trends in the region when 
evaluating each season individually. 
 
Louisiana State Climate Summary:  Temperatures in the state were historically warm 
in the early 20th century, and were cooler from the 1950s to 1970s. Since the 1970s, 
temperatures have warmed by about 2°F. 
 
Climate Change Indicators in the United States:  Since the beginning of the 20th 
century, temperatures in the project area have risen slightly (0-0.5°F/century). 
Nationwide, daily highs and lows have been increasing since the 1970s. 
 
National Climate Assessment:  Recent (1986-2016) temperatures in southeast 
Louisiana were slightly cooler compared to the first half of the 20th century. 
 
Projected Trends 
 
Climate Change and Hydrology Literature Applicable to U.S. Army Corps of 
Engineers Missions ‒ Lower Mississippi River Region:  Several global climate 
models predict a future increase in air temperatures in the Lower Mississippi River 
region. Liu et al. (2013), Zhang et al. (2010), and Jayakody et al. (2013) predict 
increases ranging from 0.9-7.2°F by mid-21st century. Elguindi and Grundstein (2013) 
predict a shift to warmer climate types by mid-21st century.  Liu et al. (2012), Scherer 
and Diffenbaugh (2014), and Carter et al. (2014) predict increases typically between 
3.6-9°F by the end of the 21st century.  Tebaldi (2006), Kunkel et al. (2010), and Gao et 
al. (2012) predict an increase in the number of heat wave days by the end of the 21st 
century.  Jayakody et al. (2013) also predicts an extended summer weather period that 
will change from July-August to June-September. 
 
Louisiana State Climate Summary:  By the end of the 21st century, temperatures in 
Louisiana are expected to warm by approximately 1.5-12°F.  Warming is predicted to 
increase heat wave intensities and decrease cold front intensities. 
 
National Climate Assessment:  Annual average air temperatures in the southeastern 
U.S. are predicted to increase by 3.4-4.3°F by the mid-21st century, and by 4.4-7.7°F by 
the late 21st century.  By the mid-21st century, the coldest day of the year is predicted to 
be 5°F warmer than the recent (1976-2005) average, and the warmest day of the year is 
predicted to be 5.8°F warmer.  The southeastern U.S. will experience about 40-50 more 
days per year with maximum temperatures above 90°F by the mid-21st century. 
 
Precipitation 
 
Observed Trends 
 
Climate Change and Hydrology Literature Applicable to U.S. Army Corps of 
Engineers Missions ‒ Lower Mississippi River Region:  Findings from Grundstein 







10 
 


(2009), Wang et al. (2009), McRoberts and Nielsen-Gammon (2011), Pryor et al. 
(2009), and Small et al. (2006) suggest an increasing trend in annual precipitation in the 
region occurred during the 20th century and the second half of the century. Wang and 
Zhang (2008) found that the frequency of extreme (20-year) rainfall events in the region 
increased by 25-50% during the last quarter of the 20th century compared to the third 
quarter, while Pryor et al. (2009) did not find an increase in extreme (annual 90th 
percentile) precipitation intensity during the 20th century. Li et al. (2011) and Villarini et 
al. (2013) found an increase in the frequency and magnitude of anomalous summer 
precipitation in the southeastern U.S. during the second half of the 20th century. 
 
Louisiana State Climate Summary:  The state has experienced variable precipitation 
since the early 20th century, with wetter periods in the 1940s, from the 1970s to the 
early 2000s, with the wettest period on record in the 2010s. 
 
Climate Change Indicators in the United States:  Since about the 1970s, the 
continental U.S. has experienced an increasing frequency of extreme precipitation 
events.  Precipitation in the project area has increased slightly (2-10%) since the 
beginning of the 20th century. 
 
National Climate Assessment:  Recent (1986-2016) precipitation in southeast 
Louisiana was slightly (0-5%) greater compared to the first half of the 20th century. 
Seasonal precipitation was substantially higher (>15%) during the fall, slightly higher (0-
5%) during the winter and summer, and lower (-5-0%) during the spring.  The 
southeastern U.S. has experienced a large increase in extreme precipitation events. 
 
Projected Trends 
 
Climate Change and Hydrology Literature Applicable to U.S. Army Corps of 
Engineers Missions ‒ Lower Mississippi River Region:  Projections of future 
precipitation in the region are generally lacking in consensus.  Zhang et al. (2010) and 
Gao et al. (2012) predict an increase in precipitation in the coastal portion of the Lower 
Mississippi River region by the mid-21st century.  Liu et al. (2012) predicts a slight 
(additional 10-50 mm/year) increase in annual precipitation by the end of the 21st 
century.  Gao et al. (2012), Tebaldi et al. (2006), and Wang and Zhang (2008) predict 
an increase in frequency and intensity of extreme precipitation events by the end of the 
21st century.  Modeling by Joetzjer et al. (2013) suggests an increase in frequency and 
aerial extent of droughts in the region during the second half of the 21st century. 
 
Louisiana State Climate Summary:  Summer precipitation is predicted to decrease by 
between 5-10% in Louisiana by the mid-21st century.  However, the predicted decrease 
is much smaller than the natural variability in rainfall in the state. 
 
National Climate Assessment:  Small changes in seasonal precipitation are predicted 
for southeast Louisiana by the end of the 21st century, including slight (0-10%) 
increases in the fall and winter and slight (-10-0%) decreases in the spring and summer. 
Recent increases in the frequency and intensity of extreme rainfall events, which are the 
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result of increased atmospheric water vapor associated with higher air temperatures, 
are expected to continue.  In the southeastern U.S., extreme precipitation events are 
predicted to increase in frequency by approximately 20-40% by the mid-21st century and 
40-100% by the end of the 21st century.  The intensity of extreme events is predicted to 
increase by 9-12% by the mid-21st century and by 13-21% by the end of the 21st century 
in the southeastern U.S. 
 
Streamflow 
 
Observed Trends 
 
Climate Change and Hydrology Literature Applicable to U.S. Army Corps of 
Engineers Missions ‒ Lower Mississippi River Region:  Studies of trends and 
nonstationarity in streamflows within the region over the past century generally suggest 
increasing streamflows.  Xu et al. (2013) and Small et al. (2006) found increases in 
annual streamflow and baseflow for several streams within the region during the second 
half of the 20th century, while Kalra et al. (2008) found no trends in annual or seasonal 
flows for several streams within the region over a similar time period. 
 
Louisiana State Climate Summary:  In the southeastern U.S., the frequency and 
magnitude of flooding has generally decreased since the mid-1960s, although 
decreases were not statistically significant.  Since the beginning of the 20th century, the 
continental U.S. has experienced several major drought periods including in the 1930s, 
1950s, early 1960s, late 1980s, and 2000s, with wetter periods in the 1900s, 1940s, 
1970s until the late 1980s, and the 1990s. 
 
Projected Trends 
 
Climate Change and Hydrology Literature Applicable to U.S. Army Corps of 
Engineers Missions ‒ Lower Mississippi River Region:  Projected changes in 
streamflow are based on global climate modeling and macro-scale hydrologic models. 
Döll and Zhang (2010) predict a small (10-20%) decrease in low flows and average 
annual flows in the region by mid-21st century, while Carter et al. (2014) also predicts a 
decrease in water availability by the end of the 21st century.  Hagemann et al. (2013) 
predicts a 200 mm/year reduction in runoff by the late 21st century. 
 
Summary 
 
Since the 1970s, air temperatures in the southeastern U.S. and in Louisiana have 
warmed slightly.  Air temperatures are projected to increase by 0.9-7.2°F by the mid-21st 
century and by 1.5-12°F by the end of the 21st century.  Annual low and high 
temperatures are predicted to increase by approximately 5-6°F, and increases in the 
annual number of extremely hot days and the duration of summer weather are 
predicted.  A slight increase in precipitation has occurred concurrent with increasing 
temperatures, which is associated with an increasing frequency and intensity of extreme 
rainfall events and greater seasonal rainfall during the fall.  Although annual 
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precipitation amount is not expected to change significantly in the future, the recent 
trends of increasing frequency and intensity of extreme rainfall events and greater 
seasonal rainfall are expected to continue, and droughts may become more common 
and widespread.  There is a lack of consensus concerning historical streamflow trends, 
while streamflow modeling suggests slightly decreasing streamflow by both the middle 
and end of the 21st century. 
 
Climate Tools 
 
Vulnerability assessment also includes the use of USACE climate tools to provide 
information on observed and projected climate trends relevant to the project area.  The 
Climate Hydrology Assessment Tool (CHAT), Nonstationarity Detection Tool (NSD), 
and Time Series Toolbox can be used to determine historical trends, while the CHAT 
and Vulnerability Assessment (VA) tools can be used to project future trends.  Tools are 
available on the USACE Climate Preparedness and Resilience CoP Applications Portal 
(https://maps.crrel.usace.army.mil/projects/rcc/portal.html).  
 
Because no long-term streamflow data is available within the project area, the NSD and 
CHAT tools could not be used.  Instead, long-term daily precipitation data was 
evaluated using Time Series Toolbox.  The Time Series Toolbox can be used to 
determine nonstationarity similarly to the NSD tool. 
 
Time Series Toolbox 
 


The Time-Series Toolbox was developed by the USACE to address the need for 
multiple types of analytical methods for time series data analysis.  Climate-related data 
can come from a variety of sources (e.g., streamflow, water levels, tide gauge data, 
precipitation data) where some datasets are often very large.  The Time-Series Toolbox 
provides automated data pre-processing and works to standardize and streamline 
common approaches to time series analysis by performing trend analysis and 
nonstationarity detection for user-supplied datasets.  A common use for the Time-Series 
Toolbox is to use it in place of the NSD when a climate assessment is needed for a 
climate variable other than flow (e.g., precipitation), or if the NSD does not have a 
gauge in close proximity to the project area.  


 
The toolbox was used to evaluate precipitation data for the Paradis 7 S and New 
Orleans Airport weather stations located in Bayou Gauche, LA and Kenner, LA, 
respectively (see Table 1 for site information).  Precipitation data was acquired using 
the NOAA National Centers for Environmental Information (NCEI) mapping tool (NOAA 
2020).  Both sites are located outside of the project area.  Paradis 7 S, located 3.5 miles 
southeast of the project area, has a longer precipitation data period of record (1911-
2011), while at the New Orleans Airport site, located 10 miles northeast of the project 
area, data is still being collected (1948-2020).  Because some of the tools within the 
Time Series Toolbox would not work with daily precipitation data, annual precipitation 
totals were used instead.  The seasonality tool was therefore not able to be used.  The 



https://maps.crrel.usace.army.mil/projects/rcc/portal.html
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Time Series Toolbox includes tools for model-based analysis of trend, seasonality, 
nonstationarity detection, and time series. 


 
Table 1:  Precipitation data collection site information 


 


Trend Analysis 
 
The Trend Analysis Tool is used to measure trends in hydrologic data by fitting 
regression curves to the data and determining regression slopes.  The tool uses both 
parametric (t-Test) and non-parametric (Spearman Rank-Order and Mann-Kendall) 
regression techniques to test the significance of the trend line slopes.  The Trend 
Analysis Tool also computed a fitted trendline using Sen’s slope, an approach that is 
more robust to outliers than a traditional least-squares regression.  Sen’s slope is the 
median of the slopes between every pair of datapoints. 
 
Figures 1 and 2 provide trend analysis data and trendlines.  At both sites, trendlines are 
positive, suggesting a slight increase in precipitation over the period of record.  Table 2 
provides p-values for t-test, Spearman rank-order, and Mann Kendall tests for the 
significance of the trend line slope.  All p-values are greater than 0.05, and the only p-
values less than 0.10 are for the New Orleans Airport site, for both the Spearman rank-
order and Mann Kendall tests.  Results suggest no strong trends, and a weak 
increasing trend in annual precipitation since the mid-twentieth century.  Estimated 
slope magnitudes based on least-squares regression were approximately 0.1 in/yr and 
0.06 in/yr of increased annual total precipitation at New Orleans Airport and Paradis, 
respectively.  In addition to not being statistically significant at the p < 0.05 level, these 
increases are likely to be of little practical significance to the project. 
 


Name Paradis 7 S New Orleans Airport
Site ID USC00167096 USW00012916
Latitude 29.78920 29.99691
Longitude -90.42860 -90.27751
Elevation (m) 1.5 1.2
Start 1911 1945
End 2011 2020
Coverage 96% 97%
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Figure 1:  Paradis 7 S annual precipitation data and trendlines 
 


 
Figure 2:  New Orleans Airport annual precipitation data and trendlines 
 


Table 2:  Trend test p-values 


 
 
 
Nonstationarity Detection and Breakpoint Analysis 
 
USACE projects, programs, missions, and operations have generally proven robust 
enough to accommodate the range of natural climate variability over their operational 
life.  However, in some places and for some impacts relevant to USACE operations, 
climate change and modifications to watersheds are undermining the fundamental 


Test Paradis 7 S
New Orleans 


Airport
t-Test 0.20 0.16
Spearman Rank-Order 0.39 0.09
Mann-Kendall 0.40 0.09
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design assumption of stationarity (the statistical characteristics of hydrologic data are 
consistent with respect to time), an assumption has enabled the use of well-accepted 
statistical methods in water resources planning and design that rely primarily on the 
observed hydrologic data records.  Nonstationarities are identified when the statistical 
characteristics of a hydrologic data series are not constant through time.  USACE 
Engineering Technical Letter (ETL) 1100-2-3, entitled “Guidance for Detection of 
Nonstationarities in Annual Maximum Discharges” (USACE 2017), provides technical 
guidance on detecting nonstationarities in the hydrologic record which may continue to 
impact hydrology into the future and should be considered under future project 
conditions. 
 
The Nonstationarity Detection Tab includes both the NSD Tool and Breakpoint Analysis. 
The NSD tool, which is based on ETL 1100-2-3, uses an array of statistical tests to 
detect the presence of nonstationarities in the data mean (Lombard Wilcoxon, Pettitt, 
Mann-Whitney, and Bayesian CPD), variance (Mood and Lombard Mood), or 
distribution (Cramer-Von-Mises, Kolmogorov-Smirnov, LePage, and Energy Divisive). 
The confirmation of nonstationarities by multiple tests provides robust evidence for 
nonstationarity.  In combination with the NSD Tool, Breakpoint Analysis uses linear 
regression and the analysis of model errors with hypothesis testing to also identify 
points in the data that reflect sharp changes in behavior, suggesting the need for 
segmented analysis.  In short, the Nonstationarity Analysis identifies when the statistical 
characteristics of the data have changed to the point that they may be considered two 
distinct datasets, while the Breakpoint Analysis identifies when the initial statistical 
model no longer fits the data and should be replaced with a new model. 
 
Figures 3 and 4 depict NSD tool results for the Paradis 7 S and New Orleans Airport 
sites, respectively.  For the Paradis 7 S site, the Cramer-Von-Mises (CVM) test 
suggests a change in the distribution of annual precipitation totals occurred in the late 
1920s, while the Bayesian CPD test (BAY) suggests a change in the mean of annual 
precipitation totals occurred in the late 1920s and early 1980s, and the Mann-Whitney 
test (MW) also suggests a change in the mean of annual precipitation totals occurred in 
the late 1920s.  For the New Orleans Airport site, the energy divisive test (END) 
suggests a change in the distribution of annual precipitation totals occurred around 
1970, the Lombard-Wilcoxon test (LW) suggests a concurrent change in the mean, and 
the Smooth Lombard-Wilcoxon test (SLW) suggests a concurrent change in the 
distribution. 
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Figure 3:  Nonstationarity Detection results for Paradis 7 S (Distribution-based tests: 
CVM=Cramer-Von-Mises, S=Kolmogorov-Smirnov, LP=LePage, END=Energy Divisive; Mean-based  
tests: LW=Lombard Wilcoxon, PT=Pettitt, MW=Mann-Whitney, BAY=Bayesian CPD; Variance-
based tests: LM=Lombard Mood, MD=Mood SLM=Smooth Lombard Mood, SLW=Smooth 
Lombard-Wilcoxon) 
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Figure 4:  Nonstationarity Detection results for New Orleans Airport (Distribution-based tests: 
CVM=Cramer-Von-Mises, S=Kolmogorov-Smirnov, LP=LePage, END=Energy Divisive; Mean-based 
tests: LW=Lombard Wilcoxon, PT=Pettitt, MW=Mann-Whitney, BAY=Bayesian CPD; Variance-
based tests: LM=Lombard Mood, MD=Mood SLM=Smooth Lombard Mood, SLW=Smooth 
Lombard-Wilcoxon) 
 
Breakpoint analysis results include a breakpoint for the Paradis 7 S site in 1927, which 
corresponds to the strongest NSD findings (several tests suggest changes in the 
behavior of annual precipitation beginning around this time). 
 
Time Series Analysis 
 
Time Series Analysis includes the determination of the appropriate time series model by 
using techniques that control for seasonality, trend, and nonstationarities.  This tool 
includes linear, Auto Regressive Integrating Moving Average (ARIMA), and Exponential 
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Smoothing (ETS) models. ARIMA and ETS models and diagnostic plots are included in 
Figures 5 - 12.  The models do not suggest a significant trend or forecast; residuals do 
not appear to exhibit heteroscedasticity, and autocorrelation is generally highly variable. 
Linear modeling could not be performed within the Time Series Analysis using annual 
precipitation totals. 
 


 


Figure 5:  Paradis 7 S annual precipitation ARIMA model and forecast 
 


 


Figure 6:  Paradis 7 S annual precipitation ARIMA residual plots 
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Figure 7:  Paradis 7 S annual precipitation ETS model and forecast 
 


 


Figure 8:  Paradis 7 S annual precipitation ETS residual plots 
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Figure 9:  New Orleans Airport annual precipitation ARIMA model and forecast 
 


 


Figure 10:  New Orleans Airport annual precipitation ARIMA residual plots 
 


 


Figure 11:  New Orleans Airport annual precipitation ETS model and forecast 
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Figure 12:  New Orleans Airport annual precipitation ETS residual plots 
 


Overall, the results of the Nonstationarity and Breakpoint Analyses suggest that while 
there is some weak evidence for change in the precipitation data at Paradis in the late 
1920’s, these results exhibit insufficient consensus, robustness, or magnitude to justify 
censoring or re-regulating the record.  The potential uncertainty related to changes in 
past precipitation are within the normal range of uncertainty for climatological and 
hydrological analysis, and do not necessitate a deviation from normal design 
procedures. 


 
VA Tool 
 
The USACE Watershed Vulnerability Assessment Tool provides a screening-level 
assessment of future climate change vulnerability with regards to USACE functions for 
each fourth level watershed (level 4 HUCs using USGS delineations) in the continental 
United States (USACE 2016).  The tool assesses vulnerability for two future time 
periods:  2035-2064 and 2070-2099, which are labeled ‘2050’ and ‘2085’, respectively, 
based on the midpoint of each time period.  The tool also assesses two climate change 
scenarios, labelled ‘wet’ and ‘dry’.  These scenarios are based on annual precipitation 
forecasts for a suite of general circulation models (GCMs) for each second level 
watershed (level 2 HUCs).  GCMs with annual precipitation above the median of all 
GCMs in the years 2050 and 2085 are used for modeling the ‘wet’ scenario for each 
respective time period, while those with annual precipitation below the median are used 
for modeling the ‘dry’ scenario.  A key point to remember is that these distinctions are 
relative to each other, not to present climate.  A ‘wet’ scenario, for example, may be 
wetter or drier than present climate so long as it is wetter than the median of all 
scenarios. 
 
The assessment is performed with respect to USACE functions known as ‘business 
lines’, which include flood risk reduction, ecosystem restoration, recreation, regulatory, 
navigation, hydropower, water supply, and emergency management.  Each business 
line includes a suite of ‘indicators’ which are parameters used to determine business 
line vulnerability (see Table 3 for example).  For each indicator within a business line, 
scores are determined based on the percentile of the rank among all fourth level 
watersheds of the difference between a future climate change scenario/time period 
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combination as determined by GCMs and base conditions (the base conditions period 
of analysis varies by indicator), as well as indicator weight (which ranges between 1-2). 
The combined score of all indicators for a business line is the total score for that 
business line, known as a WOWA (Weighted Order Weighted Average) score.  For a 
given future climate change scenario/time period/business line combination, watersheds 
with a WOWA score in the top 20th percentile are considered vulnerable to climate 
change. 
Table 3:  Example business line indicators 


 
 
The assessment can also be performed using custom settings, which include the use of 
custom indicators and indicator weights, custom percentile thresholds for defining 
vulnerability, defining vulnerability based on the aggregate of all results (i.e., the top nth 
percentile of all combinations of watershed, climate change scenario, and time period), 
and by using a custom suite of watersheds.  However, for the UBB study, the “National 
Standard View” (no custom settings) was used.  
 
The UBB study is within the Lower Mississippi watershed (level 4 HUC 0809).  Analysis 
of this HUC is complicated somewhat by the presence of the Mississippi River, which is 
contained within the HUC but does not influence the UBB project.  For each 
combination of climate change scenario and future time period, at least one business 
line has a WOWA score in the top 20th percentile, and therefore may be vulnerable to 
climate change risks (Table 4).  The business lines most vulnerable according to the 
assessment tool are the ecosystem restoration business line, which had WOWA scores 
within the top 20th percentile for every combination of climate change scenario and 
future time period, and the flood risk reduction business line, which had WOWA scores 
within the top 20th percentile for the dry climate change scenario for both time periods. 
The dry climate change scenario had three business lines with WOWA scores within the 
top 20th percentile for each future time period, while the wet scenario had only one for 
each future time period. 
 


Table 4:  Lower Mississippi watershed business line vulnerability summary 


 
 


Business 
Line Indicator Short Name


Importance 
Weight


568C_FLOOD_MAGNIFICATION 1.8
590_URBAN_500YRFLOODPLAIN_AREA 1.75
568L_FLOOD_MAGNIFICATION 1.4
175C_ANNUAL_COV 1.25
277_RUNOFF_PRECIP 1


Flood Risk 
Reduction


2050 2085


Dry
Ecosystem Restoration, Emergency 
Management, Flood Risk Reduction


Ecosystem Restoration, Flood Risk Reduction, 
Recreation


Wet Ecosystem Restoration Ecosystem Restoration
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Table 5 provides a summary of WOWA scores for each combination of business line, 
climate change scenario, and time period, while Table 6 provides details concerning 
indicator scores. WOWA scores in the top 20th percentile are highlighted in yellow. 
 
The ecosystem restoration business line, which is vulnerable to climate change risks for 
all future climate change scenarios and future time periods, is most affected by indicator 
scores for 8_AT_RISK_FRESHWATER_PLANT (percent of freshwater plant 
communities at risk) and 297_MACROINVERTEBRATE (macroinvertebrate index for 
biotic condition), which are also the two most heavily weighted indicators for the 
business line.  The indicator score for 297_MACROINVERTEBRATE is more than 
double the average for all HUCs for all climate change scenarios and future time 
periods, while the score for 8_AT_RISK_FRESHWATER_PLANT is less than 2 units 
greater than the average. 
 
The flood risk reduction business line, which is vulnerable to climate change risks for 
the dry climate change scenario for both future time periods, is most affected by 
indicator scores for 590_URBAN_500YRFLOODPLAIN_AREA (acres of urban area 
within the 500-year floodplain) and  568C_FLOOD_MAGNIFICATION (flood 
magnification factor), which are also the two most heavily weighted indicators for the 
business line.  The indicator score for 590_URBAN_500YRFLOODPLAIN_AREA is 
more than triple the average for all HUCs for the dry climate change scenario for both 
future time periods, while the scores for 568C_FLOOD_MAGNIFICATION are below the 
average by about 6-7 units. 
 
For the emergency management business line, which was only found to be vulnerable 
to climate change risks for the dry climate change scenario for the 2050 time period, 
130_FLOODPLAIN_POPULATION (population in the 500-year floodplain) provided the 
greatest contribution to the business line WOWA score, and was the most heavily 
weighted indicator for the business line.  For the recreation business line, which was 
only found to be vulnerable to climate change risks for the dry climate change scenario 
for the 2085 time period, 95_DROUGHT_SEVERITY (drought severity index) provided 
the greatest contribution to the business line WOWA score, and was the most heavily 
weighted indicator for the business line. 
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Table 5:  Lower Mississippi watershed WOWA scores with comparison to all level 2 HUCs (WOWA 
scores in the top 20th percentile are highlighted in yellow) 


0809
2050 75.8 55.9 - 81.7
2085 75.5 55.8 - 81.9
2050 76.5 55.6 - 89.8
2085 76.6 54.7 - 89.4
2050 68.5 58.3 - 75.0
2085 69.8 57.0 - 77.4
2050 66.8 56.6 - 79.4
2085 67.8 56.6 - 75.9
2050 51.9 35.1 - 70.1
2085 52.7 35.7 - 69.1
2050 54.3 39.8 - 92.8
2085 56.0 40.9 - 86.7
2050 61.5 54.9 - 75.2
2085 64.6 55.2 - 77.5
2050 66.4 56.4 - 84.3
2085 67.4 57.9 - 84.4
2050 67.4 57.1 - 74.4
2085 74.1 57.4 - 82.2
2050 68.0 57.7 - 85.6
2085 66.3 56.7 - 83.6
2050 72.0 57.8 - 82.8
2085 72.3 57.7 - 82.7
2050 73.0 57.3 - 91.0
2085 73.5 57.3 - 89.3


All HUCs
WOWA Score


Dry


Wet


Wet


Dry


Dry


Wet


Dry


Wet


Dry


Wet


Dry


Wet


Ecosystem 
Restoration


EpochScenario
Business 


Line Name


Regulatory


Recreation


Navigation


Flood Risk 
Reduction


Emergency 
Management
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Table 6:  Lower Mississippi watershed business line indicator scores with comparison to all level 2 HUCs 


 


Base Base


Dry Wet Dry Wet Dry Wet Dry Wet
Ecosystem Restoration 8_AT_RISK_FRESHWATER_PLANT 28.3 28.4 28.1 28.5 28.5 28.1 26.7 17.7 - 30.0 37.3% 37.8% 37.6% 36.8% 37.8% 36.7% 38.5% 25.3 - 47.1%


277_RUNOFF_PRECIP 11.0 10.9 10.9 11.4 11.0 10.9 11.0 2.1 - 20.1 14.5% 14.5% 15.0% 14.2% 14.5% 14.2% 15.8% 3.0 - 24.7%
221C_MONTHLY_COV 6.2 5.8 6.2 6.3 6.3 6.3 9.4 1.3 - 20.4 8.1% 7.7% 8.3% 8.1% 8.3% 8.3% 13.5% 2.1 - 26.2%
297_MACROINVERTEBRATE 18.8 18.8 18.6 18.9 18.9 18.6 8.8 3.2 - 30.0 24.7% 25.1% 24.9% 24.3% 25.0% 24.3% 12.6% 4.3 - 38.8%
65L_MEAN_ANNUAL_RUNOFF 3.9 4.3 3.2 4.3 4.3 3.2 5.4 1.4 - 15.3 5.1% 5.7% 5.7% 4.2% 5.7% 4.2% 7.8% 2.1 - 21.6%
568C_FLOOD_MAGNIFICATION 2.5 1.5 2.4 2.1 2.1 4.3 2.8 1.2 - 15.0 3.3% 2.0% 2.8% 3.1% 2.8% 5.6% 4.0% 1.6 - 20.3%
700C_LOW_FLOW_REDUCTION 2.4 2.6 1.6 3.0 3.1 1.7 2.5 0.6 - 8.0 3.2% 3.5% 4.0% 2.1% 4.1% 2.2% 3.6% 0.9 - 12.0%
156_SEDIMENT 1.9 2.0 4.4 0.3 0.2 2.4 2.0 0.0 - 17.3 2.5% 2.6% 0.4% 5.8% 0.3% 3.2% 2.8% 0.0 - 24.6%
568L_FLOOD_MAGNIFICATION 1.0 0.8 1.0 1.1 1.1 1.0 0.9 0.6 - 3.1 1.3% 1.0% 1.4% 1.4% 1.5% 1.3% 1.4% 0.8 - 3.7%


Emergency Management 447_DISABLED 12.7 13.8 13.7 11.1 11.1 13.7 14.1 4.6 - 22.3 18.6% 19.9% 16.2% 20.5% 15.9% 20.2% 21.6% 6.4 - 32.7%
700C_LOW_FLOW_REDUCTION 13.6 10.2 10.4 18.1 18.6 10.9 13.3 2.7 - 24.8 19.9% 14.7% 26.3% 15.5% 26.7% 16.0% 20.2% 4.6 - 32.1%
130_FLOODPLAIN_POPULATION 17.1 21.7 17.6 14.3 14.2 17.5 8.9 0.0 - 26.4 25.0% 31.2% 20.9% 26.4% 20.4% 25.8% 13.4% 0.0 - 34.5%
443_POVERTY_POPULATION 7.7 7.7 7.7 7.8 7.7 7.6 6.8 0.3 - 14.9 11.3% 11.1% 11.3% 11.5% 11.0% 11.3% 10.4% 0.4 - 20.5%
700L_LOW_FLOW_REDUCTION 5.0 5.1 4.3 5.5 5.9 4.4 5.6 0.9 - 15.5 7.3% 7.4% 8.0% 6.4% 8.4% 6.4% 8.6% 1.5 - 20.1%
448_PAST_EXPERIENCE 1.3 1.4 1.3 1.4 1.1 1.3 5.3 0.4 - 25.4 1.9% 2.0% 2.0% 2.0% 1.6% 2.0% 8.1% 0.5 - 35.8%
568C_FLOOD_MAGNIFICATION 4.2 2.9 5.5 3.1 3.8 5.8 5.2 1.2 - 26.2 6.2% 4.2% 4.6% 8.2% 5.5% 8.5% 8.0% 1.6 - 33.0%
277_RUNOFF_PRECIP 3.4 3.8 3.0 3.9 3.1 3.0 2.9 0.7 - 10.4 4.9% 5.5% 5.8% 4.6% 4.4% 4.5% 4.4% 1.0 - 14.9%
450_FLOOD_INSURANCE_COMMUNITIES 2.1 2.1 2.1 2.2 2.1 2.1 1.9 0.2 - 10.6 3.1% 3.1% 3.1% 3.2% 3.1% 3.1% 2.8% 0.3 - 15.0%
175C_ANNUAL_COV 0.6 0.7 0.7 0.7 0.6 0.6 1.3 0.4 - 18.2 0.9% 1.0% 1.0% 1.1% 0.8% 0.8% 1.9% 0.7 - 25.7%
95_DROUGHT_SEVERITY 0.7 0.0 0.5 0.4 1.6 0.9 0.3 0.0 - 4.6 1.0% 0.0% 0.6% 0.7% 2.2% 1.3% 0.5% 0.0 - 6.2%


Flood Risk Reduction 568C_FLOOD_MAGNIFICATION 16.0 12.7 15.4 13.7 13.5 24.9 21.3 4.4 - 47.1 30.1% 25.5% 26.4% 28.3% 25.6% 44.6% 43.6% 6.5 - 57.6%
568L_FLOOD_MAGNIFICATION 6.0 4.2 8.5 4.4 4.6 8.4 9.2 2.2 - 26.4 11.3% 8.4% 8.6% 15.7% 8.6% 15.0% 18.8% 3.3 - 43.3%
277_RUNOFF_PRECIP 6.6 7.6 4.9 7.9 7.6 4.9 8.1 1.6 - 29.7 12.6% 15.3% 15.3% 9.1% 14.5% 8.7% 16.7% 2.8 - 47.3%
590_URBAN_500YRFLOODPLAIN_AREA 22.6 23.7 23.8 24.2 25.4 16.2 6.8 0.0 - 43.5 43.0% 47.7% 46.6% 43.8% 48.1% 28.9% 12.8% 0.0 - 66.3%
175C_ANNUAL_COV 1.6 1.6 1.7 1.7 1.7 1.6 4.2 1.2 - 37.3 3.1% 3.2% 3.2% 3.1% 3.2% 2.8% 8.2% 2.3 - 52.6%


Recreation 570L_90PERC_EXCEEDANCE 10.0 11.7 11.2 11.3 8.0 7.8 17.7 4.7 - 29.6 14.7% 17.7% 16.7% 16.5% 10.8% 11.8% 26.7% 7.9 - 43.8%
700C_LOW_FLOW_REDUCTION 17.6 15.8 20.0 21.9 15.8 14.4 17.1 1.6 - 26.1 25.8% 24.0% 32.5% 29.4% 21.3% 21.8% 26.4% 2.6 - 39.6%
221C_MONTHLY_COV 2.8 3.4 2.6 2.7 3.1 2.4 7.1 1.2 - 22.6 4.2% 5.1% 3.9% 3.9% 4.2% 3.7% 10.7% 2.1 - 31.5%
571C_10PERC_EXCEEDANCE 14.4 20.6 15.3 15.1 10.6 10.6 6.7 1.4 - 20.6 21.3% 31.2% 22.4% 22.5% 14.3% 16.0% 10.4% 1.9 - 31.2%
568C_FLOOD_MAGNIFICATION 4.4 4.4 6.7 3.5 2.4 4.9 5.3 1.8 - 27.5 6.5% 6.7% 5.2% 9.9% 3.2% 7.4% 8.0% 2.4 - 32.1%
277_RUNOFF_PRECIP 5.3 6.8 5.0 6.7 4.5 3.5 4.8 1.2 - 12.7 7.8% 10.3% 10.0% 7.4% 6.1% 5.3% 7.3% 1.7 - 19.2%
95_DROUGHT_SEVERITY 11.2 0.0 3.8 4.5 28.1 19.7 3.8 0.0 - 35.5 16.0% 0.0% 6.7% 5.6% 38.0% 29.7% 5.6% 0.0 - 46.1%
568L_FLOOD_MAGNIFICATION 1.5 1.4 1.8 1.5 1.4 1.6 1.8 0.7 - 6.4 2.3% 2.2% 2.2% 2.7% 1.8% 2.5% 2.7% 1.1 - 7.9%
156_SEDIMENT 1.0 1.9 1.4 0.3 0.2 1.2 1.4 0.0 - 20.8 1.5% 2.9% 0.4% 2.1% 0.2% 1.8% 2.2% 0.0 - 31.7%


2050 2085


Indicator Short NameBusiness Line Name
Range of 


Score


HUC 0809


Average 
Score


2050 2085


WOWA Indicator Score WOWA Indicator Percent of Business Line Total


All HUCs


Range of 
Percent of 


Total


Average 
Percent 
of Total


All HUCs


Average 
Score


HUC 0809


Average 
Score
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Conclusion 
 
Available academic literature is largely lacking in consensus about past trends in 
precipitation and temperature, with uneven cycles of warmer and cooler weather 
potentially obscuring longer-term changes, and natural variability in precipitation 
dominating changes in mean rainfall.  Future changes described in the literature are 
expected to bring warmer temperatures but varied effects for rainfall frequency and 
intensity.  Because the UBB project area does not include a river, there was no 
opportunity to test nonstationarity of river discharge or project changed river flow in the 
future.  Instead, the timeseries toolbox was used to assess changes in precipitation over 
time at New Orleans Airport and the Paradis weather station.  While there was some 
evidence possibly indicating a slow increase in annual rainfall over time and/or a 
potential change point in the early portion of the record, the detected trends were not 
statistically significant at the p < 0.05 level and the change points did not meet the 
criteria of consensus, robustness, and magnitude to justify a greater level of uncertainty 
than that normally associated with hydrologic analysis.  Finally, the Vulnerability 
Assessment tool was used to assess potential project vulnerabilities based on projected 
future climate data.  The results of this analysis indicate that that UBB project is located 
in a watershed that is among the 20% most vulnerable in the USACE portfolio for the 
Flood Risk Reduction business line, primarily as a result of the population within the 500 
year floodplain and the cumulative projected runoff amplification.  These results should 
be interpreted cautiously as the watershed that contains the UBB project also includes 
the Mississippi River and metro New Orleans, so these indicators may not be 
representative of the project site specifically.  Nevertheless, the designers of the UBB 
project and the residents of the project area should be aware of the potential for 
increased vulnerability in the future due to more frequent rainfall flooding, along with 
other potential risks summarized in Table 7, below.  Adaptation measures might include 
drainage structures proactively increased in size, pump houses (if any) sized to 
accommodate larger pumps in the future, and increased detention areas for storage of 
rainfall runoff.  These considerations should be included in design and in operation and 
maintenance plans when detailed plans are produced during preconstruction 
engineering and design. 
 
 
Table 7: Upper Barataria Basin Climate Risks 
 


Feature Trigger Hazard Harm Qualitative Likelihood 
Barge 
gate 


Increased 
precipitation 
intensity 


Future rainfall 
flood volumes 
could be greater 
than present  


With the barge gate 
closed, rainfall trapped 
inside the project area 
may exceed available 
storage and lead to 
flooding 


Low; little statistical evidence 
of increasing rainfall and 
designs use recent 30 years 
of rainfall data 


Levee Rapid sea 
level rise 


Sea level rise 
may be faster 
than assumed 


Residual risk of 
overtopping levee will be 
higher than planned.  
However, flood damage 
reduction compared to 


Moderate; sea level rise may 
be faster or slower than the 
values used in design. 
Current policy considers all 
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the without-project 
condition will also be 
higher. 


USACE sea level scenarios 
equally likely. 


Levee 
and 
barge 
gate 


Tidal 
amplification 


As sea levels 
rise, tidal range 
may also 
increase 


Residual risk of flooding 
increased. Gate 
operational frequency 
may also increase.  


Likely.  However, magnitude 
of change is likely small 
compared to total water 
levels. 


Levee 
and 
barge 
gate 


Increase in 
storm 
frequency 


More frequent 
hurricanes 
increase risk 


Risk of overtopping 
levee is increased.  Gate 
operational frequency 
may also increase. 


Low; little scientific evidence 
for increased storm 
frequency at this time. 


Project 
area 


Sea level 
rise, increase 
in tide range, 
increase in 
rainfall 


Increase in flood 
risk unrelated to 
coastal storm 
surge 


When no storm is 
present and the gate is 
open, climate change 
may increase flood risk 
in ways the project does 
not address. 


Likely. Sea level rise is 
certain, precipitation 
changes are more 
speculative. Project purpose 
is only coastal floods; other 
flood risk will likely continue 
to increase.  Future 
adaptations (e.g. adding 
pumps) may help address 
these risks. 
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TC Region Intensity LF‐Lon Head Cp Vf Rmax Prob
count ID (W,E) (H,L) (deg) (deg) mb (kt) (nmi) Mass


1 1 E H ‐91.07 ‐22.3 960 12 11 1.1608E‐03
2 2 E H ‐91.07 ‐22.3 960 11 21 1.2225E‐03
3 3 E H ‐91.07 ‐22.3 960 11 35.6 5.4589E‐04
4 4 E H ‐91.07 ‐22.3 930 12 8 1.5640E‐04
5 5 E H ‐91.07 ‐22.3 930 11 17.7 4.3813E‐04
6 6 E H ‐91.07 ‐22.3 930 11 25.8 2.3699E‐04
7 7 E H ‐91.07 ‐22.3 900 12 6 7.0298E‐05
8 8 E H ‐91.07 ‐22.3 900 11 14.9 4.9316E‐04
9 9 E H ‐91.07 ‐22.3 900 11 21.8 3.4761E‐04


10 10 E H ‐90.34 ‐11.0 960 11 11 1.1433E‐03
11 11 E H ‐90.34 ‐11.0 960 11 21 1.1945E‐03
12 12 E H ‐90.34 ‐11.0 960 11 35.6 5.2632E‐04
13 13 E H ‐90.34 ‐11.0 930 11 8 1.6138E‐04
14 14 E H ‐90.34 ‐11.0 930 11 17.7 4.5137E‐04
15 15 E H ‐90.34 ‐11.0 930 11 25.8 2.3883E‐04
16 16 E H ‐90.34 ‐11.0 900 11 6 7.0134E‐05
17 17 E H ‐90.34 ‐11.0 900 11 14.9 5.1499E‐04
18 18 E H ‐90.34 ‐11.0 900 11 21.8 3.5403E‐04
19 19 E H ‐89.83 ‐2.8 960 11 11 1.3492E‐03
20 20 E H ‐89.83 ‐2.8 960 11 21 1.2539E‐03
21 21 E H ‐89.83 ‐2.8 960 11 35.6 5.3655E‐04
22 22 E H ‐89.83 ‐2.8 930 11 8 2.0102E‐04
23 23 E H ‐89.83 ‐2.8 930 11 17.7 5.0286E‐04
24 24 E H ‐89.83 ‐2.8 930 11 25.8 2.5367E‐04
25 25 E H ‐89.83 ‐2.8 900 11 6 8.1829E‐05
26 26 E H ‐89.83 ‐2.8 900 11 14.9 5.9134E‐04







27 27 E H ‐89.83 ‐2.8 900 11 21.8 3.8527E‐04
28 28 E H ‐89.29 2.6 960 11 11 3.4425E‐03
29 29 E H ‐89.29 2.6 960 11 21 4.4825E‐03
30 30 E H ‐89.29 2.6 960 11 35.6 2.0606E‐03
31 31 E H ‐89.29 2.6 930 11 8 2.9569E‐04
32 32 E H ‐89.29 2.6 930 11 17.7 1.1413E‐03
33 33 E H ‐89.29 2.6 930 11 25.8 6.6123E‐04
34 34 E H ‐89.29 2.6 900 11 6 1.6839E‐04
35 35 E H ‐89.29 2.6 900 11 14.9 1.1951E‐03
36 36 E H ‐89.29 2.6 900 11 21.8 9.4848E‐04
37 37 E H ‐88.53 5.5 960 11 11 1.1317E‐03
38 38 E H ‐88.53 5.5 960 11 21 1.0497E‐03
39 39 E H ‐88.53 5.5 960 11 35.6 4.5048E‐04
40 40 E H ‐88.53 5.5 930 11 8 1.4741E‐04
41 41 E H ‐88.53 5.5 930 11 17.7 3.6866E‐04
42 42 E H ‐88.53 5.5 930 11 25.8 1.8593E‐04
43 43 E H ‐88.53 5.5 900 11 6 5.9641E‐05
44 44 E H ‐88.53 5.5 900 11 14.9 4.3397E‐04
45 45 E H ‐88.53 5.5 900 11 21.8 2.8205E‐04
46 46 E H ‐91.11 ‐45.2 960 11 18.2 1.6096E‐05
47 47 E H ‐91.11 ‐45.2 960 11 24.6 8.7270E‐06
48 48 E H ‐91.11 ‐45.2 900 11 12.5 4.8054E‐06
49 49 E H ‐91.11 ‐45.2 900 11 18.4 4.6144E‐06
50 50 E H ‐90.37 ‐45.2 960 11 18.2 1.5615E‐05
51 51 E H ‐90.37 ‐45.2 960 11 24.6 8.1277E‐06
52 52 E H ‐90.37 ‐45.2 900 11 12.5 5.1579E‐06
53 53 E H ‐90.37 ‐45.2 900 11 18.4 4.6938E‐06
54 54 E H ‐89.84 ‐45.1 960 11 18.2 1.6674E‐05







55 55 E H ‐89.84 ‐45.1 960 11 24.6 8.4772E‐06
56 56 E H ‐89.84 ‐45.1 900 11 12.5 5.5518E‐06
57 57 E H ‐89.84 ‐45.1 900 11 18.4 4.9042E‐06
58 58 E H ‐89.29 ‐45.1 960 12 18.2 1.7265E‐05
59 59 E H ‐89.29 ‐45.1 960 12 24.6 8.9085E‐06
60 60 E H ‐89.29 ‐45.1 900 11 12.5 5.0463E‐06
61 61 E H ‐89.29 ‐45.1 900 12 18.4 4.7841E‐06
62 66 E H ‐91.06 22.3 960 11 18.2 1.6259E‐03
63 67 E H ‐91.06 22.3 960 11 24.6 8.7799E‐04
64 68 E H ‐91.06 22.3 900 11 12.5 4.8900E‐04
65 69 E H ‐91.06 22.3 900 11 18.4 4.6682E‐04
66 70 E H ‐90.31 32.6 960 10 18.2 1.6076E‐03
67 71 E H ‐90.31 32.6 960 10 24.6 8.3808E‐04
68 72 E H ‐90.31 32.6 900 11 12.5 5.1262E‐04
69 73 E H ‐90.31 32.6 900 10 18.4 4.6619E‐04
70 74 E H ‐89.77 37.1 960 11 18.2 1.6401E‐03
71 75 E H ‐89.77 37.1 960 11 24.6 8.4923E‐04
72 76 E H ‐89.77 37.1 900 11 12.5 5.4448E‐04
73 77 E H ‐89.77 37.1 900 11 18.4 4.9257E‐04
74 78 E H ‐89.22 43.2 960 11 18.2 3.3638E‐03
75 79 E H ‐89.22 43.2 960 11 24.6 1.9109E‐03
76 80 E H ‐89.22 43.2 900 11 12.5 7.0880E‐04
77 81 E H ‐89.22 43.2 900 11 18.4 7.5736E‐04
78 82 E H ‐91.07 ‐21.2 960 6 17.7 1.2757E‐03
79 83 E H ‐91.07 ‐21.2 900 6 17.7 3.6272E‐04
80 84 E H ‐90.34 ‐9.9 960 6 17.7 1.2678E‐03
81 85 E H ‐90.34 ‐9.9 900 6 17.7 3.7574E‐04
82 86 E H ‐89.83 0.0 960 6 17.7 1.3581E‐03







83 87 E H ‐89.83 0.0 900 6 17.7 4.1773E‐04
84 88 E H ‐89.29 0.0 960 6 17.7 4.4902E‐03
85 89 E H ‐89.29 0.0 900 6 17.7 9.2707E‐04
86 90 E H ‐88.53 4.9 960 6 17.7 1.0421E‐03
87 91 E H ‐88.53 4.9 900 6 17.7 2.8083E‐04
88 92 E H ‐91.11 ‐44.9 930 6 17.7 3.8353E‐06
89 93 E H ‐90.37 ‐44.9 930 6 17.7 3.9032E‐06
90 94 E H ‐89.84 ‐44.9 930 6 17.7 4.0917E‐06
91 95 E H ‐89.29 ‐48.2 930 6 17.7 3.6919E‐06
92 97 E H ‐91.06 21.2 930 6 17.7 3.8863E‐04
93 98 E H ‐90.31 33.2 930 6 17.7 3.8857E‐04
94 99 E H ‐89.77 37.3 930 6 17.7 4.0693E‐04
95 100 E H ‐89.22 41.1 930 6 17.7 6.1607E‐04
96 101 E H ‐91.07 ‐21.9 930 17 17.7 3.8783E‐04
97 102 E H ‐90.34 ‐12.3 930 18 17.7 3.8939E‐04
98 103 E H ‐89.83 ‐3.6 930 17 17.7 4.5068E‐04
99 104 E H ‐89.29 1.7 930 16 17.7 1.2686E‐03


100 105 E H ‐88.53 7.0 930 17 17.7 3.8622E‐04
101 106 E H ‐91.11 ‐45.1 930 17 17.7 4.1328E‐06
102 107 E H ‐90.37 ‐45.1 930 17 17.7 4.1671E‐06
103 108 E H ‐89.84 ‐45.0 930 17 17.7 4.3778E‐06
104 109 E H ‐89.29 ‐45.0 930 17 17.7 4.0343E‐06
105 111 E H ‐91.06 21.9 930 17 17.7 4.1949E‐04
106 112 E H ‐90.31 31.7 930 17 17.7 4.1620E‐04
107 113 E H ‐89.77 37.1 930 17 17.7 4.4515E‐04
108 114 E H ‐89.22 41.1 930 16 17.7 8.1526E‐04
109 115 E H ‐90.68 ‐18.8 960 11 17.7 1.5171E‐03
110 116 E H ‐90.68 ‐18.8 900 11 17.7 4.5101E‐04







111 117 E H ‐90.08 ‐7.8 960 11 17.7 1.5742E‐03
112 118 E H ‐90.08 ‐7.8 900 11 17.7 4.8441E‐04
113 119 E H ‐89.6 0.0 960 11 17.7 3.0893E‐03
114 120 E H ‐89.6 0.0 900 11 17.7 7.2898E‐04
115 121 E H ‐88.87 5.5 960 11 17.7 1.3909E‐03
116 122 E H ‐88.87 5.5 900 11 17.7 4.0212E‐04
117 123 E H ‐91.11 ‐45.2 960 11 17.7 1.6096E‐05
118 124 E H ‐91.11 ‐45.2 960 11 17.7 1.6096E‐05
119 125 E H ‐91.11 ‐45.2 960 11 17.7 1.6096E‐05
120 126 E H ‐91.11 ‐45.2 900 11 17.7 4.6144E‐06
121 127 E H ‐91.11 ‐45.2 900 11 17.7 4.6144E‐06
122 128 E H ‐91.11 ‐45.2 900 11 17.7 4.6144E‐06
123 131 E H ‐90.69 24.8 960 11 17.7 1.6205E‐03
124 132 E H ‐90.69 24.8 900 11 17.7 4.6757E‐04
125 133 E H ‐90.04 34.9 960 11 17.7 1.6068E‐03
126 134 E H ‐90.04 34.9 900 11 17.7 4.7786E‐04
127 135 E H ‐89.5 39.0 960 11 17.7 2.5051E‐03
128 136 E H ‐89.5 39.0 900 11 17.7 6.1924E‐04
129 137 E H ‐90.68 ‐19.3 960 6 17.7 1.2589E‐03
130 138 E H ‐90.68 ‐19.3 900 6 17.7 3.7426E‐04
131 139 E H ‐90.08 ‐5.0 960 6 17.7 1.3138E‐03
132 140 E H ‐90.08 ‐5.0 900 6 17.7 4.0430E‐04
133 141 E H ‐89.6 0.0 960 6 17.7 2.5387E‐03
134 142 E H ‐89.6 0.0 900 6 17.7 5.9774E‐04
135 143 E H ‐88.87 4.9 960 6 17.7 1.0599E‐03
136 144 E H ‐88.87 4.9 900 6 17.7 3.0647E‐04
137 145 E H ‐90.74 ‐44.9 930 6 17.7 3.7902E‐06
138 146 E H ‐90.1 ‐41.1 930 6 17.7 3.9996E‐06







139 147 E H ‐89.57 ‐48.2 930 6 17.7 3.9504E‐06
140 149 E H ‐90.69 25.8 930 6 17.7 3.8922E‐04
141 150 E H ‐90.04 37.3 930 6 17.7 3.9820E‐04
142 151 E H ‐89.5 41.1 930 6 17.7 5.0790E‐04
143 152 E H ‐90.68 ‐17.9 930 17 17.7 3.9977E‐04
144 153 E H ‐90.08 ‐6.9 930 17 17.7 4.3161E‐04
145 154 E H ‐89.6 0.0 930 17 17.7 7.3250E‐04
146 155 E H ‐88.87 5.3 930 17 17.7 4.1021E‐04
147 156 E H ‐90.74 ‐45.1 930 17 17.7 4.0635E‐06
148 157 E H ‐90.1 ‐45.1 930 17 17.7 4.2747E‐06
149 158 E H ‐89.79 ‐43.7 930 17 17.7 4.5201E‐06
150 160 E H ‐90.69 26.0 930 17 17.7 4.1860E‐04
151 161 E H ‐90.04 34.3 930 17 17.7 4.2561E‐04
152 162 E H ‐89.5 39.7 930 16 17.7 6.4857E‐04
153 201 W H ‐94.3 ‐34.8 960 11 11 2.7709E‐04
154 202 W H ‐94.3 ‐34.8 960 11 21 3.6052E‐04
155 203 W H ‐94.3 ‐34.8 960 11 35.6 1.6974E‐04
156 204 W H ‐94.3 ‐34.8 930 11 8 2.9623E‐05
157 205 W H ‐94.3 ‐34.8 930 11 17.7 9.8730E‐05
158 206 W H ‐94.3 ‐34.8 930 11 25.8 5.7484E‐05
159 207 W H ‐94.3 ‐34.8 900 11 6 1.3299E‐05
160 208 W H ‐94.3 ‐34.8 900 11 14.9 9.4629E‐05
161 209 W H ‐94.3 ‐34.8 900 11 21.8 7.2270E‐05
162 210 W H ‐93.77 ‐28.5 960 11 11 3.5226E‐04
163 211 W H ‐93.77 ‐28.5 960 11 21 3.3197E‐04
164 212 W H ‐93.77 ‐28.5 960 11 35.6 1.3407E‐04
165 213 W H ‐93.77 ‐28.5 930 11 8 3.3017E‐05
166 214 W H ‐93.77 ‐28.5 930 11 17.7 8.3841E‐05







167 215 W H ‐93.77 ‐28.5 930 11 25.8 4.0801E‐05
168 216 W H ‐93.77 ‐28.5 900 11 6 1.6274E‐05
169 217 W H ‐93.77 ‐28.5 900 11 14.9 1.2308E‐04
170 218 W H ‐93.77 ‐28.5 900 11 21.8 8.1373E‐05
171 219 W H ‐93.16 ‐24.7 960 11 11 8.3059E‐04
172 220 W H ‐93.16 ‐24.7 960 11 21 8.7151E‐04
173 221 W H ‐93.16 ‐24.7 960 11 35.6 3.7571E‐04
174 222 W H ‐93.16 ‐24.7 930 11 8 8.5780E‐05
175 223 W H ‐93.16 ‐24.7 930 11 17.7 2.3962E‐04
176 224 W H ‐93.16 ‐24.7 930 11 25.8 1.2551E‐04
177 225 W H ‐93.16 ‐24.7 900 11 6 4.1347E‐05
178 226 W H ‐93.16 ‐24.7 900 11 14.9 3.0577E‐04
179 227 W H ‐93.16 ‐24.7 900 11 21.8 2.1151E‐04
180 228 W H ‐92.34 ‐22.3 960 11 11 9.2549E‐04
181 229 W H ‐92.34 ‐22.3 960 11 21 1.1391E‐03
182 230 W H ‐92.34 ‐22.3 960 11 35.6 5.2694E‐04
183 231 W H ‐92.34 ‐22.3 930 11 8 1.1344E‐04
184 232 W H ‐92.34 ‐22.3 930 11 17.7 3.6344E‐04
185 233 W H ‐92.34 ‐22.3 930 11 25.8 2.0651E‐04
186 234 W H ‐92.34 ‐22.3 900 11 6 5.0012E‐05
187 235 W H ‐92.34 ‐22.3 900 11 14.9 3.6278E‐04
188 236 W H ‐92.34 ‐22.3 900 11 21.8 2.6943E‐04
189 237 W H ‐91.63 ‐22.3 960 11 11 1.0159E‐03
190 238 W H ‐91.63 ‐22.3 960 11 21 1.1967E‐03
191 239 W H ‐91.63 ‐22.3 960 11 35.6 5.4634E‐04
192 240 W H ‐91.63 ‐22.3 930 11 8 1.3189E‐04
193 241 W H ‐91.63 ‐22.3 930 11 17.7 4.0842E‐04
194 242 W H ‐91.63 ‐22.3 930 11 25.8 2.2757E‐04







195 243 W H ‐91.63 ‐22.3 900 11 6 5.9094E‐05
196 244 W H ‐91.63 ‐22.3 900 11 14.9 4.3167E‐04
197 245 W H ‐91.63 ‐22.3 900 11 21.8 3.1374E‐04
198 246 W H ‐94.35 ‐57.4 960 11 18.2 4.3165E‐04
199 247 W H ‐94.35 ‐57.4 960 11 24.6 2.5150E‐04
200 248 W H ‐94.35 ‐57.4 900 11 12.5 8.4936E‐05
201 249 W H ‐94.35 ‐57.4 900 11 18.4 8.8905E‐05
202 250 W H ‐93.66 ‐53.3 960 11 18.2 4.3401E‐04
203 251 W H ‐93.66 ‐53.3 960 11 24.6 2.4261E‐04
204 252 W H ‐93.66 ‐53.3 900 11 12.5 9.8665E‐05
205 253 W H ‐93.66 ‐53.3 900 11 18.4 9.8340E‐05
206 254 W H ‐92.53 ‐51.6 960 11 18.2 4.8231E‐04
207 255 W H ‐92.53 ‐51.6 960 11 24.6 2.7292E‐04
208 256 W H ‐92.53 ‐51.6 900 11 12.5 1.1286E‐04
209 257 W H ‐92.53 ‐51.6 900 11 18.4 1.1432E‐04
210 258 W H ‐91.58 ‐45.1 960 11 18.2 5.1715E‐04
211 259 W H ‐91.58 ‐45.1 960 11 24.6 2.8880E‐04
212 260 W H ‐91.58 ‐45.1 900 11 12.5 1.3702E‐04
213 261 W H ‐91.58 ‐45.1 900 11 18.4 1.3644E‐04
214 266 W H ‐94.22 10.9 960 11 18.2 1.3084E‐03
215 267 W H ‐94.22 10.9 960 11 24.6 7.6282E‐04
216 268 W H ‐94.22 10.9 900 11 12.5 2.5762E‐04
217 269 W H ‐94.22 10.9 900 11 18.4 2.6985E‐04
218 270 W H ‐93.2 13.6 960 11 18.2 1.4306E‐03
219 271 W H ‐93.2 13.6 960 11 24.6 8.2347E‐04
220 272 W H ‐93.2 13.6 900 11 12.5 2.9336E‐04
221 273 W H ‐93.2 13.6 900 11 18.4 3.0250E‐04
222 274 W H ‐92.27 18.7 960 11 18.2 1.4009E‐03







223 275 W H ‐92.27 18.7 960 11 24.6 7.9151E‐04
224 276 W H ‐92.27 18.7 900 11 12.5 3.3312E‐04
225 277 W H ‐92.27 18.7 900 11 18.4 3.3647E‐04
226 278 W H ‐91.43 19.7 960 11 18.2 1.4683E‐03
227 279 W H ‐91.43 19.7 960 11 24.6 8.0597E‐04
228 280 W H ‐91.43 19.7 900 11 12.5 4.2824E‐04
229 281 W H ‐91.43 19.7 900 11 18.4 4.1765E‐04
230 282 W H ‐94.3 ‐33.1 960 6 17.7 5.8675E‐04
231 283 W H ‐94.3 ‐33.1 900 6 17.7 1.1803E‐04
232 284 W H ‐93.77 ‐25.7 960 6 17.7 2.1674E‐04
233 285 W H ‐93.77 ‐25.7 900 6 17.7 6.1202E‐05
234 286 W H ‐93.16 ‐25.7 960 6 17.7 3.4166E‐04
235 287 W H ‐93.16 ‐25.7 900 6 17.7 8.5633E‐05
236 288 W H ‐92.34 ‐21.1 960 6 17.7 1.4026E‐03
237 289 W H ‐92.34 ‐21.1 900 6 17.7 3.3176E‐04
238 290 W H ‐91.63 ‐19.2 960 6 17.7 1.4879E‐03
239 291 W H ‐91.63 ‐19.2 900 6 17.7 3.9017E‐04
240 292 W H ‐94.35 ‐60.1 930 6 17.7 1.2295E‐04
241 293 W H ‐93.66 ‐52.5 930 6 17.7 8.9011E‐05
242 294 W H ‐92.53 ‐52.5 930 6 17.7 1.2398E‐04
243 295 W H ‐91.58 ‐44.9 930 6 17.7 1.4322E‐04
244 297 W H ‐94.22 14.6 930 6 17.7 3.5329E‐04
245 298 W H ‐93.2 14.6 930 6 17.7 3.4693E‐04
246 299 W H ‐92.27 19.2 930 6 17.7 3.5956E‐04
247 300 W H ‐91.43 21.2 930 6 17.7 4.1765E‐04
248 301 W H ‐94.3 ‐33.1 930 17 17.7 8.8310E‐05
249 302 W H ‐93.77 ‐27.5 930 17 17.7 1.4737E‐04
250 303 W H ‐93.16 ‐25.0 930 17 17.7 1.7085E‐04







251 304 W H ‐92.34 ‐22.7 930 17 17.7 5.8675E‐04
252 305 W H ‐91.63 ‐21.9 930 17 17.7 7.0217E‐04
253 306 W H ‐94.35 ‐58.3 930 17 17.7 1.0071E‐04
254 307 W H ‐93.66 ‐54.6 930 17 17.7 1.3180E‐04
255 308 W H ‐92.53 ‐53.0 930 17 17.7 2.0890E‐04
256 309 W H ‐91.58 ‐46.5 930 17 17.7 2.3797E‐04
257 311 W H ‐94.22 12.3 930 17 17.7 2.8872E‐04
258 312 W H ‐93.2 13.9 930 17 17.7 6.2607E‐04
259 313 W H ‐92.27 17.8 930 17 17.7 5.8338E‐04
260 314 W H ‐91.43 20.2 930 17 17.7 7.1034E‐04
261 315 W H ‐94.05 ‐30.8 960 11 17.7 4.4378E‐04
262 316 W H ‐94.05 ‐30.8 900 11 17.7 8.9387E‐05
263 317 W H ‐93.4 ‐28.5 960 11 17.7 4.3520E‐04
264 318 W H ‐93.4 ‐28.5 900 11 17.7 1.0039E‐04
265 319 W H ‐92.72 ‐24.7 960 11 17.7 1.3745E‐03
266 320 W H ‐92.72 ‐24.7 900 11 17.7 3.2990E‐04
267 321 W H ‐92 ‐22.3 960 11 17.7 1.4578E‐03
268 322 W H ‐92 ‐22.3 900 11 17.7 3.6512E‐04
269 323 W H ‐94.05 ‐57.4 960 11 17.7 4.4378E‐04
270 324 W H ‐93.23 ‐53.3 960 11 17.7 5.0210E‐04
271 325 W H ‐91.99 ‐49.2 960 11 17.7 5.0594E‐04
272 326 W H ‐94.05 ‐57.4 900 11 17.7 8.9387E‐05
273 327 W H ‐93.23 ‐53.3 900 11 17.7 1.0946E‐04
274 328 W H ‐91.99 ‐49.2 900 11 17.7 1.2664E‐04
275 331 W H ‐93.66 10.9 960 11 17.7 1.1254E‐03
276 332 W H ‐93.66 10.9 900 11 17.7 2.6358E‐04
277 333 W H ‐92.7 16.1 960 11 17.7 1.3653E‐03
278 334 W H ‐92.7 16.1 900 11 17.7 3.2950E‐04







279 335 W H ‐91.92 19.7 960 11 17.7 1.4531E‐03
280 336 W H ‐91.92 19.7 900 11 17.7 3.6607E‐04
281 337 W H ‐94.05 ‐30.1 960 6 17.7 4.2430E‐04
282 338 W H ‐94.05 ‐30.1 900 6 17.7 8.5420E‐05
283 339 W H ‐93.4 ‐25.7 960 6 17.7 4.0303E‐04
284 340 W H ‐93.4 ‐25.7 900 6 17.7 9.3872E‐05
285 341 W H ‐92.72 ‐25.8 960 6 17.7 4.7645E‐04
286 342 W H ‐92.72 ‐25.8 900 6 17.7 1.1442E‐04
287 343 W H ‐92 ‐21.1 960 6 17.7 1.4578E‐03
288 344 W H ‐92 ‐21.1 900 6 17.7 3.6512E‐04
289 345 W H ‐94.05 ‐60.1 930 6 17.7 8.3551E‐05
290 346 W H ‐93.23 ‐52.5 930 6 17.7 1.1477E‐04
291 347 W H ‐91.99 ‐48.2 930 6 17.7 1.3690E‐04
292 349 W H ‐93.66 9.8 930 6 17.7 1.7173E‐04
293 350 W H ‐92.7 14.6 930 6 17.7 3.7408E‐04
294 351 W H ‐91.92 21.2 930 6 17.7 3.9504E‐04
295 352 W H ‐94.05 ‐31.6 930 17 17.7 9.7459E‐05
296 353 W H ‐93.4 ‐27.5 930 17 17.7 1.4724E‐04
297 354 W H ‐92.72 ‐23.5 930 17 17.7 6.5745E‐04
298 355 W H ‐92 ‐21.9 930 17 17.7 6.2398E‐04
299 356 W H ‐94.05 ‐56.6 930 17 17.7 9.7459E‐05
300 357 W H ‐93.23 ‐53.0 930 17 17.7 2.0310E‐04
301 358 W H ‐91.99 ‐50.4 930 17 17.7 2.2871E‐04
302 360 W H ‐93.66 12.2 930 17 17.7 3.6334E‐04
303 361 W H ‐92.7 16.1 930 17 17.7 7.0210E‐04
304 362 W H ‐91.92 19.5 930 17 17.7 6.5995E‐04
305 401 W L ‐94.3 ‐34.8 975 11 11 3.4210E‐04
306 402 W L ‐94.3 ‐34.8 975 11 21 5.4236E‐04







307 403 W L ‐94.3 ‐34.8 975 11 35.6 4.6820E‐04
308 404 W L ‐93.77 ‐28.5 975 11 11 4.1342E‐04
309 405 W L ‐93.77 ‐28.5 975 11 21 6.4120E‐04
310 406 W L ‐93.77 ‐28.5 975 11 35.6 5.2299E‐04
311 407 W L ‐93.16 ‐24.7 975 11 11 1.4280E‐03
312 408 W L ‐93.16 ‐24.7 975 11 21 2.2386E‐03
313 409 W L ‐93.16 ‐24.7 975 11 35.6 1.8782E‐03
314 410 W L ‐92.34 ‐22.3 975 11 11 1.0538E‐03
315 411 W L ‐92.34 ‐22.3 975 11 21 1.6701E‐03
316 412 W L ‐92.34 ‐22.3 975 11 35.6 1.4422E‐03
317 413 W L ‐91.63 ‐22.3 975 11 11 1.1668E‐03
318 414 W L ‐91.63 ‐22.3 975 11 21 1.8508E‐03
319 415 W L ‐91.63 ‐22.3 975 11 35.6 1.6073E‐03
320 416 W L ‐94.35 ‐57.4 975 11 18.2 4.8230E‐04
321 417 W L ‐94.35 ‐57.4 975 11 24.6 4.9751E‐04
322 418 W L ‐93.66 ‐53.3 975 11 18.2 5.5264E‐04
323 419 W L ‐93.66 ‐53.3 975 11 24.6 5.6661E‐04
324 420 W L ‐92.53 ‐51.6 975 11 18.2 4.3977E‐04
325 421 W L ‐92.53 ‐51.6 975 11 24.6 4.5362E‐04
326 422 W L ‐91.58 ‐45.1 975 11 18.2 4.8181E‐04
327 423 W L ‐91.58 ‐45.1 975 11 24.6 4.9798E‐04
328 424 W L ‐94.22 10.9 975 11 18.2 2.0860E‐03
329 425 W L ‐94.22 10.9 975 11 24.6 2.1526E‐03
330 426 W L ‐93.2 13.6 975 11 18.2 1.8155E‐03
331 427 W L ‐93.2 13.6 975 11 24.6 1.8719E‐03
332 428 W L ‐92.27 18.7 975 11 18.2 1.7769E‐03
333 429 W L ‐92.27 18.7 975 11 24.6 1.8325E‐03
334 430 W L ‐91.43 19.7 975 11 18.2 1.7128E‐03







335 431 W L ‐91.43 19.7 975 11 24.6 1.7739E‐03
336 432 W L ‐94.3 ‐33.1 975 6 17.7 9.5553E‐04
337 433 W L ‐93.77 ‐25.7 975 6 17.7 2.2510E‐04
338 434 W L ‐93.16 ‐25.7 975 6 17.7 5.4566E‐04
339 435 W L ‐92.34 ‐21.1 975 6 17.7 2.7316E‐03
340 436 W L ‐91.63 ‐19.2 975 6 17.7 2.3039E‐03
341 437 W L ‐94.35 ‐60.1 975 6 17.7 9.5651E‐04
342 438 W L ‐93.66 ‐52.5 975 6 17.7 8.1810E‐04
343 439 W L ‐92.53 ‐52.5 975 6 17.7 7.7844E‐04
344 440 W L ‐91.58 ‐44.9 975 6 17.7 6.0637E‐04
345 441 W L ‐94.22 14.6 975 6 17.7 3.6792E‐03
346 442 W L ‐93.2 14.6 975 6 17.7 2.7409E‐03
347 443 W L ‐92.27 19.2 975 6 17.7 2.4675E‐03
348 444 W L ‐91.43 21.2 975 6 17.7 2.3377E‐03
349 445 W L ‐94.3 ‐33.1 975 17 17.7 5.4149E‐04
350 446 W L ‐93.77 ‐27.5 975 17 17.7 6.4936E‐04
351 447 W L ‐93.16 ‐25.0 975 17 17.7 5.7448E‐04
352 448 W L ‐92.34 ‐22.7 975 17 17.7 1.3257E‐03
353 449 W L ‐91.63 ‐21.9 975 17 17.7 1.0581E‐03
354 450 W L ‐94.35 ‐58.3 975 17 17.7 4.8230E‐04
355 451 W L ‐93.66 ‐54.6 975 17 17.7 5.5505E‐04
356 452 W L ‐92.53 ‐53.0 975 17 17.7 3.9959E‐04
357 453 W L ‐91.58 ‐46.5 975 17 17.7 3.1658E‐04
358 454 W L ‐94.22 12.3 975 17 17.7 2.0860E‐03
359 455 W L ‐93.2 13.9 975 17 17.7 1.8273E‐03
360 456 W L ‐92.27 17.8 975 17 17.7 1.3554E‐03
361 457 W L ‐91.43 20.2 975 17 17.7 1.2168E‐03
362 458 W L ‐94.05 ‐30.8 975 11 17.7 5.3835E‐04







363 459 W L ‐93.4 ‐28.5 975 11 17.7 5.5071E‐04
364 460 W L ‐92.72 ‐24.7 975 11 17.7 1.7436E‐03
365 461 W L ‐92 ‐22.3 975 11 17.7 1.7918E‐03
366 462 W L ‐94.05 ‐30.1 975 6 17.7 9.4390E‐04
367 463 W L ‐93.4 ‐25.7 975 6 17.7 7.8251E‐04
368 464 W L ‐92.72 ‐25.8 975 6 17.7 7.6149E‐04
369 465 W L ‐92 ‐21.1 975 6 17.7 2.3574E‐03
370 466 W L ‐94.05 ‐60.1 975 6 17.7 9.4428E‐04
371 467 W L ‐93.23 ‐52.5 975 6 17.7 7.2404E‐04
372 468 W L ‐91.99 ‐48.2 975 6 17.7 7.0988E‐04
373 469 W L ‐93.66 9.8 975 6 17.7 2.4221E‐03
374 470 W L ‐92.7 14.6 975 6 17.7 3.0372E‐03
375 471 W L ‐91.92 21.2 975 6 17.7 2.6460E‐03
376 501 E L ‐91.07 ‐22.3 975 11 11 1.8509E‐03
377 502 E L ‐91.07 ‐22.3 975 11 21 2.9372E‐03
378 503 E L ‐91.07 ‐22.3 975 11 35.6 2.5508E‐03
379 504 E L ‐90.34 ‐11.0 975 11 11 2.0842E‐03
380 505 E L ‐90.34 ‐11.0 975 11 21 3.3034E‐03
381 506 E L ‐90.34 ‐11.0 975 11 35.6 2.8522E‐03
382 507 E L ‐89.83 ‐2.8 975 11 11 1.9678E‐03
383 508 E L ‐89.83 ‐2.8 975 11 21 3.1170E‐03
384 509 E L ‐89.83 ‐2.8 975 11 35.6 2.6912E‐03
385 510 E L ‐89.29 2.6 975 11 11 2.4944E‐03
386 511 E L ‐89.29 2.6 975 11 21 3.9266E‐03
387 512 E L ‐89.29 2.6 975 11 35.6 3.3084E‐03
388 513 E L ‐88.53 5.5 975 11 11 1.9371E‐03
389 514 E L ‐88.53 5.5 975 11 21 3.0626E‐03
390 515 E L ‐88.53 5.5 975 11 35.6 2.6295E‐03







391 516 E L ‐91.11 ‐45.2 975 11 18.2 2.8047E‐05
392 517 E L ‐91.11 ‐45.2 975 11 24.6 2.9039E‐05
393 518 E L ‐90.37 ‐45.2 975 11 18.2 3.1864E‐05
394 519 E L ‐90.37 ‐45.2 975 11 24.6 3.2903E‐05
395 520 E L ‐89.84 ‐45.1 975 11 18.2 3.1690E‐05
396 521 E L ‐89.84 ‐45.1 975 11 24.6 3.2661E‐05
397 522 E L ‐89.29 ‐45.1 975 11 18.2 3.1997E‐05
398 523 E L ‐89.29 ‐45.1 975 11 24.6 3.2967E‐05
399 524 E L ‐91.06 22.3 975 11 18.2 2.7050E‐03
400 525 E L ‐91.06 22.3 975 11 24.6 2.7995E‐03
401 526 E L ‐90.31 32.6 975 11 18.2 3.0687E‐03
402 527 E L ‐90.31 32.6 975 11 24.6 3.1686E‐03
403 528 E L ‐89.77 37.1 975 11 18.2 3.1263E‐03
404 529 E L ‐89.77 37.1 975 11 24.6 3.2271E‐03
405 530 E L ‐89.22 43.2 975 11 18.2 9.2794E‐05
406 531 E L ‐89.22 43.2 975 11 24.6 4.8869E‐05
407 532 E L ‐91.07 ‐21.2 975 6 17.7 3.0626E‐03
408 533 E L ‐90.34 ‐9.9 975 6 17.7 2.4819E‐03
409 534 E L ‐89.83 0.0 975 6 17.7 1.5247E‐03
410 535 E L ‐89.29 0.0 975 6 17.7 4.8818E‐03
411 536 E L ‐88.53 4.9 975 6 17.7 2.9447E‐03
412 537 E L ‐91.11 ‐44.9 975 6 17.7 3.1140E‐05
413 538 E L ‐90.37 ‐44.9 975 6 17.7 2.5662E‐05
414 539 E L ‐89.84 ‐44.9 975 6 17.7 1.6909E‐05
415 540 E L ‐89.29 ‐48.2 975 6 17.7 2.0075E‐05
416 541 E L ‐91.06 21.2 975 6 17.7 2.9875E‐03
417 542 E L ‐90.31 33.2 975 6 17.7 2.1953E‐03
418 543 E L ‐89.77 37.3 975 6 17.7 1.5173E‐03







419 544 E L ‐89.22 41.1 975 6 17.7 3.5157E‐03
420 545 E L ‐91.07 ‐21.9 975 17 17.7 1.7233E‐03
421 546 E L ‐90.34 ‐12.3 975 17 17.7 1.8862E‐03
422 547 E L ‐89.83 ‐3.6 975 17 17.7 1.3751E‐03
423 548 E L ‐89.29 1.7 975 17 17.7 2.2834E‐03
424 549 E L ‐88.53 7.0 975 17 17.7 2.9839E‐03
425 550 E L ‐91.11 ‐45.1 975 17 17.7 1.7055E‐05
426 551 E L ‐90.37 ‐45.1 975 17 17.7 1.6299E‐05
427 552 E L ‐89.84 ‐45.0 975 17 17.7 1.1937E‐05
428 553 E L ‐89.29 ‐45.0 975 17 17.7 1.6749E‐05
429 554 E L ‐91.06 21.9 975 17 17.7 1.6331E‐03
430 555 E L ‐90.31 31.7 975 17 17.7 1.3732E‐03
431 556 E L ‐89.77 37.1 975 17 17.7 1.5441E‐03
432 557 E L ‐89.22 41.1 975 17 17.7 2.2635E‐03
433 558 E L ‐90.68 ‐18.8 975 11 17.7 3.1184E‐03
434 559 E L ‐90.08 ‐7.8 975 11 17.7 3.1941E‐03
435 560 E L ‐89.6 0.0 975 11 17.7 4.2348E‐04
436 561 E L ‐88.87 5.5 975 11 17.7 3.0724E‐03
437 562 E L ‐90.68 ‐19.3 975 6 17.7 2.8774E‐03
438 563 E L ‐90.08 ‐5.0 975 6 17.7 1.9108E‐03
439 564 E L ‐89.6 0.0 975 6 17.7 2.8231E‐03
440 565 E L ‐88.87 4.9 975 6 17.7 2.7365E‐03
441 566 E L ‐90.74 ‐44.9 975 6 17.7 2.7406E‐05
442 567 E L ‐90.1 ‐41.1 975 6 17.7 2.1258E‐05
443 568 E L ‐89.57 ‐48.2 975 6 17.7 1.7190E‐05
444 569 E L ‐90.69 25.8 975 6 17.7 2.5937E‐03
445 570 E L ‐90.04 37.3 975 6 17.7 2.0237E‐03
446 571 E L ‐89.5 41.1 975 6 17.7 2.5511E‐03
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INTRODUCTION 
The Upper Barataria Basin (UBB) study area is part of the larger Barataria Basin watershed, 
covering approximately 800 square miles, and is characterized by low, flat terrain with wetlands, 
numerous navigation channels, drainage canals and natural bayous that drain into Lake Salvador 
and eventually the Gulf of Mexico.  The study area includes communities in seven southeast 
Louisiana parishes:  Ascension, Assumption, Jefferson, Lafourche, St. Charles, St. James and 
St. John the Baptist Parishes.  The study area is bounded on the north and east by the Mississippi 
River Levee, on the west by Bayou Lafourche and extends south of U.S. Highway 90 
approximately 1.1 miles southeast of the town of Mathews, LA before it turns east (see figure 
below).   


Location of Study Area 


The area is prone to coastal storm damages from tidal surges, tropical storm surges and rainfall 
events, resulting in flood damages to industrial, commercial and agricultural facilities as well as 
residential structures and critical evacuation routes.  The purpose of the project is to provide 
hurricane and storm damage risk reduction to the developed areas of the seven parishes that are 
included in this study.  This includes reducing the risk to human life, health and safety by reducing 
flood impacts to structures, evacuation routes and critical infrastructure, as well as increasing 
community resiliency before, during and after flooding events.   


National Environmental Policy Act (NEPA) regulations (40 CFR 1502.14(d)) require that the future 
without project conditions be considered with any final array of plans.  Eight structural levee 
alignments, one structural alternative (with no levee included) and one nonstructural solution 
represented the alternatives under consideration (herein labeled as Alternatives 1 through 10), 
along with the future without project condition.  Each structural alternative had several features, 
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including levees, floodwalls, floodgates and pumping stations, while the nonstructural alternative 
consisted of elevating houses and other floodproofing measures.  These alternatives were each 
evaluated in order to select the best approach to reduce flood impacts in communities throughout 
the study area.  Each alternative also evaluated environmental measures designed to protect 
and/or minimize the impacts to nearby wetlands and transportation evacuation routes (such as 
U.S. Highway 90) located in the study area.         


The Engineering Appendix, as an integral part of the Upper Barataria Basin, Louisiana Draft 
Feasibility Report, provides the engineering information that supports the results and conclusions 
outlined in the main report.  This effort used various USACE regulations and engineering 
assumptions, along with existing data that was available.  The approach was part of the current 3 
x 3 x 3 SMART planning method that is used to conduct Feasibility studies.  This method was, 
therefore, used to perform the required engineering investigations in order to properly evaluate 
the alternatives under consideration and reach a selection of the Tentatively Selected Plan (TSP), 
which became the Recommended Plan (RP).  The Engineering Appendix is presented in two 
sections:  Section 1 describes the RP, including details that were developed during further design 
analysis of the TSP, and Section 2 describes the Screening Phase, which outlines what 
alternatives were considered and the scope of the engineering investigations that were 
conducted, as well as the results.     


1  RECOMMENDED PLAN (RP) 


Information provided herein describes the details of the RP.  The RP provides approximately a 
1% Annual Exceedance Probability (AEP) level of risk reduction in the Baseline Year of 2026.  
This is also known as the base year and is part of a 50-year planning horizon that is generally 
used for USACE projects.  The year 2026 was decided as the base year for economic and 
hydraulic conditions since it is possible that the proposed levee could be designed and 
constructed by then with sufficient funding and authorization.    


The RP (known as Alternative 1 – U.S. Highway 90 - Segment 1 Extension) for the UBB study 
includes the construction of an approximately 30.6-mile (approximately 161,300 linear ft) 
structural alignment near the communities of Boutte, Paradis, Des Allemands and Raceland.  The 
system starts in Luling, where it connects to the Mississippi River Levee through the Davis Pond 
Diversion Structure West Guide Levee, continues south, improving upon and updating 
deficiencies in the St. Charles Parish Levee, crosses Bayou Des Allemands with a 270-ft barge 
gate structure and continues parallel to U.S. Highway 90 before it ties into high ground across the 
basin near Raceland.  Hydraulic reaches throughout the alignment, known as A through H, are 
shown in Figure 1-1.  An overview of the RP, including all features, is shown in Figures 1-2 and 
1-3.


 All elevations are referenced to the North American Vertical Datum of 1988 (NAVD 88 
(2009.55)), unless otherwise noted. 
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Figure 1-1:  Hydraulic Reaches A through H 


Figure 1-2:  Overview of Recommended Plan (RP) – Hydraulic Reaches A through C (Northern) 
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Figure 1-3:  Overview of Recommended Plan (RP) – Hydraulic Reaches C through H (Southern) 
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Table 1-1 (Features Listed in Figures 1-2 and 1-3 – Overview Map of RP) 


Numbered 
Feature 
on Map 


Feature Description 


1 River Road crossing ramp 
2 Union Pacific Railroad crossing 
3 BNSF Railroad crossing 
4 U.S. Highway 90 Crossing Ramp 
5 Davis Pond Pump Station frontage protection 
6 Willowdale Pump Station, two new tidal exchange structures 
7 Willowridge Pump Station frontage protection 
8 Cousins Pump Station frontage protection 
9 T-wall section for East Gas Pipeline


10 Kellogg Pump Station frontage protection 
11 T-wall section for West Gas Pipeline
12 Ellington Pump Station frontage protection 
13 T-wall section for Magnolia Pipeline
14 Magnolia Ridge Pump Station frontage protection 
15 Existing Paradise Control Structure 
16 Floodwall section in Hydraulic Reach D, Top of Wall (TOW) EL    


15.0 ft 
17 Floodwall section in Hydraulic Reach E, TOW EL 18.5 ft 
17 a. Floodwall type T-1, TOW EL 18.5 ft
17 b. Floodwall type T-2, TOW EL 18.5 ft
17 c. Floodwall type T-3, TOW EL 18.5 ft
18 45-ft wide Highway 306 (Bayou Gauche) Roller Gate, TOW EL 18.5 ft
19 Crawford Canal Pump Station fronting protection, TOW EL 18.5 ft   


(50 LF of floodwall) 
20 270-ft Barge Gate crossing Bayou Des Allemands, TOW EL 18.5 ft
21 Environmental structures on either side of the 270-ft Bayou Des 


Allemands Barge Gate, (12) 15 ft x 20 ft box culverts with sluice 
gates 


22 Godchaux Canal Bridge, TOW EL 9.5 ft 
23 Drainage Structure – (4) 6 ft x 6 ft Reinforced Concrete (RC) box 


culverts with sluice gates, in 3 different locations 
24 Drainage Structure – (4) 6 ft x 6 ft RC box culverts with sluice gates 
25 Drainage Structure – (4) 6 ft x 6 ft RC box culverts with sluice gates 
26 Drainage Structure – (2) 84-inch RC Pipe (RCP) culverts with sluice 


gates 
27 Drainage Structure – (1) 60-inch RCP culvert with sluice gates 
28 T-wall section, Enterprise and Shell Pipeline Crossing (Davis Pond


Crossing #1)
29 T-wall section, Bridgeline Enlink Pipeline Crossing (Davis Pond


Crossing #2)
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1.1  Levee System  


The RP alignment, as stated above, ties into the existing St. Charles Parish levee (which was built 
to a design elevation of 7.5 ft) at the southern end.  The alignment then traverses across the UBB 
in a southwesterly direction, paralleling U.S. Highway 90 on its eastern side, and ends at the 
Lafourche Parish levee near Raceland, LA.   


The construction of the RP alignment, including the structural features, hereafter referred to as 
the “levee system,” would be based on approximately a 1% AEP level of risk reduction and a year 
2026 intermediate Relative Sea Level Rise (RSLR) condition to describe the expected future 
storm risks and to present the benefits of the RP.  The Relative Sea Level Change (RSLC) 
evaluations have been used to establish project size and to evaluate future adaptability.  The 
Project Delivery Team (PDT) formulated using the intermediate RSLR as the basis of the design, 
but the system will be adapted to meet the future Sea Level Change conditions.  The levee and 
all structural features were designed according to Hurricane Storm Damage and Risk Reduction 
System (HSDRRS) specifications.  For a complete list of the HSDRRS specifications and 
guidelines (dated June 2012), refer to the following website:   


https://www.mvn.usace.army.mil/Missions/Engineering/Hurricane-Design-Guidelines/    


The levee system consists of earthen levees, floodwalls (T-walls) east of Des Allemands along 
the Paradise Canal, one 45 linear ft roller gate structure at Bayou Gauche and one 270 linear ft 
barge gate structure across Bayou Des Allemands.  The earthen levees include 1 Vertical on 4 
Horizontal (1V:4H) side slopes and a 10 ft-wide crown, with various design elevations (the 
construction grade elevation would be higher to allow for settlement) along the alignment, and 
designed to include multiple lifts over the 50-year period of analysis.  The first lift, projected to 
occur in the year 2026 would lift the levee to an elevation of 14.0 ft except in hydraulic reaches F 
and H, where it would be constructed to an elevation of 16.0 ft after settlement.  Subsequent lifts 
would sustain the 1% AEP over the period of analysis.  Material settlement over the period of 
analysis has also been incorporated into the material quantities for each of the alignment’s 
hydraulic reaches.   


Borrow material for construction is proposed to come from sites estimated to be within 15 miles 
of where U.S. Highway 90 crosses Bayou Des Allemands.  Existing Government borrow sites 
were not available within the designated distance.  Potential borrow sites on farmlands (avoiding 
swamp and marshlands) were identified in Raceland and can be seen in Figure 1-4.  Not all of 
the lands from the potential pits in Figure 1-4 are intended to be used.  A total of 5,200,400 cubic 
yards of soil is needed for the first lift in the year 2026, and a grand total of 8,812,700 cubic yards 
is needed over the entire authorized 50-year period of analysis to sustain the 1% AEP design 
elevations out to the year 2076.  It was assumed that 10 ft to 15 ft of usable material could be 
found in these sites.  The borrow pit needed for the quantity of soil would be approximately 500 
acres.  Refer to Sections 1.8.1 and 1.8.7 for more information regarding potential borrow sites.      
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.
Figure 1-4:  Potential Earthen Borrow Sources Near Raceland 


1.2  Hydraulic Connectivity 


Hydrologic connectivity would be maintained to the extent practicable through water control 
structures, except when those structures are closed during tropical events, as the risk reduction 
system is only authorized to address storm surge caused by tropical events.  The risk reduction 
system is not authorized to mitigate or reduce impacts to the swamps within the project area, 
caused by higher day-to-day water levels resulting from increases in sea level rise (SLR).  Rainfall 
events and high tides could still cause significant flooding of the swamps within the levee-enclosed 
project area.  All drainage features through the levee system were sized to match the existing 
gravity drainage system, and would mimic the existing drainage patterns when the system is not 
closed.  Any operational changes implemented to address changing SLR conditions or for any 
other non-project-related purpose would be considered a separate project purpose requiring 
separate authorization, new National Environmental Protection Act (NEPA) documentation and/or 
permit approvals.      


1.3  Proposed Design for Construction by Hydraulic Reach 


All listed access routes to access hydraulic reaches A through H would each have a 40-ft wide 
footprint (consisting of a 25 ft right-of-way for the access road itself and a 15-ft width for a 
vegetative free zone).  There is a designated staging area and access route for each hydraulic 
reach listed below.  All of the staging areas together represent a total of approximately 20 acres.  
All of the access routes together represent a total of approximately 40 acres.  Table 1-2 
provides all details of footprint width and Right-of-Way (ROW) required to construct the 
proposed alignment.  It should be noted that the term “frontage protection” at existing pump 
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stations entails T-walls with the pump discharge pipes going through the wall, along with pipe 
supports and riprap.  


1.3.1  Hydraulic Reach A 


Hydraulic Reach A begins at the Mississippi River Levee and extends approximately 24,710 ft 
south and is split into two hydraulic subreaches, A-1 and A-2, dependent on the location of the 
existing canal.  In Hydraulic Subreach A-1, the existing canal is on the floodside of the existing 
levee, approximately 6,280 ft in length.  In Hydraulic Subreach A-2, the existing canal is on the 
landside of the existing levee, approximately 18,430 ft in length.  The proposed earthen levee has 
a centerline shifted away from the existing canals, built off the existing Davis Pond West Guide 
Levee with a landside shift and berm (Hydraulic Subreach A-1) and the existing St. Charles Levee, 
with a floodside shift and berm (Hydraulic Subreach A-2).  All of the existing levee footprints, 
including ROW, were incorporated into the proposed levee design.  


From the Mississippi River Levee, the Hydraulic Subreach A-1 alignment continues south where 
it crosses River Road, the Union Pacific railroad track, the BNSF railroad track and U.S. Highway 
90. Ramps would be constructed for the River Road and U.S. Highway 90 crossings.  Two railway
gates would be constructed where the Union Pacific railroad track and the BNSF railroad track
cross the alignment.  Hydraulic Subreach A-1 ends and Hydraulic Subreach A-2 begins just south
of U.S. Highway 90.  Hydraulic Subreach A-2 continues south.  The existing Davis Pond pump
station would receive new frontage protection.  At the Willowdale pump station, two existing tidal
exchange structures, located on either side of the structure, would need to be replaced.  New
T-wall sections, one measuring 152 ft and one measuring 298 ft, would be constructed to allow
the Enterprise/Shell pipeline and the Bridgeline Enlink pipeline to pass through the levee
alignment without impacting the integrity of the alignment.  Hydraulic Reach A would initially be
constructed to a height of 14 ft in the year 2026, with an expected settlement of 1.5 ft by the year
2054.  A second lift is proposed in the year 2054, to elevation 16 ft, in order to maintain the 1%
AEP design elevation over the authorized 50-year period of analysis.


Hydraulic Reach A would be accessed from U.S. Highway 90 to Willowdale Boulevard and then 
to Lafayette Drive.  Three staging areas are proposed for use during the construction of the levee 
alignment and structures within Hydraulic Reach A.  The first staging area is located off Willowdale 
Boulevard and measures approximately 0.7 acres in size.  A second staging area, approximately 
one acre in size, is located along Willowdale Boulevard.  The third staging area, approximately 
one acre in size, is located next to River Road.  The third staging area would be utilized for the 
construction of the ramp over the levee for River Road and the two railroad roller gate structures 
(Union Pacific to the north and the BNSF to the south).  Refer to Figure 1-5 for the locations of 
the staging areas.    
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Figure 1-5:  Hydraulic Reach A Access Road and Staging Areas 
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1.3.2  Hydraulic Reach B 


Hydraulic Reach B begins at Willowdale Pump Station and measures approximately 17,100 ft in 
length.  The proposed new construction centerline of Hydraulic Reach B would be shifted away 
from the existing canal, which is on the landside of the existing levee, similar to Hydraulic 
Subreach A-2.  All of the existing levee footprint, including the ROW, has been incorporated into 
the proposed levee design.  


Continuing southwest from the Willowdale Pump Station, along the St. Charles Parish Levee, 
frontage protection would be needed at the Willowridge, Kellogg and Cousins pump stations.  
Due to the design elevation requirements, T-wall sections would be constructed in order to 
accommodate both the East Gas Pipeline and the West Gas Pipeline.  The T-wall would allow 
the gas pipelines to pass through the alignment while maintaining the integrity of the alignment.  


Hydraulic Reach B would initially be constructed to an elevation of 14.0 ft in the year 2026, with 
an expected settlement of 1.5 ft by the year 2054.  A second and final lift to elevation 16.0 ft is 
proposed in the year 2054 in order to maintain the 1% AEP design elevation over the authorized 
50-year period of analysis.


Hydraulic Reach B would be accessed from the same access route as that used for Hydraulic 
Reach A.  A second access route for Hydraulic Reach B would be from U.S. Highway 90 to River 
Ridge Drive and then to Primrose Street.  There is an approximately one acre staging area, 
located off Lafayette Drive, next to the alignment, proposed for Hydraulic Reach B.  Refer to 
Figure 1-6 for the location of the staging area.   
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Figure 1-6:  Hydraulic Reach B Access Road and Staging Area 







      Upper Barataria Basin, Louisiana 
  Final Feasibility Report and Integrated Environmental Impact Statement 


Appendix A          12     December 2021 


1.3.3  Hydraulic Reach C 


Hydraulic Reach C begins at the Ellington Pump Station, measures approximately 22,600 ft in 
length and continues to elevate the St. Charles Levee.  The proposed new centerline of Hydraulic 
Reach C would be shifted away from the existing canal, which is on the landside of the existing 
levee, similar to previously-defined Hydraulic Subreach A-2 and Hydraulic Reach B.  All of the 
existing levee footprint, including the ROW, has been incorporated into the proposed levee 
design.  


Continuing from the Ellington Pump Station, along the St. Charles Parish Levee footprint, the 
levee alignment turns back south along the St. Charles Parish Levee.  Fronting protection would 
be placed at the Ellington Pump Station and a new T-wall section, measuring approximately 135 
ft long, would be constructed to allow the Magnolia pipeline to pass through the levee alignment 
without impacting the integrity of the alignment.  Hydraulic Reach C would initially be constructed 
to an elevation of 14.0 ft in the year 2026, with an expected settlement of 1.5 ft by the year 2054.  
A second (final) lift to elevation 16.0 ft is proposed in the year 2054 in order to maintain the 1% 
AEP design elevation over the authorized 50-year period of analysis.  


Hydraulic Reach C would be accessed from U.S. Highway 90 and then to Magnolia Ridge Road.  
The proposed staging area for Hydraulic Reach C would be located off Magnolia Ridge Road and 
would be approximately 1.6 acres in size.  Refer to Figure 1-7 for the location of the staging area. 
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Figure 1-7:  Hydraulic Reach C Access Road and Staging Area 
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1.3.4  Hydraulic Reach D 


Hydraulic Reach D begins just south of the Paradise Control Structure at the end of Hydraulic 
Reach C, and measures approximately 19,000 ft in length.  This reach would be constructed on 
top of the existing Sunset Levee.  The proposed new centerline of Hydraulic Reach D continues 
south, and would be shifted away from the existing canal, which is on the floodside of the existing 
levee, similar to Hydraulic Subreach A-1.  All of the existing levee footprint, including the ROW, 
has been incorporated into the proposed levee design.  


Within Hydraulic Reach D, there is one section of T-wall, measuring approximately 2,700 ft, which 
would be constructed in order to avoid existing houses and utilities along the levee alignment. 
The T-wall has a 10-ft wide base slab, with an 80-ft construction easement and an elevation of 
15.0 ft.  The T-wall would be constructed via the ROW from the landside.  The Hydraulic Reach 
D levee portion would initially be constructed to an elevation of 14.0 ft in the year 2026, with an 
expected settlement of 1.5 ft by the year 2056.  A second (final) lift to elevation 16.0 ft is proposed 
in the year 2056 in order to maintain the 1% AEP design elevation over the authorized 50-year 
period of analysis.    


Hydraulic Reach D would be accessed from Bayou Gauche Road (LA Highway 306) and then to 
Grand Bayou Road, using a 1,527 ft long temporary access route.  The 40-ft wide access road 
would be constructed using crushed stone for the road surface that cuts across a local field to the 
alignment.  The proposed staging area for Hydraulic Reach D would be located off of Grand Bayou 
Road and is approximately 2.2 acres in size.  Refer to Figure 1-8 for the location of the staging 
area.     
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Figure 1-8:  Hydraulic Reach D Access Road and Staging Area 
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1.3.5  Hydraulic Reach E 


Hydraulic Reach E begins just south of Grand Bayou Road.  It is a combination of earthen levee 
and floodwalls, which total approximately 14,600 ft.  The earthen levee portion measures 
approximately 3,340 ft in length while the floodwall portion measures approximately 11,230 ft in 
length.  The earthen levee portion of the hydraulic reach would be constructed on top of the 
existing Sunset Levee, with a new proposed centerline shifted away from the existing canal, which 
is on the floodside of the existing levee, similar to Hydraulic Subreach A-1 and Hydraulic Reach 
D. All of the existing levee footprint, including the ROW, has been incorporated into the proposed
levee design.


Due to the minimal room for construction between the existing canal and the existing structures 
along the canal, the proposed floodwall portion (T-wall design) would be constructed to an 
elevation of 18.5 ft, with a 10 ft to 20 ft-wide concrete slab at the base.  Within the T-wall section, 
where the alignment crosses LA Highway 306, a roller gate would be constructed in the alignment. 
This roller gate would remain open during normal day-to-day operations and would only be closed 
preceding a tropical event.  A 400-ft long section of T-wall is also needed for a pipeline just west 
of the Crawford Canal where Hydraulic Reach E ties into Hydraulic Reach F.  The small portions 
of earthen levee in this hydraulic reach would initially be constructed to an elevation of 14.0 ft in 
the year 2026, with an expected settlement of 1.5 ft by the year 2038.  A second lift to elevation 
16.0 ft is proposed for the year 2038, with an expected settlement of 1.0 ft by the year 2059.  A 
third and final lift to an elevation of 18.5 ft is proposed in the year 2059 to maintain the 1% AEP 
design elevation over the authorized 50-year period of analysis.  The T-wall would be designed 
to maintain the 1% AEP upon initial construction in the year 2026.   


Hydraulic Reach E would be accessed directly from Bayou Gauche Road with a proposed staging 
area of approximately 2 acres (also located off of Bayou Gauche Road).  Refer to Figure 1-9 for 
the access route and staging area location.  A new access route would be constructed for the 
community outside the system at the end of Badeaux Lane because the floodwall eliminates 
access to the community.  The permanent access route would be from LA Highway 306, just 
outside the T-wall, and would allow access to the community with a 30-ft wide road.  
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Figure 1-9:  Hydraulic Reach E Access Road and Staging Area 
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1.3.6  Hydraulic Reach F 


Hydraulic Reach F begins just past the Crawford Canal pump station.  It measures approximately 
15,400 ft in length.  This hydraulic reach would be constructed on top of the existing Sunset Levee. 
The new proposed centerline of Hydraulic Reach F continues south and would be shifted away 
from the bayou, which is on the floodside of the existing levee, similar to Hydraulic Subreach A-1 
and Hydraulic Reaches D and E.  All of the existing levee footprint of the Sunset Levee, including 
the ROW, has been incorporated into the proposed levee design.  


Hydraulic Reach F consists of mostly earthen levee and includes a 270-ft barge gate structure as 
well as culverts with sluice gates.  The barge gate would be constructed across Bayou Des 
Allemands.  It would incorporate six 15-ft x 20-ft concrete box culverts on each side of the gate, 
for a total of twelve culverts with sluice gates (there would be no screens on the culverts).  The 
channel where the structure would be placed would require dredging in order to achieve a sill 
elevation around (-) 14.0 ft to (-) 19.0 ft.  Dredge material would be placed in potential disposal 
sites downstream stable enough for marsh creation.  Refer to the Dredge Disposal Plan in 
Appendix E of the Upper Barataria Basin Final Feasibility Report.  The earthen levee would initially 
be constructed to an elevation of 16.0 ft in the year 2026, with an expected settlement of 1.7 ft by 
the year 2044.  A second and final lift to elevation 18.5 ft is proposed for the year 2044 to maintain 
the 1% AEP design elevation over the authorized 50-year period of analysis.    


Access for Hydraulic Reach F would be by way of a temporary crushed stone access road, 40 ft 
wide and approximately 4,575 linear ft long, constructed from the end of Down The Bayou Road 
to the barge gate crossing on top of the existing Sunset Levee.  Access to this route will be via 
U.S. Highway 90 to the eastern side of Bayou Des Allemands, via Down The Bayou Road near 
the proposed barge gate placement site.  The temporary access road would be removed and the 
area returned to pre-construction conditions once construction has been completed.  


Hydraulic Reach F has two proposed staging areas.  The first staging area is located west of the 
Crawford Canal pump station.  The second proposed staging area is located on the east bank of 
Bayou Des Allemands, where the alignment crosses the bayou.  Both proposed staging areas are 
approximately 2.2 acres in size. Refer to Figure 1-10 for the access route and staging area 
locations.   
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Figure 1-10:  Hydraulic Reach F Access Road and Staging Areas 
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1.3.7  Hydraulic Reach G 


Hydraulic Reach G begins on the southern bank of Petit Lac Des Allemands and continues parallel 
to U.S. Highway 90 through the existing marsh.  Hydraulic Reach G measures approximately 
31,000 ft in length, with no existing levees currently located in this reach.  Geotechnical 
reinforcement has been incorporated into the levee design to reduce the footprint in this reach.   


The proposed action includes construction of a new levee with berms on both sides of the levee.  
The new constructed levee would incorporate five sets of culverts, with each set consisting of four 
6 ft x 6 ft concrete box culverts with sluice gates (no screens), which are needed to maintain the 
hydraulic flows in and out of the marsh (through small tributaries as well as oil and gas line canals) 
on the southern side of the alignment.  The proposed levee for Hydraulic Reach G would initially 
be constructed to an elevation of 14.0 ft in the year 2026, with a second and final lift to an elevation 
of 16.0 ft proposed in the year 2054 in order to maintain the 1% AEP design elevation over the 
authorized 50-year period of analysis.    


Access to Hydraulic Reach G would be from U.S. Highway 90 via a new constructed permanent 
access road just southwest of Dufrene Ponds.  The new access road would measure 
approximately 7,925 ft in length and would have a crushed stone surface.  The access road 
includes construction of a permanent bridge across the Godchaux Canal in order to gain access 
to the alignment for construction and future operation and maintenance.  The proposed staging 
area for Hydraulic Reach G, approximately 2.3 acres in size, would be located on the north-east 
corner of where the Godchaux Canal and the access route intersect.  Refer to Figure 1-11 for the 
access route and staging area locations.  These structures would be constructed using the 
temporary access route located along the alignment within the ROW.  Refer to Figures 1-2 and 
1-3 for the locations of these hydraulic structures.
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Figure 1-11:  Hydraulic Reach G Access Road and Staging Area 
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1.3.8  Hydraulic Reach H 


Hydraulic Reach H begins where Gibbons Road meets the alignment and continues to parallel 
U.S. Highway 90 through the existing marsh and follows next to Amerada Hess Road.  Hydraulic 
Reach H measures approximately 16,900 ft in length, with no existing levees currently in place. 
Geosynthetic reinforcement has been incorporated into the levee design to reduce the footprint 
in this reach.   


The proposed construction for Hydraulic Reach H includes new levee construction with berms on 
both sides of the levee, which would parallel U.S. Highway 90 through the existing marsh.  The 
new constructed levee would incorporate two sets of culverts for hydraulic exchange from the 
north to the south of the alignment.  Each set consists of two 84-inch diameter culverts with sluice 
gates and one 60-inch diameter culvert with a sluice gate (no screens).  The proposed levee for 
Hydraulic Reach H would be constructed with one lift to an elevation of 16.0 ft in the year 2026 in 
order to maintain the 1% AEP design elevation over the authorized 50-year period of analysis.    


Hydraulic Reach H and a portion of Hydraulic Reach G would be accessed using Amerada Hess 
Road.  For access along the project site, it was assumed access would be for the length of the 
reach.  A 40-ft wide footprint (consisting of a 25 ft right-of-way for the access road itself and a 
15-ft width for a vegetative free zone), positioned at the levee toe, is proposed. A two-acre staging
area is proposed along the intersection of LA Highway 308 and Amerada Hess Road.  Refer to
Figure 1-12 for the locations of the access road and staging area.  These structures would be
constructed using the temporary access route located along the alignment within the right of way.
Refer to Figures 1-2 and 1-3 for the locations of these hydraulic structures.
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Figure 1-12:  Hydraulic Reach H Access Road and Staging Area 
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1.4  Type of Equipment for Construction 


Types of construction equipment that will be needed for construction include typical construction 
equipment and complex construction equipment, including cranes, backhoes, bulldozers, pile 
drivers, rollers and disking equipment (for drying and processing material).      


1.5  Existing Footprints and New Levee Construction 


There is an existing levee between the Mississippi River and Bayou Des Allemands that is 
incorporated into the new levee construction.  Nearly all of the existing levee footprint, including 
the existing ROW, would be used in the new levee construction.  The levee would offset from the 
side opposite the water bodies (Davis Pond Canal, existing St Charles Levee Canal, the Paradise 
Canal and Bayou Des Allemands).  The total cross sections include the existing levee, new levee 
construction in the year 2026 and new levee new construction in the year 2076.  The levee reach 
extending between Bayou Des Allemands and Raceland does not have an existing levee.  Refer 
to Table 1-2 for the earthen levee measurements. The table does not include T-wall widths (in 
which 80 ft of ROW is designated for the construction).   


Table 1-2:  Earthen Levee Footprint Widths 


Existing Levee Year 2026 Construction Final Lift Construction 


Reach 


Levee 
including ROW 


(ft) 


Toe-
To-Toe 


(ft) 


Levee 
including ROW 


(ft) 


Toe-
To-Toe 


(ft) 


Levee 
including ROW 


(ft) 
A, 


Davis 
Pond 285 125 190 173 238 


A 100 125 190 236 301 
B 100 125 190 236 301 
C 100 125 190 236 301 
D 100 125 190 173 238 
E 75 122 187 244 309 
F 130 169 234 244 309 
G 0 170 250 170 250 
H 0 170 250 170 250 


Note – The ROW included in the levee design is for temporary construction of the levees.  


1.6  Mitigation Measures to Address Induced Flooding from the RP 


The 1% AEP design levee is estimated to induce flooding in the communities of Bayou Gauche, 
Gheens and Mathews, which are located outside of the system on the east side of the levee.  The 
induced flooding is greatest within the community of Bayou Gauche, which is directly adjacent to 
the levee.  This area is estimated to receive 1.0 to 1.5 ft of induced flooding under existing 
conditions, and 2 ft to 4 ft under future conditions.  Mitigation for potential induced damages will 
be further investigated during PED, including options to improve the existing local levees (Gheens 
and Mathews) as a mitigation measure.  At this time, the highest cost, a worst-case scenario 
mitigation for potential induced flooding, has been included, which includes the acquisition of 64 
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residential structures in Bayou Gauche, 173 residential structures in Gheens and 33 residential 
structures (plus 5 commercial structures) in Mathews.  Though the highest cost (acquisitions) was 
included in the overall project cost estimate, individual investigation and mitigation for each 
structure, if appropriate, will be performed during PED.  Refer to Section 6.3 of the Main Report 
and Appendix D, Real Estate Plan, for more information on methods to reduce the risk of induced 
flooding outside the project.   


1.7  Hydrology and Hydraulics   


The RP levee alignment design elevations are sufficient to provide risk reduction from a hurricane 
event that would produce a 1% AEP surge elevation and associated waves.  The design 
elevations presented in this section were determined using the 1% AEP surge elevation, 1% AEP 
wave height and 1% AEP peak wave period, and assume simultaneous occurrence of maxima of 
surge level and wave characteristics.  These assumptions are conservative and are in line with a 
resilient design approach.   


1.7.1  Exterior Analysis – Hydraulic Levee Design 


Levee and structural design elevations were determined for the 1% AEP return period for the RP 
alignment.  This analysis was performed using results from the with-project ADCIRC modeling.  


Methodology 


The hydraulic boundary conditions for each hydraulic reach for the 1% AEP return period for the 
years 2026 and 2076 were obtained from the 2017 CPRA ADCIRC with-project model runs and 
tabulated in Figures 1-13 and 1-14 below, where WSE is the water surface elevation in ft NAVD88 
(2004.65), Hs is the significant wave height in ft, and Tp is the peak period in seconds.  Annex 11 
contains the 1% AEP for the RP derived from performing various iterations through the screening 
phase and ultimately to the RP which is the 1% AEP with HSDRRS overtopping criteria levees 
and using an ADCIRC storm surge model combined with the UnSWAN model for nearshore 
waves.   


Changes in water surface elevations will occur in the future (year 2076) due to 50 years of 
intermediate relative sea level rise.  Design elevations for the future condition scenario are 
considered to reflect conditions that are likely to exist in the year 2076.  Changes in surge 
elevations will occur in the future due to subsidence and sea level rise (SLR).  Refer to Annex 10, 
Storm Surge Assessment (ADCIRC Analysis), for more information.  Refer to Engineering 
Pamphlet (EP) 1100-2-1, Procedures to Evaluate Sea Level Change: Impacts, Responses, and 
Adaptation 2019.     
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1% AEP Existing Conditions (Year 2026) Intermediate SLR 


Hydraulic 
Reach 


SWE (ft) 
Standard 
Deviation 


Hs (ft) Tp (seconds) 


A 7.7 0.8 1.7 2.7
B 7.1 0.8 1.7 2.4
C 7.2 0.8 1.8 2.3
D 7.1 0.8 1.9 2.6
E 6.8 0.8 2.9 3.5
F 6.7 0.8 3.9 3.9
G 6.8 0.8 3.3 3.2
H 5.5 0.8 2.1 2.4


Figure 1-13:  1% AEP – Year 2026 Hydraulic Boundary Conditions 


1% AEP Future Conditions (Year 2076) Intermediate SLR 


Hydraulic 
Reach 


SWE (ft) 
Standard 
Deviation 


Hs (ft) Tp (seconds) 


A 11.3 0.8 2.0 3.4 
B 11.2 0.8 1.9 3.2 
C 11.1 0.8 2.0 3.2 
D 11.0 0.8 2.5 3.4 
E 10.8 0.8 4.4 4.3 
F 10.8 0.8 4.5 4.2 
G 10.3 0.8 3.2 3.2 
H 9.8 0.8 2.7 3.3


Figure 1-14:  1% AEP – Year 2076 Hydraulic Boundary Conditions 


Design criteria for the levee and structure elevations also consider wave overtopping limits. 
Guidelines for establishing the overtopping rate threshold (i.e., the threshold associated with the 
onset of levee erosion and damage) for different types of embankments can be found in 
Engineering Manual (EM) 1110-2-1100 (Part VI), Table VI-5-6.  These threshold values are 
consistent with those that are adopted by the Technical Advisory Committee on Flood Defense in 
the Netherlands (Technische Adviescommissie voor de Waterkeringen) (TAW, 1989 and TAW, 
2002).  After consultation with the American Society of Civil Engineers (ASCE) External Review 
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Panel, the following wave overtopping rates have been established for the New Orleans District 
hurricane risk reduction systems: 


 For the design water surface elevation, wave height and wave period, the maximum
allowable average wave overtopping of 0.1 cubic feet per second per foot (cfs/ft) at 90%
level of assurance and 0.01 cfs/ft at 50% level of assurance for grass-covered levees;


 For the design water surface elevation, wave height and wave period, the maximum
allowable average wave overtopping of 0.1 cfs/ft at 90% level of assurance and 0.03 cfs/ft
at 50% level of assurance for floodwalls with appropriate protection on the back side.


The application of a Monte Carlo analysis is then used to determine the overtopping rate through 
the use of a MATLAB script for overtopping.  The probabilistic overtopping formulations from Van 
der Meer are applied for the levees.  Besides the geometric parameters (levee height and slope), 
hydraulic input parameters for determination of the overtopping rate in Equations 1 and 2 are the 
water elevation (ζ), the significant wave height (Hs), and the peak wave period (Tp).  The Van der 
Meer overtopping formula is shown in Figure 1-15.  Definitions for overtopping of a levee are 
shown in Figure 1-16.   







      Upper Barataria Basin, Louisiana 
  Final Feasibility Report and Integrated Environmental Impact Statement 


Appendix A          28     December 2021 


Figure 1-15:  Van der Meer Overtopping Formulations 
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Figure 1-16:  Definitions for Overtopping of a Levee 


The Monte Carlo Analysis is executed as follows: 


1. Draw a random number between 0 and 1 to set the exceedance probability (p).


2. Compute the water elevation from a normal distribution using the mean 1% AEP surge
elevation and standard deviation as parameters and with an exceedance probability (p).


3. Draw a random number between 0 and 1 to set the exceedance probability (p).


4. Compute the wave height and wave period from a normal distribution using the mean 1%
AEP wave height/wave period and the associated standard deviation and with an
exceedance probability (p).


5. Repeat steps 3 and 4 for the three overtopping coefficients independently.


6. Compute the overtopping rate for these hydraulic parameters and overtopping coefficients
determined in steps 2, 4 and 5 using the Van der Meer overtopping formulations for levees
or the Franco & Franco equation for floodwalls (see Equations 1 and 2 in Figure 1-16).


7. Repeat step 1 through 5 a large number of times (N).


8. Compute the 50% and 90% confidence limits of the overtopping rate. (i.e., q50 and q90).


Results 


The resulting levee design elevations, using the HSDRRS guidelines for earthen levee 
overtopping, with a threshold of q90 = 0.1 cfs/ft and q50 = 0.01 cfs/ft for levees with a 1V:4H 
slope, are contained in Figures 1-17 and 1-18.  Refer to Annex 11, 1% AEP (Year 2026 and Year 
2076) Levee Overtopping Output Plots, for more information.    
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1% AEP Existing Conditions (Year 2026) Intermediate SLR 


Hydraulic Reach Levee Elevation (ft), NAVD88 (2004.65) 


A 10.0 
B 10.0 
C 10.0 
D 9.5 
E 11.0 
F 12.5 
G 11.0 
H 8.5 


Figure 1-17:  1% AEP – Year 2026 Hydraulic Levee Design Elevations 


1% AEP Future Conditions (Year 2076) Intermediate SLR 


Hydraulic Reach Levee Elevation (ft), NAVD88 (2004.65) 


A 14.5 
B 14.5 
C 14.5 
D 14.5 
E 17.5 
F 17.5 
G 14.5 
H 13.5 


Figure 1-18:  1% AEP – Year 2076 Hydraulic Levee Design Elevations 
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The recommended design elevation for floodwalls and other “hard” structures is the future 
conditions elevation.  The recommended design elevation for floodwalls and other “hard” 
structures should be no less than the future condition design elevation of adjacent levees. 
Floodwalls and other “hard” structures will require extensive reconstruction in the future. 
Incorporating future changes into the design of these structures now is a prudent design 
consideration.  Refer to Figure 1-19 for the future design elevations for floodwalls and other 
structures.   


1% AEP Future Conditions (Year 2076) Intermediate SLR 


Hydraulic 
Reach 


Structure Elevation (ft), NAVD88 (2004.65) 


A 14.5 
B 14.5 
C 14.5 
D 15.0 
E 18.5 
F 18.5 
G 15.5 
H 14.0 


Figure 1-19:  1% AEP – Year 2076 Hydraulic Structural Design Elevations 


The designs for the levees and structures were then examined for resiliency by computing the 
0.2% (500-year) surge level (50% confidence).  The results are presented in Figure 1-20 below. 
For all sections, the 0.2% surge level remains at or below the top of the levee/floodwall.  For 
more information on resiliency, refer to Engineering Circular Bulletin (ECB) 2018-2, 
Implementation of Resilience Principles in the Engineering & Construction Community of 
Practice 2018.   
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0.2% AEP Resiliency Analysis 


Hydraulic 
Reach 


Levee 
Design 


Elevation 
Year 2026 


(ft) 


0.2% 
Surge 


Elevation 
Year 2026 


(ft) 


Levee 
Design 


Elevation 
Year 2076 


(ft) 


Structural 
Design 


Elevation 
Year 2076 


(ft) 


0.2% 
Surge 


Elevation 
Year 2076 


(ft) 


A 10.0 9.9 14.5 14.5 13.4
B 10.0 9.7 14.5 14.5 13.5
C 10.0 9.7 14.5 14.5 13.6
D 9.5 9.4 14.5 15.0 14.2
E 11.0 9.3 17.5 18.5 14.0


F 12.5 9.4 17.5 18.5 13.9


G 11.0 9.0 14.5 15.5 13.0
H 8.5 8.1 13.5 14.0 13.2


Figure 1-20:  0.2% AEP – Resiliency Analysis 


Conclusion 


Modeling results analyzed during the feasibility level design of the RP alignment showed that the 
levee system would potentially induce flooding on the floodside of the levee alignment while 
reducing flooding due to storm surge on the landside.  Hydrologic modeling (ADCIRC and SWAN) 
shows that the RP could potentially induce flooding in the areas outside of the risk reduction 
system (with a change in water surface elevations ranging from around 1 ft in the northern portion 
of the alignment to around 2 ft in the southern portion of the alignment) as shown in Figure 1-21 
below.  The project will incorporate features to mitigate any potential induced flooding such as 
ring levees and house raisings for affected communities.   


Figure 1-21:  With-Project and Without-Project Water Elevation Difference Plots in Ft 
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The UBB levee system meets the hydraulic requirements for levee certification, as documented 
in Engineering Circular (EC) 1110-2-6067, USACE Process for the National Flood Insurance 
Program (NFIP) Levee System Evaluation, August 2010 and ER 1110-2-8160, Policies for 
Referencing Project Elevation Grades to Nationwide Vertical Datums 2009. 


1.7.2  Interior Analysis – Hydraulic Levee Design 


The hydrologic routing and impounding of rainwater in the area between U.S. Highway 90 and 
Hydraulic Reaches G and H of the proposed levee alignment were investigated.  This analysis 
incorporated the existing without- project condition for the RP levee alignment using the 10% AEP 
24-hour rainfall frequency.  In the study area, there is a very low chance of riverine flooding
concurrent with storm surge.  Therefore, compound flooding was not included in the analysis.  By
combining all types of flooding into one model, the clarity would be reduced in deciphering what
was happening in the system.  Hydrologic Engineering Center’s River Analysis System
(HEC-RAS) modeling was used to account for rainfall events.  Interior drainage is usually
analyzed at the 10-yr rainfall frequency, which is applied outside of ADCIRC analysis.


Methodology 


The area of interest was analyzed using the HEC-RAS version 5.0.6.  The latest version of 
HEC-RAS that was available at the time of model development was used for the hydraulic 
modeling.  HEC-RAS is designed to perform one-dimensional (1D) and two-dimensional (2D) 
hydraulic calculations for a full network of natural and constructed channels.  The HEC-RAS 
modeling system is capable of simulating one-dimensional, two-dimensional and combined 
one/two-dimensional unsteady flow through a full network of open channels, floodplains and 
alluvial fans.  The unsteady flow component can be used to perform subcritical, supercritical and 
mixed-flow regime (subcritical, supercritical, hydraulic jumps and draw-downs) calculations in the 
unsteady flow computations module.  For this analysis, the 2D unsteady flow model mesh used 
for the initial calibrated HEC-RAS modeling was also used for this model.  


The National Oceanic and Atmospheric Administration’s (NOAA) Atlas 14-point precipitation 
frequency estimates were used for precipitation inputs.  A 24-hour precipitation duration was used 
for the 10% AEP event.  The HEC-RAS model was run using a 3-week simulation time window 
for the AEP event.  Refer to Table 1-3 below for the 24-hour precipitation estimate for the 10% 
AEP event. 
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Table 1-3:  NOAA Atlas 14 Precipitation Frequency Estimates 


Results 


Depths at locations in and around the area of interest (Figure 1-22) are shown in Figures 1-23 
through 1-26.  The area contains four existing major channels, three of which run north to south 
and one that runs east to west.  The timeframes captured for this analysis are:  initial, after week 
one, after week two and after week 3.  The scale shows depths in ft from 0 (light blue) to 6 (dark 
blue).   


Figure 1-22:  Upper Barataria Basin Area of Interest 
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Figure 1-23:  Initial Depths in the Upper Barataria Basin Area of Interest 
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Figure 1-24:  Depths After Week One in the Upper Barataria Basin Area of Interest 
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Figure 1-25:  Depths After Week Two in the Upper Barataria Basin Area of Interest 
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Figure 1-26:  Depths After Week Three in the Upper Barataria Basin Area of Interest 


Conclusion 


Given the results over the three-week timespan, the water depths produced by the 10% AEP 
24-hour rainfall between the proposed levee and U.S. Highway 90 maintains a level of less than
2 ft as shown in Figures 1-24 through 1-26.  The water in this location appears to be confined in
the area by a spoil bank south of the major canal that runs east to west, which coincides with the
location of the proposed levee alignment.  Therefore, the addition of the proposed levee alignment
will likely not exacerbate the impoundment of water on the landside since the rainfall is already
confined in the area of interest for the without-project condition.  Due to the incremental change
in water depths for the without-project condition, it could be concluded that overtopping of the
proposed levee alignment may increase the water depths slightly and take a little longer time to
drain from the area, but further with-project modeling is needed to quantify those effects.


A 270-ft wide barge gate with a top of wall elevation of 18.5 ft, as well as adjacent 20 ft-wide sluice 
gates (each with a top of gate elevation of 18.5 ft), are proposed where Reach F crosses Bayou 
Des Allemands.  The proposed barge gate and adjacent sluice gates provide the same 
conveyance capacity as the railroad (RR) restriction north of the proposed gate location.  Refer 
to Annex 16 for the barge gate and sluice gates conveyance capacity design calculations.  This 
would not result in a "bottleneck" situation (which would cause water to stack behind the gate), 
resulting in elevated water levels on the landside.  During normal hydro-meteorological conditions, 
all gates will remain open to allow free navigation, fish passage and drainage of landside  
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floodwaters.  Deviations from this condition may occur for maintenance or emergencies (e.g.,  
pollutant spills).  Barge gate closure will occur when all of the following criteria are applied: 


a) The National Weather Service has issued a Small Craft Advisory for Barataria Bay
associated with a tropical event in the Gulf of Mexico.


b) A storm surge of a certain elevation has been forecast for the project area.


c) Water levels at the gate exceed a certain elevation OR wind speeds exceed a certain
speed OR exterior stage equals interior stage.


The water elevations are based on available storage inside the protected area and the goal of not 
exceeding certain water elevations are based on personnel safety and safe operation of site 
equipment (e.g., cranes).  Stage equalization is needed because the barge gate can only move 
under zero head.  Exact elevations would be determined by future modeling efforts.   


The Upper Barataria Basin is rather expansive, ranging around 610 square miles for the area 
north of U.S. Highway 90.  This large area allows for extensive storage capacity.  The storage 
capacity would allow the rainwater to be stored within the basin while the gates are closed, 
resulting in minimal flooding within the system due to rainfall.  


The levee system is designed for a 1% Level of Risk Reduction (LORR), which means a storm of 
a greater magnitude than a 1% LORR storm would be required to overtop the proposed levees. 
Given that scenario, the with-project condition would limit the propagation of surge up into the 
basin while the without-project condition would allow surge to propagate further into the basin, 
thus requiring a longer time for the water to exit since most of the water drains to Bayou Des 
Allemands and out of the system.   


The culverts were sized for the new levee alignment drainage connectivity, based on the Coastal 
Protection and Restoration Authority (CPRA) “Upper Barataria Risk Reduction Conceptual Design 
Report, Louisiana State Coastal Master Plan Project No. 002.HP.06, dated December 2018. 
Indicated on pages 7-3 and 7-4 of the report, it states “the proposed sizes were designed to limit 
the head loss across the levee alignment to 0.5 ft”.  Indicated in the project description of the 
report, in the Hydraulic Connectivity section, it states “all drainage features through the levee 
system were sized to match the existing gravity drainage system and would mimic the existing 
drainage patterns when the system is not closed”.  Since limited information and no surveys of 
the channels were available at the time when the report was prepared, culvert dimensions 
proposed by CPRA in its Conceptual Design Report were adopted.  However, the number of 
culverts and culvert dimensions were evaluated by MVN based on the footprint of the channels. 
A revisit of the number of culverts and dimensions can be conducted during the Pre-construction 
Engineering Design (PED) phase (when survey information is available).   
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1.8  Geotechnical 


1.8.1  Background   


Earthwork stability templates and settlement and lift schedule predictions were prepared for cost 
estimating purposes only.  The templates and lift schedules were used to determine the levee 
footprints, costs, mitigation needs and borrow needs.  


The earthwork stability templates were determined with stability analyses and settlement 
estimates.  Lift schedules based on the settlement estimates were also produced.  


By comparing the available soil properties in the project area, it was determined the soil properties 
used in the St. Charles Parish levee design reports produced a good representation of the soils 
in the area.  The soil properties used in the stability analysis combine the soil properties in the 
Magnolia Ridge Levee Project – Report 1 – Earthen Levees – Report and Figures, Pdf Page 45 
of 49, and the Sunset Levee Geotechnical Report Reach 7.  This was decided to be a conservative 
approach to determining a conceptual levee design for this area.  All elevations are referenced to 
the NAVD88 datum.  


One hundred and forty three borings, which were mostly five-inch undisturbed borings, along the 
proposed alignment were available from the USACE New Orleans District (CEMVN) database. 
Boring and testing information for the 143 undisturbed borings in the project area is available and 
can be provided upon request.  


Subsurface soil in the project area includes soft to medium clay and silty clay.  There are some 
areas of abandoned distributaries comprising layers of loose sandy silt, clayey silt and silty 
sand.  Swamp and marsh deposits were found beneath the natural levee deposits.  Swamp/marsh 
deposits generally comprise soft to very still organic clay, and soft to medium still black humus 
with decayed wood, humus layers and organic matter.  Underlying the swamp/marsh are deltaic 
plain deposits generally composed of soft to medium stiff clay with silt and sand lenses, layers 
and pockets.  Some soil from the Pleistocene Epoch was encountered within the deep soil boings, 
which are approximately 60 ft below the ground surface.  These soils are stiff to very stiff clay and 
may be interbedded with a stratum of medium dense to dense silty sand.   


Local levee districts provided geotechnical reports about local levees, including Willowridge, 
Ellington, Magnolia Ridge and Sunset.  These geotechnical reports contained boring information, 
stability analyses and some settlement analyses.      


1.8.2  Soil Design Reaches 


This project contains Hydraulic Reaches A, B, C, D, E, F, G and H.  The same soil properties 
were used to model all of the levees in these various hydraulic reaches.  Levee elevations varied 
between the hydraulic reaches due to the required hydraulic elevations and overbuild needed 
because of settlement.  Descriptions of the subsoil conditions can be found on plates 17 and 18 
in the “Upper Barataria Basin Risk Reduction 10% Conceptual Design Report”, prepared by 
Burk-Kleinpeter, Inc., GIS Engineering, LLC and APTIM Corp. for the Lafourche Basin Levee 
District (LBLD) and  the North Lafourche Levee District (NLLD), political subdivisions of the State 
of Louisiana, dated December 2018.   
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1.8.3  Methodology and Assumptions 


The analyses were performed in accordance with the HSDRRS Design Guidelines dated 23 
October 2007, with the Geotechnical section updated on 14 June 2012.  It should be noted the 
scope of this study does not include all cases required by the HSDRRS guidelines.  The scope of 
this study only includes an evaluation of the Q-Case (i.e., undrained) parameters for the Top of 
Levee (TOL), Still Water Level (SWL) and the Low Water Level (LWL).  The SWL elevations were 
determined by the hydraulics designer.    


1.8.4  Design Information 


The levee was analyzed with crown elevations of 14.0 ft, 16.0 ft and 18.5 ft.     


Locations of the borings used in the analyses can be found in the geotechnical drawings for the 
RP (sheets 8 through 10) of Annex 13.  Subsoil profiles of the borings used in the analyses can 
be found on sheets 11 through 13 of the geotechnical drawings in Annex 13.  Design parameters 
used in the stability analyses can be found on sheet 14 of the geotechnical drawings in Annex 13. 
Design parameters used in the settlement calculations can be found on sheets 15 and 16 of the 
geotechnical drawings in Annex 13.      


1.8.5  Stability Analyses 


The levee was analyzed with crown elevations of 14.0 ft, 16.0 ft and 18.5 ft (refer to Tables 1-4 
through 1-6 for factors-of-safety).        


The stability of the earthen levees was determined using soil properties from the Magnolia Ridge 
and Sunset geotechnical reports.  Both of these levees are on the alignment of the RP and in St. 
Charles Parish.  These reports were used because it appeared they provided a good 
representation of the general soil properties in the area.  The program SLOPE/W version 
10.0.0.17401 from the GeoStudio 2019 Suite of programs used the Spencer Method to determine 
typical levee cross sections to be used in the cost estimate.   


The earthen levees generally consist of a 10-ft wide levee crown with 1V:4H side slopes.  A simple 
assumption that the SWL was two ft below the top of the levee was used in each analysis.  Stability 
analyses can be found on sheets 19 through 33 of the geotechnical drawings in Annex 13.  


The levees in Hydraulic Reaches G and H use geotextile reinforcement.  Geotextile reinforcement 
was used to reduce the size of the levee footprint.  The geotextile reinforcement was designed for 
the levee with an elevation of 16.0 ft.  It is 100 ft wide at an elevation of 0.0 ft and is 10,500 lbf/ft.  
A levee design with an elevation of 14.0 ft for the geotextile reinforcement section was not needed 
because the same geotextile reinforcement is used in the levee design for the later lift to an 
elevation of 16.0 ft (refer to Table 1-7 for factors-of-safety).   
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Table 1-4:  Summary of Analysis for Levee with Crown Elevation of 14.0 ft 


Name of Analysis 
Required Factor 


of Safety 
Calculated Factor 


of Safety 
* Drawing Number


Construction Grade 1.2 1.48 19 
Low Water Level 1.4 1.60 20 
Still Water Level 1.5 1.53 21 


* From the Geotechnical Drawings in Annex 13


Table 1-5:  Summary of Analysis for Levee with Crown Elevation of 16.0 ft 


Name of Analysis 
Required Factor 


of Safety 
Calculated Factor of 


Safety 
* Drawing Number


Construction Grade 1.2 1.44 22 
Low Water Level 1.4 1.44 23 
Still Water Level 1.5 1.50 24 


* From the Geotechnical Drawings in Annex 13


Table 1-6:  Summary of Analysis for Levee with Crown Elevation of 18.5 ft 


Name of Analysis 
Required Factor 


of Safety 
Calculated Factor of 


Safety 
* Drawing Number


Construction Grade 1.2 1.56 25 
Low Water Level 1.4 1.45 26 
Still Water Level 1.5 1.60 27 


* From the Geotechnical Drawings in Annex 13


Table 1-7:  Summary of Analysis for Levee with Crown Elevation of 16.0 ft and Geotextile 


Name of Analysis 
Required 
Factor of 


Safety 


Calculated Factor 
of Safety 


* Drawing Number


Construction Grade – Around 
Geotextile Reinforcement 


1.2 1.34 28


Construction Grade – Through 
Geotextile Reinforcement 


1.2 1.35 29


Low Water Level – Around 
Geotextile Reinforcement 


1.4 1.40 30


Low Water Level – Through 
Geotextile Reinforcement 


1.4 1.41 31


Still Water Level – Around 
Geotextile Reinforcement 


1.5 1.5 32


Still Water Level – Through 
Geotextile Reinforcement 


1.5 1.4 33


* From the Geotechnical Drawings in Annex 13
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1.8.6  Settlement Analyses 


The Settle3D Version 4.013 Build date: Nov 24 2017 13:21:12, by Rocscience Inc., was used for 
the settlement analyses.  Embankment loads were used to model the typical levee sections found 
in the stability analyses.  Soil properties from the Magnolia Ridge project were used to model the 
soil for the entire study area.  This assumption was based upon the limited data available in the 
study area.  It was assumed the soil was normal to slightly over-consolidated in this area.  The 
settlement parameters used in the settlement calculations can be found in the geotechnical 
drawings of Annex 13 (sheets 15 and 16).  The amount of settlement was determined for each 
levee height.  The amount of settlement was used to develop lift schedules for each hydraulic 
reach (refer to Table 1-8).  Calculations were provided for each levee lift shown on the lift 
schedules in Table 1-8, since the elevation needed to be increased each time the levee was lifted 
to ensure the levee reached the required grade in the year 2073.    


Soil parameters from the Magnolia Ridge Geotechnical Report were used to model the subsurface 
conditions for this project.  Settlement parameters for the Sunset Levee were not available. 
Settlement was performed with Rocscience’s Settle3 program.  The settlement estimate was used 
in conjunction with the provided required hydraulic elevations to develop settlement curves for 
Hydraulic Reaches A through H.     


Table 1-8:  Summary of Lift Schedules 
Hydraulic Reach First Lift Elevation Second Lift Elevation Third Lift Elevation 


A 14.0 ft in Year 2026 16.0 ft in Year 2054 N/A 
B, C and D 14.0 ft in Year 2026 16.0 ft in Year 2056 N/A 


E 14.0 ft in Year 2026 16.0 ft in Year 2038 18.5 ft in Year 2059 
F 16.0 ft in Year 2026 18.5 ft in Year 2044 N/A 
G 14.0 ft in Year 2026 16.0 ft in Year 2044 N/A 
H 16.0 ft in Year 2026 N/A N/A 


1.8.7  Potential Borrow Sites 


Various borrow sites were considered for this project.  Potential borrow sites near the 
recommended alignment, which were cleared for the HSDRRS projects, were considered.  The 
sites that are likely to be used for borrow can be found in the geotechnical drawings of Annex 13 
(sheet 34).  The borrow material for construction is proposed to come from borrow sites within 15 
miles of the project area.  Potential borrow material can come from farmland near the community 
of Raceland (as shown on sheet 34 of the geotechnical drawings of Annex 13).  It should be noted 
that only some of the lands (not all of the lands) from the potential pits are intended to be used. 
A total quantity of 10.5 million cubic yards of fill would be needed for construction, and 2.674 
million cubic yards of fill are available from the potential borrow sites.  Therefore, a total of 7.9 
million cubic yards of fill would still be needed (from the farmland referenced above).  These sites 
will be further investigated in the PED phase of this project.  The borrow pits show mostly clay, 
with some silt and sand layers.  Construction of the levee embankment requires clay in 
accordance with ASTM D2487 as CL or CH with less than 35% natural occurring sand.   
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1.8.8  Results and Conclusions 


Stability analyses and settlement calculations were used to develop the lift schedules and typical 
cross-sections for each hydraulic reach.  The levee cross-sections typically consist of a levee with 
a 10-ft wide crown, with 1V:4H side slopes with stability berms.     


1.9  Civil Design 


The side slopes used for all of the levee structural alternatives were 1V:4H.  The base elevations 
ranged from 4.0 ft to (-) 4.0 ft so, for consistency, it was decided to use a weighted average across 
all hydraulic reaches of 0.0 ft.  For those hydraulic reaches with an existing levee, the existing 
levee heights varied.  Therefore, a composite existing elevation of 7.0 ft was used.  The footprint 
width and design varied among the hydraulic reaches and are outlined below. 


1.9.1  Hydraulic Subreach A-1 and Hydraulic Reach D 


For the first lifts in the year 2026, the levees will be constructed with a lift to an elevation of 14.0 
ft.  The existing David Pond West Guide Levee is on the floodside of the existing levees so the 
lifts will be shifted to the landside and assumed to tie in at the centerline of the existing levee at 
an elevation of 7.0 ft, with 1V:4H side slopes.  For the second and last lift, which will be in the year 
2054 for Hydraulic Subreach A-2 and in the year 2056 for Hydraulic Reach D, the first lift to an  


elevation of 14.0 ft is assumed to have settled to an elevation of 12.5 ft.  The second lift, to an 
elevation of 16.0 ft, will be tied into the existing levees with another landside shift, while 
maintaining the 1V:4H side slopes (refer to Figure 1-27).   


Figure 1-27:  Typical Cross Sections for Hydraulic Subreach A-1 and Hydraulic Reach D 
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1.9.2  Hydraulic Subreach A-2 and Hydraulic Reaches B and C 


For the first lifts in the year 2026, the levees will be constructed with a lift to an elevation of 14.0 
ft.  The St. Charles Parish levee is on the landside of the existing levees so the lifts will be shifted 
to the floodside and assumed to tie in at the centerline of the existing levee at an elevation of 7.0 
ft with 1V:4H side slopes.  For the second and last lift, which will be in the year 2054 for Hydraulic 
Subreach A-2 and in the year 2056 for Hydraulic Reaches B and C, the first lift to an elevation of 
14.0 ft is assumed to have settled to an elevation of 12.5 ft.  The second lift, to an elevation of 
16.0 ft, will be tied into the existing levee with another floodside shift, while maintaining the 1V:4H 
side slopes (refer to Figure 1-28).    


Figure 1-28:  Typical Cross Sections for Hydraulic Subreach A-2 and Hydraulic Reaches B and C 


1.9.3  Hydraulic Reach E 


For the first lift in the year 2026, the levee will be constructed with a lift to an elevation of 14.0 ft. 
The Sunset Levee is on the floodside of the existing levees so the lift will be shifted to the landside 
and assumed to tie in at the centerline of the existing levee at an elevation of 7.0 ft with 1V:4H 
side slopes.  For the second lift, which will be in the year 2038, the first lift to an elevation of 14.0 
ft is assumed to have settled to an elevation of 12.5 ft.  A second lift to an elevation of 16.0 ft will 
be tied into the existing levee with another floodside shift, maintaining the 1V:4H side slopes.  For 
the third and last lift, which will be in the year 2059, the second lift to an elevation of 16.0 ft is 
assumed to have settled to an elevation of 15.25 ft.  The third lift, to an elevation of 18.5 ft, will be 
tied into the existing levee with another floodside shift, while maintaining the 1V:4H side slopes 
(refer to Figure 1-29).    
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Figure 1-29:  Typical Cross Sections for Hydraulic Reach E 


1.9.4  Hydraulic Reach F 


For the first lift in the year 2026, the levee will be constructed with a lift to an elevation of 14.0 ft. 
The Sunset Levee is on the floodside of the existing levees so the lift will be shifted to the landside 
and assumed to tie in at the centerline of the existing levee at an elevation of 7.0 ft with 1V:4H 
side slopes.  For the second and last lift, which will be in the year 2044, the first lift to an elevation 
of 14.0 ft is assumed to have settled to an elevation of 12.5 ft.  The second lift, to an elevation of 
16.0 ft, will be tied into the existing levee with another floodside shift, while maintaining the 1V:4H 
side slopes (refer to Figure 1-30).    
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Figure 1-30:  Typical Cross Sections for Hydraulic Reach F 


1.9.5  Hydraulic Reaches G and H 


These two hydraulic reaches do not have existing levees, and will be built from the ground with a 
layer of 10,000 lbs/ft geotextile reinforcement placed at an elevation of 0.0 ft.  The first lift for each 
hydraulic reach will be in the year 2026, at an elevation of 14.0 ft with 1V:4H side slopes and 
stability berms on both sides.  Hydraulic Reach H will only have one lift.  Hydraulic Reach G will 
have an additional lift in the year 2044, to an elevation of 16.0 ft.  It is assumed that the previous 
lift for Hydraulic Reach G will have settled to an elevation of 12.5 ft, so the new lift will be built as 
typical straddle construction on top of the existing material to an elevation of 16.0 ft, while 
maintaining the 1V:4H side slopes.  It is assumed that the stability berms will not need to be lifted 
(refer to Figure 1-31).   
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Figure 1-31:  Typical Cross Sections for Hydraulic Reaches G and H 


For the total footprint width of those hydraulic reaches without an existing levee (G and H), an 
additional 15 ft was added to each side to account for the vegetative free zone (VFZ) for 
maintenance purposes.  Another 25 ft was added to each side for construction easement and 
fertilizing, seeding, clearing and grubbing.  For hydraulic reaches with an existing levee (A, B, C, 
D, E and F), an additional 15 ft was added to the stability berm side to account for the VFZ for 
maintenance purposes.  An additional 25 ft for construction easement and fertilizing, seeding, 
clearing and grubbing was also included.  On the existing levee side, 25 ft was added to account 
for VFZ and fertilizing, seeding, clearing and grubbing.  Therefore, the overall distance for the 
seeding, mulching, fertilizing, clearing and grubbing quantities is an additional 80 ft, added to the 
toe-to-toe width of the levee for Hydraulic Reaches G and H, and an additional 70 ft added to the 
toe-to-toe width for Hydraulic Reaches A, B, C, D, E and F.  For silt fence quantities, the hydraulic 
reach length was doubled, with an additional 25% added for staging areas.     


1.10  Structural Design 


This section describes the design and features of the structures included in the RP.  All structural 
features were designed according to HSDRRS specifications, USACE engineering manuals 
(EMs), Engineering Regulations (ERs), and industry standards.  All detail computations for the 
structures are provided in Annex 12.     


The RP alignment includes approximately 13,623 linear feet (lf) of floodwall (T-wall) along the 
Paradise Canal, a 45-ft wide roller gate crossing LA Highway 306 (Bayou Gauche Rd.), a bridge  
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at Godchaux Canal, two RR crossing gates, two ramps, fronting protection for seven pump 
stations, five drainage structures, five pipeline-crossing T-walls, two tidal exchange structures and 
the gate structures across Bayou Des Allemands, which includes a 270-lf barge gate structure, 
twelve box culverts with sluice gates and 500 lf of T-walls.  The system starts in Luling, where it 
connects to the Mississippi River Levee through the Davis Pond Diversion Structure West Guide 
Levee, continues south, improving upon and updating deficiencies in the St. Charles Parish levee, 
crosses the Bayou Des Allemands gate structure and continues parallel to U.S. Highway 90 
before it ties into high ground across the basin near Raceland.  Table 1-10 below, shows the list 
of structures, their location along the alignment and their features.  The entire UBB alignment is 
divided into Hydraulic reaches, known as A through H.  The different reaches and their start/ stop 
coordinates are presented in Table 1-9 below.   


Table 1-9:  Hydraulic Reach Beginning and Ending Coordinates    


Table 1-10:  Structures along RP Alignment  


Structure Reach 
TOW 


Elevation 
(ft) 


TOS 
Elevation 


(ft) 


Width 
(ft) 


Length 
(ft) 


1 River Road crossing ramp A 14.5 - - 155 
2 Union Pacific Railroad crossing A 14.5 8.16 8 107.5
3 BNSF Railroad crossing A 14.5 5.51 8 149.25 
4 U.S. Highway 90 Crossing Ramp A 14.5 - - 180 


5 
Davis Pond Pump Station frontage 
protection 


A 14.5 (-) 1.0 15 350 


6 
Willowdale Pump Station, two new 
tidal exchange structures 


A 14.5 (-) 2.0 15 108 


7 
Willowridge Pump Station frontage 
protection 


B 14.5 (-) 1.0 15 116.33 


8 
Cousins Pump Station frontage 
protection 


B 14.5 (-) 4.0 15 175 


9 T-wall section for East Gas Pipeline B 14.5 1.0 15 82 


10 
Kellogg Pump Station frontage 
protection 


B 14.5 (-) 2.0 15 110 


11 T-wall section for West Gas Pipeline B 14.5 1.0 15 140 


Reach Start/Stop Latitude Longitude 
A begins 29°55'46.99"N 90°19'20.89"W 


A ends B begins 29°53'2.65"N 90°19'54.05"W 
B ends C begins 29°54'3.90"N 90°22'27.26"W 
C ends D begins 29°51'41.97"N 90°24'48.51"W 
D ends E begins 29°48'53.03"N 90°24'26.87"W 
E ends F begins 29°47'15.10"N 90°25'57.71"W 
F ends G begins 29°47'59.03"N 90°28'13.82"W 
G ends H begins 29°44'8.25"N 90°32'6.69"W 


H ends 29°42'13.93"N 90°33'44.94"W 
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Structure Reach 
TOW 


Elevation 
(ft) 


TOS 
Elevation 


(ft) 


Width 
(ft) 


Length 
(ft) 


12 
Ellington Pump Station frontage 
protection 


C 14.5 (-) 1.0 15 131 


13 T-wall section for Magnolia Pipeline C 14.5 1.0 15 133.5 


14 
Magnolia Ridge Pump Station 
frontage protection 


C 14.5 (-) 1.0 15 1,196 


15 Existing Paradise Control Structure C 14.5 


16 
Floodwall section in Hydraulic Reach 
D, Top of Wall (TOW) EL 15.0 ft 


D 15.0 7.5 10 2,799.8 


17 
Floodwall section in Hydraulic Reach 
E, TOW EL 18.5 ft 


E 18.5 7.5 10 8316 


18 Floodwall type T-1, TOW EL 18.5 ft E 18.5 5.0 15 650 
19 Floodwall type T-2, TOW EL 18.5 ft E 18.5 1.0 15 625 
20 Floodwall type T-3, TOW EL 18.5 ft E 18.5 (-) 3.0 20 1,232 


21 
45-ft wide Highway 306 (Bayou
Gauche) Roller Gate, TOW EL 18.5 ft


E 18.5 2.0 9.67 45 


22 
Crawford Canal Pump Station fronting 
protection, TOW EL 18.5 ft (70 LF of 
floodwall) 


E 18.5 (-) 3.0 20 70 


23 
270-ft Barge Gate crossing Bayou
Des Allemands, TOW EL 18.5 ft


F 18.5 (-) 10.0 61 320 


24 
Bayou Des Allemands Barge Gate, 
(12) 15 ft x 20 ft box culverts with 
sluice gates 


F 18.5 (-) 10.0 50 288 


25 
Godchaux Canal Bridge, TOW EL  
9.5 ft 


G 9.5 - 12 120 


26 


Drainage Structure – (4) 6 ft x 6 ft 
Reinforced Concrete (RC) box 
culverts with sluice gates, in 3 
different locations 


G 16 (-) 6.0 170 48 


27 
Drainage Structure – (4) 6 ft x 6 ft RC 
box culverts with sluice gates 


G 16 (-) 6.0 170 48 


28 
Drainage Structure – (4) 6 ft x 6 ft RC 
box culverts with sluice gates 


H 16 (-) 6.0 170 48 


29 
Drainage Structure – (2) 84-inch RC 
Pipe (RCP) culverts with sluice gates 


H 16 (-) 6.0 168 24 


30 
Drainage Structure – (1) 60-inch RCP 
culvert with sluice gates 


H 16 0.0 98 10 
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Structure Reach 
TOW 


Elevation 
(ft) 


TOS 
Elevation 


(ft) 


Width 
(ft) 


Length 
(ft) 


31 
T-wall section, Enterprise and Shell
Pipeline Crossing (Davis Pond
Crossing #1)


A 14.5 1.0 15 152 


32 
T-wall section, Bridgeline Enlink
Pipeline Crossing (Davis Pond
Crossing #2)


A 14.5 1.0 15 297.75 


33 
Bayou Des Allemands Barge Gate, T-
walls 


F 18.5 (-) 10.0 42 500 


The 1% AEP design elevations shown in Figures 1-32 and 1-33 were used for the design of each 
structure and the determination of quantities (for cost estimating purposes).  The Upper Barataria 
Basin Risk Reduction 10% Conceptual Design Report, prepared by Burk-Kleinpeter, Inc., GIS 
Engineering, LLC and APTIM Corp. for the LBLD and  NLLD (political subdivisions of the State of 
Louisiana), dated December 2018, was used as a basis for updating quantities and       reanalyzing 
structures based on the new design elevations.  It was determined that the structures along the 
alignment would not include a 2 ft of structural superiority.  Therefore, structures along Hydraulic 
Reaches A through C would maintain the same TOW elevations as presented in the Screening 
Phase of this appendix.  The structures that would need to be adjusted in height, reevaluated and 
have quantities revised would be structures in Hydraulic Reaches D through H.   


1% Future Conditions (Year 2076) Intermediate  SLR 


Hydraulic Reach Structure Elevation (ft) NAVD88(2004.65) 


A 14.5
B 14.5
C 14.5
D 15.0
E 18.5
F 18.5
G 15.5
H 14.0


Figure 1-32:  1% Future Conditions (Year 2076) Structure Elevations 
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1% Future Conditions (Year 2076) Intermediate SLR 


Hydraulic Reach * Levee Elevation (ft) NAVD88(2004.65)


A 14.5
B 14.5
C 14.5
D 14.5
E 17.5
F 17.5
G 14.5
H 13.5


*1V:4H Levee Slope
Figure 1-33:  1% Future Conditions (Year 2076) Levee Elevations 


1.10.1  Hydraulic Reach D 


Structures along Hydraulic Reach D include reinforced concrete T-walls along the Sunset 
Drainage District near the Grand Bayou community.  The T-wall consists of a 10-ft wide, 2.5-ft 
thick base slab and a 2-ft thick stem with TOW elevation of 15.0 ft.  The Top of Slab (TOS) 
elevation would be 7.5 ft.  The T-walls will be supported by two rows of 82.5-ft long steel H-piles, 
spaced at 6.0 ft on centers.  The piles will be battered at 1H:5V.  The T-walls will include a sheet 
pile cutoff wall below the concrete slab with a minimum tip elevation of (-) 35.0 ft.   


1.10.2  Hydraulic Reach E 


Structures along Hydraulic Reach E include reinforced concrete T-walls along the Sunset 
Drainage District near the Green Acres Community and continues along the alignment of the 
existing Sunset Drainage District levee until it reaches LA Highway 306.  It then runs westward 
along the northern edge of LA Highway 306 until turning southward toward Bayou Gauche.  


The T-wall near Green Acres Community consists of a 10-ft wide, 2.5-ft thick base slab and a 
2-ft thick stem with a TOW elevation of 18.5 ft.  The TOS elevation is 7.5 ft.  The T-walls are
supported by two rows of 82.5-ft long steel H-piles, spaced at 6.0 ft on centers.  The piles are
battered at 1H:5V.  The T-walls include a sheet pile cutoff wall below the concrete slab with a
minimum tip elevation of (-) 35.0 ft.


T-walls along LA Highway 306 consist of 20-ft wide, 4.0-ft thick base slabs, with 3.25-ft thick
stems.  The TOW elevation for the T-walls is 18.5 ft.  The TOS elevation is (-) 3.0 ft.  The T-walls
are supported by four rows of steel H-piles driven to an elevation of (-) 73.0 ft, spaced at 5.0 ft on
centers.  The piles are battered at 1H:2V.  The T-walls include a 31-ft 3-inch sheet pile cutoff wall
below the concrete slab.
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Frontal protection T-walls are constructed on the floodside of the Crawford Canal Pump Station. 
The dimensions and features of the wall match those of the T-walls along LA Highway 306.  


A 45-ft steel roller gate across LA Highway 306 would be installed to connect the T-wall alignment 
on both sides of the highway.  Quantities for the roller gate were determined based on quantities 
available in the “Upper Barataria Basin Risk Reduction 10% Conceptual Design Report”, prepared 
by Burk-Kleinpeter, Inc., GIS Engineering, LLC and APTIM Corp. for the LBLD and  NLLD (political 
subdivisions of the State of Louisiana), dated December 2018.   


The applicable features were increased by 15% to obtain the quantities for the required TOW 
elevation of 18.5 ft for the structure.  The roller gate consists of a 9.5-ft wide, 3-ft thick slab with 
an elevation of the top of the slab at 2.0 ft and two rows of 18-inch diameter pipe piles supporting 
the structure.  The piles are each 138 ft long.   


Approximately 400 lf of T-wall needs to be constructed about 700 ft west of the Crawford Canal 
Pump Station.  Existing pipelines cross this section of floodwall.  The exact depth of the pipelines 
is presently unknown.  Further investigation needs to be performed during the PED phase to 
determine the depth at which the pipelines cross the cutoff sheet pile underneath the T-wall.  A 
T-wall, rather than a levee, was selected for this area due to existing valves that are located too
close to the proposed centerline of the alignment and to avoid further loading over the pipelines.
The T-wall consists of a 15-ft wide, 2.5-ft thick base slab with a 2.0-ft thick stem.  The TOW
elevation is 18.5 ft.  The TOS elevation is 0.0 ft.  The T-wall is supported by 3 rows of steel
H-piles driven to an elevation of (-) 73.0 ft, spaced at 5.0 ft on centers.  The piles are battered at
1H:2V.  The T-walls include a 31-ft 3-inch sheet pile cutoff wall below the concrete slab.  Further
analysis needs to be performed on the wall during the PED phase due to the uncertainty of the
location and depth of existing pipelines.


1.10.3  Hydraulic Reach F 


Hydraulic Reach F is located mainly in the Bayou Des Allemands area, between Lac Des 
Allemands and Lake Salvador.  Structures along this hydraulic reach consist of the main flood 
control structure which includes the 270-ft Bayou Des Allemands Barge Gate, twelve 15-ft x 20-ft 
concrete box culverts with sluice gates (without trash screens), and 500 ft of reinforced concrete 
T-walls.


The 270 ft barge gate has a sill elevation of (-) 10.0 ft and a TOW elevation of 18.5 ft.  The piles 
for the landing and storage areas for the barge gate consist of 24-inch diameter pipe piles that 
are each 155 ft long.  Similar to the steel roller gate in Hydraulic Reach E, the pertinent features 
for the barge gate were increased by 15% to obtain the quantities for the required TOW elevation 
of 18.5 ft for the structure. 


Twelve 15-ft x 20-ft concrete box culverts with sluice gates (without trash screens) in the bayou 
were added next to the 270-ft barge gate to conserve flow, with no restrictions.  The structures 
would have to be placed in the bayou until hydraulic modeling can be performed in PED.  Six 
culverts would be placed on each side of the barge gate structure.  The slab thickness of the box 
culvert structure is 8 ft, and is supported by 24-inch diameter pipe piles spaced at 10 ft on centers. 
The piles are each 119 ft long and battered at 1H:3V. 
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The T-wall monoliths were placed on the alignment next to the sluice gate structures.  The T-walls 
tie into the levees on each side of the Bayou Des Allemands control structure.  The same 
methodology used in the Sunset Drainage District levee walls was used for the design of the 
T-walls.  Wave loads and geotechnical data for the analysis of the floodwall were obtained from
Appendix 6 of the “Upper Barataria Basin Risk Reduction 10% Conceptual Design Report,”
prepared by Burk-Kleinpeter, Inc., GIS Engineering, LLC and APTIM Corp. for the LBLD and
NLLD (political subdivisions of the State of Louisiana), dated December 2018.


The T-wall consists of a 42-ft wide, 5-ft thick base slab and a tapered stem with a base thickness 
of 5.0 ft.  The TOS elevation is (-) 10.0 ft, and the TOW elevation is 18.5 ft.  The T-walls are 
supported by 5 rows of 24-inch diameter steel pipe piles.  The piles are each 180 ft long and 
spaced at 8 ft on centers.  The piles are battered at 1H:2V.  The T-walls include a sheet pile cutoff 
wall below the concrete slab with a minimum tip elevation of (-) 100.0 ft.   


1.10.4  Hydraulic Reach G 


Structures in Hydraulic Reach G consist of the access bridge across the Godchaux Canal and 
four drainage structures that allow flow to cross the levee alignment during normal operations.  


The bridge structure is located on the landside of the levee alignment in Hydraulic Reach G.  It 
consists of a single-lane precast concrete slab, with concrete railings supported on a steel pipe 
pile bent.  The precast concrete spans represent a typical precast bridge.  The removable bridge 
span consists of a steel bridge with a steel grating bridge deck.  The bottom of the steel bridge 
framing is at an elevation of 8.0 ft.  The top of the bridge grating is at an elevation of 9.5 ft.   


Each proposed drainage structure includes four 6-ft x 6-ft reinforced concrete box culverts with 
sluice gates (without trash screens).  The structures include sheet pile headwall and steel 
walkways for access to operate the sluice gates.  The structures are supported by vertical 24-inch 
diameter steel pipe piles.  Quantities for the structures were updated from those presented in the 
“Upper Barataria Basin Risk Reduction 10% Conceptual Design Report,” prepared by Burk-
Kleinpeter, Inc., GIS Engineering, LLC and APTIM Corp. for the LBLD and  NLLD (political 
subdivisions of the State of Louisiana), dated December 2018, based on new levee cross-sections 
provided by the geotechnical designer for Hydraulic Reaches G and H.  The new levee crown 
elevation is 16.0 ft.  The pile spacing was determined based on the weight of the structure in two 
different sections.  The first section was assumed to be at the center 60 ft of the levee, where the 
top of levee elevation is 16.0 ft.  The second section was determined to be outside of the center 
60 ft of the levee, with the levee elevation at 10.0 ft.  For the first and second sections, the pile 
spacing was determined to be 8 ft on centers and 10 ft on centers, respectively.  The piles have 
a tip elevation of (-) 185.0 ft, based on the pile curves provided in the “Upper Barataria Basin Risk 
Reduction 10% Conceptual Design Report,” prepared by Burk-Kleinpeter, Inc., GIS Engineering, 
LLC and APTIM Corp. for the LBLD and  NLLD (political subdivisions of the State of Louisiana), 
dated December 2018.   


1.10.5  Hydraulic Reach H 


Hydraulic Reach H requires three drainage structures to maintain drainage at the end of the 
project alignment.  
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One of the drainage structures is a structure with four 6-ft x 6-ft reinforced concrete box culverts 
with sluice gates (without trash screens).  It has the same features as the drainage structures 
described in paragraph 1.10.4 (“Hydraulic Reach G”) above.    


The two other drainage structures consist of reinforced concrete pipe culverts with sluice gates 
(without trash screens). One structure includes a 60-inch diameter reinforced concrete pipe and 
the other structure includes two 80-inch diameter reinforced concrete pipes.  The structures also 
include reinforced concrete headwalls and steel access walkways to operate the sluice gates. 


1.10.6  Structural Design Criteria 


Cast-in-place concrete shall have a 28-day compressive strength of 4,000 psi.  Pre-stressed 
concrete shall have a minimum of 4,000 psi strength. 


Clear cover 


2 inches (minimum) for sections equal to or less than 12 inches thick 


3 inches (minimum) for sections greater than 12 inches thick but less than 24 inches thick 


4 inches (minimum) for sections equal to or greater than 24 inches thick 


The T-walls along the alignment that required reevaluation were analyzed using a Computer 
Program “Pile Group Analysis (CPGA)” Program.  The load cases and overstress factors in Table 
1-11 were used to determine pile lengths for walls in Hydraulic Reaches D and E, as well as for
the T-walls adjacent to the 270-ft barge gate in the Bayou Des Allemands structure.  The load
cases in Table 1-12 were used to determine the stem thicknesses of the T-walls.


Table 1-11:  Load Cases for T-wall Pile Design   
Load Case Load Description Overstress Factored Loads 


LC1 Normal Operation 0% (D + EH + EV) 
LC3 Construction 16.67% (D + Sur) 
LC4 Construction + Wind 33% (D + Sur + W) 


LC5 Flowline + Impervious Uplift 0% 
(D + EH + EV + HF + 


IU) 


LC6 Flowline + Pervious Uplift 0% 
(D + EH + EV + HF + 


PU) 


LC7 
Flowline + Impervious Uplift + Wind 


+ Debris
33% 


(D + EH + EV + HF + 
IU + I + W) 


LC8 
Flowline + Pervious Uplift + Wind + 


Debris 
33% 


(D + EH + EV + HF + 
PU + I + W) 


LC9 
Freeboard + Impervious Uplift + 


Debris 
33% 


(D + EH + EV + HTW + 
I + IU) 


LC10 Freeboard + Pervious Uplift + Debris 33% 
(D + EH + EV + HTW + 


I + PU) 
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Table 1-12:  Load Cases for T-wall Stem Design   


Load Case Load Description 
Load 


Category 
Factored Loads 


LC1 Normal Operation Usual 2.2(D + EH + EV) 
LC3 Construction Unusual 1.6(D + Sur) 
LC4 Construction + Wind Unusual 1.6(D + Sur + Wind) 


LC5 Flowline + Impervious Uplift Unusual 
1.6(D + EH + EV + HF+ 


IU) 


LC6 Flowline + Pervious Uplift Unusual 
1.6(D + EH + EV + HF+ 


PU) 


LC7 
Flowline + Impervious Uplift 


+ Wind + Debris
Unusual 


1.6(D + EH + EV + HF+ 
IU + I + W) 


LC8 
Flowline + Pervious Uplift + 


Wind + Debris 
Unusual 


1.6(D + EH + EV + HF+ 
PU + I + W) 


LC9 
Freeboard + Impervious 


Uplift + Debris 
Extreme 


1.2D + 1.35EHD + 
0.9EHR + 1.35EV + 
1.3(HTW + I + IU) 


LC10 
Freeboard + Impervious 


Uplift + Debris 
Extreme 


0.9D + 1.35EHD + 
0.9EHR + 1.0EV + 
1.3(HTW + I + IU) 


LC11 
Freeboard + Pervious Uplift 


+ Debris
Extreme 


1.2D + 1.35EHD + 
0.9EHR + 1.35EV + 
1.3(HTW + I + PU) 


LC12 
Freeboard + Pervious Uplift 


+ Debris
Extreme 


0.9D + 1.35EHD + 
0.9EHR + 1.0EV + 
1.3(HTW + I + PU) 


D = Dead Load 


EH = Horizontal Soil Load 


EV = Vertical Soil Load 


ES = Surcharge Load (200 psf)  


W = Wind Load 


HF = Water at Flowline   


PU = Pervious Uplift 


IU = Impervious Uplift 


I = Debris Impact 


HTW = Water at Top of Wall  


Sur = Surcharge 
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Geotechnical data provided in the “Upper Barataria Basin Risk Reduction 10% Conceptual Design 
Report,” prepared by Burk-Kleinpeter, Inc., GIS Engineering, LLC and APTIM Corp. for the LBLD 
and  NLLD (political subdivisions of the State of Louisiana), dated December 2018, was used to 
evaluate the foundation of these structures.  Detailed methodology analysis, laboratory results, 
soil borings and pile capacity curves were provided by Eustis Engineering and was included in 
Appendix 4 of the report referenced above.  The pile capacity curves provided were used to 
determine the pile tip elevations for the T-walls along the alignment. 


1.10.7  Steel Reinforcement 


Steel reinforcing shall be ASTM A615 Grade 60 with fy = 60 ksi.  Steel reinforcing for pre-stress 
concrete shall be grade 270 strands (270,000 psi). 


Maximum Flexural Reinforcement 


0.25 ρb (recommended) 
0.5 ρb (permitted with special studies) 
ρb = balanced steel ratio 


Minimum Flexural Reinforcement 


As recommended in EM 1110-2-2104 


Temperature Reinforcement 


As recommended in EM 1110-2-2104 


1.10.8  Reinforced Concrete Load Factors 


Load factors and combinations are as recommended in EM 1110-2-2104.  


The strength reduction factor for bending shall be 0.9. 


The strength reduction factor for shear shall be 0.75. 


1.10.9  Wind Loads 


From ASCE 7-10 (Eq 27.3-1): 


Velocity pressure, qz, evaluated at height z shall be calculated by the following equation: 


𝑞௭  ൌ  0.00256 𝐾௭𝐾௭௧𝐾ௗ𝑉ଶ ሺ𝑙𝑏/𝑓𝑡ଶሻ 


Kd = wind directionality factor defined in Section 26.6 (.85 solid freestanding walls) 


Kz = velocity pressure exposure coefficient defined in Section 29.3.1 (1.03 for z<15 cat D) 


Kzt = topographic factor defined in Section 26.8.2 (1.0, no ramp up effect) 


V = basic wind speed from Section 26.5 (158 mph) 
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qz = 56.0 (lb/ft2) 


1.10.10  Uplift 


Uplift pressure was determined for both pervious and impervious conditions based on the 
following assumptions: 


- Impervious: sheet pile cut-off is 100% effective


- Pervious: uplift slopes uniformly along the base from floodside uplift at floodside edge of base
to landside uplift at landside edge of base


1.10.11  Debris Load 


A debris load of 0.5K/ft shall be applied to the top of floodwall for TOW load cases. 


1.10.12  Soil Loads 


Vertical soil loads are determined from the unit weight of the material.  Lateral soil loads used a 
K0 of 0.8.   


1.11  Relocations 


1.11.1  General Description   


The USACE  Relocations PDT member performed an investigation of the existing public utilities 
and facilities located within the proposed project area, while considering the current design 
requirements for the RP.  In the event that such a facility, utility, highway, railroad, cemetery or 
town would affect the construction, operation, maintenance, repair, replacement or rehabilitation 
of the project, then the CEMVN Relocations PDT member must determine the appropriate utility 
disposition of the impacted facility.  Some facilities may usually require either a permanent or 
temporary physical adjustment or displacement to support project activities, engineering 
requirements and operation and maintenance needs. 


The RP relocations investigations included database research, such as the National Pipeline 
Database, State Online Natural Resources Information System (SONRIS), Louisiana Department 
of Natural Resources (LADNR), HTST-IHS, Penwell and the National Pipeline Mapping System 
(NPMS) data.  


Based on the research and investigations that were conducted, utilities and two roadways located 
within the Project Area (see Figures 1-2 and 1-3) are expected to be impacted by the RP.   


1.11.2  Methodology 


A review of multiple pipeline databases was used to investigate the facilities located within the 
U.S. Highway 90 Full Alignment project area.  A site visit was not conducted.  The utilities located 
during our investigation, using the databases, were cross-referenced with utilities identified in the 
“Upper Barataria Basin Risk Reduction 10% Conceptual Design Report,” prepared by    
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Burk-Kleinpeter, Inc., GIS Engineering, LLC and APTIM Corp. for the LBLD and  NLLD (political 
subdivisions of the State of Louisiana), dated December 2018.   


The facilities that could be potentially impacted by the project were the pipelines, overhead 
electrical transmission lines and electrical distribution lines.        


The impacts on these pipelines were based on the assumption that the project will use HSDRRS 
criteria, dated February 2007, which addresses the following as acceptable methods of pipeline 
relocation:  directional drilling; structural elevated support; pipeline sleeve for T-wall/seepage 
reduction construction; and direct contact (also known as “up-and-over”) with the proposed flood 
protection.  It was determined, as a measure of reducing relocation costs, that both pipe sleeving 
beneath the inverted concrete T- wall and the direct contact relocation method were used for this 
methodology.  


The T-wall method focuses on passing the existing pipeline beneath the inverted concrete T-wall 
by way of installing a sleeve through a sheet pile seepage cutoff wall allowing the pipeline to 
remain in place.  This method consists of constructing a pile-founded, inverted concrete T-wall 
flanked by a sheet-pile wall driven on either side and beneath to provide seepage reduction 
measures for flood protection.  The concrete T-wall is then built around the in-situ pipeline.  This 
method is more conducive for pipelines that are approximately 20 ft or less apart and are unable 
to be re-routed as a temporary bypass within the pipeline right-of-way.  There are several areas 
in the project alignment (e.g., Hydraulic Reaches A, B, C and E) that were identified as needing 
concrete T-walls.   


With the direct contact method, the pipeline owner has the option of relocating the pipeline by 
placing it directly onto the surface of the newly constructed hurricane levee, allowing it to cross 
up and over the proposed levee design section.  This requires the pipeline owner to relocate the 
pipeline when the levee is raised because of settlement and change in design grade.  The pipeline 


owners must also determine that the pipeline can sustain the settlement and resulting stresses 
that are associated with it.  Slope pavement or other approved methods must be installed over 
the pipeline throughout the transition area.  This method was assumed for single or dual pipelines 
that have enough space to be re-routed as a bypass or direct contact with the new levee design 
section. 


Electric Transmission Lines in the area were assumed to meet the minimum clearance criteria 
over the proposed levee crossings, which is 22 ft at 50kV, and plus 0.4 inches for every 1.0 kV 
above 50kV.  


U.S. Highway 90 and River Road are impacted by the proposed flood protection and have to be 
relocated.  These roads will most likely be raised using the direct contact method.  Similar to the 
pipelines, the roadways are placed on the surface of the new constructed earthen levee outside 
of the levee design section.  Design engineers determine how much additional fill is needed to 
avoid the roadways sinking into the design section over time, due to the high volume of traffic 
along these roadways.  
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1.11.3  Results 


The results of the facility relocations investigations are set forth in Table 1-13 for the RP, which 
contains a description of the only facilities located within the project area. 


The estimated cost for utility relocations for the RP is $30,737,000.  The information in Table  
1-13 includes the utility owner, the type of utility, size, location and the number of utilities.  The
estimated costs for relocations included a contingency of (29%), which was applied to all
relocation costs.


Table 1-13:  Utilities within the Project Alignment 


HYDRAULIC 
REACH 


OWNER DIAMETER PRODUCT * STATION


A Unknown Unknown Unknown 219+00
A Atmos Unknown Gas 184+00
A Enterprise Pelican 26 inches Natural Gas Unknown 


A Nustar 6 inches 
Anhydrous 
Ammonia 


170+60 


A Shell 6 inches Propylene Unknown
A Unknown Unknown Unknown 168+00


A Enterprise 10 inches 
Natural Gas 


Liquid 
160+20 


A Shell 20 inches Crude 160+00
A Shell 24 inches Crude 159+80


A Enlink 
12.75 
inches 


Natural Gas 77+00 


B St. Charles Parish 12 inches 
Sewer Force 


Main 
147+08 to 
125+00 


B St. Charles Parish 16 inches 
Wastewater 
Discharge 


147+08 to 
125+00 


B St. Charles Parish 8 inches Force Main 
147+08 to 
125+00 


B St. Charles Parish 12 inches Force Main 
147+08 to 
125+00 


B Enlink 
12.75 
inches 


Natural Gas 135+00 


B Enlink 8 inches Natural Gas 
101+00 to 
102+50 


B Enlink 14 inches Natural Gas 
101+00 to 
102+50 


B Phillips 66 14 inches 
Liquid Carbon 


Dioxide 
101+00 to 
102+50 


B Columbia Gulf 16 inches Natural Gas 
101+00 to 
102+50 


C Gulf South 12 inches Natural Gas 10+00 to 68+25 
C Atmos 24 inches Natural Gas 10+00 to 15+00 
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HYDRAULIC 
REACH 


OWNER DIAMETER PRODUCT * STATION


C Gulf South 30 inches Natural Gas 10+00 to 68+25 


C Phillips 66 14 inches 
Liquid Carbon 


Dioxide 
95+99 to 97+35 


C Columbia Gulf 16 inches Natural Gas 95+99 to 97+35 
C Enlink 16 inches Natural Gas 95+99 to 97+35 
D Enlink 22 inches Natural Gas 24+50 


E Phillips 66 6 inches 
Natural Gas 


Liquids 
339+60 


E Phillips 66 6 inches 
Natural Gas 


Liquids 
339+80 


E Williams Energy 10 inches Liquid 340+00 


E Phillips 66 14 inches 
Natural Gas 


Liquids 
340+20 


E Phillips 66 20 inches 
Natural Gas 


Liquids 
340+40 


E Enlink 30 inches Natural Gas 340+60 
G, H Gulf South 30 inches Natural Gas 10+00 to 85+00 
G, H Gulf South Unknown Natural Gas 10+00 to 85+00 
G, H Gulf South Unknown Natural Gas 10+00 to 85+00 
G, H Gulf South Unknown Natural Gas 10+00 to 85+00 


G Phillips 66 8 inches 
Natural Gas 


Liquids 
92+50 


H 
Transcontinental 


Gas 
10 inches Natural Gas 242+00 


H Gulf South 12 inches Natural Gas 251+00 
H Abandoned 6 inches Gas Unknown


H 
Texas Eastern 
Transmission 


Unknown Natural Gas Unknown 


H LOOP LLC 48 inches Crude Oil 339+00 


H Crimson Gulf 
12.75 
inches 


Crude 394+90


H Crimson Gulf 16 inches Crude 395+10
* Stations are based on stationing used in the “Upper Barataria Basin Risk Reduction 10%
Conceptual Design Report,” prepared by Burk-Kleinpeter, Inc., GIS Engineering, LLC and APTIM
Corp. for the LBLD and  NLLD (political subdivisions of the State of Louisiana), dated December
2018


1.11.4  Pipeline Owners 


There are multiple pipelines and two roadways within the project area of the RP, with each 
crossing project access corridors or running parallel to the proposed flood protection alignments, 
as described in Section 1.11.1 of this appendix.  Refer to Table 1-13 for more information.   
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1.11.5  Conclusions 


Based on the preliminary findings of the relocations investigations, it was determined that the 
existing pipelines and roadways within the project area of the RP will be impacted, either requiring 
relocations of the affected utilities/facilities or providing pipeline protection over the affected 
utilities during construction.  The relocation process towards compensability is expected to be 
incorporated and coordinated with the utility owners throughout the design and development of 
the Plans & Specifications for the RP.   


1.12  Cost Estimates 


1.12.1  Cost Estimate Development 


Cost estimate for the RP was developed using the latest TRACES MII cost estimating software, 
and used the standard approaches for a feasibility estimate structure regarding labor, equipment, 
materials, crews, unit prices, quotes, subcontractor and prime contractor markups.  This 
philosophy was used wherever practical within the time constraints.  It was supplemented with 
estimating information from other sources where necessary such as quotes, bid data and 
Architect/Engineer (A/E) estimates.  The estimate assumed a typical application of levels of 
subcontractors.   


The intent of the cost estimate was to provide or convey a “fair and reasonable” estimate and, 
where cost detail was provided, it depicted the local market conditions.  All of the construction 
work (e.g., levees, floodwalls, gate structures, control structures, dredging, excavation, 
dewatering, pilings, rock, etc.) is common to the gulf coast region.  The construction sites are 
mostly accessible from land with additional water access available for the construction of the 
barge gate structure.  Site access is easily provided from U.S. Highway 90 and other various local 
highways.  Water access is available from the Gulf Intracoastal Waterway (GIWW) through Lake 
Salvador, Bayou des Allemands and Petit Lac des Allemands waterways to the barge gate site.   


Mitigation for potential induced damages will be further investigated during PED, including options 
to improve the existing local levees (Gheens and Mathews) as a mitigation measure.  At this time, 
the highest cost, worst-case scenario mitigation for potential induced flooding, has been included, 
which includes the acquisition of 64 residential structures in Bayou Gauche, 173 residential 
structures in Gheens and 33 residential structures (plus 5 commercial structures) in Mathews. 
Though the highest cost (acquisitions) was included in the overall project cost estimate, individual 
investigation and mitigation for each structure, if appropriate, will be performed during PED.  Refer 
to Section 6.3 of the Main Report and Appendix D, Real Estate Plan, for more information on 
methods to reduce the risk of induced flooding outside the project.   


Refer to Annex 15 for more detailed information regarding cost estimate development for the RP 
(including assumptions and methodologies).    


1.12.2  Cost Estimate 


Table 1-14 shows the baseline project cost for the RP.  This information was taken from the Total 
Project Cost Summary (TPCS).  All costs are at October 2020 price levels and are rounded to the 
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nearest thousandth of a dollar.        


Table 1-14:  Final Costs for Recommended Plan * 
Feature Cost  Contingency  Total 


01 Lands and Damages $76,863,000 $19,216,000 $96,079,000 


02 Relocations $23,827,000 $8,578,000 $32,405,000 


06 Fish and Wildlife Facilities $68,571,000 $24,686,000 $93,257,000 


11 Levees and Floodwalls $509,516,000 $183,426,000 $692,942,000 


15 Floodway Control and Diversion 
Structures 


$181,014,000 $65,165,000 $246,179,000 


18 Cultural Resources Preservation $1,100,000 $396,000 $1,496,000 


30 Planning, Engineering and 
Design (P.E.D) 


$160,726,000 $57,861,000 $218,587,000 


31 Construction Management $86,243,000 $31,048,000 $117,291,000 


TOTAL $1,107,860,000 $390,376,000 $1,498,236,000 


* Base costs shown are prior to escalation to the budget year.


1.13  Life Safety Risk Assessment 


Life Safety Risk Assessment has been inventoried.  It was determined that the analysis will be 
conducted during the PED phase.  A life safety risk assessment preliminary effort for this phase 
is included as Annex 14 to the Engineering Appendix.   
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2  SCREENING PHASE 


The information below was used in the plan formulation process to identify the TSP described in 
the Draft Report.  After the TSP was selected, the team may refine the design of the TSP with 
additional engineering and environmental investigations.  This information is presented in the 
sections above.  


National Environmental Policy Act (NEPA) regulations (40 CFR 1502.14(d)) require that a no 
action option always be considered a viable alternative in any final array of plans.  This represents 
the future that will likely occur if USACE takes no action. The no action plan is the default choice. 


Figure 2-1 displays the 10 alternatives that were considered (other than the no action alternative). 


Figure 2-1:  The Ten Alternative Alignments 


The sections herein describe the 10 alternative alignments that were considered (other than the 
no action alternative).  The Final Array (for selection of the TSP) eventually consisted of 
Alternatives 1, 2, 7, 10 and the no action alternative only.     
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2.1  Alternative 1 – U.S. Highway 90 - Segment 1 Extension 


 Figure 2-2:  Alternative 1 – U.S. Highway 90 – Segment 1 Extension 


2.1.1  Levee System 


The Alternative 1 levee alignment ties into the existing St. Charles Parish levee (which was built 
to a design elevation of 7.5 ft) at the southern end.  The alignment then traverses across the UBB 
in a southwesterly direction, paralleling U.S. Highway 90 on its eastern side, and ends at the 
Lafourche Parish levee near Raceland, LA.  The earthen levee design elevation is 7.5 ft.  This 
levee is approximately 15.9 miles in length and incorporates a 270 ft-barge gate, as well as other 
structures which are described below.   


2.1.2  Floodwalls 


Floodwalls (T-walls), comprising a total of 12,253 linear ft, have a top of wall design elevation of 
9.5 ft (which includes 2 ft of structural superiority).  The floodwalls include fronting protection for 
the existing Crawford Canal pump station.       


2.1.3  Floodgates 


There are three floodgates along the alignment:  A roller gate, 45 ft wide, at Bayou Gauche; a 17 
ft x 16 ft x 9.5 ft-stop log gate at Godchaux Canal; and a 270 ft-barge gate crossing Bayou Des 
Allemands.     
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2.1.4 Drainage Structures 


There are two gravity drainage structures (each one has four 6 ft x 6 ft-reinforced concrete box 
culverts with sluice gates).  The gravity drainage structures are located between 16 miles and 25 
miles southwest of the entrance to Dufrene Ponds.  There are also two tidal exchange structures 
(one with two 84 inch-diameter reinforced concrete pipe culverts with sluice gates and one with a 
60 inch-diameter reinforced concrete pipe culvert with sluice gates).  The tidal exchange 
structures are located between 16 miles and 25 miles southwest of the entrance to Dufrene 
Ponds.  A control structure consisting of two 10 ft x 10 ft-sluice gates is located in the vicinity of 
Paradis, LA.   


2.1.5  Pumping Stations 


Adding new pump stations was not considered during the screening phase.  It was assumed that 
any existing pump stations in the area would have adequate capacity to address drainage 
concerns.   


2.1.6  Bridges  


There is a single lane steel grating removable access bridge, approximately 20 ft x 12 ft, at the 
stop log gate at Godchaux Canal.   


2.1.7  Relocations 


Refer to Section 2.15 of this appendix for relocations information.     


2.1.8  Screening Result 


This alternative was included in the Final Array.   
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2.2  Alternative 2 – U.S. Highway 90 – Full Alignment 


    Figure 2-3:  Alternative 2 – U.S. Highway 90 – Full Alignment 


2.2.1  Levee System 


The Alternative 2 levee alignment traverses across the UBB in a southwesterly direction, 
connecting the northeast portion to the southeast portion of the basin, paralleling U.S. Highway 
90 on its eastern side, and ends at the Lafourche Parish levee near Raceland, LA.  The earthen 
levee design elevation is 8.5 ft (which therefore elevates the existing St. Charles Parish levee).  It 
was determined this elevation would yield the greatest benefits (i.e., damages prevented).  This 
levee is approximately 30.44 miles in length and incorporates a 270 ft-barge gate, as well as other 
structures which are described below.   


2.2.2  Floodwalls 


Floodwalls (T-walls), comprising a total of 14,401 linear ft, have a top of wall design elevation of 
10.5 ft (which includes 2 ft of structural superiority).  The floodwalls include fronting protection for 
seven existing pump stations, which are at the following locations:  Davis Pond, Willowridge, 
Cousins, Kellogg, Ellington, Magnolia Ridge and Crawford Canal.      


2.2.3  Floodgates 


There are five floodgates along the alignment:  A roller gate, 45 ft-wide, at Bayou Gauche; a 17 ft 
x 16 ft x 10.5 ft-stop log gate at Godchaux Canal; two Railroad gates (one 50 ft wide for the Union 
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Pacific Railroad and one 35 ft wide for the BNSF Railroad); and a 270 ft-barge gate crossing 
Bayou Des Allemands.      


2.2.4  Drainage Structures 


There are two gravity drainage structures (each one has four 6 ft x 6 ft-reinforced concrete box 
culverts with sluice gates).  The gravity drainage structures are located between 16 miles and 25 
miles southwest of the entrance to Dufrene Ponds.  There are also four tidal exchange structures 
(one with two 84 inch-diameter reinforced concrete pipe culverts with sluice gates and one with a 
60 inch-diameter reinforced concrete pipe culvert with sluice gates, as well as two existing tidal 
exchange structures (in which each one has three 4 ft x 4 ft-sluice gates) in the St. Charles Parish 
levee alignment that would need to be replaced).  The tidal exchange structures are located 
between 16 miles and 25 miles southwest of the entrance to Dufrene Ponds.  A control structure 
consisting of two 10 ft. x 10 ft-sluice gates is located in the vicinity of Paradis, LA.   


2.2.5  Pumping Stations 


Adding new pump stations was not considered during the screening phase.  It was assumed any 
existing pump stations in the area would have adequate capacity to address drainage concerns.   


2.2.6  Bridges 


There is a single lane steel grating removable access bridge, approximately 20 ft x 12 ft, at the 
stop log gate at Godchaux Canal.   


2.2.7  Road Ramps 


There are two existing road ramps that will be raised to an elevation of 8.5 ft:  River Road and 
U.S. Highway 90.    


2.2.8  Relocations 


Refer to Section 2.15 of this appendix for relocations information.  


2.2.9  Screening Result 


This alternative was included in the Final Array.   
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2.3  Alternative 3 – Des Allemands – Paradis Levee 


 Figure 2-4:  Alternative 3 – Des Allemands – Paradis Levee 


2.3.1  Levee System 


The Alternative 3 levee alignment ties into the existing St. Charles Parish levee (which was built 
to a design elevation of 7.5 ft) at the southern end.  The alignment then traverses in a 
southwesterly direction, crosses U.S. Highway 90, traverses around the community of Des 
Allemands, LA, proceeds in a northeasterly direction, paralleling U.S. Highway 90 on its western 
side, and ends northwest of Boutte, LA by connecting to a local parish levee.  The earthen levee 
design elevation is 7.5 ft.  This levee is approximately 20.6 miles in length and incorporates some 
other structures which are described below.  


2.3.2  Floodwalls 


Floodwalls (T-walls), comprising a total of 10,863 linear ft, have a top of wall design elevation of 
9.5 ft (which includes 2 ft of structural superiority).  The floodwalls include fronting protection for 
the existing Crawford Canal pump station.        


2.3.3  Floodgates 


There are two floodgates along the alignment:  A roller gate, 45 ft wide, at Bayou Gauche and a 
50 ft-wide Railroad gate at Des Allemands, LA.     
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2.3.4  Drainage Structures 


There are no drainage structures that apply to this alignment.   


2.3.5  Pumping Stations 


Adding new pump stations was not considered during the screening phase.  It was assumed 
any existing pump stations in the area would have adequate capacity to address drainage 
concerns.   


2.3.6  Bridges 


There are no bridges that apply to this alignment.   


2.3.7  Relocations 


Refer to Section 2.15 of this appendix for relocations information.  


2.3.8  Screening Result 


This alternative was eliminated from further consideration due to the construction costs of the 
levees and structures, which yielded a benefit-to-cost (B/C) ratio of less than 1.0.     


2.4  Alternative 4 – Raceland Levee (Raceland Loop) 


   Figure 2-5:  Alternative 4 – Raceland Levee (Raceland Loop) 
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2.4.1  Levee System 


The Alternative 4 levee alignment (a ring berm) traverses around the community of Raceland, LA, 
while crossing U.S. Highway 90 at one point.  This levee is approximately 11.3 miles in length, 
and capitalizes on the natural ridges around Raceland.  It includes a railroad crossing gate and 
roller gate structures.    


2.4.2  Screening Result  


This alternative was eliminated from further consideration due to Future Without Project (FWOP) 
conditions, which resulted in no damages in the Raceland area at all, even during the occurrence 
of a 0.2% AEP storm event.     


2.5  Alternative 5 – Basin Edge Levee 


 Figure 2-6:  Alternative 5 – Basin Edge Levee 


2.5.1  Levee System 


The Alternative 5 levee alignment ties into the existing St. Charles Parish levee (which was built 
to a design elevation of 7.5 ft) at the southern end.  The alignment then traverses in a south to 
southwesterly direction, traversing around the community of Des Allemands, LA, and ends at U.S. 
Highway 90, southwest of Des Allemands.  The earthen levee design elevation is 7.5 ft.  This 
levee is approximately 12.5 miles in length and incorporates other structures which are described 
below.  It should be noted that, initially, this alternative also included the Raceland Levee, but the 
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alternative was later modified to reflect the deletion of the Raceland Levee portion (see Alternative 
4 above).   


2.5.2  Floodwalls 


Floodwalls (T-walls), comprising a total of 10,863 linear ft, have a top of wall design elevation of 
9.5 ft (which includes 2 ft of structural superiority).  The floodwalls include fronting protection for 
the existing Crawford Canal pump station.       


2.5.3  Floodgates 


There are three floodgates along the alignment:  A roller gate, 45 ft wide, at Bayou Gauche; a 17 
ft x 16 ft x 10.5 ft-stop log gate at Godchaux Canal; and a 270 ft-barge gate crossing Bayou Des 
Allemands.      


2.5.4  Drainage Structures 


There are no drainage structures that apply to this alignment.   


2.5.5  Pumping Stations 


Adding new pump stations was not considered during the screening phase.  It was assumed any 
existing pump stations in the area would have adequate capacity to address drainage concerns.   


2.5.6  Bridges 


There are no bridges that apply to this alignment.   


2.5.7  Relocations 


Refer to Section 2.15 of this appendix for relocations information.  


2.5.8  Screening Result    


This alternative was eliminated from further consideration due to the construction costs of the 
levees and structures, which yielded a B/C ratio of less than 1.0.     
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2.6  Alternative 6 – U.S. Highway 90 Alignment – State of LA Master Plan 


    Figure 2-7:  Alternative 6 – U.S. Highway 90 Alignment – State of LA Master Plan 


2.6.1  Levee System 


The Alternative 6 levee alignment (which follows the same alignment outlined in the 2017 State 
of Louisiana Coastal Master Plan) traverses across the UBB in a southwesterly direction, 
connecting the northeast portion to the southeast portion of the basin, paralleling U.S. Highway 
90 on its eastern side, and ends at the Lafourche Parish levee near Raceland, LA.  The earthen 
levee design elevation varies from 6.0 ft to 10.0 ft (for existing conditions) and from 7.5 ft to 13.0 
ft (for future conditions), which represents a 1% AEP level of risk reduction (in accordance with 
the State of LA Master Plan).  This levee is approximately 40.2 miles in length and incorporates 
a 270 ft-barge gate, as well as other structures which are described below.   


2.6.2  Floodwalls 


Floodwalls (T-walls), comprising a total of 14,401 linear ft, have a top of wall design elevation that 
varies from 9.5 ft to 15.0 ft (which includes 2 ft of structural superiority).  The floodwalls include 
fronting protection for seven existing pump stations, which are at the following locations:  Davis 
Pond, Willowridge, Cousins, Kellogg, Ellington, Magnolia Ridge and Crawford Canal.    
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2.6.3  Floodgates 


There are eight floodgates along the alignment:  A roller gate, 45 ft wide, at Bayou Gauche; a 17 
ft x 16 ft x 10.5 ft-stop log gate at Godchaux Canal; two Railroad gates (one 50 ft wide for the 
Union Pacific Railroad and one 35 ft wide for the BNSF Railroad); three roadway swing gates (two 
50 ft wide at U.S. Highway 90 and one 35 ft wide at River Road); and a 270 ft-barge gate crossing 
Bayou Des Allemands.      


2.6.4  Drainage Structures 


There are two gravity drainage structures (each one has four 6 ft x 6 ft-reinforced concrete box 
culverts with sluice gates).  The gravity drainage structures are located between 16 miles and 25 
miles southwest of the entrance to Dufrene Ponds.  There are also four tidal exchange structures 
(one with two 84 inch-diameter reinforced concrete pipe culverts with sluice gates and one with a 
60 inch-diameter reinforced concrete pipe culvert with sluice gates, as well as two existing tidal 
exchange structures (in which each one has three 4 ft x 4 ft-sluice gates) in the St. Charles Parish 
levee alignment that would need to be replaced).  The tidal exchange structures are located 
between 16 miles and 25 miles southwest of the entrance to Dufrene Ponds.  A control structure 
consisting of two 10 ft x 10 ft-sluice gates is located in the vicinity of Paradis, LA.   


2.6.5  Pumping Stations 


Adding new pump stations was not considered during the screening phase.  It was assumed any 
existing pump stations in the area would have adequate capacity to address drainage concerns.   


2.6.6  Bridges 


There are no bridges that apply to this alignment.   


2.6.7  Relocations 


Refer to Section 2.15 of this appendix for relocations information.  


2.6.8  Screening Result 


This alternative was eliminated from further consideration due to the construction costs of the 
levees and structures, which yielded a B/C ratio of less than 1.0.     
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2.7  Nonstructural Measures 


   Figure 2-8:  Alternative 7 – Nonstructural Measures (Hotspots) 


This alternative does not involve structural features.  Instead, nonstructural measures included 
elevating residential and non-residential structures above the FWOP flood stage, as well as the 
implementation of floodproofing measures.  Nonstructural measures can be either a stand-alone 
alternative or used in combination with structural alternatives.  The nonstructural methods 
described herein only apply to specific areas in the basin (known as “Hotspots”) in which the first 
floor elevation was below the FWOP flood stage and where flood damages would be expected to 
occur.  These areas are shown in Figure 2-8 above.   


2.7.1  Residential Structures 


Elevation costs were based on the difference (in ft) between the original first floor elevation and 
the target elevation (the 1% AEP FWOP flood stage) for each structure.  The number (in ft) that 
each structure was raised was rounded to the closest one-ft increment, with the exception that 
structures less than one ft below the target elevation were rounded-up to one ft.  Elevation costs 
by structure were totaled to yield an estimate of the total structure elevation costs.  The cost per 
square ft for raising a structure was based on data obtained during interviews with representatives 
of three major metropolitan New Orleans area firms that specialize in structure elevation.  
Composite costs were derived for residential structures by type:  slab and pier foundation, one- 
story and two-story configuration and for mobile homes.  These composite unit costs also vary by 
the number of ft that structures may be elevated.  The cost per square ft to raise an individual 
structure to the target height was multiplied by the footprint square footage of each structure to 
compute the costs to elevate the structure (refer to Table 2-1 below).  Additionally, a labor estimate 
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of $15,000 per structure to complete required administrative activities by the Federal Government 
in implementing this nonstructural measure was added to the cost of implementation.   


2.7.2  Non-Residential Structures 


The dry floodproofing measure was applied to all non-residential structures.  Separate cost 
estimates were developed to floodproof these structures based on their relative square footage. 
The total cost varied as follows:  $115,255 if the square footage was between zero and 20,000 
square ft; $357,050 if the square footage was between 20,000 and 100,000 square ft; and 
$899,648 if the square footage was greater than 100,000 square ft.  These costs were developed 
for the Donaldsonville to the Gulf, Louisiana Feasibility Study evaluation, prepared by CEMVN, 
dated March 2011, by contacting local contractors; the costs were then escalated to October 2019 
prices.  Additionally, a labor estimate of $15,000 per structure to complete required 
administrative activities by the Federal Government in accomplishing this nonstructural 
measure was added to the cost of implementation.   


2.7.3  Operation, Maintenance, Repair, Replacement and Rehabilitation 


For elevation measures, there are no further activities that are necessary to ensure that the 
nonstructural measure operates as intended.  For floodproofing measures, periodic inspection of 
the work which may be required is expected to be insignificant (approximately $500 per structure 
over several years).  Such inspection costs are an extremely small percentage of the overall cost 
of implementation and can be considered capitalized in the initial cost of implementation.   


Table 2-1:  Cost per square ft of to Raise Residential Structures (October 2019 Price Level) 
1‐STORY‐SLAB   2‐STORY‐SLAB   1‐STORY‐PIER  2‐STORY‐PIER  MOBILE HOME 


Ft. 
Raised  Min 


Most 
Likely  Max   Min  


 Most 
Likely   Max   Min 


Most 
Likely  Max  Min 


Most 
Likely  Max  Min 


Most 
Likely  Max 


1 $78  $88  $97  $88  $97  $107  $68  $78  $87  $76  $86  $95  $38  $43  $48 


2 $78  $88  $97  $88  $97  $107  $68  $78  $87  $76  $86  $95  $38  $43  $48 


3 $80  $90  $99  $90  $99  $109  $71  $81  $90  $79  $89  $99  $38  $43  $48 


4 $83  $93  $102  $96  $106  $115  $71  $81  $90  $79  $89  $99  $38  $43  $48 


5 $83  $93  $102  $96  $106  $115  $71  $81  $90  $79  $89  $99  $48  $53  $57 


6 $85  $95  $104  $98  $107  $117  $73  $83  $92  $81  $91  $100  $48  $53  $57 


7 $85  $95  $104  $98  $107  $117  $73  $83  $92  $81  $91  $100  $48  $53  $57 


8 $88  $98  $107  $101  $111  $120  $75  $85  $94  $83  $93  $102  $48  $53  $57 


9 $88  $98  $107  $101  $111  $120  $75  $85  $94  $83  $93  $102  $48  $53  $57 


10 $88  $98  $107  $101  $111  $120  $75  $85  $94  $83  $93  $102  $48  $53  $57 


11 $88  $98  $107  $101  $111  $120  $75  $85  $94  $83  $93  $102  $48  $53  $57 


12 $88  $98  $107  $101  $111  $120  $75  $85  $94  $83  $93  $102  $48  $53  $57 


13 $92  $101  $111  $107  $117  $127  $77  $86  $96  $85  $95  $104  $48  $53  $57 


2.7.4  Screening Result 


This alternative was included in the Final Array.   
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2.8  Alternative 8 – U.S. Highway 90 Lift Alignment


    Figure 2-9:  Alternative 8 – U.S. Highway 90 Lift Alignment 


2.8.1  Levee System 


The Alternative 8 levee alignment (developed with the U.S. Fish and Wildlife Service (USFWS) 
as a possible environmentally-preferred plan to restore the natural hydrology across the basin) 
traverses across the UBB in a southwesterly direction, connecting the northeast portion to the 
southeast portion of the basin, paralleling U.S. Highway 90 on its eastern side, and ends at the 
Lafourche Parish levee near Raceland, LA.  The earthen levee design elevation varies from 6.0 
ft to 10.0 ft (for existing conditions) and from 7.5 ft to 13.0 ft (for future conditions), which 
represents a 1% AEP level of risk reduction.  This levee is approximately 32.5 miles in length and 
incorporates a 270 ft-barge gate, as well as other structures which are described below.  The 
section of levee west of Bayou Des Allemands would have U.S. Highway 90 on top of it for 
approximately 10 miles.     


2.8.2  Floodwalls 


Floodwalls (T-walls), comprising a total of 14,401 linear ft, have a top of wall design elevation that 
varies from 9.5 ft to 15.0 ft (which includes 2 ft of structural superiority).  The floodwalls include 
fronting protection for seven existing pump stations, which are at the following locations:  Davis 
Pond, Willowridge, Cousins, Kellogg, Ellington, Magnolia Ridge and Crawford Canal.    
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2.8.3  Floodgates 


There are eight floodgates along the alignment:  A roller gate, 45 ft wide, at Bayou Gauche; a 17 
ft x 16 ft x 10.5 ft-stop log gate at Godchaux Canal; two Railroad gates (one 50 ft wide for the 
Union Pacific Railroad and one 35 ft wide for the BNSF Railroad); three roadway swing gates (two 
50 ft wide at U.S. Highway 90 and one 35 ft wide at River Road); and a 270 ft-barge gate crossing 
Bayou Des Allemands.      


2.8.4  Drainage Structures 


There are two gravity drainage structures (each one has four 6 ft x 6 ft-reinforced concrete box 
culverts with sluice gates).  The gravity drainage structures are located between 16 miles and 25 
miles southwest of the entrance to Dufrene Ponds.  There are also four tidal exchange structures 
(one with two 84 inch-diameter reinforced concrete pipe culverts with sluice gates and one with a 
60 inch-diameter reinforced concrete pipe culvert with sluice gates, as well as two existing tidal 
exchange structures (in which each one has three 4 ft x 4 ft sluice gates) in the St. Charles Parish 
levee alignment that would need to be replaced).  The tidal exchange structures are located 
between 16 miles and 25 miles southwest of the entrance to Dufrene Ponds.  A control structure 
consisting of two 10 ft x 10 ft-sluice gates is located in the vicinity of Paradis, LA.   


2.8.5  Pumping Stations 


Adding new pump stations was not considered during the screening phase.  It was assumed any 
existing pump stations in the area would have adequate capacity to address drainage concerns.   


2.8.6  Bridges 


There are no bridges that apply to this alignment.   


2.8.7  Relocations 


 Refer to Section 2.15 of this appendix for relocations information.  


2.8.8  Screening Result 


This alternative was eliminated from further consideration due to USACE policy which prohibits a 
large highway from being placed upon a Federal levee.  The Louisiana Department of 
Transportation and Development in the past has not supported the placement of roadways upon 
levees.  This alternative also would not be in compliance with multiple USACE levee and earthen 
dam engineering and design regulations (such as EM 1110-2-2300), risk analysis regulations 
(such as ER 1105-2-101 and EM 1110-2-1619), encroachment regulations, cost analysis 
regulations (such as ER 1110-2-1302), National Flood Insurance Program levee certification 
regulations (such as EC 1110-6067), flood fighting and emergency operations regulations (such 
as ER 1130-2-530) and Operation, Maintenance, Repair, Replacement and Rehabilitation 
regulations (such as ER1130-2-530 and ER1110-2-401).    
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2.9  Alternative 9 – Basin Rainfall Alternative  


Figure 2-10:  Alternative 9 – Basin Rainfall Alternative 


2.9.1  Levee System 


Alternative 9 (developed to prevent rainfall damages) incorporates the placement of a pump 
station and a 270 ft-barge gate in the location where U.S. Highway 90 crosses Bayou Des 
Allemands.   


2.9.2  Floodwalls 


There are no floodwalls that apply to this alternative.     


2.9.3  Floodgates 


There is a 270 ft-barge gate crossing Bayou Des Allemands.         


2.9.4  Drainage Structures 


There are no drainage structures that apply to this alternative.  


2.9.5  Pumping Stations 


A 3,200 cubic feet per second (cfs) pump station located at Bayou Des Allemands is needed for 
a   10-year rainfall event. 
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2.9.6  Bridges 


There are no bridges that apply to this alternative.   


2.9.7  Relocations 


Refer to Section 2.15 of this appendix for relocations information.  


2.9.8  Screening Result 


This alternative was eliminated from further consideration based on the storage capability of 17 
billion cubic feet within the basin itself, which would equate to a water surface elevation of 1 ft. 
Economic results indicated minimal damages in the areas of the basin where this alternative 
would be most effective.  Therefore, there were nearly no damages to be prevented with a basin 
wide rainfall alternative.     


2.10  Alternative 10 – 1% AEP Open Basin 


Figure 2-11:  Alternative 10 – 1% AEP Open Basin Alternative 


2.10.1  Levee System 


The Alternative 10 levee alignment ties into the existing St. Charles Parish levee (which was built 
to a design elevation of 7.5 ft) at the southern end.  The alignment then traverses in a south to 
southwesterly direction, traversing around the community of Des Allemands, LA, and ends at U.S. 
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Highway 90, just across Bayou Des Allemands, southwest of Des Allemands.  The earthen levee 
design elevation is 12.0 ft (which represents a 1% AEP level of risk reduction), and therefore 
elevates and extends the existing St. Charles Parish levee.  This levee is approximately 24.0 
miles in length and incorporates a 270 ft-barge gate, as well as other structures which are 
described below.    


2.10.2  Floodwalls 


Floodwalls (T-walls), comprising a total of 14,401 linear ft, have a top of wall design elevation of 
14.0 ft (which includes 2 ft of structural superiority).  The floodwalls include fronting protection for 
seven existing pump stations, which are at the following locations:  Davis Pond, Willowridge, 
Cousins, Kellogg, Ellington, Magnolia Ridge and Crawford Canal.    


2.10.3  Floodgates 


There are four floodgates along the alignment:  A roller gate, 45 ft wide, at Bayou Gauche; two 
Railroad gates (one 50 ft wide for the Union Pacific Railroad and one 35 ft wide for the BNSF 
Railroad); and a 270 ft-barge gate crossing Bayou Des Allemands.      


2.10.4  Drainage Structures 


There are two existing tidal exchange structures (in which each one has three 4 ft x 4 ft-sluice 
gates) in the St. Charles Parish levee alignment that would need to be replaced).  The tidal 
exchange structures are located near the Willowdale pump station.  A control structure consisting 
of two 10 ft x 10 ft-sluice gates is located in the vicinity of Paradis, LA.   


2.10.5  Pumping Stations 


Adding new pump stations was not considered during the screening phase.  It was assumed any 
existing pump stations in the area, as well as the storage area in the basin itself (behind U.S. 
Highway 90) would have adequate capacity to address drainage concerns.   


2.10.6  Bridges 


There are no bridges that apply to this alignment.   


2.10.7  Relocations 


Refer to Section 2.15 of this appendix for relocations information.  


2.10.8  Screening Result 


This alternative was included in the Final Array. 
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2.11  Hydraulics and Hydrology 


2.11.1  Exterior Analysis – Hydraulic Levee Design 


Levee design elevations were investigated for the 2%, 1%, 0.5% and 0.2% annual exceedance 
probabilities for storm surges for seven different levee alignments.  Figures 2-12 through 2-19 
show the different levee alignment alternatives, including hydraulic reaches.             


Figure 2-12:  Alternative 1 – U.S. Highway 90 – Segment 1 Extension – With Hydraulic Reaches 







      Upper Barataria Basin, Louisiana 
  Final Feasibility Report and Integrated Environmental Impact Statement 


Appendix A          83     December 2021 


Figure 2-13:  Alternative 2 – U.S. Highway 90 – Full Alignment – With Hydraulic Reaches


Figure 2-14:  Alternative 3 – Des Allemands – Paradis Levee – With Hydraulic Reaches 
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   Figure 2-15:  Alternative 4 – Raceland Levee (Raceland Loop) – With Hydraulic Reaches


Figure 2-16:  Alternative 5 – Basin Edge Levee – With Hydraulic Reaches 







      Upper Barataria Basin, Louisiana 
  Final Feasibility Report and Integrated Environmental Impact Statement 


Appendix A          85     December 2021 


Figure 2-17:  Alternative 6 – U.S. Highway 90 Alignment – State of LA Master Plan – With Hydraulic Reaches 


 Figure 2-18:  Alternative 8 – U.S. Highway 90 Lift Alignment – With Hydraulic Reaches 
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Figure 2-19:  Alternative 10 – 1% AEP Open Basin  


Methodology 


The hydraulic boundary conditions for each hydraulic reach for the 2%, 1%, 0.5% and 0.2% 
Annual Exceedance Probabilities (AEP) for the years 2023 and 2073 were obtained from the 2017 
ADCIRC model runs performed by the Coastal Protection and Restoration Authority (CPRA) and 
are tabulated on Figures 2-20 through 2-27 below, where WSE is the water surface elevation, Hs 
is the significant wave height and Tp is the peak period.  Annex 7 contains overtopping analyses 
from early in the study process during the Screening Phase that were developed from surge 
values derived from CPRA’s 2017 ADCIRC model runs. No wave information was provided so a 
minimum conservative estimate was applied to the wave heights (Hs) and wave periods (Tp) 
across all return periods to determine the design elevations. 


Changes in water surface elevations will occur in the future (2073) due to 50 years of intermediate 
relative sea level rise.  Design elevations for the future condition scenario are considered to reflect 
conditions that are likely to exist in the year 2073.  Changes in surge elevations will occur in the 
future due to subsidence and sea level rise.  Refer to Annex 4 (CPRA Coastal Master Plan-
Attachment-C3-25.1-Storm Surge-FINAL, dated 05 April 2017) and Annex 5 (CPRA-Appendix D-
24 Storm Surge-Wave Model (ADCIRC) Technical Report 4719157-1 (1) dated April 2017) for 
more information.  Refer to Annex 8 for information on relative sea level and climate change. 
Refer to Annex 9 for information on the probability masses, related to the combined probability of 
the hurricane parameters listed under synthetic storms.    
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 2% Existing Conditions (2023) 


Hydraulic 
Reach 


WSE 
(ft) 


Std. 
Dev. Hs (ft) Tp (s) 


A 5.1 0.8 2.4 3.0 
B 4.2 0.8 2.4 3.0 
C 4.2 0.8 2.4 3.0 
D 4.2 0.8 2.4 3.0 
E 4.1 0.8 2.4 3.0 


F,K 3.8 0.8 2.4 3.0 
G 3.8 0.8 2.4 3.0 
 H 3.2 0.8 2.4 3.0 
I 3.7 0.8 2.4 3.0 
J 2.2 0.8 2.4 3.0 


Fig. 2-20 – 2% 2023 Hydraulic Boundary Conditions       Fig. 2-21 – 2% 2073 Hydraulic Boundary 
Conditions       


Fig. 2-22 – 1% 2023 Hydraulic Boundary Conditions          Fig. 2-23 – 1% 2073 Hydraulic Boundary 
Conditions 


2% Future Conditions (2073) 


Hydraulic 
Reach 


WSE 
(ft) 


Std. 
Dev. Hs (ft) Tp (s) 


A 8.0 0.8 2.4 3.0 
B 7.3 0.8 2.4 3.0 
C 6.8 0.8 2.4 3.0 
D 6.3 0.8 2.4 3.0 
E 6.5 0.8 2.4 3.0 


F,K 5.8 0.8 2.4 3.0 
G 5.8 0.8 2.4 3.0 
H 5.6 0.8 2.4 3.0 
I 5.5 0.8 2.4 3.0 
J 3.7 0.8 2.4 3.0 


1% Future Conditions (2073) 


Hydraulic 
Reach 


WSE 
(ft) 


Std. 
Dev. Hs (ft) Tp (s) 


A 9.5 0.8 2.4 3.0 
B 8.9 0.8 2.4 3.0 
C 8.2 0.8 2.4 3.0 
D 7.4 0.8 2.4 3.0 
E 7.5 0.8 3.3 3.4 


F,K 7.1 0.8 3.3 3.3 
G 7.0 0.8 2.4 3.0 
H 7.0 0.8 2.4 3.0 
I 6.9 0.8 2.4 3.0 
J 4.2 0.8 2.4 3.0 


1% Existing Conditions (2023) 


Hydraulic 
Reach 


WSE 
(ft) 


Std. 
Dev. Hs (ft) Tp (s) 


A 6.5 0.8 2.4 3.0 
B 5.5 0.8 2.4 3.0 
C 5.5 0.8 2.4 3.0 
D 5.4 0.8 2.4 3.0 
E 5.2 0.8 2.4 3.0 


F,K 4.6 0.8 2.9 3.1 
G 4.6 0.8 2.4 3.0 
H 4.0 0.8 2.4 3.0 
I 4.4 0.8 2.4 3.0 
J 2.6 0.8 2.4 3.0 
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Fig. 2-24– 0.5% 2023 Hydraulic Boundary Conditions     Fig. 2-25– 0.5% 2073 Hydraulic Boundary 
Conditions   


Fig. 2-26– 0.2% 2023 Hydraulic Boundary Conditions     Fig. 2-27– 0.2% 2073 Hydraulic Boundary 
Conditions 


0.5% Existing Conditions (2023) 


Hydraulic 
Reach 


WSE 
(ft) 


Std. 
Dev. Hs (ft) Tp (s) 


A 7.5 0.8 2.4 3.0 
B 6.5 0.8 2.4 3.0 
C 6.5 0.8 2.4 3.0 
D 6.4 0.8 2.4 3.0 
E 6.1 0.8 2.5 3.2 


F,K 5.5 0.8 3.4 3.5 
G 5.5 0.8 2.4 3.0 
H 5.0 0.8 2.4 3.0 
I 5.2 0.8 2.4 3.0 
J 3.0 0.8 2.4 3.0 


0.5% Future Conditions (2073) 


Hydraulic 
Reach 


WSE 
(ft) 


Std. 
Dev. Hs (ft) Tp (s) 


A 10.6 0.8 2.4 3.0 
B 9.9 0.8 2.4 3.0 
C 9.1 0.8 2.4 3.0 
D 8.6 0.8 2.4 3.0 
E 8.6 0.8 3.8 3.2 


F,K 8.3 0.8 3.8 3.5 
G 8.2 0.8 2.4 3.0 
H 8.2 0.8 2.4 3.0 
I 8.0 0.8 2.4 3.0 
J 4.8 0.8 2.4 3.0 


0.2% Future Conditions (2073) 


Hydraulic 
Reach 


WSE 
(ft) 


Std. 
Dev. Hs (ft) Tp (s) 


A 11.9 0.8 2.4 3.0 
B 11.4 0.8 2.4 3.0 
C 10.6 0.8 2.4 3.0 
D 10.6 0.8 2.4 3.0 
E 10.7 0.8 4.3 3.6 


F,K 10.2 0.8 4.3 3.9 
G 9.7 0.8 2.4 3.0 
H 10.2 0.8 2.4 3.0 
I 9.5 0.8 2.4 3.0 
J 6.9 0.8 2.4 3.0 


0.2% Existing Conditions (2023) 


Hydraulic 
Reach 


WSE 
(ft) 


Std. 
Dev. Hs (ft) Tp (s) 


A 8.9 0.8 2.4 3.0 
B 8.2 0.8 2.4 3.0 
C 8.1 0.8 2.4 3.0 
D 7.8 0.8 2.4 3.0 
E 7.6 0.8 2.9 3.6 


F,K 6.7 0.8 3.8 3.9 
G 6.6 0.8 2.4 3.0 
H 6.4 0.8 2.4 3.0 
I 6.4 0.8 2.4 3.0 
J 3.4 0.8 2.4 3.0 
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The application of a Monte Carlo analysis is used to determine the overtopping rate through the 
use of a MATLAB script for overtopping.  The probabilistic overtopping formulations from Van der 
Meer are applied for the levees.  In addition to the geometric parameters (levee height and slope), 
hydraulic input parameters for determination of the overtopping rate in Equations 1 and 2 are the 
water elevation (ζ), the significant wave height (Hs) and the peak wave period (Tp).  For the design 
water surface elevation, wave height and wave period, the maximum allowable average wave 
overtopping of 0.1 cubic ft. per second per foot (cfs/ft) at 90% level of assurance and 0.01 cfs/ft 
at 50% level of assurance for grass-covered levees.  The Van der Meer overtopping formula is 
shown below. 
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Van der Meer overtopping formulations 


The overtopping formulation from Van der Meer reads (TAW, 2002): 
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With: 


q : average overtopping rate [cfs/ft] 


g : gravitational acceleration [ft/s2] 


Hm0 : wave height at toe of the structure [ft] 


ξ0: surf similarity parameter [-] 


α : slope [-] 


Rc : freeboard [ft] 


γ : coefficient for presence of berm (b), friction (f), wave incidence (β), vertical wall (v) 


The surf similarity parameter ξ0 is defined herein as ξ0 = tan α / √s0 with α the angle of slope 
and s0 the wave steepness. The wave steepness follows from s0 = 2 π Hm0 /(g Tm-10


2). The 
coefficients -4.75 and -2.6 in Equation 1 are the mean values. The standard deviations of 
these coefficients are equal to 0.5 and 0.35, respectively and these errors are normally 


distributed (TAW, 2002). The reader is referred to TAW (2002) for definitions of the various 
coefficients for presence of berm, friction, wave incidence, vertical wall. 


Equation 1 is valid for ξ0 < 5 and slopes steeper than 1:8. For values of ξ0 >7 the following 
equation is proposed for the overtopping rate: 
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The overtopping rates for the range 5 < ξ0 < 7 are obtained by linear interpolation of Equation 
1 and 2 using the logarithmic value of the overtopping rates. For slopes between 1:8 and 
1:15, the solution should be found by iteration. If the slope is less than 1:15, it should be 


considered as a berm or a foreshore depending on the length of the section compared to the 
deep water wavelength. The coefficients -0.92 is the mean value. The standard deviation of 


this coefficient is equal to 0.24 and the error is normally distributed (TAW, 2002). 
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Figure 2-28 – Definitions for Overtopping of a Levee 


The Monte Carlo Analysis is executed as follows: 


9. Draw a random number between 0 and 1 to set the exceedence probability (p).


10. Compute the water elevation from a normal distribution using the mean 1% surge elevation
and standard deviation as parameters and with an exceedence probability (p).


11. Draw a random number between 0 and 1 to set the exceedence probability (p).


12. Compute the wave height and wave period from a normal distribution using the mean 1%
wave height/wave period and the associated standard deviation and with an exceedence
probability (p).


13. Repeat steps 3 and 4 for the three overtopping coefficients independently.


14. Compute the overtopping rate for these hydraulic parameters and overtopping coefficients
determined in steps 2, 4 and 5 using the Van der Meer overtopping formulations for levees
or the Franco & Franco equation for floodwalls (see Equations 1 and 2 in the textbox).


15. Repeat Steps 1 through 5 a large number of times. (N)


16. Compute the 50% and 90% confidence limit of the overtopping rate. (i.e. q50 and q90)


Results 


The resulting levee design elevations produced using an overtopping threshold of q90 = 0.1 cfs/ft 
and q50 = 0.01 cfs/ft for levees with a 1V:4H slope are shown in Figures 2-29 through 2-36 below.  
Refer to Annex 7 for the levee design elevation output plots which provide more information on 
the elevations used for overtopping analysis.   
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2% Existing Conditions (2023) 


Hydraulic Reach Levee Elevation (ft.)  


A 8.5 
B 7.5 
C 7.5 
D 7.5 
E 7.5 


F,K 7.0 
G 7.0 
H 6.5 
I 7.0 
J 5.5 


 Fig. 2-29 – 2% 2023 Hydraulic Design Elevations          Fig. 2-30 – 1% 2023 Hydraulic Design Elevations 


 Fig. 2-31 – 0.5% 2023 Hydraulic Design Elevations        Fig. 2-32 – 0.2% 2023 Hydraulic Design Elevations 


1% Existing Conditions (2023) 


Hydraulic 
Reach Levee Elevation (ft.)  


A 10.0 
B 9.0 
C 9.0 
D 8.5 
E 8.5 


F,K 8.5 
G 7.5 
H 7.5 
I 7.5 
J 6.0 


0.5% Existing Conditions (2023) 


Hydraulic 
Reach Levee Elevation (ft.)  


A 11.0 
B 10.0 
C 10.0 
D 9.5 
E 9.5 


F,K 10.0 
G 9.0 
H 8.5 
I 8.5 
J 6.5 


0.2% Existing Conditions (2023) 


Hydraulic 
Reach Levee Elevation (ft.)  


A 12.0 
B 11.5 
C 11.5 
D 11.0 
E 12.0 


F,K 12.5 
G 10.0 
H 9.5 
I 9.5 
J 6.5 
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   Fig. 2-33 – 2% 2073 Hydraulic Design Elevations      Fig. 2-34 – 1% 2073 Hydraulic Design Elevations 


   Fig. 2-35 – 0.5% 2073 Hydraulic Design Elevations      Fig. 2-36 – 0.2% 2073 Hydraulic Design Elevations 


1% Future Conditions (2073) 


Hydraulic 
Reach Levee Elevation (ft.)  


A 13.0 
B 12.0 
C 11.5 
D 10.5 
E 12.0 


F,K 11.5 
G 10.5 
H 10.5 
I 10.0 
J 7.5 


2% Future Conditions (2073) 


Hydraulic Reach Levee Elevation (ft.)  


A 11.5 
B 10.5 
C 10.0 
D 9.5 
E 10.0 


F,K 9.0 
G 9.0 
H 9.0 
I 9.0 
J 7.0 


0.5% Future Conditions (2073) 


Hydraulic 
Reach Levee Elevation (ft.)  


A 14.0 
B 13.0 
C 12.5 
D 12.0 
E 13.0 


F,K 13.5 
G 11.5 
H 11.5 
I 11.5 
J 8.0 


0.2% Future Conditions (2073) 


Hydraulic 
Reach Levee Elevation (ft.)  


A 15.0 
B 14.5 
C 14.0 
D 14.0 
E 16.0 


F,K 16.0 
G 13.0 
H 13.5 
I 13.0 
J 10.0 
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2.11.2  Interior Analysis – Hydraulic Levee Design 


The hydrologic routing and impounding of rain water for the existing without project and future 
without project conditions for 7 different levee alignment alternatives were investigated, using 
annual rainfall frequencies of 50%, 20%, 10%, 4%, 2%, 1%, 0.5% and 0.2% AEP.  Figure 2-37 
shows the extent of the study area.  Figures 2-38 through 2-44 show the alternative alignments 
that were investigated.  	


Figure 2-37:  Upper Barataria Basin Study Area 
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Figure 2-38:  Alternative 1 – U.S. Highway 90 – Segment 1 Extension 
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Figure 2-39:  Alternative 2 – U.S. Highway 90 – Full Alignment 
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Figure 2-40:  Alternative 3 – Des Allemands – Paradis Levee 


Figure 2-41:  Alternative 5 – Basin Edge Levee 
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Figure 2-42:  Alternative 6 – U.S. Highway 90 Alignment – State of LA Master Plan 


Figure 2-43:  Alternative 8 – U.S. Highway 90 Lift Alignment 
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Figure 2-44:  Alternative 10 – 1% AEP Open Basin Alternative 


Methodology 


The area investigated was analyzed using the HEC-RAS model version 5.0.6.  The latest version 
of the River Analysis System (RAS) of the HEC-RAS model that was available at the time of model 
development was used for hydraulic modeling.  HEC-RAS is designed to perform one- and two-
dimensional hydraulic calculations for a full network of natural and constructed channels.  This 
component of the HEC-RAS modeling system is capable of simulating one-dimensional, two-
dimensional and combined one/two-dimensional unsteady flow through a full network of open 
channels, floodplains and alluvial fans.  The unsteady flow component can be used to perform 
subcritical, supercritical and mixed-flow regime (subcritical, supercritical, hydraulic jumps and 
draw-downs) calculations in the unsteady flow computations module.   


A 24-hour rainfall duration was used for the precipitation input.  The HEC-RAS model was 
conducted using a 3-day simulation time window and a computation interval of 1 minute, with a 
mesh containing 32,620 cells.   
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Figure 2-45:  HEC-RAS Computational Mesh 


The NOAA Atlas 14 precipitation frequency estimates were used for rainfall point precipitation 
estimates.  Figure 2-46 below shows these estimates.   
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Figure 2-46:  NOAA Atlas 14 Precipitation Frequency Estimates 


The model was calibrated against the August 2017 storm, which was associated with Hurricane 
Harvey, using the following Coastal Reference Monitoring System (CRMS) gage stations shown 
on Figure 2-47 below.   
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Figure 2-47:  Coastal Reference Monitoring System (CRMS) Gages 


The observed stages versus modeled stages were compared for each CRMS gage.  The 
difference between the observed stages and the modeled stages ranged from approximately 0.5 
ft to 1.0 ft,  as shown on Figures 2-48 and 2-49 below.   
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Figure 2-48:  CRMS Gages Water Elevations for August 2017 
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Figure 2-49:  CRMS Gages Observed versus HEC-RAS Modeled Stages 


Results 


The geometries for each alternative and a sample snapshot of the associated output attribute 
table results, containing 3,258 output points, are shown on Figures 2-50 through 2-58 below.  The 
full attribute tables can be obtained from the referenced shape files.  In the attribute tables, the 
water elevations are shown in ft for each of the 8 rainfall frequencies for the existing without-
project and future without-project conditions, along with the 0.2%, 0.5%, 1% and 2% surge values 
for each output point.  The shape files and attribute tables were used by Economics to determine 
the flood risk reduction benefits associated with each alternative.  Refer to Annex 6 for more 
information.   
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Figure 2-50:  Existing and Future Without Project Geometry 
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Figure 2-51:  Alternative 1 (U.S. Highway 90 – Segment 1 Extension) Geometry 
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Figure 2-52:  Alternative 2 (U.S. Highway 90 – Full Alignment) Geometry 
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Figure 2-53:  Alternative 3 (Des Allemands – Paradis Levee) Geometry 
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Figure 2-54:  Alternative 5 (Basin Edge Levee) Geometry 
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Figure 2-55:  Alternative  6 (U.S. Highway 90 Alignment – State of LA Master Plan) Geometry 
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Figure 2-56:  Alternative 8 (U.S. Highway 90 Lift Alignment) Geometry 


Sample snapshots of the associated output attribute table results, which contains 3,258 output 
points, are shown on Figures 2-57 and 2-58 below.  The attribute table provides the stages at 
each output point for rainfall for the eight rainfall frequencies analyzed (50%, 20%, 10%, 4%, 2%, 
1%, 0.5% and 0.2% AEP) and the 4 surge frequencies analyzed (2%, 1%, 0.5% and 0.2% AEP), 
along with comparison columns that show the highest stage at that point due to rain or surge.  The 
complete raw dataset of the attribute tables for each alignment is available at the referenced 
location (refer to Annex 6).   
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Figure 2-57:  Existing and Future Without Project Attribute Table for Rainfall Sample Snapshot 
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Figure 2-58:  Existing and Future Without Project Attribute Table for Surge Sample Snapshot 


Conclusion 


The following inundation maps show the existing without project and future without project 
conditions for the 50%, 20%, 10%, 4%, 2%, 1%, 0.5% and 0.2% AEP annual rainfall frequency 
events.  These conditions are shown on Figures 2-59 through 2-74 below.   
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Figure 2-59:  Inundation Map for the 50% AEP Rainfall Frequency Event (Existing Without Project 
Condition) 
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Figure 2-60:  Inundation Map for the 20% AEP Rainfall Frequency Event (Existing Without Project 
Condition) 
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Figure 2-61:  Inundation Map for the 10% AEP Rainfall Frequency Event (Existing Without Project 
Condition) 
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Figure 2-62:  Inundation Map for the 4% AEP Rainfall Frequency Event (Existing Without Project Condition) 
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Figure 2-63:  Inundation Map for the 2% AEP Rainfall Frequency Event (Existing Without Project Condition) 
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Figure 2-64:  Inundation Map for the 1% AEP Rainfall Frequency Event (Existing Without Project Condition) 
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Figure 2-65:  Inundation Map for the 0.5% AEP Rainfall Frequency Event (Existing Without Project 
Condition) 
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Figure 2-66:  Inundation Map for the 0.2% AEP Rainfall Frequency Event (Existing Without Project 
Condition) 
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Figure 2-67:  Inundation Map for the 50% AEP Rainfall Frequency Event (Future Without Project Condition) 
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   Figure 2-68:  Inundation Map for the 20% AEP Rainfall Frequency Event (Future Without Project 
Condition) 
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Figure 2-69:  Inundation Map for the 10% AEP Rainfall Frequency Event (Future Without Project Condition) 
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Figure 2-70:  Inundation Map for the 4% AEP Rainfall Frequency Event (Future Without Project Condition) 
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Figure 2-71:  Inundation Map for the 2% AEP Rainfall Frequency Event (Future Without Project Condition) 
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Figure 2-72:  Inundation Map for the 1% AEP Rainfall Frequency Event (Future Without Project Condition) 
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Figure 2-73:  Inundation Map for the 0.5% AEP Rainfall Frequency Event (Future Without Project Condition) 
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Figure 2-74:  Inundation Map for the 0.2% AEP Rainfall Frequency Event (Future Without Project Condition) 


2.12  Geotechnical 


2.12.1  Background 


Earthwork stability templates, settlement and lift schedule predictions were prepared for cost 
estimating purposes only.  The templates and lift schedules were used for the elimination of 
alternatives and to determine a TSP.     


The process to complete the scoping-level engineering effort started with the geotechnical 
evaluation of the different alignments.  The geotechnical evaluation consisted of reviewing existing 
soil boring data, preparation of earthwork stability templates by stability analyses, settlement 
predictions and preparation of a lift schedule.  


Geotechnical data was used to develop soil design parameters for the proposed alignments.  By 
a comparison of the available soil properties in the project area, it was determined that the 
properties used in the Magnolia Ridge (a local risk-reduction project constructed by St. Charles 
Parish) geotechnical report, provided to the PDT by the local levee district, yielded a good general 
representation of the general project area.  This report is relevant to this study because it is the  
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geotechnical design for the levee on the same alignment as the study area.  Soil properties from 
the Magnolia Ridge geotechnical report were used in the stability and settlement analyses.  All 
elevations are referenced to the NAVD88 datum.   


2.12.2  Furnished Information 


One hundred and forty-three borings along the proposed alignment were available from the 
USACE New Orleans District database.  Seven of the borings were applicable to Alternative 1, 
while all 143 of the borings were applicable to Alternative 2.   


Local levee districts provided geotechnical reports about local levees including Willowridge, 
Ellington, Magnolia Ridge and Sunset.  These geotechnical reports contained boring information, 
stability analyses and some settlement analyses.  These reports can be available upon request.        


2.12.3  Soil Design Reaches 


Alternative 1 has five hydraulic reaches:  D, E, F, G and H (see Figure 2-12 of this appendix). 
Hydraulic analyses were performed to determine the design levee elevations at each of these 
reaches.  One general soils reach was used in the stability analyses and settlement predictions. 
Hydraulic reach D corresponds to the local Magnolia Ridge and Sunset levee reaches.  Hydraulic 
reach E is a portion of the local Sunset levee reach.  A portion of hydraulic reach F overlaps the 
local Sunset levee reach, while the remainder of the hydraulic reach does not correspond to any 
of the levee reaches.         


Alternative 2 has eight hydraulic reaches:  A, B, C, D, E, F, G and H (see Figure 2-13 of this 
appendix).  A small portion of hydraulic reach A overlaps the local Willowridge levee reach. 
Hydraulic reach B overlaps the local Willowridge and Ellington reaches.  Hydraulic reach C 
overlaps the local Ellington and Magnolia Ridge reaches.  The locations where hydraulic reaches 
D, E and F overlap the local levee reaches are described above.  Hydraulic reaches G and H are 
south of the existing St. Charles Parish Levees (there were no USACE borings available in the 
New Orleans District (CEMVN) database for these reaches).  The Upper Barataria Basin Risk 
Reduction 10% Conceptual Design Report, prepared by Burk-Kleinpeter, Inc. for the State of 
Louisiana, dated December 2018, only contained two soil borings and six CPTs in hydraulic 
reaches G and H (which each extend for about ten miles).  This lack of subsurface information 
was reflected in the risk register.     


Alternative 10 includes four hydraulic reaches:  D, E, F and G (see Figure 2-19 of this appendix), 
which are described above.  


2.12.4  Methodology and Assumptions  


The analyses were performed in accordance with the HSDRRS Design Guidelines dated 23 
October 2007, with the geotechnical section updated on 14 June 2012.  It should be noted that 
the scope of this study does not include all cases required by the HSDRRS guidelines.  The scope 
of this study only includes an evaluation of the Q-case (i.e., undrained) parameters for the TOL, 
Still Water Level (SWL) and the Low Water Level (LWL).  It was assumed that the SWL was two 
feet below the top of levee elevation, while the actual SWL will be used in the analysis after a TSP 
is chosen.  It is assumed that the S-case (i.e., drained) parameters will be analyzed after the TSP 
is selected.    
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2.12.5  Design Information 


The levee was analyzed with a crown elevation of 8.5 ft for Alternatives 1, 2, 3 and 5.  The levee 
was analyzed for Alternatives 6, 8 and 10 with various crown elevations, including elevations of 
15.0 ft, 17.0 ft, 19.0 ft, 21.0 ft and 21.5 ft.  These heights were analyzed to ensure the required 
elevation that is needed in the year 2073 could be reached.  A weighted average of all of the 
required hydraulic elevations was used to determine the levee elevation needed in 2073, which 
is elevation 18.82 ft (rounded to 19.0 ft).      


Locations of the borings used in the analyses can be found in the geotechnical drawings of Annex 
2 (sheets 7 through 9).  Subsoil profiles of the borings used in the analyses can be found in Annex 
2 geotechnical drawings (sheets 10 through 12).  Design parameters used in the stability analyses 
can be found in Annex 2 (sheet 13).  Design parameters used in the settlement calculations can 
be found in Annex 2 (sheets 14 and 15).   


The analyses presented in the Upper Barataria Basin Risk Reduction 10% Conceptual Design 
Report, prepared by Burk-Kleinpeter, Inc. for the State of Louisiana, dated December 2018, were 
used to develop typical sections to compare to a floodwall option that was not selected.  This 
report is available upon request.       


2.12.6  Stability Analyses 


The stability of the earthen levees was determined using soil properties from the Magnolia Ridge 
geotechnical report.  This report was used because it appeared to be a good representation of 
the general soil properties in the area.  The program SLOPE/W version 7.23, Build 5099 from the 
GeoStudio Suite of programs used the Spencer Method to determine typical levee cross sections 
to be used in the cost estimate.  A Method of Planes analysis will be conducted after the TSP has 
been selected.    


The earthen levees generally consist of a 10 ft-wide levee crown with 1V:4H side slopes.  A 
simplifying assumption that the SWL was two ft below the top of the levee was used in each 
analysis.  Stability analyses for Alternative 6 can be found in the geotechnical drawings of Annex 
2 (sheets 19 through 27).  Stability analyses for Alternative 8 can be found in Annex 2 (sheets 28 
through 39).   


One option in Alternative 10 consisted of a floodwall instead of an earthen levee.  A geotechnical 
levee section was provided based on Section 2 of the Upper Barataria Basin Risk Reduction 10% 
Conceptual Design Report, prepared by Burk-Kleinpeter, Inc. for the State of Louisiana, dated 
December 2018, which corresponds to the alignment in Alternative 10 that was used for cost 
estimating purposes.  The typical section shown on page 13 of 71 of Appendix 8 – Plan Drawings 
in the Upper Barataria Basin Risk Reduction 10% Conceptual Design Report, prepared by Burk-
Kleinpeter, Inc. for the State of Louisiana, dated December 2018, was used, and can be found in 
Annex 2 (sheet 9).  This report is available upon request.     


2.12.7  Settlement Analyses 


The Settle3D Version 4.013 Build date: Nov 24 2017 13:21:12, by Rocscience Inc., was used for 
the settlement analysis for Alternatives 1, 3, 5, 6 and 8.  Embankment loads were used to model 
the typical levee sections found in the stability analyses.  Soil properties from the Magnolia Ridge 
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project were used to model the soil for the entire reach.  This assumption was based upon the 
limited data available in the study area.  The soil properties found in the Magnolia Ridge report 
were similar to available boring data in the area.  It was assumed the soil was normally to slightly 
over-consolidated in this reach.  The settlement parameters used in the settlement calculations 
can be found in the geotechnical drawings of Annex 2 (sheet 14).  The amount of settlement was 
determined for each levee height.  The amount of settlement was used to develop a lift schedule 
for Alternatives 1, 3, 5, 6 and 8.  Calculations were provided for each levee lift shown on the lift 
schedules, since the elevation needed to be increased each time the levee was lifted so that the 
levee reached the required grade in the year 2073.  Alternative 2 used the section and lift curve 
from Alternative 1 to determine the cost.  Alternative 4 was eliminated from further consideration 
due to a lack of damages; therefore analyses were not needed.  Alternative 7 consists of 
nonstructural features.  


The lift schedule for Alternative 10 was created with a family of settlement curves based on 
CEMVN’s experience with soft soils in southeastern Louisiana.  This lift schedule was compared 
to several lift schedules for the HSDRRS, including but not limited to the contracts WBV-16.2 and 
WBV-72, near the project sites and should have similar geologic properties.  The lift schedules 
for hydraulic reaches A, B and C used Curve 7 from the family of curves.  This curve was chosen 
because the existing levees in this area have been there for many years and any settlement 
should be minimal.  The lift schedules for hydraulic reaches D, E and F use Curve 5 in the year 
2023, Curve 5 in the year 2038, Curve 6 in the year 2053 and Curve 7 in the year 2064.  A plot of 
the family of settlement curves is included in Annex 2.    


2.12.8  Results and Conclusions 


Stability analyses and settlement calculations were used to develop the lift schedules and typical 
cross sections for Alternatives 1, 3, 5, 6, 8 and 10.  The results of the analysis in the Upper 
Barataria Basin Risk Reduction 10% Conceptual Design Report, prepared by Burk-Kleinpeter, 
Inc. for the State of Louisiana, dated December 2018 were used to estimate the typical sections 
for an option in Alternative 10, which used floodwalls instead of levees.  Typical cross sections for 
Alternatives 1, 3 and 5 consisted of a levee with a 10 ft-wide crown at elevation 8.5 ft, with 1V:4H 
side slopes.  Typical cross sections for Alternative 2 consisted of a levee with a 10 ft wide crown 
at elevation 9.5 ft, with 1V:4H side slopes.  Typical cross sections for Alternative 10 consisted of 
a levee with a 10 ft-wide crown at elevation 13 ft, with 1V:4H side slopes.  The lift schedules for 
Alternatives 1, 3, 5, 6, 8 and 10, as well as the typical cross sections for Alternatives 6, 8 and 10 
are included in Annex 2.    


2.13  Civil Design 


For all of the levee structural alternatives, the side slopes used were 1V:4H.  The base elevations 
ranged from 4.0 ft to (-) 4.0 ft so, for consistency, it was decided to use a weighted average across 
all reaches and alternatives of 1.5 ft.  For the footprint width, an additional 15 ft was added to each 
side to account for the vegetative free zone for maintenance purposes.  Another 25 ft was 
added to each side for fertilizing, seeding, clearing and grubbing.  Therefore, an overall distance 
for the seeding, mulching, fertilizing, clearing and grubbing quantities is an additional 80 ft, 
added to the toe-to-toe width of the levee.  For silt fence quantities, the reach length was 
doubled, with an additional 25% added for staging areas.  Hydraulic reaches A, B and C have 
existing levees to elevation 7.5 ft.  So, for the quantities on these reaches, the cross sectional 
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area to 7.5 ft was subtracted from the new levee section.  It is assumed that a straddle lift would 
be placed on top of the existing levees.   


For Alternative 1, the levee design height used was 7.5 ft.  The MVN geotechnical designer 
advised the addition of one ft for settlement.  This resulted in a construction grade of 8.5 ft (which 
was also the basis for determining the quantities).  There were no additional lifts or berms required 
for this alternative (only one lift was needed).  For Alternative 2, the design elevation was 8.5 ft, 
resulting in a construction elevation of 9.5 ft.  There were no additional lifts or berms required for 
this alternative (only one lift was needed).  For Alternative 3, the design elevation was 7.5 ft, 
resulting in a construction elevation of 8.5.  There were no additional lifts or berms required for 
this alternative (only one lift was needed).  For Alternative 5, the design elevation was 7.5 ft, which 
resulted in a construction elevation of 8.5 ft.  There were no additional lifts or berms required for 
this alternative (only one lift was needed).  For Alternative 6, there were four lifts and berms 
required.  For all hydraulic reaches of Alternative 6, the first lift was scheduled to 15.0 ft in the 
year 2023, the second lift was scheduled to 17.0 ft in the year 2036 for hydraulic reaches A, B 
and C, and to 17.0 ft in the year 2034 for hydraulic reaches D, E, F, G, I and H.  The third lift was 
scheduled to 19.0 ft in the year 2049 for hydraulic reaches A, B and C, and to 19.0 ft in the year 
2047 for hydraulic reaches D, E, F, G, I and H.  The fourth lift was scheduled to 21.0 ft in the year 
2062 for hydraulic reaches A, B and C, and to 21.0 ft in the year 2060 for hydraulic reaches D, E, 
F, G, I and H.  For Alternative 8, reaches A through F, the same sections and assumptions were 
used as in Alternative 6.  However, hydraulic reaches G, I and H for Alternative 6 have a 155 ft-
wide crown.  For all hydraulic reaches of Alternative 8, the first lift was scheduled to 15.0 ft in the 
year 2023, the second lift was scheduled to 17.0 ft in the year 2051, the third lift was scheduled 
to 19.0 ft in the year 2059 and the fourth lift was scheduled to 20.5 ft in the year 2067.   


Additional Alternative 10 was also investigated.  The alternative had a design elevation of 12.0 ft, 
with a construction elevation of 13.0 ft to account for settlement.  The base elevation was also 
assumed to be 1.5 ft (similar to the other alternatives).  Alternative 10 consisted of hydraulic 
reaches A, B, C, D, E, F and G.  For the alternative, the quantity for the existing levee built to 
elevation 7.5 ft was subtracted to account for hydraulic reaches A, B and C.  For the alternative, 
there were four scheduled lifts in years 2023, 2050, 2053 and 2064 for hydraulic reaches D 
through G.  Hydraulic reaches A, B and C only required three lifts each in years 2023, 2033 and 
2062.    


Refer to Annex 1 for a table of quantities for the seven levee structural alternatives.     


2.14  Structural Design 


During the review of the array of alternatives, two alternatives were selected for further analysis: 


 Alternative 6, “U.S. Highway 90 Alignment – State of LA Master Plan”, was selected to
provide scoping level engineering estimates for the 1% future (2073) Hydraulic design
elevation for each structure, with an additional two ft of structural superiority added to the
computed design elevations.


 Alternative 1, “U.S. Highway 90 - Segment 1 Extension”, was selected to provide scoping
level engineering estimates for a lower level of risk reduction for each structure, with an
additional two ft. of structural superiority added to the computed design elevations.







      Upper Barataria Basin, Louisiana 
  Final Feasibility Report and Integrated Environmental Impact Statement 


Appendix A          134    December 2021 


Seven representative structures were selected by the PDT to update quantities for cost based on 
the UBB feasibility study alternatives.  These representative structures were typical of most 
alignments in the study area.  The seven representative structures are:  (1) – Railroad gate near 
River Road; (2) - Pump station fronting protection at Davis Pond pump station; (3) - T-wall pipeline 
crossing (Davis Pond Pipeline No. 2); (4) - Roller gate (LA Highway 306, Bayou Gauche Rd); (5) 
– 270 ft-Barge Gate; (6) - Godchaux Canal Stoplog Gate; and (7) - 6 ft x 6 ft-Sluice Gate/Box
Culvert (Hydraulic Structures).


Based on information available in the “Upper Barataria Risk Reduction Conceptual Design Report, 
Louisiana State Coastal Master Plan Project No. 002.HP.06, dated December 2018” (State 
Master Plan (SMP)) and the computed design elevations, the existing quantities from the SMP 
design report were scaled up and/or down to reach the required elevation.  This report is available 
upon request.       


2.15  Relocations 


2.15.1  General 


The Fifth Amendment to the Constitution of the United States provides that just compensation will 
be paid for the acquisition of private property for public use.  This acquisition of an interest in real 
estate is necessary for the Federal Government to subordinate such interest in real estate.  In 
publicly-owned roads and utility systems, the Federal Courts have held that the liability of the 
United States for such acquisition is the cost of providing substitute facilities where substitute 
facilities are, in fact, necessary.  This is the basis of the facility and utility relocation process. 
Therefore, it was incumbent that an investigation of the existing public utilities and facilities located 
within the proposed project area was conducted, while accounting for the current design 
requirements for the TSP.  In the event that such a facility, utility, cemetery or town would affect 
the construction, operation, maintenance, repair, replacement or rehabilitation of a USACE 
project, then the appropriate disposition of the impacted facility must be determined.  Some 
facilities may require either a permanent or temporary physical adjustment or displacement to 
support project activities, engineering requirements and operation and maintenance needs. 


Investigating, identifying and verifying public facilities and utilities located within Alternatives 1, 
2, 3, 5, 6, 8 and 10 within the project area was performed.  However, for the final array, 
Alternatives 1, 2 and 10 were selected (see Figures 2-2, 2-3 and 2-11).  Database research 
included the National Pipeline Database, State Online Natural Resources Information System 
(SONRIS), Louisiana Department of Natural Resources (LADNR), HTST-IHS, Penwell and the 
National Pipeline Mapping System (NPMS) data.  


Based on the research and investigations conducted as part of the study effort, multiple facilities 
or utilities located within the project area of the aforementioned alternatives are expected to be 
impacted.  Refer to Annex 3 for maps of the various utilities in the project area of each alternative. 


2.15.2  Methodology 


A review of multiple pipeline databases was used to investigate the facilities located within the 
project areas of the three Alternatives.  During this review, no other facilities were identified except 
for the pipelines and associated markers in the overall project area known as the Master Plan 
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(Alternatives 1 and 2 combined).  A site visit had not been completed.  The utilities located during 
the preliminary investigation were cross-referenced with utilities identified in the Upper Barataria 
Risk Reduction Conceptual Design Report dated December 2018.  The facilities that could be 
potentially impacted by the project were the pipelines, overhead electrical transmission lines and 
electrical distribution lines shown in Annex 3.  The status of each pipeline was identified as either 
Active, Inactive, Abandoned, Removed or Proposed, according to information in the pipeline 
databases.    


The impacts on the pipelines were based on the assumption that the Upper Barataria Levee 
Project will use HSDRRS criteria, dated February 2007, which addresses the following as 
acceptable methods of pipeline crossings: directional drilling, structural elevated support, T-wall 
construction and direct contact.  It was decided to use the T-wall and direct contact methods for 
this methodology.  


The T-wall construction method focuses on passing the pipeline through the T-wall, with the 
existing pipeline remaining in place.  This method consists of constructing a pile-founded, inverted 
T-wall flanked by a sheet pile wall on either side to provide seepage reduction for flood control.
The T-wall is built around the in-situ pipeline.  This method is more conducive for pipelines that
are approximately 20 ft. or less apart and are unable to bypass their right-of-way on a temporary
basis.  There are 3 areas in Alternative 1 and 6 areas in Alternative 2 that were identified as
requiring T-walls.


With the direct contact method, the pipeline owner has the option of placing the pipeline in direct 
contact with the surface of the newly-constructed hurricane levee.  This will require the owner to 
relocate the pipeline when the levee is raised because of settlement of change in design grade. 
The owners must also determine that the pipeline can sustain the settlement and resulting 
stresses that are associated with it.  Slope pavement or other approved methods must be installed 
over the pipeline throughout the transition area.  This method was assumed for single or dual 
pipelines that have enough space to bypass or re-route up-and-over the new levee design section. 


Electric Transmission Lines in this area are assumed to meet the minimum clearance criteria over 
the proposed levee crossings, which is 22 ft at 50 kV, plus 0.4 inches for every 1.0 kV above 50 
kV.    


2.15.3  Results 


The results of the facility relocations investigations shown in Table 2-2 for Alternative 1, Table  2-
3 for Alternative 2 and Table 2-4 for Alternative 10 below, which includes a description of the only 
facilities located within the respective project areas of Alternatives 1, 2 and 10.    


The estimated costs for utility relocations are as follows:  For Alternative 1, $32,201,000; for 
Alternative 2, $43,258,000; and for Alternate 10, $28,507,000.  The furnished information included 
the utility owner, type of utility, size, location and the number of utilities.  All estimated costs for 
relocations are at October 2019 price levels and include a percentage of 31% for risk 
contingencies.  
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Table 2-2:  Utilities within Alternative 1 
Owner Diameter Material Product Station* 


Segment 2.1 
    


 
Bridgeline 22 in. Steel Natural gas 24+50 


Segment 2.5 
  


 
Boardwalk 18 in. Steel Natural gas 230+00 
Bellsouth 12 in. Steel Conduit 305+00 


St. Charles 
Parish 


4 in. Steel Water 305+00 


Segment 2.6  
Chevron 6 in. Steel Natural gas 339+60 
Chevron 6 in. Steel Natural gas liquid 339+80 


William Energy 10 in. Steel  Natural gas liquid 340+00 
Chevron 14 in. Steel  Natural gas 340+20 
Chevron 20 in. Steel  Liquified 


Petroleum Gas 
340+40 


Bridgeline 30 in. Steel  Natural gas 340+60 
Segment 3 


   
 


Boardwalk 12 in. Steel  Natural gas  10+00 to 
32+13 


Boardwalk 16 in. Steel  Natural gas  10+00 to 
32+13 


Boardwalk 30 in. Steel  Natural gas  10+00 to 
32+13 


Shell 9 in. Steel  Crude Oil 10+00 to 
32+13 


Boardwalk (2) 10 in. Steel  Natural gas 10+00 to 
32+13 


Entergy N/A N/A Electric 
Transmission 


10+00 to 
32+13 


Segment 4 
  


 
Boardwalk 12 in. Steel  Natural gas  10+00 to 


85+00 
93+00 


Boardwalk 16 in. Steel  Natural gas  10+00 to 
85+00 


93+20 


Boardwalk 30 in. Steel  Natural gas 10+00 to 
85+00 


90+00 


Shell 9 in. Steel  Crude Oil 10+00 to 
85+00 


91+50 


Boardwalk (2) 10 in. Steel  Natural gas 10+00 to 
85+00 


93+40 


Castex 6 in. Steel  Unknown 10+00 to 
85+00 
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Owner Diameter Material Product Station* 
Entergy N/A N/A Electric 


Transmission 
10+00 to 
85+00 


91+00 


Segment 5 
  


 
Boardwalk 12 in. Steel  Natural gas  10+00 to 


215+00 
Boardwalk 16 in. Steel  Natural gas  10+00 to 


215+00 
Boardwalk 30 in. Steel  Natural gas  10+00 to 


215+00 
Shell 9 in. Steel  Crude Oil 10+00 to 


215+00 
Boardwalk 12 in. Steel  Natural gas 248+00 


Castex 6 in. Steel  Unknown Unknown 
Phillip 66 8 in. Steel  Ethane/Propylene 92+50 
Entergy N/A N/A Overhead Electric 


Transmission 
10+00 to 
215+00 


Transcontinental 10 in. Steel  Gas 242+00
Boardwalk 12 in. Steel  Natural gas  251+00 
Boardwalk 10 in. Steel  Natural gas  251+20 
Abandoned 6.5 in. Steel  N/A N/A


Entergy N/A N/A Overhead 
Transmission 


296+00 


Entergy N/A N/A Overhead 
Transmission 


256+00 


Spectra 36 in. Steel  Natural gas 337+00 
LOOP 48 in. Steel  Crude Oil 339+00 
Exxon 12 in. Steel  Crude Oil 394+90 
Exxon 16 in. Steel  Crude Oil 395+10 


Entergy N/A N/A Overhead 
Distribution 


404+00 


*Stations are based on stationing used in the Upper Barataria Risk Reduction Conceptual Design Report
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Table 2-3:  Utilities within Alternative 2 


Owner Diameter Material Product Station* 
Segment 1-a 


  
 


Bridgeline 12 in. Steel Natural gas 77+00 
Bridgeline 16 in. Steel Natural gas 76+80 
Enterprise 10 in. Steel Natural gas liquids 160+20 


Shell 24 in. Steel Liquid crude 159+80 
Shell 20 in. Steel Liquid crude 160+00 


Enterprise 26 in. Steel Natural gas  170+80 
Boardwalk 16 in. Steel Natural gas  170+20 
Evangeline 24 in. Steel Natural gas  Unknown 


Nu-star 6 in. Steel Anhydrous
ammonia 


170+60 


Atmos 24 in. Steel Gas 184+00
Quest 6 in. Steel Conduit Unknown


Segment 1-b 
  


 
No Utilities 


Segment 1-c  
Atmos 24 in. Steel Gas 10+00 to 


15+00 
Boardwalk 12 in. Steel Natural gas  10+00 to 


68+25 
Boardwalk 16 in. Steel Natural gas  10+00 to 


68+25 
Boardwalk 30 in. Steel Natural gas  10+00 to 


68+25 
Chevron 14 in. Steel Liquid carbon 


dioxide 
101+00 to 
102+50 


Columbia 16 in. Steel Natural gas  101+00 to 
102+50 


Bridgeline 8 in. Steel Natural gas  101+00 to 
102+50 


Bridgeline 14 in. Steel Natural gas  101+00 to 
102+50 


Bridgeline 12 in. Steel Natural gas  135+00 
St. Charles 


Parish 
20 in. Steel Water 147+08 to 


152+00 
St. Charles 


Parish 
12 in. Steel Water 147+08 to 


152+00 
St. Charles 


Parish 
8 in. Steel Water 147+08 to 


152+00 
Segment 1-d 


Bridgeline 16 in. Steel Natural gas 95+99 to 
97+35 
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Owner Diameter Material Product Station* 
Columbia 16 in. Steel Natural gas 95+99 to 


97+35 
Chevron 14 in. Steel Liquid carbon 


dioxide 
95+99 to 
97+35 


Segment 2.1  
Bridgeline 22 in. Steel Natural gas 24+50 


Segment 2.5 
  


 
Boardwalk 18 in. Steel  Natural gas 230+00 
Bellsouth 12 in. Steel  Conduit 305+00


St. Charles 
Parish 


4 in. Steel  Water 305+00


Segment 2.6  
Chevron 6 in. Steel  Natural gas 339+60 
Chevron 6 in. Steel  Natural gas liquid 339+80 


William Energy 10 in. Steel  Natural gas liquid 340+00 
Chevron 14 in. Steel  Natural gas 340+20 
Chevron 20 in. Steel  Liquified petroleum 


gas 
340+40 


Bridgeline 30 in. Steel  Natural gas 340+60 
Segment 3 


  
 


Boardwalk 12 in. Steel  Natural gas  10+00 to 
32+13 


Boardwalk 16 in. Steel  Natural gas  10+00 to 
32+13 


Boardwalk 30 in. Steel  Natural gas  10+00 to 
32+13 


Shell 9 in. Steel  Crude oil 10+00 to 
32+13 


Boardwalk (2) 10 in. Steel  Natural gas 10+00 to 
32+13 


Entergy N/A N/A Electric
Transmission 


10+00 to 
32+13 


Segment 4 
  


 
Boardwalk 12 in. Steel  Natural gas  10+00 to 


85+00 
Boardwalk 16 in. Steel  Natural gas  10+00 to 


85+00 
Boardwalk 30 in. Steel  Natural gas  10+00 to 


85+00 
Shell 9 in. Steel  Crude oil 10+00 to 


85+00 
Boardwalk (2) 10 in. Steel  Natural gas 10+00 to 


85+00 
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Owner Diameter Material Product Station* 
Castex 6 in. Steel Unknown 10+00 to 


85+00 
Entergy N/A N/A Electric


Transmission 
10+00 to 
85+00 


Segment 5 
  


 
Boardwalk 12 in. Steel  Natural gas 10+00 to 


215+00 
Boardwalk 16 in. Steel  Natural gas  10+00 to 


215+00 
Boardwalk 30 in. Steel  Natural gas  10+00 to 


215+00 
Shell 9 in. Steel  Crude oil 10+00 to 


215+00 
Boardwalk 12 in. Steel  Natural gas 248+00 


Castex 6 in. Steel  Unknown Unknown
Phillip 66 8 in. Steel  Ethane/Propylene 92+50 
Entergy N/A Steel  Overhead Electric 


Transmission 
10+00 to 
215+00 


Transcontinental 10 in. Steel  Gas 242+00
Boardwalk 12 in. Steel  Natural gas  251+00 
Boardwalk 10 in. Steel  Natural gas  251+20 
Abandoned 6.5 in. Steel  N/A N/A


Entergy N/A Steel  Overhead 
Transmission 


296+00 


Entergy N/A Steel  Overhead 
Transmission 


256+00 


Spectra 36 in. Steel  Natural gas 337+00 
LOOP 48 in. Steel  Crude oil  339+00 
Exxon 12 in. Steel  Crude oil  394+90 
Exxon 16 in. Steel  Crude oil  395+10 


Entergy N/A N/A Overhead
Distribution 


404+00 


*Stations are based on stationing used in the Upper Barataria Risk Reduction Conceptual Design Report
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Table 2-4:  Utilities within Alternative 10 
Owner Diameter Material Product Station* 


Segment 1-a 
   


 
Bridgeline 12 in. Steel Natural gas 77+00 
Bridgeline 16 in. Steel Natural gas 76+80 
Enterprise 10 in. Steel Natural gas liquids 160+20 


Shell 24 in. Steel Liquid crude 159+80 
Shell 20 in. Steel Liquid crude 160+00 


Enterprise 26 in. Steel Natural gas 170+80 
Boardwalk 16 in. Steel Natural gas 170+20 
Evangeline 24 in. Steel Natural gas Unknown 


Nu-star 6 in. Steel Anhydrous ammonia 170+60 
Atmos 24 in. Steel Gas 184+00 
Quest 6 in. Steel Conduit Unknown 


Segment 1-b 
   


 
No Utilities 


Segment 1-c  
Atmos 24 in. Steel Gas 10+00 to 15+00 


Boardwalk 12 in. Steel Natural gas 10+00 to 68+25 
Boardwalk 16 in. Steel Natural gas 10+00 to 68+25 
Boardwalk 30 in. Steel Natural gas 10+00 to 68+25 
Chevron 14 in. Steel Liquid carbon dioxide 101+00 to 


102+50 
Columbia 16 in. Steel Natural gas 101+00 to 


102+50 
Bridgeline 8 in. Steel Natural gas 101+00 to 


102+50 
Bridgeline 14 in. Steel Natural gas 101+00 to 


102+50 
Bridgeline 12 in. Steel Natural gas 135+00 
St. Charles 


Parish 
20 in. Steel Water 147+08 to 


152+00 
St. Charles 


Parish 
12 in. Steel Water 147+08 to 


152+00 
St. Charles 


Parish 
8 in. Steel Water 147+08 to 


152+00 
Segment 1-d  


Bridgeline 16 in. Steel Natural gas 95+99 to 97+35 
Columbia 16 in. Steel Natural gas 95+99 to 97+35 
Chevron 14 in. Steel Liquid carbon dioxide 95+99 to 97+35 


Segment 2.1 
   


 
Bridgeline 22 in. Steel Natural gas 24+50 
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Owner Diameter Material Product Station* 
Segment 2.5 


   
 


Boardwalk 18 in. Steel Natural gas 230+00 
Bellsouth 12 in. Steel Conduit 305+00 


St. Charles 
Parish 


4 in. Steel Water 305+00 


Segment 2.6  
Chevron 6 in. Steel Natural gas 339+60 
Chevron 6 in. Steel  Natural gas liquid 339+80 
William 
Energy 


10 in. Steel  Natural gas liquid 340+00 


Chevron 14 in. Steel  Natural gas 340+20 
Chevron 20 in. Steel  Liquified petroleum gas 340+40 


Bridgeline 30 in. Steel  Natural gas 340+60 
Segment 3 


   
 


Boardwalk 12 in. Steel Natural gas 10+00 to 32+13 
Boardwalk 16 in. Steel  Natural gas  10+00 to 32+13 
Boardwalk 30 in. Steel  Natural gas  10+00 to 32+13 


Shell 9 in. Steel  Crude oil 10+00 to 32+13 
Boardwalk (2) 10 in. Steel  Natural gas 10+00 to 32+13 


Entergy N/A N/A Electric transmission 10+00 to 32+13 
Segment 4 


   
 


Boardwalk 12 in. Steel Natural gas 10+00 to 85+00 
Boardwalk 16 in. Steel  Natural gas 10+00 to 85+00 
Boardwalk 30 in. Steel  Natural gas 10+00 to 85+00 


Shell 9 in. Steel  Crude oil 10+00 to 85+00 
Boardwalk (2) 10 in. Steel  Natural gas 10+00 to 85+00 


Castex 6 in. Steel  Unknown 10+00 to 85+00 
Entergy N/A N/A Electric transmission 10+00 to 85+00 


*Stations are based on stationing used in the Upper Barataria Risk Reduction Conceptual Design Report


2.15.4  Pipeline Owners 


There are multiple pipelines within the project area of the alternatives mentioned above.  These 
pipelines cross project access corridors or run parallel to the proposed flood risk reduction 
alignments, as described in the general description of Section 2.15.1.  Refer to Tables 2-2, 2-3 
and 2-4, as well as Annex 3 for more information. 


2.15.5  Conclusions 


Based on the preliminary findings of the relocations investigation, it was determined that the 
existing pipelines within the project area of these alternatives will be impacted, either requiring 
relocation of the utilities affected, or requiring pipeline protection over the affected utilities during 
construction.  In such situations, CEMVN will incorporate the relocations process towards 
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compensability and coordinate with utility owners throughout the design and development of the 
plans and specifications.     


2.16  Cost Estimates (Final Array of Alternatives) 


2.16.1  Cost Estimate Development 


Cost estimates for the final array of structural alternatives (Alternatives 1, 2 and 10) were 
developed at a Class 4 Level of effort using largely parametric unit prices from sources such as 
historical Government and Commercial bid data, Architect/Engineer (A/E) cost estimates 
available from design reports, the 2019 Gordian/RS Means Cost Data Books and other available 
historical cost data.  For developing costs for certain levee construction items such as “Clearing 
and Grubbing” and “Embankment, Compacted Fill”, the standard approaches for developing a 
feasibility cost regarding cost elements such as labor, equipment, materials, crews, unit prices, 
subcontractor and prime contractor markups were used.  The Lafourche Basin Levee District 
Upper Barataria Risk Reduction Conceptual Design Report (LBLDDR), dated December 2018, 
was very useful to the feasibility study in developing costs for structural features of work.  The 
LBLDDR had already developed 10% conceptual designs for all structures in an alignment that 
would span from the Mississippi River to Raceland, LA and mimic very closely the alignment paths 
of the final array of structural alternatives, but used a higher design elevation for the structures of 
14.5 ft.  It was decided by the Project Delivery Team (PDT) that any LBLDDR structure type that 
was within the same path along the alternatives’ alignments would also be included in that 
alternative alignment.  The A/E cost estimates from the LBLDDR included itemized quantities in 
sufficient detail as to be useful in prorating the quantities for eight representative structures (Davis 
Pond Pump Station Fronting Protection, Union Pacific Railroad Gate, Tidal Exchange Structure 
#1, 270 ft Barge Gate, 45 ft Roller Gate, 20 ft Stop Log Gate, Large Hydraulic Structure and Davis 
Pond Diversion Pipeline #2 T-wall) at the new design elevation for each alternative.  Unit costs 
for the representative structures were reviewed for reasonableness and applied to the revised 
quantities to develop new total costs for the representative structures.  The cost factor differential 
for each representative structure was applied to other similar structures within each alignment.  In 
the final step, the cost of each structure was escalated to 4th quarter 2019 pricing to develop new 
costs for all structures.  There are eight pump station structures included in the NLLDDR alignment 
(Davis Pond, Willowdale, Willowridge, Cousins, Kellogg, Ellington, Magnolia Ridge and Crawford 
Canal) which are all located within St. Charles Parish, LA.  Seven of these pump stations are 
existing, and the Magnolia Ridge Pump Station is presently being constructed.  The hydraulics 
designer determined no new pump stations will be required for any of the final array of alternatives, 
but costs for new fronting protection for these pump stations will be included where necessary 
based upon the design elevation requirement for each alternative.  


The cost estimates for the non-structural alternative (Alternative 7) were developed by the PDT 
economist and the cost engineer.  These estimates are discussed in Section 2.7 of this appendix, 
as well as the Main Report and the Economics Appendix.   


Refer to Cost Appendix H for detailed information regarding cost estimate development for each  
alternative in the final array (including assumptions and methodologies).    
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2.16.2  Cost Estimates 


Tables 2-5 through 2-7 show the baseline project cost for each structural alternative in the final 
array.  All costs are at October 2019 price levels.   


*Table 2-5:  Alternative 1 – U.S. Highway 90 – Segment 1 Extension


Feature Cost  Contingency  Total 
01 Lands and Damages $3,907,000 $977,000 $4,884,000 


02 Relocations $21,434,000 $6,587,000 $28,021,000 


06 Fish and Wildlife Facilities $57,557,000 $17,689,000 $75,246,000 


11 Levees and Floodwalls $140,569,000 $43,201,000 $183,770,000 


15 Floodway Control and Diversion 
Structures 


$86,519,000 $26,590,000 $113,109,000 


18 Cultural Resources Preservation $682,000 $210,000 $892,000 


30 Planning, Engineering and 
Design 


$50,947,000 $15,658,000 $66,605,000 


31 Construction Management $27,337,000 $8,402,000 $35,739,000 


TOTAL $388,952,000 $119,314,000 $508,266,000 


*Table 2-6:  Alternative 2 – U.S. Highway 90 – Full Alignment


Feature Cost Contingency Total
01 Lands and Damages $4,743,000 $1,186,000 $5,929,000 


02 Relocations $29,226,000 $9,001,000 $38,277,000 


06 Fish and Wildlife Facilities $75,818,000 $23,350,000 $99,168,000 


11 Levees and Floodwalls $196,480,000 $60,510,000 $256,990,000 


15 Floodway Control and Diversion 
Structures 


$95,748,000 $29,488,000 $125,236,000 


18 Cultural Resources Preservation $694,000 $214,000 $908,000 


30 Planning, Engineering and 
Design 


$65,898,000 $20,295,000 $86,193,000 


31 Construction Management $35,360,000 $10,890,000 $46,250,000 


TOTAL $503,967,000 $154,934,000 $658,901,000 
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*Table 2-7:  Alternative 10 – 1% AEP Open Basin


Feature Cost  Contingency  Total  
01 Lands and Damages $5,365,000 $1,341,000 $6,706,000 


02 Relocations $19,270,000 $5,916,000 $25,186,000 


06 Fish and Wildlife Facilities $55,920,000 $17,167,000 $73,087,000


11 Levees and Floodwalls $371,317,000 $113,994,000 $485,311,000 


15 Floodway Control and Diversion 
Structures 


$88,383,000 $27,134,000 $115,517,000 


18 Cultural Resources Preservation $853,000 $262,000 $1,115,000 


30 Planning, Engineering and 
Design 


$98,189,000 $30,144,000 $128,333,000 


31 Construction Management $52,687,000 $16,175,000 $68,862,000 


TOTAL $691,984,000 $212,133,000 $904,117,000 


* All costs for Tables 2-5 through 2-7 above do not include costs for armoring.


The total baseline project cost for the nonstructural alternative (Alternative 7) is $1,568,912,000.   
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2.17  Final Array of Alternatives 


Figure 2-75:  Final Array of Alternatives 


The final array of alternatives, from which a TSP was selected, consisted of Alternatives 1, 2, 7, 
10 and the future without project conditions.         


The final array of alternatives were compared based on a variety of factors such as input from 
economics, hydraulic impacts and non-Federal sponsor coordination.  Alternatives 1 and 2 were 
found to have positive net benefits.  Alternatives 3, 4, 5, 6, 8 and 9 were eliminated from the 
detailed analysis.  Alternative 7 (the nonstructural alternative) was not economically justified as a 
standalone alternative.  Alternative 10 was eliminated from consideration due to a further 
economic adjustment, which yielded a B/C ratio of less than 1.0.  Alternative 1, the U.S. Highway 
90 Alignment – Segment 1 Extension, was selected from the final array to be the TSP due to 
higher positive net benefits than Alternative 2.   


Refer to Cost Appendix H for detailed information regarding armoring costs of the TSP (including 
the existing St. Charles Parish levee).   


Refer to Section 1 of this appendix for more information regarding the TSP, including optimization 
during Feasibility-Level design, in conjunction with new hydraulic information from Future With 
Project (FWP) Conditions, along with associated overtopping conditions, and the possible use of 
nonstructural measures in specific targeted populated areas.   
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Introduction 


This appendix presents an economic evaluation of the Recommended Plan for the Upper 
Barataria Basin, Louisiana Feasibility Study. It was prepared in accordance with Engineering 
Regulation (ER) 1105-2-100, Planning Guidance Notebook, ER 1105-2-101, Planning 
Guidance, Risk Analysis for Flood Damage Reduction Studies, ER 1110-2-1302 “Civil Works 
Cost Engineering” and the Coastal Storm Risk Management (CSRM) National Economic 
Development (NED) Manual. The National Economic Development Procedures Manual for 
Flood Risk Management, prepared by the Water Resources Support Center, Institute for 
Water Resources, was also used as a reference, along with the User’s Manual for the 
Hydrologic Engineering Center Flood Damage Analysis Model (HEC-FDA).  


Table B:1-1 summarizes the results of the final array of alternatives leading up to the 
Tentatively Selected Plan (TSP) milestone. Alt 1 was the identified TSP. Following the TSP 
milestone, improvements were made to the Advanced Circulation (ADCIRC) model that 
resulted in changes in the without-project condition.  


The coverage of the model was expanded, resulting in the addition of five new reaches 
located further west of the Recommended Plan’s levee alignment. The inclusion of these 
reaches led to an increase in without-project damages. 


It was discovered that the Sunset levee, a 100-year old, unarmored, uncertified local levee, 
was modelled with an effective elevation that was over 2 feet too high and could withstand 
unlimited overtopping. In the current iteration of the analysis, this levee was removed from 
the ADCIRC model and was instead modelled within HEC-FDA at its correct effective 
elevation and without unrealistic resiliency. This change led to a significant increase in 
without-project damages. 


In addition to improving the without-project conditions in the ADCIRC model, the TSP was 
modeled. Previously, only the without-project condition had been modeled in ADCIRC and 
the performance of the TSP had been estimated using the levee module in HEC-FDA. The 
addition of with-project modeling in ADCIRC provided new information about the 
performance of the TSP. It was discovered that the stacking behind the levee was 
significantly higher than what had been previously estimated from professional judgment. As 
a result, the TSP would experience significant overtopping to the point where its design 
would not meet the resiliency standards of the Hurricane and Storm Damage Risk Reduction 
System (HSDRRS) criteria and, therefore, would not be feasible. Thus, the higher 1 percent 
Annual Exceedance Probability (AEP) elevation revisited and became the Recommended 
Plan. 


It was also found that this greater degree of stacking would induce flooding in three 
communities located on the eastern, exterior side of the levee. Although these communities 
would experience flooding under the without-project condition, with the Recommended Plan 
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in place, the level of flooding was estimated to increase by 1 to 3 feet, depending on 
location. To mitigate for this induced flooding, 275 acquisitions from these communities were 
added to the Recommended Plan for the purpose of capturing the maximum mitigation cost 
that could accrue to the overall total project cost. Flowage Easements and other 
nonstructural measures will also be investigated further in PED to determine the most 
appropriate measures to mitigate for the induced flooding. 


Furthermore, there were a couple of changes to the economics inputs. An additional 
damage category, “Streets and Highways,” was added to the economics analysis. Also, the 
equivalent annual damages and benefits as well as the average annual project costs were 
recalculated at the current FY2022 Federal discount rate of 2.25 percent. 


PROBLEM IDENTIFICATION 


The headwater flooding from rainfall is intensified by tidal events, resulting in flood damages 
to industrial, commercial, and agricultural facilities, residential structures, and critical 
evacuation routes. Tidal events can create a backwater effect that does not allow rainfall to 
drain from the basin. The study area has been declared a Federal disaster area nine times 
in the past 30 years due to flood damages from storms. A coastal storm damage risk 
management project in the study area would reduce the risk of flooding for residential and 
commercial structures, major transportation routes, and many other commercially and 
culturally significant places and activities vital to the economy of the region and nation. 
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Table B:1-1. TSP Final Array Summary; FY19 Price Level; FY20 Discount Rate 


Alternative Alt 1 Alt 2 Alt 10 
NS-


Comprehensive NS-20yr NS-50yr NS-100yr 


Project First Cost $510,718,000 $661,540,000 $906,310,000 $1,568,912,000 $9,820,608 $96,860,791 $494,528,151 


Interest During Construction $16,431,494 $21,294,078 $25,549,323 $5,329,343 $33,359 $329,021 $1,679,833 


Total Investment Cost $527,149,494 $682,834,078 $931,859,323 $1,574,241,343 $9,853,967 $97,189,812 $496,207,984 


AA Investment Costs $19,526,100 $25,292,800 $31,438,900 $58,311,400 $365,000 $3,600,000 $18,380,000 


AA O&M Costs $729,800 $810,900 $1,054,200 $0 $0 $0 $0 


Total AA Costs $20,255,900 $26,103,700 $32,493,100 $58,311,400 $365,000 $3,600,000 $18,380,000 


Construction Duration (Years) 3 3 3 1 Quarter 1 Quarter 1 Quarter 1 Quarter 


Without Project EAD $33,604,000 $33,604,000 $33,604,000 $33,604,000 $33,604,000 $33,604,000 $33,604,000 


EAD Reduced Benefits $30,261,000 $30,465,000 $30,875,000 $17,559,000 $1,776,466 $4,320,389 $11,016,533 


Net Benefits $10,005,100 $4,361,300 $(1,618,100) $(40,752,400) $1,411,466 $220,981 $(7,363,467) 


B/C Ratio 1.5 1.2 0.95 0.3 4.9 1.1 0.6 
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Description of the Study Area 


GEOGRAPHIC LOCATION 


The study area includes communities in the southeast Louisiana parishes of Ascension, 
Assumption, Jefferson, Lafourche, St. Charles, St. James, and St. John the Baptist. The 
study area is bounded on the north and east by the Mississippi River Levee, on the west by 
Bayou Lafourche, and on the south it extends slightly past U.S. Highway 90. The study area 
(Figure B:2-1) covers approximately 800 square miles and is characterized by low, flat 
terrain with wetlands, numerous navigation channels, drainage canals, and natural bayous 
that drain into Lake Salvador and eventually the Gulf of Mexico. 


Figure B:2-1. Study Area Boundary 


LAND USE 


The total number of acres of developed, agricultural, and undeveloped land in the study area 
are shown in Table B:2-1. As shown in the table, 7 percent of the total acres in the study 
area is currently developed land. There are slightly over 90,000 acres of agricultural land 
and 311,000 acres of undeveloped land.  
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Table B:2-1. Land Use in the Study Area 


Land Class Name Acres 
Percentage 


of Total 


Agricultural Land 91,200 21% 


Developed Land 30,700 7% 


Undeveloped Land 311,000 72% 


Total 432,900 100% 


Source: USGS National Land Cover Database, 2018 
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Socio-Economics Setting 


 POPULATION, NUMBER OF HOUSEHOLDS, AND EMPLOYMENT 


Tables B:3-1, B:3-2, and B:3-3 display the population, number of households, and the 
employment (number of jobs) for each of the six populated parishes for the years 2000, 
2010, and 2019, as well as projections for the years 2025 and 2045. The 2000, 2010, and 
2019 estimates for population and number of households are from the U.S. Census Bureau. 
The 2001, 2010, and 2019 estimates for employment are from the U.S. Bureau of Labor 
Statistics. All projections were developed by Moody’s Analytics, which has projections to the 
year 2045. The study area also includes a very small section of Jefferson Parish, but since 
this area is unpopulated and undeveloped, Jefferson Parish is not included in these tables.  
The population of the general area has been stable over time and is expected to increase 
moderately into the future.   


Table B:3-1. Study Area Historical and Projected Population by Parish 


Parish 2000 2010 2019 2025 2045 


Ascension 77,335 107,850 126,604 136,988 161,973 


Assumption 23,324 23,352 21,891 22,408 21,733 


Lafourche 89,775 96,681 97,614 98,970 99,479 


St. Charles 48,118 52,845 53,100 55,339 58,101 


St. James 21,201 22,006 21,096 22,599 23,727 


St. John the Baptist 43,248 45,621 42,837 45,713 47,995 


Total 303,001 348,355 363,142 382,017 413,008 


Sources: 2000, 2010, 2019 from U.S. Census Bureau; 2025 and 2045 from Moody’s Analytics Forecast 
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Table B:3-2. Existing Condition and Projected Households by Parish 


Parish 2000 2010 2019 2025 2045 


Ascension 26,995 38,050 42,649 51,815 66,244 


Assumption 8,234 8,719 8,802 8,946 9,336 


Lafourche 32,054 35,654 36,449 39,070 42,122 


St. Charles 16,473 18,598 18,762 21,099 23,960 


St. James 7,002 7,691 7,906 8,561 9,727 


St. John the Baptist 14,381 15,875 15,418 17,249 19,602 


Total 105,139 124,587 129,986 146,740 170,991 


Sources: 2000, 2010, 2019 from U.S. Census Bureau; 2025 and 2045 from Moody’s Analytics Forecast 


Table B:3-3. Existing Condition and Projected Employment by Parish 


Parish 2001 2010 2019 2025 2045 


Ascension 30,124 34,207 46,953 57,390 74,840 


Assumption 5,661 4,410 3,911 4,410 4,680 


Lafourche 30,969 36,784 34,202 35,360 35,090 


St. Charles 19,629 23,100 23,615 30,330 34,670 


St. James 7,058 7,735 8,206 9,310 10,650 


St. John the Baptist 12,645 15,214 14,460 16,460 18,810 


Total 106,086 121,450 131,347 153,260 178,740 


Sources: 2001, 2010, 2019 from U.S. Bureau of Labor Statistics; 2025 and 2045 from Moody’s Analytics Forecast 


INCOME 


Table B:3-4 shows the actual and projected per capita personal income levels for the six 
populated parishes from 2000 to 2025. The 2000, 2010, and 2018 estimates are from the 
U.S. Bureau of Economic Analysis and the projection for 2025 is from the Moody’s Analytics 
Forecast. 
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Table B:3-4. Per Capita Income ($) by Parish 


Parish 2000 2010 2018 2025 


Ascension 24,052 39,416 49,829 60,180 


Assumption 19,613 32,771 46,788 54,195 


Lafourche 23,485 40,391 47,096 56,959 


St. Charles 24,634 39,557 49,353 63,678 


St. James 18,722 38,421 48,84 60,576 


St. John the Baptist 20,002 33,894 40,573 57,423 


Sources: 2000, 2010, 2018 from U.S. Bureau of Economic Analysis; 2025 from 


Moody’s Analytics (ECCA) Forecast 


COMPLIANCE WITH POLICY GUIDANCE LETTER (PGL) 25 AND EO 11988. 


Given continued growth in population, it is expected that development will continue to occur 
in the study area with or without the flood risk reduction measures in place, and will not 
conflict with PGL 25 and EO 11988, which state that the primary objective of a flood risk 
reduction project is to protect existing development, rather than to make undeveloped land 
available for more valuable uses. However, the overall growth rate is anticipated to be the 
same with or without the project in place. Thus, the project would not induce development, 
but would rather reduce the risk of the population being displaced after a major storm event. 
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Recent Flood History 


 TROPICAL FLOOD EVENTS 


Coastal Louisiana experiences localized flooding from both excessive rainfall events, which 
leads to riverine flooding, and storm surge events from tropical storms and hurricanes. Table 
B:4-1 displays the FEMA disaster declarations that involved the six parishes of the study 
area. Overall, there were 22 disaster declarations related to hurricane and tropical storm 
incidents in the study area from 1964 to 2016. During the same timeframe, the six parishes 
were included in 19 disaster declarations related to flooding incidents. Since 1851, 62 
tropical events have made landfall along the south central portion of the Louisiana coast. 
Table B:4-2 provides the top tropical storms and amount paid by FEMA for the study area. 


Table B:4-1. FEMA Declarations by Parish from 1964-2016 


Parish Hurricane and Tropical Storm Incidents Flooding Incidents 


Ascension 18 16 


Assumption 16 8 


Lafourche 20 8 


St. Charles 20 8 


St. James 16 7 


St. John the Baptist 18 6 


Source: Federal Emergency Management Agency (FEMA) 
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Table B:4-2. Top Tropical Storms by Amount Paid by FEMA 


Event Month & Year 
Number of 


Paid Claims 
Total Amount 
Paid (millions) 


Tropical Storm Lee September 2011 9,900 $462.2 


Hurricane Ike September 2008 46,684 $2,700.1 


Hurricane Gustav September 2008 4,545 $112.6 


Hurricane Rita September 2005 9,354 $466.2 


Hurricane Andrew August 1992 5,587 $169.1 


Source: Federal Emergency Management Agency (FEMA), 2019 


Note 1: Total amount paid is at price level at time of the event.  


Note 2: Claims and amount paid are for entire event, which may include areas outside of the study 


area. 


FEMA FLOOD CLAIMS 


As of the 2019 season, the most recent named storms to affect the study area include, 
Hurricane Ike in 2008, Tropical Storm Lee in 2011, and Hurricane Gustav in 2008. Of the 
three, Hurricane Gustav brought the most damage to the study area. Table B:4-3 lists the 
FEMA flood claims, by parish, from January 1878 through September 2018. 


Table B:4-3. FEMA Flood Claims by Parish for January 1878-September 2018 


Parish 
Total Number of 


Claims 
Number of 


Paid Claims 
Total Payments 


(millions) 


Ascension 6,607 5,658 $336.89 


Assumption 979 785 $4.45 


Lafourche 5,335 3,920 $66.93 


St. Charles 5,963 4,130 $101.05 


St. James 249 204 $6.19 


St. John the Baptist 4,942 3,996 $264.24 


Total 24,075 18,693 $780* 


Source: Federal Emergency Management Agency (FEMA), 2019 


*rounded


FEMA SEVERE REPETITIVE LOSS PROPERTIES 


A Repetitive Loss (RL) property is any insurable building for which two or more claims of 
more than $1,000 were paid by the National Flood Insurance Program (NFIP) within any 
rolling 10-year period since 1978. A RL property may or may not be currently insured by the 
NFIP. Table B:4-4 shows the repetitive loss property by parish. 
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Table B:4-4. FEMA Severe Repetitive Loss Properties by Parish (January 1978- 
December 2018) 


Parish Number of Structures 


Ascension 394 


Assumption 84 


Lafourche 450 


St. Charles 643 


St. James 19 


St. John the 
Baptist 


230 


Total 1,820 


Source: Federal Emergency Management Agency (FEMA) 
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Analysis Overview and Inputs 


OVERVIEW 


This appendix contains a description of the methodology used to determine National 
Economic Development (NED) damages, benefits, and projects costs. The sources of 
damages for this analysis are structures, contents, and vehicles. The project benefits are 
accrued due to reducing damages to structures through the lowering of stages caused by 
storm surge. The damages, benefits, and costs were calculated using fiscal year (FY) 2022 
price levels.  The FY 2022 Federal Discount rate of 2.25 percent was used to calculate 
interest during construction from the beginning of construction up to the base year of the 
project, 2026. This discount rate was also used to discount the future levee lift and operation 
and maintenance (O&M) costs occurring throughout the 50-year period of analysis, back to 
the project base year.  


The study area is divided into 19 reaches that were developed based on hydrologic 
conditions. Figure B:5-1 shows the reach boundaries overlaid on the study area. They are 
numbered 1a through 5c. Another dummy reach called “Basin” was used to place structures 
that were not impacted by surge. Intermediate sea-level rise was used in this analysis for the 
computation of damages and benefits. Hydrologic conditions are expected to change in the 
future due to sea-level rise and subsidence. As a result, the discount rate is also used to 
calculate the equivalent annual damages and benefits between the future condition of 2076 
and the base year of 2026. As per ER 1105-2-101, uncertainty parameters were estimated 
for all major variables used in the analysis, such as structure value, first floor elevation, 
content-to-structure value ratios, and depth-damage functions. 
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Figure B:5-1. Reach Boundaries 


RECOMMENDED PLAN DESCRIPTION 


The Upper Barataria Basin Recommended Plan is a structural alignment constructed to a 1 
percent AEP (100-yr future design) and totaling a little over 161,300 feet (30.6 miles) in 
length. The system starts in Luling where it connects the Mississippi River Levee through the 
Davis Pond Diversion Structure West Guide Levee. Continuing south, the Recommended 
Plan improves upon and updates deficiencies in the St. Charles Parish Levee, crosses 
Bayou Des Allemands with a 270 feet barge gate structure, and continues parallel to US 
Highway 90 before it ties into high ground across the Barataria Basin near Raceland (Figure 
B:5-2). The proposed levee is designed to HSDRRS specifications with a 1V:4H and a 10 
foot crown, with multiple levee lifts authorized over the initial 50 years. The first lift is 
projected to occur in 2026 and would raise the levee to an elevation of 14 feet except in 
hydraulic reaches F and H where it would be constructed to 16 feet elevation after 
settlement. Subsequent lifts would sustain-maintain the 1 percent AEP over the initial 50 
years of the authorized project. 


In addition to the levee, there is also a structural mitigation component of the Recommended 
Plan. The 1 percent AEP design levee is estimated to induce flooding in the communities of 
Bayou Gauche, Gheens, and Mathews, which are located outside of the system on the east 
side of the levee. The induced flooding is greatest within the community of Bayou Gauche, 
which is directly adjacent to the levee. This area is estimated to receive 1 to 1.5 feet of 
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induced flooding under existing conditions and 2 to 4 feet under future conditions.  In order 
to mitigate for the induced flooding, a worst-case scenario of structure acquisitions was used 
in order to estimate the maximum cost that would be required.  Under this scenario, 64 
residential structures in Bayou Gauche would be acquired. Due to the presence of existing 
or proposed flood risk reduction measures in Gheens and Mathews, the extent of induced 
flooding in those communities is more uncertain and will be investigated further in the PED 
phase of the study. Currently, it is estimated that under the worst-case scenario,173 
residential structures would be acquired in Gheens. In Mathews, it is estimated that 33 


residential structures and 5 commercial structures would be acquired at cost of $84 million. 


Figure B:5-2. The Recommended Plan 


STRUCTURE INVENTORY 


There are 22,726 residential structures and 2,200 non-residential structures in the total 
structure inventory. The source of the inventory is the National Structure Inventory (NSI) 
version 2. This updated version of the inventory uses Zillow data, ESRI map layer data, and 
CoreLogic data to improve structure placement and the square footage of structures over 
the previous version of the NSI. RS Means was used to calculate the depreciated 
replacement value of structures. The RS Means construction cost index was used to update 
the depreciated replacement value from FY 2018 to FY 2022. The foundation heights of the 
structures were updated using the foundation heights from the Donaldsonville to the Gulf 
study, which were based on samples by occupancy type. Table B:5-1 displays the structure 
counts by occupancy type. Table B:5-2 displays the structure counts by reach. 
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Table B:5-1. Residential and Non-Residential Structure Inventory 


Structure Category 


Residential Number 


Single Family 1-Story Slab 8,099 


Single Family 1-Story Pier  718 


Single Family 2-Story Slab 3,036 


Single Family 2-Story Pier 7,564 


Mobile Home  3,309 


Total 22,726 


Non-Residential Number 


Multi-Family 304 


Professional 480 


Public 272 


Repair 220 


Restaurants 193 


Retail 421 


Warehouse 310 


Total 2,200 
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Table B:5-2. Structure Counts and Value by Reach (2022 price level; $1,000s) 


Reach Structure Count Total Value 


1a 505  360,483  


1b 15  5,920  


1c 315  191,346  


1d 334  276,012  


1e 245  149,507  


1f 636  277,277  


1g 64  20,410  


2a 118  67,589  


2b 70  50,637  


2c 746  257,461  


2d 3,159  1,331,972  


3a 514  144,660  


3b 38  31,664  


3c 173  42,776  


4a 553  412,288  


4b 11  90,368  


5a 203  88,300  


5b 280  217,449  


5c 144  65,951  


Ridge 6,703  7,039,102  


 STRUCTURE VALUE UNCERTAINTY 


The uncertainty surrounding the residential structure values was based on the depreciation 
percentage applied to the average replacement cost per square foot calculated from the four 
exterior wall types. A triangular probability distribution was used to represent the uncertainty 
surrounding the residential structure values in each occupancy category. The most-likely 
depreciated value was based on the average construction class and a 20 percent 
depreciation rate (consistent with an observed age of a 20-year old structure in average 
condition), the minimum value was based on the economy construction class and a 45 
percent depreciation rate (consistent with an observed age of a 30-year old structure in poor 
condition), and the maximum value was based on the luxury construction class and a 7 
percent depreciation rate (consistent with an observed age of a 10-year old structure in good 
condition). These values were then converted to a percentage of the most-likely value, which 
was equal to 100 percent of the average value for each occupancy category. The economy 
and luxury class values were equal to a percentage of these values. The triangular 
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probability distributions were entered into the HEC-FDA model to represent the uncertainty 
surrounding the structure values in each residential occupancy category.  


The uncertainty surrounding the non-residential structure values was based on the 
depreciation percentage applied to the average replacement cost per square foot calculated 
from the six exterior wall types. A triangular probability distribution based on the depreciation 
percentage associated with an observed age (determined using the professional judgment of 
personnel familiar with the study area) and the type of frame structure was used to represent 
the uncertainty surrounding the non-residential structure values in each occupancy category. 
The most-likely depreciated value was based on the depreciation percentage (25 percent) 
assigned to structures with an observed age of 20 years for masonry and wood construction. 
The minimum depreciated value was based on the depreciation percentage (40 percent) 
assigned to structures with an observed age of 30 years for framed construction. The 
maximum depreciated value was based on the on the depreciation percentage (8 percent) 
assigned to structures with an observed age of 10 years for masonry on masonry or steel 
construction. These values were then converted to a percentage of the most-likely value with 
the most-likely value being equal to 100 percent and the minimum and maximum values 
equal to percentages of the most-likely value. The triangular probability distributions were 
entered into the HEC-FDA model to represent the uncertainty surrounding the structure 
values for each non-residential occupancy category. 


VEHICLE INVENTORY AND VALUES 


Based on 2010 Census information for the New Orleans Metropolitan area, there are an 
average of 2.0 vehicles associated with each household (owner occupied housing or rental 
unit). According to the Southeast Louisiana Evacuation Behavioral Report published in 2006 
following Hurricanes Katrina and Rita, approximately 70 percent of privately owned vehicles 
are used for evacuation during storm events. The remaining 30 percent of the privately 
owned vehicles remain parked at the residences and are subject to flood damages. 
According to Edmunds.Com, the average value of a used car was $18,800 as of 2nd quarter 
2015. The Manheim Used Vehicle Value Index was used to adjust the average value to 
reflect FY 2021 price levels. According to the Manheim index, the average value of a used 
car increased 8.0 percent to $20,000 between the years 2015 and 2021. Because only those 
vehicles not used for evacuation can be included in the damage calculations, an adjusted 
average vehicle value of $12,000 ($20,000 x 2.0 x 0.30) was assigned to each individual 
residential automobile structure record in the HEC-FDA model. If an individual structure 
contained more than one housing unit, then the adjusted vehicle value was assigned to each 
housing unit in a residential or multi-family structure category. Only vehicles associated with 
residential structures were included in the analysis.  Finally, every apartment building was 
assumed to contain 50 units, so every apartment building has $600,000 as the average 
value for vehicles (50 units x $10.6 thousand). 


VEHICLE VALUE UNCERTAINTY 


The uncertainty surrounding the values assigned to the vehicles in the inventory was 
determined using a triangular probability distribution function. The average value of a used 
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car, $18,600, was used as the most-likely value. The average value of a new vehicle, 
$34,000 (before taxes, license, and shipping charges), was used as the maximum value, 
while the average 10-year depreciation value of a vehicle, $3,000, was used as the minimum 
value. The percentages were developed for the most-likely, minimum, and the maximum 
values with the most-likely equal to 100 percent, and the minimum and the maximum values 
as percentages of the most-likely value (minimum=25 percent, most-likely=100 percent, 
maximum=183 percent). These percentages were entered into the HEC-FDA model as a 
triangular probability distribution to represent the uncertainty surrounding the vehicle value 
for both residential and non-residential vehicles. 


FIRST FLOOR ELEVATIONS 


Topographical data based on North American Vertical Datum of 1988 (NAVD 88) was used 
to assign ground elevations to structures and vehicles in the study area. The assignment of 
ground elevations and the placement of structures were based on a digital elevation model 
(DEM) with a 15 feet by 15 feet grid resolution developed by the United States Geological 
Survey (USGS). The ground elevation was added to the height of the foundation of the 
structure above the ground to obtain the first-floor elevation of each structure in the study 
area. Vehicles were assigned to the ground elevation of the adjacent residential structures. 


UNCERTAINTY SURROUNDING ELEVATIONS 


There are two sources of uncertainty surrounding the first-floor elevations: the use of the 
LiDAR data for the ground elevations and the methodology used to determine the structure 
foundation heights above ground elevation. The error surrounding the LiDAR data was 
determined to be plus or minus 0.5895 feet at the 95 percent level of confidence. This 
uncertainty was normally distributed with a mean of 0 and a standard deviation of 0.3 feet.  


The uncertainty surrounding the foundation heights for the residential structure categories 
and commercial structures was estimated by calculating the standard deviations surrounding 
the sampled mean values. An overall weighted average standard deviation for all of the 
sampled structures was computed for each residential and non-residential structure category 
and for all of the residential and non-residential structures, regardless of structure category.  


Uncertainty can only be applied to structure occupancies in the HEC-FDA model. In order to 
develop a standard deviation for each structure occupancy, first, the structures in each 
residential category had to be grouped into the structure occupancies. Second, a mean 
foundation height value was calculated for the structures within the structure occupancy. 
Third, the standard deviation as a percentage of the mean foundation height value for all the 
sampled residential structures was calculated and that percentage was applied to the mean 
foundation value of the residential and non-residential occupancies. Fourth, the calculated 
standard deviation for each structure occupancy was entered into the HEC-FDA model. 
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 DEPTH-DAMAGE RELATIONSHIPS AND CONTENT-TO-STRUCTURE VALUE 
RATIO 


Depth-damage relationships define the relationship between the depth of flooding and the 
percent of damage at varying depths that occurs to structures and contents. These 
mathematical functions are used to quantify the flood damages to a given structure. The 
content-to-structure value ratio (CSVR) is expressed as a ratio of two values: the 
depreciated replacement cost of contents and the depreciated replacement cost of the 
structure. One method to derive these relationships is the “Expert Opinion” method 
described in the “Handbook of Forecasting Techniques, IWR Contract Report 75-7, 
December 1975” and “Handbook of Forecasting Techniques, Part II, Description of 31 
Techniques, Supplement to IWR Contract Report 75-7, August 1977.” A panel of experts 
was convened to develop site-specific depth-damage relationships and CSVRs for the 
Donaldsonville to the Gulf study area, which included the Upper Barataria Basin study area. 
Professionals in the fields of residential and non-residential construction, general 
contractors, insurance claims adjusters with experience in flood damage, and a certified 
restoration expert were selected to sit on the panel. The panel was tasked with developing 
an array of residential and non-residential structure and content types. Residential structure 
types were divided into one-story on pier, one-story on slab, two-story on pier, two-story on 
slab, and mobile homes. Non-residential structure types were categorized as metal-frame 
walls, masonry bearing walls, and wood or steel frame walls. Residential contents were 
evaluated as one-story, two-story, or mobile home. Non-residential content categories 
included the following types: eating and recreation, groceries and gas stations, multi-family 
residences, repair and home use, retail and personal services, professional businesses, 
public and semi-public, and warehouse and contractor services. The results of this panel 
were published in the report “Depth-Damage Relationships for Structures, Contents, and 
Vehicles and Content-To-Structure Value Ratios (CSVRS) In Support Of the Donaldsonville 
to the Gulf Feasibility Study, March 2006 Final Report.”   


 DEBRIS REMOVAL COSTS  


Debris removal costs are typically discussed in the “Other Benefit Categories” section of the 
Economic Appendix. However, because debris removal costs were included as part of the 
HEC-FDA structure records for the individual residential and non-residential structures in the 
Upper Barataria Basin study area, these costs are being treated as an economic input. The 
HEC-FDA model does not report debris removal costs separately from the total expected 
annual without-project and with-project damages. 


Following Hurricanes Katrina and Rita, interviews were conducted with experts in the fields 
of debris collection, processing, and disposal to estimate the cost of debris removal following 
a storm event. Information obtained from these interviews was used to assign debris 
removal costs for each residential and non-residential structure in the Upper Barataria Basin 
structure inventory. The experts provided a minimum, most likely, and maximum estimate for 
the cleanup costs associated with the 2 feet, 5 feet, and 12 feet depths of flooding. A 
prototypical structure size in square feet was used for the residential occupancy categories 
and for the non-residential occupancy categories. The experts were asked to estimate the 
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percentage of the total cleanup caused by floodwater and to exclude any cleanup that was 
caused by high winds.  


In order to account for the cost/damage surrounding debris cleanup, values for debris 
removal were incorporated into the structure inventory for each record, according to its 
occupancy type. These values were then assigned a corresponding depth-damage function 
with uncertainty in the HEC-FDA model. For all structure occupancy types, 100 percent 
damage was reached at 12 feet of flooding. All values and depth-damage functions were 
selected according to the long-duration flooding data specified in a report titled 
“Development of Depth-Emergency Cost and Infrastructure Damage Relationships for 
Selected South Louisiana Parishes.” The debris clean-up values provided in the report were 
expressed in 2010 price levels for the New Orleans area. These values were converted to 
2022 price levels using the RS Means Historical Construction Cost Index. The debris 
removal costs were included as the “other” category on the HEC-FDA structure records for 
the individual residential and non-residential structures and used to calculate the expected 
annual without-project and with-project debris removal and cleanup costs. 


 DEBRIS REMOVAL COSTS UNCERTAINTY 


The uncertainty surrounding debris percentage values at 2 feet, 5 feet, and 12 depths of 
flooding were based on range of values provided by the four experts in the fields of debris 
collection, processing, and disposal. The questionnaires used in the interview process were 
designed to elicit information from the experts regarding the cost of each stage of the debris 
cleanup process by structure occupancy type. The range of responses from the experts was 
used to calculate a mean value and standard deviation value for the cleanup cost’s 
percentages provided at 2 feet, 5 feet, and 12 feet depths of flooding. The mean values and 
the standard deviation values were entered into the HEC-FDA model as a normal probability 
distribution to represent the uncertainty surrounding the costs of debris removal for 
residential and non-residential structures.  


 DAMAGES TO STREETS AND HIGHWAYS 


The reduction of potential flood damages to streets and highways in an evaluation area can 
form a significant category of benefits attributable to a project alternative. Major and 
secondary highways are defined as roadways with four lanes with relatively higher volumes 
of traffic and access, while streets are defined as roadways with two lanes with relatively 
lower volumes of traffic and access. The NED costs associated with transportation 
infrastructure were estimated based on data obtained during interviews with professionals 
familiar with infrastructure inundation impacts. The information compiled as part of the 
interview process can be found in the report entitled, “Development of Depth-Emergency 
Costs and Infrastructure Damage Relationships for Selected South Louisiana Parishes,” 
dated March 2012. 


The experts provided costs for three components of streets (street surface, street base, and 
street curb), three components of major and secondary highways (road surface, road base, 
and road shoulder), and three components of railroad tracks (electrical interlocking, grade 
crossings, and non-electrical track structures). The experts also provided estimates of the 
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depreciation of the roadways. The value of each mile of roadway and railway component 
was discounted by the estimated depreciation percentage. Finally, the experts estimated the 
percentage of the road components that would be damaged at the 2-feet, 5-feet, and 12-feet 
depths of flooding. 


The damage to the highways, streets, and railroad tracks, per mile, was calculated by 
multiplying the cost of the materials and labor to replace each infrastructural component by 
the inverse of the depreciation percentage by the percentage damage to each component. 
The minimum, most likely, and maximum damages for each roadway and railway 
component were used to develop a range of values for the total cost of the infrastructural 
damages per mile. Using a normal distribution, a mean value for the damages per mile and 
a standard deviation were calculated for each of the three depths of flooding. The mean 
value for the damages per mile in the report were updated from 2010 to 2022 values using 
the roads, railroads, and bridges index from the Civil Works Construction Cost Index System 
(CWCCIS). An HEC-FDA structure record was created for each roadway or railroad 
segment within a station. The elevation and value per segment of roadway or railroad in 
each station were entered on the structure record for the HEC-FDA model. The value was 
based on the costs of replacing or repairing a roadway or railways segment on a per mile 
basis. 


The depth-damage relationships for major and secondary highways, streets and railroads 
were converted to percentages and entered into the HEC-FDA model, along with the major 
and secondary highways, streets, and railroad track structure records. The damage value for 
each mile of highways, streets, and railroads at 12 feet of flooding was used as the 
infrastructure value, and the stage-probability relationships for each station within the study 
area reaches was used to calculate the expected annual without-project and with-project 
damages to major and secondary highways, streets and railroad tracks for the base year 
(2026) and the final year of the 50-year period of analysis (2076). The expected annual 
damages were converted to equivalent annual values using the current Federal discount 
rate of 2.25 percent and a 50-year period of analysis.  


DAMAGES TO STREET AND HIGHWAYS UNCERTAINTY 


The uncertainty surrounding the damage percentages for each mile of streets and highways 
at the three depths of flooding (2 feet, 5 feet, and 12 feet) was represented by a normal 
probability distribution with mean values and standard deviations.  
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Damages and Benefits Estimation 


 MODEL OVERVIEW  


The HEC-FDA Version 1.4.2 Corps-certified model was used to calculate the damages and 
benefits for the study. The economic and engineering inputs necessary for the model to 
calculate damages and benefits include structure inventory, contents-to-structure value 
ratios, vehicles, first floor elevations, and depth-damage relationships, ground elevations, 
and without-project stage probability relationships. The uncertainty surrounding each of the 
economic and engineering variables was also entered into the model. Either a normal 
probability distribution, with a mean value and a standard deviation, or a triangular probability 
distribution, with a most likely, a maximum, and a minimum value, was entered into the 
model to quantify the uncertainty associated with the key economic variables. A normal 
probability distribution was entered into the model to quantify the uncertainty surrounding the 
ground elevations. The number of years that stages were recorded at a given gage was 
entered for each study area reach to quantify the hydrologic uncertainty or error surrounding 
the stage-probability relationships.  


 HEC-FDA MODEL CALCULATIONS 


The HEC-FDA model was utilized to evaluate flood damages using risk-based analysis. 
Damages were reported at the index location for each of the 19 study area reaches. A range 
of possible values, with a maximum and a minimum value for each economic variable (first 
floor elevation, structure and content values, and depth-damage relationships), was entered 
into the HEC-FDA model to calculate the uncertainty or error surrounding the elevation-
damage, or stage-damage, relationships. The model also used the number of years that 
stages were recorded at a given gage to determine the hydrologic uncertainty surrounding 
the stage-probability relationships. The possible occurrences of each variable were derived 
through the use of Monte Carlo simulation, which used randomly selected numbers to 
simulate the values of the selected variables from within the established ranges and 
distributions. For each variable, a sampling technique was used to select from within the 
range of possible values. With each sample, or iteration, a different value was selected. The 
number of iterations performed affects the simulation execution time and the quality and 
accuracy of the results. This process was conducted simultaneously for each economic and 
hydrologic variable. The resulting mean value and probability distributions formed a 
comprehensive picture of all possible outcomes. This process was performed on the without-
project condition and repeated for the Recommended Plan. The study area reaches are 
located inland, away from the shoreline, so the developed areas are shielded from the force 
of storm surge and high velocity flooding. As a result, it is expected that no significant 
erosion would occur to the developed areas during the period of analysis. 
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HYDRAULIC AND HYDROLOGIC UNCERTAINTY PARAMETERS 


HEC-FDA requires the input of the standard deviation of error associated with stages 
determined by the hydraulic modeling. Additionally, a period of record must be input in order 
to calculate the distribution for the flow data determined in the hydrologic analysis.  


STAGE-DAMAGE RELATIONSHIPS WITH UNCERTAINTY 


The HEC-FDA model used the economic and engineering inputs to generate a stage-
damage relationship for each structure category in each study area reach under 2026 and 
2076 conditions. The possible occurrences of each economic variable were derived through 
the use of Monte Carlo simulation. A total of 1,000 iterations were executed by the model for 
the Upper Barataria evaluation. The sum of all sampled values was divided by the number of 
samples to yield the expected value for a specific simulation. A mean and standard deviation 
was automatically calculated for the damages at each stage.  


STAGE-PROBABILITY RELATIONSHIPS WITH UNCERTAINTY 


The HEC-FDA model used an equivalent record length of 50 years for each study area 
reach to generate a stage-probability relationship with uncertainty through the use of 
graphical analysis. The model used eight stage-probability events together with the 
equivalent record length to define the full range of the stage-probability or stage-probability 
functions by interpolating between the data points. Confidence bands surrounding the 
stages for each of the probability events were also provided. Stages were provided for the 
0.1, 0.05, 0.02, 0.01, 0.005, 0.002, and 0.001 AEP events. Place holders were used for the 
1.0 AEP events. These stage-probability curves were provided for both the without-project 
condition and the Recommended Plan. Table B:6-1 shows the damages by probability 
event. 


Table B:6-1. Study Area Damages by Year and Probability Event (FY 2022 Price Level, 
$1,000s)  


AEP 
Damages 


2026 


Damages 


2076 


1 0 0 


0.1  44,373  679,745 


0.05  216,660  1,631,150 


0.02  1,427,093  2,154,929 


0.01  1,906,540  2,462,383 


0.005  2,230,248  2,733,849 


0.002  2,607,404  3,120,296 


0.001  2,931,708  3,395,584 
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 EXPECTED ANNUAL DAMAGES 


The model used Monte Carlo simulation to sample from the stage-probability curve with 
uncertainty. For each of the iterations within the simulation, stages were simultaneously 
selected for the entire range of probability events. The sum of all damage values, divided by 
the number of iterations run by the model yielded the expected value, or mean damage 
value, with confidence bands for each probability event. The probability-damage 
relationships are integrated by weighting the damages corresponding to each magnitude of 
flooding (stage) by the percentage chance of exceedance (probability). From these weighted 
damages, the model determined the expected annual damages (EAD) with confidence 
bands (uncertainty). For the without-project condition, the EAD were totaled for each study 
area reach to obtain the total without-project EAD under 2026 and 2076 conditions. Table 
B:6-2 shows the without-project damages by damage category for 2026 and 2076.  Tables 
B:6-3 and B:6-4 show the without-project damages by reach for 2026 and 2076 respectively. 
The increase in damages from 2026 to 2076 are due to sea-level rise. No future 
development was included in this analysis. This process was repeated for the 
Recommended Plan.   


Table B:6-2. Study Area Damage by Damage Category (FY22 Price Level, $1,000s) 


Year Auto Commercial Mobile Homes Residential Streets Highways Total 


2026  2,672   27,652   517   29,322   1,988   349   62,500  


2076  7,759   86,069   1,672   78,858   4,901   980   180,240  
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Table B:6-3. Study Area Expected Annual Damages Without-Project,2026 (FY22 Price 
Level, $1,000s) 


Reach EAD 


1a  8,179  


1b  78  


1c  3,559  


1d  4,590  


1e  2,735  


1f  5,700 


1g  119  


2a  2,479  


2b  764  


2c  4,804  


2d  22,869  


3a  353  


3b  44  


3c  292  


4a  439  


4b  1,681  


5a  175  


5b  3,548  


5c  94  


Total  62,500 
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Table B:6-4. Study Area Expected Annual Damages Without-Project, 2076 (FY22 Price 
Level, $1,000s) 


Reach EAD 


1a  33,704 


1b  310 


1c  13,180 


1d  18,100 


1e  5,190 


1f  22,800 


1g  359 


2a  4,126 


,2b  1,859 


2c  9,706 


2d  55,762 


3a  1,102 


3b  114 


3c  730 


4a  1,304 


4b  3,591 


5a  858 


5b  6,927 


5c  520 


Total  180,240 


EQUIVALENT ANNUAL DAMAGES 


The model uses the discount rate to discount the future damages and benefits occurring in 
2076 back to the base year of 2026. Table B:6-5 shows the equivalent annual damages by 
reach for the without-project condition and the damages reduced for the Recommended 
Plan.  It should be noted that these results include mitigation for induced damages.  Before 
mitigation is applied with the Recommended Plan in place, reach 1g experiences $575 
thousand in induced damages; reach 3b experiences $145 thousand in induced damages; 
and reach 3c experiences $1 million in induced damages, all expressed as equivalent 
annual damages.  Table B:6-6 displays the equivalent annual damages and benefits by 
damage category along with the percentage that each category contributes to the total. 
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Table B:6-5. Study Area Equivalent Annual Damages and Benefits by Reach (FY 22 Price 
Level; FY 22 Discount Rate; $1,000s) 
 


Reach 


Without 
Project 


Damages 
Residual 
Damages 


Damages 
Reduced 


1a  18,170  1,323 16,847 


1b  171  3 168 


1c  7,318  178 7,140 


1d  9,879  294 9,585 


1e  3,692  111 3,581 


1f  12,411  874 11,537 


1g  208  2 206 


2a  3,115  45 3,070 


2b  1,190  17 1,173 


2c  6,690  167 6,523 


2d  35,623  877 34,746 


3a  652  59 593 


3b  70  0 70 


3c  460  0 460 


4a  776  74 702 


4b  2,418  116 2,302 


5a  441  25 416 


5b  4,840  160 4,680 


5c  260  22 238 


Total  108,385  4,348 104,037 
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Table B:6-6.  Equivalent Annual Damages and Benefits by Damage Category (FY 22 Price 
Level; FY 22 Discount Rate; $1,000s) 


Without Project Damages 


Auto Commercial Mobile Homes Residential Highways Streets Total 


 4,654  50,416  968  48,629  595  3,123  108,385 


4% 47% 1% 45% 1% 3% 100% 


Damages Reduced 


 4,513  49,034  928  47,225  578  1,757  104,037 


4% 47% 1% 45% 1% 2% 100% 


Costs 


AVERAGE ANNUAL COSTS 


The initial construction cost (first costs), along with the schedule of expenditures, were used 
to determine the interest during construction and gross investment cost at the end of the 
installation period (2026). The FY 2022 Federal discount rate of 2.25 percent was used to 
discount the costs to the base year and then amortize the costs over the 50-year period of 
analysis. The operations, maintenance, relocations, rehabilitation, and repair (OMRR&R) 
costs for the Recommended Plan were discounted to present value and annualized using 
the Federal discount rate of 2.25 percent for 50 years. Table B:7-1 provides the life cycle 
costs for each of the project components, the average annual construction costs, the annual 
operation and maintenance costs, and the total average annual costs for the Recommended 
Plan.  Approximately 66% of the cost occurring after the base year are construction cost 
related to the levee lifts.  The remaining 34% are O&M cost. 
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Table B:7-1. Recommended Plan (FY 22 Price Level; FY 22 Discount Rate) 


Year 
Years from 
Base Year 


Expenditures 
Present Value 


Factor 
Present Value of 


Expenditures 


2021 -4 $66,919,000 1.1053 $73,966,381 


2022 -3 $66,919,000 1.0810 $72,338,758 


2023 -2 $395,061,333 1.0572 $417,659,935 


2024 -1 $395,061,333 1.0339 $408,469,374 


2025 0 $395,061,333 1.0112 $399,481,051 


2026 1 $153,759 0.9889 $152,058 


2027 2 $266,932 0.9672 $258,170 


2028 3 $266,880 0.9459 $252,439 


2029 4 $266,880 0.9251 $246,885 


2030 5 $266,880 0.9047 $241,452 


2031 6 $1,511,645 0.8848 $1,337,524 


2032 7 $266,880 0.8653 $230,943 


2033 8 $266,880 0.8463 $225,861 


2034 9 $266,880 0.8277 $220,891 


2035 10 $266,880 0.8095 $216,030 


2036 11 $4,327,673 0.7917 $3,426,018 


2037 12 $5,817,880 0.7742 $206,627 


2038 13 $266,880 0.7572 $4,405,278 


2039 14 $266,880 0.7405 $197,634 


2040 15 $22,601,880 0.7242 $193,285 


2041 16 $1,511,645 0.7083 $16,890,631 


2042 17 $266,880 0.6927 $184,872 


2043 18 $34,592,880 0.6775 $180,804 


2044 19 $266,880 0.6626 $22,920,039 


2045 20 $266,880 0.6480 $172,934 


2046 21 $4,891,292 0.6337 $3,099,742 


2047 22 $266,880 0.6198 $165,407 


2048 23 $266,880 0.6061 $161,767 


2049 24 $266,880 0.5928 $158,208 


2050 25 $266,880 0.5798 $154,726 


2051 26 $72,504,395 0.5670 $41,110,216 


2052 27 $266,880 0.5545 $147,992 


2053 28 $130,888,880 0.5423 $144,735 
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Year 
Years from 
Base Year 


Expenditures 
Present Value 


Factor 
Present Value of 


Expenditures 


2054 29 $266,880 0.5304 $69,422,176 


2055 30 $25,769,880 0.5187 $138,436 


2056 31 $4,327,673 0.5073 $15,133,239 


2057 32 $266,880 0.4961 $132,410 


2058 33 $9,063,880 0.4852 $129,496 


2059 34 $266,880 0.4745 $4,301,234 


2060 35 $266,880 0.4641 $123,860 


2061 36 $1,511,645 0.4539 $686,123 


2062 37 $8,517,180 0.4439 $3,780,809 


2063 38 $266,880 0.4341 $115,862 


2064 39 $266,880 0.4246 $113,313 


2065 40 $266,880 0.4152 $110,819 


2066 41 $4,891,292 0.4061 $1,986,366 


2067 42 $266,880 0.3972 $105,996 


2068 43 $266,880 0.3884 $103,663 


2069 44 $266,880 0.3799 $101,382 


2070 45 $266,880 0.3715 $99,151 


2071 46 $1,511,645 0.3633 $549,249 


2072 47 $266,880 0.3553 $94,836 


2073 48 $266,880 0.3475 $92,749 


2074 49 $266,880 0.3399 $90,708 


2075 50 $266,880 0.3324 $88,712 


  
$1,662,224,205   $1,566,719,254 


     


Interest Rate (%) 2.25 
   


Amortization Factor 0.03352 
   


Average Annual Costs $50,313,600 
   


Average Annual O&M Costs $2,200,300 
   


Total Average Annual Costs $52,513,900 
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Results 


 NET BENEFITS 


The net benefits for the Recommended Plan were calculated by subtracting the average 
annual costs from the equivalent annual benefits. The net benefits were used to determine 
the economic justification of the Recommended Plan. Table B:8-1 displays the equivalent 
annual damages and benefits, total first costs, average annual cost, benefit-to-cost ratio, and 
equivalent annual net benefits for the Recommended Plan. The Recommended Plan is 
economically justified, meaning its benefit-to-cost (B/C) ratio is a least 1. These results are 
based on the intermediate rate of relative sea-level rise. 


Table B:8-1. Net Benefits Summary for the Recommended Plan (FY 22 Price Level for; FY 
2022 Discount rate) 


Alternative 
Recommended 


Plan  


Project First Cost $1,546,156,000  


Interest During 
Construction 


$52,893,500  


Total Investment Cost $1,599,049,500  


AA Investment Costs $50,313,600  


AA O&M Costs $2,200,300  


Total AA Costs $52,513,900  


Construction Duration 
(Years) 


5 


Without Project EAD $108,385,000  


EAD Reduced Benefits  $104,037,000  


Net Benefits $51,523,000  


B/C Ratio  2.0 


 BENEFIT EXCEEDANCE PROBABILITY RELATIONSHIP 


The HEC-FDA model used the uncertainty surrounding the economic and engineering inputs 
to generate results that can be used to assess the performance of the Recommended Plan. 
Table B:8-2 shows the expected annual benefits at the 75, 50, and 25 percentiles. These 
percentiles reflect the percentage chance that the benefits will be greater than or equal to 
the indicated values. The benefit exceedance probability relationship for the Recommended 
Plan can be compared to the point estimate of its average annual cost. The table indicates 
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the percent chance that the expected annual benefits will exceed the expected annual costs, 
therefore; the B/C ratio is greater than 1 and the net benefits are positive. The net benefits 
and B/C ratios are also displayed at each of the percentiles.  


Table B:8-2. Risk Analysis Probability that Expected Annual Benefits Exceed Annual Costs 
(FY 2022 Price; FY 2022 Discount Rate; $1,000s) 


   
Probability that Damages 


Reduced exceed indicated 
values 


  


Plan Name 


Equivalent 
Annual 


Damages 
Reduced 


0.75 0.5 0.25 
Average 


Annual Costs 


Probability 
Benefits 


Exceed Costs 


Recommended Plan 
$104,037 


 59,106  98,796  141,355  
52,514 


Greater Than 
75% 


Net Benefits  6,592 46,282 88,841   


B/C Ratio  1.1 1.9 2.7   


 RELATIVE SEA LEVEL RISE SCENARIOS 


The prior analysis incorporated H&H data that was developed from the intermediate relative 
sea-level rise scenario, which was consistent with the other concurrent coastal studies in 
MVN. H&H data was also developed for low and high relative sea-level rise scenarios. The 
project benefits, net benefits, and b/c ratios were recalculated under both alternate relative 
sea-level rise scenarios. These results are displayed in Table B:8-3. 


Table B:8-3. Relative Sea Level Rise Scenarios                                                                    
(FY 2022 Price Leve; FY 2022 Discount Rate; $1,000s) 


Scenario 
Low 


RSLR 
High 
RSLR 


Total AA Costs 52,514 52,514 


Without Project EAD 68,757 239,453 


EAD Reduced 
Benefits 


66,336 230,917 


Net Benefits 13,822 178,403 


B/C Ratio 1.3 4.4 
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 PROJECT PERFORMANCE 


The results from the HEC-FDA model were also used to calculate the long-term annual 
exceedance probability (AEP) and the conditional non-exceedance probability, or assurance, 
for various probability storm events. The model provided a target stage to assess project 
performance for each study area reach for the base year, 2026, and the last year in the 50-
year period of analysis under both without-project and with-project conditions. For study area 
reaches without proposed levees or berms, the target stage was set by default at the 
elevation where the model calculated 5 percent residual damages for the 1 percent AEP 
(100-year) event.   


The HEC-FDA model calculated a target stage AEP with a median and expected value that 
reflected the likelihood that the target stages will be exceeded in a given year. The median 
value was calculated using point estimates, while the expected value was calculated using 
Monte Carlo simulation. The results also show the long-term risk or the probability of a target 
stage being exceeded over 10-year, 30-year, and 50-year periods. Finally, the model results 
show the conditional non-exceedance probability or the likelihood that a target stage will not 
be exceeded by the 10 percent AEP (10 year), the 4 percent AEP (25-year), the 2 percent 
AEP (50-year), the 1 percent AEP (100-year), the 0.4 percent AEP (250-year), and the 0.2 
percent AEP (500-year). Tables B:8-4 through B:8-7 display the project performance results 
for each study area reach for the base year, 2026, and the last year in the 50-year period of 
analysis, 2076, under without-project and with-project conditions.  


 POPULATION AT RISK 


HWY 90 is the primary hurricane evacuation route in the study area. It connects the study 
area to I-310. During a hurricane evacuation, residents of St. Charles Parish are directed to 
take HWY 90 west to Lafayette. Residents of Jefferson Parish west of the Harvey Canal are 
directed to take the Westbank Expressway to HWY 90 to I-310 to Baton Rouge. Since the 
final evacuation phase begins more than 24 hours before the arrival of the tropical system, it 
is unlikely that hurricane storm surge or flooding would impede evacuation on HWY 90. The 
population at risk (PAR) in the study area is approximately 14,820 under the future without 
project condition. With the Recommended Plan in place, PAR falls to approximately 800. In 
the event of the failure of the levee during a tropical event, depending on how catastrophic 
the failure, the populated area immediately behind the levee could experience higher 
flooding velocities. This higher velocity flooding could compromise residential structures 
resulting in higher depths of inundation inside of the compromised structures. This potential 
higher inundation could pose a greater risk of life loss to residents who failed to evacuate 
before the arrival of the storm. 


The Life Safety analysis can be found in Appendix A, Annex 14.   
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 NAVIGATION 


Detrimental Impacts of the Recommended Plan on navigation would be minimal.  Bayou Des 
Allemands is not a federally maintained waterway and does not experience commercial 
traffic.  The barge gate across Bayou Des Allemands would only be closed during significant 
storm events, so recreational boating would not be significantly affected. 


 CRITICAL INFRASTRUCTURE 


Figure B-8.7 displays the critical infrastructure in the study area that is located in the 1% 
AEP floodplain.  These 104 structures benefit from the Recommended Plan. 
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Table B:8-4. Project Performance by Reach, Without Project 2026 


  Long Term Risk (years)  Conditional Non-Exceedance Probability by Events 


Reach Target Stage  Geo Tech  Median  Expected  10 30 50 0.1 0.04 0.02 0.01 0.004 0.002 


1a 5 L 0 0.0321 0.2783 0.6241 0.8042 0.9997 0.6474 0.3573 0.1944 0.0266 0.0039 


1b 5 L 0.0212 0.0248 0.2216 0.5284 0.7143 0.9996 0.7829 0.4755 0.2664 0.0479 0.0096 


1c 5 L 0 0.024 0.2157 0.5176 0.7033 0.999 0.7949 0.4873 0.273 0.0523 0.0109 


1d 5 L 0 0.0203 0.1858 0.4602 0.6421 0.9989 0.8657 0.5661 0.3305 0.0653 0.0136 


1e 3 L 0 0.0976 0.642 0.9541 0.9941 0.5395 0.11 0.0305 0.0297 0.0024 0.0003 


1f 5 L 0 0.0271 0.2401 0.5612 0.7466 0.9989 0.7357 0.4299 0.2296 0.0476 0.0093 


1g 3.66 L 0.0972 0.0984 0.6451 0.9553 0.9944 0.5278 0.1139 0.0336 0.0299 0.0028 0.0004 


2a 4 L 0 0.099 0.6476 0.9562 0.9946 0.5276 0.1073 0.0289 0.0279 0.0029 0.0004 


2b 4 L 0 0.1009 0.6546 0.9588 0.9951 0.5162 0.1026 0.0267 0.0254 0.0025 0.0004 


2c 3 L 0 0.1005 0.6532 0.9583 0.995 0.5325 0.046 0.0089 0.0086 0.0007 0 


2d 4 L 0 0.1008 0.6545 0.9588 0.9951 0.5155 0.1011 0.0257 0.0253 0.0022 0.0003 


3a 3.11 L 0.1 0.1008 0.6545 0.9588 0.9951 0.5014 0.118 0.0402 0.0381 0.0029 0.0004 


3b 1.7 L 0.1 0.1237 0.7329 0.9809 0.9986 0.1959 0.0002 0.0255 0.0067 0.0027 0.0018 


3c 2.62 L 0.0991 0.1013 0.6561 0.9593 0.9952 0.5083 0.1069 0.0306 0.0291 0.0041 0.0009 


4a 1.11 L 0.0876 0.0997 0.6501 0.9572 0.9948 0.7096 0.0058 0.0006 0 0 0 


4b 3 L 0 0.1006 0.6537 0.9585 0.995 0.5109 0.1051 0.0287 0.0175 0.0028 0.0005 


5a -0.97 L 0.1 0.1237 0.7329 0.9809 0.9986 0.1918 0.0267 0.009 0.0035 0.0021 0.0016 


5b 2 L 0 0.1016 0.6574 0.9598 0.9953 0.5208 0.0848 0.0198 0.0189 0.0082 0.0042 


5c 1.73 L 0.0977 0.1013 0.6563 0.9594 0.9952 0.5247 0.0502 0.009 0.0034 0.0003 0 
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Table B:8-5. Project Performance by Reach, Without Project 2076 


  Long Term Risk (years)  Conditional Non-Exceedance Probability by Events 


Reach Target Stage  Geo Tech  Median  Expected  10 30 50 0.1 0.04 0.02 0.01 0.004 0.002 


1a 5 L 0 0.1377 0.7726 0.9882 0.9994 0.3208 0.0633 0.0174 0.0162 0.0028 0.0004 


1b   L 0.0939 0.0946 0.63 0.9494 0.9931 0.5567 0.1339 0.0428 0.0415 0.0048 0.0009 


1c 5 L 0 0.0892 0.607 0.9393 0.9906 0.604 0.1653 0.0561 0.0517 0.0058 0.0015 


1d 5 L 0 0.0805 0.5679 0.9193 0.9849 0.682 0.2109 0.0751 0.0614 0.0073 0.0017 


1e 5 L 0 0.0991 0.6479 0.9563 0.9946 0.5224 0.1206 0.0394 0.0349 0.004 0.0007 


1f 5 L 0 0.1085 0.683 0.9682 0.9968 0.4273 0.0847 0.0274 0.0271 0.0039 0.0005 


1g 5.17 L 0.0982 0.0991 0.6479 0.9564 0.9946 0.5199 0.1147 0.0346 0.0338 0.0043 0.0005 


2a 5 L 0 0.1009 0.655 0.9589 0.9951 0.5095 0.1068 0.0315 0.0297 0.0041 0.0009 


2b 5 L 0 0.1005 0.6533 0.9583 0.995 0.5165 0.1034 0.0276 0.0259 0.0035 0.0006 


2c 5 L 0 0.1008 0.6542 0.9587 0.9951 0.5254 0.07 0.0156 0.0126 0.0015 0.0001 


2d 5 L 0 0.1005 0.6533 0.9583 0.995 0.5151 0.0969 0.0254 0.0176 0.0023 0.0002 


3a 4.36 L 0.1 0.1005 0.6534 0.9584 0.995 0.5014 0.1221 0.0443 0.035 0.0039 0.0005 


3b 3.52 L 0.0988 0.0991 0.6477 0.9563 0.9946 0.5158 0.1222 0.0406 0.0407 0.0429 0.0052 


3c 4.2 L 0.0992 0.1001 0.6517 0.9577 0.9949 0.51 0.1191 0.0398 0.039 0.005 0.0013 


4a 2.55 L 0.0973 0.1017 0.6577 0.9599 0.9953 0.5386 0.0029 0.0003 0.0003 0 0 


4b 4 L 0 0.0986 0.646 0.9556 0.9944 0.5255 0.113 0.0336 0.0258 0.0031 0.0004 


5a 1.97 L 0.1022 0.1 0.6512 0.9575 0.9948 0.474 0.163 0.0742 0.0676 0.0351 0.0201 


5b 3 L 0 0.1 0.6512 0.9576 0.9948 0.5158 0.1177 0.0379 0.0301 0.0043 0.0011 


5c 3.01 L 0.0987 0.101 0.6551 0.959 0.9951 0.5153 0.0895 0.0211 0.0183 0.001 0 
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Table B:8-6. Project Performance by Reach, Recommended Plan 2026 


  Long Term Risk (years)  Conditional Non-Exceedance Probability by Events 


Reach Target Stage  Geo Tech  Median  Expected  10 30 50 0.1 0.04 0.02 0.01 0.004 0.002 


1a 5   0 0.0009 0.0088 0.0263 0.0434 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 


1b 5   0.0001 0.0001 0.001 0.003 0.005 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 


1c 5   0 0.0001 0.001 0.003 0.005 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 


1d 5   0 0.0001 0.001 0.003 0.005 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 


1e 3 L 0 0.0025 0.0244 0.0714 0.1162 0.9997 0.9997 0.9997 0.9997 0.9997 0 


1f 5   0 0.0006 0.0059 0.0177 0.0294 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 


1g 3.66 L 0.1745 0.1708 0.8463 0.9964 0.9999 0.1691 0.0333 0.0106 0.0105 0.0008 0 


2a 4 L 0 0.0001 0.001 0.003 0.005 0.9995 0.9995 0.9995 0.9995 0.9995 0.9995 


2b 4 L 0 0.0001 0.001 0.003 0.005 0.9995 0.9995 0.9995 0.9995 0.9995 0.9995 


2c 3 L 0 0.0001 0.001 0.003 0.005 0.9995 0.9995 0.9995 0.9995 0.9995 0.9995 


2d 4 L 0 0.0001 0.001 0.003 0.005 0.9995 0.9995 0.9995 0.9995 0.9995 0.9995 


3a 3.11 L 0.0024 0.0024 0.0234 0.0686 0.1117 0.9998 0.9998 0.9998 0.9998 0.9998 0 


3b 1.7 L 0.1 0.1237 0.733 0.981 0.9986 0.2006 0.0002 0.021 0.0055 0.0024 0.0016 


3c 2.62 L 0.1585 0.1531 0.8103 0.9932 0.9998 0.2452 0.0553 0.0186 0.0187 0.0032 0.0005 


4a 1.11 L 0.0045 0.0045 0.0438 0.1257 0.2006 0.9998 0.9998 0.9998 0.9998 0 0 


4b 3 L 0 0.0027 0.027 0.0787 0.1277 0.9997 0.9997 0.9997 0.9997 0.9997 0 


5a -0.97 L 0.1 0.1236 0.7327 0.9809 0.9986 0.21 0 0 0 0 0 


5b 2 L 0 0.0028 0.0278 0.081 0.1313 0.9997 0.9997 0.9997 0.9997 0.9997 0 


5c 1.73 L 0.0027 0.0027 0.0268 0.0782 0.1269 0.9998 0.9998 0.9998 0.9998 0.9998 0 


 







Upper Barataria Basin, Louisiana, Feasibility Study 
Final Appendix B - Economics 


38 


Table B:8-7. Project Performance by Reach, Recommended Plan 2076 


Long Term Risk (years) Conditional Non-Exceedance Probability by Events 


Reach Target Stage Geo Tech Median Expected 10 30 50 0.1 0.04 0.02 0.01 0.004 0.002 


1a 5 0 0.0001 0.001 0.003 0.005 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 


1b 5 0.0001 0.0001 0.001 0.003 0.005 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 


1c 5 0 0.0001 0.001 0.003 0.005 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 


1d 5 0 0.0001 0.001 0.003 0.005 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 


1e 5 L 0 0.0024 0.0238 0.0696 0.1133 0.9998 0.9998 0.9998 0.9998 0.9998 0 


1f 5 0 0.0001 0.001 0.003 0.005 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 


1g 5.17 L 0.4131 0.4133 0.9952 1 1 0 0 0 0 0 0 


2a 5 L 0 0.0027 0.0271 0.0791 0.1283 0.9997 0.9997 0.9997 0.9997 0.9997 0 


2b 5 L 0 0.0024 0.0243 0.071 0.1155 0.9998 0.9998 0.9998 0.9998 0.9998 0 


2c 5 L 0 0.0029 0.0287 0.0837 0.1356 0.9997 0.9997 0.9997 0.9997 0.9997 0 


2d 5 L 0 0.0026 0.0258 0.0755 0.1226 0.9997 0.9997 0.9997 0.9997 0.9997 0 


3a 4.36 L 0.0027 0.0027 0.0271 0.0791 0.1283 0.9997 0.9997 0.9997 0.9997 0.9997 0 


3b 3.52 L 0.7174 0.7148 1 1 1 0 0 0 0 0 0 


3c 4.2 L 0.3399 0.3403 0.9844 1 1 0.0011 0.0009 0.0015 0.0006 0.0008 0.0001 


4a 2.55 L 0.0032 0.0032 0.0314 0.0912 0.1474 0.9998 0.9998 0.9998 0.9998 0.9998 0 


4b 4 L 0 0.0027 0.0262 0.0765 0.1243 0.9997 0.9997 0.9997 0.9997 0.9997 0 


5a 1.97 L 0.0029 0.0029 0.0287 0.0836 0.1353 0.9997 0.9997 0.9997 0.9997 0.9997 0 


5b 3 L 0 0.003 0.0296 0.0863 0.1396 0.9997 0.9997 0.9997 0.9997 0.9997 0 


5c 3.01 L 0.0027 0.0027 0.0269 0.0785 0.1274 0.9998 0.9998 0.9998 0.9998 0.9998 0 
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Regional Economic Development 


 GENERAL 


The Regional Economic Development (RED) account addresses the impacts that the 
USACE expenditures associated with the construction of a coastal storm risk management 
system will have on the levels of income, output, and employment throughout the region. 
These impacts are not included in the NED analysis, but can still be used by decision 
makers as part of their investment decision process.  


This Regional Economic Development (RED) analysis employs input-output economic 
analysis, which measures the interdependence among industries and workers in an 
economy. This analysis uses a matrix representation of a regional economy to predict the 
effect that changes in one industry will have on other industries. The greater the 
interdependence among industry sectors, the larger the multiplier effect on the economy. 
Changes to government spending drive the input-output model to project new levels of sales 
(output), value added Gross Regional Product (GRP), employment, and income for each 
industry.   


RECONS Version 2 was the specific input-output model used to estimate the regional 
economic development impacts of the Recommended Plan. USACE Institute for Water 
Resources, Louis Berger, and Michigan State University developed the regional economic 
impact modeling tool, RECONS (Regional Economic System), that provides estimates of 
jobs and other economic measures such as labor income, value added, and sales that are 
supported by USACE programs, projects, and activities. This modeling tool automates 
calculations and generates estimates of jobs, labor income, value added, and sales through 
the use of IMPLAN®’s multipliers and ratios, customized impact areas for USACE project 
locations, and customized spending profiles for USACE projects, business lines, and work 
activities. RECONS allows the USACE to evaluate the regional economic impact and 
contribution associated with USACE expenditures, activities, and infrastructure. 


 DESCRIPTION OF METRICS 


“Output” is the sum total of transactions that take place as a result of the construction 
project, including both value added and intermediate goods purchased in the economy. 
“Labor Income” includes all forms of employment income, including employee compensation 
(wages and benefits) and proprietor income. “Gross Regional Product (GRP)” is the value-
added output of the study regions. This metric captures all final goods and services 
produced in the study areas because of the existence of the project. It is different from 
output in the sense that one dollar of a final good or service may have multiple transactions 
associated with it. “Jobs” is the estimated worker-years of labor required to build the project.   
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 ASSUMPTIONS 


Input-output analysis rests on these assumptions: 


• The production functions of industries have constant returns to scale, so if output
is to increase, inputs will increase in the same proportion.


• Industries face no supply constraints; they have access to all the materials they
can use.


• Industries have a fixed commodity input structure; they will not substitute any
commodities or services used in the production of output in response to price
changes.


• Industries produce their commodities in fixed proportions, so an industry will not
increase production of a commodity without increasing production in every other
commodity it produces.


• Furthermore, it is assumed that industries use the same technology to produce all
of its commodities.


RESULTS 


The construction expenditures associated with the Recommended Plan are estimated to be 
$1.54 billion. Of this total expenditure, $1.3 billion will be captured within the local impact 
area. The remainder of the expenditures will be captured within the state impact area and 
the nation. These direct expenditures generate additional economic activity, often called 
secondary or multiplier effects. The direct and secondary impacts are measured in output, 
jobs, labor income, and gross regional product (value added). The regional economic effects 
are shown for the local, state, and national impact areas. In summary, the expenditures of 
$1.54 billion support a total of 22,000 full-time equivalent jobs, $1.3 billion in labor income, 
$1.5 billion in the gross regional product, and $2.6 billion in economic output in the local 
impact area. More broadly, these expenditures support 30,426 full-time equivalent jobs, 
$1.96 billion in labor income, $2.4 billion in the gross regional product, and $4.2 billion in 
economic output in the nation. Table B:9-1 summarizes the RED effects from the 
construction expenditures. 


The operations and maintenance expenditures associated with the Recommended Plan are 
estimated to be an average of $2.2 million annually. Of this total expenditure, $2 million will 
be captured within the local impact area. The remainder of the expenditures will be captured 
within the state impact area and the nation. These direct expenditures generate additional 
economic activity, often called secondary or multiplier effects. The direct and secondary 
impacts are measured in output, jobs, labor income, and gross regional product (value 
added) as summarized in the tables. The regional economic effects are shown for the local, 
state, and national impact areas. In summary, the expenditures of $2.2 million support a total 
of 37 full-time equivalent jobs, $2.2 million in labor income, $2.5 million in the gross regional 
product, and $4 million in economic output in the local impact area. More broadly, these 
expenditures support 49 full-time equivalent jobs, $3 million in labor income, $3.7 million in 
gross regional product, and $6.2 million in economic output in the nation. Table B:9-2 
summarizes the RED effects from the O&M expenditures. 
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Table B:9-1. Regional Economic Development Effects, Construction 


Area Output Jobs* Labor Income Value Added 


Local         


Direct Impact $1,314,398,500  14,362 $907,038,960  $775,166,398  


Secondary Impact $1,301,533,139  7,671 $425,006,783  $744,739,523  


Total Impact $2,615,931,638  22,033 $1,332,045,744  $1,519,905,922  


State 


    


Direct Impact $1,117,653,920  10,637 $756,347,657  $577,210,113  


Secondary Impact $1,203,170,197  7,189 $380,214,287  $670,646,563  


Total Impact $2,320,824,117  17,826 $1,136,561,945  $1,247,856,676  


US 


    


Direct Impact $1,484,247,190  16,620 $1,079,853,159  $943,225,533  


Secondary Impact $2,778,541,054  13,806 $886,758,271  $1,510,563,573  


Total Impact $4,262,788,245  30,426 $1,966,611,431  $2,453,789,106  


*Jobs are presented in full-time equivalence (FTE) 


Table B:9-2. Regional Economic Development Effects, O&M 


Area Output Jobs* Labor Income Value Added 


Local         


Direct Impact $2,087,101  25 $1,530,477  $1,365,539  


Secondary Impact $2,007,631  12 $660,952  $1,155,498  


Total Impact $4,094,732  37 $2,191,429  $2,521,036  


State         


Direct Impact $1,530,934  15 $1,036,372  $808,677  


Secondary Impact $1,640,272  10 $522,250  $916,286  


Total Impact $3,171,206  24 $1,558,622  $1,724,963  


US         


Direct Impact $2,230,114  29 $1,756,723  $1,572,786  


Secondary Impact $4,055,224  21 $1,301,114  $2,218,862  


Total Impact $6,285,338  50 $3,057,838  $3,791,648  


*Jobs are presented in full-time equivalence (FTE) 
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Section 1 
Introduction 


Environmental Justice (EJ) is institutionally significant because of Executive Order 12898 of 
1994 (E.O. 12898) and the Department of Defense’s Strategy on Environmental Justice of 
1995, which directs Federal agencies to identify and address any disproportionately high, 
adverse human health or environmental effects of Federal actions to minority and/or low-
income populations. Minority populations are those persons who identify themselves as 
Black, Hispanic, Asian American, American Indian/Alaskan Native, Pacific Islander, some 
other race, or a combination of two or more races. A minority population exists where the 
percentage of minorities in an affected area either exceeds 50 percent or is meaningfully 
greater than in the general population. Low-income populations as of 2019 are those whose 
income is at or below $24,600 for a family of four and are identified using the Census 
Bureau’s statistical poverty threshold. The Census Bureau defines a “poverty area” as a 
census tract or block group with 20 percent or more of its residents below the poverty 
threshold and an “extreme poverty area” as one with 40 percent or more below the poverty 
level. 


An EJ analysis focuses on the potential for disproportionately high and adverse impacts to 
minority and low-income populations during the construction and normal operation of the 
Federal action. A detailed assessment identifies specific EJ communities near structural 
alternatives and will assess if EJ communities are disproportionately exposed to high and 
adverse effects of the Federal action. If the impact is appreciably more severe or greater in 
magnitude on minority or low-income populations than the adverse effect suffered by the 
non-minority or non-low-income populations after taking offsetting benefits into account, then 
there may be a disproportionate finding.  


If a disproportionate impact is found, mitigation measures should be developed specifically 
to address potential disproportionately high and adverse effects to minority and/or low-
income communities. When identifying and developing potential mitigation measures to 
address environmental justice concerns, members of the affected communities would be 
consulted. Enhanced public participation efforts would also be conducted to ensure that 
effective mitigation measures are identified and that the effects of any potential mitigation 
measures are fully analyzed and compared. Mitigation measures may include a variety of 
approaches for addressing potential effects and balancing the needs and concerns of the 
affected community with the requirements of the action or activity. 


For a description of the EJ Existing Conditions, refer to Chapter 3, Section 3.1.5.3.7. 
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1.1 ENVIRONMENTAL CONSEQUENCES  


1.1.1 Recommended Plan (RP) – Hwy 90 - Segment 1 Levee Extension 


The Recommended Plan is a structural alignment constructed to a 1 percent AEP (100-year 
future design) that would take place in reaches A through H, which are located east of the 
towns of Luling, Boutte, Paradis, and Des Allemands and west of the Bayou Gauche 
community. The RP is 30.4 miles long and involves construction of new levees and 
floodwalls, levee lifts along the existing St. Charles Parish and Sunset Drainage District 
levees, and construction of a 270-foot-wide barge gate to preclude storm surge flooding 
within the protected area. Levees in this alignment would be constructed to an elevation of 
14.5 to 16 feet and would be up to 190 feet wide in the marshes southwest of Bayou Des 
Allemands and 260 feet wide along the existing St. Charles levee. A 40-foot-wide right-of-
way would be established on both sides of the levee footprint in marsh. 


Positive impacts to EJ communities include a decrease in flood risk to minority or low-
income populations in the project area. The RP would reduce the adverse impacts to EJ 
communities experienced under the no-action condition - flood damages, loss of life, 
reduced economic activity, and potential out-migration. These positive impacts would be 
long-term and would be likely to sustain the socioeconomic vitality of the project area, thus 
positively impacting EJ communities. 


There would be no high, adverse disproportionate impacts to EJ communities near the 
proposed levee alignment from the construction of the Federal action. Impacts to those 
communities further from the proposed levee alignment would be expected to be positive, 
resulting in reduced flood risk. Although EJ communities are spread throughout the project 
area, as shown in the EJ Affected Environmental Section of the integrated feasibility report 
and environmental impact statement, there are no EJ communities along the The RP 
alignment that could be directly impacted by the Federal action. Eight reaches, A-H, 
comprise the RP levee alignment. The levee lengths vary from Reach E at 14,600 linear feet 
(LF) to the largest segment Reach G at 31,000 LF. The following is a description of the 
potential impacts to communities along the proposed RP levee alignment. 


The northern part of the proposed levee alignment, reaches A, B and C, involves increasing 
the height of the existing St. Charles Parish Levee which crosses through marshland. A 
canal separates the existing levee and several communities. There would be no direct 
impacts to housing along these reaches of levee improvement.  


Communities that may experience construction-related noise impacts are located across the 
canal and are vastly white and not low-income, with census block groups ranging from 80 
percent of residents identifying as white and 3 percent having household incomes below the 
poverty level. Indirect impacts may be felt by residents in these communities, which may 
include construction related noise and potential increase in truck traffic using access routes 
(streets) to deliver material to the construction sites along the levee reaches. The types of 
indirect impacts that may be relevant to this Federal action are discussed below as are 
mitigation measures. Positive impacts are expected that result from the improved levee 
decreasing the flood risk to these households. 
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A new earthen levee and floodwalls are proposed for the southern part of the alignment, in 
reaches D, E, F, G and H. The reach D levee alignment passes through undeveloped marsh 
land, before passing near a community along Grand Bayou Road. A floodwall is proposed to 
be constructed adjacent to this community, which is 100 percent white with 2.7 percent of 
households living below poverty. Reach E consists of a floodwall that would be constructed 
adjacent to the Bayou Gauche community, which is also located in the same census block 
group as the community in Reach D, vastly majority white and not low-income. Table C1:1-1 
shows the demographic composition of communities in Reaches D and E. Reaches F, G 
and H consist of a building a new earthen levee, which passes through undeveloped land.  


The proposed levee system does not bifurcate any neighborhoods as shown in the proposed 
RP alignment map, Figure 4-1 in the main report.  The 1 percent AEP design levee has the 
potential to induce flooding in the communities of Bayou Gauche, Gheens,and Mathews, 
which are located outside of the system on the east side of the levee. Eminent domain may 
become mandatory for all residents in areas with induced flooding and would include 
relocation assistance as per the Uniform Relocation Act. During PED, further assessments 
will be completed to determine the extent of induced flooding and the need for buyouts.  
However, mitigation measures would be identified once a better determination regarding 
induced flooding can be made at PED. 


Population groups residing or working near construction activities may experience indirect 
impacts due to the added traffic congestion and construction noise and dust. The 
environmental indicator, “Traffic Proximity and Volume,” shows the area to be at the 9th 
percentile in the State of Louisiana, which does not indicate an existing environmental risk. 
Truck traffic and noise along access roads, at borrow sites, and highways and streets during 
project construction would cease following completion of construction activities. There may 
also be a degradation of the transportation infrastructure, primarily local roads and 
highways, as a result of the wear and tear from transporting construction materials. Housing 
located along the proposed floodwalls would also experience temporary noise from 
construction related impacts. Indirect impacts related to levee improvement construction 
activities are expected to be short-term and minor.  


A community located just east of the proposed RP alignment, along Bayou Gauche, is 
outside of the proposed flood risk reduction system and would remain vulnerable to flooding. 
This small community, mostly camps, is reliant on Bayou Gauche for access to fishing and 
hunting grounds. However, this community is not low-income nor majority minority and 
would not be disproportionately impacted.  


Borrow sites are proposed in rural areas and excavation of material would not directly impact 
the human environment. Borrow material to be used for levee construction is proposed to 
come from sites estimated to be within 15 miles of where US Highway 90 crosses Bayou 
Des Allemands. At this time, it is not known if existing Government borrow sites would be 
available at time needed for construction that would be located within the designated 
distance. Potential borrow sites on farmlands (avoiding swamp and marsh lands) were 
identified near Raceland and can be seen in the Real Estate Appendix, Figure D:3-11. Not 
all lands from the potential borrow sites are intended to be used.  
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Staging and access routes are in Reaches A, B and C. For Reaches A and B, the access 
route to the levee that would be improved would be expected to be via Willowdale Drive, 
which passes through a subdivision; residents are 82 percent white and 1.6 percent of 
households live below poverty. A staging area on an undeveloped piece of land is also 
located on the edge of this subdivision. For Reach C, the access road to the levee would be 
via Magnolia Ridge Road, which passes through a subdivision with 34 percent of 
households living below poverty. Best management practices would be utilized to avoid, 
reduce, and contain temporary impacts to human health and safety. 


Short-term noise impacts would be avoided, minimized, or mitigated by use of these best 
management practices: 


1. Placement of temporary noise barriers adjacent to construction activities.
2. Inclusion of the following noise and vibration monitoring language in the contract


specifications for specific Work Items: monitoring of noise levels to verify
adherence to contract specifications; limiting pile driving activities associated with
pile founded T-walls to daylight hours; and vibration monitoring equipment
measure surface velocity waves caused by equipment and monitor vibration up to
a threshold value established and approved in writing by USACE. Such
measurements would only be taken near residences and occupied buildings that
could be adversely affected by excessive ground vibrations.


3. Construction equipment noise would be minimized during construction by muffling
and shielding intakes and exhaust on construction equipment (per the
manufacturer’s specifications), and by shrouding or shielding impact tools.


4. All equipment, haul trucks, and worker vehicles would be turned off when not in
use for more than 30 minutes.


5. Equipment warm up areas, water tanks, equipment storage areas, and staging
areas would be located as far from existing residences as is feasible.


Several impact avoidance features are included as integral components of the proposed 
action to minimize impacts to vehicular transportation. Specific routes would be designated 
for construction-related traffic to minimize residential disturbance and traffic congestion. 
USACE contracts would designate specific routes for construction-related traffic to avoid 
residential areas, to the maximum extent practicable, and staging areas for construction 
equipment and personnel would be located away from heavily populated areas. Streets that 
would serve construction-related traffic would be resurfaced, if needed and as appropriate, 
prior to initiation of construction activities, and maintenance of those streets would be 
provided during the construction period. Appropriate detour signage would be placed in 
order to preserve access to local streets during construction activities. Off-street parking 
would be provided for construction workers, and shuttle vans would be used to transport 
construction workers to the work sites, if necessary. Streets that are damaged by 
construction activities would be repaired.  
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1.1.2 Alternative 2 – Full Alignment 


Alternative 2 takes place in Reaches A through H, measures 30.4 miles long, and 
incorporates all of the Alternative 1 structure measures; however, this alternative would be 
constructed to an elevation of 8.5 feet with a maximum levee base footprint of 200 feet. 


EJ impacts from construction of Alternative 2 would include those impacts identified for 
Alternative 1. There would be no additional direct impacts to EJ communities from 
construction of Alternative 2. Housing near the northern part of the alignment, but across 
from Paradis canal would only feel temporary, indirect impacts during construction activities. 
Indirect impacts would include those discussed for Alternative 1, but to a lesser extent 
because the alignment includes a lower levee height and therefore less construction 
activities that may temporarily, indirectly impact housing in the vicinity.  


1.1.3 The Potential for Induced Flooding 


The 1 percent AEP design levee has the potential to induce flooding in the communities of 
Bayou Gauche, Gheens, and Mathews, which are located outside of the system on the east 
side of the levee. Eminent domain may be required, which would require relocation/buy outs 
to become mandatory for all residents in areas with induced flooding. Residents are not in 
favor of mandatory buy outs. To reduce the residual risk to the RP, PED phase structure 
acquisition (buyouts) was selected until more information can be collected in the impacted 
areas. The induced flooding is greatest within the community of Bayou Gauche, which is 
directly adjacent to the levee. This area is estimated to receive 1 to 1.5 feet of induced 
flooding under existing conditions and 2 to 4 feet under future conditions. In order to mitigate 
for the induced flooding, 64 residential structures in Bayou Gauche may be acquired. Due to 
the presence of existing or proposed flood risk reduction measures in Gheens and Mathews, 
the extent of induced flooding in those communities is more uncertain and would be 
investigated further in the PED phase of the study. Currently, it is estimated that 173 
residential structures could be acquired in Gheens. In Mathews, it is estimated that 33 
residential structures and 5 commercial structures could be acquired. 


Two of the three of the areas where induced flooding is possible, including Gheens and 
Bayou Gauche (and half of Mathews) have very minimal minority population and low-income 
households as shown in Table C1:1-2. However, mitigation measures would be included in 
the final plan once a better determination regarding induced flooding can be made at PED. 
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Table C1:1-1. Demographic Indicators 


Selected 
Variables Value State 


Average 
Percentile in 


State 
EPA 


Region  
Average 


Percentile in 
EPA Region 


USA 
Average Percentile in USA 


Demographic Indicators: Reach D* 


Demographic 
Index 8% 40% 1 44% 1 36% 4 


Minority 
Population 0% 41% 1 51% 0 38% 1 


Low Income 
Population 15% 40% 10 38% 16 34% 22 


Linguistically 
Isolated 
Population 


0% 2% 63 6% 35 4% 44 


Population with 
Less Than High 
School Education 


13% 16% 44 17% 49 13% 61 


Population under 
Age 5 5% 7% 38 7% 32 6% 41 


Population over 
Age 64 18% 14% 78 13% 80 14% 73 


Demographic Indicators: Reach E** 


Demographic 
Index 8% 40% 1 44% 1 36% 4 


Minority 
Population 0% 41% 1 51% 0 38% 1 


Low Income 
Population 


15% 40% 10 38% 16 34% 22 


Linguistically 
Isolated 
Population 


0% 2% 63 6% 35 4% 44 


Population with 
Less Than High 
School Education 


13% 16% 44 17% 49 13% 61 


Population under 
Age 5 


5% 7% 38 7% 32 6% 41 


Population over 
Age 64 


18% 14% 78 13% 80 14% 73 


*Reach D begins just south of the Paradise Control Structure and this segment of the levee measures approximately 19,000 feet in length. 
This reach would be constructed atop the existing Sunset Levee. 
**Reach E begins just south of Grand Bayou Road and is a combination of earthen levee and floodwalls which total approximately 14,600 
feet. The earthen levee portion measures approximately 3,340 feet in length while the floodwall section measures approximately 11,230 
feet in length. 
Source: EPA EJSCREEN and the U.S. Census Bureau.  
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Table C1:1-2. Areas with the Potential for Induced Flooding, Minority and Low-Income 
Households 


LOCATION AND CENSUS 
TRACT/ BLOCK GROUP MINORITY PERCENTAGE 


PERCENT OF 
HOUSEHOLDS LIVING 


BELOW POVERTY LEVEL 
MATHEWS 
         220570210/001 


33.8% 19.0% 


         220570210/003 0.0% 14.2% 


GHEENS 
         220570210/002 


2.9% 7.8% 


BAYOU GAUCHE 
         220890632/001 


0.0% 2.7% 


Census Block Groups shown are locations where induced flooding is possible. 
Source: EPA EJSCREEN, U.S. Census 2014-2018 ACS. 
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Environmental Settings 
1.1 CLIMATE 


Seasons in the study area are characterized by long, hot, and humid, summers, 
comparatively short, mild winters, and abundant rainfall. In winter, the average temperature 
is approximately 54 degrees Fahrenheit, and the average daily minimum temperature is 44 
degrees. In summer, the average temperature is approximately 81 degrees, and the average 
daily maximum temperature is 90 degrees. Hurricanes and tropical storms can occur from 
June through November. Tropical storms occur typically every 1-2 years, and hurricanes 
every 3-5 years. Tropical storms occur with a frequency of approximately one storm every 
1.6 years and hurricanes occur once every 4.1 years within a 75 mile radius of New Orleans 
(U.S. National Hurricane Center, 1995). These storms can bring periods of intense rainfall 
and wind accompanied by storm surges from the Gulf of Mexico. 


Southerly, maritime winds prevail for much of the year, resulting in the potential for highly 
variable rainfall over the basin. Daily variations are frequently measured in inches. Normal 
annual precipitation for the Upper Barataria Basin (UBB) is 70.96 inches. Even for a 30-year 
averaging period annual precipitation at various weather stations throughout the UBB 
ranged from 68 to 72 inches. The wettest month is June with an average monthly normal 
rainfall of 8.59 inches. November is the driest month averaging 4.03 inches. 


Table C:1-1 consists of the monthly temperature normals recorded from the Thibodaux 4 
SE, LA monitoring station by the National Oceanic and Atmospheric Administration (NOAA) 
National Climatic Data Center (NCDC). Retrieved October 22, 2020 from 
https://www.ncdc.noaa.gov/cdo-web/datatools/normals. 


  



https://www.ncdc.noaa.gov/cdo-web/datatools/normals
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Table C:1-1. Temperature and Precipitation Normals from Thibodaux Monitoring Station 


MONTH PRECIP (IN) MIN TMP (°F) AVG TMP (°F) MAX TMP (°F) 


Jan 5.71 42.2 52.5 62.7 


Feb 5.30 45.8 55.8 65.8 


Mar 5.27 51.3 61.8 72.2 


Apr 4.20 57.8 68.2 78.5 


May 5.30 65.7 75.5 85.3 


Jun 8.59 71.2 80.2 89.3 


Jul 8.29 73.2 82.1 91.0 


Aug 7.46 72.7 81.9 91.1 


Sep 6.11 68.7 78.2 87.7 


Oct 4.95 58.9 69.7 80.6 


Nov 4.03 51.4 62.0 72.7 


Dec 5.75 44.3 54.8 65.3 


High cumulative rainfall events (e.g., 6 inches or more in less than 72 hours) over large 
areas of the UBB are caused under two typical scenarios: slow moving cold fronts 
encountering warm moist coastal air in late-winter or early spring; and slow moving tropical 
storms in summer or early fall. High short-term localized rainfall intensities (e.g., over one 
inch in an hour) can occur under these two scenarios, and are also experienced in a third 
scenario—heavy summer-time thunderstorms. Record floods often result when significant 
rainfall events occur in the context of above-average seasonal rainfall patterns, which 
sustain high soil moisture saturation and floodplain water levels. In addition to rainfall-
riverine flood events, the lower portion of the basin is also subject to wind-driven coastal 
flooding associated with slow-moving tropical storms and prolonged heavy southerly winds 
which can cause high water levels along the southeastern Louisiana coast. 


Projections of storm frequencies from the CPRA Coastal Master Plan Report (2017) 
anticipates increased frequencies for hurricanes and decreased frequencies for tropical 
storms in the future as a result of climate change. The recent 2020 storm season has seen 
the largest increase in storm frequency and intensity since recordkeeping began in 1851 
(NOAA). Historically, hurricane season runs from June 1 through November 30 of any given 
year. However, 2020 began early with the first named storm (Arthur) developing in May of 
2020. By early November, the number of named storms had reached 29 with 5 of those 
storms, Cristobal, Marco, Laura, Delta and Zeta, making landfall along the Louisiana coast. 
Extra-warm ocean waters, boosted by climate change, and La Niña are key drivers in 
historic season. Prior to 2020, the most active season on record was 2005, with 28 named 
storms developing between June and December of 2005. See Table C:1-2 for the average 
annual number of North Atlantic Basin tropical storms and major hurricanes based on the 
plausible range of future tropical storm frequency (CPRA 2017).  
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Table C:1-2. North Atlantic Basin Tropical Storms and Major Hurricanes 


 1981-2010 
Average 


Projected Average for 
2015-2065 


Range of Frequency change 
(2015-2065) 


All tropical storms 12.1 8.8 to 12.6 -28% 


Major Hurricanes 2.7 3.1 to 8.6 +13% and +83% 


1.2 WETLAND LOSS 


The Barataria Basin has lost over 1,120 square kilometers (276,757 acres) of marsh (1932-
2016) second only to the Terrebonne Basin (Table C:1-3 from: Couvillion et al. 2017). 


Table C:1-3. Land Area and Change within Louisiana Coastal Basins 1932-2016 (square 
km) 


Year 
Atch 
Basin 


Barataria 
Basin 


Breton 
Sound 
Basin 


Calc 
Sabine 
Basin 


Miss. 
River 
Basin 


Mermentau 
Basin 


Pontchartrain 
Basin 


Teche 
Vermilion 


Basin 


Terre 
Basin 


1932 550.58 3,832.61 1,107.5
6 2,136.71 678.75 2,481.92 2,862.43 1,421.74 4,471.55 


2016 566.90 2,712.53 682.01 1,619.01 303.98 1,993.69 2,390.08 1,272.90 3,169.56 


change +16.32 -1,120.08 -425.55 -517.70 -374.77 -488.23 -472.35 -148.84 -1,301.99 


% 
change +3.96% -29.22% -


38.42% -24.23% -55.24% -19.67% -16.50% -10.47% -29.12% 


The majority of this marsh loss has occurred in the middle and lower basin (Figure C:1-1). 
The fresh and low salinity marshes of the upper basin have not experienced much loss due 
in part to the ability of those marshes to accumulate organic matter to keep pace with 
subsidence and sea level rise. However, continued loss of the middle and lower basin 
marshes may expose the upper basin freshwater marshes and swamps to increased tidal 
action and salinities, resulting in accelerated losses of marshes and swamps in the project 
area. Continuing wetland loss constitutes a serious threat to the nationally important fish and 
wildlife resources of the study area.  


Loss of middle and lower basin marshes may also result in higher project area storm surge 
elevations and will increase the likelihood that open water conditions may occur on the Gulf 
side of proposed levees, thus increasing levee maintenance costs.  
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Figure C:1-1. Barataria Basin Land Loss 


Currently the project is authorized to provide protection against tropical storm surges and 
heavy rainfall events. Floodgate operations to protect against tidal flooding is not an 
authorized project purpose. If the project sponsors wish to close floodgates to reduce tidal 
flooding, additional impact assessments will be needed to address associated impacts. A 
project alternative that would avoid this impact would be a construction of ring 
levee/floodwall system around communities such that the upper basin is not enclosed within 
a flood protection system. 


If the water exchange capacity of floodgates in the cross-basin levee alternatives is 
insufficient to handle evacuation of heavy rainfall events, then the project may result in 
increased flooding of developed areas and wetlands already stressed due to the combined 
effects of subsidence and sea level rise. The project’s storm water evacuation capacity 
should be designed to handle both rainfall evacuation and discharge of water diverted from 
the Mississippi River for wetland restoration purposes. That structure design capacity should 
be planned for future conditions when sea level is higher. Additionally, the proposed 
operation of the mid-Barataria Basin Sediment Diversion project may result in higher water 
elevations and may reduce the extent of low-tide events which would otherwise facilitate 
gravity drainage of the project area. 
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Relevant Resources 
The resources described in this section are those recognized as significant by laws, 
Executive Orders (EOs), regulations, and other standards of federal, state, or regional 
agencies and organizations; technical or scientific agencies, groups, or individuals; and the 
general public. 


Relevant resources that could be impacted from implementation of the project are: wetlands; 
aquatic resources and fisheries; wildlife; geology and soils; water quality; air quality; 
aesthetic and recreational resources. Navigation, fisheries, noise, and essential fish habitat 
would not be affected by the proposed project. 


 
2.1 Wetlands 


The upper portion of the Barataria Basin is largely a freshwater-dominated system of natural 
levee ridges, swamps, and fresh marsh habitats. Bottomland hardwood (BLH) forests are 
located within the extreme upper basin and may also exist adjacent to or near developed areas 
where forest elevations are sometimes higher. Marine processes, with barrier islands, brackish 
marsh, saline marsh, tidal channels, and large bays and lakes, dominate the lower portion of 
the basin. (O'Neil 1949) classified the project area as floating three-cornered grass marsh in 
1949. (Chabreck and Linscombe 1968, 1978, and 1988) classified the area as brackish 
marsh until 1997 when the area was classified as intermediate marsh (Chabreck and 
Linscombe 1997). The project area supports an intermediate/brackish marsh community 
dominated by saltmeadow cordgrass (Spartina patens). Other species include black 
needlerush (Juncus roemerianas), saltmarsh cordgrass (Spartina alterniflora), Olney bulrush 
(Schoenoplectus americanus), saltmarsh bulrush (Bolboschoenus maritimus), deerpea 
(Vicia ludoviciana), eastern baccharis (Baccharis halimifolia), marsh morning-glory (Ipomoea 
sagittata), soft rush (Juncus effuses), and pretty dodder (Cuscuta indecora). Submerged 
aquatic vegetation includes widgeongrass (Ruppia), southern naiad (Najas guadalupensis), 
and Eurasian watermilfoil (Myriophyllum spicatum). 


 Cypress-Tupelo Swamp 


These swamps are generally dominated with baldcypress (Taxodium distichum), water 
tupelo (Nyssa aquatic), swamp red maple (Acer rubrum), and various understory plant 
species. In permanently flooded coastal swamps floating aquatic vegetation such as 
duckweed, Azolla, Salvinia, and water hyacinth may be common. Coastal swamp forests 
typically occupy the area between fresh marshes and areas of higher elevation, including the 
transition zones between BLH forests on riverine interdistributary ridges and lower elevation 
marshes. Healthy cypress swamps occur in fresh water areas experiencing minimal daily 
tidal action and where the salinity range does not normally exceed 2 parts per thousand 
(ppt). Salinities of 3 ppt or higher may cause significant stress and mortality of baldcypress. 
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However, short-term exposure to such salinities may be tolerated if it does not penetrate into 
and persist in the soil. Figure C:2-1 is a photo of a Cypress-Tupelo swamp. 


Figure C:2-1. Cypress-Tupelo Swamp 
Photo source: http://starkculturalvenues.org/shangrilagardens/cypress-tupelo-swamp 


 Bald Cypress (Taxodium distichum) 


A large deciduous conifer that has long been recognized for its decay resistant wood. These 
trees can grow to a height of 100 to 120 feet with a diameter of three to 5 feet. In the original 
old grove forests of the south, the average age of virgin bald cypress was over 500 years old 
and could reach a diameter of 6 to 8 feet. Young bald cypress tree trunks are considerably 
tapered and support an open, narrowly pyramidal crown. As the tree ages, the trunk 
becomes more cylindrical and the crown becomes irregularly fattened. Older trunks are often 
ashy-gray with swollen, fluted bases, and branches are bearded with Spanish moss. Older 
bald cypress trees also have a very distinctive root system that consists of several 
descending roots, providing anchorage and many wide-spreading roots commonly referred 
to as "knees.” This type of root system makes the bald cypress exceptionally stable even on 
the most unstable sites. Permanent inundation results in a loss of regeneration, and 
eventually conversion to marsh (Hodges, 1997). Figure C:2-2 is a photo of a bald cypress 
trees. 



http://starkculturalvenues.org/shangrilagardens/cypress-tupelo-swamp
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Figure C:2-2. Bald Cypress  


 Red Maple (Acer rubrum)  


Red maples (Figure C:2-3) are native across the eastern United States. The Drummond or 
swamp red maple, Acer rubrum var. drummondii, is native to Louisiana. This maple is 
particularly well-adapted to poor drainage but thrives in well-drained, average landscape 
conditions. The leaves are silvery on the back, and the females produce an unusually large 
and ornamental winged fruit ranging in color from burgundy to rusty red hanging from the 
bare branches in January and February. They are fast-growing, medium-sized shade trees 
reaching about 40 to 50 feet tall and 30 feet wide.  


The trunk diameter often ranges from 18 inches to 35 inches depending on the growing 
conditions; however, open grown trees can attain diameters of up to 60 inches. The trunk 
will remain free of branches until some distance up the tree on forest grown trees, while 
individuals grown in the open are shorter and thicker with a more rounded crown. Generally, 
the crown is irregularly ovoid with ascending whip-like curved shoots. The bark is a pale grey 
and smooth when the individual is young. As the tree grows the bark becomes darker and 
cracks into slightly raised long plates. (Mitchell 1974) Trees grown in poorer sites often 
become malformed and scraggly. (Seiler, et al, 2019)  
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Figure C:2-3. Red Maple 
Photo source http://apps.lsuagcenter.com/news_archive/2013/december/get_it_growing/Choose-the-right-maple-for-your-Louisiana-


landscape-.htm 


 Water (Swamp) Tupelo (Nyssa aquatic) 


The tupelo has a range nearly identical to the bald cypress tree and can be found in most 
swamps in Louisiana. The species has evolved a specialized root system with a wide base 
that provides stability, allowing it to live in regularly flooded environments, much like cypress. 
Tupelo fruit is an important wildlife food source, and serves as an important tree for nesting 
birds due to its typically numerous cavities.  


The type of water regime is more important to growth of swamp tupelo than the soil type. 
Best growth is achieved on sites where the soil is continuously saturated with very shallow 
moving water. Growth can be reduced as much as 50 percent when the water is stagnant, 
as in ponds. Intermittent flooding, with periodic drying cycles, or continuous deep flooding 
even by moving water, also reduces growth (McGee et al 1990). Figure C:2-4 is a photo of a 
tupelo swamp. 


  



http://apps.lsuagcenter.com/news_archive/2013/december/get_it_growing/Choose-the-right-maple-for-your-Louisiana-landscape-.htm

http://apps.lsuagcenter.com/news_archive/2013/december/get_it_growing/Choose-the-right-maple-for-your-Louisiana-landscape-.htm
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Figure C:2-4. Tupelo Swamp 
Photo source https://www.123rf.com/photo_52590955_fall-colors-of-water-tupelo-nyssa-aquatica-and-cypress-tree-taxodium-distichum-in-


merchants-millpond.html 


 Scrub-Shrub  


Scrub-shrub habitat (Figure C:2-5) is often found along the flanks of distributary ridges. 
Typically, it is bordered by marsh at lower elevations and by developed areas, cypress-
tupelo swamp, or BLH at higher elevations. Typical scrub-shrub vegetation includes 
elderberry, wax myrtle, buttonbush, black willow, Drummond red maple, Chinese tallow-tree, 
and groundselbush.  


  



https://www.123rf.com/photo_52590955_fall-colors-of-water-tupelo-nyssa-aquatica-and-cypress-tree-taxodium-distichum-in-merchants-millpond.html

https://www.123rf.com/photo_52590955_fall-colors-of-water-tupelo-nyssa-aquatica-and-cypress-tree-taxodium-distichum-in-merchants-millpond.html
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Figure C:2-5. Scrub Shrub Habitat 
Photo source: https://www.fws.gov/refuge/julia_butler_hansen/wildlife_and_habitat/habitats/scrub_shrub_swamp.html 


 Fresh Marsh 


Fresh marshes occur at the upper ends of interdistributary basins and are often 
characterized by floating or semi-floating vegetated mats. Most fresh marshes exhibit 
minimal daily tidal action. Vegetation may include maidencane, bulltongue, cattail, California 
bulrush, pennywort, giant cutgrass, American cupscale, spikerushes, bacopa, and 
alligatorweed. Associated open water habitats may often support extensive beds of floating-
leafed and submerged aquatic vegetation including water hyacinth, Salvinia, duckweeds, 
American lotus, white water lily, water lettuce, coontail, Eurasian milfoil, hydrilla, pondweeds, 
naiads, fanwort, wild celery, water stargrass, elodea, and others. An example of fresh marsh 
is shown in Figure C:2-6. 


  



https://www.fws.gov/refuge/julia_butler_hansen/wildlife_and_habitat/habitats/scrub_shrub_swamp.html
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Figure C:2-6. Fresh Marsh Habitat 
Photo source: http://www.americaswetlandresources.com/background_facts/detailedstory/types_wetlands.html 


2.2 Impacts to Wetlands 


 Direct Impacts 


Acreage of direct wetland construction impacts by habitat type were obtained from 2017 
DOQQs and habitat types determined from that imagery in combination with field inspections 
conducted during October 2019. Given schedule constraints and lack of access to some 
future impact sites, the habitat type determination in areas is tentative. The direct impacts 
provided below include impacts associated with two construction access roads. The 
Recommended Plan (RP) is the least damaging of the alternatives in the final array of 
alternatives. (Table C:2-1). 


Table C:2-1. Habitat Impacts Associated Alternatives 1 and 2 


Habitat Type Alt 1 (acres) Alt 2 (acres) 


Bottomland Hardwood 291.32 86.66 


Cypress-Tupelo Swamp 167.28 36.43 


Fresh Marsh 266.79 148.93 


Total Acres of Impact 725.39 272.02 


Bottomland hardwood forest (BLH) impacts would occur within the forced drainage area of 
the Sunset Drainage District. A small acreage of the Paradis Mitigation Bank located within 
that forced drainage district would be impacted. Wetlands within the Sunset Drainage District 



http://www.americaswetlandresources.com/background_facts/detailedstory/types_wetlands.html
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are not exposed to increasing SLR effects as are the remaining impact areas. Swamp and 
BLH on the flood side of the St. Charles levee would also be impacted by Alternative 1.  


Near the Raceland end of the proposed levee, impacted BLH consists of inundation stressed 
and stunted red maple. Along portions of the St. Charles levee, BLH is also stressed, but 
impacts to healthier BLH stands would also occur there. The inundation stressed BLH could 
be classified as a Resource Category 3 rather than Category 2. A more thorough field 
inspection would be needed to consider this change.  


Marsh impacts would occur primarily southwest of Bayou Des Allemands where a new levee 
would be constructed across marsh. Small amounts of fresh marsh impacts would occur 
along the St. Charles levee where inundation has converted former BLH to marsh.  


A more detailed breakdown of direct impacts by location is provided in Appendix A of the 
USFWS CAR. Direct impacts in AAHUs are provided in Table C:2-2 with a more detailed 
breakdown provided in Appendix B of the USFWS CAR. 


Table C:2-2. Direct Impacts in AAHUs 


 Alternative 1 


Habitat Type Low SLR (AAHUs) Int SLR (AAHUs) High SLR (AAHUs) 


Bottomland Hardwood 
Forest 


-98.35 -94.94 -84.89 


Cypress-Tupelo Swamp -111.59 -111.40 -101.42 


Fresh Marsh -110.66 -119.79 -90.17 


 Alternative 2 


Habitat Type Low SLR (AAHUs) Int SLR (AAHUs) High SLR (AAHUs) 


Bottomland Hardwood 
Forest 


-25.83 -24.77 -21.28 


Cypress-Tupelo Swamp -24.13 -24.13 -22.05 


Fresh Marsh -69.72 -75.94 -61.45 
 


 Indirect Impacts  


Installation of the floodgate across Bayou Des Allemands has the potential to reduce water 
exchange and increase the hydroperiod of the Upper Barataria Basin. Upper Barataria Basin 
forested wetlands are already near or at a permanently inundated condition. Consequently, 
growth rates of trees in those areas could be further reduced and tree mortality increased 
should the project cause stage increases of sufficiently long durations. Funding to conduct 
hydrologic modeling of this possible indirect effect was not available. At the railroad crossing 
just north of U.S. Highway 90, the Bayou Des Allemands channel is constricted having a 
channel cross-section of 5,180 square feet. The proposed floodgate with its auxiliary gates 
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would have a total cross-sectional area of 7,140 square feet (138% of the existing channel 
constriction). This total floodgate cross-sectional area may be sufficient to preclude any 
project-induced hydroperiod increases, but modeling should be conducted to confirm this. 
Lacking the more robust modeling confirmation, it cannot be assumed that the project would 
not result in system-level hydroperiod impacts to upper basin wetlands. The impact 
assessment of the floodgate will be assessed further in PED through updated H&H 
modeling. 


 Fish Access Impacts  


The Bayou Des Allemands floodgate may also reduce water exchange and fisheries access 
to the upper basin. To assess fish access impacts, the without project channel cross-
sectional area at the floodgate location is needed. When those cross-sectional areas 
become available, then the fisheries access impact can be assessed. 


 Mitigation for Impacts  


The proposed action is to provide compensatory mitigation for unavoidable impacts to habitat 
in the project area. During planning for the UBB project, measures to avoid and minimize 
impacts to significant resources were employed to the extent practicable. The following table 
a general summary of mitigation sequence of actions to avoid and minimize impact to 
significant resources associated with the final array of alternatives discussed in Section 4.6 of 
the main report. Nonetheless, unavoidable impacts to freshwater emergent marsh, swamp, 
and BLH habitat would occur from construction of the project and would be offset through 
compensatory. 
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Table C:2-3. Mitigation for Impacts 


 Avoid Minimize Mitigate/Compensate 


        
No Action n/a n/a n/a 


        
Alternative 1 - 
Highway 90 - 


Segment 1 
Extension (Final 


Array) 


Measure:  Portions of the 
alignment utilized existing 


levees and upland corridors 
and no additional impacts were 
incurred; Create tidal exchange 


structures. 
 


Objective:  Avoid impacts to 
wetlands and maintain access 


and exchange.  
 


Impact Addressed:  Prevents 
construction work from 


impacting wetlands and other 
fish and wildlife habitats. 


Avoiding borrow sites with 
swamp or marsh and look 
towards local farmlands.  
Preserves hydrology and 


fishery access. 
 


Relevant laws:  Clean Water 
Act, Fish and Wildlife 


Coordination Act, Magnuson 
Stevens Fishery Conservation 
and Management Act, Water 
Resources Development Act 


Measure:  Portions of the 
alignment utilized existing 
levees however additional 


impacts did occur  
 


Objective:  Minimize 
impoundment of wetlands and 


waterbodies. 
 


Impact Addressed:  Prevents 
loss of fish habitat and access 


to habitat.   
 


Relevant laws:  Clean Water 
Act, Fish and Wildlife 


Coordination Act, Magnuson 
Stevens Fishery Conservation 
and Management Act, Water 
Resources Development Act 


Measure:  Purchase credits 
from a mitigation bank. 


 
Objective:  Compensate for 
unavoidable impacts to fish 


and wildlife habitats. 
 


Impact Addressed: Replaces 
lost functions and values of 


wetlands impacted by project 
construction.  


 
Relevant laws:  Clean Water 


Act, Fish and Wildlife 
Coordination Act, Magnuson 
Stevens Fishery Conservation 
and Management Act, Water 
Resources Development Act 
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 Avoid Minimize Mitigate/Compensate 


Alternative 2 - 
Highway 90 - Full 
Alignment (Final 


Array) 


Measure:  Create tidal 
exchange structures. 


 
Objective:  Avoid impacts to 
wetlands. Maintain access and 


exchange. 
 


Impact Addressed:  Prevents 
construction work from 


impacting wetlands and other 
fish and wildlife habitats. 


Avoiding borrow sites with 
swamp or marsh and look 
towards local farmlands. 


Preserve hydrology and fish 
access.  


 
Relevant laws:  Clean Water 


Act, Fish and Wildlife 
Coordination Act, Magnuson 
Stevens Fishery Conservation 
and Management Act, Water 
Resources Development Act 


Measure:  Portions of the 
alignment utilized existing 
levees however additional 
impacts did occur; Chose 


alignment to reduce impacts to 
marsh   


 
Objective:  Minimize 


impoundment of wetlands and 
waterbodies. 


 
Impact Addressed:  Prevents 
loss of fish habitat and access 


to habitat.   
 


Relevant laws:  Clean Water 
Act, Fish and Wildlife 


Coordination Act, Magnuson 
Stevens Fishery Conservation 
and Management Act, Water 
Resources Development Act 


Measure:  Purchase credits 
from a mitigation bank. 


 
Objective:  Compensate for 
unavoidable impacts to fish 


and wildlife habitats. 
 


Impact Addressed: Replaces 
lost functions and values of 


wetlands impacted by project 
construction.  


 
Relevant laws:  Clean Water 


Act, Fish and Wildlife 
Coordination Act, Magnuson 
Stevens Fishery Conservation 
and Management Act, Water 
Resources Development Act 


        
Alternative 10 - 1% 
AEP Open Basin 


(eliminated) 


Measure: Did not consider a 
cross- basin alignment 


 
Objective:  Avoid impacts to 


wetland to the maximum 
extent 


 
Impact Addressed:  Prevents 


construction work from 
impacting wetlands and other 


fish and wildlife habitats. 
Avoiding borrow sites with 
swamp or marsh and look 
towards local farmlands. 


Preserve hydrology and fishery 
access.  


 
Relevant laws:  Clean Water 


Act, Fish and Wildlife 
Coordination Act, Magnuson 
Stevens Fishery Conservation 
and Management Act, Water 
Resources Development Act 


Measure: Entire alignment 
utilized existing levees however 
additional impacts did occur; 


Reduce reaches that cross 
open water without an existing 


structure.  
 


Objective:  Minimize 
impoundment of wetlands and 
waterbodies on the flood side 


of the alignment. 
 


Impact Addressed:  Prevents 
loss of fish habitat and access 


to habitat.   
 


Relevant laws:  Clean Water 
Act, Fish and Wildlife 


Coordination Act, Magnuson 
Stevens Fishery Conservation 
and Management Act, Water 
Resources Development Act 


Measure:  Purchase credits 
from a mitigation bank. 


 
Objective:  Compensate for 
unavoidable impacts to fish 


and wildlife habitats. 
 


Impact Addressed: Replaces 
lost functions and values of 


wetlands impacted by project 
construction.  


 
Relevant laws:  Clean Water 


Act, Fish and Wildlife 
Coordination Act, Magnuson 
Stevens Fishery Conservation 
and Management Act, Water 
Resources Development Act 


        
Non-Structural - 
NS1 (eliminated) n/a n/a n/a 







Upper Barataria Basin, Louisiana Feasibility Report 
Appendix C – Environmental Information 
 


 


 
 
 


 
 


16 


 


 


 


 


 


 


2.3 Wildlife 


There are a variety of habitats in the study area for wildlife species use including: open fields 
used for foraging, forested wetlands, fresh marsh, lines of trees and shrubs along drainage 
ditches and denser tree growth along waterways that provide cover and connectivity. Over 
time, the study area has undergone extensive artificial modifications resulting in common 
fauna within the study area primarily being species that can tolerate a wide range of 
disturbed habitats.  


Most developed areas provide low-quality wildlife habitat. Sites developed for agricultural 
purposes are located on low ridges and on lower elevation areas that have improved 
drainage. In agricultural areas, wildlife habitat is primarily provided by unmaintained ditch 
banks and field edges, fallow fields, pasture lands, and rainfall-flooded fields. Cultivated 
crops can provide forage for some wildlife species. Game species that utilize agricultural 
lands include the white-tailed deer, mourning dove, bobwhite quail, eastern cottontail, and 
common snipe. Seasonally flooded cropland and fallow fields may provide important feeding 
habitat for wintering waterfowl, wading birds, and other waterbirds.  


Mississippi Flyway 
Starting in central Canada and stretching to the Gulf of Mexico, the Mississippi Flyway is the 
name given to the route followed by birds migrating from their breeding grounds in North 
America to their wintering grounds in the south. As the name suggests, the Mississippi 
Flyway follows the route of the Mississippi River in the United States – North America’s 
largest river system. More than 2,300 miles long with a watershed of more than 1.5 million 
square miles, the Mississippi River is North America's greatest waterway and the most 
heavily used migration corridor for a large numbers of geese, ducks, shorebirds, sparrows, 
blackbirds, thrushes and warblers, the majority of which cut across the Gulf of Mexico, 
providing excellent birding opportunities along the coasts of Louisiana and Texas. 


This flyway is composed of the states of Alabama, Arkansas, Indiana, Illinois, Iowa, 
Kentucky, Louisiana, Michigan, Minnesota, Mississippi, Missouri, Ohio, Tennessee, and 
Wisconsin, as well as the Canadian provinces of Saskatchewan, Manitoba, and Ontario. 
Louisiana is part of the Mississippi Flyway and provides important winter habitat for 
waterfowl that are produced in the Prairie Pothole Region and Great Lakes states. In most 
years, the coastal marshes of Louisiana regularly hold half of the wintering duck population 
of the Mississippi Flyway. South Louisiana comprises an important portion of the Gulf Coast. 



https://www.birds.com/species/

https://www.ducks.org/louisiana

https://www.ducks.org/conservation/prairie-pothole-region

https://www.ducks.org/conservation/us-great-lakes-system

https://www.ducks.org/conservation/gulf-coastal-prairie
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Historically, coastal marshes of Louisiana provided reliable, high quality habitat for millions 
of pintails, gadwalls, wigeon and green-winged teal. 


 Birds 


As the study area is located within the Mississippi Flyway, it experiences significant 
seasonal migrations of waterfowl species, which are of particular interest to recreational 
hunters. Numerous species of birds utilize the study area marshes, including migratory 
waterfowl which winter there. Small openings in project area cypress-tupelo swamps may 
provide habitat for puddle ducks like mallard and gadwall. Other ducks that occur in the 
study area include northern pintail, blue-winged teal, green-winged teal, American wigeon, 
wood duck, and northern shoveler. The resident mottled duck also utilizes project area 
coastal marshes. Diving ducks prefer larger ponds, lakes, and open water areas. Common 
diving duck species include lesser scaup, canvasback, redhead, ring-necked duck, red-
breasted merganser, and hooded merganser. Other migratory game birds found in coastal 
marshes include the king, Virginia, and sora rails along with the American coot, purple 
moorhen, common moorhen, and common snipe.  


Marshes and associated shallow open water areas in the project area provide habitat for a 
number of wading birds, shorebirds, and other nongame birds. Flooded fields are especially 
valuable to wildlife when they are located adjacent to flooded bottomland hardwood forests 
because they provide nocturnal roosting sites for many species. The resident mottled duck, 
which nests in fresh to brackish marshes, is found throughout the year. Common wading 
bird species which utilize the project area include the little blue heron, the great blue heron, 
green-backed heron, yellow-crowned night heron, black-crowned night heron, great egret, 
snowy egret, cattle egret, white-faced ibis, white ibis and roseate spoonbill. Mudflats and 
shallow-water areas provide habitat for numerous species of shorebirds and seabirds. 
Shorebirds include the killdeer, black-necked stilt, and common snipe. Wading bird nesting 
colonies may occur within in the study. Other nongame birds such as boat-tailed grackle, 
red-winged blackbird, northern harrier, bald eagle, belted kingfisher, and sedge wren also 
utilize coastal marsh areas. 


Forested wetlands and scrub-shrub areas provide habitats for songbirds such as the 
mockingbird, yellow-billed cuckoo, northern parula, yellow-rumped warbler, prothonotary 
warbler, white-eyed vireo, Carolina chickadee, and tufted titmouse. Additionally, these areas 
also provide important resting and feeding areas for songbirds migrating across the Gulf of 
Mexico. Other avian species found in forested wetlands include the American woodcock, 
common flicker, brown thrasher, white-eyed vireo, belted kingfisher, pileated woodpecker, 
red-headed woodpecker, downy woodpecker, common grackle, and common crow. 
Numerous other bird species use forested wetlands throughout the study area.  


Forested habitats and associated waterbodies also support raptors such as the red-tailed 
hawk, red-shouldered hawk, Mississippi kite, northern harrier, screech owl, great horned 
owl, and barred owl. Wading bird colonies typically occur in cypress swamp and scrub-shrub 
habitat. Species found in those nesting colonies include great egret, white ibis, black-
crowned night heron, tricolored heron, little blue heron, snowy egret, white-faced ibis, and 



https://www.ducks.org/hunting/waterfowl-id/northern-pintail

https://www.ducks.org/hunting/waterfowl-id/gadwall

https://www.ducks.org/hunting/waterfowl-id/american-wigeon

https://www.ducks.org/hunting/waterfowl-id/green-winged-teal
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glossy ibises. Waterfowl species found in forested wetlands and adjacent waterbodies in the 
project area include, but are not limited to, wood duck, mallard, green-winged teal, gadwall, 
and hooded merganser. 


The construction of levees and borrow canals can result in temporary and/or permanent 
impacts to migratory birds and the habitats upon which they depend for various life 
requisites. The Service has concerns regarding the direct and cumulative impacts resulting 
from the loss and fragmentation of forest and grassland habitats, and the direct and indirect 
impacts that these losses will have upon breeding migratory birds of conservation concern 
within the Mississippi Alluvial Valley Bird Conservation Region 
(http://www.fws.gov/migratorybirds/pdf/grants/BirdsofConservationConcern2008.pdf). Many 
migratory birds of conservation concern require large blocks of contiguous habitat to 
successfully reproduce and survive.  


In Louisiana, the primary nesting period for forest-breeding migratory birds occurs between 
April 15 and August 1. Some species or individuals may begin nesting prior to April 15 or 
complete their nesting cycle after August 1, but the vast majority nest during this period. The 
proposed project may directly impact migratory birds of conservation concern because 
habitat clearing that occurs during the aforementioned primary nesting period may result in 
unintentional take of active nests (i.e., eggs and young) in spite of all reasonable efforts to 
avoid such take. The MBTA prohibits the taking, killing, possession, transportation, and 
importation of migratory birds, their eggs, parts, and nests, except when specifically 
authorized by the Department of the Interior. While the MBTA has no provision for allowing 
incidental take, the Service recognizes that some birds may be taken during project 
construction/operation even if all reasonable measures to avoid take are implemented.  


In addition to the direct loss of grassland and forested habitat, the proposed project may 
indirectly impact migratory birds of conservation concern because construction of large-scale 
projects within forested habitats typically results in habitat fragmentation. Forest 
fragmentation may contribute to population declines in some avian species because 
fragmentation reduces avian reproductive success (Robinson et al. 1995). Fragmentation 
can alter the species composition in a given community because biophysical conditions near 
the forest edge can significantly differ from those found in the center or core of the forest. As 
a result, edge species could recruit to the fragmented area and species that occupy interior 
habitats could be displaced. The fragmentation of intact forests could have long-term 
adverse impacts on some forest interior bird species.  


The primary impact to forest habitat conditions from the proposed project would result from 
the conversion of forest habitat to levees and open water borrow sites. We recommend that 
the Corps avoid impacts to forested areas (particularly those containing a hardwood species 
component) to the maximum extent practicable. 


 Mammals 


The study area provides important habitat for several species of mammals, reptiles and 
amphibians. Mammals occurring within the study area include nutria (Myocastor coypus), 
muskrat (Ondatra zibethicus), American mink (Neovison vison), river otter (Lontra 



http://www.fws.gov/migratorybirds/pdf/grants/BirdsofConservationConcern2008.pdf





Upper Barataria Basin, Louisiana Feasibility Report 
Appendix C – Environmental Information 


 


 


  
 


19 


 
 
 


canadensis), and raccoon (Procyon lotor), all of which are commercially important 
furbearers. Game mammals associated with the study area include feral hogs, eastern 
cottontail (Sylvilagus floridanus), swamp rabbit (Sylvilagus aquaticus), gray squirrel (Sciurus 
carolinensis), fox squirrels (Sciurus niger), and white-tailed deer (Odocoileus virginianus). 
Other mammals found in forested wetlands include striped skunk (Mephitis mephitis), coyote 
(Canis latrans), Virginia opossum Didelphis virginiana), bobcat (Lynx rufus), nine banded 
armadillo (Dasypus novemcinctus), gray fox (Urocyon cinereoargenteus), and red bat 
(Lasiurus borealis). Smaller mammal species serve as forage for both mammalian and avian 
carnivores and include the cotton rat, marsh rice rat (Oryzomys palustris), white-footed 
mouse (Peromyscus leucopus), eastern wood rat (Neotoma floridana), harvest mouse 
(Micromys minutus), least shrew (Cryptotis parva), and southern flying squirrel (Glaucomys 
volans).  


 Reptiles and Amphibians  


Reptiles and amphibians are fairly common in the low-salinity brackish marshes found within 
the study area and include the American alligator (Alligator mississippiensis), western 
cottonmouth (Agkistrodon piscivorus leucostoma), water snakes, mud snake, speckled 
kingsnake (Lampropeltis getula), ribbon snake (Thamnophis sauritus), rat snake, red eared 
turtle (Trachemys scripta elegans), common snapping turtle (Chelydra serpentine), eastern 
mud turtle (Kinosternon subrubrum) and soft shell turtles.  


Reptiles which utilize study area bottomland hardwoods, cypress swamps, and associated 
shallow water include the American alligator (Alligator mississippiensis), ground skink 
(Scincella lateralis), five-lined skink (Plestiodon fasciatus), broad-headed skink (Plestiodon 
laticeps), green anole (Anolis carolinensis), Gulf coast ribbon snake (Thamnophis proximus), 
yellow-bellied water snake (Nerodia erythrogaster), speckled kingsnake (Lampropeltis 
getula), southern copperhead (Agkistrodon contortrix), western cottonmouth (Agkistrodon 
piscivorus leucostoma), pygmy rattlesnake (Sistrurus miliarius), broad-banded water snake 
(Nerodia fasciata confluens), diamond-backed water snake (Nerodia rhombifer), spiny 
softshell turtle (Apalone spinifera), red-eared turtle (Trachemys scripta elegans), southern 
painted turtle (Chrysemys picta), Mississippi mud turtle (Kinosternon subrubrum), stinkpot 
(Sternotherus odoratus), common snapping turtle (Chelydra serpentina) and alligator 
snapping turtle (Macrochelys temmincki), in addition to numerous other species. 


Some of the amphibians believed to be in study area forested wetlands include dwarf 
salamander (Eurycea quadridigitata), three-toed amphiuma (Amphiuma tridactylum), lesser 
western siren (Siren intermedia), central newt (Notophthalmus viridescens), Gulf coast toad 
(Incilius valliceps), eastern narrow-mouthed toad (Gastrophryne carolinensis), green treefrog 
(Hyla cinerea), squirrel treefrog (Hyla squirella), pigfrog (Lithobates grylio), bullfrog 
(Lithobates catesbeianus), southern leopard frog (Lithobates sphenocephalus), bronze frog 
(Rana clamitans), upland chorus frog (Pseudacris feriarum), southern cricket frog (Acris 
gryllus), spring peeper (Pseudacris crucifer) sirens, and several species of toads. 
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2.4 Threatened and Endangered Species and Other Protected Species 


To aid the USACE in complying with proactive consultation responsibilities under the 
Endangered Species Act, the USFWS provided a Planning Aid Letter dated 31 January 
2019 which lists those threatened and endangered species and their critical habitats within 
the study area. Species addressed as being of concern for being found in or near the study 
area include the pallid sturgeon and the West Indian manatee. While pallid sturgeon are a 
riverine species and not likely to be of concern within the project area, the Service 
expressed concern about any dredging in the Mississippi River, which could potentially 
impact the species. The West Indian manatee is sometimes seen in the coastal waters of 
Louisiana, as their range extends throughout the coast of the Gulf of Mexico, into the waters 
off the Yucatan peninsula, and throughout the Caribbean. 


 West Indian Manatee (Trichechus manatus) 


The West Indian manatee (Figure C:2-7) is one of the largest coastal mammals in North 
America. Manatees are classified as a marine species but they require access to deep water 
and freshwater, and thus can be found in inland rivers, coastal estuaries, seagrass beds, 
and marinas (Marmontel et al., 1997). Preferred habitats include areas near the shore 
featuring underwater vegetation like seagrass and eelgrass. Manatees range widely in 
between fresh, brackish, and marine waters throughout the Gulf of Mexico, Caribbean, and 
South America and cannot tolerate temperatures below 68 degrees Fahrenheit for extended 
periods of time. During the winter months colder temperatures keep the population 
concentrated in peninsular Florida. (USFWS) Many manatees rely on the warm water from 
natural springs and they are known to sometimes congregate in and around water control 
structures and the warm wastewater discharge of power plants. During the summer, 
manatees expand their range, and on rare occasions are seen as far north as 
Massachusetts on the Atlantic coast and as far west as Texas on the Gulf coast.  


Encounters with recreational and commercial watercraft significantly reduced the population 
levels of manatees along the Gulf coast and in 1967, the manatee was listed under the 
Endangered Species Act with critical habitat designated in 1976. In 2017, the manatee was 
reclassified from endangered to threatened in response to a rebound in population. 
Manatees are also protected under the Marine Mammal Protection Act, which prohibits the 
take (i.e., harass, hunt, capture, or kill) of all marine mammals. 
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Figure C:2-7. West Indian Manatee 
Photo source: https://www.livescience.com/53381-west-indian-manatees-rebound.html 


 Pallid sturgeon (Scapirhynchus albus)  


The pallid sturgeon (Figure C:2-8) is listed as a federally endangered species. It is an 
ancient species of fish that requires large, turbid, free-flowing riverine habitat with rocky or 
sandy substrate. They are usually found on the bottoms of the rivers on sand flats or gravel 
bars, and appear to prefer areas with strong currents in or near the main channel. The pallid 
sturgeon is one of the largest and rarest fish in the Mississippi and Missouri River basins. 
Pallid sturgeon are opportunistic feeders and forage on insects, crustaceans, mollusks, 
annelids, fish and eggs of other fish. Scant information exists on the range and habitat 
preferences of pallid sturgeon for this part of the Mississippi River. Most of the collected data 
is from populations in upper Missouri and other Midwest rivers, as well as the Atchafalaya 
River in Louisiana, however, it is possible that limited numbers of the species also exist in 
the Red River.  


  



https://www.livescience.com/53381-west-indian-manatees-rebound.html
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Figure C:2-8. Pallid Sturgeon 
Photo source: https://www.fws.gov/mountain-prairie/es/pallidSturgeon.php 


 Eastern Black Rail (Laterallus jamaicensis ssp.) 


The eastern black rail (Figure C:2-9) is the smallest of North America’s rail species and its 
status was updated from “at risk” to “threatened” as of November 9, 2020. The Black Rail 
appears to occupy a variety of tidal and non-tidal marsh habitats and has specific 
microhabitat preferences that vary by region, although on the Atlantic and Gulf Coasts, 
seems to prefer more elevated reaches of salt marsh (Eddleman et al. 1994, Butler et al. 
2015, Tolliver et al. 2018).  


It has a broad distribution inhabiting higher elevations of tidal marshes throughout the 
Americas. The eastern black rail breeds from New York to Florida along the Atlantic Coast 
and in Florida and Texas along the Gulf Coast. There is little known about the spring and fall 
migration as well as wintering distribution of the eastern black rail, but it has been 
documented to winter on the Gulf Coast from southeast Texas to Florida. 


Winter habitat for the eastern black rail is presumed to be similar to breeding habitat. They 
are found in a variety of salt, brackish, and freshwater marsh habitats that can be tidally or 
non-tidally influenced. Plant structure is considered more important than plant species 
composition in predicting habitat suitability (Flores and Eddleman, 1995). In Louisiana, 
occurrences have been documented in high brackish marsh vegetated with saltgrass 
(Distichlis spicata), sea oxeye (Borrichia frutescens), gulf cordgrass (Spartina spartinae) and 
saltmeadow cordgrass (S. patens) and often interspersed with shrubs such as marsh elder 
(Iva frutescens) or saltbush (Baccharis hamilifolia). The high marsh is only inundated during 
extreme high tide events. In general, the character of the high marsh is a short grassy 
savannah. It may also occur in working wetland habitats such as rice fields.  



https://www.fws.gov/mountain-prairie/es/pallidSturgeon.php
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Figure C:2-9. Eastern Black Rail 
Photo source: https://www.fws.gov/southeast/wildlife/birds/eastern-black-rail/ 


 At-Risk Species  


The Service’s Southeast Region has defined “at-risk species” as those that are: 


1. Proposed for listing under the ESA by the Service;  
2. Candidates for listing under the ESA, which means the species has a "warranted 


but precluded 12-month finding"; or  
3. Petitioned for listing under the ESA, which means a citizen or group has requested 


that the Service add them to the list of protected species. Petitioned species 
include those for which the Service has made a substantial 90-day finding as well 
as those that are under review for a 90-day finding.  


Discussed below are species currently designated as “at-risk” that may occur within the 
project area. While not all species identified as at-risk will become ESA listed species, 
typically their reduced populations warrant their identification and attention in mitigation 
planning.  


 Alligator Snapping Turtle (Macrochelys temminckii) 


The alligator snapping turtle (Figure C:2-10)occurs in waterways that drain into the Gulf of 
Mexico. Although the species range is large, population densities are likely low throughout 
the range. They occur in various habitats including rivers, oxbows, lakes, and backwater 
swamps adjacent to large rivers. It is most common in freshwater lakes and bayous, but also 



https://www.fws.gov/southeast/wildlife/birds/eastern-black-rail/
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found in coastal marshes and sometimes in brackish waters near river mouths. Typical 
habitat is mud bottomed waterbodies having some aquatic vegetation. The alligator 
snapping turtle is slow growing and long lived. Sexual maturity is reached at 11 to 13 year of 
age. Because of this and its low fecundity, loss of breeding females is thought to be the 
primary threat to the species. Threats include habitat alteration, exploitation by trappers, 
pollution, and pesticide accumulation (IUCNredlist.org).  


Figure C:2-10. Alligator Snapping Turtle 
Photo source: https://www.cbsnews.com/news/alligator-snapping-turtle-found-southern-illinois-creek/ 


 Golden-Winged Warbler (Vermivora chrysoptera) 


The golden-winged warbler breeds (Figures C:2-11 and C:2-12) in higher elevations of the 
Appalachian Mountains and northeastern and north-central U.S. with a disjunct population 
occurring from southeastern Ontario and adjacent Quebec northwest to Minnesota and 
Manitoba. Wintering populations occur in Central and South America. The loss of wintering 
habitat in Central and South America and migratory habitat may also contribute to its 
decline. The golden-winged warbler is also known to hybridize with the blue-winged warbler 
(Vermivora cyanoptera).  


This species may be found in forested habitats throughout Louisiana during spring and fall 
migrations. This imperiled songbird is dependent on forested habitats along the Gulf, 
including coastal Louisiana, to provide food and water resources before and after trans-Gulf 
and circum-Gulf migration. Population declines correlate with both loss of habitat owing to 
succession and reforestation and with expansion of the blue-winged warbler into the 
breeding range of the golden-winged warbler. 



https://www.cbsnews.com/news/alligator-snapping-turtle-found-southern-illinois-creek/
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Figure C:2-11. Female Golden Winged Warbler 
Photo source: https://www.allaboutbirds.org/guide/Golden-winged_Warbler/id 


Figure C:2-12. Male Golden Winged Warbler 
Photo source: https://www.allaboutbirds.org/guide/Golden-winged_Warbler/id 


 Migratory Birds and Other Trust Resources  


 Bald Eagle (Haliaeetus leucocephalus) 


The proposed project area may provide nesting habitat for the bald eagle, which was 
officially removed from the List of Endangered and Threatened Species as of August 8, 



https://www.allaboutbirds.org/guide/Golden-winged_Warbler/id

https://www.allaboutbirds.org/guide/Golden-winged_Warbler/id
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2007. However, the bald eagle remains protected under the Migratory Bird Treaty Act 
(MBTA) and BGEPA. Comprehensive bald eagle survey data have not been collected by the 
Louisiana Department of Wildlife and Fisheries (LDWF) since 2008, and new active, 
inactive, or alternate nests may have been constructed within the proposed project area 
since that time.  


Bald eagles (Figure C:2-13) typically nest in large trees located near coastlines, rivers, or 
lakes that support adequate foraging from October through mid-May. In southeastern 
Louisiana parishes, eagles typically nest in mature trees (e.g., baldcypress, sycamore, 
willow, etc.) near fresh to intermediate marshes or open water. Major threats to this species 
include habitat alteration, human disturbance, and environmental contaminants. 
Furthermore, bald eagles are vulnerable to disturbance during courtship, nest building, egg 
laying, incubation, and brooding. Disturbance during these periods may lead to nest 
abandonment, cracked and chilled eggs, and exposure of small young to the elements. 
Human activity near a nest late in the nesting cycle may also cause flightless birds to jump 
from the nest tree, thus reducing their chance of survival.  


The Service developed the National Bald Eagle Management (NBEM) Guidelines to provide 
landowners, land managers, and others with information and recommendations to minimize 
potential project impacts to bald eagles, particularly where such impacts may constitute 
“disturbance,” which is prohibited by the Bald and Golden Eagle Protection Act (BGEPA). A 
copy of the NBEM Guidelines is available at:  


http://www.fws.gov/southeast/es/baldeagle/NationalBaldEagleManagementGuidelines.pdf.  


Those Guidelines recommend:  


1. maintaining a specified distance between the activity and the nest (buffer area);  
2. maintaining natural areas (preferably forested) between the activity and nest trees 


(landscape buffers); and  
3. avoiding certain activities during the breeding. 


  



http://www.fws.gov/southeast/es/baldeagle/NationalBaldEagleManagementGuidelines.pdf
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Figure C:2-13. Bald Eagle 
Photo source: https://www.fws.gov/refuge/quivira/wildlife_and_habitat/bald_eagles.html 


2.5 Aquatic Resources and Water Bottoms 


Primary fresh and intermediate water bodies in the Barataria Basin include Lake Salvador, 
Lake Des Allemands, Lake Cataouatche, The Pen, Lake Boeuf and Bayous Boeuf, Des 
Allemands, Chevreuil, Grand (12 miles), Citamon, Segnette, and Bayou Verret. In addition, 
there are many miles of manmade canals throughout the basin including the Gulf 
Intracoastal Waterway and Barataria Waterway.  


The Barataria Basin has undergone significant hydrological changes both natural and 
anthropogenic. Historically the Mississippi River was the source of freshwater, nutrients and 
sediment for the basin. The construction of Mississippi River main line levees and the 
closure of Bayou Lafourche at Donaldsonville ceased the input of freshwater and sediment. 
Navigation canals like the Barataria Waterway, Wilkinson Canal, the GIWW and the 
hundreds of miles of oil field canals plus natural processes such as subsidence and sea-
level rise have increased saltwater intrusion and shoreline erosion.  


Submerged aquatic vegetation (SAV) is the most significant form of complex cover for 
aquatic animals in Barataria Basin. Beginning in the 1950s, salt water intrusion contributed 
to SAV coverage declines in the middle and upper basin. In 2003, the U.S. Army Corps of 
Engineers Davis Pond Freshwater Diversion project began operation. Fresh water from the 
Mississippi River stimulated growth of submerged aquatic vegetation in the project outfall 
area. By 2007, Lake Cataouatche had an estimated 90% coverage of SAV. Species 
included eelgrass, coontail, milfoil and hydrilla.  



https://www.fws.gov/refuge/quivira/wildlife_and_habitat/bald_eagles.html
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Eutrophication of aquatic resources within the basin is an ongoing historical issue as the 
result of poor drainage, and lack of a groundwater connection. Riparian areas typically serve 
as a physical and chemical buffer for the capture of excess nutrients that fuel algal blooms 
that alter aquatic communities, but the excess phosphorous and nitrogen are still incredibly 
high, indicating their lack of ability to adequately mitigate the issue through natural cycling 
(Stow et al, 1985). Due to the extensive nutrient runoff from the numerous agricultural lands 
surrounding the study area and reliance on precipitation for wetland recharge, aquatic 
wildlife communities have and will continue to shift. Eutrophication within the study area 
reflects the impacts of the extensive levees built to prevent riverine input from the Mississippi 
river combined with the obstructed outflow due to the presence of US-90 across the middle 
of the basin. 


 Essential Fish Habitat 


As required by the Magnuson-Stevens Fishery Conservation and Management Act, all 
marine and estuarine waters of the northern Gulf of Mexico have been designated as 
Essential Fish Habitat (EFH). The 2005 amendments to the MSFCMA set forth a mandate 
for the NMFS of the National Oceanic and Atmospheric Administration, regional Fishery 
Management Councils (FMC), and other federal agencies to identify and protect EFH of 
economically important marine and estuarine fisheries. The MSFCMA (50 CFR 600) states 
that EFH is described as “those waters and substrate necessary for fish for spawning, 
breeding or growth to maturity” (16 United States Code [USC] 1802(10); 50 CFR 600.10). 


A provision of the MSFCMA requires that FMCs identify and protect EFH for every species 
managed by a Fishery Management Plan (FMP) 16 USC 1853. The public places a high 
value on seafood and recreational and commercial opportunities provided by EFH. Specific 
categories of EFH include all estuarine waters and substrates (mud, sand, shell, rock, and 
associated biological communities), subtidal vegetation (seagrasses and algae), and 
adjacent intertidal vegetation (marshes and mangroves). 


In the northern Gulf of Mexico, EFH has generally been defined as “areas where individual 
life-stages of specific federally-managed species are common, abundant or highly 
abundant.” In estuarine areas, EFH is defined as “all estuarine waters and substrates (mud, 
sand, shell, rock and associated biological communities), including the subtidal vegetation 
(submerged aquatic vegetation and algae) and adjacent intertidal vegetation (marshes and 
mangroves).” To assist in meeting our consultation requirements, the National Marine 
Fisheries Service local field office reviewed the study area and provided comments on 30 
January 2019 that identified the following species as being of concern for this study: brown 
shrimp, white shrimp, and red drum.  


 Red drum (Sciaenops ocellatus) 


Red drum (Figure C:2-14) is an important recreational gamefish found in coastal waters 
throughout the Gulf of Mexico (Matlock, 1987; Exec. Order No. 13449, 2007). Adults inhabit 
nearshore waters, particularly areas within the surf zone or in the vicinity of inlets (Matlock, 
1987). Spawning occurs in nearshore areas, and eggs and larvae are transported by tides 
and wind currents into estuaries (Matlock, 1987; Brown et al, 2004). Larvae and juveniles 
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typically occupy estuarine environments until maturation (Matlock, 1987; Bachelor, 2008). 
Red drum are predatory in all stages of life; however, the type of prey consumed varies with 
life stage. Early juvenile red drum primarily consume small marine invertebrates including 
mysids and copepods, while adults feed on large marine invertebrates, including shrimp and 


crabs, and small fishes (Bass and Avault Jr., 1975). 


Figure C:2-14. Red Drum  
Photo source: https://www.seagrantfish.lsu.edu/biological/drum/reddrum.htm 


 Brown shrimp (Farfantepenaeus aztecus) and White Shrimp (Litopenaeus setiferus)  


Brown shrimp (Figure C:2-15) and white shrimp (Figure C:2-16) are two species of prawns 
found in the study area and serve as an important commercial resource in Louisiana. Brown 
shrimp spawn on the Gulf of Mexico continental shelf, and then drift toward the shore, before 
eventually returning to the continental shelf to reproduce (Li and Clarke, 2005). The white 
shrimp lifecycle follows a similar pattern, with the primary difference being brown shrimp 
usually spawn earlier in the year, and are most abundantly harvested in May, June and July 
whereas white shrimp are most abundantly harvested in August, September, and October. 
(Baker et al, 2014). Marshes in and adjacent to the study area serve as a nursery for both 
species of shrimp and harvests are regulated by the Louisiana Department of Wildlife and 
Fisheries. 


Figure C:2-15. Brown shrimp  
Photo source: https://www.fisheries.noaa.gov/species/brown-shrimp 



https://www.seagrantfish.lsu.edu/biological/drum/reddrum.htm

https://www.fisheries.noaa.gov/species/brown-shrimp
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Figure C:2-16. White Shrimp 
Photo source: https://www.fisheries.noaa.gov/species/white-shrimp 


 


 


 


 


 


 


 


 


 


 


 


 



https://www.fisheries.noaa.gov/species/white-shrimp
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Human Environment 
3.1 Environmental Justice and Other Social Effects  


An EJ analysis focuses on the potential for disproportionately high and adverse impacts to 
minority and low-income populations during the construction and normal operation of the 
Federal action. A detailed assessment identifies specific EJ communities near structural 
alternatives and will assess if EJ communities are disproportionately exposed to high and 
adverse effects of the Federal action. If the impact is appreciably more severe or greater in 
magnitude on minority or low-income populations than the adverse effect suffered by the 
non-minority or non-low-income populations after taking offsetting benefits into account, then 
there may be a disproportionate finding.  


If a disproportionate impact is found, mitigation measures should be developed specifically 
to address potential disproportionately high and adverse effects to minority and/or low-
income communities. When identifying and developing potential mitigation measures to 
address environmental justice concerns, members of the affected communities would be 
consulted. Enhanced public participation efforts would also be conducted to ensure that 
effective mitigation measures are identified and that the effects of any potential mitigation 
measures are fully analyzed and compared. Mitigation measures may include a variety of 
approaches for addressing potential effects and balancing the needs and concerns of the 
affected community with the requirements of the action or activity.  


The communities in the study area include Lulling, Boutte, Paradis, Des Allemands, and 
Bayou Gauche, all in St. Charles Parish and Mathews and Raceland in Lafourche Parish. All 
seven of these communities are identified by the U.S. Census Bureau as Census of 
Designated Places (CDP).  


An analysis was conducted utilizing CDP data, obtained from the U.S. Census Bureau’s 
American Community Survey (ACS). The following information was collected for the seven 
communities in the study area.  


 Racial and Ethnic Characteristics  


Race and ethnic populations in each CDP were characterized using the following racial 
categories: White, Black or African American, American Indian and Alaska Native, Asian, 
Native Hawaiian and Other Pacific Islander, Some Other Race, and Two or more Races. 
Persons of Hispanic Origin are also identified. These categories are consistent with the 
affected populations requiring study under Executive Order 12898. See Tables 3-20 through 
3-22 for a listing of race and ethnic characteristics for the CDP in the study area.  


 Percentage of Minority Population  


As defined by the U. S. Census Bureau, the minority population includes all non-Whites. 
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According to Council of Environmental Quality (CEQ) guidelines, “Minority populations 
should be identified where either: (a) the minority population of the affected area exceeds 50 
percent or (b) the minority population percentage of the affected area is meaningfully greater 
than the minority population percentage in the general population or other appropriate unit of 
geographic analysis.” For this study, the comparison geographic unit is St. Charles and 
Lafourche Parishes.  


 Low-Income Population  


The percentage of persons living below the poverty level, as identified in the 2013-2017 
ACS, was one of the indicators used to determine the low-income population in a CDP. Low-
income population is defined as a CDP with 20 percent or more of its residents below the 
poverty threshold.  


Only one CDP, Boutte, is considered an EJ community, using the Minority criteria, having 
approximately 67 percent of residents identifying as minority. The vast majority of these 
residents are Black or African American while those identifying as “Two or more Races” 
comprise 4.4 percent of the CDP population. Persons of Hispanic or Latino population (of 
any race) is no higher than 3.5 percent in any CDP. St. Charles Parish is majority White, or 
70 percent of the parish population while Minority races are approximately 30 percent of total 
population. Boutte CDP minority population percentage is nearly twice that of the St. Charles 
Parish reference area. Des Allemands CDP crosses into Lafourche Parish; however, the 
majority of the population resides in St. Charles Parish.  


Two other CDPs that are in the study area, Mathews and Raceland, area located in 
Lafourche Parish, and are majority White, as is the parish as a whole. The largest minority in 
Mathews is Asian race and those identifying as being of “Two or More Races.”  


Of the seven CDPs in the study area, only Boutte and Raceland CDPs are considered EJ 
communities, when using the poverty threshold criteria. Approximately 31 percent and 20.7 
percent, respectively, of people residing in these communities have incomes below the 
poverty level, which are above the 20 percent threshold. The percentage of the Boutte 
population whose income is below the poverty level is nearly two and a half times larger than 
the reference area, St. Charles Parish, while the percentage living in Raceland who are 
below the poverty level (20.7 percent) is just above the Lafourche Parish percentage of 16.0 
percent.  


The Boutte CDP is both a minority and low-income EJ community, with percentages well 
above the reference community of St. Charles Parish. Special attention to impacts 
associated with levee alignments, staging areas and stockpile sites affecting the Boutte 
community will be provided in the Environmental Consequences section of the EJ resource. 
Non-structural elements that may include buyouts are located in census block groups that do 
not include EJ communities. Therefore, there are no potential impacts to EJ communities 
that would result from the implementation of a non-structural plan. 
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Table C:3-1: Low Income Population by CDP, St. Charles & Lafourche Parishes, Study 
Area 


Percentage of People with Income below Poverty Level in the past 12 Months 


CDP/Parish Population Estimate* Population Below 
Poverty Level 


Percent of Population 
Below Poverty 


Luling 12,933 1,410 10.90% 
Boutte 2,695 841 31.20% 
Paradis 1,616 115 7.10% 
Des Allemands 1,462 88 6.00% 
Bayou Gauche 2,557 46 1.80% 
    
St. Charles Parish 51,926 6,337 12.20% 
    
Matthews 2,556 120 4.70% 
Raceland 10,153 2,102 20.70% 
    
Lafourche Parish 95,542 15,299 16.00% 


*Population for whom poverty status is determine 
Source: U.S. Census Bureau ACS, 2013-2017 
 
Table C:3-2: Population by Race and Percentage Minority Population, CDP, Lafourche 
Parish 


 


Source:  U.S. Census Bureau ACS, 2013-2017 


 


ACS 2013-17
RACE


Total population 2,556 100% 10,322 100% 98,112 100%


One race 2,509 98.2% 10,032 97.2% 95,651 97.5%


   White 2,468 96.6% 6,732 65.2% 77,388 78.9%
   Black or African 
American 0 0.0% 3,188 30.9% 12,819 13.1%


   American Indian 
and Alaska Native 0 0.0% 87 0.8% 2,442 2.5%


   Asian 41 1.6% 0 0.0% 789 0.8%
   Native Hawaiian 
and Other Pacific 
Islander


0 0.0% 0 0.0% 21 0.0%


   Some other race 0 0.0% 25 0.2% 2,192 2.2%


Two or more races 47 1.8% 290 2.8% 2,461 2.5%


Minority 88 3.4% 3,590 34.8% 20,724 21.1%


HISPANIC OR 
LATINO


Total population 2,556 10,322 98,112
Hispanic or Latino 
(of any race) 28 1.10% 354 3.40% 4,281 4.40%


Mathews Raceland Lafourche Parish
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Table C:3-3: Population by Race and Percentage Minority Population, CDP, St. 
Charles Parish 
 


 


Source: U.S. Census Bureau, 2013-2017 American Community Survey 5-Year Estimates 


 


ACS 2013-17
RACE


Total population 13,088 100% 2,695 100% 1,616 100% 1,462 100% 2,557 100% 52,728 100%


One race 12,938 98.9% 2,577 95.6% 1,536 95.0% 1,354 92.6% 2,557 100.0% 52,195 99.0%


   White 10,576 80.8% 884 32.8% 1,514 93.7% 1,232 84.3% 2,557 100.0% 36,851 69.9%
   Black or African 
American 1,889 14.4% 1,675 62.2% 0 0.0% 113 7.7% 0 0.0% 14,008 26.6%


   American Indian 
and Alaska Native 89 0.7% 0 0.0% 0 0.0% 9 0.6% 0 0.0% 136 0.3%


   Asian 208 1.6% 0 0.0% 22 1.4% 0 0.0% 0 0.0% 567 1.1%


   Native Hawaiian 
and Other Pacific 
Islander


0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0%


   Some other race 176 1.3% 18 0.7% 0 0.0% 0 0.0% 0 0.0% 633 1.2%


Two or more races 150 1.1% 118 4.4% 80 5.0% 108 7.4% 0 0.0% 533 1.0%


Minority 2,512 19.2% 1,811 67.2% 102 6.3% 230 15.7% 0 0.0% 15,877 30.1%


HISPANIC OR 
LATINO
Total population 13,088 2,695 1,616 1,462 2,557 52,728
Hispanic or Latino 
(of any race) 403 3.1% 96 3.60% 18 1.10% 9 0.60% 82 3.20% 3,062 5.80%


Luling Boutte Paradis
Des 
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Study Name and Purpose 
1.1 STUDY NAME 


The Upper Barataria Basin (UBB), Louisiana Feasibility Study is a Coastal Storm Risk 
Management (CSRM) study that evaluates impacts to people, the environment, and cultural 
resources. The results of the study are presented in an Integrated Feasibility Report and 
Environmental Impact Statement (IFR-EIS). The UBB Feasibility Study investigated a full 
range of alternatives for CSRM and established a Recommended Plan (RP). The non-
Federal sponsor (NFS) for this study is the Coastal Protection and Restoration Authority 
Board of Louisiana (CPRAB). 


1.2 STUDY PURPOSE 


The purpose of the study is the investigation of coastal storm risk management options to 
reduce the risk of flood damage from tidal surges, storm surges, and rainfall to the area 
between Bayou Lafourche and the Mississippi River System, from Donaldsonville to just 
past U.S. Highway 90 in the Basin. The area is prone to coastal storm damages from tidal 
surges, storm surges, and rainfall, resulting in flood damages to industrial, commercial, 
agricultural facilities, as well as residential structures and critical evacuation routes. 


This Real Estate Plan (REP) describes the lands, easements, rights-of-way, relocations, and 
disposal sites (LERRD) required for the RP and costs for the implementation and 
construction of the RP as described in more detail in the Final IFR-EIS for UBB. The 
information contained herein is tentative, preliminary in nature, intended for planning 
purposes only, and is subject to change. 


1.3 STUDY AUTHORIZATION 


The Bipartisan Budget Act of 2018 (Public Law 115-123), Division B, Subdivision 1, Title IV, 
(“BBA 2018”) appropriated supplemental funds that included $135,000,000 in Supplemental 
Investigations Funds for Long Term Disaster Recovery Investment Plans (LDRIPs) related to 
the completion, or initiation and completion, of authorized flood and storm damage reduction 
studies, including shore protection.  


MEMORANDUM FOR Deputy Commanding General for Civil and Emergency Operations, 
SUBJECT: Policy Guidance on Implementation of Supplemental Appropriations of the 
Bipartisan Budget Act of 2018, dated August 9, 2018, identified the UBB Study as a 
feasibility study to be funded with Supplemental Investigations funds as part of the LDRIPs. 
The UBB Feasibility Study was federally-authorized pursuant to a Resolution of the 
Committee on Transportation and Infrastructure of the United States House of 
Representatives, 105th Congress, Docket 2554, Donaldsonville, Louisiana to the Gulf of 
Mexico,” adopted May 6, 1998. This Resolution requested the Secretary of the Army review 
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the Report of the Chief of Engineers on the Mississippi River and Tributaries and other 
pertinent reports to determine whether modifications of the recommendations in the Chief’s 
Report were advisable in the area between Bayou Lafourche and the Mississippi River 
System, from Donaldsonville, Louisiana, to the Gulf of Mexico. 


Notwithstanding Section 105(a) of the Water Resources Development Act of 1986 (33 
U.S.C. 22 I 6(a)), which specifies the cost-sharing requirements generally applicable to 
feasibility studies, this BBA 2018 Study authorizes the Government to conduct the Study at 
full federal expense. On October 9, 2018, the Feasibility Cost Sharing Agreement (FCSA) for 
the UBB Study was executed between the Department of the Army and the Coastal 
Protection and Restoration Authority Board of Louisiana. 


Refer to Section 1 of the Final IFR-EIS for a complete description of the study authorization. 
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Recommended Plan Location and 
Description 


2.1 STUDY AREA 


The study area includes communities in the parishes of Ascension, Assumption, Jefferson, 
Lafourche, St. Charles, St. James, and St. John the Baptist. It is bounded on the north and 
east by the Mississippi River Levee, on the west by Bayou Lafourche, and on the south, it 
extends slightly past U. S. Highway 90. This area covers approximately 800 square miles 
and is characterized by low, flat terrain with wetlands, numerous navigation channels, 
drainage canals and natural bayous. Numerous communities are located within the study 
area adjacent to major highways, the Mississippi River, and Bayou Lafourche. The study 
area is shown on Figure D:2-1. 
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Figure D:2-1. Upper Barataria Basin Study Area  
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2.2 RECOMMENDED PLAN LOCATION 


The RP is within the study area in Lafourche and St. Charles Parishes in southeast 
Louisiana. It starts in Luling, Louisiana at the Mississippi River Levee and continues south, 
parallel to U. S. Highway 90, travels along the Davis Pond Diversion Structure West Guide 
Levee, continues south improving deficiencies in the St. Charles Parish Levee, crosses 
Bayou Des Allemands with a barge gate structure, continues south along U. S. Highway 90 
and ends near Highway 1 and Bayou Lafourche, east of Raceland where it ties into high 
ground across the Barataria Basin. The location of the RP is shown on Figure D:2-2. 


2.3 RECOMMENDED PLAN DESCRIPTION 


The RP consists of a structural alignment constructed to a 1 percent Annual Exceedance 
Probability (AEP) (100-year future design) totaling over 96,000 linear feet of earthen levee 
and floodwall (T-wall). The RP also consists of T-wall structures at existing pipelines to allow 
passage through the proposed levee structure, culverts with sluice gates, roller gates where 
T-wall crosses Highway 306 and two railroad crossings, two ramps at River Road and U. S.
Highway 90, and fronting protection and tidal exchange structures at pump stations. Staging
areas, access (existing, temporary, and perpetual) as well as borrow, dredging and disposal
are also a part of the RP.


The proposed levees would have multiple levee lifts authorized over the initial 50 years with 
the first lift projected to occur in 2026 that would raise the levee to an elevation of 14 feet, 
except in hydraulic reaches F and H where it would be constructed to 16 feet elevation after 
settlement. Subsequent lifts would maintain the 1 percent AEP over the initial 50 years of the 
authorized project. Material settlement over this period has also been incorporated into the 
material quantities for each of the alignment’s hydraulic reaches.  


Reaches A, B, and C are located east of the cities of Luling, Boutte, and Paradis. Reaches 
D, E, and F are located east of the cities of Paradis and Des Allemands. Reaches G and H 
travel across Bayou Des Allemands and extend southwesterly past Dufrene Ponds along 
Godchaux Canal and Amarada Hess Road until it reaches Bayou Lafourche near Raceland. 
Existing levee footprints and right-of-way (ROW) would be incorporated into the proposed 
levee design for reaches A-F.  


Figure D:2-3 (North) and D:2-4 (South) show detailed structure locations for all reaches. A 
detailed description of all reaches is included in Section 2.4. 
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Figure D:2-2. Recommended Plan Location 
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Figure D:2-3. Detailed Structure Locations North Alignment of Recommended Plan 
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Figure D:2-4. Detailed Structure Locations South Alignment of Recommended Plan 
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2.4 DESCRIPTION OF REACHES 


Reach A 


Reach A (Figure D:2-5) is a proposed earthen levee that begins at the Mississippi River 
Levee and extends approximately 24,700 feet south, building off the existing Davis Pond 
Diversion Structure West Guide Levee (A-1) and the existing St. Charles Levee (A-2). The 
proposed earthen levee would be elevated with the centerline shifted away from the canals. 
This reach would initially be constructed to a height of 14 feet in 2026. A second lift, 
proposed in 2054, would be constructed to a height of 16 feet, in order to maintain the 1 
percent AEP design elevation.  


U.S. Highway 90 and River Road are impacted by the proposed flood protection.  These 
roads would most likely be raised using the direct contact method. The alignment crosses 
River Road, Union Pacific Railroad Track, the BNSF Railroad Track and U. S. Highway 90. 
Ramps would be constructed for the two road crossings (Figure D:2-3, #1 and 4). Similar to 
the pipelines, the roadways are placed on the surface of the new constructed earthen levee 
outside of the levee design section.  Roller gate structures would be constructed for the two 
railroad tracks (Figure D:2-3 #2 and 3). 


Further south, the existing Davis Pond Pump Station would receive new frontage protection 
(Figure D:2-3, #5). Two existing tidal exchange structures (Figure D:2-3, #6) on either side of 
the Willowdale Pump Station would be replaced. New T-wall sections (152 feet and 298 feet) 
would be constructed to allow four pipelines to pass through the levee alignment (Figure 
D:2-3, #28 and 29).  


Access would be from existing roads, U. S. Highway 90 to Willowdale Boulevard and then 
Lafayette Drive. Three staging areas are proposed for use during construction located next 
to River Road (1 acre) to be utilized for construction of ramps and railroad gate structures, 
along Highway 90 (1 acre), and at Willowdale Boulevard (.07 acres). See Figure D:2-5 for 
Access and Staging areas. 


Facility/utility relocations identified for this reach include two roads to be raised, four 
pipelines to be covered by protective material, and sleeves to be constructed to allow four 
pipelines to pass through levee/T-wall alignment.  Facility/Utility relocations are described 
further in Table D:16-1 of Section 16 of this REP. 
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Figure D:2-5. Reach A  
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 Reach B 


Reach B (Figure D:2-6) is a proposed earthen levee that begins at Willowdale Pump Station 
and travels along the St. Charles Parish Levee approximately 16,526 feet in length. The 
proposed earthen levees would be elevated with the centerline shifted away from the canal. 
This reach would initially be constructed to a height of 14 feet in 2026. A second lift, 
proposed in 2054, would be constructed to a height of 16 feet, in order to maintain the 1 
percent AEP design elevation.  


Frontage protection would be constructed for three pump stations, Willowridge, Kellogg, and 
Cousins (Figure D:2-3, #7, 8, and 10). New T-wall sections would be constructed in order to 
allow five pipelines to pass through the alignment (Figure D:2-3, #9 and 11).  


Access would be from the same existing roads for Reach A, as well as a second access 
from existing roads U. S. Highway 90 to River Ridge Drive to Primrose Street. One staging 
area (1 acre) would be off Lafayette Drive next to the levee alignment. See Figure D:2-6 for 
Access and Staging areas.   


Facility/utility relocations identified for this reach include sleeves to be constructed to allow 
nine pipelines to pass through levee/T-wall alignment.  Facility/utility relocations are described 
further in Table D:16-1 of Section 16 of this REP. 
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Figure D:2-6. Reach B  
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Reach C 


Reach C (Figure D:2-7) is a proposed earthen levee that begins at the Ellington Pump 
Station and travels along the St. Charles Parish Levee approximately 22,600 feet in length. 
The proposed earthen levee would be elevated with the centerline shifted away from the 
existing canal. This reach would initially be constructed to a height of 14 feet in 2026. A 
second lift, proposed in 2054, would be constructed to a height of 16 feet, in order to 
maintain the 1 percent AEP design elevation.  


Frontage protection would be placed at the Ellington Pump Station (Figure D:2-3, #12). A 
new T-wall section (135 feet) would be constructed to allow three pipelines to pass through 
the alignment (Figure D:2-3, #13).  


Access would be from existing roads, U. S. Highway 90 to Magnolia Ridge Road. One 
staging area (1.6 acres) would be located off Magnolia Ridge Road. See Figure D:2-7 for 
Access and Staging areas.   


Facility/utility relocations identified for this reach include sleeves to be constructed to allow 
three pipelines to pass through levee/T-wall alignment.  The action for three other pipelines 
that run parallel to the levee alignment will be determined during PED.  Facility/utility 
relocations are described further in Table D:16-1 of Section 16 of this REP.  
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Figure D:2-7. REACH C 
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Reach D 


Reach D (Figure D:2-8) is a proposed combination earthen levee (16,300 feet) and T-wall 
(2,700 feet) that begins just south of the Paradis Control Structure and travels approximately 
19,000 feet to be constructed on top of the Sunset District Levee. The proposed earthen 
levee would be elevated with the centerline shifted away from the existing canal and would 
initially be constructed to a height of 14 feet in 2026. A second lift proposed in 2054 would 
be constructed to a height of 16 feet, in order to maintain the 1 percent AEP design 
elevation.  


The one section of T-wall, ending at Grand Bayou Road (Figure D:2-4, #16), would be 
constructed to avoid existing houses and utilities along the existing levee alignment. The T-
wall would be constructed to a 15 feet elevation within ROW from the landside. 


Access would be from existing roads Bayou Gauche Road (Highway 306) to Grand Bayou 
Road. A 1,527 feet temporary access road would be constructed across a field to the 
alignment. One staging area (2.2 acres) would be located off Grand Bayou Road. See 
Figure D:2-8 for access and staging areas. 


Facility/utility relocation identified for this reach includes one pipeline to be covered by 
protective material.  Facility/utility relocations are described further in Table D:16-1 of Section 
16 of this REP.  
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Figure D:2-8. Reach D  
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 Reach E 


Reach E (Figure D:2-9) is a proposed combination earthen levee and floodwall that begins 
just south of Grand Bayou Road and travels approximately 14,600 feet. The proposed 
earthen levee measures approximately 3,340 feet in length and would be constructed on top 
of the Sunset District Levee, elevated with the newly proposed centerline shifted away from 
the existing canal. The earthen levee would initially be constructed to a height of 14 feet in 
2026 with a second lift proposed in 2038 to be constructed to a height of 16 feet, and a third 
and final lift proposed in 2059 to be constructed to a height of 18.5 feet, in order to maintain 
the 1 percent AEP design elevation.  


A proposed floodwall portion (T-wall) would be constructed to an elevation of 18.5 feet with a 
10 – 20 feet wide concrete slab at the base due to the minimal area available for 
construction between the canal and existing structures (Figure D:2-4, #17). A roller gate 
would be installed within the T-wall section where the alignment crosses Highway 306 
(Figure D:2-4, #18). One 400 feet section T-wall would be constructed to allow six pipelines 
(just west of Crawford Canal where Reach E ties into Reach F) to pass through the 
alignment (Figure D:2-4, #19).  


Access would be directly from existing Bayou Gauche Road (Highway 306). A new 
permanent access road would be constructed for a portion of Beau Estates Subdivision near 
Bayou Des Allemands, as the newly constructed floodwall would cut off access. The new 
permanent route would be just outside of the newly constructed T-wall from Highway 306 
and allow access to this area. One staging area (2 acres) would be located off Bayou 
Gauche Road. See Figure D:2-9 for access and staging areas. 


Facility/utility relocations identified for this reach include sleeves to be constructed to allow six 
pipelines to pass through levee/T-wall alignment and the new permanent access road at Beau 
Estates Subdivision.  Facility/utility relocations are described further in Table D:16-1 of Section 
16 of this REP. 
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Figure D:2-9. Reach E 
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 Reach F 


Reach F (Figure D:2-10) is a proposed earthen levee that begins just past Crawford Canal 
Pump Station and measures approximately 15,400 feet in length. The proposed earthen 
levee would be constructed on top of existing Sunset District Levee, elevated with the 
centerline shifted away from the existing bayou. This earthen levee would initially be 
constructed to a height of 16 feet in 2026, and a second lift proposed for 2044 constructed to 
a height of 18.5 feet to maintain the 1 percent AEP design elevation.  


A 270 feet barge gate structure would be constructed across the Bayou Des Allemands 
(Figure D:2-4, #20). A total of twelve culverts with sluice gates (six 15 feet by 20 feet box 
culverts on each side of the gate) would be incorporated into the gate structure. The channel 
where the structure would be placed would require dredging to achieve a sill depth of 
approximately negative 14 – 19 feet. Dredge material would be disposed of downstream in 
potential sites stable enough for marsh creation (Refer to the Dredge Disposal Plan in 
Appendix E). The gate structure construction, dredge, and disposal would take place within 
state water bottoms. 


Access would be by existing U. S. Highway 90 on the eastern side of Bayou Des Allemands 
to Down the Bayou Road near the proposed barge gate placement site. A temporary access 
road approximately 40 feet wide and approximately 4,575 linear feet in length for temporary 
access to staging area and construction would start at the end of Down the Bayou Road and 
travel to the barge gate crossing on top of the existing Sunset District Levee. This temporary 
access road would be removed once construction is completed, and the area returned to 
pre-construction conditions. Future access would be via the top of the existing levee. Two 
staging areas are proposed for this reach, one located west of the Crawford Canal Pump 
Station (2.2 acres) and another on the east bank of Bayou Des Allemands where the 
alignment crosses the Bayou (2.2 acres). See Figure D:2-10 for access and staging areas. 


There were no facility/utility relocations identified for this reach. 
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Figure D:2-10. Reach F  
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 Reach G 


Reach G (Figure D:2-11) would include the construction of a new levee with berms, 
beginning on the southern bank of Petit Lac Des Allemands running parallel to U. S. 
Highway 90 through the marsh. The earthen levee would measure approximately 31,000 
feet in length. The proposed earthen levee would initially be constructed to a height of 14 
feet in 2026 with a second lift proposed in 2054 to be constructed to a height of 16 feet, in 
order to maintain the 1 percent AEP design elevation. 


The newly constructed levee would incorporate five sets of 6 by 6 feet box culverts with 
sluice gates (Figure D:2-4, #21, 23, and 24), which are needed to maintain the hydraulic flow 
in and out of the marsh.  


Access would be from existing U. S. Highway 90 via a newly constructed permanent access 
route just southwest of Dufrene Ponds. This new road would measure approximately 7,925 
feet in length and would include the construction of a permanent bridge across the 
Godchaux Canal (Figure D:2-4, #22). Another access route would be along the alignment 
within existing right-of-way using Amarada Hess Road for access to a portion of Reach G. 
One staging area (2.3 acres) would be located on the northeast corner where Godchaux 
Canal intersects the new permanent access route. See Figure D:2-11 for access and staging 
areas.  


Facility/utility relocations identified for this reach include one pipeline to be covered by 
protective material.  The action for four other pipelines that run parallel to the levee alignment 
will be determined during PED.  Facility/utility relocations are described further in Table     
D:16-1 of Section 16 of this REP.  
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Figure D:2-11. Reach G 
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 Reach H 


Reach H (Figure D:2-12) begins where Gibbens Road meets the alignment and continues to 
parallel U. S. Highway 90 through the marsh and follows Amarada Hess Road. This 
proposed new earthen levee measures approximately 16,900 feet in length and would be 
constructed where there is no existing levee. The proposed earthen levee would be 
constructed to an elevation of 16 feet with one lift in 2026, in order to maintain the 1 percent 
AEP design elevation. 


The newly constructed levee would incorporate two 84 inch in diameter culverts with sluice 
gates and one 60 inch in diameter culvert with sluice gates for hydraulic exchange, which 
are needed to maintain the hydraulic flow in and out of the marsh (Figure D:2-4, #25, 26, 
and 27).  


Access would be from existing Amarada Hess Road, a farm road, from Highway 308 that 
runs along the levee ROW on the flood side until the road crosses the canal and turns south. 
Permanent access would be from existing U. S. Highway 90 via a newly constructed 
permanent access route just southwest of Dufrene Ponds and bridge across the Godchaux 
Canal. One staging area (2 acres) would be located on Highway 308 at Amarada Hess 
Road. See Figure D:2-12 for access and staging areas. 


Facility/utility relocations identified for this reach include six pipelines to be covered by 
protective material and one abandoned pipeline to be removed.  The action for four other 
pipelines that run parallel to the levee alignment will be determined during PED.  Facility/utility 
relocations are described further in Table D:16-1 of Section 16 of this REP.  
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Figure D:2-12. Reach H 
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2.5 LANDS, EASEMENTS, RIGHTS-OF-WAY, RELOCATIONS, AND DISPOSAL TO BE 
ACQUIRED 


In total, this RP includes approximately 84,158 linear feet of earthen levee, 12,253 linear feet 
of floodwall (T-wall) east of Des Allemands along the Paradis Canal, one 45 linear feet roller 
gate structure at Bayou Gauche, and one 270 linear feet barge gate structure across Bayou 
Des Allemands.  The acquisition of LERRD not within existing ROW or owned by local 
government agencies is estimated to impact approximately 75 private landowners. Tables 
D:2-1 and D:3-1 show the LERRD required from private landowners and local government 
entities, respectively. 


Table D:2-1. Lands, Easements, Rights-of-Way, Relocations and Disposal Required from 
Private Landowners 


Estate Acres Estimated 
Number of 


Landowners 
Impacted 


Project Feature /Description 


Flood Protection Levee 
Easement (Perpetual) 


748.50 69 Earthen levees (all reaches), floodwalls (Reaches 
D and E), roller gates at two railroad crossings 
(Reach A), and box culverts and sluice gates 
(Reaches G and H)  


Fee Excluding Minerals (with 
Restriction on Use of the 
Surface) (Borrow) 


500 6 Borrow – All Reaches 


Road Easement (Perpetual) 9 3 Perpetual Road for Reaches E and G (These 
owners are also included in levee feature) 


Road Easement (Temporary)  1.35 1 Temporary Road for Reach D (These owners are 
also included in levee feature) 


Temporary Work Area 
Easement (Staging) 


15.40 6 Staging – All Reaches (These owners are also 
included in levee feature) 


 Borrow 


Borrow material for construction is proposed to come from sites estimated to be within 15 
miles of where US Highway 90 crosses Bayou Des Allemands. At this time, it is not known if 
existing Government-owned borrow sites located within the designated distance would have 
sufficient material  at time of construction.  Potential borrow sites on farmlands (avoiding 
swamp and marsh lands) were identified near Raceland and can be seen in Figure D:2-13. 
Not all lands from the potential borrow sites are intended to be used. A total of 5,200,400 
cubic yards of soil is needed for the first lift in 2026 and a total of 8,812,700 cubic yards is 
needed over the entire authorized 50-year period to sustain the 1 percent AEP design 
elevations out to year 2076. It was assumed that 10-15 feet of usable material could be 
found in these sites.  
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The quantity of area needed for borrow would be approximately 500 acres of agriculture 
lands. This cost is included in the real estate cost below in Section 10, within Paragraph 10.1 
Summary of 01 Real Estate Costs for Recommended Plan - Structural. 
Requirements for borrow will continue to be evaluated during Preconstruction, Engineering 
and Design (PED) to determine quality of material and quantity available in each proposed 
site to determine whether acquisition of temporary easement, perpetual easement, or fee 
interest would be most advantageous to the Government.  At this time, it is projected that fee 
excluding minerals estate will be acquired for each borrow site. 
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Figure D:2-13. Potential Borrow Locations 
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Mitigation Plan for Potential Induced Flooding 


In order to mitigate for potential induced flooding, 64 residential structures in Bayou Gauche 
may need to be acquired. Currently, it is estimated that 173 residential structures may need 
to be acquired in Gheens and 33 residential structures and 5 commercial structures may 
need to be acquired in Mathews. Residents and businesses displaced by acquisition of their 
property would be eligible for relocation assistance under Title II of Public Law 91-646.  
These benefits are explained in section 11 of this REP.  


Due to the presence of existing or proposed non-federal flood risk reduction measures in 
Gheens and Mathews, the extent of potential induced flooding in those communities is more 
uncertain and will be investigated further in Preconstruction, Engineering and Design (PED) 
phase of the study.  During PED other mitigation alternatives such as elevation of structures 
and floodproofing will be evaluated.  Acquisition of a flowage easement over improved 
residential properties may not be an acceptable mitigation action. The properties are not 
necessarily contiguous, and a flowage easement may not be the appropriate estate to 
acquire. Most importantly, the standard flowage easements prohibit structures for human 
habitation from remaining on the land. Residents would need to be relocated to areas that 
are not prone to flooding. Similar to displacement that occurs upon fee purchase of a 
property by the Government, residents may be entitled to receive relocation benefits under 
Title II of Public Law 91-646.  The team will evaluate whether acquisition of a flowage 
easement is the appropriate estate for vacant properties.  


The costs to acquire structures for the mitigation plan for potential induced flooding in all 
three areas are captured in Section 10, Paragraph 10.2, “Summary of 01 Real Estate Costs 
for Mitigation Plan for Potential Induced Flooding.” 


Fish and Wildlife Mitigation 


It has been determined that implementation of the recommended plan would result in 
potential impacts to bottomland hardwood (wet), swamp and fresh marsh.  These impacts 
would be avoided to the maximum extent practicable but would be unavoidable in some 
locations due to the avoidance of existing infrastructure.   


Currently the proposed mitigation action solely includes the purchase of mitigation bank 
credits, which requires no LERRD acquisition responsibility on the NFS.  The proposed action 
consists of purchasing mitigation bank credits to mitigate approximately 94.94 AAHUs of 
Bottomland Hardwood Wet (BLH-Wet), 111.4 AAHUs of Swamp, and 126.64 AAHUs of Fresh 
Marsh impacts.  If, based on credit availability or following evaluation of the mitigation bank 
proposals, it becomes apparent that purchasing bank credits is not cost effective or feasible 
(including due to lack of satisfactory bids), CEMVN will complete its evaluation of Mitigation 
Plan Alternative 2 which would evaluate Corps-constructed mitigation projects within the UBB 
watershed, possibly in combination with a credit purchase. If construction of a mitigation 
project involves an acquisition of real estate, the RE plan would be amended at that time. This 
implementation risk has also been captured in the final overall cost included in the engineering 
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appendix. As stated in the engineering appendix, the final mitigation cost, was part of the full 
Cost and Schedule Risk Analysis to develop contingencies.  


This fish and wildlife mitigation would not displace residential, business, or farms within the 
Project boundaries; therefore, the provisions under Title II of public Law 91-646, as 
amended, are not applicable.  The sponsor will not receive credit for lands previously 
purchased as an item of cooperation. 
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LERRD Owned by Non-Federal Sponsor 
The non-Federal sponsor (NFS) for this study is the Coastal Protection and Restoration 
Authority Board of Louisiana (CPRAB), a state entity that is established, authorized, and 
empowered to carry out any and all functions necessary to serve as the single entity 
responsible for acquiring LERRD for this project. The NFS does not own any lands within the 
study area. However, portions of the study area rights-of-way are owned by the following 
local parish or state agencies of the State of Louisiana, which fall under the umbrella of 
Coastal Protection and Restoration Authority Board: St. Charles Parish, West Jefferson 
Levee District (a levee district of Southeast Louisiana Flood Protection Authority West), and 
State-owned water bottoms, roads, and lands.  


The Louisiana State Land Office will issue a Grant of Particular Use to the NFS allowing the 
use of State-owned water bottoms for this project.  The St. Charles Parish Government and 
West Jefferson Levee District will grant an Authorization for Entry to the NFS over its real 
estate interests for construction of this project.  The NFS in turn will provide an Authorization 
for Entry to USACE Real Estate. Real Estate Division certifies to Contracting Division that 
Right-of-Entry is available. The rights owned by these State agencies consist of perpetual 
levee easements/servitudes and fee. These rights are sufficient for construction of the 
proposed improvements to project features. The NFS will not receive credit for LERRD 
previously acquired in the past for Federal projects or previously provided as an item of local 
cooperation.   


The CPRAB has the financial capability to cost share the estimated implementation costs 
and are willing to sign the PPA at the appropriate time. The NFS’s capability assessment is 
attached to this REP as Exhibit A. 


The following reaches within the project area are owned by a city/parish/levee district/state 
(local government entity). Acreage for each reach is estimated in Table D:3-1 below or will 
be determined during PED. 
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Table D:3-1. Lands, Easements, Rights-of-Way, Relocations and Disposal Required from 
Local Government Entities 


From 
Parish/State 


NFS to 
Request 


Reach Approximate 
Acreage of 


LERRD 
Required 


St. Charles 
Parish 
Government 


Authorization 
for Entry 


Reach A – Portion of levee, the frontage 
projection, tidal exchange structures, T-
wall for (2) pipelines, (1) staging area.   


92 


Reach B – Portion of levee, the frontage 
protection (3) and T-wall for (2) pipelines. 


33 


Reach C – Portion of levee, the frontage 
protection, T-wall for (1) pipeline. 


65 


Reach D – Portion of levee and floodwall. 31 


Reach E – Portion of levee and floodwall, 
the T-wall for (1) pipeline and portion of 
the staging area. 


12 


Reach F – Portion of levee and temporary 
access road. 


27.5 


Reach G – Access along existing 
alignment ROW. 


N/A 


Reach H – Temporary access within 
existing alignment ROW. 


N/A 


West 
Jefferson 
Levee District 


Authorization 
for Entry 


Reach B – Portion of levee. TBD 


State of 
Louisiana 
(State water 
bottoms, LA 
DOTD, and LA 
DNR) 


Grant of 
Particular Use 


Reach A – Ramp (road portion) on River 
Road and U.S. Highway 90. (Also see 
Section 16, Facility/Utility Relocations 


TBD 


Reach A – Levee tie-in to existing Davis 
Pond Guide Levee 


.50 


Reach E – Roller gate at Highway 306 .7 


Reach F – Barge gate, culverts, sluice 
gates, dredging and deposit of material 
within state water bottoms 


9 
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Estates 
The following standard estates would be acquired from private landowners. The use of non-
standard estates is not anticipated. Temporary estate duration would be 5 years. 


Road Easement (temporary [five years] and perpetual) 


A (perpetual [exclusive] [non-exclusive] and assignable) (temporary) easement and 
right-of-way in, on, over and across (the land described in Schedule A) (Tracts Nos. _____, 
_____ and _____) for the location, construction, operation, maintenance, alteration 
replacement of (a) road(s) and appurtenances thereto; together with the right to trim, cut, fell 
and remove therefrom all trees, underbrush, obstructions and other vegetation, structures, or 
obstacles within the limits of the right-of-way; (reserving; however, to the owners, their heirs 
and assigns, the right to cross over or under the right-of-way as access to their adjoining 
land at the locations indicated in Schedule B); subject, however, to existing easements for 
public roads and highways, public utilities, railroads and pipelines. 


Flood Protection Levee Easement (Perpetual) 


A perpetual and assignable right and easement in (the land described in Schedule A) (Tracts 
Nos. ___, ___ and ___) to construct, maintain, repair, operate, patrol and replace a flood 
protection levee, floodwall, gate closure, including all appurtenances thereto; reserving, 
however, to the owners, their heirs and assigns, all such rights and privileges in the land as 
may be used without interfering with or abridging the rights and easement hereby acquired; 
subject, however, to existing easements for public roads and highways, public utilities, 
railroads and pipelines. 


FEE EXCLUDING MINERALS (With Restriction on Use of the Surface) for borrow and 
for mitigation plan acquisition if needed for potential induced flooding. 


The fee simple title to the land, subject, however, to existing easements for public roads and 
highways, public utilities, railroads and pipelines; excepting and excluding all (coal) (oil and 
gas), in and under said land and all appurtenant rights for the exploration, development, 
production and removal of said (coal) (oil and gas), but without the right to enter upon or over 
the surface of said land for the for the purpose of exploration, development, production and 
removal therefrom of said (coal) (oil and gas). 
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Temporary Work Area Easement (staging) [five years] 


A temporary easement and right-of-way in, on, over and across (the land described in 
Schedule A) (Tracts Nos. _____, _____ and _____), for a period not to exceed __Five 
years_________, beginning with date possession of the land is granted to the United States, 
for use by the United States, its representatives, agents, and contractors as a work area, 
including the right to move, store and remove equipment and supplies, and erect and 
remove temporary structures on the land and to perform any other work necessary and 
incident to the construction of the Upper Barataria Basin, Louisiana Project, together with 
the right to trim, cut, fell and remove therefrom all trees, underbrush, obstructions, and any 
other vegetation, structures, or obstacles within the limits of the right-of-way; reserving, 
however, to the landowners, their heirs and assigns, all such rights and privileges as may be 
used without interfering with or abridging the rights and easement hereby acquired; subject, 
however, to existing easements for public roads and highways, public utilities, railroads and 
pipelines. 
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Existing Federal Projects 
The following Federal projects are fully or partially within or in the immediate area of the 
footprint of the RP.  


• Mississippi River & Tributaries Project – Levee system between New Orleans and 
Baton Rouge. The system provides risk reduction from the vast expanse of the 
developed alluvial valley from periodic overflows of the Mississippi River. This 
levee system includes 3,787 miles of authorized embankments and floodwalls 
along the Mississippi River, backwater, tributary and floodways. This project is 
within Reach A of the RP. 


• West Bank and Vicinity Levees – This project runs parallel to the Davis Pond 
Diversion Structure West Guide Levee (Reach A-1), located on the east side of 
Davis Pond, but is not within the footprint of the UBB RP. This project consists of 
risk reduction features on the west bank of the Mississippi River in St. Charles, 
Jefferson, Orleans, and Plaquemines Parishes, starting at the Mississippi River 
Levee in Ama in St. Charles Parish and ending at the Mississippi River levee in 
Oakville, Plaquemines Parish.  


• The Davis Pond Diversion Project started diverting water into the basin from the 
Mississippi River in July of 2002. It is located on the east border of the RP. The 
project consists of a gated 14 feet by 14 feet reinforced concrete culvert with 
corresponding inflow and outflow channels, approximately 19 miles of guide 
levees, 1.8 miles of rock weir, a 570 cfs pumping station and a ponding area. The 
project area is 10,084 acres. The purpose of the diversion is to divert fresh water, 
with its accompanying nutrients and sediments, from the Mississippi River into the 
Barataria Basin in turn reducing saltwater intrusion and establishing favorable 
salinity conditions in the area, thus combating land loss. U. S. interests were 
transferred to Louisiana Department on Natural Resources. 
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Federally Owned Land 
There is no federally owned land located within the project footprint.  The information listed 
below is in the vicinity of the RP footprint and for information purposes.   


Disposal easements encompassing 21,871.30 acres for the Bayou Lafourche Spoil Disposal 
Area within Lafourche Parish have an eastern border located along the Reach H levee area 
on the southwestern end near Raceland and Bayou Lafourche. These easements held for 
the Bayou Lafourche Project do not provide the necessary rights for the RP.  Appropriate 
rights would be obtained from the local levee district as stated in Table D:3-1. Lands, 
Easements, Rights-of-Way, Relocations and Disposal Required from Local Government 
Entities in Section 3 of this REP. 


The Davis Pond Diversion West Guide Levee is on the east border of the proposed earthen 
levee at the first section of Reach A (A-1). The tracts previously owned by the United States 
Government for the Davis Pond Diversion Project have been transferred to the Louisiana 
Department of Natural Resources.  Appropriate rights would be obtained from the state 
agency as stated in Table D:3-1. Lands, Easements, Rights-of-Way, Relocations and 
Disposal Required from Local Government Entities in Section 3 of this REP. 


  







Upper Barataria Basin, Feasibility Study 
Final Appendix D – Real Estate 
 


 


  
 


36 


 


 


  


Navigation Servitude 
The navigation servitude is the “dominant right of the Government under the Commerce 
Clause of the U.S. Constitution to use, control and regulate the navigable waters of the 
United States and the submerged lands thereunder for various commerce-related purposes 
including navigation and flood control. In tidal areas, the servitude extends to all lands below 
the mean high-water mark. In non-tidal areas, the servitude extends to all lands within the 
bed and banks of a navigable stream that lie below the ordinary high-water mark.” 


The navigation servitude will not be invoked for this project, as the project features located 
below the mean high-water mark in Reach F are within Bayou Des Allemands, a state-
claimed water bottom.  The State of Louisiana Land Office will provide a grant of particular 
use to the NFS, who in turn will provide an Authorization for Entry to USACE. Real Estate 
Division certifies to Contracting Division that a Right-of-Entry is available. 
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    UPPER BARATARIA BASIN STUDY AREA 
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 UPPER BARATARIA BASIN RECOMMENDED PLAN
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Induced Flooding 
The 1 percent AEP design levee is estimated to potentially induce flooding in the 
communities of Bayou Gauche, Gheens, and Mathews, which are located outside of the 
system on the east side of the levee. The potential for induced flooding is greatest within the 
community of Bayou Gauche, which is directly adjacent to the levee. This area could 
potentially receive 1 to 1.5 feet of induced flooding under existing conditions and 2 to 4 feet 
under future conditions.  


In order to mitigate for potential induced flooding, 64 residential structures in Bayou Gauche 
may need to be acquired. Currently, it is estimated that 173 residential structures may need 
to be acquired in Gheens and 33 residential structures and 5 commercial structures may 
need to be acquired in Mathews. Residents and businesses displaced by acquisition of their 
property would be eligible for relocation assistance under Title II of Public Law 91-646.  
These benefits are explained in section 11 of this REP.  


The costs to acquire structures for the mitigation plan for potential induced flooding in all three 
areas are captured in Section 10, Paragraph 10.2, “Summary of 01 Real Estate Costs for 
Mitigation Plan for Potential Induced Flooding.” 
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Summary of Real Estate Costs 
10.1 SUMMARY OF 01 REAL ESTATE COSTS FOR RECOMMENDED PLAN – 


STRUCTURAL 


The estimated total cost of 01 Real Estate Costs for Recommended Plan for the LERRD 
required for the implementation of the Project is $11,866,000 (FY 2021). This cost reflects 
real estate interest acquisition costs required for the construction of the project as well as 
other costs associated with acquiring LERRD. These other costs include, but are not limited 
to, appraisals, surveys, title work, NFS oversite, and other administrative costs. The 
structural features of the project do not require the acquisition of residences, businesses, or 
farms, and therefore no relocations assistance benefits (P.L. 91-646) would be required.  


This Rough Order of Magnitude cost estimate is restricted use and not intended to comply 
with Uniform Standards of Professional Appraisal Practice (USPAP). Inspection of the 
property was made by aerial photography and appraiser utilized online information from local 
assessor offices. Appraiser studied 20+ land sales of potentially comparable properties.  
Real Estate costs will not exceed 10% of total project costs; therefore, a cost estimate was 
provided at this point of the study by CEMVN, Appraisal Branch in lieu of a gross appraisal.  
Real estate interest acquisition costs include a 25 percent contingency (rounded) to account 
for any minor changes during Preconstruction, Engineering and Design.  NFS will not 
receive credit for LERRD previously acquired in the past or previously provided as an item of 
cooperation. 
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10.2 SUMMARY OF 01 REAL ESTATE COSTS FOR MITIGATION PLAN FOR 
POTENTIAL INDUCED FLOODING 


The estimated total cost for 01 Real Estate Costs for the LERRD required for the 
implementation of the Mitigation Plan for Potential Induced Flooding is $84,213,000 (FY 
2021). This cost reflects real estate interest acquisition costs required for the construction of 
the mitigation plan project as well as other costs associated with acquiring LERRD for a 
mitigation plan for potential induced flooding. These other costs include, but are not limited 
to, appraisals, surveys, title work, NFS oversite, and other administrative costs. The 
mitigation plan for potential induced flooding may require the acquisition of improved 
structures, and therefore cost are included to provide relocations assistance benefits (P.L. 
91-646) to displaced residents.  
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10.3 SUMMARY OF 02 RELOCATIONS COSTS FOR FACILITIES/UTILITIES 


The estimated total cost for the relocations for Facilities/Utilities as fully discussed in 
Appendix A, Sections 1.11 Relocations is $32,405,000. 


The Relocations Branch of Engineering at the New Orleans District researched public 
facilities and utilities located within the proposed project area through the National Pipeline 
Database, State Online Natural Resources Information System (Louisiana Department of 
Natural Resources) and the National Pipeline Mapping System data as well as HTST-HIS 
and Penwell. 


This REP does not include any real estate costs to acquire LERRD for Fish and Wildlife 
Mitigation, as it is anticipated the impacted wetlands would be offset through the purchase of 
mitigation bank credits. 


This information is preliminary in nature and is subject to change during feasibility level 
design. 
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P.L. 91-646 Relocation Assistance Benefits 
Although the implementation of the RP (structural) would not displace residential, business, 
or farms within the project boundaries, the mitigation plan for potential induced flooding 
could potentially displace residences, businesses, and farms and, thus, require the 
application of the provisions under Title II of Public Law 91-646, as amended. 


Planning for Federal and federally-assisted programs or projects in such a manner that 
recognizes the problems associated with the displacement of individuals, families, 
businesses, farms, and developing solutions to minimize the adverse impacts of 
displacement would be accomplished during the early stages of development.  


These requirements apply to the relocation of any displaced person as defined at                 
§ 24.2(a)(9) 49 C.F.R. Any person who qualifies as a displaced person must be fully 
informed of his or her rights and entitlements to relocation assistance and payments 
provided by the Uniform Act and this regulation.  


The costs for potential relocations in included in Summary of Real Estate Costs for 
mitigation plan for potential induced flooding in Section 10, Paragraph 10.2. 



https://www.law.cornell.edu/definitions/index.php?width=840&height=800&iframe=true&def_id=bd36ca3f4cea2baaf41cee2311880073&term_occur=999&term_src=Title:49:Chapter:A:Part:24:Subpart:C:24.202

https://www.law.cornell.edu/cfr/text/49/24.2#a_9

https://www.law.cornell.edu/definitions/index.php?width=840&height=800&iframe=true&def_id=7b5713b81c86a1871399108c37add79f&term_occur=999&term_src=Title:49:Chapter:A:Part:24:Subpart:C:24.202

https://www.law.cornell.edu/definitions/index.php?width=840&height=800&iframe=true&def_id=bd36ca3f4cea2baaf41cee2311880073&term_occur=999&term_src=Title:49:Chapter:A:Part:24:Subpart:C:24.202

https://www.law.cornell.edu/definitions/index.php?width=840&height=800&iframe=true&def_id=80502b0ebd3068eab96d756abcce70e3&term_occur=999&term_src=Title:49:Chapter:A:Part:24:Subpart:C:24.202
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Minerals/Crops 
Mineral activity within the right-of-way of the RP has been plugged and abandoned as 
researched online through Department of Natural Resources site Strategic Online Natural 
Resources Information System. Outstanding mineral rights held by third party would not be 
acquired.  Louisiana laws prohibit drilling for minerals within 300 feet of a flood risk reduction 
levee feature; therefore, these outstanding mineral rights do not pose any risks to the 
project.   


There is no merchantable timber or row crop activity that would be affected by this RP, but 
there are pasture lands that would be affected.  


Additional information is included in Section 16 Facility/Utility Relocations. 
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Non-Federal Sponsor Authority to 
Participate 


An assessment of the NFS’ legal and professional capability and experience to acquire and 
provide the LERRD for the construction, operation, and maintenance of the RP, including its 
condemnation authority and quick-take capability has been received and is included in this 
REP as Exhibit A.  


Coastal Protection and Restoration Authority Board of Louisiana (CPRAB) has been 
involved on numerous other USACE projects.  CPRAB has in-house staff with sufficient real 
estate acquisition experience to meet its responsibilities and is highly capable of performing 
the responsibilities of LERRD acquisition and management.   


The NFS has the legal authority to acquire and hold title to real property for this project’s 
purpose but does not directly have quick take authority.  However, pursuant to Louisiana 
revised statutes (49:214.5.2 and 38:301.1), they may enter into an agreement to use the 
authority of a coastal area levee district or parish governing authority to use the quick take 
authority of those entities to acquire real property interests for project purposes. 


The NFS has been advised of the requirement to follow Public Law 91-646 and of the need 
to document expenses relative to the acquisition of LERRD for credit purposes.  
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Section 14 


Zoning Ordinances 
No application or enactment of zoning ordinances has been proposed in lieu of, or to 
facilitate, acquisition in connection with the RP.  
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Section 15 


Acquisition Schedule 
The acquisition schedule below shows the tasks and duration for acquisition of the LERRD 
required for the Project by the NFS. The Implementation of the RP would affect 
approximately 75 private landowners.   


This project is anticipated to be constructed in separate first year lifts. Acquisition schedule 
below is for each lift year’s reaches only – not for all LERRD’s required for the entire project. 


Table D:15-1. Acquisition Schedule 


Task/Duration Time Accumulation 


Mapping (3 months) 3 months 
Title (6 months); Appraisals (9 months) 12 months 
Negotiations (24 months) 36 months 
Closing (6 months); Condemnations (if necessary-12 months) 48 months 
Issue Right of Entry, Right-of-Way (2 months) 50 months 
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Section 16 


Facility/Utility Relocations 
The results of the CEMVN Engineering Division’s Design Services Relocations Branch 
investigations of facilities and utilities located within the project area that are expected to be 
impacted by the RP Reaches are set forth in Table D:16-1. These were researched from 
databases including the National Pipeline Database, State Online Natural Resources 
Information System (SONRIS), Louisiana Department of Natural Resources (LADNR), 
HTST-HIS, Penwell, and the National Pipeline Mapping System (NPMS) data. A site visit 
was not conducted. 


Based on the preliminary findings, it was determined that the existing pipelines and 
roadways within the project area of the RP would be impacted, either requiring relocation of 
the facility/utility or providing pipeline protection over the utility during construction. The 
facilities/utilities are the lines shown in Figure D:16-1 along with Highway 90 and River 
Road.  


U.S. Highway 90 and River Road in Reach A are impacted by the proposed flood protection. 
These roads would most likely be raised using the direct contact method.  The alignment 
crosses River Road and U. S. Highway 90.  Ramps would be constructed for the two road 
crossings at these roads, raising them using the direct contact method. Similar to the 
pipelines, the roadways are placed on the surface of the new constructed earthen levee 
outside of the levee design section.  Roller gate structures would be constructed for the two 
railroad tracks. 
 
A new permanent access road in Reach E would be constructed for a portion of Beau 
Estates Subdivision near Bayou Des Allemands.  A proposed newly constructed floodwall 
would cut off access at the existing road location. The new permanent road would be just 
outside of the newly constructed T-wall from Highway 306 and allow access to this area.  


Any conclusion or categorization contained in this report that an item is a facility or utility 
relocation is preliminary only. CEMVN Relocations Branch will incorporate the relocations 
process towards compensability and coordinate with utility owners throughout the design 
and development of the Plans & Specification process for this RP.  


The estimated cost of relocations is $32,405,000.  This estimated cost is below 30 percent of 
the total estimated project cost. An attorney’s compensability analysis and opinion of 
compensability for each of the impacted facilities and utilities will be completed during 
Preconstruction, Engineering and Design (PED).  The Government will then make a final 
determination of the relocations necessary for the construction, operation, or maintenance of 
the project after further analysis, and completion then approval of final attorney’s opinions of 
compensability for each of the impacted facilities and utilities.  As required by Real Estate 
Policy Guidance Letter No. 31 - Real Estate Support to Civil Works Planning, a preliminary 
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Real Estate Assessment addresses the following two questions under the corresponding 
letters in Table D:16-1 below (Y-Yes; N-No). 


A. Is the identified facility/utility generally of the type eligible for compensation under the
substitute facilities doctrine?


B. Does the District have some valid data or evidence that demonstrates that it has
identified an owner with a compensable interest in the property?


Table D:16-1. Facilities/Utilities in Recommended Plan Footprint 


REACH OWNER DIAMETER PRODUCT ACTION A B 


A Louisiana DOTD River Road Raised, ramps constructed Y Y 


A Atmos Gas Lay on design section; covered N N 


A Enterprise Pelican 26" Natural Gas Lay on design section; covered N N 


A Nustar 6" Anhydrous Ammonia Lay on design section; covered N N 


A Shell 6" Propylene Lay on design section; covered N N 


A Louisiana DOTD Highway 90 Raised, ramps constructed Y Y 


A Enterprise 10" Natural Gas Liquid 
Sleeve through sheet pile of T-
wall 


N N 


A Shell 20" Crude 
Sleeve through sheet pile of T-
wall 


N N 


A Shell 24" Crude 
Sleeve through sheet pile of T-
wall 


N N 


A Enlink 12.75" Natural Gas 
Sleeve through sheet pile of T-
wall 


N N 


B St. Charles Parish 12" Sewer Force Main 
Sleeve through sheet pile of T-
wall 


Y N 


B St. Charles Parish 16" 
Waste Water 
Discharge 


Sleeve through sheet pile of T-
wall 


Y N 


B St. Charles Parish 8" Force Main 
Sleeve through sheet pile of T-
wall 


Y N 


B St. Charles Parish 12" Force Main 
Sleeve through sheet pile of T-
wall 


Y N 


B Enlink 12.75" Natural Gas 
Sleeve through sheet pile of T-
wall 


N N 


B Enlink 8" Natural Gas 
Sleeve through sheet pile of T-
wall 


N N 


B Enlink 14" Natural Gas 
Sleeve through sheet pile of T-
wall 


N N 
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REACH OWNER DIAMETER PRODUCT ACTION A B 


B Phillips 66 14" 
Liquid Carbon 
Dioxide 


Sleeve through sheet pile of T-
wall 


N N 


B Columbia Gulf 16" Natural Gas 
Sleeve through sheet pile of T-
wall 


N N 


C Gulf South  12" Natural Gas 
Parallel; will determine during 
PED 


N N 


C Atmos 24" Natural Gas 
Parallel; will determine during 
PED 


N N 


C Gulf South  30" Natural Gas 
Parallel; will determine during 
PED 


N N 


C Phillips 66 14" 
Liquid Carbon 
Dioxide 


Sleeve through sheet pile of T-
wall 


N N 


C Columbia Gulf 16" Natural Gas 
Sleeve through sheet pile of T-
wall 


N N 


C Enlink  16" Natural Gas 
Sleeve through sheet pile of T-
wall 


N N 


D Enlink  22" Natural Gas Lay on design section; covered N N 


E Phillips 66 6" Natural Gas Liquids 
Sleeve through sheet pile of T-
wall 


N N 


E Phillips 66 6" Natural Gas Liquids 
Sleeve through sheet pile of T-
wall 


N N 


E Williams Energy 10" Liquid 
Sleeve through sheet pile of T-
wall 


N N 


E Phillips 66 14" Natural Gas Liquids 
Sleeve through sheet pile of T-
wall 


N N 


E Phillips 66 20" Natural Gas Liquids 
Sleeve through sheet pile of T-
wall 


N N 


E Enlink  30" Natural Gas 
Sleeve through sheet pile of T-
wall 


N N 


E Beau Estates  Access Road 


T-wall would block existing road 
to subdivision; New permanent 
road from Hwy 306 


Y Y 


G,H Gulf South  30" Natural Gas 
Parallel; will determine during 
PED 


N N 


G,H Gulf South   Natural Gas 
Parallel; will determine during 
PED 


N N 


G,H Gulf South   Natural Gas 
Parallel; will determine during 
PED 


N N 


G,H Gulf South   Natural Gas 
Parallel; will determine during 
PED 


N N 







Upper Barataria Basin, Feasibility Study 
Final Appendix D – Real Estate 


51 


REACH OWNER DIAMETER PRODUCT ACTION A B 


G Phillips 66 8" Natural Gas Liquids Lay on design section; covered N N 


H 
Transcontinental 
Gas 10" Natural Gas Lay on design section; covered 


N N 


H Gulf South 12" Natural Gas Lay on design section; covered N N 


H Abandoned 6" Gas 
Will verify if abandoned & 
remove 


N N 


H 
Texas Eastern 
Trans. Natural Gas Lay on design section; covered 


N N 


H LOOP LLC 48" Crude Oil Lay on design section; covered N N 


H Crimson Gulf 12.75" Crude Lay on design section; covered N N 


H Crimson Gulf 16" Crude Lay on design section; covered N N 


Utility Action Description: 


• Lay on design section; covered.  No relocation or construction necessary.  Lay protection
on top of pipeline.


• Sleeve through sheet pile of T-wall.  Construct sleeve to allow pipeline to pass through
levee alignment being lifted/constructed.


ANY CONCLUSION OR CATEGORIZATION CONTAINED IN THIS REPORT THAT AN 
ITEM IS A FACILITY OR UTILITY RELOCATION IS PRELIMINARY ONLY. THE 
GOVERNMENT WILL MAKE A FINAL DETERMINATION OF THE RELOCATIONS 
NECESSARY FOR THE CONSTRUCTION, OPERATION OR MAINTENANCE OF THE 
PROJECT AFTER FURTHER ANALYSIS AND COMPLETION AND APPROVAL OF FINAL 
ATTORNEY’S OPINIONS OF COMPENSABILITY FOR EACH OF THE IMPACTED 
FACILITIES AND UTILITIES. 
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Figure D:16-1. Map of Facilities/Utilities in Recommended Plan Footprint 
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Section 17 


Hazardous, Toxic, and Radioactive Waste 
and Other Environmental Considerations 


CEMVN is obligated under ER 1165-2-132 to assume responsibility for the reasonable 
identification and evaluation of all HTRW contamination within the vicinity of proposed 
actions.  The NFS, would be responsible for planning and accomplishing any HTRW 
response measures and would not receive credit for the costs incurred.  
 
A preliminary investigation was conducted on February 26, 2019 for the UBB Feasibility 
Study. Several crude oil pipelines and natural gas pipelines were found to be within the 
footprint of the proposed RP. Several oil and gas wells also noted within the project area 
have been closed out. The pipelines and wells may be considered as potential recognized 
environmental conditions (REC) and caution must be exercised during construction to avoid 
breakage of or damage to the pipelines.  An American Society for Testing and Materials 
(ASTM) E1527-13 Environmental Site Assessment (ESA) was completed on January 27, 
2021, for the RP.  The Phase I ESA did not reveal any REC within the RP footprint.  


Additionally, two previous Phase I ESAs were conducted. On February 7, 2019, the southern 
alignment of the RP was subject to a Phase I ESA. The Phase I ESA did not reveal any 
RECs within the proposed southern alignment footprint. On April 30, 2010, MVN published 
an HTRW Investigation entitled: HWY 90 Alignment. The proposed project area in the 2010 
HWY 90 Alignment HTRW Investigation overlays the same general area as the RP as well 
as additional areas farther to the south. Review of the 2010 HWY 90 Alignment HTRW 
Investigation indicated that there were no areas of concern or RECs that fell within the 
proposed project area at that time.  


An ASTM E 1527-13 Phase I ESA, HTRW investigation has been completed for the RP. 
Based on the recent 2021 HTRW investigation and previous HTRW investigations 
conducted in this area, there is a low risk for finding HTRW issues with the RP. Given the 
alignments are generally next to subdivisions/undeveloped areas and not industrial areas 
and given existing levees have already received environmental clearance and undergo 
regular maintenance, a low risk classification has been assigned.  


If a REC is identified in relation to the project area, MVN would take the necessary 
measures to avoid the REC, so that the probability of encountering or disturbing HTRW 
would continue to be low. Because a Phase I ESA is valid for 1 year, another Phase I ESA 
may be required prior to construction.  More information regarding Hazardous, Toxic and 
Radioactive Waste Can be found in the Final Integrated Feasibility Report with 
Environmental Impact Statement in Section 8. 
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Section 18 


Landowner Attitude 
USACE held general scoping meetings within 90 days of the start of the study. Landowners 
in these low-lying areas generally seem agreeable to more protection from flooding.  


Landowners with direct access to water (Proposed Reach E) voiced opposition to the 
construction of a floodwall blocking their access. This floodwall in Reach E would not allow 
landowners direct access to Paradis Canal and Grand Bayou Canal.  
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Section 19 


Risk Letter 
The NFS, Coastal Protection and Restoration Authority Board of Louisiana (CPRAB), has 
been given notification of the risks of acquiring real property interest prior to the Project 
Partnership Agreement, as the preliminary information in the feasibility study may change 
once completed.  Premature acquisition may result in insufficient or excessive real property 
acreage, as well as additional expense and delay schedule to complete acquisition.   


A copy of the letter discussing risk with early acquisition of real property interests in included 
in the REP as Exhibit B. 
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Section 20


Other Real Estate Issues 
The 1 percent AEP design levee is estimated to potentially induce flooding in areas located 
outside of the levee system on the east side of the levee. A Mitigation Plan for Potential 
Induced Flooding may be facilitated to mitigate for potential increased flooding associated 
with the RP in the Bayou Gauche, Gheens, and Mathews communities. Further research 
would be performed during PED Phase to conclude if potential measures are needed in a 
portion or all communities. Costs for acquiring all structures within the flood prone areas of 
Bayou Gauche, Gheens, and Mathews (outside of the protection) are included in this REP 
(Section 10, Paragraph 10.2 Summary of 01 Real Estate Costs for Mitigation Plan for 
Potential Induced Flooding).  


Date:  May 26, 2021 
Revised July 19, 2021 and July 29, 2021  
Revised October 26, 2021 and November 4, 2021


Real Estate, New Orleans District 


Prepared By:       Reviewed by:    Approved by:  


Pamela M. Fischer Karen Vance-Orange JUDITH Y. GUTIERREZ 
Realty Specialist Realty Specialist  Chief, Real Estate Division 


Real Estate Contracting Officer 
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EXHIBIT A 


ASSESSMENT OF NON-FEDERAL SPONSOR’S REAL ESTATE ACQUISITION CAPABILITY 
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EXHIBIT B 


LETTER INFORMING NON-FEDERAL SPONSOR OF RISK ASSOCIATED WITH ACQUISITION OF REAL 
ESTATE RIGHTS PRIOR TO SIGNING THE PROJECT PARTNERSHIP AGREEMENT 
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1.1 INTRODUCTION 


This document provides a summary of the plan formulation process used to develop compensatory mitigation 
measures for the Upper Barataria Basin Feasibility Study and Environmental Impact Statement (UBB FS/EIS) 
project’s environmental impacts to wetlands. In order to be consistent with the concepts and principles of 
SMART Planning, proposed compensatory mitigation measures were based on existing available data sources 
and focused on scaling the measures or features based on the mitigation needs laid out in Environmental 
Appendix C, Section 2.2, Impacts to Wetlands. 


1.2 PROPOSED ACTION 


The proposed action is to provide compensatory mitigation for unavoidable impacts to habitat in the project 
area. During planning for the UBB project, measures to avoid and minimize impacts to significant resources 
were employed to the extent practicable. Table 1 provides a general summary of mitigation sequence of actions 
to avoid and minimize impact to significant resources associated with the final array of alternatives discussed 
in Section 4.6 of the main report. Nonetheless, unavoidable impacts to freshwater emergent marsh, 
swamp, and BLH habitat would occur from construction of the project and would be offset through 
compensatory mitigation. 







 
 


Table 1.  Summary of Mitigation Sequence Actions 
  


Avoid Minimize Mitigate/Compensate 


        


No Action n/a n/a n/a 


        


Alternative 1 - Highway 
90 - Segment 1 


Extension (Final Array) 


Measure:  Portions of the alignment 
utilized existing levees and upland 


corridors and no additional impacts 
were incurred; Create tidal exchange 


structures. 
 


Objective:  Avoid impacts to wetlands 
and maintain access and exchange.  


 
Impact Addressed:  Prevents 


construction work from impacting 
wetlands and other fish and wildlife 
habitats. Avoiding borrow sites with 
swamp or marsh and look towards 


local farm lands.  Preserves hydrology 
and fishery access. 


 
Relevant laws:  Clean Water Act, Fish 


and Wildlife Coordination Act, 
Magnuson Stevens Fishery 


Conservation and Management Act, 
Water Resources Development Act 


Measure:  Portions of the alignment 
utilized existing levees however 


additional impacts did occur  
 


Objective:  Minize impoundment of 
wetlands and waterbodies. 


 
Impact Addressed:  Prevents loss of 


fish habitat and access to habitat.   
 


Relevant laws:  Clean Water Act, Fish 
and Wildlife Coordination Act, 


Magnuson Stevens Fishery 
Conservation and Management Act, 
Water Resources Development Act 


Measure:  Purchase credits from a 
mitigation bank. 


 
Objective:  Compensate for 


unavoidable impacts to fish and 
wildlife habitats. 


 
Impact Addressed: Replaces lost 
functions and values of wetlands 
impacted by project construction.  


 
Relevant laws:  Clean Water Act, Fish 


and Wildlife Coordination Act, 
Magnuson Stevens Fishery 


Conservation and Management Act, 
Water Resources Development Act 


        







 
Avoid Minimize Mitigate/Compensate 


Alternative 2 - Highway 
90 - Full Alignment  


(Final Array) 


Measure:  Create tidal exchange 
structures. 


 
Objective:  Avoid impacts to 
wetlands. Maintain access and 


exchange. 
 


Impact Addressed:  Prevents 
construction work from impacting 
wetlands and other fish and wildlife 
habitats. Avoiding borrow sites with 
swamp or marsh and look towards 


local farm lands. Preserve hydrology 
and fish access.  


 
Relevant laws:  Clean Water Act, Fish 


and Wildlife Coordination Act, 
Magnuson Stevens Fishery 


Conservation and Management Act, 
Water Resources Development Act 


Measure:  Portions of the alignment 
utilized existing levees however 


additional impacts did occur; Chose 
alighment to reduce impacts to marsh   


 
Objective:  Minize impoundment of 


wetlands and waterbodies. 
 


Impact Addressed:  Prevents loss of 
fish habitat and access to habitat.   


 
Relevant laws:  Clean Water Act, Fish 


and Wildlife Coordination Act, 
Magnuson Stevens Fishery 


Conservation and Management Act, 
Water Resources Development Act 


Measure:  Purchase credits from a 
mitigation bank. 


 
Objective:  Compensate for 


unavoidable impacts to fish and 
wildlife habitats. 


 
Impact Addressed: Replaces lost 
functions and values of wetlands 
impacted by project construction.  


 
Relevant laws:  Clean Water Act, Fish 


and Wildlife Coordination Act, 
Magnuson Stevens Fishery 


Conservation and Management Act, 
Water Resources Development Act 


        







 
Avoid Minimize Mitigate/Compensate 


Alternative 10 - 1% AEP 
Open Basin (eliminated) 


Measure: Did not concider a cross- 
basin alignment 


 
Objective:  Avoid impacts to wetland 


to the maximum extent 
 


Impact Addressed:  Prevents 
construction work from impacting 
wetlands and other fish and wildlife 
habitats. Avoiding borrow sites with 
swamp or marsh and look towards 


local farm lands. Preserve hydrology 
and fishery access.  


 
Relevant laws:  Clean Water Act, Fish 


and Wildlife Coordination Act, 
Magnuson Stevens Fishery 


Conservation and Management Act, 
Water Resources Development Act 


Measure: Entire alignment utilized 
existing levees however additional 


impacts did occur; Reduce reaches that 
cross open water without an existing 


strucuture.  
 


Objective:  Minize impoundment of 
wetlands and waterbodies on the flood 


side of the alignment. 
 


Impact Addressed:  Prevents loss of 
fish habitat and access to habitat.   


 
Relevant laws:  Clean Water Act, Fish 


and Wildlife Coordination Act, 
Magnuson Stevens Fishery 


Conservation and Management Act, 
Water Resources Development Act 


Measure:  Purchase credits from a 
mitigation bank. 


 
Objective:  Compensate for 


unavoidable impacts to fish and 
wildlife habitats. 


 
Impact Addressed: Replaces lost 
functions and values of wetlands 
impacted by project construction.  


 
Relevant laws:  Clean Water Act, Fish 


and Wildlife Coordination Act, 
Magnuson Stevens Fishery 


Conservation and Management Act, 
Water Resources Development Act 


        


Non-Structural - NS1 
(eliminated) 


n/a n/a n/a 


 







 
 
 


1.3 PRIOR REPORTS 


Numerous studies and reports regarding mitigation for water resources development projects in the study 
area have been prepared by CEMVN, other federal, state, and local agencies, research institutes, and 
individuals. The CEMVN HSDRRS website provides additional information of studies and construction: 
 
https://www.mvn.usace.army.mil/Missions/Environmental/NEPA-Compliance-Documents/HSDRRS-
Projects/ [accessed 3 June 2021]  
 
Previous mitigation plans have identified and modified mitigation projects for various habitat types impacted. 
The original mitigation projects associated with HSDRRS are discussed in: 
 
Programmatic Individual Environmental Report #37 West Bank and Vicinity (WBV) Hurricane and Storm Damage Risk 
Reduction System (HSDRRS) Mitigation, PIER #371, signed Decision Record 13 June 2014. 1 


 
PIER #37 described and evaluated its proposed mitigation plan to compensate for unavoidable habitat 
losses caused by the construction of the WBV HSDRRS. The mitigation plan set forth in the PIER 
was comprised of both constructible and programmatic features. In the Decision Record, the 
constructible feature of the selected plan was recommended for implementation, which included 
purchase of BLH-Wet mitigation bank credits with no particular mitigation bank identified, while the 
programmatic features were recommended for further evaluation and design.  
 


Supplemental PIER Mitigation for Protected Side Bottomland Hardwoods Dry WBV HSDRRS, SPIER #37a2, February 
2016. 2 


 
SPIER #37a described and evaluated substitute projects for the protected side BLH-dry feature of the 
mitigation plan found in PIER #37 and provided an assessment of the revised compensatory 
mitigation plan for the WBV HSDRRS impacts using the selected replacement projects.  


 
Environmental Assessment #543 New Right of Way and Mitigation for the New Orleans to Venice Hurricane Risk Reduction 
Project: Incorporation of Non-Federal Levees from Oakville to St. Jude and New Orleans to Venice Federal Hurricane Protection 
Levee, Plaquemines Parish, Louisiana, EA #5433, signed FONSI 12 December 2017. 3 
 


EA #543 described and evaluated its proposed mitigation plan to compensate unavoidable habitat 
losses caused by the proposed construction to BLH-Wet habitat. The proposed mitigation alternative 
was to purchase mitigation bank credits to offset impacts to BLH-Wet. Other mitigating alternatives 
with a public land option were considered but were not selected due to cost, risk, and reliability.   
 


Draft Supplemental Environmental Assessment SEA #543a4. 


 
SEA 543a described and evaluated its proposed mitigation plan to compensate unavoidable habitat 
losses caused by proposed construction. A mitigation project at 05a.1 was described and evaluated; 


 
1 Available online at: https://www.mvn.usace.army.mil/Missions/Environmental/NEPA-Compliance-Documents/HSDRRS-
Projects/PIER-37-WBV-HSDRRS-Mitigation/; accessed on July 2021 
2 Available online at: https://www.mvn.usace.army.mil/Portals/56/Users/194/42/2242/SPIER%2037a%20Final%20Document.pdf; accessed on 
July 2021 
3 Available online at: 
https://www.mvn.usace.army.mil/Portals/56/docs/Projects/NOV%20NFL/Final%20EA%20%23543%20and%20Signed%20FONSI.pd
f?ver=2017-12-14-092922-763; Accessed on July 2021 
4 Available online at: https://www.mvn.usace.army.mil/projects/NOV/ ; Accessed on 2 July 2021 



https://www.mvn.usace.army.mil/Missions/Environmental/NEPA-Compliance-Documents/HSDRRS-Projects/

https://www.mvn.usace.army.mil/Missions/Environmental/NEPA-Compliance-Documents/HSDRRS-Projects/

https://www.mvn.usace.army.mil/Missions/Environmental/NEPA-Compliance-Documents/HSDRRS-Projects/PIER-37-WBV-HSDRRS-Mitigation/

https://www.mvn.usace.army.mil/Missions/Environmental/NEPA-Compliance-Documents/HSDRRS-Projects/PIER-37-WBV-HSDRRS-Mitigation/

https://www.mvn.usace.army.mil/Portals/56/Users/194/42/2242/SPIER%2037a%20Final%20Document.pdf

https://www.mvn.usace.army.mil/Portals/56/docs/Projects/NOV%20NFL/Final%20EA%20%23543%20and%20Signed%20FONSI.pdf?ver=2017-12-14-092922-763

https://www.mvn.usace.army.mil/Portals/56/docs/Projects/NOV%20NFL/Final%20EA%20%23543%20and%20Signed%20FONSI.pdf?ver=2017-12-14-092922-763

https://www.mvn.usace.army.mil/projects/NOV/





however, this alternative was not selected. The tentatively selected plan alternative for SEA #543a is 
the purchase of mitigation swamp credits.  
 


Final Supplemental Environmental Assessment – West Bank and Vicinity Hurricane and Storm Damage Risk Reduction 
System Flood Side BLH-Wet and Swamp Mitigation, Lafourche Parish, Louisiana SEA #5725  (Signed FONSI 24 July 
2019). 5 
 


SEA #572 was needed since many of the earlier identified mitigation projects were determined not to 
be implementable. SEA #572 evaluated 5 additional projects and carried two forward for further 
analysis (Hwy 307 and Mitigation Banks), the remaining considered projects were not moved forward 
due to cost, additional impacts that would require mitigation, or unacceptable schedule delays related 
to obtaining right of entry (ROE). Appendix E of SEA #572 is hereby incorporated by reference for 
a monitoring plan and success criteria.  
 


Supplemental Project Description Document No. 4. West Bank and Vicinity (WBV), Highway 307 Mitigation Hurricane and 
Storm Damage Risk Reduction System. February 2020. (Approved 17 April 2020).  


 
The purpose of the supplemental project description document was to provide a brief and concise 
summary of the current plan for the mitigating WBV HSDRRS General Flood Side (FS) Bottomland 
Hardwood-Wet impacts and General FS Swamp impacts as presented in the Supplemental 
Environmental Assessment #572, and as revised from those plans originally described in the 2014 
WBV HSDRRS Mitigation for mitigating the cited impacts. 
 


Tiered Environmental Assessment to Programmatic Individual Environmental Report (PIER) 37 Jean Lafitte National 
Historical Park and Preserve Mitigation Features, West Bank and Vicinity, Hurricane and Storm Damage Risk Reduction 
System Mitigation Jefferson Parish, Louisiana, PIER 37, TIER 1 EA (Approved December 17, 2016)6  
 


PIER 37, TIER 1 EA was needed to evaluate the potential impacts associated with implementing the 
proposed projects of the approved mitigation plan in PIER 37 situated within Jean Lafitte National 
Historical Park and Preserve (JELA or Park). These projects mitigated for impacts incurred through 
construction of the WBV HSDRRS to: general fresh marsh (i.e., fresh marsh that was not located in 
the Park or in the Environmental Protection Agency- (EPA) designated Clean Water Act (CWA) 
Section 404(c) area); fresh marsh located within the Park; Swamp located within the Park; BLH-Wet 
located within the Park; and BLH-Wet and Swamp located within the 404(c) area through the 
restoration of said habitat types on JELA. Appendix D: Planting Guidelines, Monitoring Plan, and 
Success Criteria of SEA #572 is hereby incorporated by reference for the planting guidelines, 
monitoring plan, and success criteria for general fresh marsh.   
 


2.0 MITIGATION PROCEDURES 


The mitigation procedures follow Appendix C of the Planning Guidance Notebook dated 01 April 2019.   
 


 
5 Available online at: https://www.mvn.usace.army.mil/Portals/56/Users/194/42/2242/Draft%20SEA%20572%20Document.pdf; 
accessed on July 2021 
6 Available online at: 
https://www.mvn.usace.army.mil/Portals/56/Users/194/42/2242/PIER%2037,%20TIER%201%20EA%20Final.pdf ; accessed on 3 
July 2021 



https://www.mvn.usace.army.mil/Portals/56/Users/194/42/2242/Draft%20SEA%20572%20Document.pdf
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2.1 INVENTORY AND CATEGORIZE ECOLOGICAL 
RESOURCES 


An ecological resources inventory within the study area is documented in Section 3 of the UBB FS/EIS. 
Environmental Appendix C identifies the location and extent of the impacted environmental resources that 
were quantified using Wetland Value Assessment (WVA) models (a habitat-based analyses) for Fresh Marsh, 
Open Water, BLH-Wet and Swamp. The results, expressed as Average Annual Habitat Units (AAHU), 
underwent Agency Technical Review are presented in table 1.  
 


Table 2.  Impacted Resources. 


 Alternative 1 


Habitat Type Acres AAHU* 


Wetland Bottomland Hardwood Forest 291.32 -94.94 


Cypress-Tupelo Swamp 167.28 -111.40 


Fresh Marsh 266.79 -119.79 


Total  725.39  


Open Water**  95 -6.85 


  -332.98 


  *Calculated using the Intermediate SLR scenario 
  **Open water is mitigated through marsh creation 
 


2.2 DEFINE MITIGATION PLANNING GOALS AND 


OBJECTIVES 


Consistent with a watershed approach, the planning process used existing mitigation measures and locations in 
the Barataria Basin within the Louisiana Coastal Zone to formulate plans to compensate for impacts the UBB 
project could not avoid. Consideration of mitigation banks, consistent with Section 1163 of WRDA 2016 is 
also included in the analysis. Identification and justification of the recommended mitigation plan was based on 
cost-effectiveness and incremental cost analysis. The following planning goal was developed to guide the 
development of the compensatory mitigation sites: 
 
Selecting a mitigation plan that meets mitigation objectives and reasonably maximizes environmental 
benefits while passing tests of cost effectiveness and incremental cost analyses, acceptability, 
completeness, efficiency, and effectiveness. 
 
The objective of the proposed mitigation is to compensate for habitat losses, as measured by AAHU, that are 
expected to occur during the construction of the proposed actions for Marsh, Swamp, and BLH. The proposed 
compensatory mitigation would replace the lost functions and services of the impacted Marsh, Swamp, and 
BLH habitat. 
 


2.3 DETERMINE UNIT OF MEASUREMENT 


The output of the mitigation plan increments would be measured by AAHU. 
 







2.4 IDENTIFY AND ASSESS THE POTENTIAL MITIGATION 
STRATEGIES 


2.4.1 Mitigation Plan Formulation Strategies and Management Measures  


Lessons learned from these efforts were considered for this mitigation planning effort. Measures considered 
for mitigation planning are outlined below: 
 
Marsh, Swamp, or BLH Enhancement/Restoration: This measure would enhance or restore marsh, cypress forest, 
or BLH-Wet forest in the basin through site preparation (clearing, leveling, etc.) and planting. Only sites that 
could achieve a long-term success criterion would be selected. 
 
Marsh, Swamp, or BLH Creation: This measure would develop new areas that would support Fresh Marsh, 
Swamp, or BLH habitats. Typically this would be achieved through the raising or degrading of existing 
landforms or the filling of shallow open water to elevations conducive to the establishment of Fresh Marsh, 
Swamp or BLH-Wet habitats followed by the planting of desired target habitat type species. 
 
Marsh, Swamp, or BLH Credits: Purchase of mitigation bank Marsh, Swamp, and BLH credits approved by OCM 
to offset coastal zone impacts from a bank with perpetual conservation servitude. 


 


2.4.2 Mitigation Project Considerations 


The following factors were considered during the mitigation project development:  
 


1) In accordance with the USACE Implementation Guidance of Section 2036 of the WRDA 2007 


(which amended WRDA 1986, Section 906), Mitigation for Fish and Wildlife and Wetlands Losses, 


compensatory mitigation was formulated to occur within the same watershed or hydrologic basin as 


the impacts and to replace the functions and services of each impacted habitat type with functions 


and services of the same habitat type. The UBB FS/EIS Mitigation Basin boundaries coincide with 


the watershed boundaries except for the southern boundary. The southern boundary for planning 


purposes was limited to the intermediate/brackish marsh interface at 6 part per thousand (ppt) 


because the UBB FS/EIS work only impacted freshwater Marsh, Swamp, and BLH-Wet habitat and 


the functions and services of freshwater wetland could not be replaced in areas with salinity greater 


than those found in intermediate wetland systems. 


2) In accordance with WRDA 1986, Section 906 as amended (33 U.S.C. 2283(d)), mitigation measures 


were required to either restore or enhance the same habitat types that would be impacted (e.g. 


“habitat type for habitat type”) by proposed UBB FS/EIS construction.  


3) Because the impacts would occur within the Louisiana Coastal Zone (CZ), bank credits would need 


to be approved by the Louisiana Department of Natural Resources, Office of Coastal Management 


(OCM) to offset impacts within the CZ.  


2.4.3 Considered Mitigation Alternatives 


No Action Alternative: NEPA requires that in analyzing alternatives to proposed action, a federal agency 
consider an alternative of “No Action”. The No Action alternative evaluates not implementing the UBB 
FS/EIS proposed action and associated mitigation and represents the future-without-project (FWOP) scenario 
by which alternatives considered in detail are compared. The FWOP provides a baseline essential for impact 
assessment and alternative analysis. This section presents the No Action Alternative as not implementing 
mitigation for UBB FS/EIS construction impacts. Compensatory mitigation for unavoidable habitat losses due 







to the construction of the proposed UBB FS/EIS is required by law (e.g., Clean Water Act, WRDAs of 1986, 
2007, and 2016), and the CEMVN does not consider the No Action Alternative to be a reasonable or legally 
viable alternative that could be chosen. 
 
The analysis for the No Action Alternative considers previous, current, and reasonably foreseeable future 
projects, which could impact the resources evaluated in the UBB FS/EIS. For this analysis, a project is 
considered “reasonably foreseeable” if it meets one of the following criteria: 
 


• USACE authorized ecosystem restoration, hurricane and storm damage risk reduction, flood risk 


reduction, and/or navigation project with an anticipated Tentatively Selected Plan; 


• CWPPRA project authorized at a Phase 2 – construction status; 


• Coastal Impact Assistance Program ecosystem restoration or hurricane and storm damage risk reduction 


or flood risk reduction project which is funded for construction;  


• State of Louisiana Surplus-funded ecosystem restoration or hurricane and storm damage risk reduction 


or flood risk reduction project funded for construction; or  


• Louisiana Levee District permitted hurricane and storm damage risk reduction or flood risk reduction 


project.  


Wetland or ecosystem restoration activities considered part of the No Action Alternative could counter, to a 
degree, the current land loss trends throughout the basin and progressions of wetlands to open water. In 
addition to these ecosystem restoration projects, a number of hurricane and storm damage risk reduction 
projects, flood risk reduction, projects, and navigation projects would continue to influence the hydrodynamics 
within the basin.  
 
Alternative 1: Purchase of Mitigation Bank Credits 
 
725.39 Average Annual Habitat Units (AAHU) of Marsh, Swamp, and BLH-Wet impacts would be mitigated 
through the purchase of mitigation bank Marsh, Swamp, and BLH credits approved by OCM to offset coastal 
zone impacts from a bank with perpetual conservation servitude. The purchase would occur prior to or 
concurrent with construction impacts.  
 
No particular bank is proposed for use at this time. The bank(s) from which credits would be purchased would 
be selected through a solicitation process, through which any mitigation bank meeting eligibility requirements 
and having the appropriate resource type of credits could submit a proposal to sell credits. If appropriate and 
cost-effective, the Corps may choose to purchase mitigation bank credits from more than one bank to fulfill 
the compensatory mitigation requirements for Marsh, Swamp, and BLH-Wet habitat type. The solicitation for 
mitigation bank bids will include requirements that the banks are OCM-approved, and within the same or 
adjacent CWPPRA-defined hydrologic basin as the impacts. 
 
The purchase of credits is dependent on receipt of acceptable, cost-effective proposals from eligible banks. 
Currently, there are insufficient in-kind mitigation bank credits in the watershed to implement this alternative; 
however, CEMVN anticipates future banks and/or future credit releases may be approved prior to construction 
of the proposed action for the UBB FS/EIS. No new cumulative impacts to any resource would be incurred 
from the purchase of credits from a previously approved mitigation bank for the UBB FS/EIS mitigation under 
the proposed mitigation plan. The purchase of mitigation bank credits would occur at approved banks, which 
perform in accordance with schedules contained in their respective mitigation banking instruments. No physical 
impacts at a bank would occur with the purchase of credits.  
Depending on the amount of mitigation bank credits available in the basin at the time of credit purchase for 
the UBB mitigation, UBB use of mitigation credits may reduce the number of credits available to permittees to 
compensate for Marsh, Swamp, and BLH impacts authorized by Department of Army Section 10/404 permits. 
Following the UBB purchase, in the event sufficient credits are not available to offset impacts associated with 







a proposed permit, the district engineer would determine appropriate compensatory mitigation based on the 
factors described in 33 CFR Part 332.3(b)7. 
If purchase of mitigation bank credits were approved as the UBB FS/EIS Mitigation Plan and if an acceptable, 
cost-effective bid to sell credits is received, then all Marsh, Swamp, and BLH-Wet impacts would be mitigated 
through the purchase of Marsh, Swamp, and BLH-Wet credits equaling 126.64, 111.4, and 94.94 AAHU 
respectively. The same version of the WVA model that was used to assess the impacts of constructing the 
proposed action would be run on the mitigation banks to ensure that the assessment of the functions and 
services provided by the mitigation bank match the assessment of the lost functions and services as the 
impacted site.  
 
 
Alternative 2: Corps-Constructed: 
 
Consistent with the principles of SMART Planning, the team also developed an array of mitigation plans by 
reviewing existing studies and plans to determine if they would contain alternatives that would match the 
management measures layout. Most of these studies and plans have been technically reviewed. Below is a list 
of the source of data used: 
 


• CWPPRA PPL - Existing Coastal Wetlands Planning, Protection and Restoration Act (CWPPRA) 
Priority Project List (PPL) Information. The CWPPRA program yearly contains ecosystem projects 
that have had WVA and engineering analyses conducted. Project not selected for authorization were 
reviewed for mitigation planning.  


• 2012 and 2017 State of Louisiana Master Plans - The 2012 and the 2017 State of Louisiana Master 
Plans include various restoration projects throughout the Barataria Basin.  


• UBB Mitigation - Projects not selected in the final UBB mitigation planning documentation could 
be a source for additional mitigation projects. Mitigation sites from the recommended plan already 
constructed could be expanded upon or any of the sites in the final array that were not recommended 
for construction could be used. For example, in Figure 1 many of the sites shown within the red circles 
could be evaluated for implementation as mitigation for UBB impacts.  


 
  


 
7 Available online at: https://www.law.cornell.edu/cfr/text/33/332.3. Accessed on July 2021 
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Figure 1. Selected array of sites under the UBB efforts 


 
 


a. Highway 307 Mitigation Project Expansion: If implemented, this mitigation project would involve 


expanding this existing mitigation effort to restore the mitigation requirements for UBB FS/EIS. 


This site is located in Lafourche Parish along Highway 307 between Raceland and Des Allemandes. 


The current footprint consists of approximately 521 acres of agricultural fields. Within the 521 acres, 


approximately 133 acres are BLH-Wet restoration. Elevations within this portion of this site where 


BLH-Wet would be restored are either at or above the elevation conducive to BLH-Wet 


establishment (+2.5 feet to 3.25 feet NAVD88); therefore, no outside borrow would be required for 


this proposed restoration action. Additional mitigation plan details for this site are provided in SEA 


#572. This site is actively being used to mitigate impacts to BLH-Wet due to HSDRRS construction.  


b. 05a.1 Mitigation Project:  If implemented, this mitigation project would consider a Corps 


Constructed mitigation project to restore the mitigation requirements for UBB FS/EIS within 


existing agricultural fields. This site is located west of the Mississippi River between miles 63.0 and 


64.0 in Plaquemines Parish. The description of this mitigation site is provided in SEA # 543a; 


however, it would be adapted to construct BLH-Wet or Swamp habitat.  


c. Combination of Hwy 307 and 05a.1 Mitigation Project Expansion: If implemented, this mitigation 


project would involve using both sites to restore the mitigation requirements for UBB FS/EIS.  


d. BA-34-2 Swamp Restoration Project: With a project area of 2,394 acres, this project is located west 


of Lac des Allemands in St. James Parish, Louisiana, south of the town of South Vacherie, bordered 


to the south by Bayou Chevreuil, and on the east by LA Highway 20. This project enhanced 2,394 


acers of Swamp habitat that would have continued to degrade without the project.   


e. CWPPRA Sites: Over the recent years various marsh creations sites have been proposed for the 


Barataria Basin. If implemented, this mitigation project would review those sites an implement site to 


meet the Marsh needs 


Alternative 3: Corps constructed and mitigation bank purchases  







This would involve constructing all or part of HWY 307, 05a.1, or BA-34-2 and purchasing available or 


some mitigation bank credits to meet the BLH-Wet compensatory mitigation need. 


2.5 DEFINE AND ESTIMATE COSTS OF MITIGATION PLAN 
INCREMENTS  


A qualitative cost estimate for Marsh, Swamp, and BLH-Wet mitigation is based on previous estimates for 
Marsh, Swamp, and BLH-Wet mitigation in the area. The cost of mitigation was estimated per AAHU and 
applied in the project cost estimates in the UBB FS/EIS. 


2.6 DISPLAY INCREMENTAL COSTS 


Cost effectiveness and incremental cost analysis (CE/ICA) can provide decision-makers with relative output-
cost relationships of various mitigation alternatives and help decision-makers identify a recommended 
mitigation plan to pursue in more detail. The Institute for Water Resources Planning Suite II was used to 
complete the CE/ICA of the mitigation alternatives to evaluate and compare the monetary cost estimates and 
non-monetary outputs. Cost-effective alternatives are plans that have the greatest output of all alternatives for 
that cost. A secondary analysis on the subset of cost-effective alternatives identifies superior financial 
investments, called “Best Buys”, through an incremental cost analysis. Best Buy alternatives provide the greatest 
increase in output for the least increase in cost.  
 
The mitigation cost estimates are provided per AAHU and are based on costs from recent CEMVN projects. 
All cost were indexed to FY21 dollars. The Alternatives were broken into individual habitat categories; BLH, 
Swamp, and Fresh Marsh.   
 


BLH: 
Actual costs of $121,385 per AAHU were used from the Highway 307 project. Other historical project 


had similar cost. For the purchase of BLH-Wet mitigation bank credits, an average cost of $92,072 per AAHU 
was used based on multiple recent mitigation bank credit purchases. For the combination alternative of using 
bank credits and constructed, a 50/50 split per AAHU and associated costs was used. All BLH alternatives had 
the same output of 94.94 AAHU. 


 
Swamp: 
Costs of $107,039 per AAHU were used for corps-constructed alternative. Due to the historical varying 


measures used for corps constructed swamp sites an average construction cost was used. For the purchase of 
swamp mitigation bank credits, an average cost of $99,374 per AAHU was used based on recent mitigation 
bank credit purchases. For the combination alternative of using bank credits and constructed, a 50/50 split per 
AAHU and associated costs was used. All Swamp alternatives had the same output of 111.4 AAHU. 


 
Freshwater Marsh: 
Costs of $468,138 per AAHU were used for corps-constructed alternative. Due to the historical varying 


measures used for corps constructed freshwater marsh sites an average construction cost was used. For the 
purchase of freshwater marsh mitigation bank credits, an average cost of $385,027 per AAHU was used based 
on multiple recent mitigation bank credit purchases and historical research in purchases of private credits8. For 
the combination alternative of using bank credits and constructed, a 50/50 split per AAHU and associated 
costs was used. All freshwater marsh alternatives had the same output of 111.4 AAHU. 
 
Table 3 displays the incremental costs for each mitigation plan. The No Action and mitigation bank alternatives 
were Best Buys, while the other alternatives were non-cost effective. From this analysis, purchase of mitigation 
bank credits was selected as the recommended mitigation plan.  


 
 







 
  







 
Table 3. Incremental Cost Comparison for Considered Mitigation Alternatives 


Alternative Cost* 
Output 
(AAHU) 


Cost Effective 


BLH-Wet        


No Action $0  0 Best Buy 


Mitigation Bank (BLH-Wet) $8,741,316  94.94 Best Buy 


Bank + Constructed (BLH-Wet) $10,132,812  94.94 
Non-Cost 
effective 


Constructed (BLH-Wet) $11,524,307  94.94 
Non-Cost 
Effective 


Swamp       


No Action $0  0 Best Buy 


Mitigation Bank (Swamp) $11,070,264  111.4 Best Buy 


Bank + Constructed (Swamp) $11,497,204  111.4 
Non-Cost 
effective 


Constructed (Swamp) $11,924,144  111.4 
Non-Cost 
Effective 


Fresh Marsh*       


No Action $0  0 Best Buy 


Mitigation Bank (Fresh Marsh) $6,332,000  126.64 Best Buy 


Bank + Constructed (Fresh Marsh) $8,231,600  126.64 
Non-Cost 
effective 


Constructed (Fresh Marsh) $10,131,200  126.64 
Non-Cost 
Effective 


 


2.7 ELEMENTS OF THE RECOMMENDED MITIGATION PLAN 


CEMVN has assessed the impacts of the no action alternative and the proposed mitigation credit purchase on 
relevant resources in the study area, including air quality, water quality, terrestrial habitat, aquatic habitat, fish 
and wildlife, wetlands, threatened and endangered species, recreational resources, aesthetic resources, cultural 
resources, farmland, and socioeconomic resources through the UBB FS/EIS. Section 3 of the UBB FS/EIS 
provides the details of the existing conditions within the study area and are not repeated here. Section 5 of the 
UBB FS/EIS describes the environmental impacts, including direct, indirect, and cumulative effects of the 
proposed action including mitigation on relevant resources and are not repeated here. 
 
The proposed action in this mitigation plan consists of purchasing mitigation bank credits to mitigate 332.98 
AAHU to offset Marsh, Swamp, and BLH-Wet impacts.  
 
Since the proposed action recommended for implementation at this time consists of purchasing mitigation 
credits, CEMVN has concluded that there would be no new direct, indirect, or cumulative impacts to any 
relevant resources from that action. Any changes to the proposed mitigation plan would be fully evaluated in 
future NEPA documents if needed. Future NEPA documents would further evaluate the impacts of Alternative 
2 (Corps Constructed).  







 
a. Description of Physical Action – None. Purchase of mitigation credits does not involve any physical 


action. The mitigation bank that sells the credits will continue to operate in accordance with its mitigation 
banking instrument. 


 
b. Type, amount, and characteristics of the habitat to be restored – Sufficient OCM-approved 


bottomland hardwood forest credits will be purchased from a mitigation bank in the Barataria Hydrologic Basin 
or, if necessary, an adjacent basin, to offset impacts to 332.98 AAHU of Marsh, Swamp, and BLH-Wet. The 
same WVA model that was used to determine impacts will be used to determine the number of bank credits 
required to offset the bottomland hardwood forest losses. 


 
c. Ecological Success Criteria –The selected mitigation bank must be in compliance with its Mitigation 


Banking Instrument, which sets forth the bank’s ecological success criteria and the timeline for the bank’s 
achievement of its ecological success milestones. 


 
d. Monitoring Plan – The purchase of mitigation bank credits relieves the USACE and the NFS from 


monitoring to ensure ecological success.  
 
e. Adaptive Management – The selected mitigation bank must be in compliance with its Mitigation 


Banking Instrument, including relevant success criteria. Purchase of credits relieves USACE and the NFS of 
the responsibility to ensure ecological success.  


 
d. Real Estate Required – None.  


 


3.0 DATA GAPS AND UNCERTAINTIES 


Mitigation Bank Credit Availability.  Whether in-basin mitigation banks within the CZ may be capable of 
supplying the credits needed to meet any of the mitigation requirements at the time of solicitation is uncertain. 
Banks currently able to meet the mitigation requirements may not be able to do so at the time of solicitation. 
If mitigation credits are not available in the future, then a Corps-constructed mitigation project would be 
needed. In addition, new banks able to meet the mitigation requirement may become approved by the time the 
solicitation is released. Accordingly, identification of particular banks that could be used to meet the mitigation 
requirement cannot occur with any degree of certainty and has not been done for the UBB FS/EIS. Since the 
bank(s) that may ultimately be selected to provide the necessary mitigation credits is(are) unknown, the existing 
conditions present at the bank site(s) are similarly unknown. Existing bank habitat quality varies depending on 
the success criteria met, as specified in the bank’s Mitigation Banking Instrument (MBI). Typically, as mitigation 
success criteria are met and the quality of the habitat increases within the bank, more credits are released for 
purchase. 
 
If, based on credit availability or following evaluation of the mitigation bank proposals, it becomes apparent 
that purchasing bank credits is not cost effective or feasible (including due to lack of satisfactory bids), CEMVN 
will complete its evaluation of Mitigation Plan Alternative 2 which would evaluate Corps-constructed mitigation 
projects within the UBB watershed in the CZ, possibly in combination with a credit purchase. Construction of 
a mitigation project involves identification of a site, planning, design, acquisition of real estate, construction, 
monitoring, adaptive management, and ongoing operation and maintenance by the NFS. In that event, 
environmental compliance would be achieved through the following evaluation, coordination, and analysis: 
 


1) Endangered Species Act Section 7 Consultation with the USFWS; 


 


2) Coordination under the Louisiana Coastal Resources Program with Louisiana Department of Natural 


Resources; 







 


 


3) Receipt of a Water Quality Certification from the State of Louisiana;  


 


4) Public review of the Section 404(b)(1) Public Notice and signature of the Section 404(b)(1) 


Evaluation; Coordination with Louisiana Department of Environmental Quality (LDEQ) on the air 


quality impact analysis; 


 


5) Coordination with National Marine Fisheries Services on Essential Fish Habitat recommendations; 


 


6) Completion of the National Historic Preservation Act Section 106 consultation pursuant to the 


Programmatic Agreement; and 


 


7) Preparation of and issuance of a supplemental NEPA document evaluating the proposed Corps-


constructed project for 30-day public review and comment. 


Tropical Storms. Tropical storm events can directly and indirectly contribute to coastal land loss through 
erosion from increased wave energies, removal and/or scouring of vegetation from storm surge, and saltwater 
intrusion into estuaries and interior wetlands. Wetland loss and degradation of large areas can occur over a 
short period of time as a result of storms. There is a risk that a single storm event, or multiple storms over a 
short period of time, could significantly reduce or eliminate anticipated benefits of mitigation plans in areas 
susceptible to storm surge and shearing. The extent of potential damage is dependent upon several unknown 
variables, including the track and intensity of the storm, the development stage of the project, changes in future 
conditions in the study area, and variability of project performance from forecast conditions due to other factors 
of risk and uncertainty.  
 
Increased Sea Level Rise and Subsidence. Increased sea level rise coupled with subsidence could convert 
emergent wetlands to shallow open water and shallow open water to deep water habitat, reducing or eliminating 
the effectiveness of mitigation plans. Relative sea level rise is taken into account with the valuation of credits 
for approved mitigation banks and design of constructed mitigation projects. 
 
Climate Change.  Extreme changes in climate (temperature, rain, evaporation, wind) could result in conditions 
that cannot support the types of habitat restored, reducing the effectiveness of the mitigation plan. Extreme 
climate change could essentially eliminate the benefits of vegetative plantings, if the change resulted in plant 
mortality. The monitoring plan for all USACE constructed projects would monitor the success of any vegetative 
plantings and includes provisions for replanting if mortalities become such that meeting the required success 
criteria is in jeopardy. 
 
Errors in Analysis. Future conditions are inherently uncertain. The forecast of future conditions is limited by 
existing science and technology. Future conditions described in the UBB FS/EIS are based on an analysis of 
historic trends and the best available information. Some variation between forecast conditions and reality is 
certain. Mitigation features were developed in a risk-aware framework to minimize the degree to which these 
variations would affect planning decisions. However, error in analysis or discrepancies between forecast and 
actual conditions could affect plan effectiveness.  
 
All of the models used in the UBB FS/EIS are abstract mathematical representations of reality. Models simulate 
complex systems by simplifying real processes into expressions of their most basic variables. These tools assist 
with finding optimal solutions to problems, testing hypothetical situations, and forecasting future conditions 
based on observed data. No model can account for all relevant variables in a system. The interpretation of 
model outputs must consider the limitations, strengths, weaknesses, and assumptions inherent in model inputs 
and framework. Inaccurate assumptions or input errors could change benefits predicted by models used in the 
UBB FS/EIS. The potential for significant changes due to errors has been reduced through technical review, 







sensitivity analyses, and quality assurance procedures. However, there is inherent risk in reducing complex 
natural systems into the results of mathematical expressions driven by the simplified interaction of key variables. 
 
WVA Model Uncertainties. WVA models were run using site-specific data collected at project sites and 
through assumptions made based on aerial photography and field data from similar projects. There is reasonable 
confidence that these data are representative of actual site conditions and that the WVA has produced results 
representative of what would be found for the sites within UBB FS/EIS. The final mitigation requirements will 
be included in the Final Fish and Wildlife Coordination Act Report. 
 
Implementation. The timing for implementation is an uncertainty that must be considered. If the plan is not 
implemented in a timely fashion, the conditions in the study area could change. The impact of the uncertainties 
associated with the future condition of the study area could increase mitigation costs, decrease mitigation 
benefits, or both.  
 
If the proposed mitigation project becomes infeasible due to difficulties in implementation or changed 
conditions, the CEMVN will take appropriate action to ensure satisfaction of its mitigation requirement. If a 
proposed mitigation project could not be implemented, the CEMVN would default to another alternative or 
to a combination of Corps-constructed project and credit purchase to meet the need.  
 
Mitigation for Coastal Zone Impacts.  Louisiana Department of Natural Resources (LDNR) administers 
the Federal Coastal Zone Management Act in Louisiana through its Louisiana Coastal Resources Program 
(LCRP). Depending on the projects implemented (i.e., depending on whether the mitigation bank or Corps-
constructed project is located in the Coastal Zone), LDNR may determine that, in its view, such projects do 
not mitigate for coastal zone impacts. If deemed necessary, additional mitigation for coastal zone impacts may 
be required and would  
 


4.0 MITIGATION SUCCESS CRITERIA, MONITORING, REPORTING & 


ADPATIVE MANAGEMENT 


The purpose of adaptive management activities in the life-cycle of the project is to address ecological and other 
uncertainties that could prevent successful implementation of a project. Adaptive Management (AM) also 
establishes a framework for decision making that utilizes monitoring results and other information, as it 
becomes available, to update project knowledge and adjust management/mitigation actions. Hence, early 
implementation of AM and monitoring allows for a project that can succeed under a wide range of conditions 
and can be adjusted as necessary. Furthermore, careful monitoring of project outcomes both advances scientific 
understanding and helps adjust operations changes as part of an iterative learning process.  
If credits are purchased from a mitigation bank, the mitigation bank must be in compliance with the 
requirements of the USACE Regulatory Program and its MBI, which specifies the management, monitoring, 
and reporting required to be performed by the bank.  
 
The proposed mitigation action solely includes the purchase of mitigation bank credits. Purchase of credits 
relieves the CEMVN and non-federal sponsor of the responsibility for monitoring and of demonstrating 
mitigation success. 


4.1 BANK CREDITS (RECOMMENDED MITIGATION PLAN) 


Due to the relatively few AAHU’s of Marsh, Swamp, and BLH habitat that would be lost and the time and 
resources that would be required to design and implement a Corps-constructed mitigation project, purchase of 
mitigation bank credits is the most timely, efficient, and cost-effective alternative.   
 







4.2 CORPS-CONSTRUCTED (CONTINGENCY) 


Once final designs for all UBB FS/EIS contracts are complete, the mitigation team, along with resource 
agencies, would revisit the impacts to all habitat types from the UBB FS/EIS construction. Completion of this 
effort would result in a final computation of impacts and may necessitate an increase in the amount of UBB 
FS/EIS mitigation in order to fully mitigate all impacts. An increase in the amount of mitigation bank credits 
purchased would be the first option considered. If mitigation bank credits were not available, Corps-constructed 
mitigation would be considered. Any expansion, and alternatives to that expansion, would be presented to the 
public through a supplemental NEPA document. This implementation risk has also been captured in the final 
overall cost include in engineering appendix. As stated in the engineering appendix, the final mitigation cost, 
was part of the full Cost and Schedule Risk Analysis (CSRA) to develop contingencies. Based on that analysis 
the final cost of the mitigation plan for bank credits was $93,257,000, when including contingences. 
 
If appropriate mitigation bank credits are not available or are too costly, then consistent with WRDA 2007, 
Section 2036(a), a monitoring and adaptive management plan for proposed Corps-constructed mitigation 
projects would be developed with success criteria targets identified. The original general guidelines for plantings, 
success criteria, and monitoring were included as Appendix L in PIER #37 and are here incorporated by 
reference. If Corps-constructed mitigation is needed in the future, refined project specific monitoring, reporting 
and success criteria for the mitigation features would be required. See Appendix E of SEA #572 as an example 
of what would be required. For Corps-constructed mitigation projects, the CEMVN would monitor the 
complete mitigation site, on a cost-shared basis with the NFS, to determine whether additional construction, 
invasive species control and/or plantings would be necessary to achieve mitigation success. The CEMVN 
would undertake additional actions necessary to achieve mitigation success in accordance with cost-sharing 
applicable to the project and subject to the availability of funds.  
 


5.0 COORDINATION AND CONSULTATION 


5.1 PUBLIC INVOLVEMENT 


Two 45 - day public comment and review periods occurred to solicit additional public input on the proposed 
UBB Draft FS/EIS and associated mitigation plan.  


5.2 AGENCY COORDINATION 


Preparation of the UBB FS/EIS has been coordinated with appropriate Congressional, federal, state, and local 
interests, as well as environmental groups and other interested parties. The following agencies, as well as other 
interested parties, received copies of the UBB Draft FS/EIS:   
 


• U.S. Department of the Interior, Fish and Wildlife Service  


• U.S. Environmental Protection Agency, Region VI  


• U.S. Department of Commerce, National Oceanic and Atmospheric Administration, NMFS  


• Natural Resources Conservation Service  


• Louisiana Advisory Council on Historic Preservation  


• Governor's Executive Assistant for Coastal Activities  


• Louisiana Department of Wildlife and Fisheries  


• Louisiana Department of Natural Resources, Coastal Management Division  


• Louisiana Department of Environmental Quality  


• Louisiana State Historic Preservation Officer  


• Coastal Protection and Restoration Authority Board  







At the time of construction, if USACE determines mitigation bank credits are unavailable, then the Corps-
constructed mitigation project would be necessary and additional coordination would be required.  


6.0 COMPLIANCE WITH ENVIRONMENTAL LAWS AND 


REGULATIONS 


Section 8 of the UBB FS/EIS summarizes the status of compliance with environmental laws and regulations 
for the proposed action.  
 


7.0 CONCLUSION 


7.1 RECOMMENDED DECISION 


Recommend approval of the UBB FS/EIS Mitigation Plan, which fulfills the Marsh, Swamp, and BLH-Wet, 
mitigation requirement for UBB FS/EIS: purchase of mitigation bank credits. 


7.2 PREPARED BY 


The point of contact for this mitigation plan for the UBB FS/EIS is Travis Creel, USACE New Orleans 


District, CEMVN-PD-PFR. 
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United States Department of the Interior 


FISH AND WILDLIFE SERVICE 
200 Dulles Drive 


Lafayette, Louisiana 70506 


April 15, 2020 


Colonel Stephen Murphy 


District Commander 


U.S. Army Corps of Engineers 


7400 Leake Avenue 


New Orleans, LA 701118-3651 


Dear Colonel Murphy: 


Please reference the Upper Barataria Louisiana Risk Management Feasibility Study being 


conducted by the U.S. Army Corps of Engineers and the Coastal Protection and Restoration 


Authority Board. This study will evaluate the feasibility of providing hurricane protection, storm 


damage reduction, and related purposes for the communities in and around the upper Barataria 


Basin of Louisiana. 


The following comments are provided on a planning-aid basis to assist the Corps in developing 


environmentally acceptable project alternatives and features. These comments and 


recommendations are intended to augment the November 2019 Draft Coordination Act Report 


but do not constitute the final report of the Secretary of Interior as required by Section 2(b) of the 


Fish and Wildlife Coordination Act (48 Stat. 401, as amended; 16 U.S.C. 661 et seq.). The 


Service submits the following comments in accordance with provisions of the Fish and Wildlife 


Coordination Act (48 Stat. 401, as amended; 16 U.S.C. 661 et seq.). 


Project area wetlands include both marshes and forested wetlands (cypress-tupelo swamp and 


bottomland hardwood forest). Although vegetated with water tolerant plant species, flooding of 


excessive duration and magnitude can stress and kill marsh vegetation and some forested 


wetland tree species. 


In the Barataria Basin and throughout coastal Louisiana, bottomland hardwood (BLH) forests are 


typically found along the slopes of natural distributary ridges. These wetland forests may be 


occasionally or seasonally flooded and they typically occupy higher elevation areas than cypress- 


tupelo swamps which experience more flooding. These coastal forests provide critically 


important stopover habitat for numerous species of trans-Gulf migrating songbirds (including the 


at-risk golden-winged warbler), nesting bald eagles and osprey, colonial nesting waterbirds, as 


well as habitat for a variety of other fish and wildlife species. 
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Coastal wetland forests like those in the upper Barataria and Verret Basins, once used to receive 


annual sediment inputs during flood events on the Mississippi and/or Atchafalaya Rivers. 


However, construction of flood protection levees during the early 1900s has eliminated those 


annual sediment inputs resulting in increased inundation due to the continuing effects of 


subsidence and sea level rise (Conner and Day 1988). The resulting chronic inundation affects 


not only tree mortality and forest composition, but also tree growth rates (Kozlowski 2002). 


In coastal bottomland hardwood forests stressed by prolonged inundation, the less water tolerant 


tree species gradually die out leaving the more water tolerant bald cypress and water tupelo, if 


they were originally present (Kiem et al. 2013). If flooding is not permanent, seeds from prior 


existing cypress and tupelo may germinate and recruitment of young trees may occur. However, 


nutria herbivory and other factors may preclude recruitment of cypress and/or tupelo, or 


prolonged flooding may preclude seeds from germinating (Kozlowski 2002), often resulting in 


the conversion of the dying hardwood forests to emergent marsh. 


The Maurepas swamps of the upper Pontchartrain Basin have been isolated from riverine inputs 


and are suffering from sea level rise, subsidence, and increased salinities. The lack of water 


exchange has led to stagnant standing water conditions causing decreased tree growth rates and 


increased tree mortality (Krauss et al. 2017). In the Atchafalaya Basin, cypress-tupelo stands 


established at lower elevations and experiencing more flooding than sites at higher elevation 


sites have experienced reduced growth and productivity (Kiem et al. 2013). 


Project Area Forested Wetlands 


The area protected by the proposed levee and floodgates includes marsh and forested wetlands. 


Project area BLH forests are located within the extreme upper basin and may also exist adjacent 


to or near developed areas where forest elevations are sometimes higher. Coastal Reference 


Monitoring System (CRMS) stations exist within project area marshes and forested wetlands. 


CRMS species composition data for the forested wetlands demonstrates that the BLH forests 


exhibit a more diverse assemblage of trees unlike the swamps which are dominated primarily by 


cypress and tupelo (Table 1). Within the upper Barataria Basin (northwest of U.S. Highway 90), 


BLH forest decreased from 38% to 21% of the total area during the period 1972 to 1992 (Nelson 


et al. 2002). This reduction is due in part to development, but also to inundation and associated 


conversion to more frequently inundated swamp forest which increased from 30% to 41% over 


the same period. 


CRMS data from project area forested wetland sites was used to compute the percent time 


flooded and average flooding depth (Table 2). The last full six years of data, illustrate that the 


BLH sites have experienced prolonged duration flooding. The swamp sites exhibit on average 


even more prolonged flooding and deeper flooding. 
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Table 1. CRMS 2018 basal area data by species for upper Barataria Basin forest stations. 


CRMS BLH Stations CRMS Swamp Stations 


Scientific Name Comon Name 


Basal Area (M2/ha) 


Scientific Name Comon Name 


Basal Area (M2/ha) 


CRMS 


194 


CRMS 


200 


CRMS 


5116 


CRMS 


197 


CRMS 


217 


CRMS 


5672 


CRMS 


206 


CRMS 


218 


Taxodium distichum Bald Cypress 5.69 1.82 5.14 4.69 Taxodium distichum Bald Cypress 17.41 22.53 31.61 27.15 


Nyssa aquatica Water Tupelo Nyssa aquatica Water Tupelo 19.66 22.44 18.86 20.06 


Nyssa sylvatica Black Tupelo Nyssa sylvatica Black Tupelo 


Acer rubrum Red Maple 5.76 3.31 14.3 4.26 Acer rubrum Red Maple 11.83 2.28 3.63 0.84 


Acer negundo Boxelder 2.07 0.92 Acer negundo Boxelder 


Carya aquatica Water Hickory 4.46 Carya aquatica Water Hickory 


Fraxinus pennsylvanica Green Ash 0.34 1.52 Fraxinus pennsylvanica Green Ash 0.15 0.62 


Fraxinus profunda Pumpkin Ash 9.05 9.72 9.98 3.94 Fraxinus profunda Pumpkin Ash 5.34 6.93 0.53 0.38 


Fraxinus carolinana Carolina Ash 1.6 3.72 0.86 1.22 Fraxinus carolinana Carolina Ash 0.15 


Ulmus americana American Elm 1.55 1.03 Ulmus americana American Elm 


Ulmus rubra Slippery Elm 1.72 0.33 3.75 Ulmus rubra Slippery Elm 


Celtis laevigata Sugarberry 0.24 Celtis laevigata Sugarberry 


Quercus texana Nutall Oak 0.9 0.02 5.52 Quercus texana Nutall Oak 0.35 


Quercus nigra Water Oak 0.24 5.18 0.22 Quercus nigra Water Oak 


Quercus laurifolia Laurel Oak 0.44 Quercus laurifolia Laurel Oak 


Quercus lyrata Overcup Oak Quercus lyrata Overcup Oak 


Liquidambar styraciflua Sweetgum Morella cerifera Wax Myrtle 0.04 


Gleditsia tricanthos Honey locust Cephalanthus occietalis Buttonbush 0.02 0.12 


Cornus foemina Swamp dogwood Cornus foemina Swamp dogwood 


Malus angustifolia Southern crabapple 0.03 Malus angustifolia Southern crabapple 


Management of greentree reservoirs has demonstrated that prolonged flooding during the 


growing season is harmful to the health of red oak species like those occurring in project area 


BLH forests (Arkansas GFC 2017). Instead, shallow flooding that occurs irregularly during the 


dormant season is a naturally aspect of BLH forest hydrology and can be tolerated by red oaks 


and other desirable BLH species. The CRMS data for project area BLH demonstrates that 


flooding is occurring for the majority of the year. Plots of water elevation for the two CMRS 


sites with the least amount of flooding shows that prolonged flooding during the growing season 


has been occurring (Figure 2). 


Table 2. Mean flooding depth and percent time flooded for project area CRMS stations. 
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Figure 2. Water elevation and ground elevation for CRMS BLH stations 197 and 5116. 


In forested wetlands, CRMS data includes annual or bi-annual diameter at breast height (dbh) 


measurements of individually tagged/identified trees (Figure 3). At each of the four BLH sites, 


the total basal area (m2/ha) has decreased over the 11 year period of record. At two sites, 


impacts due to Hurricanes Gustav and Ike (2008) resulted in a marked decrease in total basal 


area. Although there was a quick recovery the following year, the long-term trend in total basal 


area is downward. 


CRMS also measures canopy cover at its forested sites. For the four BLH stations, the canopy 


cover exhibits a decreasing trend (Figure 4). The decreasing basal area and canopy cover data 


depict a BLH forest experiencing stress and degradation associated with the prolonged flooding 


occurring at those sites. 


At each of the CRMS swamp sites, the total basal area is trending upward (Figure 5). At several 


sites, less water tolerant species such as red maple and ash are showing decreases in basal area. 


Loss of those species may make more resources available for the remaining trees resulting in 


somewhat greater growth rates due to reduced competition. However, because of the prolonged 


flooding and lack of regeneration, when the established cypress and tupelo die, the forest will 


gradually thin out and convert to marsh or open water. Canopy cover data also exhibits an 


increasing trend in swamp canopy cover (Figure 6). These data suggest that the remaining 


cypress and tupelo are continuing to grow while other less water tolerant tree species are 


disappearing. 
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Figure 3. CMRS basal area data by species for BLH sites. 
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Figure 4. CRMS canopy cover data for BLH stations (2007-2019). 
 


 


 


 
 


 


 


 


 
 


 


 


 


 


 


Figure 5. CMRS basal area data by species for swamp stations. 
 


C
an


o
p


y 
C


o
ve


r 
(%


) 
C


an
o


p
y 


C
o


ve
r 


(%
) 


C
an


o
p


y 
C


o
ve


r 
(%


) 
C


an
o


p
y 


C
o


ve
r 


(%
) 







7  


CRMS 218 


98 


96 


94 


92 


90 


88 


86 


84 


82 


80 


78 


2006 2008 2010 2012 2014 2016 2018 2020 


CRMS 206 


120 
 


100 
 


80 
 


60 
 


40 
 


20 
 


0 


2006 2008 2010 2012 2014 2016 2018 2020 


CRMS 217 


120 
 


100 
 


80 
 


60 
 


40 
 


20 
 


0 


2006 2008 2010 2012 2014 2016 2018 2020 


CRMS 5672 


99 


98 


97 


96 


95 


94 


93 


92 


91 


90 


2006 2008 2010 2012 2014 2016 2018 2020 


       


       


       


       


       


   y = 0.2929 x - 500 .03 


    R² = 0.051  


       


       


       


 


       


       


   y = 0.2929 
R² = 


x - 500 
0.051 


.03 


       


       


       


 


       


       


       


   y = 0.292 9x - 500 .03 


    R² = 0.051  


       


       


       


       


 


       


       


   y = 0.2929 
R² = 


x - 500 
0.051 


.03 


       


       


       


 


 
 
 


Figure 6. CRMS canopy cover data for swamp stations (2007-2019). 
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CRMS bald cypress dbh growth rates and mean depth of flooding (2013-2019) were compiled 


for all trees in the Teche/Vermilion, Terrebonne, Barataria, and Pontchartrain Basins 


(Atchafalaya Basin dbh growth rates were much higher and likely reflect abundant nutrient and 


sediment inputs not available to the swamps of the other coastal basins). Although there is a 


modest degree of variability, the dbh growth rates were found to decrease with increasing mean 


flooding depth (Figure 7). This relationship was derived from swamps isolated from riverine 


inputs. Therefore it would not apply to swamps benefitted by riverine freshwater/sediment re- 


introduction projects which would increase flooding depths but also provide freshwater, 


nutrients, sediments, and would flush photoxins out of the system. Where non-diversion 


activities would increase water depths, one could expect that those activities would decrease dbh 


growth rates of cypress and other trees. Under without-project conditions, increased water 


depths and stagnant conditions may increase mortality rates of cypress and other tree species 


(without increases in salinity). 


 
 


Figure 7. Relationship between CRMS bald cypress dbh growth vs flooding depth. 
 


 
 


Future With Project Forested Weltand Impacts 


Water elevation data from the four CMRS swamp stations indicates that the average without- 


project water level decrease rate is 0.06 ft/day. At this rate, a 1.0 foot stage increase would 


dissipate in 17 days provided there was no additional rainfall. If the proposed Bayou des 


Allemands floodgate does not drain the protected area as efficiently as under without-project 


conditions, the flooding duration following heavy rainfall events would increase. The impacts of 


reduced drainage efficiency would be greatest during heavy rainfall years. 


 


Assuming that the rainfall events occur randomly, a random number routine was developed to 


assess daily probabilities of occurrence. The 2-yr and 5-yr events were found to occasionally 


occur twice in one year. Similarly, 50-yr and 100-yr events may occur twice within the 50-year 


project life. Should multiple large events occur in one year, or should they occur in consecutive 
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years, the inundation impacts would likely be more severe than if those events were more widely 


spaced. Additionally, when these events occur during the growing season, they are likely more 


harmful to forest health than when outside the growing season. To assess the impacts associated 


with project-induced hydrology alternations, additional hydrologic modeling work is needed to 


better assess the spatial extent of with-project stage increases, and the duration and magnitude of 


those stage increases. 


 


Given that heavy rainfall events often occur apart from tropical storm events, modeling of non- 


tropical storm rainfall events is needed when the floodgates are open to maintain drainage. 


Rather than model all possible rainfall events, the 2-yr and 50-yr events could be initially run. 


Daily water surface elevation across the model grid should be provided until the water surface 


elevation equals the pre-rainfall level for both with-project (gates open) and with-out project. If 


those runs show prolonged with-project elevated stages, then other rainfall events may need to be 


run. 


 


Alternatively, the 50-yr event could be run with auxillary gates in the Bayou des Allemands 


floodgate to improve drainage efficiency. Model runs would be used to size those auxillary gates 


such that with-project water surface elevations are not higher than with-out project water surface 


elevations. Because several 2,000 cfs Mississippi River re-introduction projects have been 


proposed as a means of restoring degraded swamps in the upper Barataria Basin, we would 


encourage the inclusion of auxillary gates to provide sufficient drainage capacity for both 


discharge of rainfall and diverted river water. 


 


Project area with-project water level should also be modeled during storm events. Under such 


events, gate closures would preclude entry of the tidal surge, but gate closures would also 


preclude drainage of rainfall. Modeling results are needed to determine the net effect on 


protected area water surface elevations both with and without storm surge levee overtopping. 


The models should be run long enough to capture the return to normal water levels, or to the 


point when the with-project water surface elevation once again equals that of the with-out project 


water surface elevation (with floodgates open). 


 


Recommended modeling is summarized below: 


 


1. Non-tropical storm 50-yr and 2-yr rainfall events. 


Provide daily water surface elevations for both with-project (gates open) and 


without-project. Models should be run until the with-project water surface 


elevation once again equals that of the without-project water surface elevation. 


 
2. Tropical storm events with and without overtopping. 


Provide daily water surface elevations with-project and without-project, following 


the storm event or until interior water surface elevation once again equals with- 


out project water elevation under open-gate conditions. 


 
To avoid with-project hydrology impacts to increasingly scarce coastal forested wetlands and the 


fish and wildlife resources they provide, the Service recommends that the design of the Bayou 
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des Allemands floodgate be modified to include auxillary gates to maintain or improve drainage 


of the protected area. Hydrologic modeling should be used to determine the size of the auxillary 


gates needed to avoid a with-project stage increase following heavy rainfall events. Failing that, 


additional hydrologic modeling will likely be needed to assess the extent of project impacts on 


the enclosed forested wetlands. 


 


We look forward to assisting the Corps in the review of modeling output and possible 


modification of project water control structures to avoid impacts to forested wetlands and 


associated Federal trust resources. Should you have any questions regarding our comments, 


please contact Ronny Paille (337/291-3117) of this office. 


 


 


Sincerely, 


 


 


 


 


Joseph A. Ranson 


Field Supervisor 


Louisiana Ecological Services Office 


 


 


 


 
cc: NMFS, Baton Rouge, LA 


EPA, Dallas, TX 


NRCS, Alexandria, LA 


LDWF, Baton Rouge, LA 


LA DNR, Baton Rouge, LA 


CPRA, Baton Rouge, LA 
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United States Department of the Interior 


FISH AND WILDLIFE SERVICE 
200 Dulles Drive 


Lafayette, Louisiana 70506 


November 18, 2020 
 


 


 


Mr. Kevin Harper 


U.S. Army Corps of Engineers 


New Orleans District 


7400 Leake Avenue 


New Orleans, LA 70118-3651 


 
 


Dear Mr. Harper: 


 


Please reference the recently submitted Biological Assessment (BA) on the Upper Barataria Basin Risk 


Management Feasibility Study. In that BA, it is determined that the proposed measures, consisting of 


structural flood risk reduction measures, would be “Not Likely to Adversely Affect” the West Indian 


manatee, the eastern black rail, and the pallid sturgeon and its critical habitat. 


 


The Service concurs with the not likely to adversely affect determinations. The Service recommends 


that the (your agency) contact the Service for additional consultation if: 1) the scope or location of the 


proposed project is changed significantly, 2) new information reveals that the action may affect listed 


species or designated critical habitat; 3) the action is modified in a manner that causes effects to listed 


species or designated critical habitat; or 4) a new species is listed or critical habitat designated. 


Additional consultation as a result of any of the above conditions or for changes not covered in this 


consultation should occur before changes are made and or finalized. 


 


If you have any further questions, please contact Mr. Ronny Paille of this office (337-291-3117). 


 


 


Sincerely, 


 


 


 


 


 


Joseph A. Ranson 
Field Supervisor 


Louisiana Ecological Services Office 







 


 


Biological Assessment 
Upper Barataria Basin, Louisiana Feasibility Study with 


Integrated Environmental Impact Statement 
 


Project Description 
 


The proposed action is a structural alignment constructed to a 1 percent AEP (100-year 
future design) and totaling a little over 161,300 feet (30.6 miles) in length. The system 
starts in Luling where it connects the Mississippi River Levee through the Davis Pond 
Diversion Structure West Guide Levee. Continuing south, the proposed action improves 
upon and updates deficiencies in the St. Charles Parish Levee, crosses Bayou Des 
Allemands with a 270-feet barge gate structure, and continues parallel to US Highway 90 
before it ties into high ground across the Barataria Basin near Raceland. The proposed 
levee is designed to HSDRRS specifications with a 1V:4H and a 10 foot crown, with 
multiple levee lifts authorized over the initial 50 years. Reaches A-H are shown in Figure 
1. The smaller structures along the alignment were captured in the detailed map in Figure 
2 and Figure 3. 


 
Borrow material for construction is proposed to come from sites estimated to be within 15 
miles of where US Highway 90 crosses Bayou Des Allemands. Existing Government 
borrow sites were not available within the designated distance. Potential borrow sites on 
farm lands (avoiding swamp and marsh lands) were identified in Raceland and can be 
seen in Figure 4. A total of 5,200,400 cubic yards of soil is needed for the first lift in 2026 
and a grand total of 8,812,700 cubic yards is needed over the entire authorized 50 year 
period to sustain the 1 percent AEP design elevations out to year 2076. It was assumed 
that 10-15 feet of usable material could be found in these sites. The borrow pit needed 
for the quantity of soil would be approximately 500 acres. 


 


List of structures associated with Figures 2 and 3: 
 


1. River Road crossing ramp 
2. Union Pacific Railroad crossing 
3. BNSF Railroad crossing 
4. US Highway 90 Crossing Ramp 
5. Davis Pond Pump Station frontage protection 
6. Willowdale Pump Station, two new tidal exchange structures 
7. Willowridge Pump Station frontage protection 
8. Cousins Pump Station frontage Protection 
9. T-wall section for East Gas Pipeline 
10. Kellogg Pump Station frontage protection 
11. T-wall section for West Gas Pipeline 
12. Ellington Pump Station Frontage Protection 
13. T-wall section for Magnolia Pipeline 
14. Magnolia Ridge Pump Station Frontage Protection 
15. Existing Paradise Control Structure 







 


16. Floodwall section in Hydraulic Reach D TOW El. 15.0 
17. Floodwall section in Hydraulic Reach E TOW El. 18.5 


a. Floodwall type T-1 TOW El. 18.5 
b. Floodwall type T-2 TOW El. 18.5 
c. Floodwall type T-3 TOW El. 18.5 


18. 45 foot Highway 306 (Bayou Gauche) Roller Gate TOW El. 18.5 
19. Crawford Canal P.S. Fronting Protection TOW El 18.5 (50 LF of wall) 
20. 270 foot Barge Gate crossing Bayou Des Allemands TOW El. 18.5 
21. Environmental structures on either side of the Bayou Des Allemands Barge 


Gate, 12-15 X 20 foot box culverts with sluice gates 
22. Godchaux Canal Bridge TOW El. 9.5 
23. Drainage Structure – 4-6 X 6 foot RC box culverts with sluice gates in 3 


locations 
24. Drainage Structure – 4-6 X 6 foot RC box culverts with sluice gates 
25. Drainage Structure – 4-6 X 6 foot RC box culverts with sluice gates 
26. Drainage Structure – 2-84 inch RCP culverts with sluice gates 
27. Drainage Structure – 1-60 inch RCP culvert with sluice gates 
28. T-wall section, Enterprise and Shell Pipeline Crossing (Davis Pond Crossing 


#1) 
29. T-wall section, Bridgeline Enlink Pipeline Crossing (Davis Pond Crossing #2) 


Note: Screens are not being implemented in culverts with sluice gates. 


Proposed Design for Construction by Reach 


All listed access routes to access reaches A-H would have a 40 feet path width. There is 
a designated staging and access route for each reach listed below. The staging area 
totals approximately 20 acres and the access routes total approximately 40 acres. Table 
6.1 provides all details of footprint width and ROW required to construct the proposed 
alignment. Also, note that the term frontage protection at existing pump stations entail T- 
walls with the pump outlet pipes going through the wall, pipe supports, and riprap. 


 
Table 1. Earthen Levee Footprint Widths 


 


 Existing 
Levee 


2026 Construction Final Lift Construction 


 


Reach 
Levee 


including 
ROW (ft) 


Toe-To- 
Toe (ft) 


Levee 
including 
ROW (ft) 


Toe-To- 
Toe (ft) 


Levee 
including 
ROW (ft) 


A, Davis Pond 285 125 190 173 238 


A 100 125 190 236 301 


B 100 125 190 236 301 


C 100 125 190 236 301 


D 100 125 190 173 238 


E 75 122 187 244 309 


F 130 169 234 244 309 


G 0 170 250 170 250 


H 0 170 250 170 250 







 


Reach A 
Reach A begins at the Mississippi River levee and extends approximately 24,700 feet 
south. The proposed earthen levee, with a centerline shifted away from the canals, would 
build off the existing Davis Pond West Guide Levee and the existing St. Charles Levee. 
All of the existing levee footprints, including ROW, would be incorporated into the 
proposed levee design. 


 


From the Mississippi River Levee, the alignment continues south where it crosses River 
Road, the Union Pacific Rail Road track, the BNSF Rail Road track, and US Highway 90. 
Ramps would be constructed for the River Road and US Highway crossings and 2 railway 
gates would be constructed where the Union Pacific Rail Road track and the BNSF Rail 
Road track cross the alignment. Continuing south, the existing Davis Pond pump station 
would receive new frontage protection. At the Willowdale Pump Station, two existing tidal 
exchange structures, located on either side of the structure, would need to be replaced. 
New T-wall sections, one measuring 152 feet and one measuring 298 feet, would be 
constructed to allow the Enterprise/Shell Pipeline and the Bridgeline Enlink Pipeline to 
pass through the levee alignment without impacting the integrity of the alignment. 


 
Approximately 11,000 feet from the Mississippi River Levee, along the Davis Pond 
Diversion West Guide Levee, the alignment then turns into the St. Charles Parish Levee 
which would be elevated with the centerline being shifted away from the canal. 


 
Reach A would be accessed from US Highway 90 to Willowdale Boulevard and then to 
Lafayette Drive. Three staging areas are proposed for use during the construction of the 
alignment and structures within Reach A. The first staging area is located off Willowdale 
Boulevard and measures approximately 0.7 acres in size. A second staging area, 
approximately one (1) acre in size is located along Willowdale Boulevard, and the third 
staging area, approximately one (1) acre in size is located next to River Road. Staging 
area 3 would be utilized for construction of the ramp over the levee for River Road and 
the 2 Railroad roller gate structures (Union Pacific to the north and the BNSF to the south). 
Refer to Figure 6-4 for the locations of the staging areas. 


 
Reach B 
Reach B begins at Willowdale Pump Station and measures approximately 17,100 feet in 
length. The proposed new construction centerline of Reach B would be shifted away from 
the existing canal, similar to Reach A. All of the existing levee footprint, including ROW, 
has been incorporated into the proposed levee design. 


 
Continuing southwest from the Willowdale Pump Station, along the St. Charles Parish 
Levee, frontage protection would be needed at the Willowridge, Kellogg and Cousins 
pump stations. Due to the design elevation requirements, T-wall sections would be 
constructed in order to accommodate both the East Gas Pipeline and the West Gas 
Pipeline. The T-wall would allow the gas pipelines to pass through the alignment while 
maintaining the integrity of the alignment. 







 


Reach B would be accessed from the same access route outlined in Reach A. A second 
access route for Reach B would be from US Highway 90 to River Ridge Drive and then 
to Primrose Street. There is one approximately one (1) acre staging area, located off 
Lafayette Drive, next to the alignment, proposed for Reach B. Please reference Figure 6 
for access and staging areas. 


 
Reach C 
Reach C begins at the Ellington Pump Station, and measures approximately 22,600 feet 
in length and continues to elevate the St. Charles Levee. The proposed new centerline of 
Reach C would be shifted away from the existing canal similar to previously defined 
Reaches A and B. All of the existing levee footprint, including ROW, has been 
incorporated into the proposed levee design. 


 


Continuing from the Ellington Pump Station, along the St. Charles Parish Levee footprint, 
the levee alignment turns back south along the St. Charles Parish Levee. Fronting 
protection would be placed at the Ellington Pump Station and a new T-wall section, 
measuring approximately, 135 feet would be constructed to allow the Magnolia pipeline 
to pass through the levee alignment without impacting the integrity of the alignment. 


 
Reach C would be accessed from US Highway 90 and then to Magnolia Ridge Road. The 
proposed staging area for Reach C would be located off Magnolia Ridge Road and would 
be approximately 1.6 acres in size. Please reference Figure 7 for access and staging 
areas. 


 
Reach D 
Reach D begins just south of the Paradise Control Structure at the end of Reach C, and 
measures approximately 19,000 feet in length. This reach would be constructed atop the 
existing Sunset Levee. The proposed new centerline of Reach D continues south and 
would be shifted away from the existing canal similar to previously discussed reaches. All 
of the existing levee footprint, including ROW, has been incorporated into the proposed 
levee design. 


 


Within Reach D there is one section of T-wall, measuring approximately 2,700 feet which 
would be constructed in order to avoid existing houses and utilities along the levee 
alignment. The T-wall would have a 10 feet base slab, with an 80 feet construction 
easement, and an elevation of 15 feet. The T-wall would be constructed via the right of 
way from the land side. 


 
Reach D would be accessed from Bayou Gauche Road (Highway 306) and then to Grand 
Bayou Road using a 1,527 feet long temporary access route. The 40 feet across access 
road would be constructed using crushed stone for the road surface that cuts across a 
local field to the alignment. The proposed staging area for Reach D would be located off 
of Grand Bayou Road and is approximately 2.2 acres in size. Please reference Figure 8 
for the staging area and access route. 







 


Reach E 
Reach E begins just south of Grand Bayou Road and is a combination of earthen levee 
and floodwalls which total approximately 14,600 feet. The earthen levee portion measures 
approximately 3,340 feet in length while the floodwall section measures approximately 
11,230 feet in length. The earthen levee portion of the reach would be constructed atop 
the existing Sunset Levee, with a newly proposed centerline shifted away from the 
existing canal, similar to previously defined reaches, All of the existing levee footprint, 
including ROW, have been incorporated into the proposed levee design. 


 


Due to the minimal room for construction between the canal and the existing structures 
along the canal, the proposed floodwall portion (T-wall design) would be constructed to 
an elevation of 18.5 feet with a 10-20 feet wide concrete slab at the base. Within the T- 
wall section, where the alignment crosses highway 306, a roller gate would be 
constructed in the alignment. This roller gate would remain open during normal day to 
day operations and would only be closed proceeding a hurricane or tropical storm even. 
A 400 foot section of T-wall will also be needed for a pipeline crossing just west of the 
Crawford Canal where Reach E ties into Reach F. 


 
Reach E would be accessed directly from Bayou Gauche Road with a proposed, 
approximately 2 acre staging area also located off of Bayou Gauche Road. Reference 
Figure 9 for the access route and staging area location. A new access route would be 
constructed for the community outside the system at the end of Badeaux Lane because 
the floodwall cuts off access to the community. The permanent route would go from 
highway 306, just outside the T-wall, and allow access to the community with a 30 feet 
wide road. 


 
Reach F 
Reach F begins just past the Crawford Canal Pump Station and measures approximately 
15,400 feet in length. This reach would be constructed atop the existing Sunset Levee. 
The newly proposed centerline of Reach F continues south and would be shifted away 
from the bayou similar to previously defined reaches. All of the existing levee footprint of 
the Sunset Levee, including ROW, would be incorporated into the proposed levee design. 


 
Reach F consists of mostly earthen levee and includes a 270 feet barge gate structure 
and culverts with sluice gates (Figures 10 through 12). The barge gate would be 
constructed across the Bayou Des Allemands crossing and would incorporate (6)15 feet 
X 20 feet box culverts on each side of the gate for a total of twelve culverts with sluice 
gates (no screens on the culverts). The channel where the structure would be placed 
would require dredging in order to achieve a sill depth around negative 14-19 feet. 


 
Access for Reach F would be via an approximately 4,575 linear foot temporary crushed 
stone access route, 40 feet wide, constructed from the end of Down the Bayou Road to 
the barge gate crossing on top of the existing Sunset Levee. Access to this route will be 
via US Highway 90 to the eastern side of Bayou Des Allemands via Down the Bayou 
Road near the proposed barge gate placement site. The temporary access road would 







 


be removed and the area returned to pre-construction conditions once construction has 
been completed. 


 


Reach F has two proposed staging areas. The first one is located west of the Crawford 
Canal Pump Station with a second proposed staging area located on the east bank of 
Bayou Des Allemands where the alignment crosses the bayou. Both proposed staging 
areas are approximately 2.2 acres in size. Please reference Figure 13 for the locations of 
the staging and access routes. 


 
Reach G 
Reach G begins on the southern bank of Petit Lac Des Allemands and continues parallel 
to US Highway 90 through the marsh. Reach G measures approximately 31,000 feet in 
length and there are currently no existing levees located in this reach. Refer to Appendix 
A for this sections cross-sectional drawings for this new construction. Geotechnical fabric 
has been incorporated into the levee design to reduce the footprint in this reach. 


 
The proposed action for Reach G includes construction of a new levee which would 
parallel US Highway 90 through the marsh. The newly constructed levee would 
incorporate five sets of culverts, 4-6 X 6 foot box culverts with sluice gates (no screens), 
which are needed to maintain the hydraulic flows in and out of the marsh (through small 
tributaries and oil and gas line canals) on the southern side of the alignment. 


 
Access to Reach G would be from U.S. Highway 90 via a newly constructed permanent 
access route just southwest of Dufrene Ponds. The new access road would measure 
approximately 7,925 feet in length and would be surfaced with crushed stone. The access 
road includes construction of a permanent bridge across the Godchaux canal in order to 
gain access to the alignment for construction and future operation and maintenance. The 
proposed staging area for Reach G, approximately 2.3 acres in size, would be located on 
the north-east corner of where the Godchaux Canal and the access route intersect. 
Reference Figure 6-10 for the access route and staging area locations. These structures 
would be constructed using the temporary access route located along the alignment 
within the right of way. Refer to Figure 14 for the locations of these hydraulic structures. 


 
Reach H 
Reach H begins where Gibbons Road meets the alignment and continues to parallel US 
Highway 90 through the marsh and follow next to Amarada Hess Rd. Reach H measures 
approximately 16,900 feet in length and there is currently no existing levee in place. 
Geotechnical fabric has been incorporated into the levee design to reduce the footprint in 
this reach. 


 
The proposed construction for Reach H includes construction of a new levee which would 
parallel US Highway 90 through the marsh. The newly constructed levee would 
incorporate two sets of culverts for hydraulic exchange from the north to the south of the 
alignment. These are 2-84 inch in diameter culverts with sluice gates and a 1-60 inch in 
diameter culvert with sluice gate (no screens). 







 


Reach H and a portion of G would be accessed using Amarada Hess Rd. For access 
along the project site, it is assumed access would be for the length of the reach, a 40 feet 
wide access road positioned at least 15 feet from the levee toe is proposed. A two acre 
staging area is proposed along the intersection of highway 308 and Amarada Hess Rd. 
Reference Figure 15 for the locations of the staging area. These structures would be 
constructed using the temporary access route located along the alignment within the right 
of way. 


 
Description of Proposed Action Requiring Consultation 


 


Implementation of the proposed action would result in direct, permanent impacts to 
approximately 725 acres of wetlands in Reaches A through H during initial construction 
(the first levee lift) of the levees and floodwalls, which would occur in the year 2026. A 
second levee lift for reaches A, B, C, D, F, AR, and G, which is required to reach the 100 
year level of protection, would result in direct, permanent impacts to approximately 344 
additional acres. A third and final lift for Reach E would impact approximately another 5 
acres. Although there is currently no estimated schedule for the second and third lifts, 
constructed in its entirety, the proposed action would impact a total of approximately 
1,074 acres. Of the approximately 1,074 acres of impact associated with the proposed 
action, there would be approximately 292 acres of bottomland hardwood forest (BLH) 
impacts, 168 acres of cypress-tupelo swamp impacts, 267 acres of swamp impacts, and 
95 acres of water bottom impacts as a result of construction. BLH impacts would occur 
within the forced drainage area of the Sunset Drainage District. A small acreage of the 
Paradis Mitigation Bank, located within that forced drainage district, would be impacted. 
Swamp and BLH on the flood side of the St. Charles levee would also be impacted. 


 


Marsh impacts would occur primarily southwest of Bayou Des Allemands where a new 
levee would be constructed across the marsh. Small amounts of fresh marsh impacts 
would occur along the St. Charles levee, where inundation has converted former BLH to 
marsh. 


 
Action Area 


 


The project is located within the Barataria Basin, an irregularly shaped area located in 
south-central Louisiana. (Figure 17) It is bounded on the north and east by the Mississippi 
River, on the south by the Gulf of Mexico, and on the west by Bayou Lafourche. The basin 
itself encompasses approximately 1,565,000 acres and contains approximately 152,120 
acres of swamp, 173,320 acres of fresh marsh, 59,490 acres of intermediate marsh, 
102,720 acres of brackish marsh, and 133,600 acres of saline marsh. The study area 
(upper portion of the basin) covers 800 square miles within the basin and covers multiple 
parishes in Louisiana including, Assumption, Ascension, St. James, Lafourche, St. John 
the Baptist, St. Charles, Jefferson, Plaquemines, and Orleans. It is also divided into nine 
subbasins: Fastlands, Des Allemands, Salvador, Central Marsh, Grande Cheniere, 
L'Ours, North Bay, Bay, and Empire. 







 


Species Considered and Critical Habitat 
 


MVN has assessed the environmental impacts of the proposed action on threatened and 
endangered species in the project vicinity. There are two threatened or endangered 
species and three at-risk species that are known to occur within the study area. 
Information regarding those species and their preferred habitats are provided below. 


 
West Indian Manatee (Trichechus manatus) 


The West Indian manatee is one of the largest coastal mammals in North America. 
Manatees are classified as a marine species but they require access to deep water and 
freshwater, and thus can be found in inland rivers, coastal estuaries, seagrass beds, and 
marinas (Marmontel et al., 1997). Preferred habitats include areas near the shore 
featuring underwater vegetation like seagrass and eelgrass. 


 
Based on data maintained by the Louisiana Natural Heritage Program (LNHP), over 80 
percent of reported manatee sightings (1999-2011) in Louisiana have occurred from the 
months of June through December. Manatee occurrences in Louisiana appear to be 
increasing and they have been regularly reported in the Amite, Blind, Tchefuncte, and 
Tickfaw Rivers, and in canals within the adjacent coastal marshes of southeastern 
Louisiana. Manatees range widely in between fresh, brackish, and marine waters 
throughout the Gulf of Mexico, Caribbean, and South America. They are known to 
regularly occur in Lakes Pontchartrain and Maurepas and their associated coastal waters 
and streams. 


 
Manatees can be found less regularly in other Louisiana coastal areas, most likely while 
the average water temperature is warm as they are unable to tolerate water temperatures 
below 68 degrees Fahrenheit for extended periods of time. During the winter months, 
colder temperatures keep the population concentrated in peninsular Florida. (USFWS) 
Many manatees rely on the warm water from natural springs and they are known to 
sometimes congregate in and around water control structures and the warm wastewater 
discharge of power plants. During the summer, manatees expand their range, and on 
rare occasions are seen as far north as Massachusetts on the Atlantic coast and as far 
west as Texas on the Gulf coast. 


 


Cold weather and outbreaks of red tide may adversely affect these animals. However, 
human activity is the primary cause for declines in species number due to collisions with 
boats and barges, entrapment in flood control structures, poaching, habitat loss, and 
pollution. Encounters with recreational and commercial watercraft significantly reduced 
the population levels of manatees along the Gulf coast and in 1967, the manatee was 
listed under the Endangered Species Act with critical habitat designated in 1976. 


 
On March 30, 2017, the manatee was reclassified from “endangered” to “threatened” in 
response to a rebound in population. Manatees are also protected under the Marine 
Mammal Protection Act, which prohibits the take (i.e., harass, hunt, capture, or kill) of all 
marine mammals. 







 


During in-water work in areas that potentially support manatees all personnel associated 
with the project should be instructed about the potential presence of manatees, manatee 
speed zones, and the need to avoid collisions with and injury to manatees. All personnel 
should be advised that there are civil and criminal penalties for harming, harassing, or 
killing manatees which are protected under the Marine Mammal Protection Act of 1972 
and the Endangered Species Act of 1973. 


 
Additionally, personnel should be instructed not to attempt to feed or otherwise interact 
with the animal, although passively taking pictures or video would be acceptable. We 
recommend the inclusion of the following measures into construction plans and 
specifications to minimize potential impacts to manatees in areas where they are 
potentially present: 


 


• All on-site personnel are responsible for observing water-related activities for the 
presence of manatee(s). We recommend the following to minimize potential 
impacts to manatees in areas of their potential presence: 


 


• All work, equipment, and vessel operation should cease if a manatee is spotted 
within a 50-foot radius (buffer zone) of the active work area. Once the manatee 
has left the buffer zone on its own accord (manatees must not be herded or 
harassed into leaving), or after 30 minutes have passed without additional 
sightings of manatee(s) in the buffer zone, in- water work can resume under 
careful observation for manatee(s). 


 


• If a manatee(s) is sighted in or near the project area, all vessels associated with 
the project should operate at “no wake/idle” speeds within the construction area 
and at all times while in waters where the draft of the vessel provides less than a 
four-foot clearance from the bottom. Vessels should follow routes of deep water 
whenever possible. 


 


• If used, siltation or turbidity barriers should be properly secured, made of material 
in which manatees cannot become entangled, and be monitored to avoid 
manatee entrapment or impeding their movement. 


 
Pallid sturgeon (Scapirhynchus albus) 


The pallid sturgeon is listed as a federally endangered species. It is an ancient species 
of fish that requires large, turbid, free-flowing riverine habitat with rocky or sandy 
substrate. They are usually found on the bottoms of the rivers on sand flats or gravel bars, 
and appear to prefer areas with strong currents in or near the main channel. The pallid 
sturgeon is one of the largest and rarest fish in the Mississippi and Missouri River basins. 
Pallid sturgeon are opportunistic feeders and forage on insects, crustaceans, mollusks, 
annelids, fish and eggs of other fish. Scant information exists on the range and habitat 
preferences of pallid sturgeon for this part of the Mississippi River. Most of the collected 
data is from populations in upper Missouri and other Midwest rivers, as well as the 
Atchafalaya River in Louisiana, however, it is possible that limited numbers of the species 
also exist in the Red River. 







 


At-Risk Species 


An “at risk species” is defined as those species that are: 
 


1) Proposed for listing under the ESA by the USFWS; 
2) Candidates for listing under the ESA, which means the species has a "warranted 


but precluded 12-month finding"; or 
3) Petitioned for listing under the ESA, which means a citizen or group has requested 


that the USFWS add them to the list of protected species. Petitioned species 
include those for which the USFWS has made a substantial 90-day finding as well 
as those that are under review for a 90-day finding. 


 
Discussed below are species currently designated as “at-risk” that may occur within the 
project area. While not all species identified as at-risk will become ESA listed species, 
typically their reduced populations warrant their identification and attention in mitigation 
planning. 


 
Alligator Snapping Turtle (Macrochelys temminckii) 


The alligator snapping turtle occurs in waterways that drain into the Gulf of Mexico. 
Although the species range is large, population densities are likely low throughout the 
range. They occur in various habitats including rivers, oxbows, lakes, and backwater 
swamps adjacent to large rivers. It is most common in freshwater lakes and bayous, but 
also found in coastal marshes and sometimes in brackish waters near river mouths. 
Typical habitat is mud bottomed waterbodies having some aquatic vegetation. The 
alligator snapping turtle is slow growing and long lived. Sexual maturity is reached at 11 
to 13 year of age. Because of this and its low fecundity, loss of breeding females is 
thought to be the primary threat to the species. Threats include habitat alteration, 
exploitation by trappers, pollution, and pesticide accumulation (IUCNredlist.org). 


 


Golden-Winged Warbler (Vermivora chrysoptera) 


The golden-winged warbler breeds in higher elevations of the Appalachian Mountains 
and northeastern and north-central U.S. with a disjunct population occurring from 
southeastern Ontario and adjacent Quebec northwest to Minnesota and Manitoba. 
Wintering populations occur in Central and South America. The loss of wintering habitat 
in Central and South America and migratory habitat may also contribute to its decline. 
The golden-winged warbler is also known to hybridize with the blue-winged warbler 
(Vermivora cyanoptera). 


 
This species may be found in forested habitats throughout Louisiana during spring and 
fall migrations. This imperiled songbird is dependent on forested habitats along the Gulf, 
including coastal Louisiana, to provide food and water resources before and after trans- 
Gulf and circum-Gulf migration. Population declines correlate with both loss of habitat 
owing to succession and reforestation and with expansion of the blue-winged warbler into 
the breeding range of the golden-winged warbler. 







 


Threatened and Endangered Species 
 


The ESA defines a threatened species as "any species which is likely to become an 
endangered species within the foreseeable future throughout all or a significant portion of 
its range." Threatened species receive protections through separate regulations issued 
under Section 4(d) of the ESA. Unlike endangered species, when a species is listed as 
threatened, the prohibitions identified in section 9 of the ESA do not automatically apply 
to that species. Under section 9 of the ESA, it is illegal to import, export, or take 
endangered species for any purpose, including commercial activity. 


Eastern Black Rail (Laterallus jamaicensis ssp.) 


The USFWS listed the status of the eastern black rail status as threatened, effective 
November 9, 2020. A summary of the final report to the LDWF may be found in Appendix 
C. 


 
The eastern black rail is the smallest of North America’s rail species. It has a broad 
distribution inhabiting higher elevations of tidal marshes and freshwater wetlands 
throughout the Americas. The eastern black rail breeds from New York to Florida along 
the Atlantic Coast and in Florida and Texas along the Gulf Coast. There is little known 
about the spring and fall migration as well as wintering distribution of the eastern black 
rail, but it has been documented to winter on the Gulf Coast from southeast Texas to 
Florida. 


 
Winter habitat for the eastern black rail is presumed to be similar to breeding habitat. They 
are found in a variety of salt, brackish, and freshwater marsh habitats that can be tidally 
or non-tidally influenced. Plant structure is considered more important than plant species 
composition in predicting habitat suitability (Flores and Eddleman, 1995). In Louisiana, 
occurrences have been documented in high brackish marsh vegetated with saltgrass 
(Distichlis spicata), sea oxeye (Borrichia frutescens), gulf cordgrass (Spartina spartinae) 
and saltmeadow cordgrass (S. patens) and often interspersed with shrubs such as marsh 
elder (Iva frutescens) or saltbush (Baccharis hamilifolia). The high marsh is only 
inundated during extreme high tide events. In general, the character of the high marsh is 
a short grassy savannah. It may also occur in working wetland habitats such as rice fields. 


 
Migratory Birds and Other Trust Resources 


MVN has assessed the environmental impacts of the proposed action on species found 
in the project area that are protected under the Marine Mammal Protection Act of 1972, 
Bald and Golden Eagle Protection Act (BGEPA), the Migratory Bird Treaty Act of 1918 
(MBTA), and Migratory Bird Conservation Act of 1929. 


 
Bald Eagle (Haliaeetus leucocephalus) 


The proposed project area may provide nesting habitat for the bald eagle, which was 
officially removed from the List of Endangered and Threatened Species as of August 8, 
2007. However, the bald eagle remains protected under the MBTA and BGEPA. 
Comprehensive bald eagle survey data have not been collected by the Louisiana 
Department of Wildlife and Fisheries (LDWF) since 2008, and new active, inactive, or 







 


alternate nests may have been constructed within the proposed project area since that 
time. 


 


Bald eagles typically nest in large trees located near coastlines, rivers, or lakes that 
support adequate foraging from October through mid-May. In southeastern Louisiana 
parishes, eagles typically nest in mature trees (e.g., baldcypress, sycamore, willow, etc.) 
near fresh to intermediate marshes or open water. Major threats to this species include 
habitat alteration, human disturbance, and environmental contaminants. Furthermore, 
bald eagles are vulnerable to disturbance during courtship, nest building, egg laying, 
incubation, and brooding. Disturbance during these periods may lead to nest 
abandonment, cracked and chilled eggs, and exposure of small young to the elements. 
Human activity near a nest late in the nesting cycle may also cause flightless birds to 
jump from the nest tree, thus reducing their chance of survival. 


 
The USFWS developed the National Bald Eagle Management (NBEM) Guidelines to 
provide landowners, land managers, and others with information and recommendations 
to minimize potential project impacts to bald eagles, particularly where such impacts may 
constitute “disturbance,” which is prohibited by the BGEPA. A copy of the NBEM 
Guidelines is available at: 
http://www.fws.gov/southeast/es/baldeagle/NationalBaldEagleManagementGuidelines.p 
df. 


 


Those Guidelines recommend: 


(1) Maintaining a specified distance between the activity and the nest (buffer area); 
(2) Maintaining natural areas (preferably forested) between the activity and nest 
trees (landscape buffers); and 
(3) Avoiding certain activities during the breeding 


 


Birds 


As the study area is located within the Mississippi Flyway, it supports various species of 
shore birds, wading birds and songbirds and experiences significant seasonal migrations 
of waterfowl species, which are of particular interest to recreational hunters. 


 
In a recent survey conducted by MVN biologists, the following species were identified as 
utilizing the shrubs and/or waters adjacent to the proposed project sites: the little blue 
heron, the great blue heron, green-backed heron, yellow-crowned night heron, black- 
crowned night heron, great egret, snowy egret, cattle egret, white-faced ibis, white ibis 
and roseate spoonbill. Mudflats and shallow-water areas provide habitat for numerous 
species of shorebirds and seabirds. Shorebirds include the killdeer, black-necked stilt, 
and common snipe. Wading bird nesting colonies may occur within in the study. Other 
nongame birds such as boat-tailed grackle, red-winged blackbird, northern harrier, bald 
eagle, belted kingfisher, and sedge wren. Foraging and roosting were the only activities 
exhibited during the duration of the surveys. Although none of these birds were observed 
nesting, the potential for nesting and suitable habitat exist within the project area. MVN 
has determined that, with use of guidelines from USFWS and a nesting bird abatement 
plan, the proposed action would have no adverse impacts on protected birds. 



http://www.fws.gov/southeast/es/baldeagle/NationalBaldEagleManagementGuidelines.pdf

http://www.fws.gov/southeast/es/baldeagle/NationalBaldEagleManagementGuidelines.pdf





 


Conclusion and Determination of Effects 
 


Based on the above information, the MVN has determined that the proposed action are 
not likely to adversely affect the West Indian manatee or the Pallid Sturgeon or their 
critical habitat; and would not adversely impact the recently listed Eastern Black Rail or 
other protected species that could potentially be found in the project area. The project 
area is outside of those locations the West Indian manatee is known to be found, which 
includes in Gulf waters along the Louisiana coast, Lake Pontchartrain and the Amite, 
Tchefuncte, Blind and Tickfaw Rivers. In the event that a manatee would occur in the 
project area at the time of construction, the manatee best management conditions listed 
herein should preclude harm to the manatee. The Pallid Sturgeon is a riverine species, 
however no work will be taking place in the Mississippi River, where the Pallid Sturgeon 
is known to occur. In Louisiana, the eastern black rail is known to occur in high elevation 
saltmarshes of Cameron Parish that are located near the Gulf of Mexico shore. Project 
area marshes are freshwater floating marshes in southeastern Louisiana, and not located 
near the Gulf shoreline. Additionally, the project area marshes are of low elevation, and 
may be continuously flooded during the winter months when floating marshes tend to float 
at lower elevation than during the summer months. Given that these marshes are very 
dissimilar to the high elevation saltwater marshes were the eastern black rail is known to 
occur, we have concluded that project construction is not likely to adversely impact the 
eastern black rail. Please provide your opinion on our determination. 
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United States Department of the Interior 
 


FISH AND WILDLIFE SERVICE 
200 Dulles Drive. 


Lafayette, Louisiana 70506 
October 27, 2021 


 
Colonel Stephen Murphy 
District Commander 
U.S. Army Corps of Engineers 
New Orleans District 
7400 Leake Avenue 
New Orleans, LA  70118-3651 
 
Dear Colonel Murphy: 
 
The U.S. Fish and Wildlife Service (Service) has prepared this Final Fish and Wildlife Coordination 
Act Report on the U.S. Army Corps of Engineers’ (Corps) Upper Barataria Louisiana Risk 
Management Feasibility Study.  The objectives of that study are to evaluate the feasibility of 
providing storm surge protection for the communities located within the upper Barataria Basin of 
Louisiana in Lafourche, Jefferson, St. John the Baptist, St. Charles, St. James, Ascension, and 
Assumption Parishes.  The study area encompasses an extensive complex of coastal wetland forests 
and marshes within the upper Barataria Basin north of U.S. Highway 90. 
 
This Final Fish and Wildlife Coordination Act Report provides an analysis of fish and wildlife 
resource impacts associated with the final array of alternatives, including that of the newly 
developed 100-year storm event protection alternative.  This new 100-year event protection 
alternative has been selected as the Recommended Plan (RP).  A robust indirect impact analysis 
using hydrologic modeling could not be completed during the project’s feasibility phase.  A 
rudimentary indirect impact analysis was conducted to evaluate the likelihood of major indirect 
impacts to enclosed wetlands.  That cursory analysis suggests that a with-project water level rise 
impact to fresh marsh is anticipated and associated marsh impacts were quantified.  A robust 
indirect analysis is needed during the project’s post-authorization phase to confirm the assumptions 
used in the cursory impact assessment.  Additionally, impacts to estuarine fisheries access and 
Essential Fisheries Habitat (EFH) are also cursory and need to be addressed during post-
authorization.  This Final Fish and Wildlife Coordination Act Report does fulfill the requirements of 
the Fish and Wildlife Coordination Act (FWCA) (48 Stat. 401, as amended; 16 U.S.C. 661 et seq.) 
as the final report of the Secretary of the Interior as required by Section 2(b) of the FWCA.  When 
the above mentioned EFH and indirect impact analyses are completed, the Service will submit a 
revised Final Report, or a supplement to this Final Report of the Secretary of the Interior as required 
by Section 2(b) of the FWCA. 
 
The Service’s February 2021 Draft FWCA Report was provided to the Louisiana Department of 
Wildlife and Fisheries (LDWF) and the National Marine Fisheries Service (NMFS).  The LDWF 
did not provide comments on that report.  The NMFS provided comments which are contained 
herein (Appendix A), and the NMFS’s recommendations have been incorporated into this Final 
FWCA Report. 
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For a description of project area habitat types, associated fish and wildlife resources, methodology, 
fish and wildlife resource concerns, and literature citations, please reference our April 15, 2020, 
Planning Aid Report and our November 2019 Draft FWCA Report at the following link: 
https://www.fws.gov/gisdownloads/R4/Louisiana%20ESO/Paille/. 
 
Description of Alternatives 
The final array of alternatives consists of three levee construction alternatives. 
 
Alternative 1:  This alternative consists of raising existing forced drainage levees from Paradis to 
the community of Des Allemands and constructing a new levee segment that would cross the basin 
from Des Allemands parallel to and south of U.S. Highway 90 and terminate near Raceland on 
Bayou Lafourche (Figure 1).  The levee would be constructed to an elevation of 7.5 feet and would 
be 18.3 miles in length.  A 270-foot-wide barge gate would be installed in Bayou Des Allemands to 
provide gravity drainage.  Borrow would come from nearby farmlands. 
 
Alternative 2:  This alignment incorporates all of the Alternative 1 footprint plus it includes raising 
the existing St. Charles Parish protection levee that extends northeastward to the Mississippi River 
at Luling (Figure 2).  This alternative would be constructed to an elevation of 8.5 feet and would be 
30.4 miles long.  A 270-foot-wide barge gate would provide gravity drainage at Bayou Des 
Allemands.  Borrow for levee construction would come from nearby farmlands. 
 
Alternative 3, the 100-year event protection alternative:  This alternative occupies generally the 
same footprint as Alternative 2, but would be constructed to an elevation of 14.5 to 16 feet, and 
would be up to 170 feet wide in the marshes southwest of Bayou Des Allemands and 260 feet wide 
along the existing St. Charles levee (Figure 3).  A 40-foot-wide right-of-way (ROW) would be 
established on both sides of the levee footprint in marshes.  Where existing local levees would be 
raised, the ROW is generally located on one side or the other.  Most of the levees would be 
constructed in two lifts, with the second lift occurring roughly during the middle of the 50-year 
project life.  Only the westernmost levee reach (Reach H) would be constructed in one lift.  To 
avoid impacting residential communities located in close proximity to the existing Sunset Drainage 
District levee, the proposed levee would consist of a sheet pile or T-wall structure.  Borrow for 
levee construction would come from nearby farmlands. 
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Figure 1.  Map illustrating the proposed Alternative 1 levee alignment. 
 


 
 
Figure 2.  Map illustrating the proposed Alternative 2 levee alignment. 
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Each of these three alternatives includes a 270-foot-wide barge gate to preclude storm surge 
flooding within the protected area.  The wing walls of that floodgate structure would include 12 
auxiliary drainage gates to provide a total cross-sectional area greater than that at the existing 
railroad crossing located adjacent to the U.S. Highway 90 crossing.  The RP also includes two 
small culvert structures through the levee in Reach G (southwest of Bayou Des Allemands) to 
maintain water exchange across the marsh.  A 45-foot-wide water control structure would also be 
installed in Bayou Gauche at its junction with Bayou Des Allemands to reduce induced storm 
surge northward up that bayou (Figure 3). 
 
List of structures associated with Figure 3: 


1. Floodwall section in Hydraulic Reach D 
2. Floodwall section in Hydraulic Reach D and E 
3. Crawford Canal P.S. Fronting Protection 
4. Floodwall section in Hydraulic Reach E and F 
5. 45–foot-long Bayou Gauche Roller Gate  
6. 270–foot-long Barge Gate crossing Bayou Des Allemands 
7. Drainage Structure – 4 – 6 X 6 foot RC box culverts with sluice gates 
8. Drainage Structure – 4 – 6 X 6 foot RC box culverts with sluice gates 
9. Drainage Structure – 2 – 84 inch RCP culverts with sluice gates 
10. Drainage Structure – 1 – 60 inch RCP culvert with sluice gates 
11. Godchaux Canal Bridge 
12. Drainage Structure – 3 – 6 X 6 foot RC box culverts with sluice gates 


 
Right of Way (ROW) impacts 
A 40-foot-wide ROW is planned adjacent to the levee toe for equipment access.  In marshes, a 
ROW would be located on both sides of the levee.  After construction, the contractor will be 
required to restore the ROW marshes to pre-construction conditions.  In marshes, it was assumed 
that 20 percent of the ROW would become shrub scrub habitat post-restoration due to resulting 
higher elevations.  Additionally, it is assumed that post-construction ROW restoration would be 
completed through natural revegetation processes over a 5-year period.  In forested areas, the 
forest would be cleared from the ROW.  It is assumed that ROWs would be maintained free of 
trees, and thus forested ROWs would be permanently impacted. 
 
In addition to ROW impacts, some wetland impacts would also occur due to construction of 
access roads for equipment and staging areas.  The Reach G access road would be permanent, 
and the Reach G staging area would be restored to marsh after construction of the second lift is 
completed (marsh ROW restoration assumptions applied).  The Reach D access road is assumed 
to result in a permanent forest impact. 
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EVALUATION OF ALTERNATIVE PLANS 
 
Fish and wildlife resource impacts were determined for the final array of alternatives using the 
Corps’ provided shapefiles of levee footprints.  Acreage of direct wetland construction impacts 
by habitat type were obtained by overlaying those shapefiles onto 2017 Digital Orthophoto 
Quarter Quad maps and habitat types were determined from that imagery in combination with 
field inspections conducted during October 2019 (Table 1).  Given schedule constraints, Covid 
travel limitations, and lack of access to some future impact sites, the habitat type determinations 
in some areas is tentative.  The direct impacts provided below include wetland impacts 
associated with construction of access roads in reaches D and G and impacts associated with 
temporary ROWs.  The Corps has determined that Alternative 3 is the Recommended Plan (RP).  
The RP is the most environmentally damaging to fish and wildlife resources that would be 
affected by the final array of alternatives. 
 
Table 1.  Summary of direct impacts by habitat type and levee alternative. 
 


 
 
Bottomland hardwood forest (BLH) impacts would occur within the forced drainage area of the 
Sunset Drainage District.  A small acreage of the Paradis Mitigation Bank located within that 
forced drainage district would be impacted.  Wetlands within the Sunset Drainage District are 
not exposed to increasing sea level rise effects as are the remaining impact areas.  Swamp and 
BLH on the flood side of the St. Charles levee would also be impacted by Alternatives 2 and 3. 
 
Near the Raceland end of the proposed levee, impacted BLH consists of inundation stressed and 
stunted red maple.  Along portions of the St. Charles levee, BLH is also stressed, but impacts to 
more healthy BLH stands would also occur there.  The inundation stressed BLH could be 
classified as a Resource Category 3 rather than Category 2.  A more thorough field inspection 
would be needed to consider this change. 
 
Marsh impacts would occur primarily southwest of Bayou Des Allemands where a new levee 
would be constructed across marsh.  Small amounts of fresh marsh impacts would occur along 
the St. Charles levee where inundation has converted former BLH to marsh.  A more detailed 
breakdown of direct impacts (acres) by location is provided in Appendix A.  A summary of 
direct impacts in AAHUs is provided in Table 2 below with a more detailed breakdown provided 
in Appendix B. 
 
It is assumed that borrow for levee construction will come from existing agricultural areas.  If 
borrow is taken from forested or wetland areas, additional borrow-related impacts would need to 
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be quantified.  Construction of the RP will impact two established mitigation areas and a 
conservation area on the flood side of the existing St. Charles Parish levee (Figure 4 and Table 
3). 
 
Table 2.  Direct impacts in AAHUs by habitat type, alternative, and SLR scenario.* 
 


 
* For waterbottom impacts and total fresh marsh impacts see Table 5. 


 
Table 3.  Direct construction impacts on existing mitigation & conservation areas. 
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Figure 4.  Mitigation and conservation areas near RP Reaches A & B. 
 


 
 
Indirect Impacts 
The proposed floodgate across Bayou Des Allemands would have a total cross-sectional area of 
5,100 square feet.  The upstream channel constriction near the railroad bridge has a cross-
sectional area of 7,363 to 8,056 square feet.  Relative to the 7,946 square foot cross-section at the 
railroad bridge, the floodgate provides only 64.2 percent of that cross-sectional area.  During 
periods of heavy rainfall, this channel constriction may reduce drainage efficiency resulting in 
higher protected-side stages.  Upper Barataria Basin forested wetlands are already near or at a 
permanently inundated condition.  Consequently, growth rates of trees in those areas could be 
further reduced and tree mortality increased should the project cause stage increases of 
sufficiently long durations.  Additionally, marshes suffering from submergence due to 
subsidence and sea level rise may also be impacted. 
 
Assuming that the with-project water surface elevation decrease rates were only 64.2 percent of 
the without project rates, with-project average annual stages were found to increase an average 
of 15.6 mm.  This stage increase was added to relative sea level rise increases to estimate 
increased marsh loss rates.  It was assumed that the floating marshes typical of the area would 
not be impacted by this small stage increase.  However, rooted marshes would be impacted. 
Those rooted marshes were assumed to occur within 200 feet of the shorelines of major water 
bodies (Figure 5).  It was estimated that this 367 acre fresh marsh area would lose roughly 6.1 
acres over the 50-year project life.  This analysis is a preliminary estimate and is subject to 
considerable uncertainty.  The area of impact is the foremost uncertainty.  Floodgate closure 
triggers and operation plans are also needed to assess effects of storm related closures on 
hydroperiod within protected areas.  The above-described indirect impact assessment is 
preliminary and should be re-assessed via hydrologic modeling and associated outputs. 
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Fish Access Impacts 
The Bayou Des Allemands floodgate would reduce the channel cross-sectional area and 
consequently fisheries access to protected side waterbodies and wetlands.  The fisheries access 
impacts were determined via three fresh marsh WVAs in which a V6 structure rating of 0.642 
was used instead of the 0.5 rating typical for a passive weir with boat bay structure.  The first 
WVA was that described above for fresh marsh impacts, which included 248 acres of Bayou Des 
Allemands waterbottoms.  The second WVA was an open water WVA consisting of the 
remaining 2,960 acres of waterbottoms upstream of the floodgate and including the 17-acre loss 
of EFH (construction impact) on the upstream side of the floodgate.  The third WVA was a 
waterbottom (EFH) assessment of the 19-acre construction impact on the downstream side of the 
floodgate. 
 
Figure 5.  Map of marshes impacted by indirect hydrology effects. 
 


 
 
To better assess fish access impacts, floodgate closure triggers and operation plans are also 
needed to determine effects of floodgate closures.  Utilizing the Corps Certified Fresh Marsh 
WVA Model, preliminary results of the indirect impacts to fresh marsh, fisheries access, and 
construction related waterbottom (EFH) losses are summarized below (Table 4).  The combined 
direct and indirect project fresh marsh impacts would consist of fresh marsh impacts listed in 
Table 2 plus that from Table 4 as shown in Table 5. 
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Table 4.  Preliminary indirect impacts (AAHUs) to marsh, fisheries access impacts, and EFH 
construction impacts. 
 
 Low SLR 


(AAHUs) 
Intermediate SLR 


(AAHUs) 
High SLR 
(AAHUs) 


Indirect marsh 
impacts1 


-9.85 
 


-14.19 -8.51 


Upstream fisheries 
access and EFH 
impacts2 


-10.40 -10.40 -10.40 


Downstream EFH 
impacts3 


-1.38 -1.38 -1.37 
 


TOTAL -21.63 -25.97 -20.28 
   1  Impacts due to floodgate induced elevated stages and reduced fisheries access 
   2  Impacts due to reduced fisheries access and construction related waterbottom impacts 
   3  Impacts due to construction related waterbottom impacts  
 
Table 5.  Total project related direct and preliminary indirect fresh marsh impacts. 
 Low SLR 


(AAHUs) 
Intermediate SLR 


(AAHUs) 
High SLR 
(AAHUs) 


Fresh marsh direct 
impacts 


-110.66 -119.79 -90.17 


Fresh marsh indirect 
impacts & fish 
access/EFH impacts 


-21.63 -25.97 -20.28 


TOTAL -132.29 -145.76 -110.45 
 
SERVICE POSITION AND RECOMMENDATIONS 
 
Because hydrologic modeling to determine project-induced water level rise upstream of the 
Bayou Des Allemands floodgate has not been conducted, the total fresh marsh impacts presented 
above are conditional or preliminary, and will need to be updated once that modeling has been 
completed.  When that modeling has been completed, and information regarding the operation 
plan for the Bayou Des Allemands floodgate and other project water control structures is 
available, a revision of this Final Report will be needed so that we can then fulfill our reporting 
responsibilities under Section 2(b) of the FWCA.  Additional Service involvement during the 
preconstruction engineering and design phase of this project, along with more-definitive project 
information, will be required so that we can fulfill our responsibilities under the FWCA.  
Regarding indirect project effects, the Service recommends: 
 


1. The with and with-out project channel cross-sectional area (in square feet) should be 
provided for all project water control structures to enable assessment of potential structure-
related fisheries access impacts. 
 


2. Floodgate operation plans and closure criteria are needed for all actively operated water 
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control structures to assess impacts to fisheries access and hydrology impacts. 
 


3. For each water control structure, information should be provided regarding how the 
structure location was selected, why the structure is needed, and how the structure size and 
type was determined. 
 


4. Hydrologic modeling of stages throughout the wetlands upstream of the Bayou Des 
Allemands floodgate should be conducted to evaluate the magnitude and spatial extent of 
with-project water level rise. 
 


5. The Chief of Engineer’s Report and subsequent Record of Decision (ROD) document to be 
prepared should include a Corps of Engineers commitment to conduct the needed 
hydrologic modeling for determining project indirect hydrology impacts. 
 


6. The project floodgate structures should be designed to handle the discharge associated with 
the two Mississippi River diversions (identified in the 1993 CWPPRA Louisiana Coastal 
Wetlands Restoration Plan) without corresponding wide-scale hydroperiod increases. 


 
Available information indicates that substantial direct wetland losses will result from 
construction of project features.  Consequently, avoidance and minimization of direct wetland 
impacts should be pursued to the greatest extent practicable.  The Service provides the following 
recommendations to avoid and/or minimize project impacts on fish and wildlife resources and 
for mitigating unavoidable impacts to those resources: 
 


1. The Corps should coordinate closely with the Service and other fish and wildlife 
conservation agencies throughout the engineering and design of project features including 
levees, floodgates, and environmental water control structures to ensure that those features 
are designed, constructed, and operated consistent with wetland restoration and associated 
fish and wildlife resource needs. 
 


2. Estimates of all direct and indirect project-related wetland impacts should be refined during 
the post-authorization phase. 
 


3. To the greatest degree practical, the proposed levees and borrow pits should be located to 
avoid and minimize direct and indirect impacts to emergent wetlands.  Efforts should be 
made to further reduce those direct impacts by hauling in fill material, using sheetpile for 
the levee crest, deep soil mixing, or other alternatives. 
 


4. If organic soils must be removed from the construction site, that material should be used to 
create or restore emergent wetlands to the greatest extent practicable.  If that is not 
practicable, then use of that material to improve borrow pit habitat quality (e.g., construct 
bank slopes, reduce depths, etc.) should be examined. 
 


5. Forest clearing associated with project features should be conducted during the fall or 
winter to minimize impacts to nesting migratory birds, when practicable. 
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6. Avoid adverse impacts to bald eagle nesting locations and wading bird colonies through 
careful design of project features and timing of construction.  Surveys prior to construction 
such be undertaken to ensure no nesting birds are within 1,000 feet of any proposed work.  
If nesting birds are found within 1,000 feet of any proposed work sites, the Service and the 
Louisiana Department of Wildlife and Fisheries should be contacted for procedures to 
avoid impacts. 
 


7. The Service recommends that the Corps contact the Service for additional Endangered 
Species Act section 7 consultation if: 1) the scope or location of the proposed project is 
changed significantly; 2) new information reveals that the action may affect listed species 
or designated critical habitat; 3) the action is modified in a manner that causes effects to 
listed species or designated critical habitat; or 4) a new species is listed or critical habitat 
designated.  Additional consultation as a result of any of the above conditions or for 
changes not covered in this consultation should occur before changes are made and or 
finalized. 
 


8. Full, in-kind compensation (quantified as AAHUs) should be provided for unavoidable net 
adverse impacts on forested wetlands, marsh, and associated submerged aquatic vegetation, 
including any additional losses identified during post-authorization engineering and design 
studies.  To help ensure that the proposed mitigation features meet their goals, the Service 
provides the following recommendations: 
 
a. The Corps should fully compensate for any unavoidable losses of wetland habitat or 


non-wet bottomland hardwoods caused by project features. 
b. Levee construction borrow sites should be designed to avoid and minimize impacts to 


fish and wildlife habitat; in the event new borrow sites are identified, guidelines for the 
selection of borrow sites are found in Appendix C. 


c. Mitigation measures should be constructed concurrently with the features that they are 
mitigating.  If construction is not concurrent with mitigation implementation then 
revising the impact and mitigation period-of-analysis to reflect additional temporal 
losses will be required. 


d. The Service and other fish and wildlife conservation agencies should be consulted in 
the development of plans and specifications for all mitigation features and any 
monitoring and/or adaptive management plans. 


e. To avoid shortfalls in marsh creation acreage, the contractor should be required to 
guarantee the creation of at least the target acreage of marsh platform, or excess acres 
should be created. 


f. The acreage of marsh created to mitigate project impacts should meet or exceed the 
marsh acreage projected by the Habitat Evaluation Team for target year 5. 


g. The acreage of marsh created for mitigation purposes, and adjacent affected wetlands, 
should be monitored over the project life to evaluate project impacts, effectiveness of 
compensatory mitigation measures, and the need for additional mitigation should those 
measures prove insufficient. 


h. The Corps should maintain full responsibility for all mitigation projects until the 
projects are found to be fully compliant with success and performance requirements.  
Success requirements are provided in Appendix D. 
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i. A mitigation plan should be developed by the Corps, the Service, and the managing 
natural resource agency in accordance with Section 3(b) of the FWCA for mitigation 
lands.  See Appendix E for details. 


Extensive additional information is needed by the Service to update the preliminary indirect 
impact assessment to fish and wildlife resources and fulfill our reporting responsibilities under 
Section 2(b) of the FWCA.  Much of that information may not be available until engineering and 
design of the project features has progressed.  To help ensure that sufficient information is 
provided, the Service recommends that the Corps perform the following tasks during the 
Preconstruction Engineering and Design phase: 


1. Provide additional information on anticipated construction techniques and their 
associated wetland impacts, such as additional dredging to install floodgates and water 
control structures, dredging temporary by-pass channels, construction of access roads, 
staging areas, ROW activities and restoration methods, and the method for disposing 
organic surface soils that are unsuitable for levee construction. 


2. Provide final levee footprint shapefiles and designs for borrow sites used in levee 
construction. 


3. Provide without project Bayou des Allemands cross-sections where the floodgate would 
be installed. 


4. To assess possible indirect project impacts, provide hydrologic model outputs on FWOP 
and FWP stages within the protected  area wetlands following a variety of heavy rainfall 
events. 


Sufficient funding should be provided for full Service participation in the post-authorization 
engineering and design studies, and to facilitate fulfillment of its responsibilities under Section 
2(b) of the FWCA. 


Although information needed to assess fisheries impacts and project-induced hydroperiod 
impacts will not be available until the Preconstruction Engineering and Design phase is 
underway, the Service submits this Final Report based on the available information, in 
combination with Major General Diana Holland’s October 22, 2021, letter in which the Corps 
commits to conduct the remaining impact assessment work and to mitigate all fish and wildlife 
impacts resulting from project implementation (Appendix G). 


We look forward to our continued involvement in this project moving forward.  If you or your 
staff have further questions regarding this report or would like to meet and discuss our 
recommendations, please contact Mr. Ronny Paille of this office at 337-291-3117. 


       Sincerely, 


       Brigette D. Firmin 
       Acting Field Supervisor 


Louisiana Ecological Services Office 


S ce e y,


Brigette D. Firmin


BRIGETTE 
FIRMIN


Digitally signed by 
BRIGETTE FIRMIN 
Date: 2021.10.28 08:12:15 
-05'00'
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cc: EPA, Dallas, TX 
 NMFS, Baton Rouge, LA 
 LDWF, Baton Rouge, LA 
 LDNR, Coastal Management Division, Baton Rouge, LA 
 OCPR, Baton Rouge, LA 
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APPENDIX B 
 
 


DIRECT CONSTRUCTION IMPACTS 
 
 
 
 
 
 


Acres of direct wetland impacts are listed below by four regions (see Figures A1, A2, A3). The 
Sunset Drainage District region is divided by Louisiana Highway 306 into an eastern and 
western region. 
 
 
 
Figure A1.  West of Bayou Des Allemands region. 
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Figure A2.  Map of the Sunset Drainage District region. 


 
 
 
Figure A3.  Map of the St. Charles Levee region. 
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Table A-1.  Acres of direct construction impacts by region, habitat type, and alternative. 


 


Alt 1 Alt 2 RP
BLH Impact & Loction (acres) (acres) (acres)
West of Bayou Des Allemands


Forested spoil banks 2.79 3.29 6.59
Reach G access rd 6.32 6.32 7.32
Low quality BLH 10.60 11.09 24.37


Sunset Drainage District west of LA306
Med qualti y BLH 1.92 2.04 9.32
Low quality BLH 5.63 5.97 8.62


Sunset Drainage District east of LA306
High quality BLH 1.92 1.96 8.19
Med qualti y BLH 1.12 1.21 7.82
Low quality BLH 3.93 4.03 39.97
Abandoned field 7.10 7.43 19.29
Mitigation Bank 0.35 0.37 3.92


St. Charles levee upgrade
Med qualti y BLH na 6.94 19.07
Low quality BLH na 36.00 136.82


TOTAL 41.68 86.65 291.32
Swamp Impact & Location


West of Bayou Des Allemands 0.00 0.00 0.35
Sunset Drainage District west of LA306 0.00 0.00 0.00
Sunset Drainage District east of LA306 1.04 1.08 2.59
St. Charles levee upgrade na 35.35 164.33


TOTAL 1.04 36.43 167.28
Fresh Marsh Impact & Location


West of Bayou Des Allemands 136.54 143.60 209.11
Sunset Drainage District west of LA306 0.00 0.00 0.00
Sunset Drainage District east of LA306 0.00 0.00 0.00
St. Charles levee upgrade na 5.32 57.68


TOTAL 136.54 148.93 266.79
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APPENDIX  C 


 
DIRECT CONSTRUCTION IMPACTS (AAHUs) 


 
 
 
Table B-1.  Direct construction impacts (AAHUs) by region, habitat type, and alternative. 


 
 
 
 
 


Levee Low SLR Int SLR High SLR Low SLR Int SLR High SLR Low SLR Int SLR High SLR
BLH Impact & Location Reach (AAHUs) (AAHUs) (AAHUs) (AAHUs) (AAHUs) (AAHUs) (AAHUs) (AAHUs) (AAHUs)
West of Bayou Des Allemands G&H


Forested spoil banks G&H 0.79 0.73 0.41 0.93 0.86 0.48 1.86 1.72 0.97
Dufrene Ponds access rd G&H 0.50 0.43 0.30 0.50 0.43 0.30 0.57 0.49 0.35
Low quality BLH G&H 1.75 1.66 1.08 1.82 1.73 1.13 4.01 3.80 2.47


Sunset Drainage District west of LA 306 F
Med quality BLH F 1.21 1.21 1.21 1.28 1.28 1.28 6.07 6.07 6.07
Low quality BLH F 2.32 2.32 2.32 2.46 2.46 2.46 3.65 3.65 3.65


Sunset Drainage District east of LA 306 D&E
High quality BLH D&E 1.62 1.62 1.62 1.65 1.65 1.65 6.95 6.95 6.95
Med quality BLH D&E 0.92 0.92 0.92 0.99 0.99 0.99 6.45 6.45 6.45
Low quality BLH D&E 2.20 2.20 2.20 2.26 2.26 2.26 20.73 20.73 20.73
Abandoned field D&E 4.49 4.49 4.49 4.70 4.70 4.7 13.19 13.19 13.19
Mitigation bank D&E 0.25 0.25 0.25 0.26 0.26 0.26 2.88 2.88 2.88


St. Charles levee upgrade lift A to C
Med quality BLH A to C na na na 2.03 1.87 1.09 5.58 5.14 3.01
Low quality BLH A to C na na na 6.95 6.28 4.68 26.4 23.87 17.77


TOTAL 16.05 15.83 14.80 25.83 24.77 21.28 98.34 94.94 84.49


Levee Low SLR Int SLR High SLR Low SLR Int SLR High SLR Low SLR Int SLR High SLR
Swamp Impact & Location Reach (AAHUs) (AAHUs) (AAHUs) (AAHUs) (AAHUs) (AAHUs) (AAHUs) (AAHUs) (AAHUs)
West of Bayou Des Allemands G&H 0.0 0.0 0.0 0.0 0.0 0.0 A A A


Sunset Drainage District west of LA 306 F 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.0 0.0


Sunset Drainage District east of LA 306 D&E 0.56 0.56 0.56 0.58 0.58 0.58 1.4 1.4 1.4


St. Charles levee upgrade lift A to C na na na 23.55 23.55 21.47 110.2 110.0 100.0
TOTAL 0.56 0.56 0.56 24.13 24.13 22.05 111.59 111.40 101.42


Levee Low SLR Int SLR High SLR Low SLR Int SLR High SLR Low SLR Int SLR High SLR
Fresh marsh Impact & Location Reach (AAHUs) (AAHUs) (AAHUs) (AAHUs) (AAHUs) (AAHUs) (AAHUs) (AAHUs) (AAHUs)
West of Bayou Des Allemands G&H 63.9 69.6 56.4 67.2 73.2 59.3 98.5 105.9 79.7


Sunset Drainage District west of LA 306 F 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.0 0.0


Sunset Drainage District east of LA 306 D&E 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.0 0.0


St. Charles levee upgrade lift A to C na na na 2.48 2.70 2.17 12.2 13.9 10.5
TOTAL 63.92 69.62 56.35 69.72 75.94 61.45 110.66 119.79 90.17


Alt 1


Alt 1


Alt 1


Alt 2


Alt 2


Alt 2


RP


RP


RP
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APPENDIX  D 
 
 


BORROW SITE SELECTION CRITERIA 
 


Where multiple alternative borrow areas exists, use of those alternative sites should be prioritized 
in the following order: existing commercial pits, upland sources, previously 
disturbed/manipulated wetlands within a levee system, and low-quality wetlands outside a levee 
system.  The Service supports the use of such protocols to avoid and minimize impacts to 
wetlands and bottomland hardwoods within project areas.  Avoidance and minimization of those 
impacts helps to provide consistency with restoration strategies and compliments the authorized 
hurricane protection efforts.  Such consistency is also required by Section 303(d)(1) of the 
Coastal Wetlands Planning, Protection and Restoration Act (CWPPRA).   
Accordingly, the Service recommends that prior to utilizing borrow sites every effort should be 
made to reduce impacts by using sheetpile and/or floodwalls to increase levee heights wherever 
feasible.  In addition, the Service recommends that the following protocol be adopted and 
utilized to identify borrow sources in descending order of priority: 


1.  Permitted commercial sources, authorized borrow sources for which environmental 
clearance and mitigation have been completed, or non-functional levees after newly 
constructed adjacent levees are providing equal protection.   


2.  Areas under forced drainage that are protected from flooding by levees, and that are: 
 a)  non-forested (e.g., pastures, fallow fields, abandoned orchards, former urban areas) 


and non-wetlands; 
 b)  wetland forests dominated by exotic tree species (i.e., Chinese tallow-trees) or non-


forested wetlands (e.g., wet pastures), excluding marshes; 
 c)  disturbed wetlands (e.g., hydrologically altered, artificially impounded).  


3.  Sites that are outside a forced drainage system and levees, and that are: 
 a)  non-forested (e.g., pastures fallow fields, abandoned orchards, former urban areas) 


and non-wetlands; 
 b)  wetland forests dominated by exotic tree species (i.e., Chinese tallow-trees) or non-


forested wetlands (e.g., wet pastures), excluding marshes; 
 c)  disturbed wetlands (e.g., hydrologically altered, artificially impounded). 


 
Notwithstanding this protocol, the location, size and configuration of borrow sites within the 
landscape is also critically important.  Coastal ridges, natural levee flanks and other geographic 
features that provide forested/wetland habitats and/or potential barriers to hurricane surges 
should not be utilized as borrow sources, especially where such uses would diminish the natural 
functions and values of those landscape features.   
 
To assist in expediting the identification of borrow sites, the Service recommends that 
immediately after the initial identification of a new borrow site the Corps should initiate informal 
consultation with the Service regarding potential impacts to federally listed threatened or 
endangered species.  To aid you in complying with those proactive consultation responsibilities, 
the Service has provided (in the above letter) a list of threatened and endangered species and 
their critical habitats within the project area.  
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APPENDIX  E 
 
MITIGATION SUCCESS CRITERIA AND MITIGATION MONITORING: 
MARSH MITIGATION FEATURES (Fresh, Intermediate, and Brackish Marsh Habitats) 
 
MITIGATION SUCCESS CRITERIA 
 
The success (performance) criteria described herein are applicable to all proposed marsh habitats 
(fresh marsh, intermediate marsh, and brackish marsh restoration features), unless otherwise 
indicated. 
 
1.  General Construction 
 
A. Complete all initial mitigation construction activities (e.g. construction of temporary 


retention/perimeter dikes, placement of fill (borrow material/dredged material), construction 
of permanent dikes if applicable, etc.) in accordance with the mitigation work plan and final 
project plans and specifications.  Upon completion of construction, USACE or its contractor 
shall provide construction surveys to include all project features.  These activities are 
classified as “initial construction requirements.”  


 
B. Approximately 1 year following completion of all initial mitigation construction activities 


(when the restored marsh feature has stabilized to the point that the containment berms are no 
longer required to prevent the loss of fill material from the project site), USACE or its 
contractor shall complete all final mitigation construction activities, in accordance with the 
mitigation work plan and final project plans and specifications.  Such activities may include, 
but are not limited to: degrading temporary retention/perimeter dikes; completion of armoring 
of permanent dikes; “gapping” or installation of “fish dips”; soil testing; completion of 
plantings; and construction of trenasses or similar features within marsh features as a means of 
establishing shallow water interspersion areas within the marsh.  Finishing the aforementioned 
construction activities will be considered as the “completion of final construction 
requirements”.   


 
2.  Topography1 


 
A. Initial Success Criteria: 


1.  One year after completion of fill placement:  
 Demonstrate that at least 80% of each mitigation feature has a surface elevation that is 


within +0.5 to – 0.5 feet of the desired target surface elevation as determined by the 
settlement curve for that year.   


2.  Two years after completion of fill placement:  
 Demonstrate that at least 80% of the mitigation site has a surface elevation that is 


within +0.5 feet to – 0.25 of the desired target surface elevation as determined by the 
settlement curve for that year.   


 
B. Intermediate Success Criteria: 


1. Two years following achievement of Topography Criteria 2.A.2. –– 
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 Demonstrate that at least 80% of the mitigation site has a surface elevation that is 
within the functional marsh elevation range2.   


 There are no additional monitoring or attainment requirements for topography beyond 
meeting the Intermediate Success Criteria for topography.    
 


Notes:   
1Elevation survey data and report will be provided to the IET for review in order to determine 
concurrence.  The surveys must include water levels inside and outside the marsh creation site 
at locations representative of site conditions.  
2The “functional marsh elevation range”, i.e. the range of the marsh surface elevation that is 
considered adequate to achieve proper marsh functions and values, is determined during the 
final design phase.   


 
3.  Native Vegetation 
 
A. Fresh marsh: 
 


1.   Initial Success Criteria (2 growing seasons following completion of initial construction 
activities in General Construction 1.A.): 
 Achieve a minimum average cover of 50% comprised of native herbaceous species. 
 Demonstrate that vegetation satisfies USACE hydrophytic vegetation criteria.   


2. Intermediate Criteria (2 years following attainment of Native Vegetation Criteria 3.A.1.): 
 Achieve a minimum average cover of 60% comprised of native herbaceous species. 
 Demonstrate that vegetation satisfies USACE hydrophytic vegetation criteria.   


3. Long-Term Success Criteria3 (Every monitoring event after attainment of Native 
Vegetation Criteria 3.A.2.): 
 Achieve a minimum average cover of 60% comprised of native herbaceous species.   
 Demonstrate that vegetation satisfies USACE hydrophytic vegetation criteria.   


 
Notes:  
1Fresh marsh is typically not planted due to the expectation that it will naturally vegetate 
more quickly than intermediate or brackish marsh. However, if percent cover success 
criteria are not met, plantings may become necessary in the absence of  
other recommended actions 
 


B. Intermediate marsh and brackish marsh:   
 


1. Initial Success Criteria (2 growing seasons following completion of initial construction 
activities in General Construction 1.A.): 
 Initial plantings must attain at least 80% survival of planted species, or achieve a 


minimum average cover of 25% native herbaceous species (includes planted species and 
volunteer species). If site self-vegetates, the site must achieve a minimum average cover 
of at least 50% native herbaceous species. 


 Demonstrate that vegetation satisfies USACE hydrophytic vegetation criteria.   
2. Intermediate Criteria (2 years following attainment of Native Vegetation Criteria 3.B.1): 


 Achieve a minimum average cover of 60%, comprised of native herbaceous species 
(includes planted species and volunteer species). 
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 Demonstrate that native vegetation satisfies USACE hydrophytic vegetation criteria.   
3. Long-Term Success Criteria3 (Every monitoring event after attainment of Native 


Vegetation Criteria 3.B.2.): 
 Achieve a minimum average cover of 60%, comprised of native herbaceous species 


(includes planted species and volunteer species). 
 Demonstrate that native vegetation satisfies USACE hydrophytic vegetation criteria.   


 
Note:   
1There is not a minimum average cover requirement for years 21 – 50. However, vegetation 
data will be collected throughout the 50-year project life. 


 
4.  Invasive and Nuisance Vegetation (for all marsh types) 
 
A. Initial, Intermediate, and Long-term1 Success Criteria  


 Maintain the project area such that the total average vegetative cover accounted for by 
invasive and nuisance species constitute less than 5% of the total average plant cover 
throughout the 50-year project life.  The list of invasive and nuisance species is found 
in Appendix A and will be tailored to reflect specific site needs.  


 
Note:  
1Yearly inspections to determine the need for invasive/nuisance control would be conducted 
until the long term success criteria for vegetation is achieved.  After it is achieved, the 
frequency of inspections to determine the need for invasive/nuisance control would be 
adjusted based on site conditions. 


 
MITIGATION MONITORING GUIDELINES 
 
The guidelines for mitigation monitoring provided herein are applicable to all types of marshes 
being restored unless otherwise indicated. 
 
Baseline Monitoring Report (First Monitoring Report) 
 
A “baseline” monitoring report will be prepared upon completion of Final Construction 
Requirements 1.B. and upon any re-plantings associated with construction.  Information 
provided will typically include the following: 
 


 A detailed discussion of all mitigation activities completed. 
 


 A plan view drawing of the mitigation site showing the approximate boundaries of the 
restored marsh, significant interspersion features established within the marsh features (as 
applicable), proposed monitoring transect locations, proposed sampling plot locations, photo 
station locations and water level survey locations. 


 
 Initial and final construction surveys of all project features (including but not limited to the 


fill area, fish dips, weirs, culverts, etc.) and an analysis of the survey data will be provided 
addressing attainment of topographic success criteria. If a project is immediately adjacent to 
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existing marsh habitat, the topographic survey will include spot elevations collected within 
the existing marsh habitat near the restored marsh. 


 
 Photographs documenting conditions in the project area will be taken at the time of 


monitoring.  Photos will be taken at permanent photo stations within the restored marsh.  At 
least two photos will be taken at each station with the view of each photo always oriented in 
the same general direction from one monitoring event to the next.  The number of photo 
stations required and the locations of these stations will vary depending on the mitigation 
site.  The USACE will make this determination in coordination with the Interagency Team 
and will specify the requirements in the Mitigation Monitoring Plan.  At a minimum, 4 photo 
stations will be established within each marsh cell. 


 
 For planted marsh only -- A detailed inventory of all species planted, including the number 


of each species planted, the stock size planted, and where the species were planted will be 
documented.  For mitigation sites that include more than one planted marsh cell/feature, 
provide a breakdown itemization indicating the number of each species planted in each 
feature and correlate this itemization to the marsh features depicted on the plan view 
drawing of the mitigation site. 


 
 As part of the as-built/final construction survey, water level surveys will be taken inside 


and outside the marsh creation site at predetermined locations identified in coordination 
with the IET and NFS. Each interior water level elevation should have a corresponding 
exterior water level elevation taken consecutively and within close proximity.  If there 
appears to be disparity in water levels within the marsh creation site, additional shots may 
be required. The baseline monitoring report will provide the surveyed water level data and 
will compare it to mean high and mean low water elevation data collected from a tidal 
elevation recording station in the general vicinity of the mitigation site.  The report will 
further address estimated mean high and mean low water elevations at the mitigation site 
based on field indicators.  


 
 Various qualitative observations will be made in the mitigation site to help assess the status 


and success of mitigation and maintenance activities.  These observations will include: 
general estimate of the average percent cover by native plant species; general estimates of 
the average percent cover by invasive and nuisance plant species; general observations 
concerning colonization of the mitigation site by volunteer native plant species; general 
condition of native vegetation; trends in the composition of the plant community; wildlife 
utilization as observed during monitoring (including fish species and other aquatic 
organisms); the condition of interspersion features (tidal channels, trenasses, depressions, 
etc.) constructed within the marsh features, noting any excessive scouring and/or siltation 
occurring within such features; the natural formation of interspersion features within restored 
marshes; observations regarding general surface water flow characteristics within marsh 
interspersion features; the general condition of “gaps”, “fish dips”, or similar features 
constructed in permanent dikes; if present, the general condition of any armoring installed on 
permanent dikes.  General observations made during the course of monitoring will also 
address potential problem zones and other factors deemed pertinent to the success of the 
mitigation project. 
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 A summary assessment of all data and observations along with recommendations as to 
actions necessary to help meet mitigation and management/maintenance goals and mitigation 
success criteria. 


 
 A brief description of anticipated maintenance/management work to be conducted during the 


period from the current monitoring report to the next monitoring report. 
 
Additional Monitoring Reports 
 
All monitoring reports generated after the Baseline Monitoring Report will be called either 
Initial, Intermediate or Long-Term Monitoring Reports and shall include the year in which the 
monitoring occurred (i.e. Monitoring Report 2019).  All Monitoring Reports shall provide the 
following information unless otherwise noted: 
 


 All items listed for the Baseline Monitoring Report with the exception of: (a) the 
topographic surveys, although additional topographic surveys are required for specific 
monitoring reports (see below); and (b) the inventory of species and location map for all 
planted species.   


 
 Quantitative data for all plants in each stratum.  Data will be collected from permanent 


sampling quadrats established at approximately equal intervals along permanent 
monitoring transects established within each marsh feature.  Each sampling quadrat will be 
approximately 2 meters X 2 meters in size (although the dimensions of each quadrat may 
be increased, if necessary, to provide better data in planted marsh features).  The number of 
monitoring transects and number of sampling quadrats per transect will vary depending on 
size of the mitigation site and will be determined by the IET during the final design phase 
of the project.  The resulting requirements, including quadrat dimensions, will be specified 
in the Final Mitigation Monitoring Plan for the project.  Data recorded from the sampling 
quadrats will include but not be limited to:  average total percent cover by native plant 
species; average total percent cover by invasive plant species; average total percent cover 
by nuisance plant species; percent cover of each plant species; the wetland indicator status 
of each species; and the average percent survival of each planted species (i.e. number of 
living planted species as a percentage of total number of plants installed), if discernable at 
the time of monitoring. 
 


 One photograph shall be taken from the SE corner of each sampling plot to clearly capture 
the vegetation plot and must include a sign that indicates the plot number and sampling 
date. 


 
 A brief description of maintenance and/or management work performed since the previous 


monitoring report along with a discussion of any other significant occurrences. 
 


 Topographic surveys of each marsh restoration feature for initial and intermediate 
monitoring events (at approximately 2 years and 4 years following completion of final 
construction activities (General Construction 1.B.)).  These surveys will cover the same 
components as described for the topographic survey conducted for the Baseline Monitoring 
Report.  In addition to the surveys themselves, each of the two monitoring reports will 
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include an analysis of the topographic data in regards to the attainment of applicable 
topographic success criteria.  If the surveys indicate topographic success criteria have not 
been achieved and supplemental topographic alterations are necessary, then another 
topographic survey will be required following completion of the supplemental alterations.  
This determination will be made by USACE and the IET. 


 
Monitoring Reports Following Planting or Re-planting Activities  
 
Planting or re-planting of certain areas within restored marsh habitats may be necessary to ensure 
attainment of applicable native vegetation success criteria.  Any monitoring report submitted 
following completion of a planting event must include an inventory of the number of each 
species planted, the stock size used, and the locations for each species planted.  It must also 
include a depiction of the areas re-planted or those planted, as applicable, cross-referenced to a 
listing of the species and number of each species planted in each area.  The perimeter of re-
planted area should be documented with GPS coordinates. If single rows are replanted, then GPS 
coordinates should be taken at the end of the transect. 
 
 
MITIGATION MONITORING SCHEDULE AND RESPONSIBILITIES 
 
Monitoring will typically take place in mid to late summer during the required years for 
monitoring, but may be delayed until later in the growing season due to site conditions or other 
unforeseen circumstances.  Monitoring Reports will be submitted by December 31 of each year 
of monitoring to the USACE, NFS, and the IET.  The various monitoring and reporting 
responsibilities addressed in this section are all subject to the provisions set forth in the 
Introduction section. 
 
The USACE will be responsible for conducting the monitoring events and preparing the 
associated monitoring reports until such time that the following mitigation success criteria are 
achieved (criteria follow numbering system used in success criteria section): 
 


1.  General Construction – 1.A. and 1.B. 
2.  Topography – 2.A.1 and 2.A.2. 
3.  Native Vegetation – For fresh marsh features, criteria 3.A.1; for intermediate marsh and 


brackish marsh features, criteria 3.B.1.  
4.  Invasive & Nuisance Vegetation – 4.A. until such time as monitoring responsibilities are 


transferred to the NFS. 
 
The USACE will be responsible for conducting Baseline and Initial Success Monitoring events 
and preparing the associated monitoring reports. 
 
The NFS will be responsible for conducting the required monitoring events and preparing the 
associated monitoring reports for all other required years after the USACE has achieved the 
initial success criteria listed above.  The responsibility for management, maintenance, and 
monitoring of the non-structural components of the mitigation project (i.e. vegetation) will 
typically be transferred to the NFS during the first quarter of the year immediately following 
submittal of the monitoring report that demonstrates attainment of the initial success criteria.  
Once monitoring responsibilities have been transferred to the NFS, the next monitoring event 
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(Intermediate) should take place 2 growing seasons after Initial Success (Topography 2.A.2 and 
Native Vegetation 3.A.1 or 3.B.1) has been met.  After Intermediate Success Criteria 
(Topography 2B and Native Vegetation 3.A.2 or 3.B.2) has been met, Long-Term Success 
Criteria monitoring will be conducted every 5 years throughout the remaining 50-year period of 
analysis (which begins once initial success criteria have been met). 
 
In certain cases, it is possible that the marsh mitigation features may be established along with 
other mitigation features, like swamp or bottomland hardwood habitats, at the same mitigation 
site.  This scenario could require some adjustments to the typical monitoring schedule described 
above in order to develop a reasonable and efficient monitoring schedule that covers all the 
mitigation features.  Such adjustments, if necessary, would be made at the time final mitigation 
plans are generated.  This schedule must be in general accordance with the guidance provided 
above and will be prepared by the USACE and the IET. 
 
If certain success criteria are not achieved, failure to attain these criteria would trigger the need 
for additional monitoring events not addressed in the preceding paragraphs.  The USACE would 
be responsible for conducting such additional monitoring and preparing the associated 
monitoring reports in the following instances:  
 
(A)  For fresh marsh features –  


 If the initial vegetative cover success criteria (3.A.1) are not achieved, a monitoring 
report will be required for each consecutive year until two sequential annual reports 
indicate that the applicable vegetative cover criteria have been satisfied.  This 
requirement only exists if planting the marsh mitigation feature is required to meet the 
success criteria, the USACE would be responsible for the purchase and installation of the 
required plants.  


 
(B)  For intermediate and brackish marsh features – 


 If the initial survival criteria for planted species or the initial vegetative cover criterion 
(3.B.1) are not achieved a monitoring report will be required for each consecutive year 
until two sequential annual reports indicate that the applicable survival criteria or 
vegetative cover criteria have been satisfied.  The USACE would be responsible for the 
purchase and installation of supplemental plants needed to attain the success criteria. 


 
(C)  For all types of marsh features– 


 If initial topographic success criteria (2.A.1 and 2.A.2) are not achieved, the IET would 
convene to determine whether corrective actions are necessary.  If corrective actions are 
necessary additional surveys and a monitoring report will be required to indicate whether 
applicable criteria have been satisfied.  The USACE would also be responsible for 
performing the necessary corrective actions. 
 


 If initial invasive and nuisance species criteria (4.A) are not achieved a monitoring report 
will be required for each consecutive year until two sequential annual reports indicate 
that the applicable criteria have been satisfied.  The USACE would be responsible for the 
irradiation activities needed to attain the success criteria. 
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There could also be cases where failure to attain certain success criteria would trigger the need 
for additional monitoring events for which the NFS would be responsible: 
 
(A)  For fresh marsh features –  


 If the native vegetation intermediate success criteria (3.A.2) are not achieved, a 
monitoring report will be required for each consecutive year until two sequential annual 
reports indicate that the success criteria have been satisfied.  The Sponsor would also be 
responsible for the purchase and installation of supplemental plants needed to attain the 
success criteria. 
 


(B)  For intermediate and brackish marsh features – 
 If the native vegetation intermediate success criteria (3.B.2) are not achieved, a 


monitoring report will be required for each consecutive year until two sequential annual 
reports indicate that the native vegetation intermediate success criteria has been satisfied.  
The Sponsor would also be responsible for the purchase and installation of supplemental 
plants needed to attain the success criteria. 


 
(C)  For all types of marsh features – 


 If the topographic intermediate success criteria (2.B.) are not achieved, the IET would 
convene to determine whether corrective actions are necessary.  If corrective actions are 
necessary, additional surveys and a monitoring report will be required to indicate whether 
applicable criteria have been satisfied.  The NFS would also be responsible for 
performing the necessary corrective actions if the IET determines such corrective actions 
are necessary. 


 
 If the native vegetation long term success criteria (3.A.3 and 3.B.3) are not achieved, the 


IET would convene to discuss whether corrective actions would be necessary.  If 
corrective actions are necessary, a monitoring report will be required for each 
consecutive year following completion of the corrective actions until two sequential 
annual reports indicate that the native vegetative cover criteria have been attained.  The 
NFS would be responsible for performing the corrective actions, conducting the 
additional monitoring events, and preparing the associated monitoring reports. 
 


 If the intermediate and long term invasive and nuisance species criteria (4.A) are not 
achieved a monitoring report will be required for each consecutive year until two 
sequential annual reports indicate that the applicable criteria have been satisfied.  The 
NFS would be responsible for the irradiation activities needed to attain the success 
criteria. 


 
Once monitoring responsibilities have been transferred to the NFS, the NFS will retain the ability 
to modify the monitoring plan and the monitoring schedule should this become necessary due to 
unforeseen events or to improve the information provided through monitoring.  Fifteen years 
following achievement of Long Term Success Criteria, the number of monitoring transects 
and/or quadrats that must be sampled during monitoring events may be reduced substantially if it 
is clear that mitigation success is proceeding as anticipated.  Any significant modifications to the 
monitoring plan or the monitoring schedule must first be approved by the USACE and the IET. 
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APPENDIX  F 
 
 


TWELVE REQUIREMENTS FOR MITIGATION PLANNING 
(from the U.S. Army Corps of Engineers & EPA 2008 Final Mitigation Rule in the  


FEDERAL REGISTER Vol. 73, No. 70, April 10, 2008) 
 
Twelve Requirements for a Compensatory Mitigation Plan 
 


1. Objectives.  A description of the resource type(s) and amount(s) that will be 
provided, the method of compensation (restoration, establishment, preservation 
etc.), and how the anticipated functions of the mitigation project will address 
watershed needs. 


 
2. Site selection.  A description of the factors considered during the site selection 


process.  This should include consideration of watershed needs, onsite alternatives 
where applicable, and practicability of accomplishing ecologically self-sustaining 
aquatic resource restoration, establishment, enhancement, and/or preservation at 
the mitigation project site. 


 
3. Site protection instrument.  A description of the legal arrangements and 


instrument including site ownership, that will be used to ensure the long-term 
protection of the mitigation project site. 


 
4. Baseline information.  A description of the ecological characteristics of the 


proposed mitigation project site, in the case of an application for a DA permit, the 
impact site.  This may include descriptions of historic and existing plant 
communities, historic and existing hydrology, soil conditions, a map showing the 
locations of the impact and mitigation site(s) or the geographic coordinates for 
those site(s), and other characteristics appropriate to the type of resource proposed 
as compensation.  The baseline information should include a delineation of waters 
of the United States on the proposed mitigation project site.  A prospective 
permittee planning to secure credits from an approved mitigation bank or in-lieu 
fee program only needs to provide baseline information about the impact site. 


 
5. Determination of credits.  A description of the number of credits to be provided 


including a brief explanation of the rationale for this determination. 
 For permittee-responsible mitigation, this should include an 


explanation of how the mitigation project will provide the required 
compensation for unavoidable impacts to aquatic resources 
resulting from the permitted activity. 


 For permittees intending to secure credits from an approved 
mitigation bank or in-lieu fee program, it should include the 
number and resource type of credits to be secured and how these 
were determined. 
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6. Mitigation work plan.  Detailed written specifications and work descriptions for 
the mitigation project, including: the geographic boundaries of the project; 
construction methods, timing, and sequence; source(s) of water; methods for 
establishing the desired plant community; plans to control invasive plant species; 
proposed grading plan; soil management; and erosion control measures.  For 
stream mitigation projects, the mitigation work plan may also include other 
relevant information, such as planform geometry, channel form (e.g., typical 
channel cross-sections), watershed size, design discharge, and riparian area 
plantings. 


 
7. Maintenance plan.  A description and schedule of maintenance requirements to 


ensure the continued viability of the resource once initial construction is 
completed. 


 
8. Performance standards.  Ecologically-based standards that will be used to 


determine whether the mitigation project is achieving its objectives. 
 
9. Monitoring requirements.  A description of parameters monitored to determine 


whether the mitigation project is on track to meet performance standards and if 
adaptive management is needed.  A schedule for monitoring and reporting 
monitoring results to the DE must be included. 


 
10. Long-term management plan.  A description of how the mitigation project will be 


managed after performance standards have been achieved to ensure the long-term 
sustainability of the resource, including long-term financing mechanisms and the 
party responsible for long-term management. 


 
11. Adaptive management plan.  A management strategy to address unforeseen 


changes in site conditions or other components of the mitigation project, including 
the party or parties responsible for implementing adaptive management measures. 


 
12. Financial assurances.  The DE may require additional information as necessary to 


determine the appropriateness, feasibility, and practicability of the mitigation 
project. 


 
Other information.  The DE may require additional information as necessary to determine 


the appropriateness, feasibility, and practicability of the mitigation project.  
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APPENDIX  G 
 


Letter from Major General Holland Committing the U.S. Army Corps of 
Engineers to Conduct the Indirect Impact Assessments 
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United States Department of the Interior 


FISH AND WILDLIFE SERVICE 


200 Dulles Drive. 


Lafayette, Louisiana 70506 


February 19, 2021 
 


Colonel Murphy 


District Commander 


U.S. Army Corps of Engineers 


New Orleans District 


7400 Leake Avenue 


New Orleans, LA 70118-3651 


Dear Colonel Murphy: 


The U.S. Fish and Wildlife Service (Service) has prepared this final Draft Fish and 


Wildlife Coordination Act Report on the U.S. Army Corps of Engineers’ (Corps) Upper 


Barataria Louisiana Risk Management Feasibility Study. The objectives of that study are 


to evaluate the feasibility of providing storm surge protection and protection from 


flooding due to heavy rainfall events for the communities located within the upper 


Barataria Basin of Louisiana in Lafourche, Jefferson, St. John the Baptist, St. Charles, St. 


James, Ascension, and Assumption Parishes. The study area encompasses an extensive 


complex of coastal wetland forests and marshes within the upper Barataria Basin north of 


U.S. Highway 90. 


 


This final Draft Coordination Act Report provides an analysis of fish and wildlife 


resource impacts associated with the final array of alternatives, including that of the 


newly developed 100-year storm event protection alternative. This new 100-yr event 


protection alternative has been selected as the Recommended Plan (RP). Because the 


indirect impact analysis could not be completed during the project’s feasibility phase, the 


impact analysis is incomplete. Hence, this final Draft Coordination Act Report does not 


fulfill the requirements of the Fish and Wildlife Coordination Act (48 Stat. 401, as 


amended; 16 U.S.C. 661 et seq.). When that analysis is completed, the Service can 


submit a final report of the Secretary of the Interior as required by Section 2(b) of that 


Act. The October 2020 Revised Draft Coordination Act Report was provided to the 


Louisiana Department of Wildlife and Fisheries (LDWF) and the National Marine 


Fisheries Service (NMFS). Comments from the National Marine Fisheries Service and 


the Louisiana Department of Wildlife and Fisheries will be incorporated into our final 


report. 


 


For a description of project area habitat types, associated fish and wildlife resources, 


methodology, fish and wildlife resource concerns, and literature citations, please 


reference our April 15, 2020, Planning Aid Report and our November 2019 Draft 


Coordination Act Report at the following link: 


https://www.fws.gov/gisdownloads/R4/Louisiana%20ESO/Paille/. 



http://www.fws.gov/gisdownloads/R4/Louisiana%20ESO/Paille/
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Description of Alternatives 


The final array of alternatives consists of three levee construction alternatives. 


 


Alternative 1: This alternative consists of raising existing forced drainage levees 


extending from Paradis to the community of Des Allemands and constructing a new levee 


segment that would cross the basin from Bayou Des Allemands parallel to and south of 


U.S. Highway 90 and terminate near Raceland on Bayou Lafourche (Figure 1). The 


levee would be constructed to an elevation of 7.5 feet and would be 18.3 miles in length. 


A 270-foot-wide barge gate would be installed in Bayou Des Allemands to provide 


gravity drainage.  Borrow would come from nearby farmlands. 


 


Alternative 2: This alignment incorporates all of the Alternative 1 footprint plus it 


includes raising the existing St. Charles Parish protection levee that extends 


northeastward to the Mississippi River at Luling (Figure 2). This alternative would be 


constructed to an elevation of 8.5 feet and would be 30.4 miles long. A 270-foot-wide 


barge gate would provide gravity drainage at Bayou Des Allemands. Borrow for levee 


construction would come from nearby farmlands. 


 


Figure 1. Map illustrating the proposed Alternative 1 levee alignment. 
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Figure 2. Map illustrating the proposed Alternative 2 levee alignment. 


 
 


Alternative 3, the 100-year event protection alternative: This alternative occupies 


generally the same footprint as Alternative 2, but would be constructed to an elevation of 


14.5 to 16 feet, and would be up to 170 feet wide in the marshes southwest of Bayou Des 


Allemands and 260 feet wide along the existing St. Charles levee. A 40-foot-wide right- 


of–way (ROW) would be established on both sides of the levee footprint in marshes. 


Where existing local levees would be raised, the ROW is generally located on one side or 


the other. Most of the levees would be constructed in two lifts, with the second lift 


occurring roughly during the middle of the 50-year project life. Only the westernmost 


levee reach (Reach H) would be constructed in one lift. To avoid impacting residential 


communities located in close proximity to the existing Sunset Drainage District levee, the 


proposed levee would consist of a sheet pile or T-wall structure. Borrow for levee 


construction would come from nearby farmlands. 


 


Each of these three alternatives includes a 270-foot-wide barge gate to preclude storm 


surge flooding within the protected area. The wing walls of that floodgate structure 


would include 12 auxiliary drainage gates to provide a total cross-sectional area greater 


than that at the existing railroad crossing located adjacent to the U.S. Highway 90 


crossing. The RP also includes two small culvert structures through the levee in Reach G 
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(southwest of Bayou Des Allemands) to maintain water exchange across the marsh. A 


45-foot-wide water control structure would also be installed in Bayou Gauche at its 


junction with Bayou Des Allemands to reduce induced storm surge northward up that 


bayou (Figure 3). 


 


List of structures associated with Figure 3: 


1. Floodwall section in Hydraulic Reach D 


2. Floodwall section in Hydraulic Reach D and E 


3. Crawford Canal P.S. Fronting Protection 


4. Floodwall section in Hydraulic Reach E and F 


5. 45–foot-long Bayou Gauche Roller Gate 


6. 270–foot-long Barge Gate crossing Bayou Des Allemands 


7. Drainage Structure – 4 – 6 X 6 foot RC box culverts with sluice gates 


8. Drainage Structure – 4 – 6 X 6 foot RC box culverts with sluice gates 


9. Drainage Structure – 2 – 84 inch RCP culverts with sluice gates 


10. Drainage Structure – 1 – 60 inch RCP culvert with sluice gates 


11. Godchaux Canal Bridge 


12. Drainage Structure – 3 – 6 X 6 foot RC box culverts with sluice gates 


 


Right of Way (ROW) impacts 


A 40-foot-wide ROW is planned adjacent to the levee toe for equipment access. In 


marshes, a ROW would be located on both sides of the levee. After construction, the 


contractor will be required to restore the ROW marshes to pre-construction conditions. 


In marshes, it was assumed that 20% of the ROW would become shrub scrub habitat 


post-restoration due to resulting higher elevations. Additionally, it is assumed that post- 


construction ROW restoration would be completed through natural revegetation 


processes over a 5-year period. In forested areas, the forest would be cleared from the 


ROW. It is assumed that ROWs would be maintained free of trees, and thus forested 


ROWs would be permanently impacted. 


 


In addition to ROW impacts, some wetland impacts would also occur due to construction 


of access roads for equipment and staging areas. The Reach G access road would be 


permanent, and the Reach G staging area would be restored to marsh after construction of 


the second lift is completed (marsh ROW restoration assumptions applied). The Reach D 


access road is assumed to result in a permanent forest impact. 
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Figure 3. Map of water control structures and other features associated with the RP. 
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EVALUATION OF ALTERNATIVE PLANS 


 


Fish and wildlife resource impacts were determined for the final array of alternatives using the 


Corps’ provided shapefiles of levee footprints. Acreage of direct wetland construction impacts 


by habitat type were obtained by overlaying those shapefiles onto 2017 Digital Orthophoto 


Quarter Quad maps and habitat types were determined from that imagery in combination with 


field inspections conducted during October 2019 (Table 1). Given schedule constraints, Covid 


travel limitations, and lack of access to some future impact sites, the habitat type determinations 


in some areas is tentative. The direct impacts provided below include wetland impacts 


associated with construction of access roads in reaches D and G and impacts associated with 


temporary ROWs. The Corps has determined that Alternative 3 is the Recommended Plan (RP). 


The RP is the most damaging of the alternatives in the final array of alternatives. 


 


Table 1.  Summary of direct impacts by habitat type and levee alternative. 


 
Habitat Type 


Alt 1 


(acres) 


Alt 2 


(acres) 


Alt 3 - RP 


(acres) 
Bottomland Hardwood Forest 41.68 86.66 291.32 


Cypress-Tupelo Swamp 1.04 36.43 167.28 
Fresh Marsh 136.54 148.93 266.79 


 
Bottomland hardwood forest (BLH) impacts would occur within the forced drainage area of the 


Sunset Drainage District. A small acreage of the Paradis Mitigation Bank located within that 


forced drainage district would be impacted. Wetlands within the Sunset Drainage District are 


not exposed to increasing sea level rise effects as are the remaining impact areas. Swamp and 


BLH on the flood side of the St. Charles levee would also be impacted by Alternatives 2 and 3. 


 


Near the Raceland end of the proposed levee, impacted BLH consists of inundation stressed and 


stunted red maple. Along portions of the St. Charles levee, BLH is also stressed, but impacts to 


more healthy BLH stands would also occur there. The inundation stressed BLH could be 


classified as a Resource Category 3 rather than Category 2. A more thorough field inspection 


would be needed to consider this change. 


 


Marsh impacts would occur primarily southwest of Bayou Des Allemands where a new levee 


would be constructed across marsh. Small amounts of fresh marsh impacts would occur along 


the St. Charles levee where inundation has converted former BLH to marsh. A more detailed 


breakdown of direct impacts (acres) by location is provided in Appendix A. A summary of 


direct impacts in AAHUs is provided in Table 2 with a more detailed breakdown provided in 


Appendix B. 


 


It is assumed that borrow for levee construction will come from existing agricultural areas. If 


borrow is taken from forested or wetland areas, additional borrow-related impacts would need to 


be quantified. Construction of the RP will impact two established mitigation areas and a 


conservation area on the flood side of the existing St. Charles Parish levee (Figure 4 and Table 


3). 
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Table 2. Direct impacts in AAHUs by habitat type, alternative, and SLR scenario. 


 


 
 


Figure 4. Mitigation and conservation areas near the RP Reaches A & B. 
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Table 3. Direct construction impacts on existing mitigation & conservation areas. 


 


 
 


Indirect Impacts 


Installation of the floodgate across Bayou Des Allemands has the potential to reduce water 


exchange and increase the hydroperiod of the upper Barataria Basin. Upper Barataria Basin 


forested wetlands are already near or at a permanently inundated condition. Consequently, 


growth rates of trees in those areas could be further reduced and tree mortality increased should 


the project cause stage increases of sufficiently long durations. Funding to conduct hydrologic 


modeling of this possible indirect effect was not available. At the railroad crossing just north of 


U.S. Highway 90, the Bayou Des Allemands channel is constricted with a channel cross-section 


of only 5,180 square feet. The proposed floodgate with its auxillary gates would have a total 


cross-sectional area of 7,140 square feet (138% of the existing channel constriction). This total 


floodgate cross-sectional area may be sufficient to preclude any project-induced hydroperiod 


increases, but modeling should be conducted to confirm this. Lacking the more robust modeling 


confirmation, it cannot be assumed that the project would not result in system-level hydroperiod 


impacts to upper basin wetlands. Floodgate closure triggers and operation plans are also needed 


to assess effects of storm related closures on hydroperiod within protected areas. 


 


Fish Access Impacts 


The Bayou Des Allemands floodgate may also reduce water exchange and fisheries access to the 


upper basin. To assess fish access impacts, the without project channel cross-sectional area at 


the floodgate location is needed. When those cross-sectional areas become available, then the 


fisheries access impact can be assessed. Floodgate closure triggers and operation plans are also 


needed to assess effects from the duration of storm related floodgate closures. 


 
 


SERVICE POSITION AND RECOMMENDATIONS 


 


Because information regarding possible system-level hydroperiod impacts and fisheries access 


impacts associated with proposed water control structures are not yet available, we cannot 


complete our evaluation of project effects on fish and wildlife resources, nor can we entirely 


fulfill our reporting responsibilities under Section 2(b) of the Fish and Wildlife Coordination 


Act. When available, that information will be incorporated into our Final Coordination Act 


Report. Additional Service involvement during the preconstruction engineering and design 


phase of this project, along with more-definitive project information, will be required so that we 


can fulfill our responsibilities under the Fish and Wildlife Coordination Act. Regarding indirect 


project effects, the Service recommends: 







9  


 


1. The existing Bayou Des Allemands channel cross-section (in square feet) should be 


provided to enable assessment of potential structure-related fisheries access impacts. 


 


2. Floodgate operation plans and closure criteria are needed for all actively operated water 


control structures to assess closure duration and closure impacts to fisheries access. 


 


3. The project floodgate structures should be designed to handle the discharge associated 


with the two Mississippi River diversions (identified in the 1993 CWPPRA Louisiana 


Coastal Wetlands Restoration Plan) without corresponding widescale hydroperiod 


increases. 


 


Available information indicates that substantial direct wetland losses will result from 


construction of project features. Consequently, avoidance and minimization of direct wetland 


impacts should be pursued to the greatest extent practicable. The Service provides the following 


recommendations to avoid and/or minimize project impacts on fish and wildlife resources, and 


for mitigating unavoidable impacts to those resources: 


 


1. The Corps should coordinate closely with the Service and other fish and wildlife 


conservation agencies throughout the engineering and design of project features including 


levees, floodgates, and environmental water control structures to ensure that those 


features are designed, constructed, and operated consistent with wetland restoration and 


associated fish and wildlife resource needs. 


 


2. Estimates of all direct and indirect project-related wetland impacts should be refined for 


inclusion in the project’s Final Report and Environmental Impact Statement. 


 


3. Locations of borrow for levee construction material should be identified and provided to 


the Service and other interested natural resource agencies. 


 


4. To the greatest degree practical, the proposed levees and borrow pits should be located to 


avoid and minimize direct and indirect impacts to emergent wetlands. Efforts should be 


made to further reduce those direct impacts by hauling in fill material, using sheetpile for 


the levee crest, deep soil mixing, or other alternatives. 


 


5. If organic soils must be removed from the construction site, that material should be used 


to create or restore emergent wetlands to the greatest extent practicable. If that is not 


practicable, then use of that material to improve borrow pit habitat quality (e.g., construct 


bank slopes, reduce depths, etc.) should be examined. 


 


6. Forest clearing associated with project features should be conducted during the fall or 


winter to minimize impacts to nesting migratory birds, when practicable. 


 


7. Avoid adverse impacts to bald eagle nesting locations and wading bird colonies through 


careful design of project features and timing of construction. Surveys prior to 


construction such be undertaken to ensure no nesting birds are within 1,000 feet of any 







10  


proposed work. If nesting birds are found within 1,000 feet of any proposed work sites, 


the Service and the Louisiana Department of Wildlife and Fisheries should be contacted 


for procedures to avoid impacts. 


 


8. The Service recommends that the Corps contact the Service for additional consultation if: 


1) the scope or location of the proposed project is changed significantly; 2) new 


information reveals that the action may affect listed species or designated critical habitat; 


3) the action is modified in a manner that causes effects to listed species or designated 


critical habitat; or 4) a new species is listed or critical habitat designated. Additional 


consultation as a result of any of the above conditions or for changes not covered in this 


consultation should occur before changes are made and or finalized. 


 


9. Full, in-kind compensation (quantified as AAHUs) should be provided for unavoidable 


net adverse impacts on forested wetlands, marsh, and associated submerged aquatic 


vegetation, including any additional losses identified during post-authorization 


engineering and design studies. To help ensure that the proposed mitigation features 


meet their goals, the Service provides the following recommendations: 


 


a. The Corps should fully compensate for any unavoidable losses of wetland habitat 


or non-wet bottomland hardwoods caused by project features. 


b. Levee construction borrow sites should be designed to avoid and minimize 


impacts to fish and wildlife habitat; in the event new borrow sites are identified, 


guidelines for the selection of borrow sites are found in Appendix C. 


c. Mitigation measures should be constructed concurrently with the features that 


they are mitigating. If construction is not concurrent with mitigation 


implementation then revising the impact and mitigation period-of-analysis to 


reflect additional temporal losses will be required. 


d. The Service and other fish and wildlife conservation agencies should be consulted 


in the development of plans and specifications for all mitigation features and any 


monitoring and/or adaptive management plans. 


e. To avoid shortfalls in marsh creation acreage, the contractor should be required to 


guarantee the creation of at least the target acreage of marsh platform, or excess 


acres should be created. 


f. The acreage of marsh created to mitigate project impacts should meet or exceed 


the marsh acreage projected by the Habitat Evaluation Team for target year 5. 


g. The acreage of marsh created for mitigation purposes, and adjacent affected 


wetlands, should be monitored over the project life to evaluate project impacts, 


effectiveness of compensatory mitigation measures, and the need for additional 


mitigation should those measures prove insufficient. 


h. The acreage of marsh created for mitigation purposes, and adjacent affected 


wetlands, should be monitored over the project life to evaluate project impacts, 


effectiveness of compensatory mitigation measures, and the need for additional 


mitigation should those measures prove insufficient. 


i. The Corps should maintain full responsibility for all mitigation projects until the 


projects are found to be fully compliant with success and performance 


requirements. Success requirements are provided in Appendix D. 
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j. Dredged material borrow pits, including those utilized to create marsh for 


mitigation purposes, should be carefully designed and located to minimize anoxia 


problems and excessive disturbance to area water bottoms, and to avoid increased 


saltwater intrusion. 


k. If applicable, a General Plan for mitigation should be developed by the Corps, the 


Service, and the managing natural resource agency in accordance with Section 


3(b) of the FWCA for mitigation lands. See Appendix E for details. 


 


Extensive additional information is needed by the Service to complete the required evaluation of 


project effects and fulfill our reporting responsibilities under Section 2(b) of the Fish and 


Wildlife Coordination Act. Much of that information may not be available until engineering and 


design of the project features has progressed. To help ensure that sufficient information is 


provided, the Service recommends that the Corps perform the following tasks during the 


engineering and design phase: 


 


1. Provide additional information on anticipated construction techniques and their 


associated wetland impacts, such as additional dredging to install floodgates and water 


control structures, dredging temporary by-pass channels, construction of access roads, 


ROW activities and restoration methods, and the method for disposing organic surface 


soils that are unsuitable for levee construction. 


2. Provide final levee footprint shapefiles and designs for borrow sites used in levee 


construction. 


3. Provide without project Bayou des Allemands cross-sections where the floodgate would 


be installed. 


4. To assess possible indirect project impacts, provide hydrologic model outputs on FWOP 


and FWP stages within the protected area wetlands following a variety of heavy rainfall 


events. 


 


Sufficient funding should be provided for full Service participation in the post-authorization 


engineering and design studies, and to facilitate fulfillment of its responsibilities under Section 


2(b) of the Fish and Wildlife Coordination Act. 


 


Given that information needed to assess fish impact impacts and project-induced hydroperiod 


impacts are not available, the Service cannot fulfill its Fish and Wildlife Coordination Act 


responsibilities at this time. Hence, we will require additional funding during the post- 


authorization engineering and design phase of this project to fulfill those responsibilities. 


Estimates of those funding needs should be coordinated in advance with the Service, and should 


be based on the nature and complexity of the issues. 


 


Provided that Service funding needs are met and the above recommendations are incorporated 


into the feasibility report and related authorizing documents, the Service does not oppose further 


planning and implementation of the RP. 


 


We look forward to our continued involvement in this project moving forward. If you or your 


staff have further questions regarding the above letter or would like to meet and discuss our 


recommendations, please contact Mr. Ronny Paille of this office at 337-291-3117. 
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Sincerely, 


 


 


Jeffrey D. Weller 


Program Supervisor 


Mississippi Basin Region 


South Atlantic-Gulf Region 
 


 


cc: EPA, Dallas, TX 


NMFS, Baton Rouge, LA 


LDWF, Baton Rouge, LA 


LDNR, CMD, Baton Rouge, LA 


OCPR, Baton Rouge, LA 
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APPENDIX A 


 
 


DIRECT CONSTRUCTION IMPACTS 


 


 


 


 


 


Acres of direct wetland impacts are listed below by four regions (see Figures A1, A2, A3). The 


Sunset Drainage District region is divided by Louisiana Highway 306 into an eastern and 


western region. 


 


 


Figure A1. West of Bayou Des Allemands region. 
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Figure A2. Map of the Sunset Drainage District region. 


 
 


Figure A3. Map of the St. Charles Levee region. 
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Table A-1. Acres of direct construction impacts by region, habitat type, and alternative. 


 
BLH Impact & Loction 


Alt 1 


(acres) 


Alt 2 


(acres) 


RP 


(acres) 


West of Bayou Des Allemands 


Forested spoil banks 


Reach G access rd 


Low quality BLH 


Sunset Drainage District - west of LA306 


Med qualti y BLH 


Low quality BLH 


Sunset Drainage District - east of LA306 


High quality BLH 


Med qualti y BLH 


Low quality BLH 


Abandoned field 


Mitigation Bank 


St. Charles levee upgrade 


Med qualti y BLH 


Low quality BLH 


TOTAL 


 
2.79 


 
3.29 


 
6.59 


6.32 6.32 7.32 


10.60 11.09 24.37 


1.92 2.04 9.32 


5.63 5.97 8.62 


1.92 1.96 8.19 


1.12 1.21 7.82 


3.93 4.03 39.97 


7.10 7.43 19.29 


0.35 0.37 3.92 


na 6.94 19.07 


na 36.00 136.82 


41.68 86.65 291.32 


Swamp Impact & Location 


West of Bayou Des Allemands 0.00 0.00 0.35 


Sunset Drainage District - west of LA306 0.00 0.00 0.00 


Sunset Drainage District - east of LA306 1.04 1.08 2.59 


St. Charles levee upgrade na 35.35 164.33 


TOTAL 1.04 36.43 167.28 


Fresh Marsh Impact & Location 


West of Bayou Des Allemands 136.54 143.60 209.11 


Sunset Drainage District - west of LA306 0.00 0.00 0.00 


Sunset Drainage District - east of LA306 0.00 0.00 0.00 


St. Charles levee upgrade na 5.32 57.68 


TOTAL 136.54 148.93 266.79 
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Swamp Impact & Location 


 


Levee 


Reach 


Alt 1 


Low SLR 


(AAHUs) 


Int SLR 


(AAHUs) 


High SLR 


(AAHUs) 


West of Bayou Des Allemands G&H 0.0 0.0 0.0 


Sunset Drainage District west of LA 306 F 0.00 0.00 0.00 


Sunset Drainage District east of LA 306 D&E -0.56 -0.56 -0.56 


St. Charles levee upgrade-lift A to C na na na 


 


Alt 2 


Low SLR 


(AAHUs) 


Int SLR 


(AAHUs) 


High SLR 


(AAHUs) 


0.0 0.0 0.0 


0.00 0.00 0.00 


-0.58 -0.58 -0.58 


-23.55 -23.55 -21.47 


 


RP 


Low SLR 


(AAHUs) 


Int SLR 


(AAHUs) 


High SLR 


(AAHUs) 


A A A 


0.0 0.0 0.0 


-1.4 -1.4 -1.4 


-110.2 -110.0 -100.0 


 
 


 
Fresh marsh Impact & Location 


 


Levee 


Reach 


Alt 1 


Low SLR 


(AAHUs) 


Int SLR 


(AAHUs) 


High SLR 


(AAHUs) 


West of Bayou Des Allemands G&H -63.9 -69.6 -56.4 


Sunset Drainage District west of LA 306 F 0.00 0.00 0.00 


Sunset Drainage District east of LA 306 D&E 0.00 0.00 0.00 


St. Charles levee upgrade-lift A to C na na na 


 


Alt 2 


Low SLR 


(AAHUs) 


Int SLR 


(AAHUs) 


High SLR 


(AAHUs) 


-67.2 -73.2 -59.3 


0.00 0.00 0.00 


0.00 0.00 0.00 


-2.48 -2.70 -2.17 


 


RP 


Low SLR 


(AAHUs) 


Int SLR 


(AAHUs) 


High SLR 


(AAHUs) 


-98.5 -105.9 -79.7 


0.0 0.0 0.0 


0.0 0.0 0.0 


-12.2 -13.9 -10.5 


 


APPENDIX B 


 


DIRECT CONSTRUCTION IMPACTS (AAHUs) 


 


 
Table B-1. Direct construction impacts (AAHUs) by region, habitat type, and alternative. 


   
TOTAL -16.05 -15.83 -14.80 -25.83 -24.77 -21.28 -98.34 -94.94 -84.49 


 


TOTAL -0.56 -0.56 -0.56 -24.13 -24.13 -22.05 -111.59 -111.40 -101.42 
 


TOTAL -63.92 -69.62 -56.35 -69.72 -75.94 -61.45 -110.66 -119.79 -90.17 


RP 


Low SLR 


(AAHUs) 


Int SLR 


(AAHUs) 


High SLR 


(AAHUs) 


 
-1.86 


 
-1.72 


 
-0.97 


-0.57 -0.49 -0.35 


-4.01 -3.80 -2.47 


 
-6.07 


 
-6.07 


 
-6.07 


-3.65 -3.65 -3.65 


 
-6.95 


 
-6.95 


 
-6.95 


-6.45 -6.45 -6.45 


-20.73 -20.73 -20.73 


-13.19 -13.19 -13.19 


-2.88 -2.88 -2.88 


 
-5.58 


 
-5.14 


 
-3.01 


-26.4 -23.87 -17.77 


 


Alt 2 


Low SLR 


(AAHUs) 


Int SLR 


(AAHUs) 


High SLR 


(AAHUs) 


 
-0.93 


 
-0.86 


 
-0.48 


-0.50 -0.43 -0.30 


-1.82 -1.73 -1.13 


 
-1.28 


 
-1.28 


 
-1.28 


-2.46 -2.46 -2.46 


 
-1.65 


 
-1.65 


 
-1.65 


-0.99 -0.99 -0.99 


-2.26 -2.26 -2.26 


-4.70 -4.70 -4.7 


-0.26 -0.26 -0.26 


 
-2.03 


 
-1.87 


 
-1.09 


-6.95 -6.28 -4.68 


 


 


 
BLH Impact & Location 


 


Levee 


Reach 


Alt 1 


Low SLR 


(AAHUs) 


Int SLR 


(AAHUs) 


High SLR 


(AAHUs) 


West of Bayou Des Allemands 


Forested spoil banks 


Dufrene Ponds access rd 


Low quality BLH 


G&H 


G&H 


G&H 


G&H 


 
-0.79 


-0.50 


-1.75 


 
-0.73 


-0.43 


-1.66 


 
-0.41 


-0.30 


-1.08 


Sunset Drainage District west of LA 306 


Med quality BLH 


Low quality BLH 


F 


F 


F 


 
-1.21 


-2.32 


 
-1.21 


-2.32 


 
-1.21 


-2.32 


Sunset Drainage District east of LA 306 


High quality BLH 


Med quality BLH 


Low quality BLH 


Abandoned field 


Mitigation bank 


D&E 


D&E 


D&E 


D&E 


D&E 


D&E 


 
-1.62 


-0.92 


-2.20 


-4.49 


-0.25 


 
-1.62 


-0.92 


-2.20 


-4.49 


-0.25 


 
-1.62 


-0.92 


-2.20 


-4.49 


-0.25 


St. Charles levee upgrade-lift 


Med quality BLH 


Low quality BLH 


A to C 


A to C 


A to C 


 


na 


na 


 


na 


na 


 


na 


na 
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APPENDIX C 


 
 


BORROW SITE SELECTION CRITERIA 


 
Where multiple alternative borrow areas exists, use of those alternative sites should be prioritized 


in the following order: existing commercial pits, upland sources, previously 


disturbed/manipulated wetlands within a levee system, and low-quality wetlands outside a levee 


system. The Service supports the use of such protocols to avoid and minimize impacts to 


wetlands and bottomland hardwoods within project areas. Avoidance and minimization of those 


impacts helps to provide consistency with restoration strategies and compliments the authorized 


hurricane protection efforts. Such consistency is also required by Section 303(d)(1) of the 


Coastal Wetlands Planning, Protection and Restoration Act (CWPPRA). 


Accordingly, the Service recommends that prior to utilizing borrow sites every effort should be 


made to reduce impacts by using sheetpile and/or floodwalls to increase levee heights wherever 


feasible. In addition, the Service recommends that the following protocol be adopted and 


utilized to identify borrow sources in descending order of priority: 


1. Permitted commercial sources, authorized borrow sources for which environmental 


clearance and mitigation have been completed, or non-functional levees after newly 


constructed adjacent levees are providing equal protection. 


2. Areas under forced drainage that are protected from flooding by levees, and that are: 


a) non-forested (e.g., pastures, fallow fields, abandoned orchards, former urban areas) 


and non-wetlands; 


b) wetland forests dominated by exotic tree species (i.e., Chinese tallow-trees) or non- 


forested wetlands (e.g., wet pastures), excluding marshes; 


c) disturbed wetlands (e.g., hydrologically altered, artificially impounded). 


3. Sites that are outside a forced drainage system and levees, and that are: 


a) non-forested (e.g., pastures fallow fields, abandoned orchards, former urban areas) 


and non-wetlands; 


b) wetland forests dominated by exotic tree species (i.e., Chinese tallow-trees) or non- 


forested wetlands (e.g., wet pastures), excluding marshes; 


c) disturbed wetlands (e.g., hydrologically altered, artificially impounded). 


 


Notwithstanding this protocol, the location, size and configuration of borrow sites within the 


landscape is also critically important. Coastal ridges, natural levee flanks and other geographic 


features that provide forested/wetland habitats and/or potential barriers to hurricane surges 


should not be utilized as borrow sources, especially where such uses would diminish the natural 


functions and values of those landscape features. 


 


To assist in expediting the identification of borrow sites, the Service recommends that 


immediately after the initial identification of a new borrow site the Corps should initiate informal 


consultation with the Service regarding potential impacts to federally listed threatened or 


endangered species. To aid you in complying with those proactive consultation responsibilities, 


the Service has provided (in the above letter) a list of threatened and endangered species and 


their critical habitats within the project area. 
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APPENDIX E 


 
 


TWELVE REQUIRMENTS FOR MITIGATION PLANNING 


(from the U.S. Army Corps of Engineers & EPA 2008 Final Mitigation Rule in the 


FEDERAL REGISTER Vol. 73, No. 70, April 10, 2008) 


 


Twelve Requirements for a Compensatory Mitigation Plan 
 


1. Objectives. A description of the resource type(s) and amount(s) that will be 


provided, the method of compensation (restoration, establishment, preservation 


etc.), and how the anticipated functions of the mitigation project will address 


watershed needs. 


 


2. Site selection. A description of the factors considered during the site selection 


process. This should include consideration of watershed needs, onsite alternatives 


where applicable, and practicability of accomplishing ecologically self-sustaining 


aquatic resource restoration, establishment, enhancement, and/or preservation at 


the mitigation project site. 


 


3. Site protection instrument. A description of the legal arrangements and 


instrument including site ownership, that will be used to ensure the long-term 


protection of the mitigation project site. 


 


4. Baseline information. A description of the ecological characteristics of the 


proposed mitigation project site, in the case of an application for a DA permit, the 


impact site. This may include descriptions of historic and existing plant 


communities, historic and existing hydrology, soil conditions, a map showing the 


locations of the impact and mitigation site(s) or the geographic coordinates for 


those site(s), and other characteristics appropriate to the type of resource proposed 


as compensation. The baseline information should include a delineation of waters 


of the United States on the proposed mitigation project site. A prospective 


permittee planning to secure credits from an approved mitigation bank or in-lieu 


fee program only needs to provide baseline information about the impact site. 


 


5. Determination of credits. A description of the number of credits to be provided 


including a brief explanation of the rationale for this determination. 


• For permittee-responsible mitigation, this should include an 


explanation of how the mitigation project will provide the required 


compensation for unavoidable impacts to aquatic resources 


resulting from the permitted activity. 


• For permittees intending to secure credits from an approved 


mitigation bank or in-lieu fee program, it should include the 


number and resource type of credits to be secured and how these 


were determined. 
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6. Mitigation work plan. Detailed written specifications and work descriptions for 


the mitigation project, including: the geographic boundaries of the project; 


construction methods, timing, and sequence; source(s) of water; methods for 


establishing the desired plant community; plans to control invasive plant species; 


proposed grading plan; soil management; and erosion control measures. For 


stream mitigation projects, the mitigation work plan may also include other 


relevant information, such as planform geometry, channel form (e.g., typical 


channel cross-sections), watershed size, design discharge, and riparian area 


plantings. 


 


7. Maintenance plan. A description and schedule of maintenance requirements to 


ensure the continued viability of the resource once initial construction is 


completed. 


 


8. Performance standards. Ecologically-based standards that will be used to 


determine whether the mitigation project is achieving its objectives. 


 


9. Monitoring requirements. A description of parameters monitored to determine 


whether the mitigation project is on track to meet performance standards and if 


adaptive management is needed. A schedule for monitoring and reporting 


monitoring results to the DE must be included. 


 


10. Long-term management plan. A description of how the mitigation project will be 


managed after performance standards have been achieved to ensure the long-term 


sustainability of the resource, including long-term financing mechanisms and the 


party responsible for long-term management. 


 


11. Adaptive management plan. A management strategy to address unforeseen 


changes in site conditions or other components of the mitigation project, including 


the party or parties responsible for implementing adaptive management measures. 


 


12. Financial assurances. The DE may require additional information as necessary to 


determine the appropriateness, feasibility, and practicability of the mitigation 


project. 


 


Other information. The DE may require additional information as necessary to determine 


the appropriateness, feasibility, and practicability of the mitigation project. 
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United States Department of the Interior 


FISH AND WILDLIFE SERVICE 


200 Dulles Drive. 


Lafayette, Louisiana 70506 


October 16, 2020 
 


Colonel Murphy 


District Commander 


U.S. Army Corps of Engineers 


New Orleans District 


7400 Leake Avenue 


New Orleans, LA 70118-3651 


Dear Colonel Murphy: 


The U.S. Fish and Wildlife Service has prepared this Revised Draft Fish and Wildlife 


Coordination Act Report on the U.S. Army Corps of Engineers’ (USACE) Upper 


Barataria Louisiana Risk Management Feasibility Study. The objectives of that study are 


to evaluate the feasibility of providing storm surge protection and protection from 


flooding due to heavy rainfall events for the communities located within the upper 


Barataria Basin of Louisiana in Lafourche, Jefferson, St. John the Baptist, St. Charles, St. 


James, Ascension, and Assumption Parishes. The study area encompasses an extensive 


complex of coastal wetland forests and marshes within the upper Barataria Basin above 


the U.S. Highway 90 crossing. 


 


This Revised Draft Coordination Act Report provides an updated analysis of preliminary 


fish and wildlife resource impacts associated with the final array of alternatives, 


including that of the newly developed alternative which would provide protection against 


the 100-year storm event. This new 100-yr event protection alternative has been selected 


as Tentatively Selected Plan (TSP). Because this analysis is preliminary, this Revised 


Draft Coordination Act Report does not fulfill the requirements of the Fish and Wildlife 


Coordination Act (48 Stat. 401, as amended; 16 U.S.C. 661 et seq.). When finalized, this 


report would constitute the final report of the Secretary of the Interior as required by 


Section 2(b) of that Act. This Revised Draft Coordination Act Report has been provided 


to the Louisiana Department of Wildlife and Fisheries (LDWF) and the National Marine 


Fisheries Service (NMFS). Their comments on this Revised Draft Coordination Act 


Report will be incorporated into the Service’s final report. 


 
 


For a description of project area habitat types, associated fish and wildlife resources, 


methodology, fish and wildlife resource concerns, and literature citations, please 


reference our April 15, 2020, Planning Aid Report and our November 2019 Draft 


Coordination Act Report at the following link: 


https://www.fws.gov/gisdownloads/R4/Louisiana%20ESO/Paille/ 



http://www.fws.gov/gisdownloads/R4/Louisiana%20ESO/Paille/

http://www.fws.gov/gisdownloads/R4/Louisiana%20ESO/Paille/
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Description of Alternatives 


The final array of alternatives consists of three levee construction alternatives. 


 


Alternative 1: This, alternative raises existing forced drainage levees extending from 


Paradis to the community of Des Allemands and then a new levee segment would cross 


the basin from Bayou Des Allemands parallel to and south of Highway 90, terminating 


near Raceland on Bayou Lafourche (Figure 6). The levee would be constructed to an 


elevation of 7.5 feet and would be 18.3 miles in length. A 270-foot-wide barge gate 


would be installed in Bayou Des Allemands to provide gravity drainage. Borrow would 


come from nearby farmlands. 


 


Alternative 2: This alignment incorporates all of the Alternative 1 footprint plus it 


includes raising the existing St. Charles Parish protection levee northeastward to the 


Mississippi River at Luling (Figure 7). This alternative would be constructed to an 


elevation of 8.5 feet and would be 30.4 miles long. A 270-foot-wide barge gate would 


provide gravity drainage at Bayou Des Allemands. Borrow for levee construction would 


come from nearby farmlands. 


 


Figure 6. Map illustrating the proposed Alternative 1 levee alignment. 
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Figure 7. Map illustrating the proposed Alternative 2 levee alignment. 


 
 


Alternative 3, the 100-year event protection alternative: 


This alternative occupies generally the same footprint as Alternative 2, but would be 


constructed to an elevation of 14.5 to 16 feet, and would be up to 170 feet wide in the 


marshes southwest of Bayou Des Allemands and 260 feet wide along the existing St. 


Charles levee. A 40-foot-wide right of way would be established on both sides of the 


levee footprint in marshes. Where existing local levees would be raised, the ROW is 


generally located on one side or the other. Most of the levee would be constructed in two 


lifts, with the second lift occurring roughly during the middle of the 50-year project life. 


Only the westernmost levee reach (Reach H) would be constructed in one lift. To avoid 


impacting residential communities located in close proximity to the existing Sunset 


Drainage District levee, the proposed levee would consist of a sheet pile or T-wall 


structure. Borrow for levee construction would come from nearby farmlands. 


 


Each of these three alternatives includes a 270-foot-wide barge gate to preclude storm 


surge flooding within the protected area. The wing walls of that floodgate structure 


would include 12 auxillary drainage gates to provide a total cross-sectional area greater 


than that at the existing railroad crossing located adjacent to the U.S. Highway 90 


crossing. The TSP also includes two small culvert structures through the levee in Reach 
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G (southwest of Bayou Des Allemands) to maintain water exchange across the marsh. A 


45-foot-wide water control structure would also be installed in Bayou Gauche at its 


junction with Bayou Des Allemands to reduce induced storm surge northward up that 


bayou (Figure 8). 


 


List of structures associated with Figure 8: 


1. Floodwall section in Hydraulic Reach D 


2. Floodwall section in Hydraulic Reach D and E 


3. Crawford Canal P.S. Fronting Protection 


4. Floodwall section in Hydraulic Reach E and F 


5. 45 foot Bayou Gauche Roller Gate 


6. 270 foot Barge Gate crossing Bayou Des Allemands 


7. Drainage Structure – 4-6 X 6 foot RC box culverts with sluice gates 


8. Drainage Structure – 4-6 X 6 foot RC box culverts with sluice gates 


9. Drainage Structure – 2-84 inch RCP culverts with sluice gates 


10. Drainage Structure – 1-60 inch RCP culvert with sluice gates 


11. Godchaux Canal Bridge 


12. Drainage Structure – 3-6 X 6 foot RC box culverts with sluice gates 


 


Right of Way (ROW) impacts 


A 40-foot-wide ROW is planned adjacent to the levee toe for equipment access. In 


marshes, a ROW would be located on both sides of the levee. After construction, the 


contractor will be required to restore the ROW marshes to pre-construction conditions. 


In marshes, it was assumed that 20% of the ROW would become shrub scrub habitat 


post-restoration due to resulting higher elevations. Additionally, it is assumed that post- 


construction ROW restoration would be completed through natural revegetation 


processes over a 5-year period. In forested areas, the forest would be cleared from the 


ROW. It is assumed that ROWs would be maintained free of trees and thus forested 


ROWs would be permanently impacted. 


 


In addition to ROW impacts, some wetland impacts would also occur due to construction 


of access roads for equipment and staging areas. The Reach G access road would be 


permanent, and the Reach G staging area would be restored to marsh after construction of 


the second lift is completed (marsh ROW restoration assumptions applied). The Reach D 


access road is assumed to result in a permanent forest impact. 
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Figure 8. Map of water control structures and other features associated with the TSP. 
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EVALUATION OF ALTERNATIVE PLANS 


 


Fish and wildlife resource impacts were determined for the final array of alternatives using 


USACE provided shapefiles of levee footprints. Acreage of direct wetland construction impacts 


by habitat type were obtained by overlaying shapefiles onto 2017 Digital Orthophoto Quarter 


Quad maps and habitat types were determined from that imagery in combination with field 


inspections conducted during October 2019 (Table 1). Given schedule constraints and lack of 


access to some future impact sites, the habitat type determinations in some areas is tentative. 


The direct impacts provided below include wetland impacts associated with construction access 


roads in reach D and G, and impacts associated with temporary ROWs. The USACE has 


determined that Alternative 3 is the Tentatively Selected Plan (TSP). The TSP is the most 


damaging of the alternatives in the final array of alternatives. 


 


Table 1.  Summary of direct impacts by habitat type and levee alternative. 


 
Habitat Type 


Alt 1 


(acres) 


Alt 2 


(acres) 


TSP 


(acres) 
Bottomland Hardwood Forest 41.68 86.66 291.32 


Cypress-Tupelo Swamp 1.04 36.43 167.28 


Fresh Marsh 136.54 148.93 266.79 
 


Bottomland hardwood forest (BLH) impacts would occur within the forced drainage area of the 


Sunset Drainage District. A small acreage of the Paradis Mitigation Bank located within that 


forced drainage district would be impacted. Wetlands within the Sunset Drainage District are 


not exposed to increasing SLR effects as are the remaining impact areas. Swamp and BLH on 


the flood side of the St. Charles levee would also be impacted by Alternatives 2 and 3. 


 


Near the Raceland end of the proposed levee, impacted BLH consists of inundation stressed and 


stunted red maple. Along portions of the St. Charles levee, BLH is also stressed, but impacts to 


more healthy BLH stands would also occur there. The inundation stressed BLH could be 


classified as a Resource Category 3 rather than Category 2. A more thorough field inspection 


would be needed to consider this change. 


 


Marsh impacts would occur primarily southwest of Bayou Des Allemands where a new levee 


would be constructed across marsh. Small amounts of fresh marsh impacts would occur along 


the St. Charles levee where inundation has converted former BLH to marsh. A more detailed 


breakdown of direct impacts (acres) by location is provided in Appendix A. A summary of 


direct impacts in AAHUs is provided in Table 3 with a more detailed breakdown provided in 


Appendix B. 


 


It is assumed that borrow for levee construction will come from existing agricultural areas. If 


borrow is taken from forested or wetland areas, additional borrow-related impacts would need to 


be quantified. Construction of the TSP will impact two established mitigation areas and a 


conservation area on the flood side of the existing St. Charles Parish levee (Figure 9 and Table 


4). 
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Table 3. Direct impacts in AAHUs by habitat type, alternative, and SLR scenario. 


 
Habitat 


Type 


Alt 1 


Low SLR 


(AAHUs) 


Int SLR 


(AAHUs) 


High SLR 


(AAHUs) 


Bottomland Hardwood Forest -16.05 -15.83 -14.80 


Cypress-Tupelo Swamp -0.56 -0.56 -0.56 


Fresh Marsh -63.92 -69.62 -56.35 
 


 
Habitat 


Type 


Alt 2 


Low SLR 


(AAHUs) 


Int SLR 


(AAHUs) 


High SLR 


(AAHUs) 


Bottomland Hardwood Forest -25.83 -24.77 -21.28 


Cypress-Tupelo Swamp -24.13 -24.13 -22.05 


Fresh Marsh -69.72 -75.94 -61.45 
 


 
Habitat 


Type 


TSP 


Low SLR 


(AAHUs) 


Int SLR 


(AAHUs) 


High SLR 


(AAHUs) 


Bottomland Hardwood Forest -98.34 -94.94 -84.49 


Cypress-Tupelo Swamp -111.59 -111.40 -101.42 


Fresh Marsh -110.66 -119.79 -90.17 


 
 


Figure 9. Mitigation and conservation areas impacted by TSP construction Reaches A & B. 
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Table 4. Direct construction impacts on existing mitigation & conservation areas. 


 


 
 


Indirect Impacts 


Installation of the floodgate across Bayou Des Allemands has the potential to reduce water 


exchange and increase the hydroperiod of the upper Barataria Basin. Upper Barataria Basin 


forested wetlands are already near or at a permanently inundated condition. Consequently, 


growth rates of trees in those areas could be further reduced and tree mortality increased should 


the project cause stage increases of sufficiently long durations. Funding to conduct hydrologic 


modeling of this possible indirect effect was not available. At the railroad crossing just north of 


U.S. Highway 90, the Bayou Des Allemands channel is constricted having a channel cross- 


section of 5,180 square feet. The proposed floodgate with its auxillary gates would have a total 


cross-sectional area of 7,140 square feet (138% of the existing channel constriction). This total 


floodgate cross-sectional area may be sufficient to preclude any project-induced hydroperiod 


increases, but modeling should be conducted to confirm this. Lacking the more robust modeling 


confirmation, it cannot be assumed that the project would not result in system-level hydroperiod 


impacts to upper basin wetlands. 


 


Fish Access Impacts 


The Bayou Des Allemands floodgate may also reduce water exchange and fisheries access to the 


upper basin. To assess fish access impacts, the without project channel cross-sectional area at 


the floodgate location is needed. When those cross-sectional areas become available, then the 


fisheries access impact can be assessed. 


 


SERVICE POSITION AND RECOMMENDATIONS 


 


Because information regarding possible system-level hydroperiod impacts and fisheries access 


impacts associated with proposed water control structures are not yet available, we cannot 


complete our evaluation of project effects on fish and wildlife resources, nor can we entirely 


fulfill our reporting responsibilities under Section 2(b) of the Fish and Wildlife Coordination 


Act. When available, that information will be incorporated into our Final Coordination Act 


Report. Additional Service involvement during the preconstruction engineering and design 


phase of this project, along with more-definitive project information, will be required so that we 


can fulfill our responsibilities under the Coordination Act. Regarding indirect project effects, the 


Service recommends: 


 


1. Auxillary drainage structures should be installed in the Bayou Des Allemands floodgate 


to preclude any with-project hydroperiod increase following heavy rainfall events. 
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2. The existing Bayou Des Allemands channel cross-section (in square feet) should be 


provided to enable assessment of potential structure related fisheries access impacts. 


 


3. The project floodgate structures should be designed to handle the discharge associated 


with the two Mississippi River diversions identified in the 1993 CWPPRA Louisiana 


Coastal Wetlands Restoration Plan without corresponding widescale hydroperiod 


increases. 


 
 


Available information indicates that substantial direct wetland losses will result from 


construction of project features. Consequently, avoidance and minimization of direct wetland 


impacts should be pursued to the greatest extent practicable. The Service provides the following 


recommendations to avoid and/or minimize project impacts on fish and wildlife resources, and 


for mitigating unavoidable impacts to those resources. 


 


4. The USACE should coordinate closely with the Service and other fish and wildlife 


conservation agencies throughout the engineering and design of project features including 


levees, floodgates, and environmental water control structures to ensure that those 


features are designed, constructed and operated consistent with wetland restoration and 


associated fish and wildlife resource needs. 


 


5. Estimates of all direct and indirect project-related wetland impacts should be refined for 


inclusion in the project’s Final Report and Environmental Impact Statement. 


 


6. Locations of borrow for levee construction material should be identified and provided to 


the Service and other interested natural resource agencies. 


 


7. To the greatest degree practical, the proposed levees and borrow pits should be located to 


avoid and minimize direct and indirect impacts to emergent wetlands. Efforts should be 


made to further reduce those direct impacts by hauling in fill material, using sheetpile for 


the levee crest, deep soil mixing, or other alternatives. 


 


8. If organic soils must be removed from the construction site, that material should be used 


to create or restore emergent wetlands to the greatest extent practicable. If that is not 


practicable, then use of that material to improve borrow pit habitat quality (e.g., construct 


bank slopes, reduce depths, etc.) should be examined. 


 


9. Forest clearing associated with project features should be conducted during the fall or 


winter to minimize impacts to nesting migratory birds, when practicable. 


 


10. Avoid adverse impacts to bald eagle nesting locations and wading bird colonies through 


careful design of project features and timing of construction. Surveys prior to 


construction such be undertaken to ensure no nesting birds are within 1,000 feet of any 


proposed work. If nesting birds are found within 1,000 feet of any proposed work sites, 


the Service and the Louisiana Department of Wildlife and Fisheries should be contacted 
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for procedures to avoid impacts. 


 


11. The Service recommends that the USACE contact the Service for additional 


consultation if: 1) the scope or location of the proposed project is changed 


significantly, 2) new information reveals that the action may affect listed species or 


designated critical habitat; 3) the action is modified in a manner that causes effects to 


listed species or designated critical habitat; or 4) a new species is listed or critical habitat 


designated. Additional consultation as a result of any of the above conditions or for 


changes not covered in this consultation should occur before changes are made and or 


finalized. 


 


12. Full, in-kind compensation (quantified as AAHUs) should be provided for unavoidable 


net adverse impacts on forested wetlands, marsh, and associated submerged aquatic 


vegetation, including any additional losses identified during post-authorization 


engineering and design studies. To help ensure that the proposed mitigation features meet 


their goals, the Service provides the following recommendations. 


 


a. The USACE should fully compensate for any unavoidable losses of wetland 


habitat or non-wet bottomland hardwoods caused by project features. 


b. Levee construction borrow sites should be designed to avoid and minimize 


impacts to fish and wildlife habitat; in the event new borrow sites are identified, 


guidelines for the selection of borrow sites are found in Appendix C. 


c. Mitigation measures should be constructed concurrently with the features that 


they are mitigating. If construction is not concurrent with mitigation 


implementation then revising the impact and mitigation period-of-analysis to 


reflect additional temporal losses will be required. 


d. The Service and other fish and wildlife conservation agencies should be consulted 


in the development of plans and specifications for all mitigation features and any 


monitoring and/or adaptive management plans. 


e. To avoid shortfalls in marsh creation acreage, the contractor should be required to 


guarantee the creation of at least the target acreage of marsh platform, or excess 


acres should be created. 


f. The acreage of marsh created to mitigate project impacts should meet or exceed 


the marsh acreage projected by the Habitat Evaluation Team for target year 5. 


g. The acreage of marsh created for mitigation purposes, and adjacent affected 


wetlands, should be monitored over the project life to evaluate project 


impacts, effectiveness of compensatory mitigation measures, and the need 


for additional mitigation should those measures prove insufficient. 


h. The USACE should maintain full responsibility for all mitigation projects until 


the projects are found to be fully compliant with success and performance 


requirements. Success requirements are provided in Appendix D. 


i. Dredged material borrow pits, including those utilized to create marsh for 


mitigation purposes, should be carefully designed and located to minimize anoxia 


problems and excessive disturbance to area water bottoms, and to avoid increased 


saltwater intrusion. 


j. If applicable, a General Plan for mitigation should be developed by the USACE, 
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the Service, and the managing natural resource agency in accordance with Section 


3(b) of the FWCA for mitigation lands. 


k. The USACE should ensure adherence to the 12 Steps of Mitigation Planning for 


all mitigation. See Appendix E for details. 


 


Extensive additional information is needed by the Service to complete the required evaluation of 


project effects and fulfill our reporting responsibilities under Section 2(b) of the Fish and Wildlife 


Coordination Act. Much of that information may not be available until engineering and design of 


the project features has progressed. To help ensure that sufficient information is provided, the 


Service recommends that the USACE perform the following tasks early during the engineering 


and design phase. 


 


1. Provide additional information on anticipated construction techniques and their 


associated wetland impacts, such as additional dredging to install floodgates and 


water control structures, dredging temporary by-pass channels, construction of 


access roads, ROW activities and restoration methods, and the method for 


disposing organic surface soils that are unsuitable for levee construction. 


 


2. Provide final levee footprint shapefiles and designs for borrow sites used in levee 


construction. 


 


3. Provide with-out project Bayou des Allemands cross-sections at or near where the 


floodgate would be installed. 


 


4. Provide hydrologic model outputs on FWOP and FWP stages within the protected 


area wetlands following an variety of heavy rainfall events. 


 


Sufficient funding should be provided for full Service participation in the post-authorization 


engineering and design studies, and to facilitate fulfillment of its responsibilities under Section 


2(b) of the Fish and Wildlife Coordination Act. 


 


Given that information needed to assess fish impact impacts and project-induced hydroperiod 


impacts are not available, the Service cannot fulfill its Coordination Act responsibilities at this 


time. Hence, we will require additional funding during the post-authorization engineering and 


design phase of this project to fulfill our responsibilities under the Fish and Wildlife 


Coordination Act. Estimates of those funding needs should be coordinated in advance with the 


Service, and should be based on the nature and complexity of the issues. 


 


Provided that Service funding needs are met and that all of the above recommendations are 


incorporated into the feasibility report and related authorizing documents, the Service does not 


oppose further planning and implementation of the TSP. 


 


We look forward to our continued involvement in this project moving forward. If you or your 


staff have further questions regarding the above letter or would like to meet and discuss our 


recommendations, please contact Mr. Ronny Paille of this office at 337-291-3117. 
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Sincerely, 


 


 


 


 


 


Joseph A. Ranson 


Field Supervisor 


Louisiana Ecological Services Office 
 


 


cc: EPA, Dallas, TX 


NMFS, Baton Rouge, LA 


LDWF, Baton Rouge, LA 


LDNR, CMD, Baton Rouge, LA 


OCPR, Baton Rouge, LA 
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APPENDIX A 


 
 


DIRECT CONSTRUCTION IMPACTS 


 


 


 


 


 


Acres of direct wetland impacts are listed below by four regions (see Figures A1, A2, A3). The 


Sunset Drainage District region is divided by Louisiana Highway 306 into an eastern and 


western region. 


 


 


Figure A1. West of Bayou Des Allemands region. 
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Figure A2. Map of the Sunset Drainage District region. 


 
 


Figure A3. Map of the St. Charles Levee region. 
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Table A-1. Acres of direct construction impacts by region, habitat type, and alternative. 


 
BLH Impact & Loction 


Alt 1 


(acres) 


Alt 2 


(acres) 


TSP 


(acres) 


West of Bayou Des Allemands 


Forested spoil banks 


Reach G access rd 


Low quality BLH 


Sunset Drainage District - west of LA306 


Med qualti y BLH 


Low quality BLH 


Sunset Drainage District - east of LA306 


High quality BLH 


Med qualti y BLH 


Low quality BLH 


Abandoned field 


Mitigation Bank 


St. Charles levee upgrade 


Med qualti y BLH 


Low quality BLH 


TOTAL 


 
2.79 


 
3.29 


 
6.59 


6.32 6.32 7.32 


10.60 11.09 24.37 


1.92 2.04 9.32 


5.63 5.97 8.62 


1.92 1.96 8.19 


1.12 1.21 7.82 


3.93 4.03 39.97 


7.10 7.43 19.29 


0.35 0.37 3.92 


na 6.94 19.07 


na 36.00 136.82 


41.68 86.65 291.32 


Swamp Impact & Location 


West of Bayou Des Allemands 0.00 0.00 0.35 


Sunset Drainage District - west of LA306 0.00 0.00 0.00 


Sunset Drainage District - east of LA306 1.04 1.08 2.59 


St. Charles levee upgrade na 35.35 164.33 


TOTAL 1.04 36.43 167.28 


Fresh Marsh Impact & Location 


West of Bayou Des Allemands 136.54 143.60 209.11 


Sunset Drainage District - west of LA306 0.00 0.00 0.00 


Sunset Drainage District - east of LA306 0.00 0.00 0.00 


St. Charles levee upgrade na 5.32 57.68 


TOTAL 136.54 148.93 266.79 
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Swamp Impact & Location 


 


Levee 


Reach 


Alt 1 


Low SLR 


(AAHUs) 


Int SLR 


(AAHUs) 


High SLR 


(AAHUs) 


West of Bayou Des Allemands G&H 0.0 0.0 0.0 


Sunset Drainage District west of LA 306 F 0.00 0.00 0.00 


Sunset Drainage District east of LA 306 D&E -0.56 -0.56 -0.56 


St. Charles levee upgrade-lift A to C na na na 


 


Alt 2 


Low SLR 


(AAHUs) 


Int SLR 


(AAHUs) 


High SLR 


(AAHUs) 


0.0 0.0 0.0 


0.00 0.00 0.00 


-0.58 -0.58 -0.58 


-23.55 -23.55 -21.47 


 


TSP 


Low SLR 


(AAHUs) 


Int SLR 


(AAHUs) 


High SLR 


(AAHUs) 


A A A 


0.0 0.0 0.0 


-1.4 -1.4 -1.4 


-110.2 -110.0 -100.0 


 
 


 
Fresh marsh Impact & Location 


 


Levee 


Reach 


Alt 1 


Low SLR 


(AAHUs) 


Int SLR 


(AAHUs) 


High SLR 


(AAHUs) 


West of Bayou Des Allemands G&H -63.9 -69.6 -56.4 


Sunset Drainage District west of LA 306 F 0.00 0.00 0.00 


Sunset Drainage District east of LA 306 D&E 0.00 0.00 0.00 


St. Charles levee upgrade-lift A to C na na na 


 


Alt 2 


Low SLR 


(AAHUs) 


Int SLR 


(AAHUs) 


High SLR 


(AAHUs) 


-67.2 -73.2 -59.3 


0.00 0.00 0.00 


0.00 0.00 0.00 


-2.48 -2.70 -2.17 


 


TSP 


Low SLR 


(AAHUs) 


Int SLR 


(AAHUs) 


High SLR 


(AAHUs) 


-98.5 -105.9 -79.7 


0.0 0.0 0.0 


0.0 0.0 0.0 


-12.2 -13.9 -10.5 


 


APPENDIX B 


 


DIRECT CONSTRUCTION IMPACTS (AAHUs) 


 


 
Table B-1. Direct construction impacts (AAHUs) by region, habitat type, and alternative. 


   
TOTAL -16.05 -15.83 -14.80 -25.83 -24.77 -21.28 -98.34 -94.94 -84.49 


 


 


TOTAL -0.56 -0.56 -0.56 -24.13 -24.13 -22.05 -111.59 -111.40 -101.42 
 


 


TOTAL -63.92 -69.62 -56.35 -69.72 -75.94 -61.45 -110.66 -119.79 -90.17 
     


TSP 


Low SLR 


(AAHUs) 


Int SLR 


(AAHUs) 


High SLR 


(AAHUs) 


 
-1.86 


 
-1.72 


 
-0.97 


-0.57 -0.49 -0.35 


-4.01 -3.80 -2.47 


 
-6.07 


 
-6.07 


 
-6.07 


-3.65 -3.65 -3.65 


 
-6.95 


 
-6.95 


 
-6.95 


-6.45 -6.45 -6.45 


-20.73 -20.73 -20.73 


-13.19 -13.19 -13.19 


-2.88 -2.88 -2.88 


 
-5.58 


 
-5.14 


 
-3.01 


-26.4 -23.87 -17.77 


 


Alt 2 


Low SLR 


(AAHUs) 


Int SLR 


(AAHUs) 


High SLR 


(AAHUs) 


 
-0.93 


 
-0.86 


 
-0.48 


-0.50 -0.43 -0.30 


-1.82 -1.73 -1.13 


 
-1.28 


 
-1.28 


 
-1.28 


-2.46 -2.46 -2.46 


 
-1.65 


 
-1.65 


 
-1.65 


-0.99 -0.99 -0.99 


-2.26 -2.26 -2.26 


-4.70 -4.70 -4.7 


-0.26 -0.26 -0.26 


 
-2.03 


 
-1.87 


 
-1.09 


-6.95 -6.28 -4.68 


 


 


 
BLH Impact & Location 


 


Levee 


Reach 


Alt 1 


Low SLR 


(AAHUs) 


Int SLR 


(AAHUs) 


High SLR 


(AAHUs) 


West of Bayou Des Allemands 


Forested spoil banks 


Dufrene Ponds access rd 


Low quality BLH 


G&H 


G&H 


G&H 


G&H 


 
-0.79 


-0.50 


-1.75 


 
-0.73 


-0.43 


-1.66 


 
-0.41 


-0.30 


-1.08 


Sunset Drainage District west of LA 306 


Med quality BLH 


Low quality BLH 


F 


F 


F 


 
-1.21 


-2.32 


 
-1.21 


-2.32 


 
-1.21 


-2.32 


Sunset Drainage District east of LA 306 


High quality BLH 


Med quality BLH 


Low quality BLH 


Abandoned field 


Mitigation bank 


D&E 


D&E 


D&E 


D&E 


D&E 


D&E 


 
-1.62 


-0.92 


-2.20 


-4.49 


-0.25 


 
-1.62 


-0.92 


-2.20 


-4.49 


-0.25 


 
-1.62 


-0.92 


-2.20 


-4.49 


-0.25 


St. Charles levee upgrade-lift 


Med quality BLH 


Low quality BLH 


A to C 


A to C 


A to C 


 


na 


na 


 


na 


na 


 


na 


na 
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APPENDIX C 


 
 


BORROW SITE SELECTION CRITERIA 


 
Where multiple alternative borrow areas exists, use of those alternative sites should be prioritized 


in the following order: existing commercial pits, upland sources, previously 


disturbed/manipulated wetlands within a levee system, and low-quality wetlands outside a levee 


system. The Service supports the use of such protocols to avoid and minimize impacts to 


wetlands and bottomland hardwoods within project areas. Avoidance and minimization of those 


impacts helps to provide consistency with restoration strategies and compliments the authorized 


hurricane protection efforts. Such consistency is also required by Section 303(d)(1) of the 


Coastal Wetlands Planning, Protection and Restoration Act (CWPPRA). 


Accordingly, the Service recommends that prior to utilizing borrow sites every effort should be 


made to reduce impacts by using sheetpile and/or floodwalls to increase levee heights wherever 


feasible. In addition, the Service recommends that the following protocol be adopted and 


utilized to identify borrow sources in descending order of priority: 


1. Permitted commercial sources, authorized borrow sources for which environmental 


clearance and mitigation have been completed, or non-functional levees after newly 


constructed adjacent levees are providing equal protection. 


2. Areas under forced drainage that are protected from flooding by levees, and that are: 


a) non-forested (e.g., pastures, fallow fields, abandoned orchards, former urban areas) 


and non-wetlands; 


b) wetland forests dominated by exotic tree species (i.e., Chinese tallow-trees) or non- 


forested wetlands (e.g., wet pastures), excluding marshes; 


c) disturbed wetlands (e.g., hydrologically altered, artificially impounded). 


3. Sites that are outside a forced drainage system and levees, and that are: 


a) non-forested (e.g., pastures fallow fields, abandoned orchards, former urban areas) 


and non-wetlands; 


b) wetland forests dominated by exotic tree species (i.e., Chinese tallow-trees) or non- 


forested wetlands (e.g., wet pastures), excluding marshes; 


c) disturbed wetlands (e.g., hydrologically altered, artificially impounded). 


 


Notwithstanding this protocol, the location, size and configuration of borrow sites within the 


landscape is also critically important. Coastal ridges, natural levee flanks and other geographic 


features that provide forested/wetland habitats and/or potential barriers to hurricane surges 


should not be utilized as borrow sources, especially where such uses would diminish the natural 


functions and values of those landscape features. 


 


To assist in expediting the identification of borrow sites, the Service recommends that 


immediately after the initial identification of a new borrow site the USACE should initiate 


informal consultation with the Service regarding potential impacts to federally listed threatened 


or endangered species. To aid you in complying with those proactive consultation 


responsibilities, the Service has provided (in the above letter) a list of threatened and endangered 


species and their critical habitats within the project area. 
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MITIGATION BANK CRITERIA 


APPENDIX D 
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APPENDIX E 


 
 


TWELVE REQUIRMENTS FOR MITIGATION PLANNING 


(from the U.S. Army Corps of Engineers & EPA 2008 Final Mitigation Rule in the 


FEDERAL REGISTER Vol. 73, No. 70, April 10, 2008) 


 
Twelve Requirements for a Compensatory Mitigation Plan 


 


1. Objectives. A description of the resource type(s) and amount(s) that will be 


provided, the method of compensation (restoration, establishment, preservation 


etc.), and how the anticipated functions of the mitigation project will address 


watershed needs. 


 


2. Site selection. A description of the factors considered during the site selection 


process. This should include consideration of watershed needs, onsite alternatives 


where applicable, and practicability of accomplishing ecologically self-sustaining 


aquatic resource restoration, establishment, enhancement, and/or preservation at 


the mitigation project site. 


 


3. Site protection instrument. A description of the legal arrangements and 


instrument including site ownership, that will be used to ensure the long-term 


protection of the mitigation project site. 


 


4. Baseline information. A description of the ecological characteristics of the 


proposed mitigation project site, in the case of an application for a DA permit, the 


impact site. This may include descriptions of historic and existing plant 


communities, historic and existing hydrology, soil conditions, a map showing the 


locations of the impact and mitigation site(s) or the geographic coordinates for 


those site(s), and other characteristics appropriate to the type of resource proposed 


as compensation. The baseline information should include a delineation of waters 


of the United States on the proposed mitigation project site. A prospective 


permittee planning to secure credits from an approved mitigation bank or in-lieu 


fee program only needs to provide baseline information about the impact site. 


 


5. Determination of credits. A description of the number of credits to be provided 


including a brief explanation of the rationale for this determination. 


• For permittee-responsible mitigation, this should include an 


explanation of how the mitigation project will provide the required 


compensation for unavoidable impacts to aquatic resources 


resulting from the permitted activity. 


• For permittees intending to secure credits from an approved 


mitigation bank or in-lieu fee program, it should include the 


number and resource type of credits to be secured and how these 


were determined. 







D-8  


6. Mitigation work plan. Detailed written specifications and work descriptions for 


the mitigation project, including: the geographic boundaries of the project; 


construction methods, timing, and sequence; source(s) of water; methods for 


establishing the desired plant community; plans to control invasive plant species; 


proposed grading plan; soil management; and erosion control measures. For 


stream mitigation projects, the mitigation work plan may also include other 


relevant information, such as planform geometry, channel form (e.g., typical 


channel cross-sections), watershed size, design discharge, and riparian area 


plantings. 


 


7. Maintenance plan. A description and schedule of maintenance requirements to 


ensure the continued viability of the resource once initial construction is 


completed. 


 


8. Performance standards. Ecologically-based standards that will be used to 


determine whether the mitigation project is achieving its objectives. 


 


9. Monitoring requirements. A description of parameters monitored to determine 


whether the mitigation project is on track to meet performance standards and if 


adaptive management is needed. A schedule for monitoring and reporting 


monitoring results to the DE must be included. 


 


10. Long-term management plan. A description of how the mitigation project will be 


managed after performance standards have been achieved to ensure the long-term 


sustainability of the resource, including long-term financing mechanisms and the 


party responsible for long-term management. 


 


11. Adaptive management plan. A management strategy to address unforeseen 


changes in site conditions or other components of the mitigation project, including 


the party or parties responsible for implementing adaptive management measures. 


 


12. Financial assurances. The DE may require additional information as necessary to 


determine the appropriateness, feasibility, and practicability of the mitigation 


project. 


 


Other information. The DE may require additional information as necessary to determine 


the appropriateness, feasibility, and practicability of the mitigation project. 
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Executive Summary 
The U.S. Fish and Wildlife Service has prepared a draft Fish and Wildlife Coordination Act 
Report on the U.S. Army Corps of Engineers’ (Corps) Upper Barataria Louisiana Risk 
Management Feasibility Study. The objectives of that study are to evaluate the feasibility of 
providing storm surge protection and protection from flooding due to heavy rainfall events for 
the communities located within the upper Barataria Basin of Louisiana in Lafourche, Jefferson, 
St. John the Baptist, St. Charles, St. James, Ascension, and Assumption Parishes. The study area 
encompasses an extensive complex of coastal wetland forests and marshes within the upper 
Barataria Basin and extends down-basin several miles below the U.S. Highway 90 crossing.  
 
This Draft Coordination Act Report provides a preliminary analysis of fish and wildlife resource 
impacts associated with construction of the final array of alternative plans. Because the analysis 
is preliminary, this Draft Coordination Act Report does not fulfill the requirements of the Fish 
and Wildlife Coordination Act (48 Stat. 401, as amended; 16 U.S.C. 661 et seq.). When 
finalized, this report would constitute the final report of the Secretary of the Interior as required 
by Section 2(b) of that Act. This Draft Coordination Act Report has been provided to the 
Louisiana Department of Wildlife and Fisheries (LDWF) and the National Marine Fisheries 
Service (NMFS). Their comments on this Draft Coordination Act Report will be incorporated 
into the Service’s final report.    
   
The study area forested and herbaceous wetlands are suffering from increased inundation due to 
the combined effects of subsidence, sea level rise, and loss of Mississippi River suspended 
sediment inputs. As a result, study area cypress-tupelo swamps are no longer sustainable. 
Bottomland hardwoods at higher elevations are converting to cypress-tupelo swamp or marsh. 
Upper basin marshes have remained healthy and are expected to remain relatively healthy 
provided that area salinities do not increase and middle and lower basin marshes remain intact.  
 
Through the Coastal Wetlands Planning, Protection and Restoration Act (CWPPRA), the Corps, 
the Service, and other Federal and State agencies have jointly developed strategies to protect and 
restore Louisiana’s coastal wetlands, including those within the Upper Barataria Basin.  
Introduction of Mississippi River suspended sediment through two small river diversion projects 
is proposed as the foremost strategy to help maintain the upper basin forested wetlands.   
 
Of the two alternatives in the final array of feasible plans, the Corps has chosen the least 
damaging (Alternative 1). This alternative would result in direct wetland impacts to marshes, 
swamps, and bottomland hardwood forests of approximately 137, 1, and 42 acres, respectively. 
Given access difficulties and study schedule/reporting deadlines, not all impact areas could be 
inspected. Hence, the above referenced habitat impact estimates are tentative and need revision 
when time and access can be provided. Likewise, the Wetland Value Assessment (WVA) results 
contained herein are preliminary and subject to change when access can be provided and proper 
field work conducted.   
 
Information needed to assess the magnitude of potential indirect project impacts associated with 
fisheries access reductions and hydroperiod increases was not available. Once that information 
becomes available, those indirect impact assessments can begin. Given the tentative and 
incomplete nature of Service-provided fish and wildlife resource impacts to date, we cannot 
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complete our evaluation of project effects on fish and wildlife resources, nor can we entirely 
fulfill our reporting responsibilities under Section 2(b) of the Fish and Wildlife Coordination 
Act. If the needed information becomes available and time permits, that information and analysis 
will be incorporated into our Final Coordination Act Report. Additional Service involvement 
during the preconstruction engineering and design phase of this project, along with more-
definitive project information, will be required so that we can fulfill our responsibilities under 
the Coordination Act. With regard to indirect project effects, the Service offers the following 
recommendations: 
 


1. Additional drainage structures should be installed in the Bayou Des Allemands levee 
crossing should the hydrologic analysis show a with-project hydroperiod increase 
associated with heavy rainfall events.  


 
2. The project drainage structures should be designed to handle inputs associated with the 


two Mississippi River diversions identified in the 1993 CWPPRA Louisiana Coastal 
Wetlands Restoration Plan without corresponding widescale hydroperiod increases.   


  
Available information indicates that substantial direct wetland losses will result from 
construction of project features. Consequently, avoidance and minimization of direct wetland 
impacts should be pursued to the greatest extent practicable. The Service provides the following 
recommendations to avoid and/or minimize project impacts on fish and wildlife resources, and 
for mitigating unavoidable impacts to those resources.   
 


3. The Corps should coordinate closely with the Service and other fish and wildlife 
conservation agencies throughout the engineering and design of project features including 
levees, floodgates, and environmental water control structures to ensure that those 
features are designed, constructed and operated consistent with wetland restoration and 
associated fish and wildlife resource needs. 


 
4. Estimates of all direct and indirect project-related wetland impacts should be refined for 


inclusion in the project’s Final Report and Environmental Impact Statement. 
 


5. Locations of borrow for levee construction material should be identified and provided to 
the Service and other interested natural resource agencies. 


 
6. To the greatest degree practical, the proposed levees and borrow pits should be located to 


avoid and minimize direct and indirect impacts to wetlands. Efforts should be made to 
further reduce those direct impacts by hauling in fill material, using sheetpile for the 
levee crest, deep soil mixing, or other alternatives. 


 
7. If organic soils must be removed from the construction site, that material should be used 


to create or restore emergent wetlands to the greatest extent practicable. If that is not 
practicable, then use of that material to improve borrow pit habitat quality (e.g., construct 
bank slopes, reduce depths, etc.) should be examined. 


 
8. Forest clearing associated with project features should be conducted during the fall or 
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winter to minimize impacts to nesting migratory birds, when practicable. 
 


9. Avoid adverse impacts to bald eagle nesting locations and wading bird colonies through 
careful design of project features and timing of construction. Surveys prior to 
construction such be undertaken to ensure no nesting birds are within 1,000 feet of any 
proposed work. If nesting birds are found within 1,000 feet of any proposed work sites, 
the Service and the Louisiana Department of Wildlife and Fisheries should be contacted 
for procedures to avoid impacts. 
 


10. The Service recommends that the Corps contact the Service for additional 
consultation if: 1) the scope or location of the proposed project is changed 
significantly, 2) new information reveals that the action may affect listed species or 
designated critical habitat; 3) the action is modified in a manner that causes effects to 
listed species or designated critical habitat; or 4) a new species is listed or critical habitat 
designated. Additional consultation as a result of any of the above conditions or for 
changes not covered in this consultation should occur before changes are made and or 
finalized.     


 
11. Full, in-kind compensation (quantified as AAHUs) should be provided for unavoidable 


net adverse impacts on forested wetlands, marsh, and associated submerged aquatic 
vegetation, including any additional losses identified during post-authorization 
engineering and design studies. To help ensure that the proposed mitigation features meet 
their goals, the Service provides the following recommendations. 


 
a. The Corps should fully compensate for any unavoidable losses of wetland habitat 


or non-wet bottomland hardwoods caused by project features. 
b. Levee construction borrow sites should be designed to avoid and minimize 


Impacts to fish and wildlife habitat; in the event new borrow sites are identified, 
guidelines for the selection of borrow sites are found in Appendix C. 


c. Mitigation measures should be constructed concurrently with the features that 
they are mitigating. If construction is not concurrent with mitigation 
implementation then revising the impact and mitigation period-of-analysis to 
reflect additional temporal losses will be required.   


d. The Service and other fish and wildlife conservation agencies should be consulted 
in the development of plans and specifications for all mitigation features and any 
monitoring and/or adaptive management plans. 


e. To avoid shortfalls in marsh creation acreage, the contractor should be required to 
guarantee the creation of at least the target acreage of marsh platform, or excess 
acres should be created.   


f. The acreage of marsh created to mitigate project impacts should meet or exceed 
the marsh acreage projected by the Habitat Evaluation Team for target year 5. 


g. The acreage of marsh created for mitigation purposes, and adjacent affected 
 wetlands, should be monitored over the project life to evaluate project 
 impacts, effectiveness of compensatory mitigation measures, and the need 
 for additional mitigation should those measures prove insufficient. 
h. The acreage of marsh created for mitigation purposes, and adjacent affected 
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 wetlands, should be monitored over the project life to evaluate project 
 impacts, effectiveness of compensatory mitigation measures, and the need 
 for additional mitigation should those measures prove insufficient. 
i. The acreage of marsh created for mitigation purposes, and adjacent affected 


wetlands, should be monitored over the project life to evaluate project 
impacts, the effectiveness of compensatory mitigation measures, and the 
need for additional mitigation should those measures prove insufficient. 


j. The Corps should maintain full responsibility for all mitigation projects 
 until the projects are found to be fully compliant with success and 
 performance requirements.  
k. The Corps should maintain full responsibility for all mitigation projects until the 


projects are found to be fully compliant with success and performance 
requirements. Success requirements are provided in Appendix D. 


l. Dredged material borrow pits, including those utilized to create marsh for 
mitigation purposes, should be carefully designed and located to minimize anoxia 
problems and excessive disturbance to area water bottoms, and to avoid increased 
saltwater intrusion.  


m. If applicable, a General Plan for mitigation should be developed by the Corps, the 
Service, and the managing natural resource agency in accordance with Section 
3(b) of the FWCA for mitigation lands. See Appendix E for details. 


 
Extensive additional information is needed by the Service to complete the required evaluation of 
project effects and fulfill our reporting responsibilities under Section 2(b) of the Fish and Wildlife 
Coordination Act. Much of that information may not be available until engineering and design of 
the project features has progressed. To help ensure that sufficient information is provided, the 
Service recommends that the Corps perform the following tasks during the engineering and 
design phase.   
 


a. Provide additional information on anticipated construction techniques and their 
associated wetland impacts, such as additional dredging to install floodgates and 
water control structures, dredging temporary by-pass channels, construction of 
access roads, and the method for disposing organic surface soils that are 
unsuitable for levee construction. 
 


b. Provide final levee footprint shapefiles and designs for borrow sites used in levee 
construction. 


 
c. Provide with-out project channel cross-sections at or near where water control 


structures would be installed. 
 
d. Provide hydrologic model outputs on FWOP and FWP stages within the protected 


area wetlands following a variety of heavy rainfall events. 
 


Given that information needed to assess fish impact impacts and project-induced hydroperiod 
impacts are not available, the Service cannot fulfill its Coordination Act responsibilities at this 
time. Hence, we will require additional funding during the post-authorization engineering and 
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design phase of this project to fulfill our responsibilities under the Fish and Wildlife 
Coordination Act. Estimates of those funding needs should be coordinated in advance with the 
Service, and should be based on the nature and complexity of the issues.    
 
Provided that Service funding needs are met and the above recommendations are incorporated 
into the feasibility report and related authorizing documents, the Service does not oppose further 
planning and implementation of the TSP. 
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INTRODUCTION 
 
The Upper Barataria Louisiana Risk Management Feasibility Study was authorized under the 
Bipartisan Budget Act of 2018, H.R. 1892 -13, Title IV, Corps of Engineers – Civil Department 
of the Army Investigations. The non-federal sponsor for the study is the Coastal Protection and 
Restoration Authority Board (CPRA) of Louisiana. That Act authorized the Corps to evaluate the 
feasibility of measures to reduce impacts associated with coastal storm tidal surges and 
headwater flooding due to rainfall within the upper Barataria Basin of Louisiana, in Lafourche, 
Jefferson, Ascension, St. John the Baptist, St. Charles, St. James, and Assumption Parishes.   
 
This Coordination Act Report provides an analysis of fish and wildlife resource impacts 
associated with construction and the final array of alternative plans. The impact analysis utilizes 
the Wetland Value Assessment (WVA) methodology to assess habitat type impacts over time.  
When finalized, this Coordination Act Report fulfills the requirements of the Fish and Wildlife 
Coordination Act (48 Stat. 401, as amended; 16 U.S.C. 661 et seq.) and would constitute the 
final report of the Secretary of the Interior as required by Section 2(b) of that Act. Comments on  
this draft Coordination Act Report from the Louisiana Department of Wildlife and Fisheries 
(LDWF) and the National Marine Fisheries Service (NMFS) will be incorporated into the 
Service’s final report.    
 
 
DESCRIPTION OF STUDY AREA 


 
The upper Barataria Basin study area lies between Bayou Lafourche to the west, the Mississippi 
River to the east, and extends southward to below the U.S. Highway 90 crossing. This area is a 
region dominated by extensive coastal wetlands created by deltaic processes of the Mississippi 
River. Because of its deltaic history, the study area is characterized by a number of former 
distributary channels extending into the basin from either Bayou Lafourche or from the 
Mississippi River. Because the highest land elevations occur on the banks of those former 
distributary channels, developed areas are generally located there. The remainder of the upper 
basin consists of coastal forested wetlands, marshes and associated water bodies. The Barataria 
Basin exhibits a northwest-southeast salinity gradient with fresh or low-salinity conditions 
toward the northwest, and more saline conditions nearer the Gulf. Given that the study area is 
located within the upper basin, the study area is characterized by freshwater conditions, with 
low-salinity brackish water occurring infrequently in the more tidally influenced southern 
portion of the study area.  
 
Because of the lack of mineral sediment accretion in upper basin marshes, those marshes are 
characterized by highly organic substrates that in many areas are floating or semi-floating. Such 
marshes are vulnerable to potential catastrophic degradation and loss if exposed to brackish 
water conditions. Additionally, such floating marshes are more susceptible to storm surge 
impacts than heavier mineral soil marshes.    
 
Riverine freshwater and sediment inputs once available to the study area via Bayou Lafourche 
were eliminated when the bayou was damned in 1903. Seasonal freshwater and suspended 
sediment inputs from the Mississippi River were eliminated by construction of flood protection 
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levees along the Mississippi River following the catastrophic 1927 Mississippi River flood.  The 
elimination of the riverine suspended sediment inputs has resulted in net subsidence as sediment 
inputs are no longer available to counteract subsidence and sea level rise. This problem, 
manifested in wetland loss, is most severe in the middle and lower basin (CPRA 2017) and with 
additional time may impact the upper basin study area as well. To address this coastal wetland 
loss crisis, the Davis Pond Freshwater Diversion Project was authorized and began operating in 
2002. The Mid-Barataria Sediment Diversion Project, currently in engineering and design, is 
planned to introduce large amounts of Mississippi River water and sediments into the middle 
basin.   
 
 
FISH AND WILDLIFE CONCERNS IN THE STUDY AREA 
 
Construction of flood protection levees along the Mississippi River have halted annual 
suspended sediment inputs to upper basin swamps and marshes. With the resulting accretion 
deficit, the majority of those swamps are no longer capable of natural regeneration due to 
increasing water levels (Conner and Day 1988). 
 
Because of sea level rise, suspended sediment deprivation and subsidence of forested wetlands 
within the upper basin, plans for two small-scale Mississippi River diversions or siphons were 
proposed in Louisiana’s 2007 Comprehensive Master Plan for a Sustainable Coast (CPRA 2007). 
Although no longer in the current Master Plan (CPRA 2017), the subsidence-related conversion 
of upper basin cypress swamp to marsh or open water is only a matter of time without major 
efforts to restore suspended sediment inputs to the upper basin. Should upper basin swamps 
convert largely to open water, flood protection risks will substantially increase during tropical 
storm events and armoring of local protection levees may be needed to protection against wave 
induced erosion and failure.   
 
Bottomland hardwood forests at slightly higher elevations are also converting to swamp, shrub-
scrub, or marsh due to the increasing hydroperiod. The regional loss of coastal forested wetlands 
due to development and natural degradation is a concern because those forested habitats are 
critically important stopover habitat providing food and water resources for many species of 
neotropical migratory songbirds after spring migration northward across the Gulf of Mexico.   
   
The Barataria Basin has lost over 1,120 square kilometers (276,757 acres) of marsh (1932-2016) 
second only to the Terrebonne Basin Basin (Table 1, from: Couvillion et al. 2017).   
 
Table 1.  Land area and change within Louisiana coastal basins 1932-2016 (square km). 


 
 Year 


Atchafalaya 
Basin 


 


Barataria 
Basin 


 


Breton 
Sound 
Basin 


Calcasieu 
Sabine     
Basin 


Miss. 
River 
Basin 


Mermentau 
Basin 


 


Pontchartrain 
Basin 


 


Teche  
Vermilion 


Basin 


Terrebonne 
Basin 


 
1932 550.58  3,832.61 1,107.56  2,136.71  678.75 2,481.92  2,862.43  1,421.74   4,471.55 
2016  566.90  2,712.53  682.01  1,619.01  303.98 1,993.69  2,390.08  1,272.90   3,169.56 
change +16.32 -1,120.08 -425.55   -517.70 -374.77  -488.23   -472.35  -148.84  -1,301.99 
%change +3.96%  -29.22% -38.42%  -24.23% -55.24%  -19.67%   -16.50%  -10.47%    -29.12% 
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The majority of this marsh loss has occurred in the middle and lower basin (Figure 1). The fresh 
and low salinity marshes of the upper basin have not experienced much loss due in part to the 
ability of those marshes to accumulate organic matter to keep pace with subsidence and sea level 
rise. However, continued loss of the middle and lower basin marshes may expose the upper basin 
freshwater marshes and swamps to increased tidal action and salinities, resulting in accelerated 
losses of marshes and swamps in the project area. Continuing wetland loss constitutes a serious 
threat to the nationally important fish and wildlife resources of the study area.  
 
  
Figure 1.  Map showing locations of marsh loss within the Barataria Basin (1956-1990). 


 
 
 
Loss of middle and lower basin marshes may also result in higher project area storm surge 
elevations and will increase the likelihood that open water conditions may occur on the Gulf side 
of proposed levees, thus increasing levee maintenance costs. 
 
Currently the project is authorized to provide protection against tropical storm surges and heavy 
rainfall events. Floodgate operations to protect against tidal flooding is not an authorized project 
purpose. If the project sponsors wish to close floodgates to reduce tidal flooding, additional 
impact assessments will be needed to address associated impacts. A project alternative that 
would avoid this impact would be a construction of ring levee/floodwall system around 
communities such that the upper basin is not enclosed within a flood protection system.    
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If the water exchange capacity of floodgates in the cross-basin levee alternatives is insufficient to 
handle evacuation of heavy rainfall events, then the project may result in increased flooding of 
developed areas and wetlands already stressed due to the combined effects of subsidence and sea 
level rise. The project’s storm water evacuation capacity should be designed to handle both 
rainfall evacuation and discharge of water diverted from the Mississippi River for wetland 
restoration purposes. That structure design capacity should be planned for future conditions 
when sea level is higher. Additionally, the proposed operation of the mid-Barataria Basin 
Sediment Diversion project may result in higher water elevations and may reduce the extent of 
low-tide events which would otherwise facilitate gravity drainage of the project area.     
 
Section 303 (d) of Coastal Wetlands Planning, Protection and Restoration Act (CWPPRA) 
requires the Secretary of the Army, in consultation with the Director of the Service and the 
Administrator of the Environmental Protection Agency, to ensure that the project be consistent 
with the purposes of the restoration plan prepared in compliance with Section 303(b) of 
CWPPRA. In that plan, the CWPPRA Task Force identified small Mississippi River diversions 
into the upper Barataria Basin as the number one Regional Ecosystem Strategy for addressing 
loss of upper Barataria Basin swamps (Louisiana Coastal Wetlands Conservation and 
Restoration Task Force and the Wetlands Conservation and Restoration Authority 1998). 
Therefore, to be consistent with these coastal restoration plans, the desired flood protection 
floodgate structures must be designed to accommodate one or more small upper basin 
Mississippi River diversions, in addition to the capacity needed for evacuation of water 
following heavy rainfall events.  
 
 
EVALUATION METHODOLOGY 
 
Based on Corps-provided shapefiles of project alternative footprints, project impacts would 
occur to marshes, cypress-tupelo swamp, and bottomland hardwood forest. 
 
Marsh - To assess construction impacts to coastal marshes, wetland acreage data (1985 through 
2016) was obtained from U.S. Geological Survey (USGS) satellite imagery for each of the study 
area subunits. Future-without-project (FWOP) subunit marsh loss rates were determined by 
producing a linear trendline through the data (Figure 2) for each study area subunit. Using the 
trendline, marsh acreages within each study area subunit were projected from 1985 through the 
project life (2023 to 2073). The trendline projections are assumed to represent a continuation of 
the historic low sea level rise (SLR) scenario. However, future marsh acreages were also 
calculated for the intermediate and high SLR scenarios as explained below.  
 
Long-term water level gage data from the Bayou Barataria at Barataria gage was utilized per the 
Corps’ Engineering Circular (EC) 1165-2-212 to develop relative sea level rise rates associated 
with low (historic), intermediate, and high sea level rise scenarios. According to EC guidance, 
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Figure 2.  Observed data and trendline for marshes south of U.S. 90 (Dufrene Pond subunit). 


 
 
the intermediate and high estimates of eustatic SLR were derived using the National Research 
Council (NRC) equations NRC I and NRC III, respectively. Based on the Bayou Barataria gage, 
the historic water level rise trend has been 7.0 millimeters/year (mm/yr). Subtracting the historic 
eustatic SLR rate of 1.7 mm/yr yields a subsidence rate of 5.3 mm/yr. By adding the subsidence 
rate to the predicted eustatic SLR, RSLR rates were determined for the historic (low), medium 
(or intermediate) and high SLR scenarios (Figure 3). 
 


Figure 3.  Predicted RSLR estimates determined using EC 1165-2-212.   


  


 


Recent wetland loss rates (1985-2016) were assumed to have occurred under a constant low or 
historic SLR rate. Therefore, for the low RSLR scenario (i.e., the continuation of the current 7.0 
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mm per year RSLR rate observed at the Bayou Barataria gage), the historic marsh loss rates were 
held constant and projected forward to provide yearly land acreages through the life of the 
project. For the intermediate and high scenarios, the 1985-2016 annual wetland loss rates for 
each subunit were gradually increased (beginning in 1992 per the Corps’ EC 1165-2-212), by 
adding an additional annual increment of loss based on the SLR increase for that year. Those 
annual wetland loss rate increases were based on the slope of the negative relationship observed 
between wetland loss rates and RSLR rates from coastwide non-fresh marshes outside of active 
deltaic influences. In this relationship, RSLR was calculated as the sum of subsidence per 
statewide subsidence zones (see Figure 4) plus a eustatic SLR rate of 1.7 mm/yr. Those land loss 
rates in percent per year, were plotted against RSLR determined for those subsidence zones 
(Figure 5). According to the slope of this wetland loss versus RSLR relationship, every 1.0 
mm/yr increase in RSLR would result in a 0.11%/yr increase in the wetland loss rate. The 
additional RSLR related wetland loss rate was then added to the baseline or historic loss rate to 
obtain total annual loss rates for each year, under the increasing sea level rise scenarios. 


Figure 4.  Coastwide subsidence zones from the Corps of Engineers. 


 
 


Figure 5.  Coastwide wetland loss rates vs. RSLR relationship. 
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The USGS data indicate that under study area marshes are experiencing net wetland gains rather 
than losses (Figure 2). Given there are no shallow open water ponds within the impacted area, 
there are no shallow protected water bodies for the marsh to encroach upon (assuming marsh 
would not encroach into Bayou Des Allemands). Consequently, under the low SLR scenario, 
marsh acreage was assumed unchanged over time. However, under the two higher SLR 
scenarios, wetland loss begins to occur at the beginning of the project life.  
 
To determine the acreage of habitats impacted by construction, the impact area shapefiles were 
overlaid on 2017 Digital Orthophoto Quarter Quads (DOQQs). Use of National Wetland 
Inventory Data (2008), other imagery, and field inspections conducted during October were used 
to subdivide the impact area shapefile into habitat types and acreage by type obtained. One 
temporary construction access corridor was assumed to be a permanent impact as details 
regarding management of the site are unknown. Additionally, it was assumed that the full 
construction impact would occur in the first year (first levee lift). Using wetland impact acres 
determined as described above, the Wetland Value Assessment (WVA v1.1) methodology was 
then used to assess project impacts to both habitat quantity and quality over time. 
 


Swamp - The Corps-provided shapefiles of levee footprints were subdivided into habitat types 
based on site visits (October 2019). Where field observations could not be made, National 
Wetland Inventory data (2008) and Light Detection and Ranging (LIDAR) data were used to 
help distinguish swamp from BLH. Once the shapefiles were divided into habitat type, the 
acreage of swamp impacts were determined. Notes regarding tree canopy cover, mid-story cover, 
herbaceous cover, tree species, estimated tree diameter breast high (dbh), and other information 
were taken for a number of locations that could be accessed during the October 2019 field visits. 
The swamp WVA requires dbh change over time. Faster dbh and basal area growth rates were 
used for low SLR conditions and slower rates for higher SLR conditions. All sites were assumed 
to be permanently inundated. Coastal Reference Monitoring System data indicates that salinities 
are currently fresh for all impacted swamps. From 2017 DOQQs, estimates of forest size, and 
adjacent land use and disturbance were made.   


 
Bottomland Hardwood Forest - The Corps-provided shapefiles of levee footprints were 
subdivided into habitat types based on site visits (October 2019). Where field observations could 
not be made, National Wetland Inventory data (2008) and Lidar data were used to help 
distinguish swamp from BLH. Once the shapefiles were divided into habitat type, the acreage of 
BLH impacts were determined. Notes regarding tree composition, canopy cover, mid-story 
cover, herbaceous cover, general health of trees, and other information were taken for a number 
of locations that could be accessed during the October 2019 field visits. All sites were assumed 
to be semi-permanently inundated. From 2017 DOQQs, estimates of forest size, and adjacent 
land uses and disturbance were made. 


 
WVA Methodology 
The Wetland Value Assessment (WVA) methodology was initially developed to evaluate 
proposed Coastal Wetlands Planning, Protection, and Restoration Act (CWPPRA) projects. The 
WVA methodology is similar to the Service’s Habitat Evaluation Procedures (HEP), in that 
habitat quality and quantity are measured for baseline conditions and predicted for FWOP and 
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FWP conditions. The Fresh/Intermediate Marsh Model was used for this project. Instead of the 
species-based approach of HEP, the WVA models use an assemblage of variables considered 
important to the suitability of a given habitat type for supporting a diversity of fish and wildlife 
species. As with HEP, the WVA allows a numeric comparison of each future condition and 
provides a combined quantitative and qualitative estimate of project-related impacts to fish and 
wildlife resources. 
 
WVA models operate under the assumption that optimal conditions for fish and wildlife habitat 
within a given coastal wetland type can be characterized, and that existing or predicted 
conditions can be compared to that optimum to provide an index of habitat quality. Habitat 
quality is estimated and expressed through the use of a mathematical model developed 
specifically for each habitat type. Each model consists of: 1) a list of variables that are 
considered important in characterizing fish and wildlife habitat; 2) a Suitability Index graph for 
each variable, which defines the assumed relationship between habitat quality (Suitability 
Indices) and different variable values; and 3) a mathematical formula that combines the 
Suitability Indices for each variable into a single value for wetland habitat quality, termed the 
Habitat Suitability Index (HSI). 
 
WVA models for fresh marsh, cypress-tupelo swamp, and bottomland hardwoods were used.  
The habitat variable-habitat suitability relationships within those WVA models have not been 
verified by field experiments or validated through a rigorous scientific process. However, the 
variables were originally derived from HEP suitability indices taken from species models for 
species found in that habitat type. Habitat variable-habitat suitability relationships are, in most 
cases, supported by scientific literature and research findings. In other cases, best professional 
judgment by a team of fisheries biologists, wildlife biologists, ecologists, and university 
scientists may have been used to determine certain habitat variable-habitat suitability 
relationships. In addition, the WVA models have undergone a refinement process and habitat 
variable-habitat suitability relationships, HSIs, and other model aspects are periodically modified 
as more information becomes available regarding coastal fish and wildlife habitat suitability, 
coastal processes, and the efficacy of restoration projects being evaluated. 
 
The WVA models assess the suitability of each habitat type for providing resting, foraging, 
breeding, and nursery habitat to a diverse assemblage of fish and wildlife species. This 
standardized, multi-species, habitat-based methodology facilitates the assessment of project-
induced impacts on fish and wildlife resources.  
 
Information on the WVA models, WVA variables, and other information/spreadsheets are 
available in the “WVA Model Docs” folder at following ftp site: 
https://www.fws.gov/gisdownloads/R4/Louisiana%20ESO/Paille/. Actual WVA files and 
supporting information/documents are available in the “WVAs and Supporting Docs” folder at 
the above referenced ftp site. More detailed information regarding WVAs conducted for this 
study may be obtained upon request.   
  
Target years are established when significant changes in habitat quality or quantity were 
expected during the project life, under FWP and FWOP conditions. Construction of levees would 
begin in 2023. It is assumed that all construction impacts would occur at the beginning of that 



https://www.fws.gov/gisdownloads/R4/Louisiana%20ESO/Paille/
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year. WVA values quantify conditions at the end of the specified target year. WVAs for this 
study utilized target years (TYs) of 0, 1, and 50 for both with-project and without-project 
conditions.  
 
The product of an HSI and the acreage of available habitat for a given target year is known as the 
Habitat Unit (HU). The HU is the basic unit for measuring project effects on fish and wildlife 
habitat. Future HUs change according to changes in habitat quality and/or quantity. Results are 
annualized over the period of analysis (i.e., 50 years) to determine the Average Annual Habitat 
Units (AAHUs) available for each habitat type. 
 
The change in AAHUs for each FWP scenario, compared to FWOP project conditions, provides 
a measure of anticipated impacts. A net gain in AAHUs indicates that the project is beneficial to 
the habitat being evaluated; a net loss of AAHUs indicates that the project is damaging to that 
habitat type. Construction of the proposed levee segments would replace a FWOP functional 
marsh, swamp, or forest with a levee having no fish and wildlife habitat value. To quantify this 
construction related habitat loss, the WVAs’ FWP acreage of marsh, swamp, and BLH was 
reduced to zero beginning in year 1.   
  
Under continued low SLR, it is assumed that future salinities will remain constant given the 
Davis Pond Freshwater Diversion Project is authorized and operated to maintain a relatively 
constant salinity regime within the middle and lower basin. Under the intermediate and high SLR 
scenarios, it was assumed that average salinities would increase slightly. Given that the proposed 
mid-Barataria Sediment Diversion project has not been permitted, and since there is considerable 
uncertainty regarding when it might become operational, it is not considered as operating under 
FWOP conditions.  
 
 
EXISTING FISH AND WILDLIFE RESOURCES  
 
The study area consists of an abandoned deltaic complex. Fish and wildlife habitats include 
bottomland hardwood forests, cypress-tupelo swamp, shrub scrub, fresh marshes, and open water 
areas. 
  
Bottomland Hardwood Forest - Bottomland hardwood forests found in coastal portions of the 
project area occur primarily on the natural levees of distributary channels. Dominant vegetation 
may include sugarberry, water oak, live oak, bitter pecan, black willow, American elm, 
Drummond red maple, Chinese tallow-tree, boxelder, green ash, baldcypress, and elderberry. 
These forests may exhibit standing water at times or seasonally, but if flooding is prolonged, less 
flood tolerant trees will die off and the forest will convert to cypress swamp or scrub-shrub 
habitats.  
 
Cypress-tupelo swamp - These swamps are generally dominated with baldcypress, water tupelo, 
swamp red maple, and various understory plant species. In permanently flooded coastal swamps 
floating aquatic vegetation such as duckweed, Azolla, Salvinia, and water hyacinth may be 
common. Coastal swamp forests typically occupy the area between fresh marshes and areas of 
higher elevation, including the transition zones between bottomland hardwood forests on riverine 
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interdistributary ridges and lower elevation marshes. Healthy cypress swamps occur in fresh 
water areas experiencing minimal daily tidal action and where the salinity range does not 
normally exceed 2 parts per thousand (ppt). Salinities of 3 ppt or higher may cause significant 
stress and mortality of baldcypress. However, short-term exposure to such salinities may be 
tolerated if it does not penetrate into and persist in the soil.  
 
Scrub-Shrub - Scrub-shrub habitat is often found along the flanks of distributary ridges. 
Typically it is bordered by marsh at lower elevations and by developed areas, cypress-tupelo 
swamp, or bottomland hardwoods at higher elevations. Typical scrub-shrub vegetation includes 
elderberry, wax myrtle, buttonbush, black willow, Drummond red maple, Chinese tallow-tree, 
and groundselbush. 
 
Fresh Marsh - Fresh marshes occur at the upper ends of interdistributary basins and are often 
characterized by floating or semi-floating vegetated mats. Most fresh marshes exhibit minimal 
daily tidal action. Vegetation may include maidencane, bulltongue, cattail, California bulrush, 
pennywort, giant cutgrass, American cupscale, spikerushes, bacopa, and alligatorweed.  
Associated open water habitats may often support extensive beds of floating-leafed and 
submerged aquatic vegetation including water hyacinth, Salvinia, duckweeds, American lotus, 
white water lily, water lettuce, coontail, Eurasian milfoil, hydrilla, pondweeds, naiads, fanwort, 
wild celery, water stargrass, elodea, and others. 
 
Developed Areas - Most developed areas are located on higher elevations of former distributary 
channels and are typically well drained. They include crop lands, pasture, and commercial and 
residential developments. In some cases, the developed areas are drained via pumping stations 
together with low-elevation levees.   
 
Ponds and Lakes - Natural marsh ponds and lakes are typically shallow, ranging in depth from 6 
inches to over 2 feet. Typically, the smaller ponds are shallow and the larger lakes are deeper.  
In fresh and low-salinity areas, ponds and lakes may support varying amounts of submerged 
and/or floating-leaved aquatic vegetation. Dead-end canals and small bayous are typically 
shallow and their bottoms may be filled in to varying degrees with semi-fluid organic material.  
Along larger canals and bayous, erosion due to wave action and boat wakes, together with 
shading from overhanging woody vegetation, may retard the amount of marsh vegetation 
growing along the edges of those waterways.       
 
Fishery Resources 
Wetlands throughout the study area abound with small resident fishes and shellfishes such as 
least killifish, rainwater killifish, sheepshead minnow, mosquitofish, sailfin molly, grass shrimp, 
and others. Those species are typically found along marsh edges and among submerged aquatic 
vegetation, and provide forage for a variety of fish and wildlife. Fresh water and low-salinity 
marshes provide habitat for commercially and recreationally important resident freshwater fishes 
such as largemouth bass, yellow bass, black crappie, bluegill, redear sunfish, warmouth, blue 
catfish, channel catfish, buffalo, freshwater drum, bowfin, and gar. Water bodies having minimal 
water exchange and heavy cover of floating vegetation may exhibit low dissolved oxygen 
conditions and reduces fisheries abundance. 
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The project area fresh marshes also provide nursery habitat for estuarine-dependent commercial 
and recreational fishes and shellfishes that are tolerant of fresh water such as blue crab, white 
shrimp, Gulf menhaden, Atlantic croaker, red drum, southern flounder, bay anchovy, striped 
mullet, and others. Fresh marshes also provide habitat for largemouth bass, sunfish, warmouth, 
crappie, blue catfish, bowfin, and gar.   
 
Essential Fish Habitat 
The project site is located in an area that has been identified as essential fish habitat (EFH) for 
various life stages of federally managed species, including postlarval and juvenile life stages of 
brown shrimp, white shrimp, and red drum. Categories of EFH in the project area include mud 
and shell substrates, submerged aquatic vegetation, estuarine water column, and estuarine 
emergent wetlands. Detailed information on federally managed fisheries and their EFH is 
provided in the 2005 generic amendment of the Fishery Management Plans for the Gulf of 
Mexico prepared by the Gulf of Mexico Fishery Management Council. The generic amendment 
was prepared as required by the Magnuson-Stevens Fishery Conservation and Management Act 
(P.L. 104-297). 


In addition to being designated as EFH for brown shrimp, white shrimp, and red drum, wetlands 
in the project area provide nursery and foraging habitats supportive of a variety of economically-
important marine fishery species, including spotted seatrout, sand seatrout, southern flounder, 
black drum, gulf menhaden, and blue crab. Some of these species serve as prey for other fish 
species managed under the Magnuson-Stevens Act by the Gulf of Mexico Fishery Management 
Council (e.g., mackerels, snappers, and groupers) and highly migratory species managed by 
NMFS (e.g., billfishes and sharks). These wetlands also produce nutrients and detritus, important 
components of the aquatic food web, which contribute to the overall productivity of the 
Louisiana’s estuaries. 


Where tidally-influenced waters designated as EFH are converted to a non-tidal elevation, loss of 
EFH would result. Should EFH be impacted, those losses should be quantified and presented in 
the Corps report. Close coordination with the NMFS is recommended because mitigation for 
those impacts is necessary. 
 
Wildlife Resources 
Numerous species of birds utilize study-area marshes, including migratory waterfowl which 
winter there. Small openings in project area cypress-tupelo swamps may also provide habitat 
puddle ducks like mallard and gadwall. Ducks that occur in the study area include mallard, 
gadwall, northern pintail, blue-winged teal, green-winged teal, American widgeon, wood duck, 
and northern shoveler. The resident mottled duck also utilizes project-area coastal marshes.  
Diving ducks prefer larger ponds, lakes, and open water areas. Common diving duck species 
include lesser scaup, canvasback, redhead, ring-necked duck, red-breasted merganser, and 
hooded merganser. Other migratory game birds found in coastal marshes include the king, 
Virginia, and sora rails along with the American coot, purple moorhen, common moorhen, and 
common snipe.   
 
Marshes and associated shallow open water areas provide habitat for a number of wading birds, 
shorebirds, and other nongame birds. Common wading birds include the little blue heron, great 
blue heron, green-backed heron, yellow-crowned night heron, black-crowned night heron, great 
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egret, snowy egret, cattle egret, white-faced ibis, white ibis, and roseate spoonbill. Shorebirds 
include the killdeer, black-necked stilt, and common snipe. Wading bird nesting colonies may 
occur within in the study. Other nongame birds such as boat-tailed grackle, red-winged 
blackbird, northern harrier, bald eagle, belted kingfisher, and sedge wren also utilize coastal 
marsh areas.  
 
Common mammals occurring in the coastal marshes include feral hogs, nutria, muskrat, mink, 
river otter, raccoon, swamp rabbit, white-tailed deer, and coyote.   


 
Reptiles are most abundant in fresh marhes. Common species include the American alligator, 
western cottonmouth, water snakes, mud snake, speckled kingsnake, ribbon snakes, rat snakes, 
red-eared turtle, common snapping turtle, alligator snapping turtle, mud turtles, and softshell 
turtles. Amphibians commonly found in the area include the bullfrog, pig frog, bronze frog, 
leopard frog, cricket frogs, tree frogs, chorus frogs, three-toed amphiuma, sirens, and several 
species of toads.   
 
Forested wetlands and scrub-shrub areas provide habitats for songbirds such as the mockingbird,  
yellow-billed cuckoo, northern parula, yellow-rumped warbler, prothonotary warbler, white-eyed 
vireo, Carolina chickadee, and tufted titmouse. Additionally, these areas also provide important 
resting and feeding areas for songbirds migrating across the Gulf of Mexico. Other avian species 
found in forested wetlands include the American woodcock, common flicker, brown thrasher, 
white-eyed vireo, belted kingfisher, pileated woodpecker, red-headed woodpecker, downy 
woodpecker, common grackle, and common crow. Numerous other bird species use forested 
wetlands throughout the study area. 
 
Forested habitats and associated waterbodies also support raptors such as the red-tailed hawk, 
red-shouldered hawk, Mississippi kite, northern harrier, screech owl, great horned owl, and 
barred owl. Wading bird colonies typically occur in cypress swamp and scrub-shrub habitat.  
Species found in those nesting colonies include great egret, white ibis, black-crowned night 
heron, tricolored heron, little blue heron, snowy egret, white-faced ibis, and glossy ibises.  
Waterfowl species found in forested wetlands and adjacent waterbodies in the project area 
include, but are not limited to, wood duck, mallard, green-winged teal, gadwall, and hooded 
merganser.  
 
Game mammals associated with forested wetlands include eastern cottontail, swamp rabbit, gray 
and fox squirrels, and white-tailed deer. Commercially important fur bearers include river otter, 
muskrat, nutria, mink, and raccoon. Other mammals found in forested wetlands include striped 
skunk, coyote, Virginia opossum, bobcat, armadillo, gray fox, and red bat. Smaller mammal 
species serve as forage for both mammalian and avian carnivores and include the cotton rat, 
marsh rice rat, white-footed mouse, eastern wood rat, harvest mouse, least shrew, and southern 
flying squirrel. 
 
Reptiles which utilize study area bottomland hardwoods, cypress swamps, and associated 
shallow water include the American alligator, ground skink, five-lined skink, broad-headed 
skink, green anole, Gulf coast ribbon snake, yellow-bellied water snake, speckled kingsnake, 
southern copperhead, western cottonmouth, pygmy rattlesnake, broad-banded water snake, 
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diamond-backed water snake, spiny softshell turtle, red-eared turtle, southern painted turtle, 
Mississippi mud turtle, stinkpot, common and alligator snapping turtle, in addition to numerous 
other species.  
 
Some of the amphibians believed to be in study-area forested wetlands include dwarf 
salamander, three-toed amphiuma, lesser western siren, central newt, Gulf coast toad, eastern 
narrow-mouthed toad, green treefrog, squirrel treefrog, pigfrog, bullfrog, southern leopard frog, 
bronze frog, upland chorus frog, southern cricket frog, and spring peeper. 
 
Most developed areas provide low-quality wildlife habitat. Sites developed for agricultural 
purposes are located on low ridges and on lower elevation areas that have improved drainage.  
In agricultural areas, wildlife habitat is primarily provided by unmaintained ditch banks and field 
edges, fallow fields, pasture lands, and rainfall-flooded fields. Cultivated crops can provide 
forage for some wildlife species. Game species that utilize agricultural lands include the white-
tailed deer, mourning dove, bobwhite quail, eastern cottontail, and common snipe. Seasonally 
flooded cropland and fallow fields may provide important feeding habitat for wintering 
waterfowl, wading birds, and other waterbirds.   
 
Threatened and Endangered Species 
Current Federally listed threatened and endangered species and their critical habitat that may be 
found in or near the study area include the West Indian manatee (Trichechus manatus) and the 
pallid sturgeon (Scaphirhynchus albus).   
 
In accordance with Section 7(c) of the Endangered Species Act, the Corps must prepare a 
biological assessment to determine the effects of the recommended plan on the above-mentioned 
species. That biological assessment should be completed and submitted to this office prior to 
initiating construction or operation of proposed project features. 
 
If the Corps determines that the proposed work may affect any listed species, the Corps must 
request, in writing, a formal consultation from this office pursuant to Section 7(a) of the 
Endangered Species Act. A request to initiate formal consultation can accompany submission of 
the biological assessment to the Service. In keeping with the consultation requirements of the 
Endangered Species Act (ESA), informal and formal (if needed) consultation must be completed 
before the Record of Decision for these tier-off projects can be signed. 
 
The Service recommends that the Corps contact the Service for additional consultation if: 1) the 
scope or location of the proposed project is changed significantly, 2) new information 
reveals that the action may affect listed species or designated critical habitat; 3) the action is 
modified in a manner that causes effects to listed species or designated critical habitat; or 4) a 
new species is listed or critical habitat designated. Additional consultation as a result of any of 
the above conditions or for changes not covered in this consultation should occur before changes 
are made and or finalized. 
 
 


At-Risk species 
The Service’s Southeast Region has defined “at-risk species” as those that are: 
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1. Proposed for listing under the ESA by the Service; 
2. Candidates for listing under the ESA, which means the species has a "warranted but 


precluded 12-month finding"; or 
  3.  Petitioned for listing under the ESA, which means a citizen or group has requested that the 
Service add them to the list of protected species. Petitioned species include those for which the 
Service has made a substantial 90-day finding as well as those that are under review for a 90-day 
finding. As the Service develops proactive conservation strategies with partners for at-risk 
species, the states’ Species of Greatest Conservation Need (defined as species with low or 
declining populations) will also be considered. 
 
The Service’s goal is to work with private and public entities on proactive conservation to 
conserve these species thereby precluding the need to federally list as many at-risk species as 
possible. Discussed below are species currently designated as “at-risk” that may occur within the 
project area. While not all species identified as at-risk will become ESA listed species, typically 
their reduced populations warrant their identification and attention in mitigation planning. 
 
 
Eastern Black Rail  
The eastern black rail (Laterallus jamaicensis ssp.), an at-risk species, is the smallest of North 
America’s rail species. It has a broad distribution inhabiting higher elevations of tidal marshes 
and freshwater wetlands throughout the Americas. The eastern black rail breeds from New York 
to Florida along the Atlantic Coast and in Florida and Texas along the Gulf Coast. There is little 
known about the spring and fall migration as well as wintering distribution of the eastern black 
rail, but it has been documented to winter on the Gulf Coast from southeast Texas to Florida.    
 
Winter habitat for the eastern black rail is presumed to be similar to breeding habitat. They are 
found in a variety of salt, brackish, and freshwater marsh habitats that can be tidally or non-
tidally influenced. Plant structure is considered more important than plant species composition in 
predicting habitat suitability (Flores and Eddleman, 1995). In Louisiana, occurrences have been 
documented in high brackish marsh vegetated with saltgrass (Distichlis spicata), sea 
oxeye (Borrichia frutescens), gulf cordgrass (Spartina spartinae) and saltmeadow cordgrass (S. 
patens) and often interspersed with shrubs such as marsh elder (Iva frutescens) or saltbush 
(Baccharis hamilifolia).  The high marsh is only inundated during extreme high tide events.  In 
general, the character of the high marsh is a short grassy savannah. It may also occur in working 
wetland habitats such as rice fields. 
 
Alligator Snapping Turtle  
The alligator snapping turtle (Macrochelys temminckii) occurs in waterways that drain into the 
Gulf of Mexico. Although the species range is large, population densities are likely low 
throughout the range. They occur in various habitats including rivers, oxbows, lakes, and 
backwater swamps adjacent to large rivers. It is most common in freshwater lakes and bayous, 
but also found in coastal marshes and sometimes in brackish waters near river mouths. Typical 
habitat is mud bottomed waterbodies having some aquatic vegetation.  The alligator snapping 
turtle is slow growing and long lived. Sexual maturity is reached at 11 to 13 year of age. Because 
of this and its low fecundity, loss of breeding females is thought to be the primary threat to the 
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species. Threats include habitat alteration, exploitation by trappers, pollution, and pesticide 
accumulation (IUCNredlist.org). 
 
Golden-Winged Warbler 
The golden-winged warbler (Vermivora chrysoptera) breeds in higher elevations of the 
Appalachian Mountains and northeastern and north-central U.S. with a disjunct population 
occurring from southeastern Ontario and adjacent Quebec northwest to Minnesota and Manitoba.  
Wintering populations occur in Central and South America. The loss of wintering habitat in 
Central and South America and migratory habitat may also contribute to its decline. The golden-
winged warbler is also known to hybridize with the blue-winged warbler (Vermivora 
cyanoptera).   
 
This species may be found in forested habitats throughout Louisiana during spring and fall 
migrations. This imperiled songbird is dependent on forested habitats along the Gulf, including 
coastal Louisiana, to provide food and water resources before and after trans-Gulf and circum-
Gulf migration. Population declines correlate with both loss of habitat owing to succession and 
reforestation and with expansion of the blue-winged warbler into the breeding range of the 
golden-winged warbler.  
 


Migratory Birds and Other Trust Resources 
Bald Eagle  
The proposed project area may provide nesting habitat for the bald eagle (Haliaeetus 
leucocephalus), which was officially removed from the List of Endangered and Threatened 
Species as of August 8, 2007. However, the bald eagle remains protected under the MBTA and 
BGEPA. Comprehensive bald eagle survey data have not been collected by the Louisiana 
Department of Wildlife and Fisheries (LDWF) since 2008, and new active, inactive, or alternate 
nests may have been constructed within the proposed project area since that time.   
 
Bald eagles typically nest in large trees located near coastlines, rivers, or lakes that support 
adequate foraging from October through mid-May. In southeastern Louisiana parishes, eagles 
typically nest in mature trees (e.g., baldcypress, sycamore, willow, etc.) near fresh to 
intermediate marshes or open water. Major threats to this species include habitat alteration, 
human disturbance, and environmental contaminants. Furthermore, bald eagles are vulnerable to 
disturbance during courtship, nest building, egg laying, incubation, and brooding. Disturbance 
during these periods may lead to nest abandonment, cracked and chilled eggs, and exposure of 
small young to the elements. Human activity near a nest late in the nesting cycle may also cause 
flightless birds to jump from the nest tree, thus reducing their chance of survival. 
  
The Service developed the National Bald Eagle Management (NBEM) Guidelines to provide 
landowners, land managers, and others with information and recommendations to minimize 
potential project impacts to bald eagles, particularly where such impacts may constitute 
“disturbance,” which is prohibited by the BGEPA.  A copy of the NBEM Guidelines is available 
at: http://www.fws.gov/southeast/es/baldeagle/NationalBaldEagleManagementGuidelines.pdf.  
Those Guidelines recommend: (1) maintaining a specified distance between the activity and the 
nest (buffer area); (2) maintaining natural areas (preferably forested) between the activity and 
nest trees (landscape buffers); and (3) avoiding certain activities during the breeding 



http://www.fws.gov/southeast/es/baldeagle/NationalBaldEagleManagementGuidelines.pdf
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season.  During any project construction, on-site personnel should be informed of the possible 
presence of nesting bald eagles in the vicinity of the project boundary, and should identify, 
avoid, and immediately report any such nests to this office.  If a bald eagle nest occurs or is 
discovered within 660 feet of the proposed project area, then an evaluation must be performed to 
determine whether the project is likely to disturb nesting bald eagles.  That evaluation may be 
conducted on-line at: http://www.fws.gov/southeast/es/baldeagle.  Following completion of the 
evaluation, that website will provide a determination of whether additional consultation is 
necessary. 
 
On September 11, 2009, the Service published two federal regulations establishing the authority 
to issue permits for non-purposeful bald eagle take (typically disturbance) and eagle nest take 
when recommendations of the NBEM Guidelines cannot be achieved.  Permits may be issued 
for nest take only under the following circumstances where: 1) necessary to alleviate a safety 
emergency to people or eagles, 2) necessary to ensure public health and safety, 3) the nest 
prevents the use of a human-engineered structure, or 4) the activity or mitigation for the activity 
will provide a net benefit to eagles.  Except in emergencies, only inactive nests may be permitted 
to be taken.  The Division of Migratory Birds for the Southeast Region of the Service (phone: 
404/679-7051, e-mail: SEmigratorybirds@fws.gov) has the lead role in conducting consultations 
and issuance of permits.  Should you need further assistance interpreting the guidelines, 
avoidance measures, or performing an on-line project evaluation, please contact Ulgonda 
Kirkpatrick (phone: 321/972-9089, e-mail: ulgonda_kirkpatrick@fws.gov). 
 
Coastal forest & neotropical migrating songbirds 
The construction of levees and borrow canals can result in temporary and/or permanent impacts 
to migratory birds and the habitats upon which they depend for various life requisites. The 
Service has concerns regarding the direct and cumulative impacts resulting from the loss and 
fragmentation of forest and grassland habitats, and the direct and indirect impacts that these 
losses will have upon breeding migratory birds of conservation concern within the Mississippi 
Alluvial Valley Bird Conservation Region (http://www.fws.gov/migratorybirds/pdf/grants/ 
BirdsofConservationConcern2008.pdf). Many migratory birds of conservation concern require 
large blocks of contiguous habitat to successfully reproduce and survive.   
 
In Louisiana, the primary nesting period for forest-breeding migratory birds occurs between 
April 15 and August 1. Some species or individuals may begin nesting prior to April 15 or 
complete their nesting cycle after August 1, but the vast majority nest during this period. The 
proposed project may directly impact migratory birds of conservation concern because habitat 
clearing that occurs during the aforementioned primary nesting period may result in 
unintentional take of active nests (i.e., eggs and young) in spite of all reasonable efforts to avoid 
such take. The MBTA prohibits the taking, killing, possession, transportation, and importation of 
migratory birds, their eggs, parts, and nests, except when specifically authorized by the 
Department of the Interior. While the MBTA has no provision for allowing incidental take, the 
Service recognizes that some birds may be taken during project construction/operation even if all 
reasonable measures to avoid take are implemented.   
 
In addition to the direct loss of grassland and forested habitat, the proposed project may 
indirectly impact migratory birds of conservation concern because construction of large-scale 



http://www.fws.gov/southeast/es/baldeagle

mailto:SEmigratorybirds@fws.gov

mailto:ulgonda_kirkpatrick@fws.gov
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projects within forested habitats typically results in habitat fragmentation. Forest fragmentation 
may contribute to population declines in some avian species because fragmentation reduces 
avian reproductive success (Robinson et al. 1995). Fragmentation can alter the species 
composition in a given community because biophysical conditions near the forest edge can 
significantly differ from those found in the center or core of the forest. As a result, edge species 
could recruit to the fragmented area and species that occupy interior habitats could be displaced.  
The fragmentation of intact forests could have long-term adverse impacts on some forest interior 
bird species.   
 
The primary impact to forest habitat conditions from the proposed project would result from the 
conversion of forest habitat to levees and open water borrow sites. We recommend that the Corps 
avoid impacts to forested areas (particularly those containing a hardwood species component) to 
the maximum extent practicable.  
 
Colonial Nesting Birds 
In accordance with the Migratory Bird Treaty Act of 1918 (as amended) and Fish and Wildlife 
Coordination Act (48 Stat. 401, as amended; 16 U.S.C. 661 et seq.), please be advised that the 
project area includes habitats which are commonly inhabited by colonial nesting waterbirds 
and/or seabirds. 
 
Colonies may be present that are not currently listed in the database maintained by the Louisiana 
Department of Wildlife and Fisheries. That database is updated primarily by (1) monitoring 
previously known colony sites and (2) augmenting point-to-point surveys with flyovers of 
adjacent suitable habitat. Although several comprehensive coast-wide surveys have been recently 
conducted to determine the location of newly-established nesting colonies, we recommend that a 
qualified biologist inspect the proposed work site for the presence of undocumented nesting 
colonies during the nesting season because some waterbird colonies may change locations year-
to-year. To minimize disturbance to colonial nesting birds, the following restriction on activity 
should be observed: 
 


For colonies containing nesting wading birds (i.e., herons, egrets, night-herons, ibis, and 
roseate spoonbills), anhingas, and/or cormorants, all activity occurring within 1,000 feet 
of a rookery should be restricted to the non-nesting period (i.e., September 1 through 
February 15, exact dates may vary within this window depending on species present). 


 
In addition, we recommend that on-site contract personnel be informed of the need to identify 
colonial nesting birds and their nests, and should avoid affecting them during the breeding 
season. Should on-site contractors and inspectors observe potential nesting activity, coordination 
with the LDWF and the Service should occur. 
 
Refuges and Wildlife Management Areas 
Within the study area, the Lake Boeuf Wildlife Management Area is located in marshes south of 
Lake Boeuf. This area would be enclosed by cross-basin levee alternatives. There are no 
National Wildlife Refuges within the study area or in areas likely to be affected by construction 
and operation of the proposed project.   
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FUTURE WITHOUT-PROJECT FISH AND WILDLIFE RESOURCES 
 
Study-area fresh marshes will likely remain relatively healthy provided salinities do not increase 
and provided that SLR remains relatively low. Increases in salinity or rapid SLR will likely result 
in gradually increasing marsh loss. Continued operation of the Davis Pond Freshwater Diversion 
should help to preclude detrimental salinity increases. However, under the higher SLR scenarios, 
continued loss of middle and lower basin marshes would allow tidal exchange to increase project 
area salinities despite Davis Pond Diversion freshwater inputs.  
  
Fish and wildlife resources that use area marshes may initially benefit from increased marsh loss 
as degradation would convert project area marshes having no internal open water to a complex 
having more interspersed internal water areas. With continued marsh loss, fish and wildlife 
habitat quantity and quality will decrease, thereby reducing fish and wildlife abundance. As 
lower basin marshes continue to degrade, estuarine-dependent fisheries will increasingly seek to 
utilize upper basin marshes and degrading forested wetlands. This would partially offset the loss 
of nursery habitat in the middle and lower basin and extend the period of high Barataria Basin 
estuarine fisheries production. But eventually should upper basin wetlands degrade sufficiently, 
fisheries production will decrease substantially.  
 
Because of semi-permanent or permanent inundation, a majority of the upper basin cypress-
tupelo forests are unsustainable and will gradually thin out and convert to marsh or open water. 
If rapid salinity increases occur, the mortality of cypress will be accelerated and impacted 
swamps would be more likely convert to open water rather than marsh. The bottomland 
hardwoods, already suffering from excessive inundation, will convert to degraded swamp, scrub-
shrub, or marsh. Migratory songbirds which use these coastal forests as important stop-over 
habitat when migrating northward across the Gulf, will have to fly further north to encounter 
suitable stop-over habitat. Resident forest-dependent wildlife will be gradually displaced to 
adjoining developed areas and there suffer from loss of food resources and increased mortality.   
 
 
DESCRIPTION OF ALTERNATIVE PLANS 
 
The final array of alternatives consists of two levee construction alternatives. 
 
Alternative 1:  This, alternative raises existing forced drainage levees extending from Paradis to 
the community of Des Allemands and then a new levee segment would cross the basin from 
Bayou Des Allemands parallel to and south of Highway 90, terminating near Raceland on Bayou 
Lafourche (Figure 6). The levee would be constructed to an elevation of 7.5 feet and would be 
18.3 miles in length. A 270-foot-wide barge gate would be installed in Bayou Des Allemands to 
provide gravity drainage. Borrow would come from nearby farmlands. Alternative 1 has been 
chosen as the Tentatively Selected Plan (TSP) 
 
Alternative 2:  This alignment incorporates all of Alternative 1 footprint plus it includes raising 
the existing St. Charles Parish protection levee northeastward to the Mississippi River at Luling 
(Figure 7). The levee would be constructed to an elevation of 8.5 feet and would be 30.4 miles 
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long. A 270-foot-wide barge gate would provide gravity drainage at Bayou Des Allemands. 
Borrow for levee construction would come from nearby farmlands. 
 
Figure 6.  Map illustrating the proposed Alternative 1 levee alignment. 


 
 
 
Figure 7.  Map illustrating the proposed Alternative 2 levee alignment. 
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EVALUATION OF ALTERNATIVE PLANS 
 
Fish and wildlife resource impacts were determined for the final array of alternatives described 
above. The Corps has determined that Alternative 1 is the Tentatively Selected Plan (TSP). 
Acreage of direct wetland construction impacts by habitat type were obtained from 2017 DOQQs 
and habitat types determined from that imagery in combination with field inspections conducted 
during October 2019 (Table 2). Given schedule constraints and lack of access to some future 
impact sites, the habitat type determination in areas is tentative. The direct impacts provided 
below include impacts associated with two construction access roads. The TSP is the least 
damaging of the alternatives in the final array of alternatives. 
 
Table 2.  Direct impacts by habitat type and levee alternative. 


Habitat Alt 1 Alt 2 
Type   (acres) (acres) 
Bottomland Hardwood Forest 41.68 86.66 
Cypress-Tupelo Swamp 1.04 36.43 
Fresh Marsh 136.54 148.93 


 
Bottomland hardwood forest (BLH) impacts would occur within the forced drainage area of the 
Sunset Drainage District. A small acreage of the Paradis Mitigation Bank located within that 
forced drainage district would be impacted. An acre of cypress swamp within the Sunset District 
would also be impacted. Wetlands within the Sunset Drainage District are not exposed to 
increasing SLR effects as are the remaining impact areas.   
 
Near the Raceland end of the proposed levee, impacted BLH consists of inundation stressed and 
stunted red maple. Along portions of the St. Charles levee, BLH is also stressed, but impacts to 
more healthy BLH stands would also occur. Due to its low quality, the inundation stressed BLH 
could be classified as a Resource Category 3 rather than Category 2. A more thorough field 
inspection would be needed to consider this change.  
 
More acres of fresh marsh are directly impacted by both alternatives than any other habitat type. 
Those impacts are greatest immediately southwest of Bayou Des Allemands where a new levee 
would be constructed across marsh. Lesser fresh marsh impact acreage is located adjacent to the 
St. Charles levee where inundation has converted former BLH to marsh. A more detailed 
breakdown of direct impacts by location is provided in Appendix A. Direct impacts in AAHUs 
are provided in Table 3 with a more detailed breakdown provided in Appendix B. 
 
Because Alternative 1 has the narrowest footprint and is a shorter levee alignment, impacts for 
this alternative are less than those of alternative 2. Temporal impacts to BLH forest (for both 
alternatives) could be reduced if the northern construction access route were replanted after 
construction. It is assumed that borrow for levee construction will come from existing 
agricultural areas. If borrow is taken from forested or wetland areas, additional borrow-related 
impacts would need to be quantified.  
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Table 3.  Direct impacts in AAHUs by habitat type, alternative, and SLR scenario.  


 
 
 
Indirect Impacts 
Installation of the 270-foot-wide barge gate in Bayou Des Allemands has the potential to reduce 
water exchange and increase the hydroperiod of the upper Barataria Basin. Upper Barataria 
Basin forested wetlands are already near or at a permanently inundated condition. Consequently, 
growth rates of trees in those areas could be further reduced and tree mortality increased should 
the project cause stage increases of sufficiently long durations. Information needed to assess this 
possible impact is not available at this time. Hence, this impact assessment is incomplete in 
regard to this potentially large-scale indirect impact.    
 
Fish Access Impacts 
The proposed stoplog water control structure on the Godchaux Canal would reduce the canal 
width from 125 feet to 15 feet (82% reduction when structure open). Consequently, this structure 
may reduce fishery access to fresh marsh areas southwest of that structure. The Bayou Des 
Allemands floodgate may also reduce water exchange and fisheries access. Additional channel 
cross-section information is needed to assess this possible impact. 
 
 
 
FISH AND WILDLIFE CONSERVATION MEASURES 
 
The President’s Council on Environmental Quality defined the term “mitigation” in the National 
Environmental Policy Act regulations to include the following elements as the desirable 
sequence of steps in the mitigation planning process: 


 
a) avoiding the impact altogether by not taking a certain action or parts of an action; 


 
b) minimizing impacts by limiting the degree or magnitude of the action and its 


implementation; 
 


Habitat Low SLR Int SLR High SLR
Type (AAHUs) (AAHUs) (AAHUs)
Bottomland Hardwood Forest -16.05 -15.83 -14.80
Cypress-Tupelo Swamp -0.56 -0.56 -0.56
Fresh Marsh -63.92 -69.62 -56.35


Habitat Low SLR Int SLR High SLR
Type (AAHUs) (AAHUs) (AAHUs)
Bottomland Hardwood Forest -25.83 -24.77 -21.28
Cypress-Tupelo Swamp -21.57 -21.57 -19.84
Fresh Marsh -69.72 -75.94 -61.45


Alt 2


Alt 1
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c) rectifying the impact by repairing, rehabilitating, or restoring the affected 
environment; 


 
d) reducing or eliminating the impact over time by preservation and maintenance 


operations during the life of the action; and 
 


e) compensation for the impact by replacing or providing substitute resources or 
environments. 


 
The Service’s mitigation policy (Federal Register, Volume 46, Number 15, pages 7656-7663, 
January 23, 1991) provides guidance to help ensure that the level of mitigation recommended by 
the Service is consistent with the value and scarcity of the fish and wildlife resources involved.  
In keeping with that policy, the Service usually recommends that losses of high-value habitats 
which are becoming scarce be avoided or minimized to the greatest extent possible.  
Unavoidable losses of such habitats should be fully compensated by replacement of the same 
kind of habitat value; this is called “in-kind” mitigation.   


 
Coastal marshes are considered by the Service to be aquatic resources of national importance due 
to their increasing scarcity and high habitat value for fish and wildlife within Federal trusteeship 
(i.e., migratory waterfowl, wading birds, other migratory birds, threatened and endangered 
species, and interjurisdictional fisheries). Likewise, forested wetlands (swamp and BLH) and dry 
forest are nationally significant resources having high fish and wildlife value that are becoming 
increasingly scarce, especially in coastal Louisiana. Therefore, the Service recommends that 
unavoidable losses of those habitats be compensated in-kind. Highly degraded/dying BLH may 
be considered as a Resource Category 3 and could be mitigated out-of-kind (i.e., other forest 
types). 
 
The impacts to swamp and BLH might be mitigated through use of nearby mitigation banks. 
Fresh marsh impacts associated with the TSP are rather large. Mitigation for those impacts might 
be achieved by creating marsh near the project site in the open areas north of the Bayou Gauche 
road (Highway 306) or in the Simoneaux Ponds area (Figure 8). If the mitigation site borders 
large open water areas, containment dikes might need to be armored to preclude erosional losses 
of the dikes and marshes therein. The deadlines for completion of this Coordination Act Report 
did not allow for a mitigation analysis of these areas.  
 
Marsh creation mitigation projects should be monitored to ensure that the desired mitigation is 
achieved at a point 5 years after project implementation, and at 10 year intervals thereafter.  
Successful marsh creation will depend on achieving a settled disposal area elevation conducive 
to marsh vegetation establishment.   
 
Because past experience shows that shortfalls in created marsh acreage often occur, especially 
when borrow for containment dike construction is taken from within the mitigation area. The 
Service recommends that the target marsh acreage should be set above the required acreage, or 
that the contractor must guarantee that the required acreage will be established. The Service also 
recommends that the Corps monitor the acreage of created marsh, and other affected wetlands in 
the project area, throughout the project life to help assess project impacts and ensure that full 
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compensatory mitigation is achieved. The resulting monitoring should be used to assess the need 
for additional mitigation, if monitoring reveals a mitigation shortfall.   
 
 
Figure 8.  Possible marsh mitigation sites near Bayou Gauche and Simoneaux Ponds. 


 
 
 
Dredging of water bottoms for borrow material may result in the creation of deep holes. Reduced 
flushing in those areas may promote development of anoxic conditions due to the accumulation 
of organic matter and pollutants. Anoxia would be aggravated by high temperature and salinity 
stratification, particularly during the summer months. To avoid such problems, borrow areas 
should be designed to minimize the likelihood that anoxic conditions would develop.  
  
Because of the large quantity of dredged material potentially needed to mitigate project impacts, 
careful consideration should be given to the borrow site design. If borrow sites are dredged to 
shallow depths to avoid creating anoxic sumps, then more surface area will need to be dredged to 
obtain the needed quantity of material. By dredging over a larger surface area, potential 
complications may include: 1) more benthos may be affected, which may reduce (at least 
temporarily) food availability for fishery organisms; 2) other sessile organisms, such as oysters, 
could be affected; and 3) by continually moving the cutterhead, the resuspended sediments will 
take longer to settle and could prolong the periods of high turbidity associated with dredging 
operations. The Service is also concerned that extensive borrow from linear waterways or canals 
may exacerbate saltwater intrusion and/or bank failure, resulting in accelerated marsh loss rates.  
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Borrow sites should be located and designed to avoid those possible impacts.  
 
Because of relative sea level rise combined with long-term deprivation of Mississippi River 
suspended sediment inputs, the upper basin wetlands are suffering from excessive hydroperiod 
impacts. Indirect hydrologic effects of the proposed levee and floodgate on water levels could 
worsen this problem causing accelerated degradation of upper basin wetlands. Information 
regarding project effects on upper basin hydroperiod are not yet available.   
 
For the proposed project to be consistent with the Coastal Wetlands Planning and Restoration 
Act (CWPPRA) as required by Section 303(d)(1) of that Act, the drainage capacity of the Bayou 
Des Allemands floodgate should be sized to handle local drainage needs plus that of the two 
small Mississippi River diversions identified in the 1993 CWPPRA Louisiana Coastal Wetlands 
Restoration Plan.   
 
To ensure that project features do not worsen the hydroperiod and are capable of handling 
drainage associated with those two small CWPPRA proposed Mississippi River diversions, the 
Service recommends that additional drainage structures be installed in the Bayou Des Allemands 
levee crossing should the hydrologic analysis show a with-project hydroperiod increase 
associated with heavy rainfall events. Given that the Bayou Des Allemands levee crossing 
exceeds 1,500 feet, there should be room for the proposed 270-foot-wide floodgate, plus 
additional gates. 
 
 
SERVICE POSITION AND RECOMMENDATIONS 
 
Because information regarding possible fisheries access impacts associated with proposed water 
control structures and the project related hydrologic effects are not yet available, we cannot 
complete our evaluation of project effects on fish and wildlife resources, nor can we entirely 
fulfill our reporting responsibilities under Section 2(b) of the Fish and Wildlife Coordination 
Act. If available, that information will be incorporated into our Final Coordination Act Report. 
Additional Service involvement during the preconstruction engineering and design phase of this 
project, along with more-definitive project information, will be required so that we can fulfill our 
responsibilities under the Coordination Act. With regard to indirect project effects, the Service 
recommends: 
 


1. Additional drainage structures should be installed in the Bayou Des Allemands levee 
crossing should the hydrologic analysis show a with-project hydroperiod increase 
associated with heavy rainfall events.  


 
2. The project drainage structures should be designed to handle inputs associated with the 


two Mississippi River diversions identified in the 1993 CWPPRA Louisiana Coastal 
Wetlands Restoration Plan without corresponding widescale hydroperiod increases.   


  
 
Available information indicates that substantial direct wetland losses will result from 
construction of project features. Consequently, avoidance and minimization of direct wetland 
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impacts should be pursued to the greatest extent practicable. The Service provides the following 
recommendations to avoid and/or minimize project impacts on fish and wildlife resources, and 
for mitigating unavoidable impacts to those resources.   
 


3. The Corps should coordinate closely with the Service and other fish and wildlife 
conservation agencies throughout the engineering and design of project features including 
levees, floodgates, and environmental water control structures to ensure that those 
features are designed, constructed and operated consistent with wetland restoration and 
associated fish and wildlife resource needs. 


 
4. Estimates of all direct and indirect project-related wetland impacts should be refined for 


inclusion in the project’s Final Report and Environmental Impact Statement. 
 


5. Locations of borrow for levee construction material should be identified and provided to 
the Service and other interested natural resource agencies. 


 
6. To the greatest degree practical, the proposed levees and borrow pits should be located to 


avoid and minimize direct and indirect impacts to emergent wetlands. Efforts should be 
made to further reduce those direct impacts by hauling in fill material, using sheetpile for 
the levee crest, deep soil mixing, or other alternatives. 


 
7. If organic soils must be removed from the construction site, that material should be used 


to create or restore emergent wetlands to the greatest extent practicable. If that is not 
practicable, then use of that material to improve borrow pit habitat quality (e.g., construct 
bank slopes, reduce depths, etc.) should be examined. 


 
8. Forest clearing associated with project features should be conducted during the fall or 


winter to minimize impacts to nesting migratory birds, when practicable. 
 


9. Avoid adverse impacts to bald eagle nesting locations and wading bird colonies through 
careful design of project features and timing of construction. Surveys prior to 
construction such be undertaken to ensure no nesting birds are within 1,000 feet of any 
proposed work. If nesting birds are found within 1,000 feet of any proposed work sites, 
the Service and the Louisiana Department of Wildlife and Fisheries should be contacted 
for procedures to avoid impacts. 
 


10. The Service recommends that the Corps contact the Service for additional 
consultation if: 1) the scope or location of the proposed project is changed 
significantly, 2) new information reveals that the action may affect listed species or 
designated critical habitat; 3) the action is modified in a manner that causes effects to 
listed species or designated critical habitat; or 4) a new species is listed or critical habitat 
designated. Additional consultation as a result of any of the above conditions or for 
changes not covered in this consultation should occur before changes are made and or 
finalized.     


 
11. Full, in-kind compensation (quantified as AAHUs) should be provided for unavoidable 
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net adverse impacts on forested wetlands, marsh, and associated submerged aquatic 
vegetation, including any additional losses identified during post-authorization 
engineering and design studies. To help ensure that the proposed mitigation features meet 
their goals, the Service provides the following recommendations. 


 
n. The Corps should fully compensate for any unavoidable losses of wetland habitat 


or non-wet bottomland hardwoods caused by project features. 
o. Levee construction borrow sites should be designed to avoid and minimize 


impacts to fish and wildlife habitat; in the event new borrow sites are identified, 
guidelines for the selection of borrow sites are found in Appendix C. 


p. Mitigation measures should be constructed concurrently with the features that 
they are mitigating. If construction is not concurrent with mitigation 
implementation then revising the impact and mitigation period-of-analysis to 
reflect additional temporal losses will be required.   


q. The Service and other fish and wildlife conservation agencies should be consulted 
in the development of plans and specifications for all mitigation features and any 
monitoring and/or adaptive management plans. 


r. To avoid shortfalls in marsh creation acreage, the contractor should be required to 
guarantee the creation of at least the target acreage of marsh platform, or excess 
acres should be created.   


s. The acreage of marsh created to mitigate project impacts should meet or exceed 
the marsh acreage projected by the Habitat Evaluation Team for target year 5. 


t. The acreage of marsh created for mitigation purposes, and adjacent affected 
 wetlands, should be monitored over the project life to evaluate project 
 impacts, effectiveness of compensatory mitigation measures, and the need 
 for additional mitigation should those measures prove insufficient. 
u. The acreage of marsh created for mitigation purposes, and adjacent affected 
 wetlands, should be monitored over the project life to evaluate project 
 impacts, effectiveness of compensatory mitigation measures, and the need 
 for additional mitigation should those measures prove insufficient. 
v. The acreage of marsh created for mitigation purposes, and adjacent affected 


wetlands, should be monitored over the project life to evaluate project 
impacts, the effectiveness of compensatory mitigation measures, and the 
need for additional mitigation should those measures prove insufficient. 


w. The Corps should maintain full responsibility for all mitigation projects 
 until the projects are found to be fully compliant with success and 
 performance requirements.  
x. The Corps should maintain full responsibility for all mitigation projects until the 


projects are found to be fully compliant with success and performance 
requirments. Success requirements are provided in Appendix D. 


y. Dredged material borrow pits, including those utilized to create marsh for 
mitigation purposes, should be carefully designed and located to minimize anoxia 
problems and excessive disturbance to area water bottoms, and to avoid increased 
saltwater intrusion.  


z. If applicable, a General Plan for mitigation should be developed by the Corps, the 
Service, and the managing natural resource agency in accordance with Section 
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3(b) of the FWCA for mitigation lands. See Appendix E for details. 
 


Extensive additional information is needed by the Service to complete the required evaluation of 
project effects and fulfill our reporting responsibilities under Section 2(b) of the Fish and Wildlife 
Coordination Act. Much of that information may not be available until engineering and design of 
the project features has progressed. To help ensure that sufficient information is provided, the 
Service recommends that the Corps perform the following tasks during the engineering and 
design phase.   
 


1. Provide additional information on anticipated construction techniques and their 
 associated wetland impacts, such as additional dredging to install floodgates and 
 water control structures, dredging temporary by-pass channels, construction of 
 access roads, and the method for disposing organic surface soils that are 
 unsuitable for levee construction. 
 
2. Provide final levee footprint shapefiles and designs for borrow sites used in levee 
 construction.  
 
3. Provide with-out project channel cross-sections at or near where water control 
 structures would be installed. 
 
4. Provide hydrologic model outputs on FWOP and FWP stages within the protected 
 area wetlands following an variety of heavy rainfall events. 


 
Sufficient funding should be provided for full Service participation in the post-authorization 
engineering and design studies, and to facilitate fulfillment of its responsibilities under Section 
2(b) of the Fish and Wildlife Coordination Act. 
 
Given that information needed to assess fish impact impacts and project-induced hydroperiod 
impacts are not available, the Service cannot fulfill its Coordination Act responsibilities at this 
time. Hence, we will require additional funding during the post-authorization engineering and 
design phase of this project to fulfill our responsibilities under the Fish and Wildlife 
Coordination Act. Estimates of those funding needs should be coordinated in advance with the 
Service, and should be based on the nature and complexity of the issues.    
 
Provided that Service funding needs are met and the above recommendations are incorporated 
into the feasibility report and related authorizing documents, the Service does not oppose further 
planning and implementation of the TSP. 
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APPENDIX  A 
 


 
DIRECT CONSTRUCTION IMPACTS 


 
 
 
 
 
 


Acres of direct wetland impacts are listed below by four regions (see Figures A1, A2, A3). The 
Sunset Drainage District region is divided by Louisiana Highway 306 into an eastern and 
western region. 
 
 
 
Figure A1.  West of Bayou Des Allemands region. 
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Figure A2.  Map of the Sunset Drainage District region. 


 
 
 
Figure A3.  Map of the St. Charles Levee region. 







A-3 
 


Table A-1.  Acres of direct construction impacts by region, habitat type, and alternative. 


Alt 1 Alt 2


BLH Impact & Location (acres) (acres)


  West of Bayou Des Allemands
Forested spoil banks 2.79 3.29
Dufrene Ponds access rd 6.32 6.32
Low quality BLH 10.60 11.09


  Sunset Drainage District west of LA 306
Med quality BLH 1.92 2.04
Low quality BLH 5.63 5.97


  Sunset Drainage District east of LA 306
High quality BLH 1.92 1.96
Med quality BLH 1.12 1.21
Low quality BLH 3.93 4.03
Abandoned field 7.10 7.43
Mitigation bank 0.35 0.37


  St. Charles levee upgrade-lift
Med quality BLH na 6.94
Low quality BLH na 36.00


TOTAL  41.68 86.66


Alt 1 Alt 2


Swamp Impact & Location (acres) (acres)


  West of Bayou Des Allemands 0.00 0.00


  Sunset Drainage District west of LA 306 0.00 0.00


  Sunset Drainage District east of LA 306 1.04 1.08


  St. Charles levee upgrade-lift na 35.35
TOTAL  1.04 36.43


Alt 1 Alt 2


Fresh marsh Impact & Location (acres) (acres)


  West of Bayou Des Allemands 136.5 143.6


  Sunset Drainage District west of LA 306 0.00 0.00


  Sunset Drainage District east of LA 306 0.00 0.00


  St. Charles levee upgrade-lift na 5.32
TOTAL  136.54 148.93
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APPENDIX  B 
 


              DIRECT CONSTRUCTION IMPACTS (AAHUs) 
 
 
 
Table B-1.  Direct construction impacts (AAHUs) by region, habitat type, and alternative. 


 
 
 
 
 


Low SLR Int SLR High SLR Low SLR Int SLR High SLR
 BLH Impact & Location (AAHUs) (AAHUs) (AAHUs)  BLH Impact & Location (AAHUs) (AAHUs) (AAHUs)


  West of Bayou Des Allemands   West of Bayou Des Allemands
Forested spoil banks -0.79 -0.73 -0.41 Forested spoil banks -0.93 -0.86 -0.48
Dufrene Ponds access rd -0.50 -0.43 -0.30 Dufrene Ponds access rd -0.50 -0.43 -0.30
Low quality BLH -1.75 -1.66 -1.08 Low quality BLH -1.82 -1.73 -1.13


  Sunset Drainage District west of LA 306   Sunset Drainage District west of LA 306
Med quality BLH -1.21 -1.21 -1.21 Med quality BLH -1.28 -1.28 -1.28
Low quality BLH -2.32 -2.32 -2.32 Low quality BLH -2.46 -2.46 -2.46


  Sunset Drainage District east of LA 306   Sunset Drainage District east of LA 306
High quality BLH -1.62 -1.62 -1.62 High quality BLH -1.65 -1.65 -1.65
Med quality BLH -0.92 -0.92 -0.92 Med quality BLH -0.99 -0.99 -0.99
Low quality BLH -2.20 -2.20 -2.20 Low quality BLH -2.26 -2.26 -2.26
Abandoned field -4.49 -4.49 -4.49 Abandoned field -4.70 -4.70 -4.7
Mitigation bank -0.25 -0.25 -0.25 Mitigation bank -0.26 -0.26 -0.26


  St. Charles levee upgrade-lift   St. Charles levee upgrade-lift
Med quality BLH na na na Med quality BLH -2.03 -1.87 -1.09
Low quality BLH na na na Low quality BLH -6.95 -6.28 -4.68


TOTAL  -16.05 -15.83 -14.80 TOTAL  -25.83 -24.77 -21.28


Low SLR Int SLR High SLR Low SLR Int SLR High SLR
 Swamp Impact & Location (AAHUs) (AAHUs) (AAHUs)  Swamp Impact & Location (AAHUs) (AAHUs) (AAHUs)


  West of Bayou Des Allemands 0.0 0.0 0.0   West of Bayou Des Allemands 0.0 0.0 0.0


  Sunset Drainage District west of LA 306 0.00 0.00 0.00   Sunset Drainage District west of LA 306 0.00 0.00 0.00


  Sunset Drainage District east of LA 306 -0.56 -0.56 -0.56   Sunset Drainage District east of LA 306 -0.58 -0.58 -0.58


  St. Charles levee upgrade-lift na na na   St. Charles levee upgrade-lift -23.55 -23.55 -21.47
TOTAL  -0.56 -0.56 -0.56 TOTAL  -24.13 -24.13 -22.05


Low SLR Int SLR High SLR Low SLR Int SLR High SLR
Fresh marsh Impact & Location (AAHUs) (AAHUs) (AAHUs) Fresh marsh Impact & Location (AAHUs) (AAHUs) (AAHUs)


  West of Bayou Des Allemands -63.9 -69.6 -56.4   West of Bayou Des Allemands -67.2 -73.2 -59.3


  Sunset Drainage District west of LA 306 0.00 0.00 0.00   Sunset Drainage District west of LA 306 0.00 0.00 0.00


  Sunset Drainage District east of LA 306 0.00 0.00 0.00   Sunset Drainage District east of LA 306 0.00 0.00 0.00


  St. Charles levee upgrade-lift na na na   St. Charles levee upgrade-lift -2.48 -2.70 -2.17
TOTAL  -63.92 -69.62 -56.35 TOTAL  -69.72 -75.94 -61.45


Alt 2


Alt 2


Alt 2


Alt 1


Alt 1


Alt 1
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APPENDIX  C 
 
 


BORROW SITE SELECTION CRITERIA 
 


Where multiple alternative borrow areas exists, use of those alternative sites should be prioritized 
in the following order: existing commercial pits, upland sources, previously 
disturbed/manipulated wetlands within a levee system, and low-quality wetlands outside a levee 
system.  The Service supports the use of such protocols to avoid and minimize impacts to 
wetlands and bottomland hardwoods within project areas.  Avoidance and minimization of those 
impacts helps to provide consistency with restoration strategies and compliments the authorized 
hurricane protection efforts.  Such consistency is also required by Section 303(d)(1) of the 
Coastal Wetlands Planning, Protection and Restoration Act (CWPPRA).   
Accordingly, the Service recommends that prior to utilizing borrow sites every effort should be 
made to reduce impacts by using sheetpile and/or floodwalls to increase levee heights wherever 
feasible.  In addition, the Service recommends that the following protocol be adopted and 
utilized to identify borrow sources in descending order of priority: 


1.  Permitted commercial sources, authorized borrow sources for which environmental 
clearance and mitigation have been completed, or non-functional levees after newly 
constructed adjacent levees are providing equal protection.   


2.  Areas under forced drainage that are protected from flooding by levees, and that are: 
 a)  non-forested (e.g., pastures, fallow fields, abandoned orchards, former urban areas) 


and non-wetlands; 
 b)  wetland forests dominated by exotic tree species (i.e., Chinese tallow-trees) or non-


forested wetlands (e.g., wet pastures), excluding marshes; 
 c)  disturbed wetlands (e.g., hydrologically altered, artificially impounded).  


3.  Sites that are outside a forced drainage system and levees, and that are: 
 a)  non-forested (e.g., pastures fallow fields, abandoned orchards, former urban areas) 


and non-wetlands; 
 b)  wetland forests dominated by exotic tree species (i.e., Chinese tallow-trees) or non-


forested wetlands (e.g., wet pastures), excluding marshes; 
 c)  disturbed wetlands (e.g., hydrologically altered, artificially impounded). 


 
Notwithstanding this protocol, the location, size and configuration of borrow sites within the 
landscape is also critically important.  Coastal ridges, natural levee flanks and other geographic 
features that provide forested/wetland habitats and/or potential barriers to hurricane surges 
should not be utilized as borrow sources, especially where such uses would diminish the natural 
functions and values of those landscape features.   
 
To assist in expediting the identification of borrow sites, the Service recommends that 
immediately after the initial identification of a new borrow site the Corps should initiate informal 
consultation with the Service regarding potential impacts to federally listed threatened or 
endangered species.  To aid you in complying with those proactive consultation responsibilities, 
the Service has provided (in the above letter) a list of threatened and endangered species and 
their critical habitats within the project area.  
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APPENDIX  D 
 
MITIGATION SUCCESS CRITERIA AND MITIGATION MONITORING: 
MARSH MITIGATION FEATURES (Fresh, Intermediate, and Brackish Marsh Habitats) 
 
MITIGATION SUCCESS CRITERIA 
 
The success (performance) criteria described herein are applicable to all proposed marsh habitats 
(fresh marsh, intermediate marsh, and brackish marsh restoration features), unless otherwise 
indicated. 
 
1.  General Construction 
 
A. Complete all initial mitigation construction activities (e.g. construction of temporary 


retention/perimeter dikes, placement of fill (borrow material/dredged material), construction 
of permanent dikes if applicable, etc.) in accordance with the mitigation work plan and final 
project plans and specifications.  Upon completion of construction, USACE or its contractor 
shall provide construction surveys to include all project features.  These activities are 
classified as “initial construction requirements.”  


 
B. Approximately 1 year following completion of all initial mitigation construction activities 


(when the restored marsh feature has stabilized to the point that the containment berms are no 
longer required to prevent the loss of fill material from the project site), USACE or its 
contractor shall complete all final mitigation construction activities, in accordance with the 
mitigation work plan and final project plans and specifications.  Such activities may include, 
but are not limited to: degrading temporary retention/perimeter dikes; completion of armoring 
of permanent dikes; “gapping” or installation of “fish dips”; soil testing; completion of 
plantings; and construction of trenasses or similar features within marsh features as a means of 
establishing shallow water interspersion areas within the marsh.  Finishing the 
aforementioned construction activities will be considered as the “completion of final 
construction requirements”.   


 
2.  Topography1 


 
A. Initial Success Criteria: 


1.  One year after completion of fill placement:  
• Demonstrate that at least 80% of each mitigation feature has a surface elevation that is 


within +0.5 to – 0.5 feet of the desired target surface elevation as determined by the 
settlement curve for that year.   


2.  Two years after completion of fill placement:  
• Demonstrate that at least 80% of the mitigation site has a surface elevation that is 


within +0.5 feet to – 0.25 of the desired target surface elevation as determined by the 
settlement curve for that year.   


 
B. Intermediate Success Criteria: 


1. Two years following achievement of Topography Criteria 2.A.2. –– 
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• Demonstrate that at least 80% of the mitigation site has a surface elevation that is 
within the functional marsh elevation range2.   


• There are no additional monitoring or attainment requirements for topography beyond 
meeting the Intermediate Success Criteria for topography.    
 


Notes:   
1Elevation survey data and report will be provided to the IET for review in order to determine 
concurrence.  The surveys must include water levels inside and outside the marsh creation 
site at locations representative of site conditions.  
2The “functional marsh elevation range”, i.e. the range of the marsh surface elevation that is 
considered adequate to achieve proper marsh functions and values, is determined during the 
final design phase.   


 
3.  Native Vegetation 
 
A. Fresh marsh: 
 


1.   Initial Success Criteria (2 growing seasons following completion of initial 
construction activities in General Construction 1.A.): 
• Achieve a minimum average cover of 50% comprised of native herbaceous species. 
• Demonstrate that vegetation satisfies USACE hydrophytic vegetation criteria.   


2. Intermediate Criteria (2 years following attainment of Native Vegetation Criteria 3.A.1.): 
• Achieve a minimum average cover of 60% comprised of native herbaceous species. 
• Demonstrate that vegetation satisfies USACE hydrophytic vegetation criteria.   


3. Long-Term Success Criteria3 (Every monitoring event after attainment of Native 
Vegetation Criteria 3.A.2.): 
• Achieve a minimum average cover of 60% comprised of native herbaceous species.   
• Demonstrate that vegetation satisfies USACE hydrophytic vegetation criteria.   


 
Notes:  
1Fresh marsh is typically not planted due to the expectation that it will naturally vegetate 
more quickly than intermediate or brackish marsh. However, if percent cover success 
criteria are not met, plantings may become necessary in the absence of  
other recommended actions 
 


B. Intermediate marsh and brackish marsh:   
 


1. Initial Success Criteria (2 growing seasons following completion of initial construction 
activities in General Construction 1.A.): 
• Initial plantings must attain at least 80% survival of planted species, or achieve a 


minimum average cover of 25% native herbaceous species (includes planted species and 
volunteer species). If site self-vegetates, the site must achieve a minimum average cover 
of at least 50% native herbaceous species. 


• Demonstrate that vegetation satisfies USACE hydrophytic vegetation criteria.   
2. Intermediate Criteria (2 years following attainment of Native Vegetation Criteria 3.B.1): 


• Achieve a minimum average cover of 60%, comprised of native herbaceous species 
(includes planted species and volunteer species). 
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• Demonstrate that native vegetation satisfies USACE hydrophytic vegetation criteria.   
3. Long-Term Success Criteria3 (Every monitoring event after attainment of Native 


Vegetation Criteria 3.B.2.): 
• Achieve a minimum average cover of 60%, comprised of native herbaceous species 


(includes planted species and volunteer species). 
• Demonstrate that native vegetation satisfies USACE hydrophytic vegetation criteria.   


 
Note:   
1There is not a minimum average cover requirement for years 21 – 50. However, vegetation 
data will be collected throughout the 50-year project life. 


 
4.  Invasive and Nuisance Vegetation (for all marsh types) 
 
A. Initial, Intermediate, and Long-term1 Success Criteria  


• Maintain the project area such that the total average vegetative cover accounted for by 
invasive and nuisance species constitute less than 5% of the total average plant cover 
throughout the 50-year project life.  The list of invasive and nuisance species is found 
in Appendix A and will be tailored to reflect specific site needs.  


 
Note:  
1Yearly inspections to determine the need for invasive/nuisance control would be conducted 
until the long term success criteria for vegetation is achieved.  After it is achieved, the 
frequency of inspections to determine the need for invasive/nuisance control would be 
adjusted based on site conditions. 


 
MITIGATION MONITORING GUIDELINES 
 
The guidelines for mitigation monitoring provided herein are applicable to all types of marshes 
being restored unless otherwise indicated. 
 
Baseline Monitoring Report (First Monitoring Report) 
 
A “baseline” monitoring report will be prepared upon completion of Final Construction 
Requirements 1.B. and upon any re-plantings associated with construction.  Information 
provided will typically include the following: 
 


• A detailed discussion of all mitigation activities completed. 
 


• A plan view drawing of the mitigation site showing the approximate boundaries of the 
restored marsh, significant interspersion features established within the marsh features (as 
applicable), proposed monitoring transect locations, proposed sampling plot locations, photo 
station locations and water level survey locations. 


 
• Initial and final construction surveys of all project features (including but not limited to the 


fill area, fish dips, weirs, culverts, etc.) and an analysis of the survey data will be provided 
addressing attainment of topographic success criteria. If a project is immediately adjacent to 
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existing marsh habitat, the topographic survey will include spot elevations collected within 
the existing marsh habitat near the restored marsh. 


 
• Photographs documenting conditions in the project area will be taken at the time of 


monitoring.  Photos will be taken at permanent photo stations within the restored marsh.  
At least two photos will be taken at each station with the view of each photo always oriented 
in the same general direction from one monitoring event to the next.  The number of photo 
stations required and the locations of these stations will vary depending on the mitigation 
site.  The USACE will make this determination in coordination with the Interagency Team 
and will specify the requirements in the Mitigation Monitoring Plan.  At a minimum, 4 
photo stations will be established within each marsh cell. 


 
• For planted marsh only -- A detailed inventory of all species planted, including the number 


of each species planted, the stock size planted, and where the species were planted will be 
documented.  For mitigation sites that include more than one planted marsh cell/feature, 
provide a breakdown itemization indicating the number of each species planted in each 
feature and correlate this itemization to the marsh features depicted on the plan view 
drawing of the mitigation site. 


 
• As part of the as-built/final construction survey, water level surveys will be taken inside 


and outside the marsh creation site at predetermined locations identified in coordination 
with the IET and NFS. Each interior water level elevation should have a corresponding 
exterior water level elevation taken consecutively and within close proximity.  If there 
appears to be disparity in water levels within the marsh creation site, additional shots may 
be required. The baseline monitoring report will provide the surveyed water level data and 
will compare it to mean high and mean low water elevation data collected from a tidal 
elevation recording station in the general vicinity of the mitigation site.  The report will 
further address estimated mean high and mean low water elevations at the mitigation site 
based on field indicators.  


 
• Various qualitative observations will be made in the mitigation site to help assess the status 


and success of mitigation and maintenance activities.  These observations will include: 
general estimate of the average percent cover by native plant species; general estimates of 
the average percent cover by invasive and nuisance plant species; general observations 
concerning colonization of the mitigation site by volunteer native plant species; general 
condition of native vegetation; trends in the composition of the plant community; wildlife 
utilization as observed during monitoring (including fish species and other aquatic 
organisms); the condition of interspersion features (tidal channels, trenasses, depressions, 
etc.) constructed within the marsh features, noting any excessive scouring and/or siltation 
occurring within such features; the natural formation of interspersion features within restored 
marshes; observations regarding general surface water flow characteristics within marsh 
interspersion features; the general condition of “gaps”, “fish dips”, or similar features 
constructed in permanent dikes; if present, the general condition of any armoring installed on 
permanent dikes.  General observations made during the course of monitoring will also 
address potential problem zones and other factors deemed pertinent to the success of the 
mitigation project. 
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• A summary assessment of all data and observations along with recommendations as to 
actions necessary to help meet mitigation and management/maintenance goals and mitigation 
success criteria. 


 
• A brief description of anticipated maintenance/management work to be conducted during the 


period from the current monitoring report to the next monitoring report. 
 
Additional Monitoring Reports 
 
All monitoring reports generated after the Baseline Monitoring Report will be called either 
Initial, Intermediate or Long-Term Monitoring Reports and shall include the year in which the 
monitoring occurred (i.e. Monitoring Report 2019).  All Monitoring Reports shall provide the 
following information unless otherwise noted: 
 


• All items listed for the Baseline Monitoring Report with the exception of: (a) the 
topographic surveys, although additional topographic surveys are required for specific 
monitoring reports (see below); and (b) the inventory of species and location map for all 
planted species.   


 
• Quantitative data for all plants in each stratum.  Data will be collected from permanent 


sampling quadrats established at approximately equal intervals along permanent 
monitoring transects established within each marsh feature.  Each sampling quadrat will 
be approximately 2 meters X 2 meters in size (although the dimensions of each quadrat 
may be increased, if necessary, to provide better data in planted marsh features).  The 
number of monitoring transects and number of sampling quadrats per transect will vary 
depending on size of the mitigation site and will be determined by the IET during the final 
design phase of the project.  The resulting requirements, including quadrat dimensions, 
will be specified in the Final Mitigation Monitoring Plan for the project.  Data recorded 
from the sampling quadrats will include but not be limited to:  average total percent cover 
by native plant species; average total percent cover by invasive plant species; average total 
percent cover by nuisance plant species; percent cover of each plant species; the wetland 
indicator status of each species; and the average percent survival of each planted species 
(i.e. number of living planted species as a percentage of total number of plants installed), if 
discernable at the time of monitoring. 
 


• One photograph shall be taken from the SE corner of each sampling plot to clearly capture 
the vegetation plot and must include a sign that indicates the plot number and sampling 
date. 


 
• A brief description of maintenance and/or management work performed since the previous 


monitoring report along with a discussion of any other significant occurrences. 
 


• Topographic surveys of each marsh restoration feature for initial and intermediate 
monitoring events (at approximately 2 years and 4 years following completion of final 
construction activities (General Construction 1.B.)).  These surveys will cover the same 
components as described for the topographic survey conducted for the Baseline Monitoring 
Report.  In addition to the surveys themselves, each of the two monitoring reports will 
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include an analysis of the topographic data in regards to the attainment of applicable 
topographic success criteria.  If the surveys indicate topographic success criteria have not 
been achieved and supplemental topographic alterations are necessary, then another 
topographic survey will be required following completion of the supplemental alterations.  
This determination will be made by USACE and the IET. 


 
Monitoring Reports Following Planting or Re-planting Activities  
 
Planting or re-planting of certain areas within restored marsh habitats may be necessary to ensure 
attainment of applicable native vegetation success criteria.  Any monitoring report submitted 
following completion of a planting event must include an inventory of the number of each 
species planted, the stock size used, and the locations for each species planted.  It must also 
include a depiction of the areas re-planted or those planted, as applicable, cross-referenced to a 
listing of the species and number of each species planted in each area.  The perimeter of re-
planted area should be documented with GPS coordinates. If single rows are replanted, then GPS 
coordinates should be taken at the end of the transect. 
 
 
MITIGATION MONITORING SCHEDULE AND RESPONSIBILITIES 
 
Monitoring will typically take place in mid to late summer during the required years for 
monitoring, but may be delayed until later in the growing season due to site conditions or other 
unforeseen circumstances.  Monitoring Reports will be submitted by December 31 of each year 
of monitoring to the USACE, NFS, and the IET.  The various monitoring and reporting 
responsibilities addressed in this section are all subject to the provisions set forth in the 
Introduction section. 
 
The USACE will be responsible for conducting the monitoring events and preparing the 
associated monitoring reports until such time that the following mitigation success criteria are 
achieved (criteria follow numbering system used in success criteria section): 
 


1.  General Construction – 1.A. and 1.B. 
2.  Topography – 2.A.1 and 2.A.2. 
3.  Native Vegetation – For fresh marsh features, criteria 3.A.1; for intermediate marsh and 


brackish marsh features, criteria 3.B.1.  
4.  Invasive & Nuisance Vegetation – 4.A. until such time as monitoring responsibilities are 


transferred to the NFS. 
 
The USACE will be responsible for conducting Baseline and Initial Success Monitoring events 
and preparing the associated monitoring reports. 
 
The NFS will be responsible for conducting the required monitoring events and preparing the 
associated monitoring reports for all other required years after the USACE has achieved the 
initial success criteria listed above.  The responsibility for management, maintenance, and 
monitoring of the non-structural components of the mitigation project (i.e. vegetation) will 
typically be transferred to the NFS during the first quarter of the year immediately following 
submittal of the monitoring report that demonstrates attainment of the initial success criteria.  
Once monitoring responsibilities have been transferred to the NFS, the next monitoring event 
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(Intermediate) should take place 2 growing seasons after Initial Success (Topography 2.A.2 and 
Native Vegetation 3.A.1 or 3.B.1) has been met.  After Intermediate Success Criteria 
(Topography 2B and Native Vegetation 3.A.2 or 3.B.2) has been met, Long-Term Success 
Criteria monitoring will be conducted every 5 years throughout the remaining 50-year period of 
analysis (which begins once initial success criteria have been met). 
 
In certain cases, it is possible that the marsh mitigation features may be established along with 
other mitigation features, like swamp or bottomland hardwood habitats, at the same mitigation 
site.  This scenario could require some adjustments to the typical monitoring schedule described 
above in order to develop a reasonable and efficient monitoring schedule that covers all the 
mitigation features.  Such adjustments, if necessary, would be made at the time final mitigation 
plans are generated.  This schedule must be in general accordance with the guidance provided 
above and will be prepared by the USACE and the IET. 
 
If certain success criteria are not achieved, failure to attain these criteria would trigger the need 
for additional monitoring events not addressed in the preceding paragraphs.  The USACE would 
be responsible for conducting such additional monitoring and preparing the associated 
monitoring reports in the following instances:  
 
(A)  For fresh marsh features –  


• If the initial vegetative cover success criteria (3.A.1) are not achieved, a monitoring 
report will be required for each consecutive year until two sequential annual reports 
indicate that the applicable vegetative cover criteria have been satisfied.  This 
requirement only exists if planting the marsh mitigation feature is required to meet the 
success criteria, the USACE would be responsible for the purchase and installation of the 
required plants.  


 
(B)  For intermediate and brackish marsh features – 


• If the initial survival criteria for planted species or the initial vegetative cover criterion 
(3.B.1) are not achieved a monitoring report will be required for each consecutive year 
until two sequential annual reports indicate that the applicable survival criteria or 
vegetative cover criteria have been satisfied.  The USACE would be responsible for the 
purchase and installation of supplemental plants needed to attain the success criteria. 


 
(C)  For all types of marsh features– 


• If initial topographic success criteria (2.A.1 and 2.A.2) are not achieved, the IET would 
convene to determine whether corrective actions are necessary.  If corrective actions are 
necessary additional surveys and a monitoring report will be required to indicate whether 
applicable criteria have been satisfied.  The USACE would also be responsible for 
performing the necessary corrective actions. 
 


• If initial invasive and nuisance species criteria (4.A) are not achieved a monitoring report 
will be required for each consecutive year until two sequential annual reports indicate 
that the applicable criteria have been satisfied.  The USACE would be responsible for 
the irradiation activities needed to attain the success criteria. 
 


There could also be cases where failure to attain certain success criteria would trigger the need 
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for additional monitoring events for which the NFS would be responsible: 
 
(A)  For fresh marsh features –  


• If the native vegetation intermediate success criteria (3.A.2) are not achieved, a 
monitoring report will be required for each consecutive year until two sequential annual 
reports indicate that the success criteria have been satisfied.  The Sponsor would also be 
responsible for the purchase and installation of supplemental plants needed to attain the 
success criteria. 
 


(B)  For intermediate and brackish marsh features – 
• If the native vegetation intermediate success criteria (3.B.2) are not achieved, a 


monitoring report will be required for each consecutive year until two sequential annual 
reports indicate that the native vegetation intermediate success criteria has been satisfied.  
The Sponsor would also be responsible for the purchase and installation of supplemental 
plants needed to attain the success criteria. 


 
(C)  For all types of marsh features – 


• If the topographic intermediate success criteria (2.B.) are not achieved, the IET would 
convene to determine whether corrective actions are necessary.  If corrective actions are 
necessary, additional surveys and a monitoring report will be required to indicate whether 
applicable criteria have been satisfied.  The NFS would also be responsible for 
performing the necessary corrective actions if the IET determines such corrective actions 
are necessary. 


 
• If the native vegetation long term success criteria (3.A.3 and 3.B.3) are not achieved, the 


IET would convene to discuss whether corrective actions would be necessary.  If 
corrective actions are necessary, a monitoring report will be required for each 
consecutive year following completion of the corrective actions until two sequential 
annual reports indicate that the native vegetative cover criteria have been attained.  The 
NFS would be responsible for performing the corrective actions, conducting the 
additional monitoring events, and preparing the associated monitoring reports. 
 


• If the intermediate and long term invasive and nuisance species criteria (4.A) are not 
achieved a monitoring report will be required for each consecutive year until two 
sequential annual reports indicate that the applicable criteria have been satisfied.  The 
NFS would be responsible for the irradiation activities needed to attain the success 
criteria. 


 
Once monitoring responsibilities have been transferred to the NFS, the NFS will retain the ability 
to modify the monitoring plan and the monitoring schedule should this become necessary due to 
unforeseen events or to improve the information provided through monitoring.  Fifteen years 
following achievement of Long Term Success Criteria, the number of monitoring transects 
and/or quadrats that must be sampled during monitoring events may be reduced substantially if it 
is clear that mitigation success is proceeding as anticipated.  Any significant modifications to 
the monitoring plan or the monitoring schedule must first be approved by the USACE and the 
IET. 
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APPENDIX  E 
 
 


TWELVE REQUIRMENTS FOR MITIGATION PLANNING 
(from the U.S. Army Corps of Engineers & EPA 2008 Final Mitigation Rule in the  


FEDERAL REGISTER Vol. 73, No. 70, April 10, 2008) 
 
Twelve Requirements for a Compensatory Mitigation Plan 
 


1. Objectives.  A description of the resource type(s) and amount(s) that will be 
provided, the method of compensation (restoration, establishment, preservation 
etc.), and how the anticipated functions of the mitigation project will address 
watershed needs. 


 
2. Site selection.  A description of the factors considered during the site selection 


process.  This should include consideration of watershed needs, onsite 
alternatives where applicable, and practicability of accomplishing ecologically 
self-sustaining aquatic resource restoration, establishment, enhancement, and/or 
preservation at the mitigation project site. 


 
3. Site protection instrument.  A description of the legal arrangements and 


instrument including site ownership, that will be used to ensure the long-term 
protection of the mitigation project site. 


 
4. Baseline information.  A description of the ecological characteristics of the 


proposed mitigation project site, in the case of an application for a DA permit, the 
impact site.  This may include descriptions of historic and existing plant 
communities, historic and existing hydrology, soil conditions, a map showing the 
locations of the impact and mitigation site(s) or the geographic coordinates for 
those site(s), and other characteristics appropriate to the type of resource proposed 
as compensation.  The baseline information should include a delineation of 
waters of the United States on the proposed mitigation project site.  A 
prospective permittee planning to secure credits from an approved mitigation 
bank or in-lieu fee program only needs to provide baseline information about the 
impact site. 


 
5. Determination of credits.  A description of the number of credits to be provided 


including a brief explanation of the rationale for this determination. 
• For permittee-responsible mitigation, this should include an 


explanation of how the mitigation project will provide the required 
compensation for unavoidable impacts to aquatic resources 
resulting from the permitted activity. 


• For permittees intending to secure credits from an approved 
mitigation bank or in-lieu fee program, it should include the 
number and resource type of credits to be secured and how these 
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were determined. 
 
6. Mitigation work plan.  Detailed written specifications and work descriptions for 


the mitigation project, including: the geographic boundaries of the project; 
construction methods, timing, and sequence; source(s) of water; methods for 
establishing the desired plant community; plans to control invasive plant species; 
proposed grading plan; soil management; and erosion control measures.  For 
stream mitigation projects, the mitigation work plan may also include other 
relevant information, such as planform geometry, channel form (e.g., typical 
channel cross-sections), watershed size, design discharge, and riparian area 
plantings. 


 
7. Maintenance plan.  A description and schedule of maintenance requirements to 


ensure the continued viability of the resource once initial construction is 
completed. 


 
8. Performance standards.  Ecologically-based standards that will be used to 


determine whether the mitigation project is achieving its objectives. 
 
9. Monitoring requirements.  A description of parameters monitored to determine 


whether the mitigation project is on track to meet performance standards and if 
adaptive management is needed.  A schedule for monitoring and reporting 
monitoring results to the DE must be included. 


 
10. Long-term management plan.  A description of how the mitigation project will be 


managed after performance standards have been achieved to ensure the long-term 
sustainability of the resource, including long-term financing mechanisms and the 
party responsible for long-term management. 


 
11. Adaptive management plan.  A management strategy to address unforeseen 


changes in site conditions or other components of the mitigation project, including 
the party or parties responsible for implementing adaptive management measures. 


 
12. Financial assurances.  The DE may require additional information as necessary to 


determine the appropriateness, feasibility, and practicability of the mitigation 
project. 


 
Other information.  The DE may require additional information as necessary to 


determine the appropriateness, feasibility, and practicability of the mitigation 
project.  


 
 







 


 
 


National Ambient Standards 
 


Air Quality Standards 


Use the following table to access information about the individual standards as well as 
the attainment status and ongoing efforts surrounding each pollutant. 


 


 
Criteria 


Pollutant 


 
Primary/ 


Secondary 


 
Averaging 


Time 


 
Level 


 
Form 


 
Attainment 


Status 


 
Carbon 


Monoxide 


 


Primary 


8-hour 


1-hour 


9ppm 


35ppm 


 
Not to be exceeded 


more than once per 


year 


 
 


Attainment 


 


Lead 


 
Primary and 


Secondary 


Rolling 3- 


month 


average 


 
0.15 


µg/m3 (1) 


 


Not to be exceeded 


 


Attainment 


 
 


Nitrogen 


Dioxide 


Primary 


 
 


Primary and 


Secondary 


1-hour 


 
 
 


Annual 


100 ppb 


 
 
 


53 ppb (2) 


98th percentile, 


averaged over 3 


years 


 


Annual Mean 


 
 


 
Attainment 


 
 


 
Ozone 


 
 


Primary and 


Secondary 


 
 


 
8-hour 


 
 


0.070 


ppm (3) 


Annual fourth- 


highest daily 


maximum 8-hour 


concentration, 


averaged over 3 


years 


 
 


 
Attainment 


 
Particle 


Pollution PM2.5 


 
Primary and 


Secondary 


Annual 


24-hour 


12 µg/m3 


 
35 µg/m3 


Annual mean, 


averaged over 3 


years 


 


 
Attainment 







 


 
Criteria  Primary/ Averaging 


Level Form 
Attainment 


Pollutant Secondary  Time    Status 


    
98th percentile, 


averaged over 3 


years 


 


 
Particle 


Pollution PM10 


 
Primary and 


Secondary 


 


24-hour 


 


 
150 µg/m3 


Not to be exceeded 


more than once per 


year on average 


over 3 years 


 


 
Attainment 


 
 
 
 


 
Sulfur Dioxide 


 
 


Primary 


 
 
 


Secondary 


 
 


1-hour 


 
 
 


3-hour 


 
 


75 ppb (4) 


 
 
 


0.5 ppm 


99th percentile of 1- 


hour daily maximum 


concentrations, 


averaged over 3 


years 


 


Not to be exceeded 


more than once per 


year 


 
 
 


 
Non-Attainment 


for St. Bernard 


Parish 


 


 
(1) Final rule signed October 15, 2008. The 1978 lead standard (1.5 µg/m3 as a quarterly average) remains in effect 
until one year after an area is designated for the 2008 standard, except that in areas designated nonattainment for the 
1978, the 1978 standard remains in effect until implementation plans to attain or maintain the 2008 standard are 
approved. 


 
(2) The official level of the annual NO2 standard is 0.053 ppm, equal to 53 ppb, which is shown here for the purpose of 
clearer comparison to the 1-hour standard. 


 
(3) Final rule signed March 12, 2008. The 1997 ozone standard (0.08 ppm, annual fourth-highest daily maximum 8- 
hour concentration, averaged over 3 years) and related implementation rules remain in place. In 1997, EPA revoked 
the 1-hour ozone standard (0.12 ppm, not to be exceeded more than once per year) in all areas, although some areas 
have continued obligations under that standard (“anti-backsliding”). The 1-hour ozone standard is attained when the 
expected number of days per calendar year with maximum hourly average concentrations above 0.12 ppm is less than 
or equal to 1. 


 
(4) Final rule signed June 2, 2010. The 1971 annual and 24-hour SO2 standards were revoked in that same 
rulemaking. However, these standards remain in effect until one year after an area is designated for the 2010 standard, 
except in areas designated nonattainment for the 1971 standards, where the 1971 standards remain in effect until 
implementation plans to attain or maintain the 2010 standard are approved. 


 


Sulfur Dioxide Standard 


On June 22, 2010, EPA promulgated a revised 1-hour, 75 ppm, sulfur oxide (SO2) primary 
standard. The SO2 primary standard was revised to provide requisite protection of public 
health. Under Section 110 (a) of the Federal Clean Air Act, States after promulgation of 


      


 







 


a national primary ambient air quality standard (or any revision thereof), must implement 
plans to attain or maintain the standard. The State Implementation Plan (SIP) must 
demonstrate, through refined air quality modeling, that all sources contributing to or 
having the potential to contribute to monitored and modeled violations will be sufficiently 
controlled to ensure timely attainment and maintenance of the new SO2 standard. 


 
The primary SO2 final rule (1) replaces the 24-hour and annual standard, (2) establishes 
a new 1-hour standard (3) utilizes the 3-year average of the 4thhighest daily maximum 1- 
hour concentration, (4) establishes new requirements for the SO2 monitoring network, 
and (5) finalizes conforming changes to the Air Quality Index (AQI). 











 United States Department of the Interior 


OFFICE OF THE SECRETARY
        Office of Environmental Policy and Compliance 


                                       Custom House, Room 244 
                                                           200 Chestnut Street 
                                             Philadelphia, Pennsylvania 19106-2904 
 


     


     January 20, 2021 


9043.1 
ER 20/0561 


Danielle A. Keller 
New Orleans District 
US Army Corps of Engineers 
7400 Leake Avenue 
New Orleans, LA  70118 


RE: Revised Draft Environmental Impact Statement by the U.S. Army Corps of Engineers for 
the Upper Barataria Basin Coastal Feasibility Study - Assumption, Ascension, St James, 
Lafourche, St John the Baptist, Jefferson, and St. Charles Parishes, Louisiana 


Dear Ms. Keller: 


The U.S. Department of the Interior (Department) has reviewed the Revised Draft Environmental 
Impact Statement (DEIS) by the U.S. Army Corps of Engineers (USACE) for the Upper 
Barataria Basin Coastal Feasibility Study.  These comments are provided pursuant to the 
Endangered Species Act (ESA) (87 Stat. 884, as amended; 16 U.S .C. 1531 et seq.), the Fish and 
Wildlife Coordination Act (FWCA) (48 Stat.401; 16 U.S.C. 661 et seq.), the Migratory Bird 
Treaty Act (MBTA) (16 U.S.C. 703-712), and Executive Order 13186 (E.O. 13186): 
Responsibilities of Federal Agencies to Protect Migratory Birds (January, 2001). 
 
General Comments 
 
The Department is committed to working collaboratively with USACE in the development of the 
Final Feasibility Study and Environmental Impact Statement (FEIS) for the subject project.  The 
U.S. Fish and Wildlife Service (Service) previously provided comments on January 13, 2019 and 
offer the following comments on the Revised DEIS. 
 
Page 93, first paragraph: The second to last sentence states that levee construction would result 
in a small impact to the Paradis Mitigation Bank.  It should also be noted that levee construction 
would result in impacts to Mitigation and Conservation Areas on the flood side of the existing 
St. Charles levee reach.  Impacts to all mitigation banks should be included in the analysis.  
Expand this discussion on mitigation bank and conservation area impacts.   
 
 
 


 
 


 
IN REPLY REFER TO: 
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Page 94, second paragraph: Without-project and with-project water velocities at the proposed 
Bayou des Allemands floodgate are reported as 5.7 and 5.4 feet per second, respectively. 
These values seem far greater than normally occurring velocities in Louisiana interior coastal 
marshes.  Verify that actual values are 0.57 and 0.54 feet per second and replace figures as 
necessary.  Additionally, the text references a small with-project velocity increase.  However, 
the reported numbers illustrate a with-project velocity decrease.  This discrepancy should be 
evaluated and modified with accurate information.  
 
Page 100, Cumulative Effects Section, third paragraph: The paragraph contains a statement that 
the cumulative effects of converting degrading wetland habitats to grass-covered levees would 
�provide greater long-term positive benefits when considered within the context of ongoing 
extensive land loss . .. �. This statement conflicts with the sentence immediately succeeding it 
that mentions the alternative would result in a reduction in existing habitat used by various 
terrestrial and aquatic organisms.  More explanation is needed in the analysis of the levees 
cumulative impacts in regards to both wildlife species and aquatic species along with any 
proposed mitigation measures that would lessen those impacts. 
 
Page 100, Cumulative Effects, last paragraph: The last sentence states that �alterations to canals 
and their associated spoil banks� would have long-term indirect impacts.  It is not clear if this 
refers to canal alterations under the with-project condition.  More explanation is needed. 


Page 139, Endangered Species Act of 1973 paragraph: The document should note that the 
ESA Section 7 consultation for construction impacts was completed when the Service 
concurred (via letter dated November 18, 2020) with the Corps� Not Likely to Adversely 
Affect determination.  ESA Section 7 consultation for mitigation features has not yet begun 
given that those features have not yet been proposed. 
 
The Department appreciates the opportunity to provide these comments.  Should you have 
questions, please contact Ronald Paille, U. S. Fish and Wildlife Service, at 
ronald_paille@fws.gov or (337) 291-3117. 


       Sincerely, 


       John Nelson 
Regional Environmental Officer 


cc:  USFWS 







 


 


JOHN BEL EDWARDS THOMAS F. HARRIS 


GOVERNOR SECRETARY 


 


 


State of Louisiana 
DEPARTMENT OF NATURAL RESOURCES 


OFFICE OF COASTAL MANAGEMENT 


December 17, 2020 


 


Patricia S. Naquin 


Biologist/Environmental Resource Specialist, Coastal Environmental Planning Section 


US Army Corps of Engineers-New Orleans District CEMVN-PDS-C 


7400 Leake Ave 


New Orleans, LA 70118 


Via email: Patricia.Leroux@usace.army.mil 
 


RE: C20200150, Coastal Zone Consistency 


New Orleans District, Corps of Engineers (COE) 


Direct Federal Action 


Upper Barataria Basin Draft Feasibility Study with Intergrated Environmental Impact 


Statement 


St. Charles & St. James Parishes, Louisiana 


 


Dear Ms. Naquin: 


 


The above referenced project has been reviewed for consistency with the Louisiana Coastal 


Resources Program in accordance with Section 307 (c) of the Coastal Zone Management Act of 


1972, as amended. The project, as proposed in this application, is consistent with the LCRP. 


 


If you have any questions concerning this determination please contact Jim Bondy of the 


Consistency Section at (225) 342-3870 or james.bondy@la.gov. 


 


Sincerely, 


 


/S/ Charles Reulet 


Administrator 


Interagency Affairs/Field Services Division 


CR/MH/jab 


 


cc: Dave Butler, LDWF 


Earl Matherne, St. Charles Parish 


Amanda Voisin, Lafourche Parish 


Kirk Kilgen, OCM FI 
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617 North Third Street • 10th Floor • Suite 1078 • Baton Rouge, Louisiana 70802 
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An Equal Opportunity Employer 
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January 26, 2021 
 


Attn: Marshall K. Harper 
Environmental Planning Branch Chief 
United States Army Corps of Engineers 
7400 Leake Avenue 
New Orleans, LA 70118 


 
RE: Public Notice: Upper Barataria 2020 Second Draft Report and EIS 


Applicant: U.S. Army Corps of Engineers-New Orleans District 
Notice Date: December 11, 2020 


 


Dear Mr. Harper: 


 
The professional staff of the Louisiana Department of Wildlife and Fisheries (LDWF) has reviewed the 
above referenced Public Notice. Based upon this review, the following has been determined: 


 


Impacts to the Louisiana Natural and Scenic River system associated with Reach F, as well as 


possible minimization and mitigation of those impacts, were not adequately considered within the 


Environmental Impact Statement (EIS). The Louisiana Scenic Rivers Act of 1970 (the Act) 


extends beyond aesthetic resources. LDWF’s Scenic Rivers Program preserves, protects, 


develops, reclaims, and enhances the wilderness qualities, scenic beauties, and ecological regimes 


of designated rivers, streams, and bayous. The system is further administered for the purpose of 


preserving aesthetic, scenic, recreational, fish, wildlife, ecological, archaeological, geological, 


botanical, and other natural and physical features and resources found along these streams or 


segments thereof. 


 


In regard to aesthetic impacts to a Louisiana designated Scenic River (LASR), Section 5 of the 


document states the following: “The man-made structure may be considered obtrusive against a 


tranquil and entrancing shoreline. However, man-made structures currently occupy stretches of 


shoreline and multiple bridges cross Bayou Des Allemands just north of the proposed barge gate 


structure.” Although structures do exist, the major crossings existed prior to the stream being 


designated and are essentially grandfathered in. Additionally, none are tantamount to the 


Tentatively Selected Plan’s (TSP) proposed gate structure across Des Allemands, and none exist 


in the immediate vicinity of the proposed structure. Impacts to LASR associated with the TSP 


are significant and should be considered further within the EIS. Minimization and mitigation of 


those impacts should be provided to offset impacts to LASR. 


 


LDWF understands that the mitigation plan/measures are currently being developed. We would 


be interested in working with the Project Development Team to select mitigation alternatives that 
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include LASR mitigation including rectifying or compensating impacts. Rectification of levee 


reaches might include the planting and maintenance of native grasses and forbs or other native 


vegetation on portions of the levee/toe in lieu of turf grasses to provide habitat value and lessen 


aesthetic and ecological impacts. The U.S. Fish and Wildlife Service (USFWS) has suggested 


similar measures on other recent levee projects (e.g. MRL). Compensation could include the 


creation or preservation of habitat along the banks of Bayou Des Allemands and improvements to 


public access. 


 


Section 8 of the EIS did not include information regarding the Act.   This section of the EIS 


should include information on the Act and how requirements of the Act will be addressed by 


project sponsors. Project sponsors should continue coordinate with staff to discuss LASR rules 


and regulations and how they apply to the TSP. If found permissible, the proposed structures in 


and within the vicinity of Bayou Des Allemands will require LDWF authorization prior to 


construction. 


 


LDWF concurs with the USFWS Coordination Act Report’s comments and recommendations. 


We look forward to continued coordination and review of the developing mitigation plan and 


other planning. 


 


The Louisiana Department of Wildlife and Fisheries submits these recommendations to the U.S. Army 


Corps of Engineers in accordance with provisions of the Fish and Wildlife Coordination Act (16 U.S.C. 


661 et seq.). Please do not hesitate to contact Habitat Section biologist Chris Davis at 225-765-2642 


should you need further assistance. 


 


Sincerely, 


 


/S/ 


 


Randell S. Myers 


Assistant Secretary, Wildlife Division 


mw 







 


 
 


 


 


January 26, 2021 
 


Attn: Marshall K. Harper 
Environmental Planning Branch Chief 
United States Army Corps of Engineers 
7400 Leake Avenue 
New Orleans, LA 70118 


 
RE: Public Notice: Upper Barataria 2020 Second Draft Report and EIS 


Applicant: U.S. Army Corps of Engineers-New Orleans District 
Notice Date: December 11, 2020 


 


Dear Mr. Harper: 


 
The professional staff of the Louisiana Department of Wildlife and Fisheries (LDWF) has reviewed the 
above referenced Public Notice. Based upon this review, the following has been determined: 


 


Impacts to the Louisiana Natural and Scenic River system associated with Reach F, as well as 


possible minimization and mitigation of those impacts, were not adequately considered within the 


Environmental Impact Statement (EIS). The Louisiana Scenic Rivers Act of 1970 (the Act) 


extends beyond aesthetic resources. LDWF’s Scenic Rivers Program preserves, protects, 


develops, reclaims, and enhances the wilderness qualities, scenic beauties, and ecological regimes 


of designated rivers, streams, and bayous. The system is further administered for the purpose of 


preserving aesthetic, scenic, recreational, fish, wildlife, ecological, archaeological, geological, 


botanical, and other natural and physical features and resources found along these streams or 


segments thereof. 


 


In regard to aesthetic impacts to a Louisiana designated Scenic River (LASR), Section 5 of the 


document states the following: “The man-made structure may be considered obtrusive against a 


tranquil and entrancing shoreline. However, man-made structures currently occupy stretches of 


shoreline and multiple bridges cross Bayou Des Allemands just north of the proposed barge gate 


structure.” Although structures do exist, the major crossings existed prior to the stream being 


designated and are essentially grandfathered in. Additionally, none are tantamount to the 


Tentatively Selected Plan’s (TSP) proposed gate structure across Des Allemands, and none exist 


in the immediate vicinity of the proposed structure. Impacts to LASR associated with the TSP 


are significant and should be considered further within the EIS. Minimization and mitigation of 


those impacts should be provided to offset impacts to LASR. 


 


LDWF understands that the mitigation plan/measures are currently being developed. We would 


be interested in working with the Project Development Team to select mitigation alternatives that 
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include LASR mitigation including rectifying or compensating impacts. Rectification of levee 


reaches might include the planting and maintenance of native grasses and forbs or other native 


vegetation on portions of the levee/toe in lieu of turf grasses to provide habitat value and lessen 


aesthetic and ecological impacts. The U.S. Fish and Wildlife Service (USFWS) has suggested 


similar measures on other recent levee projects (e.g. MRL). Compensation could include the 


creation or preservation of habitat along the banks of Bayou Des Allemands and improvements to 


public access. 


 


Section 8 of the EIS did not include information regarding the Act.   This section of the EIS 


should include information on the Act and how requirements of the Act will be addressed by 


project sponsors. Project sponsors should continue coordinate with staff to discuss LASR rules 


and regulations and how they apply to the TSP. If found permissible, the proposed structures in 


and within the vicinity of Bayou Des Allemands will require LDWF authorization prior to 


construction. 


 


LDWF concurs with the USFWS Coordination Act Report’s comments and recommendations. 


We look forward to continued coordination and review of the developing mitigation plan and 


other planning. 


 


The Louisiana Department of Wildlife and Fisheries submits these recommendations to the U.S. Army 


Corps of Engineers in accordance with provisions of the Fish and Wildlife Coordination Act (16 U.S.C. 


661 et seq.). Please do not hesitate to contact Habitat Section biologist Chris Davis at 225-765-2642 


should you need further assistance. 


 


Sincerely, 


 


/S/ 


 


Randell S. Myers 


Assistant Secretary, Wildlife Division 


mw 







 


 


DEPARTMENT OF THE ARMY 
U.S. ARMY CORPS OF ENGINEERS, NEW ORLEANS DISTRICT 


7400 LEAKE AVE 
NEW ORLEANS, LA 70118-3651 


 


March 13, 2021 
 


Regional Planning and Environment 
Division South 


 
 


Randall S. Myers 
Assistant Director 
Louisiana Department of Wildlife and Fisheries 
2000 Quail Drive 
Baton Rouge, LA 70808 


 
 


Dear Mr. Myers: 
 


The U.S. Army Corps of Engineers (USACE), Mississippi Valley Division (MVD), New 
Orleans District (MVN), Regional Planning and Environment Division South (RPEDS) has 
received your letter dated January 26, 2021 regarding the second draft of the Integrated 
Feasibility Report and Environmental Impact Statement (IFR/EIS), for the Upper Barataria 
Basin (UBB) Louisiana Study. 


 
This letter is in response to the recommendations the Louisiana Department of Wildlife 
and Fisheries submitted in accordance with provisions of the Fish and Wildlife 
Coordination Act (16 U.S.C. 661 et seq.). 


 
1. Impacts to the Louisiana Natural and Scenic River system associated with Reach F, 


as well as possible minimization and mitigation of those impacts, were not adequately 
considered within the Environmental Impact Statement (EIS). The Louisiana Scenic 
Rivers Act of 1970 (the Act) extends beyond aesthetic resources. LDWF’s Scenic 
Rivers Program preserves, protects, develops, reclaims, and enhances the wilderness 
qualities, scenic beauties, and ecological regimes of designated rivers, streams, and 
bayous. The system is further administered for the purpose of preserving aesthetic, 
scenic, recreational, fish, wildlife, ecological, archaeological, geological, botanical, 
and other natural and physical features and resources found along these streams or 
segments thereof. 


 
RESPONSE: Acknowledged. 


 
2. In regard to aesthetic impacts to a Louisiana designated Scenic River (LASR), Section 


5 of the document states the following: “The man-made structure may be considered 
obtrusive against a tranquil and entrancing shoreline. However, man-made structures 
currently occupy stretches of shoreline and multiple bridges cross Bayou Des 
Allemands just north of the proposed barge gate structure.” Although structures do 
exist, the major crossings existed prior to the stream being designated and are 
essentially grandfathered in. Additionally, none are tantamount to the Tentatively 
Selected Plan’s (TSP) proposed gate structure across Des Allemands, and none exist 
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in the immediate vicinity of the proposed structure. Impacts to LASR associated with 
the TSP are significant and should be considered further within the EIS. Minimization 
and mitigation of those impacts should be provided to offset impacts to LASR. 


 
RESPONSE: Acknowledged. USACE has initiated discussions with LDWF LASR staff 
and in an email dated 11/20/2020, Chris Davis confirmed since UBB is only a study and 
will likely change in many ways as the design proceeds, USACE does not need to obtain 
a permit until such time as we receive construction authorization and funding for the 
project. USACE will continue to coordinate with LDWF should the project move forward 
to construction. 


 
3. LDWF understands that the mitigation plan/measures are currently being developed. 


We would be interested in working with the Project Development Team to select 
mitigation alternatives that include LASR mitigation including rectifying or 
compensating impacts. Rectification of levee reaches might include the planting and 
maintenance of native grasses and forbs or other native vegetation on portions of the 
levee/toe in lieu of turf grasses to provide habitat value and lessen aesthetic and 
ecological impacts. The U.S. Fish and Wildlife Service (USFWS) has suggested 
similar measures on other recent levee projects (e.g. MRL). Compensation could 
include the creation or preservation of habitat along the banks of Bayou Des 
Allemands and improvements to public access. 


 
RESPONSE: Acknowledged. USACE currently has a general mitigation plan included 
in Appendix F of the IFR/EIS. As the UBB project is currently in the feasibility study 
phase and has yet to be authorized for construction, the project is likely to go through 
multiple design changes in the future, which could allow for additional refinement of the 
mitigation features. USACE welcomes LDWFs partnership with the Project Delivery in 
further refinement of these plans. 


 
4. Section 8 of the EIS did not include information regarding the Act. This section of the 


EIS should include information on the Act and how requirements of the Act will be 
addressed by project sponsors. Project sponsors should continue coordinate with staff 
to discuss LASR rules and regulations and how they apply to the TSP. If found 
permissible, the proposed structures in and within the vicinity of Bayou Des Allemands 
will require LDWF authorization prior to construction. 


 
RESPONSE: Acknowledged. The Louisiana Coastal Protection and Restoration 
Authority Board (CPRAB) is the cost sharing non-federal sponsor (NFS) of the study. 
USACE along with CPRAB recognizes LASR and will continue to work with LDWF 
concerning the rules and regulations as they might apply to UBB once the project is 
authorized for construction as mentioned in our earlier response. 


 
We appreciate your comments and look forward to continued cooperation with the LDWF. 
Should you have any additional questions, please reach out to Mrs. Patricia S. Naquin; 
U.S. Army Corps of Engineers; Regional Planning and Environment Division South; New 
Orleans Environmental Branch; CEMVN-PDS-C; 7400 Leake Avenue, New Orleans, 
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Louisiana 70118. Mrs. Naquin may also be reached via email at 
patricia.s.leroux@usace.army.mil, by fax to (504) 862-2088 or by phone at (504) 862- 
1544 if questions arise. 


 
 


 
Marshall K. Harper 
Chief, Environmental Planning Branch 



mailto:patricia.s.leroux@usace.army.mil





 


 
 


January 13, 2020 F/SER46/JM:rs 


225-380-0089 


 


Mr. Marshall K. Harper, Chief 


Environmental Planning Branch 


Regional Planning and Environment Division South 


U.S. Army Corps of Engineers 


New Orleans Environmental Branch, CEMVN-PDS-C 


7400 Leake Avenue 


New Orleans, Louisiana 70118 


Dear Mr. Harper: 


NOAA’s National Marine Fisheries Service (NMFS) has reviewed Upper Barataria Basin 


(UBB), Draft Feasibility Study with Integrated Environmental Impact Statement (EIS) 


transmitted by your letter dated November 29, 2019. The draft feasibility report and EIS have 


been prepared in response to the Bipartisan Budget Act of 2018, H. R. 1892 - 13, Title IV, Corps 


of Engineers - Civil, Department of the Army, Investigations, which authorized the expenditure 


of funds necessary for the completion, or initiation and completion, of flood and storm damage 


risk reduction projects or studies in multiple southeast Louisiana parishes. The NMFS has 


agreed to serve as a cooperating agency as part of the One Federal Decision process for this 


project under provisions of the National Environmental Policy Act. 


 


The letter indicates the draft EIS represents the U.S. Army Corps of Engineers (USACE) 


initiation of essential fish habitat (EFH) consultation under the Magnuson-Stevens Fishery 


Conservation and Management Act (Magnuson-Stevens Act). The Tentatively Selected Plan, 


Alternative 1 Highway 90 – Segment 1 Extension, proposes approximately 344.87 acres of 


impacts to EFH through the conversion of tidally influenced habitat to uplands via the 


construction of a 7.5-foot levee elevation, flood walls, access road and vehicle crossing, staging 


areas, and multiple water control structures to maintain existing water exchanges (e.g., 270-foot 


channel barge floodgate, 45-foot roller floodgate, stop log floodgate, and five culverts with sluice 


gates). The NMFS does not object to hurricane protection to reduce risk to life or property. 


However, the NMFS is concerned direct wetland losses from construction of project features and 


water control structures would adversely impact EFH and associated marine fishery resources by 


reducing fisheries access and water exchange in the Upper Barataria Basin. 


 


The wetlands in the vicinity of the project consist of tidally influenced emergent fresh marsh. 


Water bottoms in the project area are composed of a mixture of sand and mud substrates. The 


proposed project is in an area potentially designated as EFH for various life stages of federally 


managed species, including red drum, brown shrimp, and white shrimp. The primary categories 


of EFH, which would be affected by project implementation, are estuarine emergent wetlands, 


estuarine water columns, and estuarine water bottoms. Detailed information on federally 
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managed fisheries and their EFH is provided in the 2005 generic amendment of the Fishery 


Management Plans for the Gulf of Mexico prepared by the Gulf of Mexico Fishery Management 


Council. The generic amendment was prepared as required by the Magnuson-Stevens Fishery 


Conservation and Management Act (Magnuson-Stevens Act; P.L. 104-297). 


 


In addition to being designated as EFH for various federally managed fishery species, wetlands, 


and water bottoms in the project area provide nursery and foraging habitats for a variety of 


economically important marine fishery species such as blue crab, gulf menhaden, Atlantic 


croaker, southern flounder, bay anchovy, and striped mullet. Some of these species serve as prey 


for other fish species managed by the Gulf of Mexico Fishery Management Council (e.g., 


mackerels, snappers, and groupers) and highly migratory species managed by NMFS (e.g., 


billfishes and sharks). Wetlands in the project area also produce nutrients and detritus, important 


components of the aquatic food web, which contributes to the overall productivity of the Upper 


Barataria Basin. 


 


The information provided in the draft EIS is insufficient for NMFS to complete an EFH 


consultation with the USACE. The draft EIS provides limited information on direct impacts to 


EFH. The quantity of EFH to be impacted should be clarified to inform determination of 


mitigation in the final Report and final EIS. In addition, avoidance and minimization of direct 


wetland impacts should be pursed to the greatest extent practicable. As required by the 


Magnuson-Stevens Act, a complete EFH assessment should be provided to the NMFS 


incorporating all activities associated with this project, including a description of measures to 


avoid, minimize, mitigate, or offset the adverse impacts of the proposed activities on EFH. 


Section 5.2.2.5 of the draft EIS states there are 344.87 acres of EFH impacts, whereas Table A-1 


of the draft Fish and Wildlife Coordination Act report identifies there are 136.5 acres of impact. 


This issue should be reconciled for the final EIS. The EFH assessment should include updated 


details delineating and quantifying impacts to EFH by habitat type, as well as differentiating 


between the flood side EFH and the protected side of all structures. The NMFS recommends 


tabular format, maps, and KMZ files be provided to inform the EFH assessment. 


 


The NMFS is concerned the proposed levee alignment and all gate structures may reduce tidal 


drainage and tidal exchange in the Upper Barataria Basin. Impediments to drainage may 


increase inundation stress of wetlands and could increase wetland loss. Similarly, impediments 


to tidal exchange could reduce fisheries access to habitat. We recognize these potential indirect 


and cumulative impacts would be limited because the project authority does not include 


protection from tidal flooding and therefore structures would only be closed with hurricanes and 


tropical storms. However, the draft EIS does not include a specific operational plan or plan and 


cross sectional views for all structures associated with this project (e.g., channel barge floodgate, 


stop log floodgate, roller floodgate, and culverts with sluice gates). The operational plan for 


these structures should include triggers for gate closures (e.g., named storm events in the Gulf of 


Mexico, fixed water level elevations, crest setting, estimated frequency of closures, etc.,). The 


USACE should also provide a reference to the specific flood protection authorization and 


hydrological modeling results for all structures justifying: (1) how particular locations were 


selected for each structure, (2) why each structure is needed, and (3) how the size and type of 


each structure was determined. 
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It is unclear why the stop log Godchaux Canal and the roller floodgate at Bayou Gauche are 


included as project features and remain consistent with the project authority. Neither gate is 


required for flood protection, as the roller floodgate is located on flood side of the proposed 


levee and the stop log floodgate is located on the protected side behind the proposed Bayou Des 


Allemands channel barge floodgate. In addition, the stop log floodgate would reduce the canal 


width from 125 feet to 15 feet (82 percent reduction when the structure is open), which may 


reduce estuarine fishery access to tidally influenced fresh marsh southwest of the structure. 


Additional channel cross-sectional information should be provided to fully assess impacts to 


EFH. If the USACE can justify the need and authorization for additional flood protection on the 


Godchaux Canal, then the NMFS recommends an open culvert system as the preferred option 


under the proposed access road across the Canal. Construction of the levee system could also 


potentially induce flooding internally and externally to the levee alignment due to heavy rainfall 


events and high tides. Therefore, NMFS recommends additional hydrologic modeling be 


conducted to assess the potential impacts and the project incorporate features to mitigate for any 


potential induced flooding. The final EIS should include the results of that assessment and 


associated mitigative measures. 


 


Unavoidable impacts to EFH will require mitigation. The USACE should develop, in 


coordination with NMFS, mitigation which fully compensates for all EFH impacts prior to the 


release of the final Report and final EIS. To avoid additional mitigation for temporal impacts, 


NMFS recommends implementation of the mitigation plan concurrent with the construction of 


the development. The preliminary mitigation analysis and approximate total acres and AAHU’s 


of impacts to fresh marsh provided in the draft EIS should be refined to verify: (1) the final 


assessment of acres of impacts to EFH, (2) the final WVA analysis, (3) the types of mitigation 


required, and (4) the final project design. Open water should also be included among the habitat 


types requiring mitigation. Estimates of all direct and indirect project related impacts to tidally 


influenced habitat should be refined for inclusion in the project’s final Report and final EIS. 
 


Section 305(b)(4)(A) of the Magnuson-Stevens Act requires NMFS to provide EFH conservation 
recommendations for any federal action or permit which may result in adverse impacts to EFH. 
Therefore, NMFS recommends the following to ensure the conservation of EFH and associated 
marine fishery resources: 


 


EFH Conservation Recommendations 


1. A revised EFH assessment should be provided to the NMFS for review and included 


in the final EIS. The revised assessment should clarify, delineate, and quantify 


impacts to EFH by habitat type differentiating between the flood side and the 


protected side of all structures. Inconsistencies in acres within the draft EIS and the 


Fish and Wildlife Coordination Act Report should be reconciled. 


 


2. Cross sectional views for all structures (e.g., channel barge floodgate, stop log 


floodgate, roller floodgate, and culverts with sluice gates) and operation plans should 


be provided and be assessed to determine if construction of levees and water control 


structures would impact fisheries access and water exchange in the Upper Barataria 


Basin. Sufficient information should be provided to assess the change in cross 


sectional area under the with and without project action for any water control 
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structure in Godchaux Canal to fully assess potential impacts to EFH. Any structure 


installed under the access road in the Canal should be comprised of open culverts and 


maximize maintaining the existing cross sectional area. 


 


3. A mitigation and monitoring plan should be developed which fully compensates for 


all EFH impacts. We also request the EFH mitigation plan be coordinated with 


NMFS. To avoid additional mitigation for temporal impacts, the NMFS recommends 


implementation of the mitigation plan concurrent with the construction of the 


development. 


 


Consistent with Section 305(b)(4)(B) of the Magnuson-Stevens Act and NMFS’ implementing 
regulation at 50 CFR 600.920(k), your office is required to provide a written response to our 
EFH conservation recommendations within 30 days of receipt. Your response must include a 
description of measures to be required to avoid, mitigate, or offset the adverse impacts of the 
proposed activity. If your response is inconsistent with our EFH conservation recommendations, 
you must provide a substantive discussion justifying the reasons for not implementing the 
recommendations. If it is not possible to provide a substantive response within 30 days, the New 
Orleans District should provide an interim response to NMFS, to be followed by the detailed 
response. The detailed response should be provided in a manner to ensure that it is received by 
NMFS at least 10 days prior to the final approval of the action. 


 


We appreciate your consideration of our comments. If you wish to discuss this project further or 
have questions concerning our recommendations, please contact January Murray at (225) 380- 
0089, or by email at January.Murray@noaa.gov. 


 
Sincerely, 


 


 


 


 
c: 
USACE, New Orleans, Naquin 
USFWS, Lafayette, Paille 
EPA, Gutierrez 
LDWF, Balkum 
LA DNR, Reulet 
F/SER46, Swafford 
F/SER4, Dale 
Files 


Virginia M. Fay 


Assistant Regional Administrator 


Habitat Conservation Division 



mailto:January.Murray@noaa.gov





 


 
 


January 28, 2021 F/SER46/JM:rs 


225-380-0089 


 


Mr. Marshall K. Harper, Chief 


Environmental Planning Branch 


Regional Planning and Environment Division South 


U.S. Army Corps of Engineers 


New Orleans Environmental Branch, CEMVN-PDS-C 


7400 Leake Avenue 


New Orleans, Louisiana 70118 


Dear Mr. Harper: 


NOAA’s National Marine Fisheries Service (NMFS) has reviewed a second draft of the 


Integrated Feasibility Report and Environmental Impact Statement (EIS), for the Upper Barataria 


Basin (UBB) Louisiana Study, transmitted by your letter dated December 11, 2020. Upon 


review of the engineering design, the U.S. Army Corps of Engineers (USACE) determined there 


was a need to undergo a second public review due to an estimated 725 acres of additional 


environmental impacts associated with the project. Your letter indicates the second draft EIS 


represents the USACE’s initiation of essential fish habitat (EFH) consultation under the 


Magnuson-Stevens Fishery Conservation and Management Act (Magnuson-Stevens Act). 


 


The second draft of the EIS states 725 acres of direct impacts will occur through implementation 


of the Tentatively Selected Plan (TSP). The TSP includes 267 acres of EFH impacts to fresh 


marsh through construction of a 14-foot to 16-foot levee elevation, and 95 acres of EFH impacts 


to estuarine water bottoms and estuarine water columns associated with dredging activities for 


barge gate construction. The TSP also proposes multiple water control structures to maintain 


existing water exchanges, including a 270-foot barge gate crossing Bayou Des Allemands 


channel and six screenless culverts with sluice gates positioned on either side of the gate, a 45- 


foot roller floodgate at Highway 306-Bayou Gauche, and seven culverts with sluice gates at 


multiple locations. 


 


In a letter to USACE dated January 13, 2020, the NMFS provided three conservation 


recommendations under provisions of the Magnuson-Stevens Act in response to the first draft 


EIS. Based on the limited information provided in the second draft of the EIS, revisions to the 


EFH assessment will be required to further refine and quantify EFH impacts to determine the 


mitigation required for the final EFH assessment and EIS. A complete final EFH assessment 


should be provided to the NMFS incorporating all activities associated with this project, 


including a description of measures to avoid, minimize, mitigate, or offset the adverse impacts of 


the proposed activities on EFH. Avoidance and minimization of direct wetland impacts should 


be pursed to the greatest extent practicable. The EFH assessment should also include updated 


details delineating and quantifying impacts to EFH by habitat type, as well as differentiating 
 







2  


between the flood side EFH and the protected side of all structures. The NMFS recommends 


tabular format, maps, and KMZ files be provided to inform the EFH assessment. 


 


The NMFS recognizes the USACE’s efforts to avoid and minimize proposed impacts to EFH in 


the Godchaux Canal by removing the stop log floodgate as a project feature. Alternatively, the 


USACE proposes construction of a bridge over the Godchaux Canal to significantly reduce 


impacts to EFH in this area. The NMFS continues to be concerned the proposed levee alignment 


and all remaining gate structures may reduce tidal drainage/exchange in the UBB. Impediments 


to drainage may increase inundation stress of wetlands and could increase wetland loss. To 


assess potential structure related fisheries access impacts in the UBB, the NMFS recommends 


operation plans should be provided, including triggers for gate closures (e.g., named storm 


events in the Gulf of Mexico, fixed water level elevations, crest setting, estimated frequency of 


closures, etc.). The USACE should provide an alternatives analysis and hydrological modeling 


results for all structures justifying: (1) how particular locations were selected for each structure, 


(2) why each structure is needed, and (3) how the size and type of each structure was determined. 


Additionally, it is unclear why the roller floodgate at Bayou Gauche is included as a project 


feature and remains consistent with the project authority. The roller floodgate does not appear to 


be required for flood protection since it is located on the flood side of the proposed levee. 


 


Construction of the levee system could also potentially induce flooding internally and externally 


to the levee alignment due to heavy rainfall events and high tides. Therefore, NMFS 


recommends conducting additional hydrologic modeling to assess the potential for large-scale 


indirect impacts on wetlands and the project incorporate features to mitigate for any potential to 


reduce water exchange and increased hydroperiod of the UBB. The final EFH assessment 


should include the results of the assessment and associated mitigative measures. 


 


Unavoidable impacts to EFH will require mitigation. The second draft of the EIS states 


mitigation measures will be considered in the following order: (1) purchase of mitigation bank 


credits to offset impacts to fresh marsh, and/or (2) potential USACE constructed marsh 


mitigation sites in approximately 367 acres of open water. If the purchase of wetland credits 


from an USACE approved mitigation bank within the appropriate watersheds is not available 


then the USACE should develop, in coordination with NMFS, a mitigation and monitoring plan 


which fully compensates for all EFH impacts. This robust mitigation and monitoring plan 


should be presented to NMFS for review prior to release of the final EFH assessment and EIS. 


To avoid additional mitigation for temporal impacts, NMFS recommends implementation of the 


mitigation plan concurrent with the construction of the development. The preliminary mitigation 


analysis, approximate total acres, and Average Annual Habitat Units of impacts to fresh marsh 


provided in the second draft of the EIS should be refined to verify: (1) the final assessment of 


acres of impacts to EFH, (2) the final WVA analysis, (3) the types of mitigation required, and (4) 


the final project design. Open water should also be included among the habitat types requiring 


mitigation. Estimates of all direct and indirect project related impacts to tidally influenced 


habitat should be refined for inclusion in the project’s final EFH assessment and EIS. The 


NMFS looks forward to USACE providing the final EFH assessment including final quantities of 


EFH impacts and a final mitigation and monitoring plan. We anticipate continued coordination 
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with your office on the EFH consultation and we appreciate your consideration of our comments. 


If you wish to discuss this project, further or have questions concerning our recommendations, 


please contact January Murray at (225) 380-0089 or by email at January.Murray@noaa.gov. 
 


Sincerely, 


Virginia M. Fay 


Assistant Regional Administrator 


Habitat Conservation Division 


c: 
USACE, New Orleans, Naquin 
USFWS, Lafayette, Paille 
EPA, Gutierrez 
LDWF, Balkum 
F/SER46, Swafford 
F/SER4, Dale 
Files 



mailto:January.Murray@noaa.gov





 


 


DEPARTMENT OF THE ARMY 
U.S. ARMY CORPS OF ENGINEERS, NEW ORLEANS DISTRICT 


7400 LEAKE AVE 
NEW ORLEANS, LA 70118-3651 


 


March 13, 2021 
 


Regional Planning and Environment 
Division South 


 
 


Virginia Fay 
National Marine Fisheries Service 
Southeast Division 
263 13th Avenue South 
St. Petersburg, FL 33701-5505 


 
 


Dear Ms. Fay: 
 


The U.S. Army Corps of Engineers (USACE), Mississippi Valley Division (MVD), New 
Orleans District (MVN), Regional Planning and Environment Division South (RPEDS) has 
received your letter dated January 28, 2021 regarding the second draft of the Integrated 
Feasibility Report and Environmental Impact Statement (IFR/EIS), for the Upper Barataria 
Basin (UBB) Louisiana Study. 


 
In a previous letter to USACE dated January 13, 2020, the National Marine Fisheries 
Service (NMFS) provided three conservation recommendations under provisions of the 
Magnuson-Stevens Act in response to the first draft EIS. This letter is in response to the 
concerns NMFS mentioned in both letters. 


 
Letter dated January 13, 2020: 


 


EFH Conservation Recommendations 
 


1. A revised EFH assessment should be provided to the NMFS for review and included 
in the final EIS. The revised assessment should clarify, delineate, and quantify impacts 
to EFH by habitat type differentiating between the flood side and the protected side of 
all structures. Inconsistencies in acres within the draft EIS and the Fish and Wildlife 
Coordination Act Report should be reconciled. 


 
Response: An updated EFH assessment has been placed in the most recent draft version 
of the UBB IFR/EIS. Current impacts to EFH are identified as approximately, 267 acres 
of fresh marsh (95 AAHUs), and 95 acres (6.85 AAHUs) of water bottom. Additional 
information on the impacts to EFH may be found in Section 5 of the IFR/EIS. 


 
2. Cross sectional views for all structures (e.g., channel barge floodgate, stop log 


floodgate, roller floodgate, and culverts with sluice gates) and operation plans should 
be provided and be assessed to determine if construction of levees and water control 
structures would impact fisheries access and water exchange in the Upper Barataria 
Basin. Sufficient information should be provided to assess the change in cross 
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sectional area under the with and without project action for any water control structure 
in Godchaux Canal to fully assess potential impacts to EFH. Any structure installed 
under the access road in the Canal should be comprised of open culverts and 
maximize maintaining the existing cross-sectional area. 


 
Response: During the pre-construction project engineering and design phase (PED) 
detailed designs and operations plans would be completed as well as additional H&H 
modeling to verify the impacts analysis in the EIS. If modeling identifies unavoidable 
impacts not addressed in the EIS, additional NEPA documentation would be completed 
and the plan to fully mitigate these impacts presented. Coordination with the resource 
agencies would continue during advanced design to ensure impacts are avoided to the 
maximum extent practicable before mitigation is pursued. 


 
3. A mitigation and monitoring plan should be developed which fully compensates for all 


EFH impacts. We also request the EFH mitigation plan be coordinated with NMFS. To 
avoid additional mitigation for temporal impacts, the NMFS recommends 
implementation of the mitigation plan concurrent with the construction of the 
development. 


 
Response: Section 7 includes a plan to fully mitigate all impacts. The purchase of 
mitigation bank credits does not require a mitigation/monitoring plan. If at the time of 
implementation, sufficient in-kind mitigation bank credits are not available or not cost 
efficient, Corps constructed sites would be developed to fully mitigate impacts to EFH in 
coordination with NMFS and a supplemental NEPA document would be prepared. 
Mitigation and monitoring plans would be created in coordination with the resource 
agencies at this time and be included in this documentation. Every effort to mitigate 
concurrent with construction will be made to avoid temporal impacts that would require 
additional mitigation. 


 


Letter dated January 28, 2021: 
 


1- A complete final EFH assessment should be provided to the NMFS incorporating all 
activities associated with this project, including a description of measures to avoid, 
minimize, mitigate, or offset the adverse impacts of the proposed activities on EFH. 


 
Response: An assessment of potential impacts to EFH can be found in response 1 above 
and in Section 5 of the UBB IFR/EIS. Measures currently outlined to mitigate for the 
adverse impacts associated with the proposed action may be found below. Additional 
information may be found in Section 7 of the IFR/EIS 


 
Mitigation measures: 


• (a) Avoiding the impact altogether by not taking a certain action or parts of an 
action. 


• (b) Minimizing impacts by limiting the degree or magnitude of the action and 
its implementation. 
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•  (c) Rectifying the impact by repairing, rehabilitating, or restoring the affected 
environment. 


• (d) Reducing or eliminating the impact over time by preservation and 
maintenance operations during the life of the action. 


• (e) Compensating for the impact by replacing or providing substitute 
resources or environments 


2- Avoidance and minimization of direct wetland impacts should be pursed to the 
greatest extent practicable. The EFH assessment should also include updated details 
delineating and quantifying impacts to EFH by habitat type, as well as differentiating 
between the flood side EFH and the protected side of all structures. The NMFS 
recommends tabular format, maps, and KMZ files be provided to inform the EFH 
assessment. 


 
Response: An assessment of potential impacts to EFH impacts can be found in response 
1 above and in Section 5 of the UBB IFR/EIS. Wetland Value Assessments have been 
run in coordination with the resource agencies using shapefiles/KMZs to identify where 
impacts to EFH are project to occur. During PED, impacts would be reassessed to include 
any changes in design and results of modeling efforts. Coordination with the resource 
agencies would continue during PED to ensure impacts are avoided to the maximum 
extent practicable before mitigation is pursued. 


 
3- The NMFS continues to be concerned the proposed levee alignment and all remaining 


gate structures may reduce tidal drainage/exchange in the UBB. Impediments to 
drainage may increase inundation stress of wetlands and could increase wetland loss. 
To assess potential structure related fisheries access impacts in the UBB, the NMFS 
recommends operation plans should be provided, including triggers for gate closures 
(e.g., named storm events in the Gulf of Mexico, fixed water level elevations, crest 
setting, estimated frequency of closures, etc.). 


 
Response: During PED detailed designs and operations plans would be completed as 
well as additional H&H modeling to verify the impacts analysis in the EIS. If modeling 
identifies unavoidable impacts not addressed in the EIS, additional NEPA documentation 
would be completed and the plan to fully mitigate these impacts presented. Coordination 
with NMFS would continue through advanced design and the development of the 
operation and maintenance plan. 


 
4- The USACE should provide an alternatives analysis and hydrological modeling results 


for all structures justifying: 
 


(1) how particular locations were selected for each structure, 
(2) why each structure is needed, and 
(3) how the size and type of each structure was determined. 


 
Response: The alternative analysis detailing the need and selection of structures may 
be found in Section 4 – Formulate Alternative Plans of the IFR/EIS. Additionally, during 
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PED, designs would be advanced and further informed by H&H modeling. If changes to 
structure location, size, or type is warranted, this information would be shared with the 
resource agencies and may be addressed in additional NEPA documentation, if 
necessary. Coordination with the resource agencies would continue during advanced 
design to ensure impacts are avoided to the maximum extent practicable. 


 
5- Additionally, it is unclear why the roller floodgate at Bayou Gauche is included as a 


project feature and remains consistent with the project authority. The roller floodgate 
does not appear to be required for flood protection since it is located on the flood side 
of the proposed levee. 


 
Response: The roller gate at Bayou Gauche is located across a roadway and would be 
along the alignment, allowing access to the flood side of the system. 
, 
6- Construction of the levee system could also potentially induce flooding internally and 


externally to the levee alignment due to heavy rainfall events and high tides. 
Therefore, NMFS recommends conducting additional hydrologic modeling to assess 
the potential for large-scale indirect impacts on wetlands and the project incorporate 
features to mitigate for any potential to reduce water exchange and increased 
hydroperiod of the UBB. The final EFH assessment should include the results of the 
assessment and associated mitigative measures. 


 


Response: During PED detailed designs would be completed as well as additional H&H 
modeling to verify the impacts analysis in the EIS. If modeling identifies unavoidable 
impacts not addressed in the EIS, supplemental NEPA documentation would be 
completed and the plan to fully mitigate these impacts presented. Coordination with the 
resource agencies would continue during advanced design to ensure impacts are avoided 
to the maximum extent practicable before mitigation is pursued. If necessary, mitigation 
and monitoring plans would be created in coordination with the resource agencies and be 
included in the supplemental NEPA documentation. 


 
7- Unavoidable impacts to EFH will require mitigation. The second draft of the EIS states 


mitigation measures will be considered in the following order: 


(1) purchase of mitigation bank credits to offset impacts to fresh marsh, and/or 
(2) potential USACE constructed marsh mitigation sites in approximately 367 acres of 
open water. 


 
If the purchase of wetland credits from an USACE approved mitigation bank within the 
appropriate watersheds is not available then the USACE should develop, in coordination 
with NMFS, a mitigation and monitoring plan which fully compensates for all EFH impacts. 
This robust mitigation and monitoring plan should be presented to NMFS for review prior 
to release of the final EFH assessment and EIS. 
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Response: Concur. In the event mitigation bank credits are not available, USACE will 
coordinate with NMFS on the selection of Corps constructed mitigation projects to ensure 
all impacts to EFH are fully mitigated for. 


 
8. If the purchase of wetland credits from an USACE approved mitigation bank within the 


appropriate watersheds is not available then the USACE should develop, in 
coordination with NMFS, a mitigation and monitoring plan which fully compensates for 
all EFH impacts. This robust mitigation and monitoring plan should be presented to 
NMFS for review prior to release of the final EFH assessment and EIS. 


 
Response: If at the time of implementation, sufficient in-kind mitigation bank credits are 
not available, Corps constructed sites would be developed to fully mitigate impacts to 
EFH in coordination with NMFS and a supplemental NEPA document prepared. 
Mitigation and monitoring plans would be created in coordination with the resource 
agencies at this time and would be included in the supplemental NEPA document. 


 
9- To avoid additional mitigation for temporal impacts, NMFS recommends 


implementation of the mitigation plan concurrent with the construction of the 
development. 


 
Response: Every effort to mitigate concurrent with construction will be made to avoid 
temporal impacts that would require additional mitigation. 


 
10- The preliminary mitigation analysis, approximate total acres, and Average Annual 


Habitat Units of impacts to fresh marsh provided in the second draft of the EIS should 
be refined to verify: 


(1) the final assessment of acres of impacts to EFH, 
(2) the final WVA analysis, 
(3) the types of mitigation required, and 
(4) the final project design. 


 
Response: During PED, verification of the acres impacted by final design would be 
conducted. WVAs for all impacted habitat types would be rerun and the mitigation plan 
verified/adjusted in coordination with the resource agencies, if necessary, to ensure full 
satisfaction of the mitigation requirement. Supplemental NEPA documentation would be 
prepared if warranted. 


 
11- Open water should also be included among the habitat types requiring mitigation. 


 
Response: Open water impacts have been assessed and included in the EIS along with 
the other habitat types requiring mitigation. 


 
12- Estimates of all direct and indirect project related impacts to tidally influenced habitat 


should be refined for inclusion in the project’s final EFH assessment and EIS. 
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Response: During PED if the H&H modeling identifies impacts not addressed in the EIS, 
additional NEPA documentation would be completed identifying these impacts and the 
plan to fully mitigate them. 


 
We appreciate your comments and look forward to continued cooperation with the NMFS. 
Should you have any additional questions, please reach out to Mrs. Patricia S. Naquin; 
U.S. Army Corps of Engineers; Regional Planning and Environment Division South; New 
Orleans Environmental Branch; CEMVN-PDS-C; 7400 Leake Avenue, New Orleans, 
Louisiana 70118. Mrs. Naquin may also be reached via email at 
patricia.s.leroux@usace.army.mil, by fax to (504) 862-2088 or by phone at (504) 862- 
1544 if questions arise. 


 
 


 
Marshall K. Harper 
Chief, Environmental Planning Branch 



mailto:patricia.s.leroux@usace.army.mil

















 


 


DEPARTMENT OF THE ARMY 
U.S. ARMY CORPS OF ENGINEERS, NEW ORLEANS DISTRICT 


7400 LEAKE AVE 
NEW ORLEANS, LA 70118-3651 


 


March 15, 2021 
 


Regional Planning and Environment 
Division South 


 
 


Robert Houston 
Acting Director 
Office of Communities, Tribes and 
Environmental assessment 
EPA, Region 6 
1201 Elm Street, Suite 500 
Dallas, TX 75270 


 
 


Dear Mr. Houston: 
 


The U.S. Army Corps of Engineers (USACE), Mississippi Valley Division (MVD), New 
Orleans District (MVN), Regional Planning and Environment Division South (RPEDS) has 
received your letter dated January 20, 2021 regarding the second draft of the Integrated 
Feasibility Report and Environmental Impact Statement (IFR/EIS), for the Upper Barataria 
Basin (UBB) Louisiana Study. 


 
This letter is in response to the comments submitted by the Environmental Protection 
Agency pursuant to the National Environmental Policy Act (NEPA), the Council on 
Environmental Quality (CEQ) regulations (40 CFR Parts 1500 – 1508), and by our NEPA 
review authority under Section 309 of the Clean Air Act). 


 


EPA Comment: 
 


Compensatory Mitigation for Wetland Impacts 
The Revised Draft EIS now includes a preliminary compensatory mitigation plan for 
impacts to wetlands. EPA recommends that the USACE continue to collaborate with Dr. 
Raul Gutierrez (gutierrez.raul@epa.gov) of the Region 6 Wetlands Review Section to 
continue development of a compensatory mitigation plan that will fully offset adverse 
impacts to wetlands. The plan should identify within the watershed where impacts will 
occur and should be implemented in a timely manner to minimize potential temporal 
impacts. 


 
Corps Response: 


 


Acknowledged. USACE currently has a general mitigation plan included in Appendix F of 
the IFR/EIS. As the UBB project is currently in the feasibility study phase and has yet to 
be authorized for construction, the project is likely to go through multiple design changes 
in the future, which could allow for additional refinement of the mitigation features. USACE 
welcomes EPA’s partnership with the Project Delivery in further refinement of these plans. 
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EPA Comment: 
 


Water Quality 
According to the Revised Draft EIS, sediment disturbance during construction will occur 
but only temporarily. During construction, the project will include installing a 270 foot 
floodgate across Bayou des Allemands below US 90, which, according to Louisiana’s 
2018 303(d) list and draft 2020 list, is impaired due to excessive turbidity and fecal 
coliform. No total maximum daily load has been developed for this reach at present. While 
EPA agrees that impacts on turbidity levels during construction for both the levee and 
floodgate will be temporary, EPA recommends that the USACE provide assurances that 
best management practices will be followed in and around Bayou des Allemands and its 
tributaries to minimize impacts. 


 
Corps Response: 


 


Concur. The project would be monitored during construction activities. Best management 
practices during construction of the project would be utilized to minimize impacts to Bayou 
des Allemands and its tributaries as well as adjacent habitats. 
EPA Comment: 


 


Air Quality 
EPA asks that all Non-Road Engines be certified as in compliance with the EPA Tier 4 
regulations found at 40 CFR Parts 89 and 1039, which includes new and in-use nonroad 
compression-ignition engines. Also, we ask that land-clearing activities using open 
burning for woody debris disposal be coordinated with the Louisiana Department of 
Environmental Quality to determine air quality conditions such as atmospheric inversions 
prior to open burning activities. This will allow consideration of any expected air 
quality/visibility impacts to Class I Federal Areas identified in 40 CFR Part 81, Subpart D. 


 
Furthermore, the statement has identified that construction can cause elevated 
Particulate Matter (PM) 2.5 levels due to earthen material dust generated from borrow 
area excavation and transport loading. Mitigation measures such as watering applications 
to unpaved roads and loading areas should be addressed and included into the project 
mitigation plan. 


 
Corps Response: 


 


Acknowledged. The UBB project is currently in the feasibility stage and not authorized for 
construction. Should the project be authorized for construction, details will be refined to 
include Best Management Practices with respect to minimizing impacts during 
construction. 
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EPA UBB EJ Comment Responses: 
 


EPA Comment: 
 


Boutte is both a minority and low-income EJ community, with percentages well above the 
reference community of St. Charles Parish. Special attention to impacts associated with 
levee alignments, staging areas and stockpile sites affecting the Boutte community is to 
be provided in the Environmental Consequences section of the Revised Draft EIS. 


 
Corps Response: 


 


Added an EJ Environmental Consequences section to Chapter 5 that discusses EJ 
impacts from the Federal Action. This includes discussion regarding the levee 
construction, the borrow and staging areas and the potential for induced flooding. 
Also added language regarding mitigation of impacts: 
Short-term noise impacts will be avoided, minimized or mitigated by use of the following 
best management practices: 


 


1. Placement of temporary noise barriers adjacent to construction activities. 
2. Inclusion of the following noise and vibration monitoring language in the contract 


specifications for specific Work Items: monitoring of noise levels to verify 
adherence to contract specifications; limiting pile driving activities associated with 
pile founded T-walls to daylight hours; and vibration monitoring equipment 
measure surface velocity waves caused by equipment and monitor vibration up to 
a threshold value established and approved in writing by USACE. Such 
measurements would only be taken near residences and occupied buildings that 
could be adversely affected by excessive ground vibrations. 


3. Construction equipment noise would be minimized during construction by muffling 
and shielding intakes and exhaust on construction equipment (per the 
manufacturer’s specifications), and by shrouding or shielding impact tools. 


4. All equipment, haul trucks, and worker vehicles would be turned off when not in 
use for more than 30 minutes. 


5. Equipment warm up areas, water tanks, equipment storage areas, and staging 
areas would be located as far from existing residences as is feasible. 


 
Several impact avoidance features are included as integral components of the proposed 
action to minimize impacts to vehicular transportation. Specific routes would be 
designated for construction-related traffic to minimize residential disturbance and traffic 
congestion. USACE contracts would designate specific routes for construction-related 
traffic to avoid residential areas, to the maximum extent practicable, and staging areas 
for construction equipment and personnel would be located away from heavily populated 
areas. Streets that would serve construction-related traffic would be resurfaced, if needed 
and as appropriate, prior to initiation of construction activities, and maintenance of those 
streets would be provided during the construction period. Appropriate detour signage 
would be placed in order to preserve access to local streets during construction activities. 
Off-street parking would be provided for construction workers, and shuttle vans would be 
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used to transport construction workers to the work sites, if necessary. Streets that are 
damaged by any and all construction activities would be repaired. 


 
EPA Comment: 


 


The USACE should ensure that the improvements to be implemented will not adversely 
impact minority and low-income communities or populations residing in towns or areas 
that are not identified in the study area as EJ. 


 
Corps Response: 


 


Added language saying that impacts outside of those associated with construction 
activities are expected to be positive to minority and low-income communities or 
populations residing in towns or areas that are not identified in the study area as EJ. Also 
added a discussion of potential induced flooding which may be further evaluated at PED 
once local government plans for local levels are implemented which could change the 
hydrology and reduce induced flooding. And provided language regarding the areas that 
may see induced flooding will again be evaluated at PED and these areas are mostly 
white and not low-income households. Additionally, if induced flooding is identified during 
PED, mitigation measures would be implemented. 


 
EPA Comment: 


 


The USACE should document and identify the mitigation measures for any minority or 
low-income areas or populations that will be adversely impacted, especially in towns or 
areas not designated as having an EJ community. 


 
Corps Response: 


 


See mitigation through Best Management Practices, above, that will be used to avoid or 
minimize adverse impacts. 


 
EPA Comment: 


 


The USACE should address and identify the outreach and coordination provided to the 
minority and low-income populations in Boutte, Raceland and any segmented areas 
minority or low-income populations in the study area. 


 
Corps Response: 


 


Public meetings were held earlier this month on 1/12 and 1/13/21. If future high, adverse 
disproportionate impacts are found at PED, further outreach will take place and 
discussion with affected EJ communities will occur, including discussion of mitigation 
measures. 
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We appreciate your comments and look forward to continued cooperation with the EPA. 
Should you have any additional questions, please reach out to Mrs. Patricia S. Naquin; 
U.S. Army Corps of Engineers; Regional Planning and Environment Division South; New 
Orleans Environmental Branch; CEMVN-PDS-C; 7400 Leake Avenue, New Orleans, 
Louisiana 70118. Mrs. Naquin may also be reached via email at 
patricia.s.leroux@usace.army.mil, by fax to (504) 862-2088 or by phone at (504) 862- 
1544 if questions arise. 


 


Marshall K. Harper 
Chief, Environmental Planning Branch 



mailto:patricia.s.leroux@usace.army.mil
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Public Comments on second Draft Report and USACE Responses 
Name Date Method of 


Comment 
Comment Response 


John Dale "Zach" 


Lea 


12/16/2020 Email to UBB Please give me a map showing the detail of the 


proposed project with the Davis Pond Diversion 


Project. As I 


understand it, the Upper Barataria project will not 


affect water flow through Davis Pond. Correct? 
Thank you 


A map of project is included in the main report. This project will not impact the operation of the Davis Pond Diversion Project. 


Paul Hogan 1/6/2021 Email to UBB This project is desperately needed to protect the 


homes, business, and industry located on the 


upper side of the project. It will protect multiple 


parishes and the communities within then situated 


around the basin. Just the benefits resulting from 


the protection to industry and those who live in 


the area that operated the industries should have 


a positive cost benefit ratio. Whatever can be done 


to make this project become a reality needs to be 


undertaken. 


Sent: Wed, Jan 6, 2021 9:10 pm 


Subject: RE: [Non‐DoD Source] UBRR (UNCLASSIFIED) 


CLASSIFICATION: UNCLASSIFIED 


 
Thank you Dr. Hogan, 


We have received your comment and stored it as an official comment to be addressed with the Project Delivery Team. 


Ricky Hogan 1/9/2021 Email to UBB Guys I’m in support of this project. This is long over 


due. 


Wonderful! Thank you Mr. Hogan for your comment. 


Allison Froeba 1/11/2021 Email to UBB I’m working with a developer in Mathews LA and 


need to know if the Latour Golf Course will be 


affected in the design of the Upper Barataria 


Levee. We currently have real estate for sale and 


are about to build new homes. We were also 


looking into building a club house. I need to know 


asap if we should stop any new construction or if 


there is a construction elevation that we need to 


build to. I will attend the live webinars, but please 


message me. The address is 300 La Tour Blvd, 


Mathews, LA 70375 


Good afternoon and thank you for your question. Please refer to page 85 of the UBB FS and EIS which can be found at  


(https://www.mvn.usace.army.mil/Portals/56/Upper%20Barataria%20Basin%20Second%20Draft%20Report%20EIS_11_DEC_2020.pdf). 


The map of Reach H will provide you with a conceptual idea of the proposed UBB levee alignment which may help you in the planning process with your developer. 


The proposed levee for Reach H would be constructed with one lift to an elevation of 16 feet in 2026 in order to maintain the 1 percent AEP design elevation over 


the authorized 50 year period. 


Riley Dufrene 1/12/2021 Email to UBB Good morning. I read the article published by 


Times Picayune and have a question regarding the 


statement below. My family (and several others) 


own a recreational property which will be outside 


the proposed flood protection area and is not 


located on the Bayou Gauche Island. It is only 


accessible by boat. Being that the recreational 


properties will be impacted by the flood gate, is 


there any consideration for floodproofing these 


structures as well or is this included in the figures 


below? Thanks in advance! “The project also 


estimates that it might cost $84 million to either 


buy out, floodproof or elevate 270 residences and 


businesses on the unprotected side of the system 


in the towns of Bayou Gauche, Mathews and 


Gheens, which will likely see higher surge levels 


after the levees are completed.” 


Thank you for your question. There are no guarantees at this time what the outcome will be for each structure. If we induce damage we will mitigate for it, but 


whether that means dry‐proofing, house‐raising, buyouts, etc. we just don’t know yet. The 3 x 3 x 3 process of SMART planning really limits the scope of work that 


we can do right now, so many of these questions will be reassessed in Pre‐Construction Engineering and Design (PED) phase where we will complete the detailed 


engineering and technical studies needed to begin construction of the project (if it is authorized and funded by Congress). Your comment will be reported in the 


final feasibility report for review. 



http://www.mvn.usace.army.mil/Portals/56/Upper%20Barataria%20Basin%20Second%20Draft%20Report%20EIS_11_DEC_2020.pdf)





Lauren Kent Jackson 1/12/2021 Facebook 


during meeting 


1 


Can you elaborate on the type of material that will 


be used to construct the levees? Particularly where 


inland fishing will be affected? Will this 


dramatically reduce tidal movement in the areas to 


the West of the proposed project? 


Our design standard for levee embankment is Clay in accordance with ASTM D2487 as CL or CH with less than 35% natural occurring sand. Hydraulic structures are 


planned and intended to maintain flow regime outside of storm events. The system will only be closed during storm events so, theoretically it will not affect the 


normal tidal regime. 


Mark Schleifstein 1/12/2021 Facebook 


during meeting 


1 


Why is armoring not included? What happens if 


overtopping occurs with no armoring with this 


design? Who pays for rebuilding if elevation 


compromised without armoring? How quickly 


would compromised portions be restored? 


Armoring was shown to not be cost effective. There is potential for failure events but life safety shouldn’t be a concern if people evacuate. The project needs to be 


maintained to its approved authorized design. 


Alisha Renfro 1/12/2021 Facebook 


during meeting 


1 


In the Feasibility report it says the official closing 


date for comments is January 29, 2021, but it's 


really the 25th? 


Public comments are due by January 25th based on the NOA and other official documents. There is a typo in the Draft Report. Thank you! 


Lauren Kent Jackson 1/12/2021 Facebook 
during meeting 


1 


Has CPRA given this proposed project a code 
designation yet? I understand this is still in the 


feasibility study phase. 


CPRA project number is BA‐0211 


Belinda Simoneaux 1/12/2021 Facebook 


during meeting 


1 


Y’all talk about coastal erosion. But what y’all are 


doing with this levee. There will be no lower 


Louisiana. It will wash away from storm surge from 


Hurricanes. That’s so sad to lose Louisiana because 


of y’all actions 


Thank you for your comment. 


Belinda Simoneaux 1/12/2021 Facebook 


during meeting 


1 


How long can I expect to live in my house on Bayou 


Gauche Island, before I flood and can no longer live 


with water up to my roof. I’m in limbo right now. I 


can’t do anything are make any changes in my 


house. When will I get money to buy a house 


somewhere else. 


Thank you for your comment. The Final Report discusses the induced flooding that is expected in Bayou Gauche with project. We have several mitigation measures 


in our plan to reduce the damages to homes. "The 1 percent AEP design levee is estimated to induce flooding in the communities of Bayou Gauche, Gheens, and 


Mathews, which are located outside of the system on the east side of the levee. The induced flooding is greatest within the community of Bayou Gauche, which is 


directly adjacent to the levee. This area is estimated to receive 1 to 1.5 feet of induced flooding under existing conditions and 2 to 4 feet under future conditions. 


Mitigation for potential induced damages will be further investigated during PED, including options to make improvements to the existing local levees (Gheens and 


Mathews) as a mitigation measure. At this time, we have included the highest cost, a worst case scenario mitigation for potential induced flooding, which includes 


acquisition of 64 residential structures in Bayou Gauche, 173 residential structures in Gheens, and 33 residential structures plus 5 commercial structures in 


Mathews. Though the highest cost (acquisitions) was accounted for in the overall project cost estimate, individual investigation and mitigation for each structure, if 


appropriate, will be done during PED. 


Timothy Horton 1/12/2021 Facebook 


during meeting 


1 


Reminds me of my days at HPO. Thank you for 


continuing to do the right thing. Over build, in time 


and under budget!! 


Thank you for your comment. 







Lucy Loup 1/12/2021 Facebook 


during meeting 


1 


Can you comment on review and consideration of 


the alternative proposals submitted to include all 


portions of Bayou Gauche, including Bayou Gauche 


island itself and Kerry's Pointe community? 


The Kerry Point subdivision is in the part of Bayou Gauche that is outside of the system. It is currently estimated to receive the same degree of induced flooding as 


the rest of that part of Bayou Gauche. Our final report states ". The 1 percent AEP design levee is estimated to induce flooding in the communities of Bayou 


Gauche, Gheens, and Mathews, which are located outside of the system on the east side of the levee. The induced flooding is greatest within the community of 


Bayou Gauche, which is directly adjacent to the levee. This area is estimated to receive 1 to 1.5 feet of induced flooding under existing conditions and 2 to 4 feet 


under future conditions. Mitigation for potential induced damages will be further investigated during PED, including options to make improvements to the existing 


local levees (Gheens and Mathews) as a mitigation measure. At this time, we have included the highest cost, a worst case scenario mitigation for potential induced 


flooding, which includes acquisition of 64 residential structures in Bayou Gauche, 173 residential structures in Gheens, and 33 residential structures plus 5 


commercial structures in Mathews. Though the highest cost (acquisitions) was accounted for in the overall project cost estimate, individual investigation and 


mitigation for each structure, if appropriate, will be done during PED." 


Albert Loar 1/12/2021 Facebook 


during meeting 
1 


Has this started? or is it over? The project is in the study phase. After the Chiefs Report is signed in Oct 2021 then it would go to Congress to determine if it would be funded for construction. 


Anonymous 1/13/2021 Facebook 


during meeting 


2 


Did presenter say that public comments are due 


Jan 25? The Executive Summary of the report 


gives Jan 29 as the deadline. 


Public comments are due by January 25th based on the NOA and other official documents. There is a typo in the Draft Report. Thank you! 


Kevin Falgout 1/13/2021 Facebook 


during meeting 


2 


What is the current plan for the levee on grand 


bayou canal? (T‐Wall, Additional fill, etc.) 


It is a combination depending on the exact location. The majority of that reach is Levee but were structures are too close the levee footprint we are proposing 


floodwall. See Appendix A. 1.3.4 Hydraulic Reach D : Section 1.3.5 ("Hydraulic Reach E"), which describes the access road for Reach E (see Figure1‐9). 


Section 1.9.3 ("Hydraulic Reach E"), in the Civil Design section, which includes Figure1‐28 (a cross section). 


Section 1.10.2 ("Hydraulic Reach E"), in the Structural Design section, which describes, among other things, an approx. location of the 400‐ft. floodwall section. 


Thomas Adler 1/21/2021 Email to UBB see PDF Thank you for your comment. Managed retreat experiences from locations in different countries and with different economic and developmental characteristics 


have identified similar challenges to implementation. Social and livelihood losses, jurisdictional conflicts, and lack of political will inhibit the effectiveness of 


impactful retreat. Residents of all income levels can feel economic and social losses from relocation. Regional governments resist the loss of tax base from 


relocations, or support residents who recognize and accept the risk and resist relocation. In the UBB Study area, under the initial scoping period, managed retreat 


was considered impractical and cost‐prohibitive as a primary measure and alternative to evaluate. The risk‐prone areas are both broad and densely populated 


areas, and the acquisition would include many properties. The acquisition would likely face legal challenges, which would have cost and schedule implications that 


do not achieve the study goals and objectives to reduce risk of life to populations and reduce damage to structure and contents in the period of analysis. 


In the Louisiana coastal areas, where residents and business are tied to the coastal landscape, where they work and play, there is historical evidence to show 


people don’t fully retreat from the Coastal, but rather retreat vertically, using methods as home raising or rebuilding at a higher elevation. This is also reflected in 


future local government plans, such as the State of Louisiana 2017, the state has recommended elevating homes outside of structural systems, rather than force a 


managed retreat plan through acquisitions. 


Typically for coastal studies, the economics would reflect both of these trends in the FWOP structure data sets. Structures in low‐lying areas subject to severe 


damages at frequent events would only be expected to be damaged once before their first‐floor elevation would be adjusted to be outside of the FWOP 100‐year 


floodplain. Also, any future development that would be included in the structure inventory would be placed one foot higher than the FWOP FEMA 100‐year 


floodplain, which would account for the RSLR trends. In the case of Upper Barataria, investigations showed that there were no such extremely vulnerable low‐lying 


structures in the inventory. Furthermore, a conservative approach was taken regarding future development, so the structure inventory used in the analysis does 


not include any structures that do not already exist. In spite of previous disaster declarations and coastal storm events, the population of the study area has grown 


over the past two decades. This historical data shows that recent flood events have not resulted in significant outmigration from the study area, and the post‐ 


flood response of property owners in the past has been consistent with the assumption that the structure inventory will remain in place throughout the period of 


analysis. 







Dennis Miller 1/13/2021 Email to UBB I was wanting to inquire if this project is going to 


be design build or design bid build. Can you 


provide commentary. 


Thank you for your comment. Those decision will be made in PED. 


Alisha Renfro 1/25/2021 Email to UBB See PDF on RESTORE See Annex 1 


Nicholas Matherne 1/13/2021 Email to UBB see PDF See Annex 2 


Facebook 


Comments 


1/12/2021 Log of 


comments 


See Annex 3 See Annex 3 
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From: John-Dale-Zach Lea 


To: DLL-MVN-Upper_Barataria_FS 


Subject: [Non-DoD Source] Connection to Davis Pond 


Date: Wednesday, December 16, 2020 8:23:07 AM 


Please give me a map showing the detail of the proposed project with the Davis Pond Diversion Project. As I 


understand it, the Upper Barataria project will not affect water flow through Davis Pond. Correct? Thank you. 


John Dale "Zach" Lea, Ph.D. 


Agricultural Economist 


Sustainably Smart Projects 


985-272-3681


jdzlea@hotmail.com 



mailto:JDZLea@hotmail.com

mailto:UpperBaratariaFS@usace.army.mil
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From: Thomas Adler 


To: DLL-MVN-Upper_Barataria_FS 


Subject: [Non-DoD Source] Public Comments on the Second draft of the upper Barataria EIS 


Date: Thursday, January 21, 2021 9:25:41 AM 


Attachments: Adler comments.PDF 


Danielle, 


Please find attached my comments, I’ve also sent them via US mail. 


Thanks, 


Tom Adler 



mailto:teadler@hotmail.com

mailto:UpperBaratariaFS@usace.army.mil
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Danielle Keller 


Room 335 


CEMVN-PMR-C 


7400 Leake Avenue 


New Orleans, LA 70118 


Tom Adler 
148.Hibiscus Pl. 


River Ridge, LA 70123 


 
 
 


January 21, 2021 


 


Comments on the Draft Feasibility Report with Integrated Environmental Impact Statement Second 


Draft: December 11, 2020 for Upper Barataria Basin, Louisiana 


 
The report seeks to quantify benefits received with the project over its assumed 50 year life (2026-


2076) and compare damages suffered "without the project" showing that the benefits exceed costs. In 


doing so, a number of assumptions are made that don't pass the reasonability test when 
looking at the larger whole. 


 
For example, page 23 of Appendix B, the Ec.onomics Study, dated December 11, 2020, states: 


"The increase in damages from 2026 to 2076 are due to sea level rise". Indeed, Table B:6-4 


provides a table of the expected annual damages without the project as $54,510,000 in 2026, 


increasing to $157,181,000 in 2076. This assumption is based on flooding becoming worse each 


year. The economic model is incorrectly overstating "no-project damages": 
• People in the path of sea level rise will not simply rebuild every year, they will migrate 


to dry land so the number of structures should be modeled to decrease every year starting 


from the 22,726 residential structures and 2,200 non-residential structures  (Table B:5-1) 


and decreasing to zero structures in 2123 when the entire area is inundated (see Figure 3, 


Appendix A, Annex 8 of the UBB Second Draft report). There should be a similar reduction 


in the population assumptions of Section 3.1.5.3.3 Population and Housing of the Upper 


Barataria Basin second draft report. 


• Damages are inflated in the Economics study on page 21, section 5.12 Damages to Street 


and Highways: "Using a normal distribution, a mean value for the damages per mile and a 


standard deviation were calculated for each of the three depths of flooding" This assumes 
as sea level increases and flooding  depths get worse, we will simply rebuild our roads at 
the same elevation every year with an annual price tag of $1,734,000 in 2026 and 


$4,274,000 in 2076 (Table B:6-2 of the Economics Study). While this is a great assumption 


if the goal is to show high annual damages without the proposed levee, it does not seem 


reasonable in the real world. A real world estimate is easily obtainable by just averaging 


actual historical FEMA costs with an inflater since there have been 22 disaster declarations 


related to hurricane and tropical storm incidents and 19 disaster declarations related to 


flooding incidents in the study area per the report. 


 
Why are the "no-project" damages being inflated? To justify a $2 billion levee that has significantly 


increased in scope and ultimately will not save the project area from flooding: "The fact of sea 


level rise is certain; only the rate is uncertain."  (page 6 of Annex 8, Appendix A)  Is it truly in 


the Army Corps best interest to plan for population increases in this vunerable project area and 


imply that this project will keep them safe? Please use this as an opportunity  to  begin a 
meaningful discussion of managed retreat from areas most vulnerable to sea level rise. 


 
Sincerely, 


 
 


Tom Adler 







From: Nicholas Matherne 


To: Keller, Danielle A CIV (USA); DLL-MVN-Upper_Barataria_FS 


Cc: Donald Henry; Sam Scholle; mlj@stcharlesgov.net; Michael Palamone; Samantha de Castro; Mike Chopin; James 
P. Jasmin; Henry Picard; kgalloway@gisy.com; rodney@greenupind.com; oneilm@gisy.com; Ray Bender -
Greenup Industries LLC (rbender@greenupind.com) 


Subject: [Non-DoD Source] Public Comments on UBB FS EIS Reach E 


Date: Thursday, January 14, 2021 12:08:18 PM 


Attachments: UBRR_Segment 5-B 11-9-20 Public Meeting Comments.pdf 


In response to concerns over the alignment of the T-Wall and Rollergate across LA Hwy 306 as part of Segment 2 


of the UBRR project (Hydrologic Reach E of the UBB FS EIS), a Public Meeting was held with the residents of the 


area at the Paradis Fire Station on November 9, 2020. Following this public meeting, multiple emails were sent by 


residents of the area who were in attendance at the public meeting to Mr. Sam Scholle of St. Charles Parish 


Government and forwarded to the Design Team for review and submittal to the USACE team working on the UBB 


FS EIS. Below is a consolidated overview of the comments for USACE review, consideration, and response. The 


content of the original emails, along with sketches by the residents are attached to this email. 


Alternative T-Wall Alignment Option #1 – Construct levee and/or concrete T-Wall geographically north along 


Badeaux Ln, crossing Hwy 306, routing south on the east side of Sunset Pumping Station. 


Benefits: 


* Noise Reduction from Pumping Station Engines


* Eliminates all potential damage to water, power, cable, phone, and sewer lines, as well as homes on Badeaux


Ln and in Kerry’s Pointe


Alternative T-Wall Alignment Option #2 – Construct a levee system around Simoneaux Pond with two swing gates. 


Benefits: 


* Protects all residents of St. Charles Parish, as well as the future growth of these areas impacted.


Other Comments 


Comment: To drive 90 foot piles for the proposed option along Kerry’s Pointe East there would be at least a 100- 


120 foot of boom on the crane. If a crane failure or mishap with a pile were to occur, our homes and personal safety 


will be compromised as we would be in the drop zone! There’s no way around that. Hence, will we be restricted  


from getting into our own homes during Construction? 


Comment: How will this equipment be brought into work area? Kerry’s Pointe is a private subdivision and would 
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require a right of way on our property to access such work sites? As we do not support the option of building T 


Wall so close to our homes we would not grant such access without a challenge. 


Comment: If a temporary construction fence is constructed during construction where will it be placed in reference 


to our homes? Someone needs to review this and provide an answer. 


Comment: On Alternate #1 (addressed above), could you advise the purpose of the new additional access road at the 


east end of Kerry's Pointe connecting to the existing Badeaux Lane? With the installation of the roller gate at the 


existing Kerry's Pointe entrance, we are unclear as to what the purpose of this 2nd entrance might be. 


Please let me know if you have any further questions regarding these public comments. 


Thanks, 


Nicholas Matherne, CFM 


Project Manager | Highway-Structural 


BURK-KLEINPETER, INC. 


4176 Canal Street, New Orleans LA 70119 


O. 504.486.5901 F. 504.488.1714 C. 985.856.4170


bkiusa.com 







From: Nicholas Matherne 


To: Keller, Danielle A CIV (USA); DLL-MVN-Upper_Barataria_FS 


Cc: Donald Henry; Dwayne Bourgeois; mlj@stcharlesgov.net; Rechelle Champagne; Sam Scholle; Mike Chopin; 
Henry Picard; oneilm@gisy.com; kgalloway@gisy.com; jloeske@gisy.com; rodney@greenupind.com; Ray Bender 
- Greenup Industries LLC (rbender@greenupind.com); James P. Jasmin; Ignacio Harrouch; Jas Singh 


Subject: [Non-DoD Source] UBB 2nd Draft FS EIS Design Team Comments & Questions 


Date: Wednesday, January 13, 2021 4:35:09 PM 


Attachments: UBB Study 2nd Draft Comments_LBLD-NLLD.pdf 
 


 


Danielle, 


 


 
 


On behalf of the Lafourche Basin Levee District, North Lafourche Levee District, St. Charles Parish, and the Upper 


Barataria Risk Reduction Design Team, I wanted to thank you for your staff’s time last Wednesday walking us  


through the updates to the UBB FS EIS Second Draft and for the opportunity to provide our collective comments 


and questions on the report. Attached is a memorandum from Donald Ray Henry of LBLD (collaboratively 


composed by the levee districts, parish, and design team) outlining our questions and concerns with various aspects 


of the report, its findings, and its methodologies. As mentioned during last Wednesday’s WebEx meeting, we  


would appreciate your team taking the time to address each of our questions and comments, and we would like to 


offer to make ourselves available to discuss any further questions your team may have, whether in-person or 


virtually. 


 


 
 


Please let me know how our Design Team can further assist your FS team to address the attached comments. 


 


 
 


Thanks, 


 


 
 


Nicholas Matherne, CFM 


 
Project Manager | Highway-Structural 


BURK-KLEINPETER, INC. 


4176 Canal Street, New Orleans LA 70119 


 
O. 504.486.5901 F. 504.488.1714 C. 985.856.4170 


 
bkiusa.com 
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From: Miller, Dennis 


To: DLL-MVN-Upper_Barataria_FS 


Subject: [Non-DoD Source] Question 


Date: Wednesday, January 13, 2021 3:53:09 PM 


Attachments: image003.png 


Good Afternoon: 


I was wanting to inquire if this project is going to be design build or design bid build. Can you provide 


commentary. 


Dennis E. Miller, P.S. | Vice President 


Civil & Environmental Consultants, Inc. 


600 Marketplace Ave, Suite 200, Bridgeport, WV 26330 


direct 304.848.7102 office 304.933.3119 mobile 304.844.1169 


www.cecinc.com <Blockedhttps://www.cecinc.com/> 


This electronic communication and any attachments are intended solely for the use of the person or entity to which it 


is addressed, and may contain information that is confidential, privileged and exempt from disclosure under  


applicable law, including copyright law. If you are not the intended recipient of this message, you are prohibited  


from disclosing, reproducing, distributing, disseminating or otherwise using this transmission. Please promptly  


notify the sender by reply electronic communication and immediately delete this message from your system. 



mailto:dmiller@cecinc.com

mailto:UpperBaratariaFS@usace.army.mil

http://www.cecinc.com/

http://www.cecinc.com/





From: Riley Dufrene 


To: Keller, Danielle A CIV (USA); DLL-MVN-Upper_Barataria_FS 


Subject: [Non-DoD Source] FW: Alternative 1 Plan Inquiry - Riley Dufrene 


Date: Wednesday, January 13, 2021 7:23:29 AM 
 


 
 


Danielle, 


 


 
 


I sent the two emails below back in January of 2020, but didn’t receive a response or acknowledgement. I just 


wanted to make sure these were reported as well. Thank you! 


 


 
 


Regards, 


 


 
 


Riley Dufrene 


 
Sr. Mechanical Maintenance Engineer 


 


 
 


//////////////////// 


 


 
 


Bayer U.S. – Crop Science 


Monsanto Company 


DSIDA 


West Engineering Building (WEB) 


Luling, LA 70070, USA 


Tel: +1 985-785-3514 


 
Cell: +1 985-722-7621 


 
E-mail: Riley.Dufrene@bayer.com <mailto:Riley.Dufrene@bayer.com> 


Web: http://www.bayer.com <Blockedhttp://www.bayer.com/> 


 
 


/// Follow Bayer on: 


 
/// Twitter <Blockedhttps://twitter.com/Bayer> /// Facebook <Blockedhttps://www.facebook.com/Bayer> /// 


Instagram <Blockedhttps://www.instagram.com/bayerofficial/> /// LinkedIn 


<Blockedhttps://www.linkedin.com/company/1893/>   /// YouTube 


<Blockedhttps://www.youtube.com/user/BayerTVinternational> 
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From: Riley Dufrene 


Sent: Friday, January 10, 2020 11:51 AM 


To: UpperBaratariaFS@usace.army.mil 


Subject: RE: Alternative 1 Plan Inquiry - Riley Dufrene 


Please see email below. I’d like to formally request an alternate solution to the t-wall that’s being proposed to border 


the residential areas in the Bayou Gauche area. All waterfront property owners paid a premium for their property in 


order to have access to the waterway for both commercial and recreational use. Our property value will plummet. 


More importantly, this waterway is a staple amongst the community. Where most neighborhoods have parks, 


playgrounds, ponds, and sidewalks for the kiddos, we really only have this bayou for sightseeing, fishing, hunting, 


boating, etc… If access were to be cut off from our neighborhoods, our community would not be the same. 


Is there an alternative option or design that can be considered? Is it a possibility to place the levee on the east side 


of Grand Bayou? Thank you in advance for your consideration. 


Also, at the community meeting, I had requested that the Civil Engineer on the project give me a call if possible to 


discuss the current design of the t-wall since the members in attendance did not have any details. I would really 


appreciate hearing back from the CE so that I can communicate this information to the community. 


Regards, 


Riley Dufrene 


Mechanical Maintenance Engineer 


//////////////////// 


Bayer U.S. – Crop Science 


Monsanto Company 


DSIDA 


West Engineering Building (WEB) 


Luling, LA 70070, USA 


Tel: +1 985-785-3514 


Cell: +1 985-722-7621 
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E-mail: Riley.Dufrene@bayer.com <mailto:Riley.Dufrene@bayer.com>


Web: http://www.bayer.com <Blockedhttp://www.bayer.com/> 


/// Follow Bayer on: 


/// Twitter <Blockedhttps://twitter.com/Bayer> /// Facebook <Blockedhttps://www.facebook.com/Bayer> /// 


Instagram <Blockedhttps://www.instagram.com/bayerofficial/> /// LinkedIn 


<Blockedhttps://www.linkedin.com/company/1893/>   /// YouTube 


<Blockedhttps://www.youtube.com/user/BayerTVinternational> 


From: Riley Dufrene 


Sent: Tuesday, January 7, 2020 2:10 PM 


To: UpperBaratariaFS@usace.army.mil <mailto:UpperBaratariaFS@usace.army.mil> 


Subject: Alternative 1 Plan Inquiry - Riley Dufrene 


Good afternoon Danielle, my name is Riley Dufrene and I’m a resident of Bayou Gauche. Like several others, I’m 


an owner of waterfront property in Reach D which borders the existing Sunset Drainage levee. Per the Alternative 1 


Plan, a T-wall is being proposed for all residential waterfront properties with existing levees in the Bayou Gauche 


area (Reach D&E). I have two questions: Will the design of the t-wall/levee allow for access to the bayou for the 


property owner? Also, can you provide any details regarding the aesthetics of the wall? The waterway access was 


the deciding factor to build our new home in the location that it is in today so my family is a bit concerned. If you 


need a reference point, my address is 227 Old Farm Lane Des Allemands, LA 70030. 


Thank you in advance! 


Regards, 


Riley Dufrene 


Mechanical Maintenance Engineer 


//////////////////// 


Bayer U.S. – Crop Science 


Monsanto Company 


DSIDA 
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West Engineering Building (WEB) 


Luling, LA 70070, USA 


Tel: +1 985-785-3514 


 
Cell: +1 985-722-7621 


 
E-mail: Riley.Dufrene@bayer.com <mailto:Riley.Dufrene@bayer.com> 


Web: http://www.bayer.com <Blockedhttp://www.bayer.com/> 


 
 


/// Follow Bayer on: 


 
/// Twitter <Blockedhttps://twitter.com/Bayer> /// Facebook <Blockedhttps://www.facebook.com/Bayer> /// 


Instagram <Blockedhttps://www.instagram.com/bayerofficial/> /// LinkedIn 


<Blockedhttps://www.linkedin.com/company/1893/>   /// YouTube 


<Blockedhttps://www.youtube.com/user/BayerTVinternational> 
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From: Riley Dufrene 


To: Keller, Danielle A CIV (USA); DLL-MVN-Upper_Barataria_FS 


Subject: [Non-DoD Source] RE: Proposed Upper Barataria Levee System - Concern (UNCLASSIFIED) 


Date: Wednesday, January 13, 2021 7:19:59 AM 


Thanks Danielle for your response and submission of my comment. Have a good day. 


Regards, 


Riley Dufrene 


Sr. Mechanical Maintenance Engineer 


//////////////////// 


Bayer U.S. - Crop Science 


Monsanto Company 


DSIDA 


West Engineering Building (WEB) 


Luling, LA 70070, USA 


Tel: +1 985-785-3514 


Cell: +1 985-722-7621 


E-mail: Riley.Dufrene@bayer.com


Web: Blockedhttp://www.bayer.com


/// Follow Bayer on: 


/// Twitter /// Facebook /// Instagram /// LinkedIn /// YouTube 


-----Original Message----- 


From: Keller, Danielle A CIV (USA) <Danielle.A.Keller@usace.army.mil> 


Sent: Wednesday, January 13, 2021 6:35 AM 


To: Riley Dufrene <riley.dufrene@bayer.com>; DLL-MVN-Upper_Barataria_FS 


<UpperBaratariaFS@usace.army.mil> 


Subject: RE: Proposed Upper Barataria Levee System - Concern (UNCLASSIFIED) 


CLASSIFICATION: UNCLASSIFIED 


Mr. Dufrene, 


Thank you for your question. There are no guarantees at this time what the outcome will be for each structure. If we 


induce damage we will mitigate for it, but whether that means dry-proofing, house-raising, buyouts, etc. we just 


don't know yet. The 3 x 3 x 3 process of SMART planning really limits the scope of work that we can do right now, 


so many of these questions will be reassessed in Pre-Construction Engineering and Design (PED) phase where we 


will complete the detailed engineering and technical studies needed to begin construction of the project (if it is  


authorized and funded by Congress). Your comment will be reported in the final feasibility report for review. 


Thank you, 


Danielle 


Danielle A Keller, PhD 


Project Management, U.S. Army Corps of Engineers 


7400 Leake Avenue, New Orleans, LA 70118 Danielle.a.keller@usace.army.mil 


Work: (504) 862-1744 


-----Original Message----- 
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From: Riley Dufrene [mailto:riley.dufrene@bayer.com] 


Sent: Tuesday, January 12, 2021 9:26 AM 


To: DLL-MVN-Upper_Barataria_FS <UpperBaratariaFS@usace.army.mil> 


Subject: [Non-DoD Source] Proposed Upper Barataria Levee System - Concern 


Good morning. I read the article published by Times Picayune and have a question regarding the statement below. 


My family (and several others) own a recreational property which will be outside the proposed flood protection area 


and is not located on the Bayou Gauche Island. It is only accessible by boat. Being that the recreational properties 


will be impacted by the flood gate, is there any consideration for floodproofing these structures as well or is this  


included in the figures below? Thanks in advance! 


"The project also estimates that it might cost $84 million to either buy out, floodproof or elevate 270 residences and 


businesses on the unprotected side of the system in the towns of Bayou Gauche, Mathews and Gheens, which will 


likely see higher surge levels after the levees are completed." 


Regards, 


Riley Dufrene 


Sr. Mechanical Maintenance Engineer 


//////////////////// 


Bayer U.S. - Crop Science 


Monsanto Company 


DSIDA 


West Engineering Building (WEB) 


Luling, LA 70070, USA 


Tel: +1 985-785-3514 
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Cell: +1 985-722-7621


E-mail:   Riley.Dufrene@bayer.com <mailto:Riley.Dufrene@bayer.com>


Web: Blockedhttp://www.bayer.com <Blockedhttp://Blockedwww.bayer.com/> 


/// Follow Bayer on: 


/// Twitter <Blockedhttps://twitter.com/Bayer>   /// Facebook <Blockedhttps://Blockedwww.facebook.com/Bayer> 


/// Instagram <Blockedhttps://Blockedwww.instagram.com/bayerofficial/>   /// LinkedIn 


<Blockedhttps://Blockedwww.linkedin.com/company/1893/>   /// YouTube 


<Blockedhttps://Blockedwww.youtube.com/user/BayerTVinternational> 


CLASSIFICATION: UNCLASSIFIED 
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From: Riley Dufrene 


To: DLL-MVN-Upper_Barataria_FS 


Subject: [Non-DoD Source] Proposed Upper Barataria Levee System - Concern 


Date: Tuesday, January 12, 2021 10:30:16 AM 


Attachments: image001.png 
image002.png 
image003.png 


 


 


Good morning. I read the article published by Times Picayune and have a question regarding the statement below. 


My family (and several others) own a recreational property which will be outside the proposed flood protection area 


and is not located on the Bayou Gauche Island. It is only accessible by boat. Being that the recreational properties 


will be impacted by the flood gate, is there any consideration for floodproofing these structures as well or is this  


included in the figures below? Thanks in advance! 


 


 
 


“The project also estimates that it might cost $84 million to either buy out, floodproof or elevate 270 residences and 


businesses on the unprotected side of the system in the towns of Bayou Gauche, Mathews and Gheens, which will 


likely see higher surge levels after the levees are completed.” 


 


 


 


 


 


 


 


 


 


 


 


 


 


 
Regards, 


 


 
 


Riley Dufrene 


 
Sr. Mechanical Maintenance Engineer 


 


 
 


//////////////////// 


 


 
 


Bayer U.S. – Crop Science 


Monsanto Company 


DSIDA 


West Engineering Building (WEB) 
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Luling, LA 70070, USA 


Tel: +1 985-785-3514


Cell: +1 985-722-7621


E-mail: Riley.Dufrene@bayer.com <mailto:Riley.Dufrene@bayer.com>
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From: Brian Froeba 


To: Keller, Danielle A CIV (USA) 


Cc: Allison Froeba; DLL-MVN-Upper_Barataria_FS; Brian Froeba 


Subject: [Non-DoD Source] Re: New Upper Barataria Levee - Mathews LA (UNCLASSIFIED) 


Date: Monday, January 11, 2021 2:37:10 PM 


Danielle, 


Thank You for responding. We are currently permitted to build two houses at LaTour Golf club at BFE 7', and are scheduled to begin this week. 


The LaTour subdivision is outside of the proposed levee protection at elevation 16'. We have an enormous amount of property to develop within 


the next several years, and would like to know what the new BFE of these houses would need to be. Building these homes at the current BFE of 7 


feet would require these houses to be raised only a few years after being built and this is not an option for us. 


Would the new houses and clubhouse need to be built to an elevation of 16 feet? 


Thanks, 


-- 


Thank you, 


Brian Froeba, P.E. 


Specialized Engineering, LLC 


619 Homedale St. 


New Orleans, LA 70124 


Cell #: 504-220-7724 


On Mon, Jan 11, 2021 at 2:11 PM Keller, Danielle A CIV (USA) <Danielle.A.Keller@usace.army.mil 


<mailto:Danielle.A.Keller@usace.army.mil> > wrote: 


CLASSIFICATION: UNCLASSIFIED 


Ms. Froeba, 


Good afternoon and thank you for your question. Please refer to page 85 of the UBB FS and EIS which can be found at 


(https://www.mvn.usace.army.mil/Portals/56/Upper%20Barataria%20Basin%20Second%20Draft%20Report%20EIS_11_DEC_2020.pdf 


<Blockedhttps://www.mvn.usace.army.mil/Portals/56/Upper%20Barataria%20Basin%20Second%20Draft%20Report%20EIS_11_DEC_2020.pdf> 


). 


The map of Reach H will provide you with a conceptual idea of the proposed UBB levee alignment which may help you in the planning 


process with your developer. The proposed levee for Reach H would be constructed with one lift to an elevation of 16 feet in 2026 in order to 


maintain the 1 percent AEP design elevation over the authorized 50 year period. 


Thank you, 


Danielle 


Danielle A Keller, PhD 


Project Management, U.S. Army Corps of Engineers 


7400 Leake Avenue, New Orleans, LA 70118 


Danielle.a.keller@usace.army.mil <mailto:Danielle.a.keller@usace.army.mil> 


Work: (504) 862-1744 


-----Original Message----- 


From: Allison Froeba [mailto:afroeba@forefrontem.com <mailto:afroeba@forefrontem.com> ] 


Sent: Monday, January 11, 2021 10:07 AM 


To: DLL-MVN-Upper_Barataria_FS <UpperBaratariaFS@usace.army.mil <mailto:UpperBaratariaFS@usace.army.mil> > 


Cc: Brian Froeba <bfroeba@seng-llc.com <mailto:bfroeba@seng-llc.com> > 


Subject: [Non-DoD Source] New Upper Barataria Levee - Mathews LA 
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I'm working with a developer in Mathews LA and need to know if the Latour Golf Course will be affected in the design of the Upper 


Barataria Levee. We currently have real estate for sale and are about to build new homes. We were also looking into building a club house. I 


need to know asap if we should stop any new construction or if there is a construction elevation that we need to build to. I will attend the live 


webinars, but please message me. 


The address is 300 La Tour Blvd, Mathews, LA 70375 


Thank  you, 


Allison Froeba, PE 


CLASSIFICATION: UNCLASSIFIED 







From: Allison Froeba 


To: DLL-MVN-Upper_Barataria_FS 


Cc: Brian Froeba 


Subject: [Non-DoD Source] New Upper Barataria Levee - Mathews LA 


Date: Monday, January 11, 2021 10:36:45 AM 
 


 
 


I’m working with a developer in Mathews LA and need to know if the Latour Golf Course will be affected in the  


design of the Upper Barataria Levee. We currently have real estate for sale and are about to build new homes. We 


were also looking into building a club house. I need to know asap if we should stop any new construction or if there 


is a construction elevation that we need to build to. I will attend the live webinars, but please message me. 


 


 
 


The address is 300 La Tour Blvd, Mathews, LA 70375 


 


 
 


Thank  you, 


Allison Froeba, PE 



mailto:afroeba@forefrontem.com

mailto:UpperBaratariaFS@usace.army.mil

mailto:bfroeba@seng-llc.com





From: Rick 


To: DLL-MVN-Upper_Barataria_FS 


Subject: [Non-DoD Source] St. Charles levee Luling to Raceland 


Date: Saturday, January 09, 2021 9:43:14 AM 


Guys I’m in support of this project. This is long over due. Ricky Hogan. St. Charles resident. 


Sent from my iPhone 



mailto:rdzhogs@cox.net

mailto:UpperBaratariaFS@usace.army.mil





From: phinda9@aol.com 


To: DLL-MVN-Upper_Barataria_FS 


Subject: [Non-DoD Source] UBRR 


Date: Wednesday, January 06, 2021 8:58:48 PM 
 


 
 


This project is desperately needed to protect the homes, business, and industry located on the upper side of the 


project. It will protect multiple parishes and the communities within then situated around the basin. Just the  


benefits resulting from the protection to industry and those who live in the area that operated the industries should 


have a positive cost benefit ratio. 


 
Whatever can be done to make this project become a reality needs to be undertaken. 


Thanks, 


Paul Hogan 


P.O. Box 250 


Des Allemands, LA 70030 


504-615-4862 



mailto:phinda9@aol.com

mailto:UpperBaratariaFS@usace.army.mil





From: Alisha Renfro 


To: DLL-MVN-Upper_Barataria_FS 


Subject: [Non-DoD Source] Mississippi River Delta Coalition Comments 


Date: Monday, January 25, 2021 5:28:57 PM 


Attachments: Upper Barataria FEIS Comment MRD.pdf 


Attached are the comments from the Mississippi River Delta Coalition on the Upper Barataria Basin Project. 


Alisha Renfro, Ph.D. 


Senior Manager for Science Policy 


Gulf Program 


National Wildlife Federation 


3801 Canal St. Suite 400 


New Orleans, LA 70119 


Office: 504-943-1565 


Cell: 504-512-1014 


RenfroA@nwf.org <mailto:RenfroA@nwf.org> 



mailto:RenfroA@nwf.org

mailto:UpperBaratariaFS@usace.army.mil
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January 25, 2021 


U.S. Army Corps of Engineers 


Attn: Danielle Keller 


Room 335 


CEMVN–PMR–C 


7400 Leake Avenue 


New Orleans, LA 70118 


RE: Upper Barataria Basin, Louisiana: Draft Feasibility Report with Integrated Environmental Impact Statement 


Second Draft 


Dear U.S. Army Corps of Engineers, 


We appreciate this opportunity to provide comments on the 2nd Draft Feasibility Report with Integrated 


Environmental Impact Statement (DFRIEIS) of the Upper Barataria Basin (UBB) project. We support providing 


storm risk reduction for coastal communities. For communities in Louisiana’s upper estuarine areas such as the 


UBB, threats are increasing because of past government policies and are now accelerating because of climate 


change. 


The optimization of the tentatively selected plan (TSP) doubled the height of levees needed for the project and 


considerably increased the environmental impact of the project, making it necessary to go back out for public 


review. One thing to note is that while the federal register lists the closing date for comments as January 25, 2021, 


the report lists the closing date as January 29, 2021. In the interest of clarity and transparency, all comments 


submitted by the 29th must be considered. 


As matters of law and policy: 


1. The Corps must comply with the National Water Resources Planning Policy which requires that all water


resources projects protect and restore the environment, including by protecting and restoring the functions


of natural systems. (42 USC 1962–3). The TSP does not meet these requirements. The DFRIEIS purpose


and need statement also does not adequately account for these requirements, despite the offhand reference


to a claim that the project will decrease saltwater intrusion from increased storm surge.


2. The Corps should analyze this project under the Principles, Requirements, and Guidelines (PR&G). Proper


reliance on the PR&G will ensure that the Corps fully accounts for all project costs and benefits, including


the costs and benefits to the environment and public welfare.1 At a minimum, the Corps should be fully


1 Congress directed the Corps to finalize its PR&G implementing regulations in Section 110 of the Water Resources 


Development Act of 2020. P.L. 116-260, Division AA, Section 110 (December 27, 2020). 



https://rules.house.gov/sites/democrats.rules.house.gov/files/BILLS-116HR133SA-RCP-116-68.pdf

https://transportation.house.gov/imo/media/doc/Pages%20from%20BILLS-116HR133SA-RCP-116-68_WRDA2020.pdf





3. The Corps should put an immediate pause on the NEPA/feasibility study processes pursuant to the January


20, 2021 Executive Order on Protecting Health and the Environment and Restoring Science to Tackle the


Climate Crisis. See https://www.whitehouse.gov/briefing-room/presidential- 


actions/2021/01/20/executive-order-protecting-public-health-and-environment-and-restoring-science-to- 


tackle-climate-crisis/. This Executive Order directs all federal agencies to immediately review and address 


the promulgation of federal regulations and other federal actions during the past four years to ensure that 


those actions confront the climate crisis including by, among other things, “listening to science to improve 


public health and protect our environment; to ensure access to clean air and water; to limit exposure to 


dangerous chemicals and pesticides; to bolster resilience to the impacts of climate change; and to prioritize 


both environmental justice. 


evaluating the Environmental Quality (EQ) account as part of its analysis of project costs and benefits, and 


as a driver for project selection. 


Specific Comments 


Restore the Mississippi River Delta Campaign (MRD) is a coalition of the National Audubon Society, the Coalition 


to Restore Coastal Louisiana, Environmental Defense Fund, National Wildlife Federation, and the Pontchartrain 


Conservancy. Together we advocate for science-based restoration in coastal Louisiana. We represent thousands of 


Louisiana members and supporters. MRD is dedicated to large-scale, ecosystem restoration in the Mississippi River 


Delta. As organizations with long-standing interest in risk reduction and restoration projects along Louisiana’s 


coast, we would like to provide the following comments on the Draft Feasibility Report with Integrate 


Environmental Impact Statement (DFRIEIS) of the Upper Barataria Basin project. 


We are disappointed that this DFRIEIS fails to adequately address obvious questions about the viability of this 


project in the face of climate change and near certain future relative sea level rise (RSLR). Instead of taking a 


realistic and wholistic view of the problem and examining innovative ways to cope in a climate constrained future, 


the proposal is to revert to form once again and fall back on the same failed gray infrastructure solutions. This 


proposal promises to create a public expectation of action and relief that will very likely not be delivered in 


a timely manner. 


The grey infrastructure proposed is very expensive and will take decades to finalize engineering and design, secure 


funding and construct. During that time, communities and ecosystems are continuously exposed to flood threats. 


Using natural infrastructure and non-structural projects can reduce the risk more quickly with lower costs to 


taxpayers, protect against multiple flood threats and provide multiple ecosystem service benefits. 


The DFRIEIS cumulative effects analysis does not address the “big picture” effects or what the Corps’ own RSLR 


projections envision, much less the range of possible RSLR projections adopted by the local sponsors’ 2017 Coastal 


Master Plan. There is no discussion of the future frequency of flood gate and culvert closures at Bayou des 


Allemandes and elsewhere along the alignment, what ecological harm an increasing frequency of closures might 



https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/20/executive-order-protecting-public-health-and-environment-and-restoring-science-to-tackle-climate-crisis/

https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/20/executive-order-protecting-public-health-and-environment-and-restoring-science-to-tackle-climate-crisis/

https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/20/executive-order-protecting-public-health-and-environment-and-restoring-science-to-tackle-climate-crisis/





cause, or what effects those closures will have on rainfall inundation of communities. It is indisputably true that as 


sea levels rises interior communities will be forced to adapt by building interior ring levees and drainage capacity, 


or by adopting non-structural flood risk reduction measures, begging the question of why that is not being proposed 


as an alternative in the first place. 


As the DFREIES acknowledges the swamps to be enclosed behind the levee already suffer from the effects of past 


engineering, especially the leveeing of the Mississippi River which cut off inflow of sediment, freshwater and 


nutrients, as well as the hydrological disruption caused by roads and canals. The only possible remedy, incidentally 


the nature-based solution remedy, to these past effects would be to divert flow from the river into the upper basin. 


The project as implemented could preclude such future solutions or render them much more expensive. 


The TSP levee may alter surge dynamics and increase surge heights on existing levees such as the HSDRRS on the 


West Bank as well as local (non-federal) levees, potentially threatening their 100-year standard of performance. It 


is not clear where this has been analyzed and whether there is an additional requirement for future lifts of existing 


levees. 


Further, so-called optimization of the TSP increases the mitigation needs for this project considerably. We 


understand that a final mitigation plan is currently being developed. We suggest that if the TSP is finally selected, 


(or some other cross-basin levee rather than a combination of ring levees and non-structural measures), that the 


Corps consider the Ama Sediment Diversion as mitigation for this project, and that the project be designed with a 


diversion component built in. 


The Ama Diversion was selected in Louisiana’s 2017 Coastal Master Plan (CMP) to build and sustain land in the 


upper Barataria Basin. This project could not only work in conjunction with the Upper Barataria Project to reduce 


saltwater intrusion into the bottomland hardwood forest, cypress-tupelo swamps and freshwater marshes of the 


upper Barataria Basin, but we believe is a viable option for mitigating Upper Barataria impacts. The Ama Sediment 


Diversion is one of the CMP projects identified in the Water Resources Development Act of 2020 to be included in 


a comprehensive management study of the Lower Mississippi River Basin. 


The Ama Sediment Diversion also has the potential to offer other benefits that would maximize the National 


Economic Development goal that is an integral part of the Upper Barataria Project. Wherever possible, it is critical 


that the Corps take advantage of opportunities to achieve efficiencies between restoration, river management and 


levee projects. In the past five years the Bonnet Carré Spillway has been operated five times to divert excess river 


floodwaters to protect downstream communities such as New Orleans. In contrast to the environmental 


consequences of operating the spillway, sediment diversion projects along the Mississippi River can be used to 


restore and sustain wetlands in Louisiana and also serve as outlets for river floodwaters. By putting water and 


sediment into wetlands where it can provide the most benefit and also decrease the need or magnitude of flow 


diverted through the Bonnet Carré Spillway, these diversion projects provide an opportunity to move towards 


holistic river management. 







To test whether these river diversions could distribute floodwaters into degraded wetlands to provide ecological 


benefits and reduce the ecological impacts associated with the Spillway operation during the 2019 flood, scientists 


from our coalition and Tulane University designed a series of runs using the Army Corps’ HEC-RAS model. Initial 


simulations using the Ama diversion demonstrated substantial reduction in the discharge needed to flow through 


the Bonnet Carré spillway. The results suggest that the 2019 Bonnet Carré spillway discharge volume could be 


reduced by over 40% with the operation of the Ama Diversion alone. The results point to the considerable benefits 


of implementing the Ama Sediment Diversion not only as a mitigation feature for the Upper Barataria Project, but 


to also help alleviate the pressure on the Bonnet Carré Spillway. 


It is essential that the design of the Upper Barataria Basin project consider future river diversions in its design to 


not impede implementation of projects to address the long term needs of the coast. Since Louisiana is the local 


cost-share sponsor, any state investment in this project would need to be consistent with Louisiana’s Coastal Master 


Plan, thus ensuring that the Ama Diversion, and any future Des Allemandes basin diversions, could be operated as 


needed so that the flow would not be restricted by the structures of the basin project. Modifications of the project 


design is needed to ensure these projects can work together to protect the people and the environment of the Upper 


Barataria Basin. 


Sincerely, 


Brian Moore Kim Reyher, 


Vice President, Gulf of Mexico Policy Executive Director 


National Audubon Society Coalition to Restore Coastal Louisiana 


Natalie Snider, John Lopez, Ph.D., 


Senior Director, Coastal Resilience Coast and Community Program Director 


Environmental Defense Fund Pontchartrain Conservancy 


David Muth Steve Cochran 


Director, Gulf Program Campaign Director 


National Wildlife Federation Restore the MRD 







From: Nicholas Matherne 


To: Keller, Danielle A CIV (USA); DLL-MVN-Upper_Barataria_FS 


Cc: Donald Henry; Sam Scholle; mlj@stcharlesgov.net; Michael Palamone; Samantha de Castro; Mike Chopin; James 
P. Jasmin; Henry Picard; kgalloway@gisy.com; rodney@greenupind.com; oneilm@gisy.com; Ray Bender - 
Greenup Industries LLC (rbender@greenupind.com) 


Subject: [Non-DoD Source] Public Comments on UBB FS EIS Reach E 


Date: Thursday, January 14, 2021 12:08:18 PM 


Attachments: UBRR_Segment 5-B 11-9-20 Public Meeting Comments.pdf 
 


 


In response to concerns over the alignment of the T-Wall and Rollergate across LA Hwy 306 as part of Segment 2 


of the UBRR project (Hydrologic Reach E of the UBB FS EIS), a Public Meeting was held with the residents of the 


area at the Paradis Fire Station on November 9, 2020. Following this public meeting, multiple emails were sent by 


residents of the area who were in attendance at the public meeting to Mr. Sam Scholle of St. Charles Parish 


Government and forwarded to the Design Team for review and submittal to the USACE team working on the UBB 


FS EIS. Below is a consolidated overview of the comments for USACE review, consideration, and response. The 


content of the original emails, along with sketches by the residents are attached to this email. 


 


 
 


Alternative T-Wall Alignment Option #1 – Construct levee and/or concrete T-Wall geographically north along 


Badeaux Ln, crossing Hwy 306, routing south on the east side of Sunset Pumping Station. 


 


 
 


Benefits: 


 
* Noise Reduction from Pumping Station Engines 


* Eliminates all potential damage to water, power, cable, phone, and sewer lines, as well as homes on Badeaux 


Ln and in Kerry’s Pointe 


 


 


 


 


Alternative T-Wall Alignment Option #2 – Construct a levee system around Simoneaux Pond with two swing gates. 


 


 
 


Benefits: 


 
* Protects all residents of St. Charles Parish, as well as the future growth of these areas impacted. 


 


 
 


Other Comments 


 


 
 


Comment: To drive 90 foot piles for the proposed option along Kerry’s Pointe East there would be at least a 100- 


120 foot of boom on the crane. If a crane failure or mishap with a pile were to occur, our homes and personal safety 


will be compromised as we would be in the drop zone! There’s no way around that. Hence, will we be restricted  


from getting into our own homes during Construction? 


 


 
 


Comment: How will this equipment be brought into work area? Kerry’s Pointe is a private subdivision and would 



mailto:nmatherne@bkiusa.com
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require a right of way on our property to access such work sites? As we do not support the option of building T 


Wall so close to our homes we would not grant such access without a challenge. 


Comment: If a temporary construction fence is constructed during construction where will it be placed in reference 


to our homes? Someone needs to review this and provide an answer. 


Comment: On Alternate #1 (addressed above), could you advise the purpose of the new additional access road at the 


east end of Kerry's Pointe connecting to the existing Badeaux Lane? With the installation of the roller gate at the 


existing Kerry's Pointe entrance, we are unclear as to what the purpose of this 2nd entrance might be. 


Please let me know if you have any further questions regarding these public comments. 


Thanks, 


Nicholas Matherne, CFM 


Project Manager | Highway-Structural 


BURK-KLEINPETER, INC. 


4176 Canal Street, New Orleans LA 70119 


O. 504.486.5901 F. 504.488.1714 C. 985.856.4170


bkiusa.com 







On Nov 12, 2020, at 2:05 PM, Jason Porter <jasonpporter1@gmail.com> wrote: 
 
 


Mr. Sam, 


 


We reside at119 Kerry's Pointe East, which is the red-roofed house at the east end of Kerry's 


Pointe adjacent to the existing levee and abutting Badeaux Lane. 


 


I firstly wanted to thank you and the various folks that presented to and entertained ideas from 


the stakeholders at Monday's meeting. We all realize that there are tough decisions to be made 


and there are plenty of opposing views, but the group's efforts in listening to the residents and 


perspectives is very much appreciated. 


 


As part of your team's review, please consider the following: 


 


1. We strongly favor the alternate options presented by Kevin Chiasson at the meeting and in the 


below email. We feel that either of these options would be far less impactful to all existing 


residents, and would properly provide flood protection for ALL St. Charles residents, not just 


most. Hopefully this approach may be found to be cost-neutral with the elimination of mutliple 


roller gates and replacement with one additional barge gate or similar. This option #2 below as 


drawn also should result in a shorter span crossing Bayou Des Allemands/Mud Lake, which also 


should have cost benefits. 


 


2. If neither of these prove viable, and if the original proposals are the only considerations, 


Alternate #1 is greatly preferred by the Porters, by the entire Kerry's Pointe community, and by 


the majority of Badeaux Lane residents. This original Alternate #1 proposal has the least direct 


impact to all of these residences (10 houses directly alongside and directly adversely impacted by 


the Alternate #2 proposal). The only residents to our knowledge that would oppose Alternate #1 


would be the two houses that end up in the middle of the existing levee and the new levee, but 


certainly these are directly negatively impacted by either option. We strongly favor the 


installation of Alternate #1 over #2. 
 


3. On Alternate #1, could you advise the purpose of the new additional access road at the east 


end of Kerry's Pointe connecting to the existing Badeaux Lane? With the installation of the 


roller gate at the existing Kerry's Pointe entrance, we are unclear as to what the purpose of this 


2nd entrance might be. 


 


Many thanks for your time and consideration. We look forward to hearing back from you on 


these points. 


 


Respectfully, 


Jason & Tammy Porter 


504-908-5678 



mailto:jasonpporter1@gmail.com





From: Chiasson, Kevin <Kevin.Chiasson@adm.com> 


Sent: Wednesday, November 11, 2020 12:52 PM 


To: sscholle@stcharlesgov.net 


Cc: Chiasson, Kevin <Kevin.Chiasson@adm.com>; jeannemjacob@gmail.com; 


ronniejacobjr@gmail.com 


Subject: Bayou Gauche Protection Levee options 


 


 
 


St. Charles Parish levee protection construction Options Via 


Kevin Chiasson 


114 Kerry’s Pointe East 


Bayou Gauche Resident 


 


In the Attachments above I’m presenting Two important options to protect the resident of Bayou 


Gauche. 


 


Option #1 


 


• Construct levee and / or concrete T-Well geographically north along Badeaux lane, 


crossing Hwy 
306, routing south on the east side of Sunset Pumping Station. 


 
Benefits with Option #1: 


• Noise reduction from pumping station engines. 


• Eliminates all potential damage to water, power, cable, phone and sewer lines and as well 


as most 
Certain damage to the homes on Badeaux Lane and within Kerry’s Pointe Community. 


 


Option #2 


 


• Construction of levee system around ( Simoneaux Pond ) with two swing gates or Barge 


blocks. 
 


Benefits with Option #2: 


• Protects all the residents of St. Charles Parish as well as the future Growth of these areas 


impacted. 


 
 


We appreciate and pole the Parish considers our Options. 


Thanks. 



mailto:Kevin.Chiasson@adm.com

mailto:Kevin.Chiasson@adm.com

mailto:sscholle@stcharlesgov.net
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From: Ronald Jacob <ronniejacobjr@gmail.com> 
Sent: Friday, November 13, 2020 6:17 PM 
To: Sam Scholle <sscholle@stcharlesgov.net> 


Cc: Kevin Chiasson <kevin.chiasson@adm.com>; Jason Porter <jasonpporter1@gmail.com> 
Subject: Section 2 St Charles Parish Levee Work 


 
Dear Mr Scholle, 


 


We are Ronnie & Jeanne Jacob and we live at 108 Kerry’s Pointe East in Bayou Gauche. 


 


We attended the November 9th meeting with St. Charles Parish officials regarding the Segment 2 Levee 


improvement plan. 


 


We very much appreciate you and the St. Charles Parish team reaching out to the affected residents and 


seeking our input and hearing our concerns. We do have questions we’d like answered when known. We 


wholeheartedly support constructing a levee system in the marsh, as Mr. Chiasson has depicted as Option 


2 which is attached. This Option will protect ALL Bayou Gauche residents and leaves no one unprotected 


from storm surge. There’s only one shot at this, so let’s do the right thing and protect all residents. There 


are hundreds of miles of levees presently in the marsh including this project. If for some reason this can’t 


be done, we’d want to see the levee follow the north side of Hwy. 306 towards Sunset Drainage Canal, 


following canal south beyond the pump station and connecting to existing levee at this point (Mr. 


Chiasson Option 1 attached.) This option offers much less impacts to all affected residents. 


 


My Reasoning for rejecting your proposed T-Wall Construction some 100 feet from my front door is 


safety: 


 


1. To drive 90 foot piles for the proposed option along Kerry’s Pointe East there would be at least a 100- 


120 foot of boom on the crane. If a crane failure or mishap with a pile were to occur, our homes and 


personal safety will be compromised as we would be in the drop zone! There’s no way around 


that. Hence, will we be restricted from getting into our own homes during Construction? 


 


2. How will this equipment be brought into work area? Kerry’s Pointe is a private subdivision and would 


require a right of way on our property to access such work sites? As we do not support the option of 


building T Wall so close to our homes we would not grant such access without a challenge. 


 


3. If a temporary construction fence is constructed during construction where will it be placed in 


reference to our homes? Someone needs to review this and provide an answer. 


 


We encourage you to take serious consideration to Mr. Chiasson’s options to construct within the marsh 


and protect all residents or along Hwy. 306 and maintain a safe distance from Kerry’s Pointe homes. 


 


Thanks for your consideration and attention to this request. 



mailto:ronniejacobjr@gmail.com
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Thanks 


 


Ronnie & Jeanne Jacob 


108 Kerrys Pointe East 


Des Allemands LA 70030 







From: Susan Melancon [mailto:slm66@bellsouth.net] 
Sent: Friday, November 13, 2020 10:24 AM 
To: Sam Scholle <sscholle@stcharlesgov.net> 
Subject: Proposed Levee in Bayou Gauche 


 


Mr. Scholle, 
 


I live at 121 Kerry’s Pointe East. I am writing to inform you of my support of the options that Kevin 
Chiasson presented at the meeting on Monday. Option #1 is strongly preferred over option #2. Thank 
you for your consideration in this matter. 


 
Sincerely, 


 
Susan Melancon 



mailto:slm66@bellsouth.net

mailto:sscholle@stcharlesgov.net





From: Nicholas Matherne 


To: Keller, Danielle A CIV (USA); DLL-MVN-Upper_Barataria_FS 


Cc: Donald Henry; Dwayne Bourgeois; mlj@stcharlesgov.net; Rechelle Champagne; Sam Scholle; Mike Chopin; 
Henry Picard; oneilm@gisy.com; kgalloway@gisy.com; jloeske@gisy.com; rodney@greenupind.com; Ray Bender 
- Greenup Industries LLC (rbender@greenupind.com); James P. Jasmin; Ignacio Harrouch; Jas Singh 


Subject: [Non-DoD Source] UBB 2nd Draft FS EIS Design Team Comments & Questions 


Date: Wednesday, January 13, 2021 4:35:09 PM 


Attachments: UBB Study 2nd Draft Comments_LBLD-NLLD.pdf 
 


 


Danielle, 


 


 
 


On behalf of the Lafourche Basin Levee District, North Lafourche Levee District, St. Charles Parish, and the Upper 


Barataria Risk Reduction Design Team, I wanted to thank you for your staff’s time last Wednesday walking us  


through the updates to the UBB FS EIS Second Draft and for the opportunity to provide our collective comments 


and questions on the report. Attached is a memorandum from Donald Ray Henry of LBLD (collaboratively 


composed by the levee districts, parish, and design team) outlining our questions and concerns with various aspects 


of the report, its findings, and its methodologies. As mentioned during last Wednesday’s WebEx meeting, we  


would appreciate your team taking the time to address each of our questions and comments, and we would like to 


offer to make ourselves available to discuss any further questions your team may have, whether in-person or 


virtually. 


 


 
 


Please let me know how our Design Team can further assist your FS team to address the attached comments. 


 


 
 


Thanks, 


 


 
 


Nicholas Matherne, CFM 


 
Project Manager | Highway-Structural 


BURK-KLEINPETER, INC. 


4176 Canal Street, New Orleans LA 70119 


 
O. 504.486.5901 F. 504.488.1714 C. 985.856.4170 


 
bkiusa.com 
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From: Keller, Danielle A CIV (USA) 


To: Nicholas Matherne 


Cc: Bradley, Sarah C CIV USARMY CEMVN (USA); kgalloway@gisy.com; Ray Bender - Greenup Industries LLC 
(rbender@greenupind.com); Creel, Travis J CIV USARMY CEMVN (USA) 


Subject: RE: UBB 2nd Draft FS EIS Design Team Comments & Questions (UNCLASSIFIED) 


Date: Thursday, February 04, 2021 5:58:00 AM 


Attachments: UBB Study 2nd Draft Comments_LBLD-NLLD_PDT evaluation final_20210204.docx 
 


 


CLASSIFICATION: UNCLASSIFIED 


 
Good morning Nick, 


Our PDT has evaluated the comments made on the UBB Draft Report. Please see our evaluations (in red) on the 


attachment. Please reach out with any questions. 


Thank you for your patience! 


-Danielle 


 
Danielle A Keller, PhD 


Project Management, U.S. Army Corps of Engineers 


7400 Leake Avenue, New Orleans, LA 70118 


Danielle.a.keller@usace.army.mil 


Work: (504) 862-1744 


 


 
-----Original Message----- 


From: Nicholas Matherne [mailto:nmatherne@bkiusa.com] 


Sent: Wednesday, January 27, 2021 3:09 PM 


To: Keller, Danielle A CIV (USA) <Danielle.A.Keller@usace.army.mil> 


Cc: Bradley, Sarah C CIV USARMY CEMVN (USA) <Sarah.C.Bradley@usace.army.mil>; kgalloway@gisy.com; 


Ray Bender - Greenup Industries LLC (rbender@greenupind.com) <rbender@greenupind.com> 


Subject: [Non-DoD Source] RE: UBB 2nd Draft FS EIS Design Team Comments & Questions (UNCLASSIFIED) 


Danielle, 


Any update on a follow-up virtual meeting? 


 
Nicholas Matherne, CFM 


Project Manager | Highway-Structural 


BURK-KLEINPETER, INC. 


4176 Canal Street, New Orleans LA 70119 


O. 504.486.5901 F. 504.488.1714 C. 985.856.4170 bkiusa.com 


 
-----Original Message----- 


From: Keller, Danielle A CIV (USA) <Danielle.A.Keller@usace.army.mil> 


Sent: Thursday, January 21, 2021 1:40 PM 


To: Nicholas Matherne <nmatherne@bkiusa.com> 


Cc: Bradley, Sarah C CIV USARMY CEMVN (USA) <Sarah.C.Bradley@usace.army.mil>; Logan, John B CIV 


USARMY CEMVN (USA) <John.B.Logan@usace.army.mil> 


Subject: RE: UBB 2nd Draft FS EIS Design Team Comments & Questions (UNCLASSIFIED) 


CLASSIFICATION: UNCLASSIFIED 


Sounds good! 


 
Ben Logan is our economist and he might be able to help you out (CCed here). 


Danielle A Keller, PhD 
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Project Management, U.S. Army Corps of Engineers 


7400 Leake Avenue, New Orleans, LA 70118 Danielle.a.keller@usace.army.mil 


Work: (504) 862-1744 


 
 


-----Original Message----- 


From: Nicholas Matherne [mailto:nmatherne@bkiusa.com] 


Sent: Thursday, January 21, 2021 1:25 PM 


To: Keller, Danielle A CIV (USA) <Danielle.A.Keller@usace.army.mil> 


Cc: Bradley, Sarah C CIV USARMY CEMVN (USA) <Sarah.C.Bradley@usace.army.mil> 


Subject: [Non-DoD Source] RE: UBB 2nd Draft FS EIS Design Team Comments & Questions (UNCLASSIFIED) 


I have a meeting first thing Thursday, but I'll be available after about 9:30. 


In the meantime, who would be the person to talk with about the structure inventory you guys used for your BCA? 


We're working on the Louisiana Watershed Initiative application, and an updated inventory would definitely be very 


helpful! 


 
Nicholas Matherne, CFM 


Project Manager | Highway-Structural 


BURK-KLEINPETER, INC. 


4176 Canal Street, New Orleans LA 70119 


O. 504.486.5901 F. 504.488.1714 C. 985.856.4170 bkiusa.com 


 
-----Original Message----- 


From: Keller, Danielle A CIV (USA) <Danielle.A.Keller@usace.army.mil> 


Sent: Thursday, January 21, 2021 12:23 PM 


To: Nicholas Matherne <nmatherne@bkiusa.com> 


Cc: Bradley, Sarah C CIV USARMY CEMVN (USA) <Sarah.C.Bradley@usace.army.mil> 


Subject: RE: UBB 2nd Draft FS EIS Design Team Comments & Questions (UNCLASSIFIED) 


 
CLASSIFICATION: UNCLASSIFIED 


 
I'll check with our folks since we really need them there. We may be able to do it next Thursday during our PDT 


meeting since most have that pre-scheduled. Stay tuned. 


 
Danielle A Keller, PhD 


Project Management, U.S. Army Corps of Engineers 


7400 Leake Avenue, New Orleans, LA 70118 Danielle.a.keller@usace.army.mil 


Work: (504) 862-1744 


 
 


-----Original Message----- 


From: Nicholas Matherne [mailto:nmatherne@bkiusa.com] 


Sent: Thursday, January 21, 2021 12:16 PM 


To: Keller, Danielle A CIV (USA) <Danielle.A.Keller@usace.army.mil> 


Cc: Bradley, Sarah C CIV USARMY CEMVN (USA) <Sarah.C.Bradley@usace.army.mil> 


Subject: [Non-DoD Source] RE: UBB 2nd Draft FS EIS Design Team Comments & Questions (UNCLASSIFIED) 


 
With the number of people we'd need to check with on our end, I think we should just pick a time and let them either 


make it work or assign people to join in and take notes. Sometime Wednesday morning, maybe? 


 
Nicholas Matherne, CFM 


Project Manager | Highway-Structural 


BURK-KLEINPETER, INC. 


4176 Canal Street, New Orleans LA 70119 


O. 504.486.5901 F. 504.488.1714 C. 985.856.4170 bkiusa.com 
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-----Original Message----- 


From: Keller, Danielle A CIV (USA) <Danielle.A.Keller@usace.army.mil> 


Sent: Thursday, January 21, 2021 11:17 AM 


To: Nicholas Matherne <nmatherne@bkiusa.com> 


Cc: Bradley, Sarah C CIV USARMY CEMVN (USA) <Sarah.C.Bradley@usace.army.mil> 


Subject: RE: UBB 2nd Draft FS EIS Design Team Comments & Questions (UNCLASSIFIED) 


 
CLASSIFICATION: UNCLASSIFIED 


 
Hey Nick, 


Thanks for checking in! We are still working through the comments and we will plan to send out written responses 


and then schedule a meeting. We are in the final week of ATR and public review so our PDT is working on that  


right now. Our meeting will have to be sometime next week. Is there a day or time that works better for you and 


others? 


Thanks, 


Danielle 


 
Danielle A Keller, PhD 


Project Management, U.S. Army Corps of Engineers 


7400 Leake Avenue, New Orleans, LA 70118 Danielle.a.keller@usace.army.mil 


Work: (504) 862-1744 


 
 


-----Original Message----- 


From: Nicholas Matherne [mailto:nmatherne@bkiusa.com] 


Sent: Thursday, January 21, 2021 8:24 AM 


To: Keller, Danielle A CIV (USA) <Danielle.A.Keller@usace.army.mil> 


Subject: [Non-DoD Source] Re: UBB 2nd Draft FS EIS Design Team Comments & Questions (UNCLASSIFIED) 


 
Morning Danielle, any concensus from the PDT on a follow-up meeting/webex to walk through the levee districts' 


and parish's questions? 


 
 


Nicholas Matherne, CFM 


Project Manager 


BKI | Burk-Kleinpeter, Inc. 


 


 
4176 Canal St. 


 
New Orleans, LA 70119 


O: (504) 486-5901 


C: (985) 856-4170 
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From: Keller, Danielle A CIV (USA) <Danielle.A.Keller@usace.army.mil> 


Sent: Tuesday, January 19, 2021 5:36:42 AM 


To: Nicholas Matherne <nmatherne@bkiusa.com>; DLL-MVN-Upper_Barataria_FS 


<UpperBaratariaFS@usace.army.mil> 


Cc: Donald Henry <drhenry@lbld.us.com>; Dwayne Bourgeois <dwayneb@nlcldd.com>; mlj@stcharlesgov.net 


<mlj@stcharlesgov.net>; Rechelle Champagne <rchampagne@stcharlesgov.net>; Sam Scholle 


<sscholle@stcharlesgov.net>; Mike Chopin <mchopin@bkiusa.com>; Henry Picard <hpicard@bkiusa.com>; 


oneilm@gisy.com <oneilm@gisy.com>; kgalloway@gisy.com <kgalloway@gisy.com>; jloeske@gisy.com 


<jloeske@gisy.com>; rodney@greenupind.com <rodney@greenupind.com>; Ray Bender - Greenup Industries LLC 


(rbender@greenupind.com) <rbender@greenupind.com>; James P. Jasmin <jjasmin@lbld.us.com>; Ignacio 


Harrouch <Ignacio.Harrouch@la.gov>; Jas Singh <Jas.Singh@LA.GOV>; Bradley, Sarah C CIV USARMY 


CEMVN (USA) <Sarah.C.Bradley@usace.army.mil> 


Subject: RE: UBB 2nd Draft FS EIS Design Team Comments & Questions (UNCLASSIFIED) 


CLASSIFICATION: UNCLASSIFIED 


Good morning Nick, 


We have a meeting at 8am this morning with the PDT. We will discuss when everyone will be available, but hoping 


for Thursday or Friday this week. 


I will be in touch later today. 


Thank you, 


Danielle 


 
Danielle A Keller, PhD 


Project Management, U.S. Army Corps of Engineers 


7400 Leake Avenue, New Orleans, LA 70118 Danielle.a.keller@usace.army.mil 


Work: (504) 862-1744 


 
 


-----Original Message----- 


From: Nicholas Matherne [mailto:nmatherne@bkiusa.com] 


Sent: Monday, January 18, 2021 3:02 PM 


To: Keller, Danielle A CIV (USA) <Danielle.A.Keller@usace.army.mil>; DLL-MVN-Upper_Barataria_FS 


<UpperBaratariaFS@usace.army.mil> 


Cc: Donald Henry <drhenry@lbld.us.com>; Dwayne Bourgeois <dwayneb@nlcldd.com>; mlj@stcharlesgov.net; 


Rechelle Champagne <rchampagne@stcharlesgov.net>; Sam Scholle <sscholle@stcharlesgov.net>; Mike Chopin 


<mchopin@bkiusa.com>; Henry Picard <hpicard@bkiusa.com>; oneilm@gisy.com; kgalloway@gisy.com; 


jloeske@gisy.com; rodney@greenupind.com; Ray Bender - Greenup Industries LLC (rbender@greenupind.com) 


<rbender@greenupind.com>; James P. Jasmin <jjasmin@lbld.us.com>; Ignacio Harrouch 


<Ignacio.Harrouch@la.gov>; Jas Singh <Jas.Singh@LA.GOV>; Bradley, Sarah C CIV USARMY CEMVN (USA) 


<Sarah.C.Bradley@usace.army.mil> 


Subject: [Non-DoD Source] RE: UBB 2nd Draft FS EIS Design Team Comments & Questions (UNCLASSIFIED) 


Danielle, 


Just touching base with you and the rest of the PDT on the status of the review of our questions and comments and 


to see when we may be able to schedule a follow-up meeting to discuss our concerns. 


 
Thanks, 


 
Nicholas Matherne, CFM 


Project Manager | Highway-Structural 


BURK-KLEINPETER, INC. 


4176 Canal Street, New Orleans LA 70119 


O. 504.486.5901 F. 504.488.1714 C. 985.856.4170 bkiusa.com 
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-----Original Message----- 


From: Keller, Danielle A CIV (USA) <Danielle.A.Keller@usace.army.mil> 


Sent: Thursday, January 14, 2021 8:03 AM 


To: Nicholas Matherne <nmatherne@bkiusa.com>; DLL-MVN-Upper_Barataria_FS 


<UpperBaratariaFS@usace.army.mil> 


Cc: Donald Henry <drhenry@lbld.us.com>; Dwayne Bourgeois <dwayneb@nlcldd.com>; mlj@stcharlesgov.net; 


Rechelle Champagne <rchampagne@stcharlesgov.net>; Sam Scholle <sscholle@stcharlesgov.net>; Mike Chopin 


<mchopin@bkiusa.com>; Henry Picard <hpicard@bkiusa.com>; oneilm@gisy.com; kgalloway@gisy.com; 


jloeske@gisy.com; rodney@greenupind.com; Ray Bender - Greenup Industries LLC (rbender@greenupind.com) 


<rbender@greenupind.com>; James P. Jasmin <jjasmin@lbld.us.com>; Ignacio Harrouch 


<Ignacio.Harrouch@la.gov>; Jas Singh <Jas.Singh@LA.GOV>; Bradley, Sarah C CIV USARMY CEMVN (USA) 


<Sarah.C.Bradley@usace.army.mil> 


Subject: RE: UBB 2nd Draft FS EIS Design Team Comments & Questions (UNCLASSIFIED) 


CLASSIFICATION: UNCLASSIFIED 


Good morning Nick, 


Thank you for your email and the document with comments and questions. I will send them out to the PDT and we 


will be working on addressing your concerns over the next several days/ next week. I will be back in touch with 


questions or a request for a meeting. 


Thank you! 


Danielle 


 
Danielle A Keller, PhD 


Project Management, U.S. Army Corps of Engineers 


7400 Leake Avenue, New Orleans, LA 70118 Danielle.a.keller@usace.army.mil 


Work: (504) 862-1744 


 
 


-----Original Message----- 


From: Nicholas Matherne [mailto:nmatherne@bkiusa.com] 


Sent: Wednesday, January 13, 2021 4:34 PM 


To: Keller, Danielle A CIV (USA) <Danielle.A.Keller@usace.army.mil>; DLL-MVN-Upper_Barataria_FS 


<UpperBaratariaFS@usace.army.mil> 


Cc: Donald Henry <drhenry@lbld.us.com>; Dwayne Bourgeois <dwayneb@nlcldd.com>; mlj@stcharlesgov.net; 


Rechelle Champagne <rchampagne@stcharlesgov.net>; Sam Scholle <sscholle@stcharlesgov.net>; Mike Chopin 


<mchopin@bkiusa.com>; Henry Picard <hpicard@bkiusa.com>; oneilm@gisy.com; kgalloway@gisy.com; 


jloeske@gisy.com; rodney@greenupind.com; Ray Bender - Greenup Industries LLC (rbender@greenupind.com) 


<rbender@greenupind.com>; James P. Jasmin <jjasmin@lbld.us.com>; Ignacio Harrouch 


<Ignacio.Harrouch@la.gov>; Jas Singh <Jas.Singh@LA.GOV> 


Subject: [Non-DoD Source] UBB 2nd Draft FS EIS Design Team Comments & Questions 


Danielle, 


 
 


On behalf of the Lafourche Basin Levee District, North Lafourche Levee District, St. Charles Parish, and the Upper 


Barataria Risk Reduction Design Team, I wanted to thank you for your staff's time last Wednesday walking us  


through the updates to the UBB FS EIS Second Draft and for the opportunity to provide our collective comments 


and questions on the report. Attached is a memorandum from Donald Ray Henry of LBLD (collaboratively 


composed by the levee districts, parish, and design team) outlining our questions and concerns with various aspects 


of the report, its findings, and its methodologies. As mentioned during last Wednesday's WebEx meeting, we would 


appreciate your team taking the time to address each of our questions and comments, and we would like to offer to 


make ourselves available to discuss any further questions your team may have, whether in-person or virtually. 
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Please let me know how our Design Team can further assist your FS team to address the attached comments. 


 


 
 


Thanks, 


 


 
 


Nicholas Matherne, CFM 


 
Project Manager | Highway-Structural 


BURK-KLEINPETER, INC. 


4176 Canal Street, New Orleans LA 70119 


 
O. 504.486.5901 F. 504.488.1714 C. 985.856.4170 


 
bkiusa.com 
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DATE: 


TO: 


 
 


 
FROM: 


MEMORANDUM 


January 13, 2021 


 
Danielle Keller, PhD 


Sarah Bradley 


Travis Creel 


US Army Corps of Engineers (USAGE) 


 
Donald Ray Henry, Executive Director 


Lafourche Basin Levee District (LBLD) 


-PRESID ENT 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


:R:V ,SOllA.PUR 
HN THE BAPTIST 


PARISH 


SUBJECT: Technical Questions Regarding USACE's Second Draft 


Feasibility Report with Integrated Environmental Impact 


Statement for the Upper Barataria Basin 


 
 


On January 6, 2021, the USAGE held a stakeholder meeting for the referenced 


project. USAGE staff advised engineering consultants on the call to submit 


questions that are more technical in nature for discussion at a later meeting with 


technical staff. The Lafourche Basin Levee District's Design Team for this project 


has prepared the following questions and comments on behalf of LBLD and the 


North Lafourche Levee District {NLLD). 


 
 


1. Levee and Structure Elevations 


 
The design elevations for the second draft of this report are considerably higher 


than those included in the first draft. LBLD and NLLD would like to fully understand 


the development of these elevations and respectfully request more details on the 


modeling efforts used to determine the elevations. 


 


The design elevations the USAGE developed for this report are considerably 


higher than those developed by the Coastal Protection and Restoration Authority 


(CPRA) during its planning efforts for the 2017 Master Plan. LBLD and NLLD 


respectfully request that the USAGE consider CPRA's analyses to determine 


whether they can be incorporated into the NED plan. 


Alternatives 8 (Section 4.3.8 on p. 47) and 10 (Section 4.5.2 on p. 57) included the 


barge at "14 feet high." This elevation would be consistent with CPRA's analysis 


(which requires the top of gate at elevation +15 ft NAVD88). Alternative 10 also 


appears to require the St. Charles levees to be raised to an elevation of +12 ft 


NAVD88 rather than +14.5. Both of these alternatives appear to refer to the 1% 







 


 


 


 


 


Annual Exceedance Probability (AEP) elevation, yet they are lower than the gate 


in the NED plan. 


 


Recommended elevations to meet the 1% AEP elevation differ by as much as 3.5' 


between some adjacent hydraulic reaches. Assuming that this is not meant to 


convey that USACE is recommending abrupt changes in elevation requirements 


between reaches, LBLD and NLLD respectfully request more detail regarding how 


these elevations transition and taper between reaches that require different 


elevations to adequately reduce risk against the 1% AEP storm event, without 


requiring additional elevation when not necessary. 


 


Some components of the alignment also seem to have been included in the project 


cost, even though those elements are either in design or construction, while others 


have either been constructed or already have funding allocated for their 


construction from local entities. We would appreciate the opportunity to review all 


advances in design and/or construction that have been undertaken since the 


commencement of efforts associated with this report. 


 
 


2. Hydraulic Structures 


 
LBLD and NLLD recommend reducing the number of hydraulic structures to 


reduce the cost of the project. 


 


Eliminating the box culverts flanking the proposed flood gate is justified based on 


USACE's hydraulic analysis for the Donaldsonville to the Gulf Project. According 


to that study, "the structures were sized so that head loss through the structures 


would be less than 0.5 feet along the entire length of the levee." The study called 


for a 110-foot-wide navigational gate and eight (8) 20-foot-wide tidal interchange 


structures. LBLD and its consultants chose to include all of this width in the barge 


gate structure, which results in a more hydraulically efficient structure and provides 


the cross-sectional area required per the USACE's previous analysis. 


 


Further justification for eliminating the box culverts may be found in hydraulic 


modeling performed in support of CPRA's Master Plan. Modeling performed by 


Arcadis suggests that the peak average velocity in Bayou Des Allemands for the 


suite  of  design  storms1   is less  than  1  ft/s  in  the  pre-project  condition.   During 


preliminary design of the proposed barge gate, GIS Engineering used Arcadis' 


modeling results to calculate a maximum velocity of 5.5 ft/s through the proposed 


 


 


1 Arcadis' suite of design storms considered the joint probability of storm surge and 


rainfall with recurrence intervals ranging from 10 years to 500 years. 







 
 
 
 
 


opening. Discussion of velocities in Section 5.2.2.1.2 of USACE's report suggests 


that this velocity would be acceptable. 


 


Eliminating some of the drainage structures in Reach G is justified based on the 


existing topography. The structures marked as feature #23 on Figure 4-13 (p. 70) 


are located in the alignment of an existing spoil bank that has limited hydrologic 


interchange for decades. These structures are not necessary to preserve the 


existing hydrologic regime. 


 
 


3. Buy-outs in Bayou Gauche, Gheens, and Mathews 
 


The report mentions that the Tentatively Selected Plan will potentially require the 


acquisition of an estimated 270 residential and 5 commercial structures due to the 


impacts of induced flooding as a worst-case scenario. The total estimated costs 


of $84.2 million was assumed for cost estimates. These buyouts would occur in 


the communities of Bayou Gauche, Gheens, and Mathews because of their current 


lack of adequate structural risk reduction to protect against the 1% AEP storm for 


the 2076 scenario. 


 


NLLD is currently designing a lift of the existing levee protecting Gheens to +9.0 


feet with sheet pile. While additional modeling efforts may show additional 


elevation necessary in this area to protect against the 1% AEP storm in this area, 


a higher top of wall elevation along this alignment than currently planned would 


incur significantly lower costs than buyouts and would be much better received by 


the residents of the area in question.   We request that the modeling efforts used 


to inform project cost estimates utilize water surface elevations that include 


reductions provided by NLLD's planned efforts. 


The community of Bayou Gauche includes several residential structures located 


outside the proposed levee alignment. While buyouts of these structures is a 


possibility, to our knowledge this method of non-structural risk reduction has not 


been used in coastal Louisiana. More economical and socially acceptable 


alternatives such as floodproofing and home elevations should be factored for a 


more realistic cost estimate. At the same time, we would appreciate a realistic 


discussion on buyouts of residential properties, as some residents are more than 


willing to consider accepting a complete buyout of their homes in order for them to 


relocate to more resilient areas that require less or no risk reduction measures. 


 
 


4. Use of HSDRRS standards 







 
 
 
 


 


The use of HSDRRS standards increases the project's cost. The Morganza to the 


Gulf Post-Authorization Change report and subsequent Adaptive Criteria 


Assessment Report recognized the storage capacity in the protected area of that 


project, allowing a reduced footprint and cost for the levee. A similar approach is 


appropriate for this project. 


 
 
 


5. References to the Upper Barataria Risk Reduction Conceptual Design Report 


and other studies 


 


In 2018, Burk-Kleinpeter, Inc., APTIM, and GIS Engineering prepared a conceptual 


report for the referenced project on behalf of LBLD and NLLD. Throughout the 


USACE's planning efforts for this project, this team of consultants provided 


information from this report through CPRA for the USACE's use.  LBLD, NLLD, 


and the consultants are pleased that the USAGE relied on information from the 


report. We ask that the USAGE accurately cite the report for the benefit of future 


users of USACE's report. 


 
• Section 1.5 (p. 6) and Section 2.5 (p. 9) refer to the "St. Charles Levee 


District," which does not exist. This comment appears to refer to LBLD 


and NLLD. St. Charles Parish has also been an active participant in these 


efforts. Section 1.5 also lists several past reports by the USAGE and 


others, but omits this one. 


• Section 12 should also list this report. 


• Appendix A, Section 1.8.2 appears to reference the report directly but is 


not entirely accurate in its reference. The report was prepared jointly by 


Burk-Kleinpeter, Inc.; GIS Engineering, LLC; and APTIM Corp. for the 


LBLD and NLLD (political subdivisions of the State of Louisiana). 


 
There are several other studies that warrant inclusion in Sections 1.5 and 12. 


 
• "Project Development and Implementation Program: Upper  Barataria 


Risk Reduction" by ARCADIS, RAND, and The Water Institute of the Gulf, 


dated March 17, 2014. 


• "Upper Barataria Risk Reduction Modeling: Phase 2 - Rainfall & Storm 


Surge Combined Effects Modeling" by ARCADIS, RAND, and The Water 


Institute of the Gulf, dated July 8, 2015. These two studies combined 


found that the project as envisioned in CPRA's Master Plan has a benefit 


cost ratio of 2.3. 


• St. Charles Parish sponsored an economic study to more accurately 


quantify potential project benefits including business disruption and 


disruption to Hwy 90. 


 
6. References to Paradis, LA 







 
 
 
 


 


Several references to Paradis, LA, the Paradis Canal, and the Paradis Canal Flood 


Gate are misspelled as "Paradise." While this is a minor detail, we would 


appreciate consistency for mapping and informational purposes. 


 


Should you have any additional questions or comments, please do not hesitate to 


contact our office at (225) 265-7545, and we will be sure to have our Design Team 


coordinate with your staff to adequately address concerns of all parties. 
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Lafourche Basin Levee District 


 
Cc: Mr. Dwayne Bourgeois, North Lafourche Levee District 


Mr. Matthew Jewell, St. Charles Parish President 
Mr. Sam Scholle, St. Charles Parish Government 
Mr. Mike Chopin: BKI, Inc. 
Mr. Henry Picard: BKI, Inc. 
Mr. Nie Matherne: BKI, Inc. 
Mr. Oneil Malbrough: GIS Engineering 
Mr. Kyle Galloway; GIS Engineering 
Mr. Jacob Loeske: GIS Engineering 
Mr. Rodney Greenup: Greenup Industries, LLC 
Mr. Ray Bender: Greenup Industries, LLC 
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USACE Reponses to Public Comments on 1st Draft Report 







Public Comments on First Draft Report and USACE Responses 
 


Name Date comment 


issued 


Comment 


method 


Comment Answer 


Sam Scholle 1/2/2020 email If I read the maps correctly, the alternate 1 option includes the Sunset levee from the Paradis gate structure, along the Sunset levee to the proposed barge gate 


structure, and then through Lafourche Parish to highway 308. Based on this assumption, Davis Pond to include the lifting of or structure on Highway 90, two railroad 


gates, and possible lifting of River Road would not be included. Additionally, the Davis Pond pipeline tee‐wall and the (3) pipeline tee‐wall structures within the 8 plus 


miles of levee from Davis Pond to the Paradis canal would not be included in the alternate 1 study. 


1. Will the Chief’s report only qualify alternate 1 sections of levee for future federal funding? If so what about the remainder of the levee system? 


2. Relative to over topping and large size of the basin, does the possible 100 year protection for a levee height of elevation +7 ½ only apply to what is behind the 


barge gate? 


3. Is it possible to include the Davis Pond structures, highway 90, and pipeline tee‐walls as part of the Chief’s Report? 


4. Should there be major flood loss on the West bank of St. Charles, will the Alternate 1 Chief’s Report benefit the entire levee system to be built to 100 year 


protection? There are approximately 6,000 homes behind the levee from Davis Pond to the Paradis canal. 


Please keep in mind the $1.6 Billion in economic impacts for loss of highway 90. I realize these impacts are not being considered, but this weighs heavily when 


considering how much levee construction is not being included in the study. With Lamp possibly reaching an end and adoption of flood maps, funding so much of the 


levee outside the of the study is a concern. Relative to answer No. 3, our understanding is the Davis Pond levee is at +7 ‐ +7.3 from our levee tie‐in to the Davis Pond 


pump station. The elevation of the levee from Davis Pond pump station may drop lower in spots to around a +6 ‐ +6.5 as it reaches Hwy. 90. Our understanding it 


that Hwy. 90 itself is around a +6 ‐ + 6.5 at existing levee tie‐ins. The railroad crossing themselves may be below a + 6? 


What about the tee‐walls on the 3 pipeline crossings and the tee‐walls for the Cousins and Kellogg pumps station in the parishes 9 miles of levee. Are you assuming 


the state, levee district, and parish are building these structures at some point in the future and will be in place? 


This RR is the one next to River Road. The road itself was elevated when the Eastern gate was built. The road elevation drops back down as it approaches the Western 


guide levee. 


The survey of the levee we sent you stops several hundred feet short of the railroad. Our GIS group will determine the elevation between the track and the end of the 


guide levee and we will forward this information to you. This open area between the end of the guide levee and the tracks has several ditches cut across for drainage. 


Again, our concerns with the Davis Pond guide levee are the two (2) railroads and the +6 pipeline sheet pile wall. 


From the parish’s perspective, we feel it is imperative that all of us involved in the study fully understand what is and what is not included in the Alt. 1 alternative. We 


understand the importance of having a win, win project. The LBLD engineering team is focused on construction of the barge gate as soon as possible. While this is of 


major importance, we have to look at the system as a whole and determine all the deficiencies and set priorities for what needs to be addressed and by whom. Who 


will be focusing on deficiencies not included in Alt. 1? 


The parish’s goal is for FEMA to recognize the 50 year levee system and have a flood insurance rate that will allow residents to keep or purchase homes. As mentioned 


previously, approximately 5000 of the 8000 homes are located between the Davis Pond Guide levee and the Sunset levee. For rain events, these homes are protected 


by pump stations and do not drain to Lake Des Allemands. 


1. The final recommended plan is a structural alignment constructed to a 1 percent 


AEP (100‐year future design) and totaling a little over 161,300 feet (30.6 miles) in length. 


The system starts in Luling where it connects the Mississippi River Levee through the 


Davis Pond Diversion Structure West Guide Levee. Continuing south, the RP improves 


upon and updates deficiencies in the St. Charles Parish Levee, crosses Bayou Des 


Allemands with a 270‐feet barge gate structure, and continues parallel to US Highway 90 


before it ties into high ground across the Barataria Basin near Raceland. 


2. The final RP did not consider the lower levees with overtopping. 


3. The RP ties into the in Luling where it connects the Mississippi River Levee through 


the Davis Pond Diversion Structure West Guide Levee. 


4. The final RP includes this area. 


 
In PED we will continue to work with the local levee district to verify exisitng condition 


servey data and also coodinate the features from the RP. 


Anonymous 1/7/2020 Public meeting 


1/7/2020 


Why is the flood wall being built? We have not experienced any flooding and did not have high water levels until the installation of the Davis Pond Diversion. This 


question stems from the concern that the floodwall and levee, once closed, will induce flooding in areas that never experienced flooding before because once the 


protected side of the basin reaches capacity, the rainwater will have nowhere to go as long as the system is closed. 


Floodwalls are used to avoid sensative areas, where levee features would not fit. The RP 


system incorporates the local levee district existing pump stations which currently already 


remove rainfall from the local existing levee system. 


Anonymous 1/7/2020 Public meeting 


1/7/2020 


 
 
 
 


What is the Corps plan to prevent acceleration of erosion on the land and marsh on the floodside of the levee and floodwall? This question revolves around the 


concern that when the system is closed during a storm event, the water will build up behind the floodwall and levee and accelerate the erosion the area is 


experiencing. The area is currently owned and/or leased and the individuals are concerned they will lose their land. 


During planning for the UBB project, measures to avoid and minimize impacts to 


significant resources were employed to the extent practicable. Nonetheless, unavoidable 


impacts to freshwater emergent marsh, swamp, and BLH habitat would occur from 


construction of the project and would be offset through compensatory mitigation. 


The RP also includes environmetal control structures to address the existing flows 


through the system. Hydrologic connectivity would be maintained to the extent 


practicable through water control structures except when those structures are closed 


during hurricanes or tropical storms, as the risk reduction system is only authorized to 


address storm surge caused by hurricane and tropical storm events. 


Anonymous 1/7/2020 Public meeting 


1/7/2020 
 
What impact is the floodwall going to have on the houses and properties on the protected side? Are houses/property being purchased and when will this occur? This 


question came from one individual who stated his friend received a payout from the Corps on his house. The friend corrected him and stated that the payout was to 


his parents for the levee located on the property. 


In the study phase, the RP is a general represnetation of where the final alignment may 


be. Floodwalls were used in some places instead of levees to minimaze impacts to homes 


and landowners. If the project is authorized the USACE will continue to avoid and then 


minimizes impacts in the planning and Engineering phase. During this time we would 


work with indiviual landowners to disucss impacts and compesation of impacts if needed. 


Anonymous 1/7/2020 Public meeting 


1/7/2020 


How much room off the levee does the Corps need? There are concerns regarding the removal of 300+ year old trees as well as houses near the levee. In the study phase, the RP is a general represnetation of where the final alignment may 


be. Floodwalls were used in some places instead of levees to minimaze impacts . This 


process will continue in the planning and engineering phase and would take into 


additional considerations to protect environmetal resources where approarate 







Louis DeJean 1/13/2020 email I was told to email you with any concerns around the proposed improvements to the levee system behind my house. I actually would like to know what the exact 


plan is. I have heard several rumors but have not seen an actual plan with specifics that I can reference here. Can you tell me: 


What type on construction is proposed? 


What is the current levee elevation? 


What is proposed new elevation? 


When will this project begin? 


Will you require more servitude than already established? 


etc... 
 


I saved my entire life to build my waterfront dream home and my largest concern is losing the use of my property in the manner in which we purchased it for. Any 


improvement to the current levee system that would restrict my water access, impede my scenic views, or encroach father into my back yard would be detrimental to 


my property and way of life. Please keep me in mind while weighing the options and allow me to voice my opinion moving forward by making the proposed changes 


public 


Thank you for your comment. The final selected design heights and proposed 


construction methods can be found in the main report and engineering appendix. The RP 


is a general represnetation of where the final alignment may be. Floodwalls were used in 


some places instead of levees to minimaze impacts. If the project is authorized the USACE 


will continue to avoid and then minimizes impacts in the planning and Engineering phase. 


During this time we would work with indiviual landowners to disucss impacts and 


compesation of impacts if needed. The project will be sent to Congress for construction 


authorization in 2021. The construction start is depended on congressional actions in the 


future. 


Walter Pilie 1/14/2020 email Being a 33 year resident of St Charles Parish, I have heard the many difficulties that have been faced regarding hurricane protection project execution. I experienced 


this on the east bank of the Mississippi upon building my current home. The protection levee north of US 61 in the 1990’s provided necessary “initial” protection from 


storm surge from hurricanes. Robust pump stations were installed as well to remove storm water rainfall, without which the best levee in the world would have 


stopped surge inundation, but we would have flooded from inadequate drainage of trapped water. 


If I recall, it took over 30 years on the east bank of St Charles parish from the start of the plans until we actually got needed protection. Thank goodness! Since Katrina, 


the east back levees were raised to afford needed protection, given that the levee there in 2005 was topped in some locations. 


 
I have heard for years the woes that residents and businesses face on the west bank. The parish had built levees on its own, and reinforcement by the USACE took 


place on some portions after much wrangling over whether the levees had sufficient foundation to be accepted by the Corps. I have also watched the machinations 


over Federal funding of the Flood Insurance program. I recall clearly some workmates that were in limbo for close to 2 years when the flood insurance program was 


being “restructured”, and I heard at least 2 homeowners of new homes that might face $15,000 premium a year to insure against flooding. Fortunately, intervention 


at the Congressional level sorted this problem out. However, there appears to be uncertainty regarding the funding of the flood program every couple of years in 


Congress. Given that this nation lives from yearly Continuing Resolutions instead of solid budgets, I am not sure that the carpet may not again be pulled out from 


under the property owners yet again. 


So, I read the referenced feasibility report with interest. 


The fact that severe weather is becoming the norm, it is good to see recognition of the issues affected property needing to be protected face. I quote from the study 


below: 


Problem – The study area is prone to coastal storm damages from tidal surges, storm surges, and rainfall. The headwater flooding from rainfall is intensified by tidal 


events, resulting in flood damages to industrial, commercial, and agricultural facilities as well as residential structures and critical evacuation routes. Additionally, tidal 


events can create a backwater effect that does not allow rainfall to drain from within the basin. The study area has been declared a Federal disaster area nine times in 


the past 30 years due to flood damages from storms. 


I recall that it took some interaction between the USACE and local authorities when the east back levee was being planned to recognize that the hurricane protection 


levee was just one part of the protection, and without resulting drainage structures and active water removal means (pumps), the problem would not be solved. In 


essence, we would have been merely trading a headache for an upset stomach. Again, thank goodness that that recognition finally came about on the east bank. 


So, I feel that the options studied take into account the necessary protection – surge protection and drainage mitigation. 


I recognize that an enormous amount of work has been put into this study. It is evident that this issue has been given due scientific study. 


I understand that economic benefit has been considered throughout, and many of the Tentatively Selected Plan (TSP) alternatives were eliminated from consideration 


on the basis of economics. I accept that. The alternatives left standing are 1, 2, 7, and 10. My comments will be addressed toward those only. Of obvious concern for 


the property owners of west St Charles parish and portions of Lafourche parish will be whether future Congresses will be able to fund these necessary improvements. 


Should nothing be done, this area will be plagued with flooding going forward. It is imperative that some plan be adopted. 


Thank you for your comment. 


The final recommended plan is a structural alignment constructed to a 1 percent AEP (100‐ 


year future design) and totaling a little over 161,300 feet (30.6 miles) in length. The 


system starts in Luling where it connects the Mississippi River Levee through the Davis 


Pond Diversion Structure West Guide Levee. Continuing south, the RP improves upon and 


updates deficiencies in the St. Charles Parish Levee, crosses Bayou Des Allemands with a 


270‐feet barge gate structure, and continues parallel to US Highway 90 before it ties into 


high ground across the Barataria Basin near Raceland. 


The RP system incorporates the local levee district existing pump stations which currently 


already remove rainfall from the local existing levee system. The RP also includes 


environmetal control structures to address the existing flows through the system. 


Hydrologic connectivity would be maintained to the extent practicable through water 


control structures except when those structures are closed during hurricanes or tropical 


storms, as the risk reduction system is only authorized to address storm surge caused by 


hurricane and tropical storm events. The local stakeholders would still need to operated 


the existing forced drainage systems for rainfall events. 


Alexis Rixner   Please add Table detailing existing pump stations used in HEC‐RAS model. Please provide Annex 6. 1V:4H? Annex 6 was provided to CPRA. 


 
 
 
 
Julian Madere 


1/10/2020 email I’ve been having flood insurance for 45 years and they’re getting ready to increase the rates where we won’t be able to afford it anymore. And the only reason the 


rates are going up so high is because they wasted the money on all the people that didn’t have flood insurance. And now I have to pay to make that up. Who has the 


right to decide who is required to have flood insurance and who doesn’t? Who has the right to give all that money to people who don’t have flood insurance and how 


do you expect to pay out more money than you have coming in? How do you expect the program to work? 


 
I went to a meeting and they want to do a study of the levees for 2 more years and we are already living on a prayer right now. If we have to wait until they complete 


this study the price will be even higher and we might be flooded out. They need to start working on the levees now so they can finish them as soon as possible. The 


Sunset Drainage District was #1 40 years ago. Why can’t we put it back to #1 again? Why do they only want to do studies? They are talking about putting 7.5 ft levees. 


Thank you for your comment. The risk reduction system is only authorized to address 


storm surge caused by hurricane and tropical storm events. The study focused on the 


reduction of those existing and future without project damages. The project will be sent 


to Congress for construction authorization in 2021. The construction start is depended on 


congressional actions in the future. 







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Dwayne 


Bourgeois 


1/15/2020 email As we had discussed at this public meeting last Thursday, I wanted to provide a couple of additional comments beyond those we have collectively submitted via the 


Lafourche Basin Levee District. Please note that I am 100% in agreement with those comments submitted by the LBLD as they were a joint effort. 


 
I wanted to add one more suggestion for some language I hope you can include in the final report. First, let me say that I understand that there are specific guidelines 


that you are using in calculating benefits, design and cost estimating and all other aspects in this type of 3x3x3 study. As this type of study is used nationally, I 


recognize there is no way to change any of that on the fly. But, we have all learned some valuable lessons and have had a good bit of success with the Morganza to 


the Gulf system that I believe could eventually be applied here. I’m hoping the final version of this report opens that door for potential further evaluation. 


 
On the Morganza to the gulf project, the Post Authorization Change (PAC) report mentioned that the HSDRRS standards used in the creation of that report likely could 


be site adapted because those standards did not contemplate the nature of a Storm Risk Reduction System such as the Morganza to the Gulf Project. (Or the UBRR 


project in the TSP now.) It was this statement, along with the fact that we had considerable real world data from construction of the project by the State and locals 


(As is also the case with levees on the TSP for the UBBR now.) that Corps leadership at all levels realized we could and should, re‐evaluate the findings of the PAC 


report. This lead to the Corps producing an Adaptive Criteria Assessment Report (ACAR) that has been accepted at all levels of the Corps and the ASA‐CW. The ACAR 


greatly reduced the projected cost of the project and was able to increase the BCR to a point where the project may be feasible for congressional funding. This was a 


huge accomplishment that was more driven by Corps willingness to get it right than our own efforts. I can’t thank the Corps enough for their work on this. 


 
I request that you take a look at the PAC and ACAR to understand how we may be able to tweak the 3x3x3 feasibility requirements (after completion) in order to site 


Thank you for your comment.With the submittal of the final report a Final Chief's report 


will also be developed and signed, the Chief of Engineers at that time can considers items 


such as the ACAR. 


Charles Boyer 10‐Jan‐20 comment card Why is the USACE and Laf. basin levee district working independently of each other on the same levee system The USACE is coordinating efforts through the State of Louisiana's CPRA office, which 


would be a co‐sponsor for construction for the recommended plan. 


Alvina 
Matherne 


10‐Jan‐20 comment card How do we get money to begin construction on the Barge Gate The project will be sent to Congress for construction authorization in 2021. The 
construction start is depended on congressional actions in the future. 


Donald Ray 


Henry 


13‐Jan‐20 PDF 1. Page 12 of the report lists several relevant studies but omits some of the most recent and directly relevant studies, including: a.   "Project Development an 


Implementation Program: Upper Barataria Risk Reduction" by ARCADIS, RAND, and The Water Institute of the Gulf, dated March 17, 2014. b. "Upper Barataria 


Risk Reduction Modeling: Phase 2 - Rainfall & Storm Surge Combined Effects Modeling" by ARCADIS, RAND, and The Water Institute of the Gulf, dated 


July 8, 2015. These two studies combined found that the project as envisioned in CPRA's Master Plan has a benefit, cost ratio of 2.3.   c.   "Upper Barataria 


Risk Reduction: Conceptual Design Report" by Burk,Kleinpeter, Inc., GIS Engineering, LLC, and APTIM Corp. on behalf of Lafourche Basin Levee District 


and North Lafourche L vee District, dated December 2018. This report r presented a 10% leyel of design and planning for the project as envisioned ip CPRA's 


Master Plan d. St. Charles Parish sponsored an economic study to more accurately quantify potential project benefits including business disruption and 
disruption to Hwy 90. 


Thanks for the comment. The initial list was used for scoping the problem and objecitves 


of the study. The attached list was reviewed by the Eng. team to inform and guide the 


final design. 


Donald Ray 
Henry 


13‐Jan‐20 PDF 1. Page 16 of the report refers to "St. Charles Levee District," which does not exist. St. Charles Parish and the North Lafourche Levee District are local 
stakeholders that have been active with regards to this project. 


Noted. The language was corrected 


Donald Ray 
Henry 


13‐Jan‐20 PDF Page 33 34 mistakenly refers to Interstate 90, which runs from Seattle, WA to Boston, MA. US Hwy 90 is the major thoroughfare from west Texas to eastern Florida that 
passes through the project area. It is a vital link for commerce and emergency ingress/egress for the region 


Noted. The language was corrected 


Donald Ray 
Henry 


13‐Jan‐20 PDF 
1. The first paragraph of Section 4.7 (page 63) refers to Alternative 9 but appears to be a discussion of Alternative 10. Please clarify? 


Noted. The language was corrected. The number was wrong 


Donald Ray 


Henry 


13‐Jan‐20 PDF  


 
Page 74 of the report points out that the "levee design elevation is at a 2% AEP existing, but the system provides levels of risk reduction up to the 0.2% AEP future 


based off of capitalizing on the storage within the basin during an event." All local and State stakeholders' goal for the region is1% AEP risk reduction for the project. 


Please confirm armoring and capitalizing the storage capacity of the TSP provides 1% AEP risk reduction for the entire protected area. 


The final recommended plan is a structural alignment constructed to a 1 percent AEP (100‐ 


year future design) and totaling a little over 161,300 feet (30.6 miles) in length. The 


system starts in Luling where it connects the Mississippi River Levee through the Davis 


Pond Diversion Structure West Guide Levee. Continuing south, the RP improves upon and 


updates deficiencies in the St. Charles Parish Levee, crosses Bayou Des Allemands with a 


270‐feet barge gate structure, and continues parallel to US Highway 90 before it ties into 


high ground across the Barataria Basin near Raceland. 


Donald Ray 
Henry 


13‐Jan‐20 PDF 1. LBLD and its consultants are pleased that USACE has relied on LBLD's 10% conceptual design report for parts of this study. Page 76 appears to reference the 
report directly, but mis attributes it to St. Charles Parish. 


Noted. The language was corrected. 


Donald Ray 
Henry 


13‐Jan‐20 PDF 
1. The annual rates of RSLR on page 85 appear to be totals at year 2073. Noted : The date was corrected to say 2076, which is the final year of evaluation 


Donald Ray 
Henry 


13‐Jan‐20 PDF 
1. The Dufresne Ponds area may be another opportunity for marsh creation for mitigation (page 88). 


Noted. The final mitigation plan will be developed in PED. 


Donald Ray 


Henry 


13‐Jan‐20 PDF  
1. None of the Mississippi River diversions identified in the 1993 CWPPRA Louisiana Coastal Wetlands Restoration Plan discharge into the protected area of 


the project. Thus, ...widescale hydroperiod increases" associated with these diversions are extremely unlikely. (page 90) 


Future efforts for environmental remediation are not fundamentally precluded by the 


recommended plan. Currently there are no immediate foreseeable actions to pursue 


additional diversions that would directly impact the recommended plan. The 


recommended storm damage reduction plan, as well as the diversion plan cited, is 


Donald Ray 


Henry 


13‐Jan‐20 PDF Appendix A 10.Page 2 states that the TSP provides a 2% AEP level of risk reduc on and does not point out that armoring increases the level of risk reduc on to 0.2%. 


All local and State stakeholders' goal for the region is1% AEP risk reduction for the project. Please confirm armoring and capitalizing the storage capacity of the TSP 


provides 1% AEP risk reduction for the entire protected area. 


The final recommended plan is a structural alignment constructed to a 1 percent AEP (100‐ 


year future design) and totaling a little over 161,300 feet (30.6 miles) in length. The 


system starts in Luling where it connects the Mississippi River Levee through the Davis 


Pond Diversion Structure West Guide Levee. Continuing south, the RP improves upon and 


updates deficiencies in the St. Charles Parish Levee, crosses Bayou Des Allemands with a 


270‐feet barge gate structure, and continues parallel to US Highway 90 before it ties into 


high ground across the Barataria Basin near Raceland. 


Donald Ray 


Henry 


13‐Jan‐20 PDF Appendix A 10.11."LBLD and its consultants are pleased that USACE has relied on LBLD's 10% conceptual design report for parts of this study. Pages 5 and 77 79 of 


Appendix A appear to reference the report directly but is not entirely accurate in its reference. The report was prepared jointly by Burk Kleinpeter, Inc., GIS 


Engineering, LLC, and APTIM Corp. for the Lafourche Basin Levee District (apolitical subdivision of the State of Louisiana)." 


Noted. 







Donald Ray 


Henry 


13‐Jan‐20 PDF 12.Appendix A, page 51 shows that modeled values for the calibra on run of the HEC,RAS model were consistently lower than observed. It seems possible that this 


would result in an underestimation of potential damages from rainfall for the design storm and, therefore, and underestimation of the project's benefits. 


The final updated model runs showed an increase in the damges and included in the final 


runs. 


Donald Ray 


Henry 


13‐Jan‐20 PDF  


 
13.Appendix A, pages 77,78 state that Alternatives 6, 8, and 10 used an average levee elevation of +19 ft to achieve risk reduction for the 1% AEP 


storm. On page 41, the highest levee elevation for the future 1% AEP storm is 


+13 ft. This discrepancy makes it seem very likely that the costs for the alternatives providing a levee elevation for the 1% AEP storm are significantly 


inflated, which may have contributed to screening them out. Please reevaluate these alternatives with elevations that are consistent with future SLR 


analyses since they may be economically justifiable. 


The final recommended plan is a structural alignment constructed to a 1 percent AEP (100‐ 


year future design) and totaling a little over 161,300 feet (30.6 miles) in length. The 


system starts in Luling where it connects the Mississippi River Levee through the Davis 


Pond Diversion Structure West Guide Levee. Continuing south, the RP improves upon and 


updates deficiencies in the St. Charles Parish Levee, crosses Bayou Des Allemands with a 


270‐feet barge gate structure, and continues parallel to US Highway 90 before it ties into 


high ground across the Barataria Basin near Raceland. The design will be further review in 


PED to ensure that the stated heights for a 1% system for each levee reach is correct 


inlight of futher RSLR senerios. 


Donald Ray 


Henry 


13‐Jan‐20 PDF 
1. Appendix A, page 80 refers seven representative structures but did not consider other gaps in the St. Charles Parish levee system which includes 3 pipeline 


crossings (2 in Ellington Levee and 1 in Magnolia Ridge Levee area), 2 pump station frontal protections (Cousins &: Kellogg Pump Stations) 


Noted, These areas were condidered and updated in the final design. 


Donald Ray 


Henry 


13‐Jan‐20 PDF  


 
1. Annex 8, page 5 again states that the TSP provides risk reduction for a 2% AEP storm. Page 74 of the report body states that, with armoring," the system 


provides levels of risk reduction up to the 0.2% AEP future based off of capitalizing on the storage within the basin during an event." All local and State stakeholders' 


goal for the region is 1% AEP risk reduction for the project. Please confirm armoring and capitalizing the storage capacity of the TSP provides 1% AEP risk reduction 


for the entire protected area. 


The final RP did not include overtopping.The final recommended plan is a structural 


alignment constructed to a 1 percent AEP (100‐year future design) and totaling a little 


over 161,300 feet (30.6 miles) in length. The system starts in Luling where it connects the 


Mississippi River Levee through the Davis Pond Diversion Structure West Guide Levee. 


Continuing south, the RP improves upon and updates deficiencies in the St. Charles Parish 


Levee, crosses Bayou Des Allemands with a 270‐feet barge gate structure, and continues 


parallel to US Highway 90 before it ties into high ground across the Barataria Basin near 


Raceland. 
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CEMVN,PMR 


7400 Leake Avenue 


Room 331 


New Orlef1ns, LA 70118 


 
LAFOURCHE BASIN LEVEE DISTRICT 


P .0.   Box 670 - 21380 Highway 20 


Vacherie, LA  70090 


(225)265-7545 


1-800-827-7034 


FAX: (225) 265-7648 


St. Charles Parish 
Marlin.Rogen 
St. Charles Padsb 


GuyWatson 
St. John the Baptist 


Reference: Upper Barataria Basin, Louisiana Feasibility Study with 


Integrated Environmental Impact Statement 


 


Dear Sir/Madam, 


 


Lafourche Basin Levee District (LBLD) in collaboratioµ with the Louisiana 
C astal Protection and Restoration Authority (CPRA), the North Lafourche 


Conservation, Levee, and Drainage District (commonly known as North 


Lafourche Levee District or NLLD) and St. Charles Parish have been working 
on the "Upper Barataria Risk Reduction" (UBRR) project. Th goal of this 


project is to provide 1% level of protection and lower the Ilo d insurance 
costs to the community. 


 


We are excited to see that USACE has taken initiative to study the Upper 


Barataria Basin on the federal level and the recent draft report with title 


"Upper Barataria Basin, Louisiana Feasibility Study with Integrated 


Environmental Impact Statement" dated November 19, 2019. We have the 


following comments/concerns on this study report. 


 


Report Body: 


 


1. Page 12 of the report lists several relevant studies but omits some of 


the most recent and directly relevant studies, including: 


a. "Project Development and Implementation Program: Upper Barataria 


Risk Reduction" by ARCADIS, RAND, and The Water Institute of the Gulf, 


dated Match 17, 2014. 


b. "Upper Barataria Risk Reduction Modeling: Phase 2 - Rainfall & 


Storm Surge Combined Effects Modeling" by ARCADIS, RAND, and The 


Water Institute of the Gulf, dated July 8, 2015. These two studies combined 


found that the project as envisioned in CPRA's Master Plan has a benefit, 


cost ratio of 2.3. 
c. "Upper Barataria Risk Reduction: Conceptual Design Report" by 


Burk,Kleinpeter, Inc., GIS Engineering, LLC, and APTIM Corp. on behalf of 


Lafourche Basin Levee District and North Lafourche L vee District, dated 


December 2018. This report q::presented a 10% leyel of design and planning 


for the project as envisioned ip. CPRA's Master Plan. 







d. St. Charles Parish sponsored an economic study to more accurately 
quantify potential project benefits including business disruption and 
disruption to Hwy 90. 


 


2. Page 16 of the report refers to "St. Charles Levee District," which does 
not exist. St. Charles Parish and the North Lafourche Levee District are local 
stakeholders that have been active with regards to this project. 


 


3. Page 33 34 mistakenly refers to Interstate 90, which runs from 
Seattle, WA to Boston, MA. US Hwy 90 is the major thoroughfare from west 
Texas to eastern Florida that passes through the project area. It is a vital link 
for commerce and emergency ingress/egress for the region. 


 


4. The first paragraph of Section 4.7 (page 63) refers to Alternative 9 but 
appears to be a discussion of Alternative 10. Please clarify? 


 


5. Page 74 of the report points out that the "levee design elevation is at a 
2% AEP existing, but the system provides levels of risk reduction up to the 
0.2% AEP future based off of capitalizing on the storage within the basin 
during an event." All local and State stakeholders' goal for the region is1% 
AEP risk reduction for the project. Please confirm armoring and capitalizing 
the storage capacity of the TSP provides 1% AEP risk reduction for the entire 
protected area. 


 


6. LBLD and its consultants are pleased that USACE has relied on 
LBLD's 10% conceptual design report for parts of this study. Page 76 appears 
to reference the report directly, but mis attributes it to St. Charles Parish. 


 


7. The annual rates of RSLR on page 85 appear to be totals at year 2073. 
 


8. The Dufresne Ponds area may be another opportunity for marsh 
creation for mitigation (page 88). 


 


9. None of the Mississippi River diversions identified in the 1993 
CWPPRA Louisiana Coastal Wetlands Restoration Plan discharge into the 
protected area of the project. Thus, ...widescale hydroperiod increases" 
associated with these diversions are extremely unlikely. (page 90) 


 


Appendix A Engineering 
 


10. Page 2 states that the TSP provides a 2% AEP level of risk reduction 
and does not point out that armoring increases the level of risk reduction to 
0.2%. All local and State stakeholders' goal for the region is1% AEP risk 
reduction for the project. Please confirm armoring and capitalizing the 
storage capacity of the TSP provides 1% AEP risk reduction for the entire 
protected area. 


 


11. "LBLD and its consultants are pleased that USACE has relied on 
LBLD's 10% conceptual design report for parts of this study. Pages 5 and 77 
79 of Appendix A appear to reference the report directly but is not entirely 
accurate in its reference. The report was prepared jointly by Burk 







Kleinpeter, Inc., GIS Engineering, LLC, and APTIM Corp. for the Lafourche 
Basin Levee District (apolitical subdivision of the State of Louisiana)." 


 


12. Appendix A, page 51 shows that modeled values for the calibration 


run of the HEC,RAS model were consistently lower than observed. It seems 


possible that this would result in an underestimation of potential damages 


from rainfall for the design storm and, therefore, and underestimation of the 


project's benefits. 


 
13. Appendix A, pages 77,78 state that Alternatives 6, 8, and 10 used an 


average levee elevation of +19 ft to achieve risk reduction for the 1% AEP 
storm. On page 41, the highest levee elevation for the future 1% AEP storm is 


+13 ft. This discrepancy makes it seem very likely that the costs for the 


alternatives providing a levee elevation for the 1% AEP storm are significantly 


inflated, which may have contributed  to screening them out.  Please 


reevaluate these alternatives with elevations that are consistent with future 


SLR analyses since they may be economically justifiable. 


 


14. Appendix A, page 80 refers seven representative structures  but  did 


not consider other gaps in the St. Charles Parish levee system which includes 


3 pipeline crossings (2 in Ellington Levee and 1 in Magnolia Ridge Levee 


area), 2 pump station frontal protections (Cousins &: Kellogg Pump Stations) 


 


15. Annex 8, page 5 again states that the TSP provides risk reduction for a 


2% AEP storm. Page 74 of the report body states that, with armoring," the 


system provides levels of risk reduction up to the 0.2% AEP future based off 


of capitalizing on the storage within the basin during an event." All local and 


State stakeholders' goal for the region is 1% AEP risk reduction for the 


project. Please confirm armoring and capitalizing the storage capacity of the 


TSP provides 1% AEP risk reduction for the entire protected area. 


 
 


Should you have any questions or need clarification, please do not hesitate to 


contact me. 


 


 


Yours truly, 


 


LAFOURCHE BASIN LEVEE DISTRICT 
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Annex 1 USACE Responses to RESTORE Letter 
 


RE: Upper Barataria Basin, Louisiana: Draft Feasibility Report with Integrated Environmental Impact Statement 
Second Draft 


 
Dear U.S. Army Corps of Engineers, 


We appreciate this opportunity to provide comments on the 2nd Draft Feasibility Report with Integrated 


Environmental Impact Statement (DFRIEIS) of the Upper Barataria Basin (UBB) project. We support providing 


storm risk reduction for coastal communities. For communities in Louisiana’s upper estuarine areas such as the 


UBB, threats are increasing because of past government policies and are now accelerating because of climate 


change. 


 
The optimization of the tentatively selected plan (TSP) doubled the height of levees needed for the project and 


considerably increased the environmental impact of the project, making it necessary to go back out for public 


review. One thing to note is that while the federal register lists the closing date for comments as January 25, 2021, 


the report lists the closing date as January 29, 2021. In the interest of clarity and transparency, all comments 


submitted by the 29th must be considered. 


 
As matters of law and policy: 


1. The Corps must comply with the National Water Resources Planning Policy which requires that all water 


resources projects protect and restore the environment, including by protecting and restoring the functions 


of natural systems. (42 USC 1962–3). The TSP does not meet these requirements. The DFRIEIS purpose 


and need statement also does not adequately account for these requirements, despite the offhand reference 


to a claim that the project will decrease saltwater intrusion from increased storm surge. 


 
2. The Corps should analyze this project under the Principles, Requirements, and Guidelines (PR&G). Proper 


reliance on the PR&G will ensure that the Corps fully accounts for all project costs and benefits, including 


the costs and benefits to the environment and public welfare.1 At a minimum, the Corps should be fully 


evaluating the Environmental Quality (EQ) account as part of its analysis of project costs and benefits, and 


as a driver for project selection. 


 
USACE Response #1 & 2: The report and supporting documents have undergone multiple reviews 


that include specific legal and policy consideration and have been determined to be compliant. 


They will undergo an additional review for statutory and policy compliance once transmitted in 


final form. Environmental Quality account benefits are a consideration in plan comparison. 


However, for the specified project purposes of flood and storm damage risk reduction, Net NED 


Benefits are the required primary metric for supporting justification and identification of a 


preferred Federal Plan. 


 
3. The Corps should put an immediate pause on the NEPA/feasibility study processes pursuant to the January 


20, 2021 Executive Order on Protecting Health and the Environment and Restoring Science to Tackle the 


Climate Crisis. See https://www.whitehouse.gov/briefing‐room/presidential‐ 


actions/2021/01/20/executive‐order‐protecting‐public‐health‐and‐environment‐and‐restoring‐science‐ 


to‐ tackle‐climate‐crisis/. This Executive Order directs all federal agencies to immediately review and 


address the promulgation of federal regulations and other federal actions during the past four years to ensure 


that those actions confront the climate crisis including by, among other things, “listening to science to 


improve public health and protect our environment; to ensure access to clean air and water; to limit exposure 


to dangerous chemicals and pesticides; to bolster resilience to the impacts of climate change; and to 


prioritize both environmental justice. 


 
USACE Response: 



http://www.whitehouse.gov/briefing
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While the specific guidance regarding methods of compliance for this Executive Order has not yet 


been distributed, the fundamental tenants outlined were considered and applied in the development 


of alternative plans during this study. All of the processes listed in item 3 are identified in existing 


statues and policies, all of which have been in force during the course of this effort. It should be 


noted that the BBA18 authority under which the study was conducted necessitates that all of these 


considerations be focused around the authorized project purposes of flood and storm damage risk 


reduction. 


 
 


Specific Comments 


Restore the Mississippi River Delta Campaign (MRD) is a coalition of the National Audubon Society, the Coalition 


to Restore Coastal Louisiana, Environmental Defense Fund, National Wildlife Federation, and the Pontchartrain 


Conservancy. Together we advocate for science-based restoration in coastal Louisiana. We represent thousands of 


Louisiana members and supporters. MRD is dedicated to large-scale, ecosystem restoration in the Mississippi River 


Delta. As organizations with long-standing interest in risk reduction and restoration projects along Louisiana’s 


coast, we would like to provide the following comments on the Draft Feasibility Report with Integrate 


Environmental Impact Statement (DFRIEIS) of the Upper Barataria Basin project. 


 
We are disappointed that this DFRIEIS fails to adequately address obvious questions about the viability of this 


project in the face of climate change and near certain future relative sea level rise (RSLR). Instead of taking a realistic 


and wholistic view of the problem and examining innovative ways to cope in a climate constrained future, the 


proposal is to revert to form once again and fall back on the same failed gray infrastructure solutions. This proposal 


promises to create a public expectation of action and relief that will very likely not be delivered in a timely manner. 


 
USACE: The time to construct a project is a planning consideration, and is reflected in both the costs and 


benefits considered. However, the potential timeliness of implementation of any project can be highly 


speculative and is not a planning criteria. Significant factors influencing ultimate timeliness are in fact 


outside the direct control of the planning team and project sponsoring organizations. 


 
The grey infrastructure proposed is very expensive and will take decades to finalize engineering and design, secure 


funding and construct. During that time, communities and ecosystems are continuously exposed to flood threats. 


Using natural infrastructure and non-structural projects can reduce the risk more quickly with lower costs to 


taxpayers, protect against multiple flood threats and provide multiple ecosystem service benefits. 


 
USACE: The range of considered alternatives included non-structural options, which independently did not 


compete effectively. However, non-structural features were retained as an effective method of reducing 


distributed residual flood risks. Nature Based solutions are highly desirable, provide systemic synergy, and 


are typically considered as integrated features whenever practicable. However, in the context of storm or 


flood damage risk reduction they are required to be measured by the gauge of NED damages reduced to 


ultimately be justified. This also requires that they be reliable and can be maintained to a measurable level 


of damage reduction based performance. The magnitude of impact being addressed in this environment 


severely limits the effectiveness and reliability of these measures. 


 


 
The DFRIEIS cumulative effects analysis does not address the “big picture” effects or what the Corps’ own RSLR 


projections envision, much less the range of possible RSLR projections adopted by the local sponsors’ 2017 Coastal 


Master Plan. There is no discussion of the future frequency of flood gate and culvert closures at Bayou des 


Allemandes and elsewhere along the alignment, what ecological harm an increasing frequency of closures might 
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cause, or what effects those closures will have on rainfall inundation of communities. It is indisputably true that as 


sea levels rises interior communities will be forced to adapt by building interior ring levees and drainage capacity, 


or by adopting non-structural flood risk reduction measures, begging the question of why that is not being proposed 


as an alternative in the first place. 


 
USACE: The operation of the recommended plan would be for the project purpose of storm damage risk 


reduction. As such the closure of flood gates and culverts would be regulated by the occurrence of stages 


driven by extra-tropical events. While it is anticipated that relative storm intensities and stages will occur 


over time, there is no definitive projection regarding whether the number and temporal distribution of these 


weather events will change. The more reliably forecast future condition is that RSLR will result in 


increasing exterior and interior stages, and/or salinities, during the extended periods in which the project is 


not operated. 


 
As the DFREIES acknowledges the swamps to be enclosed behind the levee already suffer from the effects of past 


engineering, especially the leveeing of the Mississippi River which cut off inflow of sediment, freshwater and 


nutrients, as well as the hydrological disruption caused by roads and canals. The only possible remedy, incidentally 


the nature-based solution remedy, to these past effects would be to divert flow from the river into the upper basin. 


The project as implemented could preclude such future solutions or render them much more expensive. 


 
The TSP levee may alter surge dynamics and increase surge heights on existing levees such as the HSDRRS on the 


West Bank as well as local (non-federal) levees, potentially threatening their 100-year standard of performance. It 


is not clear where this has been analyzed and whether there is an additional requirement for future lifts of existing 


levees. 


 
USACE: As part of the USACE’s H&H evaluations for the feasibility level efforts, difference plots for the 


various return periods were reviewed and it was determined that there was limited risk to the performance 


of the Westbank and Vicinity (WBV) project. The WBV was designed for the 1% AEP stillwater and wave 


overtopping then checked for resiliency for the 0.2% AEP stillwater elevation. In addition there is currently 


an ongoing study “West Bank and Vicinity General Re-evaluation Report” reviewing the performance of 


the WBV project given the combined effects of consolidation, settlement, subsidence, sea-level rise, and 


new datum over time. 


 


The UBB also reports out on the inducement risk to other local levees and structures outside of the 


proposed system. As discussed in the final report (Section 6.8.1 “Risk of Induced Flooding Outside the 


Project”), a risk to changes in performance to local levees were seen in the Gheens and Mathews area. 


Mitigation options such as improvements to existing local levees (Gheens and Mathews) were reviewed, 


but due to the vast scope of this project and the limited amount of available information at this time, the 


existing local levees or each of the affected parcels behind these systems could not be assessed to 


determine what the level of impact would be and whether that impact would be categorized as a taking of 


property rights. The potential induced damages and mitigation for economic damages would be further 


addressed during PED, including options to make improvements to the existing local levees (Gheens and 


Mathews) as a mitigation measure. The cost for the mitigation options discussed in the report has already 


been incorporated into the RP. 


 
Further, so-called optimization of the TSP increases the mitigation needs for this project considerably. We 


understand that a final mitigation plan is currently being developed. We suggest that if the TSP is finally selected, 


(or some other cross-basin levee rather than a combination of ring levees and non-structural measures), that the 


Corps consider the Ama Sediment Diversion as mitigation for this project, and that the project be designed with a 


diversion component built in. 
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USACE: The comment is noted, however, projects are only allowed to expend funds for the magnitude of 


mitigation as determined to be require as a result of the recommended action. The BBA18 also limits the 


purposes of project features under the authority to flood or storm risk reduction. 


 
 


The Ama Diversion was selected in Louisiana’s 2017 Coastal Master Plan (CMP) to build and sustain land in the 


upper Barataria Basin. This project could not only work in conjunction with the Upper Barataria Project to reduce 


saltwater intrusion into the bottomland hardwood forest, cypress-tupelo swamps and freshwater marshes of the 


upper Barataria Basin, but we believe is a viable option for mitigating Upper Barataria impacts. The Ama Sediment 


Diversion is one of the CMP projects identified in the Water Resources Development Act of 2020 to be included in a 


comprehensive management study of the Lower Mississippi River Basin. 


 
The Ama Sediment Diversion also has the potential to offer other benefits that would maximize the National 


Economic Development goal that is an integral part of the Upper Barataria Project. Wherever possible, it is critical 


that the Corps take advantage of opportunities to achieve efficiencies between restoration, river management and 


levee projects. In the past five years the Bonnet Carré Spillway has been operated five times to divert excess river 


floodwaters to protect downstream communities such as New Orleans. In contrast to the environmental 


consequences of operating the spillway, sediment diversion projects along the Mississippi River can be used to 


restore and sustain wetlands in Louisiana and also serve as outlets for river floodwaters. By putting water and 


sediment into wetlands where it can provide the most benefit and also decrease the need or magnitude of flow 


diverted through the Bonnet Carré Spillway, these diversion projects provide an opportunity to move towards 


holistic river management. 


 
To test whether these river diversions could distribute floodwaters into degraded wetlands to provide ecological 


benefits and reduce the ecological impacts associated with the Spillway operation during the 2019 flood, scientists 


from our coalition and Tulane University designed a series of runs using the Army Corps’ HEC-RAS model. Initial 


simulations using the Ama diversion demonstrated substantial reduction in the discharge needed to flow through 


the Bonnet Carré spillway. The results suggest that the 2019 Bonnet Carré spillway discharge volume could be 


reduced by over 40% with the operation of the Ama Diversion alone. The results point to the considerable benefits 


of implementing the Ama Sediment Diversion not only as a mitigation feature for the Upper Barataria Project, but 


to also help alleviate the pressure on the Bonnet Carré Spillway. 


 
It is essential that the design of the Upper Barataria Basin project consider future river diversions in its design to 


not impede implementation of projects to address the long term needs of the coast. Since Louisiana is the local 


cost-share sponsor, any state investment in this project would need to be consistent with Louisiana’s Coastal Master 


Plan, thus ensuring that the Ama Diversion, and any future Des Allemandes basin diversions, could be operated as 


needed so that the flow would not be restricted by the structures of the basin project. Modifications of the project 


design is needed to ensure these projects can work together to protect the people and the environment of the Upper 


Barataria Basin. 


USACE: Future efforts for environmental remediation are not fundamentally precluded by the 


recommended plan. Currently there are no immediate foreseeable actions to pursue additional diversions 


that would directly impact the recommended plan. The recommended storm damage reduction plan, as well 


as the diversion plan cited, is recognized as part of the project sponsors comprehensive plan. If in the future 


other efforts are pursued to develop additional actions such as those cited, they would be considered in the 


context of all prior development, as well as any Federally authorized and locally sponsored projects, to 


ensure that completely compatible functions and operation would be achievable. 
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Annex 2 


USACE PDT Responses to LBLD and NLLD (in RED) 


04 FEB 2021 


 
 


1. Levee and Structure Elevations 


 


The design elevations for the second draft of this report are considerably higher than those included 


in the first draft. LBLD and NLLD would like to fully understand the development of these 


elevations and respectfully request more details on the modeling efforts used to determine the 


elevations. 


 
Elevations in the first draft report were based on only WOP project modeling. 


 
For the surge hazard analysis, we ran a suite of storms for with and without project for existing 


and future conditions. This suite gives us an estimate of impacts to exterior stage frequency for a 


range of return periods. Once we have exterior surge and wave frequency, we can design the levee 


heights using the HSDRRS levee design tool, which is a tool that determines the design elevation 


that limits overtopping to 0.1cfs/ft with 90% confidence. There are more details in the H&H Annex 


10. 


 
The design elevations the USAGE developed for this report are considerably higher than those 


developed by the Coastal Protection and Restoration Authority (CPRA) during its planning efforts 


for the 2017 Master Plan. LBLD and NLLD respectfully request that the USAGE consider CPRA's 


analyses to determine whether they can be incorporated into the NED plan. 


 
We did use the CPRA ADCIRC mesh because it is the most efficient and up-to-date mesh available 


for this area. That does not mean we used the entire CPRA analysis, only the ADCIRC grid. Down 


the road we could compare water levels and waves to any previous analysis and determine why 


they might be different. It could be the CPRA analysis used a different source for water levels and 


waves or assumed different design criteria. 


 
Alternatives 8 (Section 4.3.8 on p. 47) and 10 (Section 4.5.2 on p. 57) included the barge at "14 feet 


high." This elevation would be consistent with CPRA's analysis (which requires the top of gate at 


elevation +15 ft NAVD88). Alternative 10 also appears to require the St. Charles levees to be 


raised to an elevation of +12 ft NAVD88 rather than +14.5. Both of these alternatives appear to 


refer to the 1% Annual Exceedance Probability (AEP) elevation, yet they are lower than the gate 


in the NED plan. 


 


The elevations for Alternative 8 and Alternative 10 in the main report mentioned above were the 


results of older modeling efforts. At that time, the ADCIRC model had a 7.5 ft levee in-place. 


The PDT was hoping to use lower levees with increased overtopping and use the storage 







capacity of the basin. That idea was determined not to be feasible by the PDT. Later, the model 


was updated with a non-overtopping levee which resulted in higher design elevations including 


the 1% frequency. That's why those elevations are different from what was ultimately used for 


the TSP alignment which incorporated the newer modeling. 


 


Recommended elevations to meet the 1% AEP elevation differ by as much as 3.5' between some 


adjacent hydraulic reaches. Assuming that this is not meant to convey that USACE is 


recommending abrupt changes in elevation requirements between reaches, LBLD and NLLD 


respectfully request more detail regarding how these elevations transition and taper between 


reaches that require different elevations to adequately reduce risk against the 1% AEP storm event, 


without requiring additional elevation when not necessary. 


 
There will not be any abrupt changes in elevation requirements since our standard is a 1:10 


transition between levee heights. The 1% surge and waves vary along the length of the 


alignment, thus requiring different elevations. An overtopping threshold of 0.1 cfs/ft was used to 


determine the final levee elevations. The 500-yr still water design check was performed for 


added resiliency to the system. 


 
Some components of the alignment also seem to have been included in the project cost, even though 


those elements are either in design or construction, while others have either been constructed or 


already have funding allocated for their construction from local entities. We would appreciate the 


opportunity to review all advances in design and/or construction that have been undertaken since 


the commencement of efforts associated with this report. 


 
For the first draft TSP we included the Sunset Levee in our economic analysis. During feasibility 


design, it was discovered that the Sunset levee, a 100-year old, unarmored, uncertified local 


levee, was modelled with an effective elevation that was over 2 feet too high and could withstand 


unlimited overtopping. In the current iteration of the analysis, this levee was removed from the 


ADCRC model and was instead modelled within HEC-FDA at its correct effective elevation and 


without unrealistic resiliency. This change led to a significant increase in without-project 


damages. 


 


We did not include the Gheens Levee in our analysis since it was outside of the study area. 


 


If there have been updates to projects that are currently being constructed, then you may provide 


a list of these projects so that we can adjust accordingly, if we can, in PED. If we’re showing 


construction where it’s not needed, we could potentially reduce cost later on. 


 


2. Hydraulic Structures 


 


LBLD and NLLD recommend reducing the number of hydraulic structures to reduce the cost of 


the project. 


Eliminating the box culverts flanking the proposed flood gate is justified based on USACE's 


hydraulic analysis for the Donaldsonville to the Gulf Project. According to that study, "the 







structures were sized so that head loss through the structures would be less than 0.5 feet along the 


entire length of the levee." The study called for a 110-foot-wide navigational gate and eight (8) 


20-foot-wide tidal interchange structures. LBLD and its consultants chose to include all of this 


width in the barge gate structure, which results in a more hydraulically efficient structure and 


provides the cross-sectional area required per the USACE's previous analysis. 


 


Further justification for eliminating the box culverts may be found in hydraulic modeling 


performed in support of CPRA's Master Plan. Modeling performed by Arcadis suggests that the 


peak average velocity in Bayou Des Allemands for the suite of design storms1   is less than 1 


ft/s in the pre-project condition. During preliminary design of the proposed barge gate, GIS 


Engineering used Arcadis' modeling results to calculate a maximum velocity of 5.5 ft/s through 


the proposed opening. Discussion of velocities in Section 5.2.2.1.2 of USACE's report suggests 


that this velocity would be acceptable. 


 


Eliminating some of the drainage structures in Reach G is justified based on the existing 


topography. The structures marked as feature #23 on Figure 4-13 (p. 70) are located in the 


alignment of an existing spoil bank that has limited hydrologic interchange for decades. These 


structures are not necessary to preserve the existing hydrologic regime. 


 


CPRA recommended a gate opening of 270 ft in the 10% Conceptual Design Report. H&H was 


tasked with matching the flow conveyance capacity at the Railroad crossing to the Barge Gate. 


Additional sluice gates were needed to match the conveyance capacity. Additional modeling will 


be done during PED to optimize the number of sluice gates needed. 


 
 


3. Buy-outs in Bayou Gauche, Gheens, and Mathews 
 


The report mentions that the Tentatively Selected Plan will potentially require the acquisition of 


an estimated 270 residential and 5 commercial structures due tothe impacts of induced flooding as 


a worst-case scenario. The total estimated costs of $84.2 million was assumed for cost estimates. 


These buyouts would occur in the communities of Bayou Gauche, Gheens, and Mathews because 


of their current lack of adequate structural risk reduction to protect against the 1% AEP storm for 


the 2076 scenario. 


 


NLLD is currently designing a lift of the existing levee protecting Gheens to +9.0 feet with sheet 


pile. While additional modeling efforts may show additional elevation necessary in this area to 


protect against the 1% AEP storm in this area, a higher top of wall elevation along this alignment 


than currently planned would incur significantly lower costs than buyouts and would be much 


better received by the residents of the area in question. We request that the modeling efforts used 


to inform project cost estimates utilize water surface elevations that include reductions provided 


by NLLD's planned efforts. 


The community of Bayou Gauche includes several residential structures located outside the 







proposed levee alignment. While buyouts of these structures is a possibility, to our knowledge this 


method of non-structural risk reduction has not been used in coastal Louisiana. More economical 


and socially acceptable alternatives such as floodproofing and home elevations should be factored 


for a more realistic cost estimate. At the same time, we would appreciate a realistic discussion on 


buyouts of residential properties, as some residents are more than willing to consider accepting a 


complete buyout of their homes in order for them to relocate to more resilient areas that require 


less or no risk reduction measures. 


 
Planned efforts should be permitted and funded for the reductions in water surface elevations to 


be incorporated into the FWOP conditions. For FWOP, we did not include the St. Charles Levee 


in the HEC-FDA model. The existing section of that levee isn't closed off, so it shouldn't be 


effective. 


 
Buyouts of homes was included to ensure a conservative authorized cost as it is the most expensive 


option. All options will be thoroughly examined in PED and coordinated with the locals. 


 
We have changed the language in the main report from “nonstructural plan” to “mitigation 


measures.” We recognized the language used “flowage easement” and we also wanted to 


recognize that the future plans could also include improvements to the existing local levees (e.g., 


Mathews and Gheens). Those future options are not really nonstructural measures. 
 


4. Use of HSDRRS standards 


 


The use of HSDRRS standards increases the project's cost. The Morganza to the Gulf Post- 


Authorization Change report and subsequent Adaptive Criteria Assessment Report recognized 


the storage capacity in the protected area of that project, allowing a reduced footprint and cost 


for the levee. A similar approach is appropriate for this project. 


Increased overtopping rates were looked at by the PDT, but that plan was decided against because 


of the cost to armor the levees. The PDT also decided against the increased overtopping rates 


because of the close proximity of the population to the levee alignment. 


 
We concur that the use of site-adapted criteria for Morganza to the Gulf was the right approach 


for that project. It is important to note that the Morganza criteria is not the Corps standard at this 


time. The opportunity to determine whether site-adapted criteria applies for UBB will be in the 


PED phase. We can use a similar process by performing a risk assessment for UBB during design 


phase. 


 
 


5. References to the Upper Barataria Risk Reduction Conceptual Design Report and other 


studies 


 


In 2018, Burk-Kleinpeter, Inc., APTIM, and GIS Engineering prepared a conceptual report for 







the referenced project on behalf of LBLD and NLLD. Throughout the USACE's planning 


efforts for this project, this team of consultants provided information from this report through 


CPRA for the USACE's use. LBLD, NLLD, and the consultants are pleased that the USAGE 


relied on information from the report. We ask that the USAGE accurately cite the report for 


the benefit of future users of USACE's report. 


 


• Section 1.5 (p. 6) and Section 2.5 (p. 9) refer to the "St. Charles Levee District," which does 


not exist. This comment appears to refer to LBLD and NLLD. St. Charles Parish has also been 


an active participant in these efforts. Section 1.5 also lists several past reports by the USAGE 


and others, but omits this one. 


• Section 12 should also list this report. 


• Appendix A, Section 1.8.2 appears to reference the report directly but is not entirely accurate 


in its reference. The report was prepared jointly by Burk-Kleinpeter, Inc.; GIS Engineering, 


LLC; and APTIM Corp. for the LBLD and NLLD (political subdivisions of the State of 


Louisiana). 


 


There are several other studies that warrant inclusion in Sections 1.5 and 12. 


 


• "Project Development and Implementation Program: Upper Barataria Risk Reduction" by 


ARCADIS, RAND, and The Water Institute of the Gulf, dated March 17, 2014. 


• "Upper Barataria Risk Reduction Modeling: Phase 2 - Rainfall & Storm Surge Combined 


Effects Modeling" by ARCADIS, RAND, and The Water Institute of the Gulf, dated July 8, 


2015. These two studies combined found that the project as envisioned in CPRA's Master 


Plan has a benefit- cost ratio of 2.3. 


• St. Charles Parish sponsored an economic study to more accurately quantify potential project 


benefits including business disruption and disruption to Hwy 90. 


• 


These have been changed in the main report and in the Engineering Appendix A. 
 


6. References to Paradis, LA 


Several references to Paradis, LA, the Paradis Canal, and the Paradis Canal Flood Gate are 


misspelled as "Paradise." While this is a minor detail, we would appreciate consistency for 


mapping and informational purposes. 


 
All references to “Paradise” in the report were changed to “Paradis”. We apologize for the 


misspelling. 
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UPPER BARATARIA PUBLIC MEETING ON WEBEX & FACEBOOK 1.12.21 CHAT NOTES 


ANNEX 3 
 


 


from Jamie Mobley to everyone: 9:57 AM 


Thank you for joining us. We will begin the meeting shortly after 10 a.m. 


from Jamie Mobley to everyone: 10:00 AM 


https://www.youtube.com/watch?v=_hbghDDzBzY&feature=youtu.be 


from Jamie Mobley to everyone: 10:01 AM 


You can see the presentation with subtitles on YouTube anytime at the above link. 


from Jamie Mobley to everyone: 10:05 AM 


Please feel free to type your questions and comments into the chat at any time during the 


presentation. 


from Jamie Mobley to everyone: 10:09 AM 


You may also call (318) 467-8350 to leave a voicemail or text us your question or comment. 


(This number is for voicemail or text only). 


from Jamie Mobley to everyone: 10:18 AM 


Question from Facebook: Can you elaborate on the type of material that will be used to 


construct the levees? Particularly where inland fishing will be affected? Will this dramatically 


reduce tidal movement in the areas to the West of the proposed project? 


from Mark Schleifstein to everyone: 10:20 AM 


Why is armoring not included? What happens if overtoppping occurs with no armoring with this 


design? Who pays for rebuilding if elevation compromised without armoring? How quickly 


would compromised portions be restored? 


from Jamie Mobley to everyone: 10:24 AM 


Question from Facebook: Can you comment on review and consideration of the alternative 


proposals submitted to include all portions of Bayou Gauche, including Bayou Gauche island 


itself and Kerry's Pointe community? 


from Bich Quach to everyone: 10:24 AM 


Our design standard for levee embankment is Clay in accordance with ASTM D2487 as CL or CH 


with less than 35% natural occurring sand 


from Danielle Keller to everyone: 10:26 AM 



http://www.youtube.com/watch?v=_hbghDDzBzY&feature=youtu.be
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Hydraulic structures are planned and intended to maintain flow regime outside of storm 


events. The system will only be closed during storm events so, theoretically it will not affect the 


normal tidal regime. 


from Alisha Renfro to everyone: 10:26 AM 


In the Feasibility report it says the official closing date for comments is January 29, 2021, but it's 


really the 25th? 


from Jamie Mobley to everyone: 10:27 AM 


Comment from Facebook: So earthen in structure, thank you! I'm familiar with the different 


types. 


from Jamie Mobley to everyone: 10:32 AM 


Question from Facebook: Has CPRA given this proposed project a code designation yet? I 


understand this is still in the feasibility study phase. 


from Jamie Mobley to everyone: 10:35 AM 


Don't forget, you can text or leave a voicemail question or comment to (318) 467-8350, or by 


email to UpperBaratariaFS@usace.army.mil at any time until the end of the project comment 


period on January 25, 2021. 


from Jamie Mobley to everyone: 10:40 AM 


Comment from Facebook: Y’all talk about coastal erosion. But what y’all are doing with this 


levee. Tbere will be no lower Louisiana. It will wash away from storm surge from Hurricanes. 


That’s so sad to lose Louisiana because of y’all actions 


from Jamie Mobley to everyone: 10:40 AM 


Comment from Facebook: Thank you for your response! Good job. 


from Wes LeBlanc to everyone: 10:41 AM 


CPRA project number is BA-0211 


from Jamie Mobley to everyone: 10:42 AM 


For more information about the project, see the webpage: 


https://www.mvn.usace.army.mil/About/Projects/BBA-2018/studies/Upper-Barataria- 


Louisiana/ 


from Jamie Mobley to everyone: 10:43 AM 



mailto:UpperBaratariaFS@usace.army.mil

http://www.mvn.usace.army.mil/About/Projects/BBA-2018/studies/Upper-Barataria-
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Comment from Facebook: Excellent, thank you for the CRPA Project No. That's all from me, 


thank you for your time. I'm reading the report now on your website. Have a good day, stay 


warm! 


from Jamie Mobley to everyone: 10:44 AM 


Question from Facebook: How long can I expect to live in my house on Bayou Gauche Island, 


before I flood and can no longer live with water up to my roof. I’m in limbo right now. I can’t do 


anything are make any changes in my house. When will I get money to buy a house somewhere 


else. 


from Jamie Mobley to everyone: 10:48 AM 


Hi Mark, the Public Affairs team will follow up with you after this presentation. Thank you for 


your questions. 


from Jamie Mobley to everyone: 10:49 AM 


Comment from Facebook: Reminds me of my days at HPO. Thank you for continuing to do the 


right thing. Over build, in time and under budget!! 


from Jamie Mobley to everyone: 10:51 AM 


https://www.youtube.com/watch?v=_hbghDDzBzY&feature=youtu.be 



https://www.youtube.com/watch?v=_hbghDDzBzY&feature=youtu.be
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SECTION 404(b)(1) EVALUATION 


 Upper Barataria Basin Feasibility Study - Recommended Plan 


St. Charles and Lafourche Parishes, Louisiana 


Programmatic Environmental Impact Statement 


Project Description 


Programmatic Features 
The project footprint consists of emergent and forested wetlands, distributary ridges, and 
natural and manmade waterbodies with associated levees/spoil banks. The Upper 
Barataria Basin Recommended Plan (Figure 1) is a structural alignment constructed to a 
1% AEP (100-yr future design) and totaling a little over 161,300 ft (30.6 miles) in length. 


Levee Reaches:  As several thousand acres within the footprint of the proposed levee 
alignment consist of open water or wetland habitat, placement of dredged or fill material 
for levee construction would adjust levee levels and create new levees in the area. Table 
1-1 depicts final pre-settlement levee dimensions for the proposed project. Reaches A
through F will be existing levees being adjusted to new levee levels. Reaches G and H
will be new levees that will be put in place.


Figure 1 Hydraulic Reaches A – H 
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Existing Levee 2026 Construction Final Lift Construction 


Reach 
Levee including 
ROW (ft) 


Toe-To-Toe 
(ft) 


Levee including 
ROW (ft) 


Toe-To-Toe 
(ft) 


Levee including 
ROW (ft) 


A, Davis 
Pond 285 125 190 173 238 


A 100 125 190 236 301 


B 100 125 190 236 301 


C 100 125 190 236 301 


D 100 125 190 173 238 


E 75 122 187 244 309 


F 130 169 234 244 309 


G 0 170 250 170 250 


H 0 170 250 170 250 
Table 1:  Earthen Levee Footprint Widths 


General information about the project: Approximately 1,176.67 acres of wetlands, 
including marsh, swamp, and bottomland hardwood habitats, are to be influenced by this 
project. The proposed levee is designed to HSDRRS specifications with a 1V:4H and a 
10 foot crown, with multiple levee lifts authorized over the initial 50 years. The first lift 
is projected to occur in 2026 and would raise the levee to an elevation of 14 feet except in 
hydraulic reaches F and H where it would be constructed to 16 feet elevation after 
settlement. Subsequent lifts would sustain-maintain the 1% AEP over the initial 50 years 
of the authorized project. Material settlement over this period has also been incorporated 
into the material quantities for each of the alignment’s hydraulic reaches. 
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Figure 2: Alternative 1 Map 
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Figure 3: Barataria Basin Trends 


Project Locations: 


Reach A 
Reach A begins at the Mississippi River levee and extends approximately 24,700 feet south. The 
proposed earthen levee, with a centerline shifted away from the canals, would build off the existing 
Davis Pond West Guide Levee and the existing St. Charles Levee (Refer to Engineering Appendix 
A for cross-sectional drawings). All of the existing levee footprints, including ROW, would be 
incorporated into the proposed levee design.  


From the Mississippi River Levee, the alignment continues south where it crosses River Road, the 
Union Pacific Rail Road track, the BNSF Rail Road track, and US Highway 90. Ramps would be 
constructed for the River Road and US Highway crossings and 2 railway gates would be 
constructed where the Union Pacific Rail Road track and the BNSF Rail Road track cross the 
alignment. Continuing south, the existing Davis Pond pump station would receive new frontage 
protection. At the Willowdale Pump Station, two existing tidal exchange structures, located on 
either side of the structure, would need to be replaced. New T-wall sections, one measuring 152 
feet and one measuring 298 feet, would be constructed to allow the Enterprise/Shell Pipeline and 
the Bridgeline Enlink Pipeline to pass through the levee alignment without impacting the integrity 
of the alignment. Approximately 11,000 feet from the Mississippi River Levee, along the Davis 
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Pond Diversion West Guide Levee, the alignment then turns into the St. Charles Parish Levee 
which would be elevated with the centerline being shifted away from the canal. Reach A would 
initially be constructed to an elevation of 14 feet in 2026, with an expected settlement of 1.5 feet 
by 2054. A second lift is proposed in 2054, to elevation 16 feet, in order to maintain the 1% AEP 
design elevation over the authorized 50 year period.  
 
Reach A would be accessed from US Highway 90 to Willowdale Boulevard and then to Lafayette 
Drive. Three staging areas are proposed for use during the construction of the alignment and 
structures within Reach A. The first staging area is located off Willowdale Boulevard and measures 
approximately 0.7 acres in size. A second staging area, approximately one (1) acre in size is located 
along Willowdale Boulevard, and the third staging area, approximately one (1) acre in size is 
located next to River Road. Staging area 3 would be utilized for construction of the ramp over the 
levee for River Road and the 2 Railroad roller gate structures (Union Pacific to the north and the 
BNSF to the south).  
 
Reach B 
Reach B begins at Willowdale Pump Station and measures approximately 17,100 feet in length. 
The proposed new construction centerline of Reach B would be shifted away from the existing 
canal, similar to Reach A (Refer to Engineering Appendix A for cross-sectional drawings). All of 
the existing levee footprint, including ROW, has been incorporated into the proposed levee design.  
 
Continuing southwest from the Willowdale Pump Station, along the St. Charles Parish Levee, 
frontage protection would be needed at the Willowridge, Kellogg and Cousins pump stations. Due 
to the design elevation requirements, T-wall sections would be constructed in order to 
accommodate both the East Gas Pipeline and the West Gas Pipeline. The T-wall would allow the 
gas pipelines to pass through the alignment while maintaining the integrity of the alignment.  
 
Reach B would initially be constructed to an elevation of 14 feet in 2026, with an expected 
settlement of 1.5 feet by 2054. A second and final lift to 16 feet is proposed in 2054 in order to 
maintain the 1% AEP design elevation over the authorized 50 year period. 
 
Reach B would be accessed from the same access route outlined in Reach A. A second access 
route for Reach B would be from US Highway 90 to River Ridge Drive and then to Primrose 
Street. There is one approximately one (1) acre staging area, located off Lafayette Drive, next to 
the alignment, proposed for Reach B.  
 
Reach C 
Reach C begins at the Ellington Pump Station, and measures approximately 22,600 feet in length 
and continues to elevate the St. Charles Levee. The proposed new centerline of Reach C would be 
shifted away from the existing canal similar to previously defined Reaches A and B. All of the 
existing levee footprint, including ROW, has been incorporated into the proposed levee design.  
 
Continuing from the Ellington Pump Station, along the St. Charles Parish Levee footprint, the 
levee alignment turns back south along the St. Charles Parish Levee. Fronting protection would be 
placed at the Ellington Pump Station and a new T-wall section, measuring approximately, 135 feet 
would be constructed to allow the Magnolia pipeline to pass through the levee alignment without 
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impacting the integrity of the alignment. Reach C would initially be constructed to an elevation of 
14 feet in 2026, with an expected settlement of 1.5 feet by 2054. A second (final) lift to elevation 
16 feet proposed in 2054 in order to maintain the 1% AEP design elevation over the authorized 50 
year period.  


Reach C would be accessed from US Highway 90 and then to Magnolia Ridge Road. The proposed 
staging area for Reach C would be located off Magnolia Ridge Road and would be approximately 
1.6 acres in size.  


Reach D 
Reach D begins just south of the Paradise Control Structure at the end of Reach C, and measures 
approximately 19,000 feet in length. This reach would be constructed atop the existing Sunset 
Levee. The proposed new centerline of Reach D continues south and would be shifted away from 
the existing canal similar to previously discussed reaches (Refer to Engineering Appendix A for 
cross-sectional drawings). All of the existing levee footprint, including ROW, has been 
incorporated into the proposed levee design.  


Within Reach D there is one section of T-wall, measuring approximately 2,700 feet which would 
be constructed in order to avoid existing houses and utilities along the levee alignment. The T-wall 
would have a 10 feet base slab, with an 80 feet construction easement, and an elevation of 15 feet. 
The T-wall would be constructed via the right of way from the land side. The Reach D levee 
portion would initially be constructed to an elevation of 14 feet in 2026 with an expected settlement 
of 1.5 feet by 2056. A second (final) lift to elevation 16 feet is proposed in 2056 in order to maintain 
the 1% AEP design elevation over the authorized 50 year period.  


Reach D would be accessed from Bayou Gauche Road (Highway 306) and then to Grand Bayou 
Road using a 1,527 feet long temporary access route. The 40 feet across access road would be 
constructed using crushed stone for the road surface that cuts across a local field to the alignment. 
The proposed staging area for Reach D would be located off of Grand Bayou Road and is 
approximately 2.2 acres in size.  


Reach E 
Reach E begins just south of Grand Bayou Road and is a combination of earthen levee and 
floodwalls which total approximately 14,600 feet. The earthen levee portion measures 
approximately 3,340 feet in length while the floodwall section measures approximately 11,230 
feet in length. The earthen levee portion of the reach would be constructed atop the existing Sunset 
Levee, with a newly proposed centerline shifted away from the existing canal, similar to previously 
defined reaches, (Refer to Engineering Appendix A for cross-sectional drawings). All of the 
existing levee footprint, including ROW, have been incorporated into the proposed levee design.  


Due to the minimal room for construction between the canal and the existing structures along the 
canal, the proposed floodwall portion (T-wall design) would be constructed to an elevation of 18.5 
feet with a 10-20 feet wide concrete slab at the base. Within the T-wall section, where the 
alignment crosses highway 306, a roller gate would be constructed in the alignment. This roller 
gate would remain open during normal day to day operations and would only be closed proceeding 
a hurricane or tropical storm even. A 400 foot section of T-wall will also be needed for a pipeline 
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just west of the Crawford Canal where Reach E ties into Reach F. The small portions of earthen 
levee in this reach would initially be constructed to an elevation of 14 feet in 2026, with an 
expected settlement of 1.5 feet by 2038. A second lift to 16 feet is proposed for 2038, with an 
expected settlement of a foot by 2059. A third (final) lift to an elevation of 18.5 feet is proposed 
in 2059 to maintain the 1% AEP design elevation over the authorized 50 year period. T-wall would 
be designed to maintain the 1% AEP upon initial construction in 2026.   
 
Reach E would be accessed directly from Bayou Gauche Road with a proposed, approximately 2 
acre staging area also located off of Bayou Gauche Road. Reference Figure 6-8 for the access route 
and staging area location. A new access route would be constructed for the community outside the 
system at the end of Badeaux Lane because the floodwall cuts off access to the community. The 
permanent route would go from highway 306, just outside the T-wall, and allow access to the 
community with a 30 feet wide road.  
 
Reach F 
Reach F begins just past the Crawford Canal Pump Station and measures approximately 15,400 
feet in length. This reach would be constructed atop the existing Sunset Levee. The newly proposed 
centerline of Reach F continues south and would be shifted away from the bayou similar to 
previously defined reaches. All of the existing levee footprint of the Sunset Levee, including ROW, 
would be incorporated into the proposed levee design.  
 
Reach F consists of mostly earthen levee and includes a 270 feet barge gate structure and culverts 
with sluice gates. The barge gate would be constructed across the Bayou Des Allemands crossing 
and would incorporate (6)15 feet X 20 feet box culverts on each side of the gate for a total of 
twelve culverts with sluice gates (no screens on the culverts). The channel where the structure 
would be placed would require dredging in order to achieve a sill depth around negative 14-19 
feet. Dredge material could be disposed of downstream in potential sites stable enough for marsh. 
The Reach F earthen levee would initially be constructed to an elevation of 16 feet in 2026 with 
an expected settlement of 1.7 feet by 2044. A second (final) lift to 18.5 feet is proposed for 2044 
to maintain the 1% AEP design elevation over the authorized 50 year period.  
 
Access for Reach F would be via an approximately 4,575 linear foot temporary crushed stone 
access route, 40 feet wide, constructed from the end of Down The Bayou Road to the barge gate 
crossing on top of the existing Sunset Levee. Access to this route will be via US Highway 90 to 
the eastern side of Bayou Des Allemands via Down The Bayou Road near the proposed barge gate 
placement site. The temporary access road would be removed and the area returned to pre-
construction conditions once construction has been completed.  
 
Reach F has two proposed staging areas. The first one is located west of the Crawford Canal Pump 
Station with a second proposed staging area located on the east bank of Bayou Des Allemands 
where the alignment crosses the bayou. Both proposed staging areas are approximately 2.2 acres 
in size.  
 
Reach G 
Reach G begins on the southern bank of Petit Lac Des Allemands and continues parallel to US 
Highway 90 through the marsh. Reach G measures approximately 31,000 feet in length and there 
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are currently no existing levees located in this reach. Refer to Appendix A for this sections cross-
sectional drawings for this new construction. Geotechnical fabric has been incorporated into the 
levee design to reduce the footprint in this reach.   


The proposed action for Reach G includes construction of a new levee which would parallel US 
Highway 90 through the marsh. The newly constructed levee would incorporate five sets of 
culverts, 4-6 X 6 foot box culverts with sluice gates (no screens), which are needed to maintain 
the hydraulic flows in and out of the marsh (through small tributaries and oil and gas line canals) 
on the southern side of the alignment. The proposed levee for Reach G would initially be 
constructed to an elevation of 14 feet in 2026, with a second (final) lift to an elevation of 16 feet 
proposed in 2054 in order to maintain the 1% AEP design elevation over the authorized 50 year 
period.  


Access to Reach G would be from U.S. Highway 90 via a newly constructed permanent access 
route just southwest of Dufrene Ponds. The new access road would measure approximately 7,925 
feet in length and would be surfaced with crushed stone. The access road includes construction of 
a permanent bridge across the Godchaux canal in order to gain access to the alignment for 
construction and future operation and maintenance. The proposed staging area for Reach G, 
approximately 2.3 acres in size, would be located on the north-east corner of where the Godchaux 
Canal and the access route intersect. These structures would be constructed using the temporary 
access route located along the alignment within the right of way.  


Reach H 
Reach H begins where Gibbons Road meets the alignment and continues to parallel US Highway 
90 through the marsh and follow next to Amarada Hess Rd. Reach H measures approximately 
16,900 feet in length and there is currently no existing levee in place. Refer to Appendix A for this 
sections cross-sectional drawings for this new construction. Geotechnical fabric has been 
incorporated into the levee design to reduce the footprint in this reach.   


The proposed construction for Reach H includes construction of a new levee which would parallel 
US Highway 90 through the marsh. The newly constructed levee would incorporate two sets of 
culverts for hydraulic exchange from the north to the south of the alignment. These are 2-84 inch 
in diameter culverts with sluice gates and a 1-60 inch in diameter culvert with sluice gate (no 
screens). The proposed levee for Reach H would be constructed with one lift to an elevation of 16 
feet in 2026 in order to maintain the 1% AEP design elevation over the authorized 50 year period. 


Reach H and a portion of G would be accessed using Amarada Hess Rd. For access along the 
project site, it is assumed access would be for the length of the reach, a 40 feet wide access road 
positioned at least 15 feet from the levee toe is proposed. A two acre staging area is proposed along 
the intersection of highway 308 and Amarada Hess Rd. These structures would be constructed 
using the temporary access route located along the alignment within the right of way.  
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Figure 4:  Reach A Access Road and Staging Area 







10 


Figure 5:  Reach B Access Road and Staging Area 
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Figure 6:  Reach C Access Road and Staging Area 
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Figure 7:  Reach D Access Road and Staging Area 
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Figure 8:  Reach E Access Road and Staging Area 
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Figure 9:  Reach F Access Road and Staging Area 
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Figure 10:  Reach G Access Road and Staging Area 
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Figure 11:  Reach H Access Road and Staging Area 
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Table 2: Levee Fill Quantities 


 
(1) Sediment Type 


 
Programmatic Features 


The Upper Barataria Basin is mostly a coastal wetland.  The surface and shallow subsurface of 
the project area is generally comprised of natural levee, swamp, and marsh deposits. Because of 
the lack of mineral sediment accretion in upper basin marshes, those marshes are characterized 
by highly organic substrates that in many areas are floating or semi-floating. Such marshes are 
vulnerable to potential catastrophic degradation and loss if exposed to brackish water conditions. 
Additionally, such floating marshes are more susceptible to storm surge impacts than heavier 
mineral soil marshes (USACE 2019). The Barataria Basin exhibits a northwest-southeast salinity 
gradient with fresh or low-salinity conditions toward the northwest, and more saline conditions 
nearer the Gulf. Given that the study area is located within the upper basin, the study area is 
characterized by freshwater conditions, with low- salinity brackish water occurring infrequently 
in the more tidally influenced southern portion of the area. As stated, existing levees will be 
adjusted, and two new levees will be created.  
 
Levee Reaches: Borrow material for construction is proposed to come from sites estimated to be 
within 15 miles of where US Highway 90 crosses Bayou Des Allemands. Existing Government 
borrow sites were not available within the designated distance. Potential borrow sites on farm 
lands (avoiding swamp and marsh lands) were identified in Raceland. 
 
Material used for levee construction will be levee grade material meeting HSDRRS Guidelines.  
Levee grade material is currently defined and specified as follows: earth materials naturally 
occurring or contractor blended materials that are classified in accordance with ASTM D2487 as 
clay (CL) or high plasticity, fat clay (CH) with less than 35% sand content are suitable for use as 
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embankment fill (Materials classified as silt [ML] are suitable if blended to produce a material 
that classifies as CH or CL according to ASTM D 2487).  Materials shall be free from masses of 
organic matter, sticks, branches, roots, and other debris including hazardous and regulated solid 
wastes.  Isolated pieces of wood will not be considered objectionable in the embankment 
provided their length does not exceed 1 foot, their cross-sectional area is less than 4 square 
inches, and they are distributed throughout the fill.  Not more than 1 percent (by volume) of 
objectionable material shall be contained in the earthen material placed in each cubic yard of the 
levee section.  Pockets and/or zones of wood shall not be placed in the embankment.  Materials 
placed in the section must be at or above the Plasticity Index of 10.  Materials placed in the 
section must be at or below organic content of 9 percent by weight, as determined by ASTM D 
2974, Method C. 


Mitigation Sites: A total of 5,200,400 cubic yards of soil is needed for the first lift in 2026 and a 
grand total of 8,812,700 cubic yards is needed over the entire authorized 50 year period to sustain 
the 1% AEP design elevations out to year 2076. It was assumed that 10-15 feet of usable material 
could be found in these sites. The borrow pit needed for the quantity of soil would be 
approximately 500 acres.  


Structures: Fill material used in construction of structures would either consist of backfill from 
adjacent areas, or offsite borrow.  Adjacent backfill characteristics would be dependent on 
location and depth; however, as described earlier, a majority of soils within the footprint of the 
proposed alternative are considered to be very poorly drained, flooded soils with a mucky or 
loamy surface layer and clayey subsoil.  Both adjacent and offsite borrow material may be 
required to meet HSDRRS guidelines for levee grade material. 


(3) Dredged/Fill Material Movement


Levee: Material placed for levee construction would be contained within the levee right of way.  
Movement of material beyond the levee right of way is not anticipated. 


Structures: Structure materials, including any associated cofferdams, would not be expected to 
move or shift after final material placement. 


Nonstructural Features: Fill material placed for berm construction is not expected to move after 
final material placement. 


b. Water Circulation, Fluctuation, and Salinity Determinations


(1) Water


(a) Salinity


Perhaps the only conditions under which saltwater reaches this part of the estuary is during a 
very extreme drought or from tropical activity/storm surge. More than likely the main indirect 
impact the project will have on salinities is during tropical activity, higher salinity storm surge 
waters would be prevented from moving inland. On the flood side, the proposed project may 







19 
 


induce an increase in the elevation of saline surge waters during tropical activity, the magnitude 
of which would depend on storm size, path, speed, etc.  
 
Perhaps in the future (time unknown but based on predictions probably not for at least a few 
more decades), when the Gulf of Mexico is lapping against the toe of the levee, the project may 
have some impact on salinities. 
 
With the increase in sea-level rise, it is anticipated that the local sponsor may desire more 
frequent closure of gravity drainage structures to reduce damages from higher stages unrelated to 
storm events.  If this change in operation were authorized, further changes in salinity levels 
within the study area may occur.   
 
(b) Water Chemistry (pH, etc.)  
 
Programmatic Features 
 
Placement of fill materials can result in short term effects on pH.  Factors typically associated 
with fill material placement activities may cause pH in receiving area waters to shift toward 
more acidic conditions.  These factors include increased turbidity, organic enrichment, chemical 
leaching, reduced dissolved oxygen, and elevated carbon dioxide levels, among others.   
 
With the increase in sea-level rise, it is anticipated that the local sponsor may desire more 
frequent closure of environmental control structures to reduce damages from higher stages 
unrelated to storm events.  Reducing water levels on the protected side would likely have 
widespread effects on biogeochemical cycling for protected side aquatic habitat which could 
affect pH levels. 
 
Mitigation Sites: Effluent discharges from mitigation sites would result in a temporary reduction 
in pH for adjacent waters.  The tidal action in the vicinity of mitigation sites would help to 
reduce pH effects by dispersing and diluting mitigation site effluent waters.   As emergent 
wetland vegetation establishes at sites, pH levels would return to normal. 
 
Structures: Minor and localized impacts to pH levels in adjacent waters may occur during 
placement of cofferdams, if cofferdams are constructed. These impacts would be expected to last 
the duration of construction activities.  Cofferdams, if implemented, would have the potential to 
temporarily alter pH levels, by restricting certain areas of surface water flows during 
construction activities.  Upon removal of cofferdams, changes in pH associated with cofferdams 
would diminish.  
 
(c)  Clarity 
 
General: Placement of fill material is expected to result in localized turbidity plumes, which 
could affect water clarity.  Following completion of construction activities and vegetation of 
constructed project features, the occurrence of these turbidity plumes would no longer occur. 
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(d)  Color 
 
Placement of fill material is expected to result in localized turbidity plumes, which would affect 
color.  Following completion of construction activities, the occurrence of these turbidity plumes 
would no longer occur. 
 
(e)  Odor  
 
General: No significant odors are anticipated to be associated with dewatered borrow material. 
 
(f)  Taste 
 
The nearest surface drinking water intakes to the study area are located on the Mississippi River, 
which is generally hydrologically isolated from the study area by the Mississippi River levees.  
The proposed project is therefore not expected to affect area drinking water resources. 
 
(g)  Dissolved Gas Levels 
 
Short-term decreases in dissolved oxygen could occur due to introduction of organics from the 
sediment into the water column, as well as the release of nutrients. Turbidity affects water 
quality in several ways, one which may markedly affect dissolved oxygen levels. The 
introduction of nutrients and organic material to the water column as a result of the discharge can 
lead to a high biochemical oxygen demand (BOD), which in turn can lead to reduced dissolved 
oxygen, thereby potentially affecting the survival of aquatic organisms.   
 
Structures: Minor, localized impacts to dissolved oxygen levels in adjacent waters may occur 
during placement of cofferdam, construction, and backfill materials.  These impacts would be 
expected to last the duration of construction activities.   
 
(h)  Nutrients 
The proposed levee alignment would create new hydrologic barrier along some reaches and have 
the potential to induce changes to water circulation and water level patterns in the study area. 
Localized changes in water circulation may occur within the project area.  Changes in the 
distribution of nutrients within the study area may also occur.   
 
Reducing water levels on the protected side would likely have widespread effects on 
biogeochemical cycling for protected side aquatic habitat which could affect nutrient cycling in 
aquatic habitat. 
 
Levee Reaches: Placement of fill materials would likely result in minor releases of suspended 
particulate-bound nutrients, which could generate localized, temporary increases in water column 
nutrients in surface waters adjacent to the interface between new levees and aquatic habitat. 
Also, before levees are covered with vegetation, some runoff of sediment and associated 
nutrients may occur during rainfall events, which may be minimized by the use of silt fencing.  
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Mitigation Sites: Sediments proposed as borrow material for mitigation sites are expected to 
contain variable levels of organic material, which may release elevated concentrations of 
ammonia during construction activities related to marsh restoration and nourishment. Typically 
the release of ammonia during placement of dredged material for construction of marsh creation 
and nourishment projects is for hydraulically dredged material disposal, where a slurry of water 
and sediment are pumped into an area confined by dikes. The slurry traverses the site and 
gradually sediment drops out while water is clarified and released on the other end/side of the 
site, and the resulting water discharging from the site is called effluent. Effluent releases can 
contain elevated ammonia which can be present in the pore water (water in voids between 
individual sediment particles of highly organic (mostly carbon/decomposed organic matter and 
associated nutrients) sediments. In some instances, slurry is sprayed against a baffle plate during 
disposal operations to help convert any ammonia (NH3) to nitrite or nitrate (NO2/NO3), which is 
less toxic to aquatic life and can be converted to N2 gas by denitrifying bacteria. 
 


 
Table 3: Water Quality within the Barataria Basin 


 
(i)  Eutrophication 
 
Citation of nutrients, total phosphorus, nitrate/nitrite, and non-native aquatic plants as a 
suspected cause of impairment occurrs disproportionally on the protected side of the proposed 
levee alignment.  Because the water contains elevated nutrient (particularly nitrate) levels, 
nutrient concentrations in this area may increase directly, leading to an increase in the frequency 
and distribution of eutrophic conditions. 
 
(2)  Current Patterns and Circulation 


 
(a)  Current Patterns and Flow 
The system starts in Luling where it connects the Mississippi River Levee through the Davis 
Pond Diversion Structure West Guide Levee. Continuing south, the Recommended Plan 
improves upon and updates deficiencies in the St. Charles Parish Levee, crosses Bayou Des 
Allemands with a 270 feet barge gate structure, and continues parallel to US Highway 90 before 
it ties into high ground across the Barataria Basin near Raceland. 
 
(b)  Velocity 
 
(All Features) 
See II.b.2(a) (Current Patterns and Flow) 
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(c)  Stratification 
 
No significant stratification is anticipated as a result of the implementation. 
 
(d)  Hydrologic Regime.   
 
(All Features) 
See II.b.2(a) (Current Patterns and Flow  ) 
 
(3)  Normal Water Level Fluctuations/Hydroperiod.   
 
(All Features) 
See II.b.2(a) Current Patterns and Flow   
 
(4)  Salinity Gradients.    
 
(All Features) 
See II.b.1.(a) (Salinity) 
 
(5) Actions That Would Be Taken to Minimize Impacts. 
A major component of the proposed project includes the construction on 8 levees. The purpose is 
a structural alignment constructed to a 1% AEP (100-yr future design). 
 
Levees: Material obtained from adjacent borrow areas for initial levee lifts would be dewatered 
prior to placement, and material will be placed between levee berms, minimizing water column 
impacts associated with levee construction. 
 
c. Suspended Particulate/Turbidity Determinations 
 


(1) Expected Changes in Suspended Particulates and Turbidity Levels in Vicinity of Disposal 
Site. 


 
Levee Reaches: There would likely be temporary impacts to suspended particulates/turbidity 
during fill material placement in aquatic habitat. In addition, prior to establishment of 
grass/vegetation on levees, some sediment would likely run off of levees during rainfall events. 
The project may incorporate silt fencing to minimize sediment runoff. 
 
Mitigation Sites: Use of confinement dikes would allow for clarification of effluent waters prior 
to discharge into receiving water bodies would minimize any suspended particulates and 
turbidity associated with effluent discharge.   
 
Structures: Minor, localized impacts to turbidity levels and water clarity in adjacent waters may 
occur during placement of cofferdam, construction, and backfill materials.  These impacts would 
be expected to last the duration of construction activities. 
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(2)  Effects on Chemical and Physical Properties of the Water Column. 
 
(a)  Light penetration 
 
(All Features) 
See II.c.1 Expected Changes in Suspended Particulates and Turbidity Levels in Vicinity of 
Disposal Site. 
 
(b)  Dissolved oxygen 
 
(All Features) 
See section II.b.1(g) (Dissolved Gas Levels) 


 
(c)  Toxic metals and organics  
 
See section II.d (Contaminant Determinations) 


 
(d)  Pathogens 
 
The proposed project will have an impact on water circulation. The levee alignment will create a 
hydraulic barrier that will change the water patterns of the system. This project will not have 
long term effects on pathogen distribution within the system. There will be localized changes in 
water circulation and water level patterns may induce localized changes in the distribution of 
waterborne pathogens within the study area. 
 
(e) Contaminant Determinations.  
 
No major contamination is expected because borrow material site has been approved previously 
by The U.S. Army Corps of Engineers, New Orleans District Commander, Col. Edward Fleming 
in 2010 because research was done on the sight to clear it of major contamination (US Army 
Corps, 2010).  As stated earlier, any material borrowed from the spillway would be required to 
meet HSDRRS guidelines for levee grade material, which includes the specification that it 
should be free of hazardous and regulated solid waste.   
 
f. Proposed Disposal Site Determinations 
 
(1)  Mixing Zone Determination.   
Contaminant levels were below thresholds which would indicate chronic or acute effects from 
exposure to sediment. 
 
(2)  Determination of Compliance with Applicable Water Quality Standards. 
 
Fill material would not be expected to contain levels of contaminants that are capable of causing 
water quality criteria violations during placement activities. 
 
(3)  Potential Effects on Human Use Characteristics.  
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(a)  Municipal and private water supply.  


There is no significant effect to municipal and private water supply expected.


h.  Appropriate and Practicable Steps Taken to Minimize Potential Adverse Impacts of the 
Discharge on the Aquatic Ecosystem. The formulation of project plans and designs, evaluation
of alternative plans, and development of operational scenarios for the tentatively selected plan,
have all been conducted with the objective of minimizing potential negative impacts to the
aquatic ecosystem.  Placement of material excavated for construction of project features was
designed in the context best management practices to reduce impacts also mitigation for any loss
of functions and values of wetlands are part of the plans. 
 
IV.  Evaluation Responsibility 


a.  Water Quality Input Prepared by: Ventress Bolden 


b.  Project Description and Biological Input Prepared by:  


Review Responsibility


a.  Water Quality Input reviewed by: Whitney Hickerson


b.  Project Description and Biological Input reviewed by:  


________________________ _________________________________
Date Kevin Harper
 Chief, Environmental Planning Branch
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Programmatic Agreement 
among 


The United States Army Corps of Engineers, 
Louisiana State Historic Preservation Officer, and 


The Choctaw Nation of Oklahoma 
Regarding  


Plans to Address Effects of Repetitive Storm Events in the Upper Barataria 
Basin Coastal Area, Assumption, Ascension, St. James, Lafourche,  
St. John the Baptist, St. Charles, and Jefferson Parishes, Louisiana  


(UBB PA) 


WHEREAS, in order to address repetitive storm events resulting in loss of life, 
property, and repeated mandatory evacuation costs, the U.S. Army Corps of 
Engineers (USACE), New Orleans District (CEMVN) in partnership with the 
Louisiana Coastal Protection and Restoration Authority (CPRA) as the Non-
Federal Sponsor (NFS), is conducting the “Upper Barataria Basin Coastal 
Feasibility Study” (UBB; Project) under the standing authority of the Bipartisan 
Budget Act of 2018 (BBA or Act; Pub. L. 115-123), signed into law February 9, 
2018; and 


WHEREAS, the BBA provides that a project that is studied using Supplemental 
Investigation funds is eligible for implementation using Construction funds 
provided in that Act if the Secretary determines that the project is technically 
feasible, economically justified, and environmentally acceptable. Implementation 
of the project may be undertaken using Supplemental Construction funds once the 
verification and Chief's Report for the project are provided to the Office of the 
Assistant Secretary of the Army (ASA) for Civil Works (CW), and the ASA makes 
the required determination of technical feasibility, economic justification, and 
environmental acceptability; and 


WHEREAS, CEMVN is the lead federal agency for purposes of the National 
Environmental Policy Act of 1969 (NEPA) and its implementing regulations, set out 
at 40 CFR parts 1500-1508 (43 FR 55978), and “Section 106” of the National 
Historic Preservation Act (NHPA) [54 U.S.C. § 300101 et seq.], as amended (54 
U.S.C. § 306108), and its implementing regulations, set out at 36 Code of Federal 
Regulations (CFR) Part 800, and in accordance with 36 CFR § 800.2(a)(2) and 
800.8; and 


WHEREAS, the UBB study area, which includes the Louisiana parishes of 
Assumption, Ascension, St. James, Lafourche, St. John the Baptist, St. Charles, 
and Jefferson encompasses approximately 800 square miles dominated by 
extensive coastal wetlands created by the deltaic processes of the Mississippi 
River, and characterized by a number of former distributary channels extending 
into the basin from either Bayou Lafourche or from the Mississippi River; and 
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WHEREAS, the study area is prone to coastal storm damages from tidal surges, 
storm surges, and rainfall. The headwater flooding from rainfall is intensified by 
tidal events, resulting in flood damages to industrial, commercial, and agricultural 
facilities as well as residential structures and critical evacuation routes such as US 
Highway 90 in the basin. Additionally, tidal events can create a backwater effect 
that does not allow rainfall to drain from within the basin; and 


WHEREAS, the USACE has determined that the UBB project is an “Undertaking” 
pursuant to the National Historic Preservation Act of 1966 (16 U.S.C. 470), as 
amended, (NHPA), and may have an adverse effect on properties included or 
eligible for inclusion in the National Register of Historic Places (NRHP); and 


WHEREAS, the USACE has elected to fulfill its obligations under Section 106 of 
the NHPA through the execution and implementation of a Programmatic 
Agreement (this Agreement) as provided in 36 CFR 800.14(b); and 


WHEREAS, the USACE has involved the public through the National 
Environmental Policy Act (NEPA) process, which affords all persons, organizations 
and government agencies the right to review and comment on proposed major 
federal actions that are evaluated by a NEPA document.  A public website page 
with study information and request for feedback was established in December of 
2018.  A general scoping meeting requesting feedback was conducted on January 
10, 2019 using Facebook Live Streaming; and 


WHEREAS, a Notice of Intent (NOI) to prepare an Environmental Impact 
Statement (EIS) was published in the Federal Register (Volume 84, No. 63) on 
April 2, 2019.  Public meetings to collect input during planning were held within the 
study area on May 1, 2019 and May 2, 2019; and 


WHEREAS, a Public Notice for the UBB Draft Feasibility Report with Integrated 
Environmental Impact Statement was published in the Baton Rouge and New 
Orleans Advocate for the 45-day comment period beginning November 29, 2019 
and ending January 13, 2020.  This document included a general discussion of 
cultural resources within the study area; and 


WHEREAS, a Notice of Intent to prepare a Programmatic Agreement regarding 
the UBB dated April 13, 2020 was sent to the Advisory Council on Historic 
Preservation (ACHP), Louisiana State Historic Preservation Officer (LA SHPO), 
Tribal Historic Preservation Officers (THPO) and federally recognized Indian 
Tribes as defined under 36 CFR 800.16(m) (Tribes); and 


WHEREAS, after viewing the available details of the Recommended Plan, on 
November 10, 2020 the ACHP declined the invitation to participate in consultation 
to develop this Agreement and to seek ways to avoid, minimize, or mitigate 
adverse effects on historic properties; and 
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WHEREAS, the Recommended Plan for authorization by Congress to be 
contained within a Final Draft Feasibility Study with Integrated Environmental 
Impact Statement was shared with the LA SHPO and Tribes on December 18, 
2020; and  


WHEREAS, the USACE consulted with the Louisiana State Historic Preservation 
Officer (LA SHPO), Tribal Historic Preservation Officers (THPO) and federally 
recognized Indian Tribes as defined under 36 CFR 800.16(m) (Tribes), and other 
appropriate consulting parties in developing this Agreement in order to define 
efficient and cost effective processes for taking into consideration the effects of the 
UBB project upon historic properties pursuant to 36 CFR 800.14(b); and 


WHEREAS, the USACE acknowledges Tribes as sovereign nations which have a 
unique government-to-government relationship with the federal government and 
its agencies; USACE further acknowledges its Trust Responsibility to those Tribes; 
and 


WHEREAS, the USACE made a reasonable and good faith effort to identify any 
Tribes that may attach religious and cultural significance to historic properties that 
may be affected by the undertaking; and 


WHEREAS, the USACE has invited the Alabama-Coushatta Tribe of Texas, 
Caddo Nation of Oklahoma, Chitimacha Tribe of Louisiana, Choctaw Nation of 
Oklahoma, Coushatta Tribe of Louisiana, Jena Band of Choctaw Indians, 
Mississippi Band of Choctaw Indians, Seminole Nation of Oklahoma, Seminole 
Tribe of Florida, and the Tunica-Biloxi Tribe of Louisiana to consult in the 
development of this Agreement.; and 


WHEREAS, the USACE will invite any interested Tribe who participates in the 
development of this Agreement to sign this Agreement as an Invited Signatory 
Party, and those Tribes not requesting to sign this Agreement as an Invited 
Signatory Party will be invited to sign as a Concurring Party; and 


WHEREAS, the USACE will furthermore take appropriate steps to involve and 
notify parties, as appropriate, during the implementation of the terms of this 
Agreement; and 


WHEREAS, the Louisiana Coastal Protection and Restoration Authority (CPRA) is 
a local sponsor for UBB project and has participated in the development of this 
Agreement and will be invited to sign this Agreement as a Concurring Party; and 


NOW, THEREFORE, the USACE, LA SHPO, Choctaw of Oklahoma (Invited 
Signatory) and CPRA (Concurring Party) agree that the implementation of the 
following stipulations will evidence that the USACE has taken into account the 
effects of the UBB project upon historic properties. 
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STIPULATIONS 


The USACE shall adhere to the process and protocols set forth in this Agreement. 


I. Correspondence


Electronic mail (email) will serve as the official correspondence method for 
all communications regarding this Agreement and its provisions. See 
Appendix A for a list of contacts and email addresses. Contact information 
in Appendix A may be updated as needed without an amendment to this 
Agreement. It is the responsibility of each signatory to immediately inform 
the USACE of any change in name, address, email address, or phone 
number of any point-of-contact. The USACE will forward this information to 
all signatories by email. Failure of any party to this Agreement to notify the 
USACE of any change to a point-of-contact’s information shall not be 
grounds for asserting that notice of a proposed action was not received. 


A. All standard response timeframes established by 36 CFR Part 800
will apply to this Agreement, unless an alternative response
timeframe is agreed to by the LA SHPO and Tribes. The USACE
may request expedited review by the LA SHPO and Tribes on a
case by case basis. Such expedited review period shall not be less
than 10 working days.


II. Tribal Consultation


A. The Choctaw Nation of Oklahoma participated in the development
of this Agreement and will sign this Agreement as an Invited
Signatory Party.


III. Public Involvement


A. The USACE, in consultation with the LA SHPO, shall continue to
identify and provide members of the public likely to be interested in
the effects of the UBB project upon historic properties with a
description of the undertaking and the provisions of this
Agreement.


B. Specific cultural resources data will not be released to the general
public or become released as part of NEPA documents.


C. To the extent permitted under applicable federal laws and regulations
(e.g., Section 304 of the NHPA, Section 9 of the Archaeological
Resources Protection Act [ARPA]), the USACE will release to the
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public, documents developed pursuant to this Agreement, effects 
determinations, and Interim Progress Reports. 


 
IV. Other Consulting Parties 
 


A. Any member of the public expressing an interest in the effects of 
this undertaking on historic properties, may become a consulting 
party by submitting a written request to USACE. 
 


B. The USACE, in consultation with the LA SHPO, will continue efforts 
during the duration of this Agreement to identify other parties with 
demonstrated interests in the preservation of historic properties. 
 


C. The USACE will document the consulting parties in the consultation 
process for the UBB project and maintain it as part of the 
administrative record. 


 
D. If any dispute arises about the right to be recognized as a 


consulting party, the USACE will contact the ACHP and provide all 
appropriate documentation. The ACHP will participate in the 
resolution of the issue. 


 
V. Identification, Evaluation, and Assessment of Effects Determinations 
 


A. USACE shall ensure staff or contractors whose qualifications meet 
the Secretary of the Interior’s Professional Qualification Standards 
set forth in the Federal Register at 48 Fed. Reg. 44716-01 
(September 29, 1983), as amended complete identification and 
evaluation of historic properties per National Register of Historic 
Places Criteria. USACE shall be responsible for all determinations 
submitted to LA SHPO and Tribes.    
 


B. The USACE, in consultation with the LA SHPO and 
C o n s u l t i n g  Tribes, will define and document the geographic 
areas within which an undertaking may directly or indirectly cause 
alterations in the character or use of historic properties, if any such 
properties exist, referred to as an area of potential effects (APE). 
Because UBB contains borrow sources and mitigation areas that 
are spatially distinct from the risk reduction system, there will be 
multiple APEs (collectively, the UBB APE). Each APE will assist in 
identifying the potential for cumulative effects upon historic 
properties. The reasonable and good faith identification and 
evaluation efforts will be limited to the identified UBB APE. 
 


C. UBB APEs are defined at this time to include areas that may be 
directly or indirectly impacted by:  
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1. A structural alignment constructed to a 1% AEP (100-yr
future design) and totaling a little over 161,300 feet (30.6
miles) in length to be constructed in St. Charles and Lafourche
Parishes, including its associated features (i.e., pump
stations, canals, and drainage structures), as well as activities
associated with construction (i.e., access roads and staging
areas);


2. A 270 feet barge gate structure across Bayou Des
Allemands in St. Charles Parish;


D. Borrow sources and mitigation sites are not yet fully defined, and
will be coordinated for purposes of defining the APE by the USACE,
LA SHPO, and Consulting Tribes. Additional areas of the UBB APE
will be identified as necessary.


E. Following the delineation of final UBB APE components, the
USACE will c ond u c t  a reasonable and good faith effort to
identify historic properties located within the  UBB APE. Level
of survey to be conducted within the APE and methodology will be
developed in consultation with the LA SHPO and Consulting
Tribes, in a manner equivalent to the Section 106 Process of NHPA
and equivalent to Reconnaissance or Phase I Investigations
required by the Louisiana Division of Archaeology. Areas that are
inaccessible or are determined to possess a low probability for
containing historic properties may be excluded from survey after
consultation with the LA SHPO and Consulting Tribes.


F. The USACE will ensure that the results of identification efforts are
documented in reports that meet the standards of the Louisiana
Division of Archaeology, and will ensure that the reports are
submitted to the LA SHPO and C o n s u l t i n g  T r i b e s  for
review and comment. The USACE will ensure that the comments
provided by the LA SHPO and Consult ing Tribes are addressed
and incorporated into a final report.


G. The USACE will consult with the LA SHPO and Consulting Tribes
on the eligibility of any properties identified during the identification
effort. For any properties determined not eligible for nomination to
the NRHP, no further consideration will be required under the terms
of this Agreement. For those properties determined eligible for
nomination, the USACE will proceed in accordance with Stipulation
VII. For those properties whose eligibility for the NRHP cannot be
determined on the basis of the identification effort, the USACE will
consult with the LA SHPO and Consulting Tribes to determine if the
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proposed project can avoid the properties. If the properties can be 
avoided, the USACE will proceed as in Stipulation VI. If the 
properties cannot be avoided, the USACE will ensure that 
additional investigations to evaluate each property’s eligibility for 
nomination will be undertaken. 


H. The USACE will ensure that the results of the evaluation efforts are
documented in reports that meet the standards of the Louisiana
Division of Archaeology and will ensure that the reports are
submitted to the LA SHPO and C o n s u l t i n g  T r i b e s  for
review and comment. The USACE will ensure that the comments
provided by the LA SHPO and Consult ing Tribes are addressed
and incorporated into a final report.


I. The USACE will consult with the LA SHPO and Consulting Tribes
on the eligibility of the properties assessed during the evaluation
effort. For any properties determined not eligible for nomination to
the NRHP, no further consideration will be required. For those
properties determined eligible for nomination, the USACE will
proceed in accordance with Stipulation VII.


J. In the event of disagreement between the USACE, LA SHPO,
and/or Consulting Tribes concerning the eligibility of a property for
listing in the NRHP under 36 CFR Part 60, the USACE shall
request a formal determination of eligibility for that property from
the Keeper of the NRHP (Keeper). The determination by the
Keeper will serve as the final decision regarding the NRHP
eligibility of the property.


VI. Coordination of Effects Determinations


A. The USACE shall evaluate the effects of a project activity on
historic properties in a holistic manner and will not segment
activities. In the event the USACE determines that any aspect of
the project activity will have an effect or adverse effect on a historic
property within the UBB APE, the entire project activity will be
reviewed accordingly.


B. Consultation under this Agreement will be concluded for USACE
findings of no historic properties affected and no adverse effect
when the LA SHPO and Consulting Tribes have been provided the
opportunity to review and comment on the written documentation
and either concur or do not object within 30 days of receipt of the
USACE finding, and subject to the provisions of this Agreement.
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C. Following submission of written documentation to the LA SHPO 
and Consulting Tribes, the USACE may propose a finding of no 
adverse effect with conditions, as appropriate. Such conditions 
may include, but are not limited to: 


 
1. Avoidance and/or preservation-in-place of historic 
properties; 
 
2. Modifications or conditions to ensure consistency with the 
Secretary of Interior's Standards for the Treatment of Historic 
Properties and applicable guidelines. 
 


D. In the event of an objection by the LA SHPO, Consulting Tribes or 
other consulting parties regarding the USACE’s findings of no 
historic properties affected, findings of no adverse effect, and 
findings of no adverse effect with conditions, the USACE shall seek 
to resolve such objection through consultation in accordance with 
procedures outlined in Stipulation XII. 


 
VII. Resolution of Adverse Effects 


 
A. In the event that the USACE, in consultation with the LA SHPO and 


Consulting Tribes, determines that the implementation of a project 
activity may result in an adverse effect to historic properties (as 
defined in 36 CFR 800.5(a)(1) and (2) of the ACHP’s regulations), 
the USACE shall notify the ACHP, LA SHPO, Consulting Tribes, 
other consulting parties and the public. If the project activity will 
affect a National Historic Landmark, USACE shall also notify the 
National Park Service (NPS). The notification of adverse effect 
shall include the following documentation, subject to the 
confidentiality provisions of 36 CFR 800.6:  


 
1. Summary description of the activity area; 
 
2. Summary of identification efforts in accordance with this 


agreement;  
 
3. Summary analysis of effects to historic properties; 
 
4. Summary of alternatives considered to avoid or reduce 


adverse effects;  
 
5. Proposed mitigation measures in accordance with 


Stipulation VIII when adverse effects cannot be avoided or 
conditioned to reach a determination of no adverse effect; 
and 







UBB PA  9 of 27 


  
B. The LA SHPO, Consulting Tribes, and any additional consulting 


parties, including the NPS, as appropriate, shall be afforded an 
opportunity to review and to comment on the adverse effect 
notification for a period of thirty (30) calendar days after receipt of 
the adverse effect notification. 


 
C. Should the USACE, LA SHPO, and Consulting Tribes disagree on 


the proposed mitigation measures, the USACE shall seek to 
resolve such objection through consultation in accordance with 
Stipulation XII.  


  
VIII. Standard Mitigation Measures 
 


A. The USACE, in coordination with the LA SHPO, Consulting Tribes, 
and other consulting parties, will identify standard mitigation 
measures for adverse effects to historic properties. Standard 
mitigation measures will be tailored to the significance of the 
historic property, and may include, but are not necessarily limited 
to, one or more of the following:  
 


1. Public Interpretation; 
 
2. Documentation consistent with the Level II Standards of 


the Historic American Building Survey/Historic American 
Engineering Record (HABS/HAER);  


 
3. Historical, Architectural or Archeological Monographs;  
 
4. Rehabilitation of historic buildings in accordance with the 


Secretary of the Interior’s Standards for the Treatment of 
Historic Properties (36 CFR Part 68); 


 
5. Off-site mitigation, including acquisition of property or 


preservation easements on property, as appropriate and 
legal, containing threatened resources of comparable 
significance in circumstances where there is an imminent 
need to proceed with construction activity and it is in the 
public interest; 


 
6. Ethnographic studies; 
 
7. Studies of traditional cultural properties;  
 
8. Relocation of historic properties to sites approved by the 


LA SHPO as possessing similar overall character; and 
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9. Data recovery for archeological properties.


B. In the event that the LA SHPO, and/or Consulting Tribes determine
that standard mitigation measures are not adequate or appropriate
to resolve adverse effects, the USACE, LA SHPO, and Consulting
Tribes will consult to negotiate additional mitigation measures.
Other consulting parties may express their concerns regarding
mitigation measures through written comments submitted to any of
the signatories to the Agreement.


C. Once the USACE, LA SHPO, and/or Consulting Tribes agree to the
terms of the mitigation, such agreement will be formalized through
an MOA executed and implemented pursuant to 36 CFR 800.6(c).
Such MOA shall be forwarded to all signatories to this Agreement.
If there is a disagreement that cannot be resolved, the formal
dispute provisions at Stipulation XII will be implemented.


IX. Curation


Recovered archaeological collections from a USACE-required 
archaeological survey, evaluation, and/or mitigation plan remain the 
property of the land owner (either private, State, Federal, etc.). USACE, in 
coordination with the LA SHPO and appropriate Federally-recognized 
Tribe(s) may, as determined through consultation, encourage private land 
owners to transfer any recovered artifacts and related documentation to an 
appropriate archive or public or Federally-recognized Tribal entity. USACE, 
in coordination with LA SHPO and Tribe(s), shall work with all Tribal, State, 
and local agents to support steps that ensure the long-term curation of these 
artifacts and documents through the transfer of the materials to a suitable 
repository as agreed to by USACE, the SHPO, and  Tribes(s) and following 
applicable State or Tribal guidelines. USACE shall ensure that collections 
from Federal or Tribal land, including field and laboratory records sufficient 
to document the collection, are curated at a repository meeting federal 
standards (36 C.F.R. 79) as agreed to by USACE, LA SHPO, and Tribe(s), 
and follow that repository’s guidelines.. 


X. Unanticipated Discoveries and Effects


A. In the event that the USACE discovers a previously unidentified
cultural resource, including but not limited to archeological sites,
standing structures, human remains, and properties of traditional
religious and cultural significance to Tribes, during the execution of
the project, the USACE immediately shall secure the immediate
jobsite by the most appropriate quickly available means, to include
but not necessarily limited to a 50-foot radius buffer around the
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unexpected discovery, and suspend work in that buffered area of 
the affected resource. The USACE shall notify the LA SHPO, 
Consulting Tribes, and additional consulting parties, as 
appropriate, of the finding within 24 hours. Any previously 
unidentified cultural resource will be treated as though it is eligible 
for the NRHP until other determination may be made through 
consultation, within a period of 7 days. If consulting parties agree 
that the cultural resource is not eligible for the NRHP, then 
suspension of work will end. If consulting parties agree that the 
cultural resource is eligible for the NRHP, then the USACE, in 
consultation with the LA SHPO and Consulting Tribes, will develop 
a treatment plan or Standard Mitigation Measures agreement in 
accordance with Stipulation VIII. USACE will implement the plan or 
Standard Mitigation Measures agreement once approved by the LA 
SHPO, Consulting Tribes, and additional consulting parties, as 
appropriate. If there is a disagreement that cannot be resolved, the 
formal dispute provisions at Stipulation XII will be implemented.  
 


B. In the event that the USACE is notified of a previously unidentified 
archaeological property on federal or tribal land during the 
execution of any of the undertakings, the USACE will ensure that 
procedures established by ARPA 1979 (Public Law 96-95; 16 
U.S.C. 470aa-mm), as amended, and implementing regulations 
(43 CFR Part 7) will be followed. 


 
C. The USACE shall insure that all contractors are made aware of the 


requirements of this Agreement. Language of Stipulation X shall be 
included in Construction Plans and Specifications. In the event that 
a contractor discovers a previously unidentified cultural resource, 
the contractor shall immediately notify the USACE and refrain from 
further project activities within a minimum of 50 feet from the 
discovery (50-foot radius no work buffer), and shall take reasonable 
efforts to avoid and minimize harm to the cultural resource. The 
USACE shall begin implementing any additional measures thought 
necessary to secure the historic property for safety and security 
concerns, within one day of the discovery.  


 
D. In the event that previously unidentified effects to historic properties 


are identified following the completion of work within an activity 
area, any party may provide the USACE with evidence of such 
effects for a period of twelve (12) months from the completion of 
the affecting work. The USACE, in consultation with the LA SHPO, 
Consulting Tribes, and ACHP, as appropriate, will review and if 
determined necessary will develop a treatment plan or Standard 
Mitigation Measures agreement in accordance with Stipulation VIII. 
Consultation to develop the treatment plan will begin as soon as it 
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is determined necessary, but not more than 1 month from 
notification.  


E. If the USACE, LA SHPO, and/or Consulting Tribes cannot agree
on an appropriate course of action to address the discovery
situation, the USACE shall initiate the dispute resolution process
set forth in Stipulation XII.


XI. Treatment of Human Remains and Items of Religious and Cultural
Importance


A. Portions of Language of Stipulation XI shall be included in
Construction Plans and Specifications, to offer fullest knowledge of
the importance therein


B. Documenting Human Remains: The recordation of human remains
in a burial context or as individual elements is a task that requires
sensitivity and good judgment, as defined through consultation.
Consultation is a necessary part of documenting any human
remains (in a discovery situation or during the treatment of historic
properties) following the provisions of this stipulation.  In planning
how to document human remains (photography, drawing for the
purposes of illustration, videography, or other), the determination
will be made in consultation and concurrence with the LA SHPO,
Federally-recognized Tribe(s), and, as appropriate, other
descendant communities.  Even if it is determined to photo
document the human remains, the photographs should not be
published or made publicly available in any way.  The USACE will
maintain records for the purpose of management of the human
remains, with the intent of satisfying the protection provisions of the
federal and state laws governing human remains, the records will
be hardcopy and digital.  When the records are digital, they will not
be connected to externally available electronic resources like GIS
servers or other and marked as restricted (per NHPA, FOIA, and,
as appropriate, ARPA).  As part of the consultation for the UBB
where Human Remains are present, the USACE will ensure that
the consultation happens as appropriate to each jurisdiction (State
or Federal) to determine the course of action for each situation.


C. General Human Remains Discovery Process:


1. In the event that previously unreported or unanticipated
human remains, burials, funerary objects, Native American
sacred objects, or Native American objects of cultural
patrimony are encountered during field investigations,
laboratory work, or during construction or maintenance
activities originating from federal, state, or private lands
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(Federal and Non-Federal Lands) USACE shall notify the LA 
SHPO and Tribes within 24-hrs of the discovery. 
Concurrently, USACE will implement the provisions 2 thru 6, 
below: 


2. Any USACE employee or contractor(s) who knows or has
reason to know that they have inadvertently discovered
human remains, burials, funerary objects, Native American
sacred objects, or Native American objects of cultural
patrimony must provide immediate telephone notification of
the inadvertent discovery to the responsible Federal
construction official, with written confirmation, to the USACE
Point of Contact in this agreement.  The written notification
should contain the results, if any, of the field evaluation.  The
USACE Cultural Resources Staff and Tribal Liaison will
begin to develop a plan of action to inform the District
Commander of the consultation tasks necessary to address
the discovery.  No photographs should be taken at this time
of the human remains.


3. All fieldwork, construction or maintenance activities, must
stop immediately within a one hundred (100) meter (328 ft.)
radius buffer zone around the point of discovery; unless
there is reason to believe that the area of the discovery may
extend beyond the one hundred (100) meter (328 ft.) radius
buffer zone in which case the buffer zone will be expanded
appropriately, within the APE. USACE will implement
measures to protect the discovery from theft and vandalism.
Any human remains or other items in the immediate vicinity
of the discovery must not be removed or otherwise
disturbed. USACE will take immediate steps, if necessary,
to further secure and protect inadvertently discovered
human remains, burials, funerary objects, Native American
sacred objects, or Native American objects of cultural
patrimony, as appropriate, including stabilization, or
covering the find location.


4. USACE will notify local law enforcement, coroner, or
medical examiner, as appropriate, and the LA SHPO, per
the Point Of Contact in Appendix A, by telephone to assess
the nature and age of the human skeletal remains within
twenty-four (24) hours of the discovery of unmarked human
remains and accompany local law enforcement personnel
during all field investigations. USACE will also notify Tribes
of the discovery within the same period.  If the appropriate
local law enforcement official determines that the remains
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are not involved in a criminal investigation, USACE will 
follow jurisdictional guidelines as provided for based on land 
ownership (per Stipulation XI. D.). 


 
a. In cases where human remains, burials, funerary 


objects, Native American sacred objects, or Native 
American objects of cultural patrimony are 
discovered during the implementation of a USACE-
funded undertaking on Federal Land, USACE will 
notify by telephone and e-mail the LA SHPO, Tribes, 
and other affected parties (e.g., living descendants) 
that may attach religious and cultural significance to 
the discovery at the earliest possible time, but no later 
than forty-eight (48) hours and inform them of the 
steps already taken to address the discovery. 


 
b. In cases where the human remains are discovered 


on Non-Federal Lands and are determined to be 
Native American, the State of Louisiana will notify 
and coordinate with Tribes, but not later than forty-
eight (48)-hours from the time of their notification. As 
requested and to the extent of its legal authority, 
USACE will assist the State of Louisiana, to consult 
with Tribes and affected parties, as appropriate. 


 
c. In cases where the human remains are discovered 


on Non-Federal Lands and determined to be other 
than Native American, the State of Louisiana will 
notify and coordinate.   As requested and to the 
extent of its legal authority, USACE will assist the 
State of Louisiana to consult with the affected parties, 
as appropriate. 


 
5. USACE will consult with LA SHPO, THPOs, and appropriate 


Federally-recognized Tribes, and other affected parties to 
develop a mutually agreeable action plan with timeframes to 
take into account the effects of the Undertaking on the 
discovery; resolve adverse effects if necessary; and ensure 
compliance with applicable federal laws and their 
implementing regulations, if the discovery of Native 
American human remains, funerary objects, Native 
American sacred objects, or Native American objects of 
cultural patrimony occurs on Federal Land. 


 
6. Following the outcome of any consultation (Federal Lands 


or Non-Federal Lands) to address the discovery of human 
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remains, USACE will coordinate with any contractor(s) 
regarding any required scope of project modification 
necessary to implement recommendations from the 
consultation and facilitate proceeding with the Undertaking. 


 
D. Specific Authorities and Processes for Addressing Human 


Remains: If human remains, funerary objects, Native American 
sacred objects, or Native American objects of cultural patrimony 
are encountered during project field investigations or laboratory 
work or during construction activities, the USACE will comply with 
the provisions based on the nature of the land ownership at the 
time remains or objects are encountered, in accordance with 
Engineering Regulation 1102-2-100 (Policy & Guidance), Appendix 
C-4.   


 
1. Federal Lands: If discovered/recovered from Federal lands, 


USACE shall concurrently implement processes defined in 
this Agreement, satisfying NHPA, as well as 


 
• ensuring consultation with appropriate Federally-


recognized Tribes for any human remains, funerary 
objects, Native American sacred objects, or Native 
American objects of cultural patrimony (objects) as 
required by the Native American Graves Protection and 
Repatriation Act of 1990 (NAGPRA), as amended (25 
U.S.C. §§ 3001-3014) and its implementing regulations 
(43 C.F.R. Part 10; and 


 
• ensuring the appropriate provisions of the 


Archaeological Resources Protection Act, 16 USC §§ 
470aa et seq., are followed.   


 
a. For discoveries of human remains, burials, funerary 


objects, Native American sacred objects, or Native 
American objects of cultural patrimony, USACE will 
continue to consult with the LA SHPO, claimant Federally-
recognized Tribes, and other affected parties, as 
appropriate, whether they are Signatories to this 
Agreement or not, regarding additional measures to avoid 
and protect or mitigate the adverse effect of the 
Undertaking. These measures may include: 


 
i. Visits to the site by the LA SHPO, claimant 


Federally-recognized Tribes, and other affected 
parties, as appropriate; 
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ii. Formally evaluate the archaeological site for 
NRHP-eligibility; 


iii. Explore potential avoidance alternatives; 
iv. Develop and implement a mitigation plan in 


consultation and concurrence with the LA SHPO, 
claimant Federally-recognized Tribes, and other 
affected parties, as appropriate, including 
procedures for disinterment and re-interment. 


 
b. Initial Determination of nature of discovered Human 


Remains when from Federal Lands (Native American or 
Other) 


 
i. USACE, in consultation with the LA SHPO and 


claimant Federally-recognized Tribes, whether they 
are Signatories to this Agreement or not, and other 
affected parties, may consult with a qualified 
physical anthropologist, forensic scientist, or other 
experts as may be needed to examine and assess 
the discovery. Unless the remains were 
inadvertently removed, the evaluation will be 
conducted at the site of discovery. Other than for 
crime scene investigation, no excavation, 
examination, photographs, or analysis of Native 
American human remains or remains suspected of 
being Native American will be conducted or allowed 
by USACE archaeologists or any other professional 
without first consulting with the claimant Federally-
recognized Tribes, whether they are Signatories to 
this Agreement or not. The consulting expert will be 
allowed to draw and measure the exposed remains 
and associated funerary objects. Drawings cannot 
be published in any form or shown as part of 
scholarly presentations without the written 
permission of the appropriate Tribes or next living 
descendant. 


 
ii. USACE, in consultation with the LA SHPO, 


claimant Federally-Recognized Tribes, and other 
affected parties, as appropriate, whether they are 
Signatories to this Agreement or not, will have 
seven (7) days to determine if the skeletal remains 
are human, the degree to which they were 
disturbed, and if possible, using reasonable 
measures to assess their potential age, cultural 
affiliation, and identity, without any further 
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disturbance. Upon making a determination or at the 
end of the seven (7) days, whichever comes first, 
USACE will notify the appropriate affected parties 
of its findings. This notification will include pertinent 
information as to kinds of human remains, funerary 
objects, Native American sacred objects, or Native 
American items of cultural patrimony discovered, 
their condition, and the circumstances of their 
inadvertent discovery.  


 
iii. If the remains are determined NOT to be Native 


American in origin, USACE will follow the principals 
outlined in the 2007 ACHP “Policy Statement 
Regarding Treatment Of Burial Sites, Human 
Remains and Funerary Objects” to respectfully treat 
the remains and determine proper disposition, 
disinterment, re-interment, and memorialization, as 
well as any Real Estate guidance at the time of the 
discovery.   


 
c. Initiating NAGPRA Consultation following Inadvertent 


Discoveries/Recovery of Human Remains from Federal 
Lands 


 
i. For the purposes of notification and consultation 


of an inadvertent discovery, USACE considers 
the Consulting Tribes, and Federally-
recognized Tribes who have identified the 
Parish as an area of interest are likely to be 
cultural affiliated with inadvertently discovered 
NAGPRA items found on a specific Work Item. 


 
ii. Upon certification of an inadvertent discovery of 


NAGPRA items by the responsible federal 
official, the USACE shall notify the consulting 
Federally-recognized Tribes.  This notification 
will be made via email and telephone call to the 
appropriate consulting Tribes’ Primary POC 
within twenty-four (24) hours, and include 
concurrent hard copy written notification, via 
regular mail.  Notifications shall include a copy 
of the field documentation and a list of all other 
parties being notified. 


 
iii. No later than three (3) days after the email and 


telephone notification, the consulting Federally-
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recognized Tribes and/or claimant Federally-
recognized Tribe shall agree to a date and time 
for a teleconference to begin the consultation 
process.  


 
d. Consultation for Inadvertent Discoveries//Recovery of 


Human Remains from Federal Lands that are Native 
American 


 
i. Consultation will begin with the teleconference 


with all consulting Federally-recognized Tribes 
and/or claimant Federally-recognized Tribe.  At 
this time both parties may determine that the 
cause of the inadvertent discovery is not on-
going, that the location where the discovery 
occurred is secure (or can be secured), and that 
the NAGPRA items do not need to be removed.   


 
ii. If all Consulting Parties participating in the 


consultation reach the same conclusion under A 
above, then the USACE will issue a written 
notice to all parties concluding that the location 
of the inadvertent discovery is secure and that 
the NAGPRA items will be left in place.  If any 
Consulting Parties disagree with this 
assessment, then consultation will progress with 
all Consulting Parties including the signatories 
to this Agreement.   


 
iii. If consensus is not attained, the USACE will 


notify, in writing, all consulting Federally-
recognized Tribes of its intent to complete 
consultation with a written plan of action in 
accordance with 43 CFR § 10.5(e). The USACE 
will produce a NAGPRA plan of action which 
details the steps it will follow to complete the 
NAGPRA consultation process (43 CFR § 
10.5(e)).  This plan will contain a) a list of all 
materials considered to be NAGPRA items, b) 
the planned treatment, care, and handling of the 
materials, c) any planned recording of the find 
location as an archaeological site, d) any 
analysis planned for the remains, e) and a 
description of any anticipated summary reports. 
USACE and the consulting Federally-
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recognized Tribes will create a template plan of 
action to be on file. 


 
iv. Within thirty (30) days of receipt of notice to 


consult and the action plan, the consulting 
Federally-recognized Tribes agree to provide a 
summary response containing the names and 
contact info for any potential lineal descendants, 
recommendations on any topics that should be 
included in consultation, request for any 
additional consultation meetings, 
recommendations for any treatment actions for 
the location of the discovery, and a list of any 
items that should be considered as NAGPRA 
items.  Submission of this report does not 
preclude on-going discussion on any of these 
topics as consultation progresses. 


 
v. Based on the responses received, USACE may 


choose to update and resubmit the plan of 
action to all Consulting Parties, but at a 
minimum will notify all Consulting Parties in 
writing of its intent to implement the plan of 
action previously presented to the Consulting 
Parties. 


 
vi. At the conclusion of implementation of the plan 


of action, USACE will provide all of the 
Consulting Parties, in writing, copies of the draft 
Notice of Intended Disposition, and will provide 
the Consulting Parties thirty (30) days to 
comment. 


 
e. Process to Determine Disposition of Native American 


Human Remains from Federal Lands 
 


i. Once the thirty (30) days has commenced after 
providing the Consulting Parties with the draft 
copy of the Notice of Intended Disposition, and 
considering all comments, USACE will publish 
the Notice of Intended Disposition in a 
newspaper of general circulation in the local 
area, and also in a newspaper of general 
circulation in the local area for the Tribes.  Both 
notices will be published a second time, at least 
one week later. 
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ii. Copies of the Notice of Intended Disposition, as 


well as a description of when and where it was 
published, will be provided to the National Parks 
Service, National NAGPRA program. 


 
iii. USACE anticipates that during the notice period 


described above, discussions will begin with the 
appropriate claimant Federally-recognized 
Tribe/s regarding disposition.  Disposition will 
generally take the form of a physical transfer of 
custody and reburial on USACE lands, or the 
claimant Federally-recognized Tribe(s) may 
choose to rebury privately once the Tribe 
assumes control over the NAGPRA items. 


 
2. Non-Federal Lands: If human remains are recovered from 


NFS, state, or other private land, USACE will require that the 
laws of the State of Louisiana are followed.   As requested 
and to the extent of its legal authority, USACE will support 
the State of Louisiana in following the state’s processes 
related to discovery, disposition, disinterment, re-interment, 
and memorialization. 


 
a. Louisiana Statues related to the discovery of 


human remains are found in the Unmarked Human 
Burial Sites Preservation Act (R.S. 8:671-681).   
 


i. https://www.crt.state.la.us/cultural-
development/archaeology/CRM/cemeteries-
burials/index 
 


ii. For unanticipated discoveries on private, parish, 
or state land in Louisiana, the Louisiana 
Unmarked Human Burial Sites Preservation Act 
(R.S. 8:671-681) applies.  The Louisiana 
Division of Archaeology is the lead agency and 
will consult with USACE, Tribe(s), landowner, 
and descendants as appropriate to determine 
the necessary course of action 


 
b. If the human remains recovered are determined to 


be Native American, USACE, in conjunction with 
the NFS, will identify and secure a mutually 
agreeable reburial location in which to reinter the 
human remains removed from the project area. 
Other arrangements may defined at the time it is 



https://www.crt.state.la.us/cultural-development/archaeology/CRM/cemeteries-burials/index

https://www.crt.state.la.us/cultural-development/archaeology/CRM/cemeteries-burials/index

https://www.crt.state.la.us/cultural-development/archaeology/CRM/cemeteries-burials/index





UBB PA  21 of 27 


determined that Native American human remains 
have been recovered, but will include at a minimum: 


 
i. In person consultation regarding the human 


remains and any objects; 
 


ii. The identification of a reburial location as close 
to the disinterment location as feasible; 


 
iii.  A commitment on the part of USACE to 


facilitate the reburial by an affiliated Tribe and to 
protect the human remains and associated 
grave goods, at no cost to the Federally-
recognized Tribes, or the LA SHPO.  


 
iv.  Acknowledgment of the establishment of the 


cemetery in the administrative record and in the 
real estate records as determined best at time 
of reburial.   


 
c. If the remains are determined NOT to be Native 


American in origin, USACE will follow the principals 
outlined in the 2007 ACHP “Policy Statement 
Regarding Treatment Of Burial Sites, Human 
Remains and Funerary Objects” to respectfully treat 
the remains and determine proper disposition, 
disinterment, re-interment, and memorialization, as 
well as any USACE real estate guidance at the time 
of the discovery. 


 
XII. Dispute Resolution  


 
A. Except for the resolution of eligibility issues, as set forth in 


Stipulation V, should the LA SHPO, Consulting Tribes, or a 
member of the public disagree on the implementation of the 
provisions of this agreement, they will notify the USACE, who will 
seek to resolve such objection through consultation.  


 
B. If the dispute cannot be resolved through consultation, the USACE 


shall forward all documentation relevant to the dispute to the 
ACHP, including any proposed resolution identified during 
consultation. Within seven (7) calendar days after receipt of all 
pertinent documentation, the ACHP may:  


 
1. Provide the USACE with recommendations to take into 


account in reaching final decision regarding the dispute; or 
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2. Notify the USACE that it will comment pursuant to 36 CFR 
800.7(c) and provide formal comments within twenty-one 
(21) calendar days.  


 
C. Any recommendation or comment provided by the ACHP will be 


understood to pertain only to the subject of the dispute, and the 
USACE’s responsibilities to fulfill all actions that are not subject of 
the dispute will remain unchanged.  


 
D. If the ACHP does not provide the USACE with recommendations 


or notification of its intent to provide formal comments within seven 
(7) calendar days, the USACE may assume that the ACHP does 
not object to its recommended approach and it will proceed 
accordingly. 


 
XIII. Administration, Effect, and Duration of this Agreement 


 
A. This Agreement will be signed in counterparts and shall take 


effect upon execution by the USACE and LA SHPO.  
 


B. This Agreement will remain in effect for ten (10) years from the 
date of execution, unless extended for a two-year period by 
written agreement negotiated by all signatories.  
 


C. All signatories to this Agreement shall meet annually to 
evaluate the effectiveness of this Agreement, beginning one 
(1) year after the date of execution. The USACE shall 
coordinate such annual meetings following the execution of 
this Agreement. At each annual meeting, held in manner and 
location as mutually agreed upon by all signatories, the 
effectiveness of the Stipulations of this Agreement shall be 
discussed.  


 
XIV. Amendment and Termination  


 
A. Notwithstanding any provision of this Agreement, USACE, LA 


SHPO, and Invited Signatory Parties may request that it be 
amended, whereupon these parties will consult to consider 
such amendment. The USACE will facilitate such consultation 
within thirty (30) days of receipt of the written request. Any 
amendment will be in writing and will be signed by the USACE, 
LA SHPO, and Invited Signatory Parties, and shall be effective 
on the date of the final signature. 


 
B. Any Invited Signatory Party may withdraw its participation in 


this Agreement by providing thirty (30) days advance written 
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notification to all other parties. In the event of withdrawal by 
one Invited Signatory Party, the Agreement will remain in effect 
for the other signatories. 


 
C. The Agreement may be terminated in accordance with 36 CFR 


Part 800. Any party requesting termination of this Agreement 
shall provide thirty (30) days advance written notification to all 
other signatories. 
 


Execution of this Agreement by the USACE, and LA SHPO and implementation of 
its terms, evidences that the USACE has taken into account the effects of the UBB 
project upon historic properties and has afforded the ACHP an opportunity to 
comment. 
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among 


The United States Army Corps of Engineers, 
Louisiana State Historic Preservation Officer, and 


The Choctaw Nation of Oklahoma 
Regarding  


Plans to Address Effects of Repetitive Storm Events in the Upper Barataria 
Basin Coastal Area, Assumption, Ascension, St. James, Lafourche,  
St. John the Baptist, St. Charles, and Jefferson Parishes, Louisiana  


(UBB PA) 
 
 
 
 
 
The Choctaw Nation of Oklahoma  
 
Nothing in this Agreement shall be construed to waive the sovereign rights and immunities 
of the Choctaw Nation of Oklahoma, its officers, employees, or agents. 
 
 
______________________________   Date: _________________  
Gary Batton, Chief 
Choctaw Nation of Oklahoma 
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______________________________   Date: _________________  
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Executive Director 
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Appendix A: Point of Contacts (POC) 


 
CONTACT INFORMATION FOR CONSULTING PARTIES 


 
Signatories shall provide USACE with updated contact information as it becomes 
available, and revisions to this Appendix A will be made without an amendment to this 
Agreement. 
 
  


Federally-Recognized Tribes 
Choctaw Nation of Oklahoma 
 
Primary: 
Ian Thomson 
Historic Preservation Department 
Choctaw Nation of Oklahoma 
P.O. Box 1210 
Durant, OK 74702 
(580) 924-8280 
ithompson@choctawnation.com 
 
 
Lindsey D. Bilyeu, MS 
Senior Compliance Review Officer 
lbilyeu@choctawnation.com 
 
 
Method of contact for project 
notification and documentation: email 
Senior Compliance Review Officer with 
a copy to THPO.  
 
Method of contact for other 
communication: email, phone call 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Choctaw Nation of Oklahoma 
 
Secondary: 
Gary Batton, Chief 
Choctaw Nation of Oklahoma 
Attn: Choctaw Nation Historic Preservation 
Department 
P.O. Box 1210 
Durant, OK  74702-1210 
(800) 522-6170 
gbatton@choctawnation.com 



mailto:ithompson@choctawnation.com

mailto:lbilyeu@choctawnation.com
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SHPOS & Other Non-Federal 
Organizations 


 


Advisory Council on Historic 
Preservation 
 
Primary: 
Chris Daniel, Program Analyst 
Advisory Council on Historic 
Preservation 
401 F Street NW, Suite 308 
Washington DC  20001-2637 
(202) 517-0223 
e106@achp.gov; cdaniel@achp.gov 
 
Method of contact for project 
notification and documentation: email to 
e106@achp.gov and copy to Primary 
contact email.  
 
Method of contact for other 
communication: email, phone call 
 
 


Advisory Council on Historic 
Preservation 
 
Secondary: 
John Fowler, Chairman 
Tom McCulloch, Assistant Director  
Office of Federal Agency Programs 
Advisory Council on Historic Preservation 
401 F. Street NW, Suite 308 
Washington, DC  20001-2637 
(202) 517-02280222 
achp@achp.gov tmcculloch@achp.gov 
 
Method of contact for project notification 
and documentation: email to e106@achp.gov 
and copy to Primary contact email.  
 
Method of contact for other communication: 
email, phone call 
 


Louisiana State Historic 
Preservation Officer  
 
Primary: 
Chip McGimsey 
State Archaeologist 
Division of Archaeology 
PO Box 44247 
Baton Rouge, LA 70804-4241 
(225) 219-4598 
cmcgimsey@crt.la.gov 
 
Method of contact for project 
notification and documentation: email at 
section106@crt.la.gov  
 
Archaeological Site Forms:  Submit to 
LA Division of Archaeology via email to 
siteforms@crt.la.gov. 
 
Reports:  Hard copy and PDF on CD 
 
Method of contact for other 
communication: email, phone call 
 
 
 


Louisiana State Historic Preservation 
Officer  
 
 
Secondary: 
Nicole Hobson-Morris 
Division of Historic Preservation 
PO Box 44247 
Baton Rouge, LA 70804-4241 
(225) 342-8172 
nmorris@crt.la.gov 
 
 
Method of contact for project notification 
and documentation: section106@crt.la.gov  
 
Louisiana Resource Inventory Forms:  
Submit in pdf to LA Division of Historic 
Preservation via email to Jennie Garcia 
jgarcia@crt.la.gov. 
 
 
Method of contact for other communication: 
email, phone call 



mailto:e106@achp.gov

mailto:e106@achp.gov

mailto:achp@achp.gov

mailto:e106@achp.gov

mailto:cmcgimsey@crt.la.gov

mailto:section106@crt.la.gov

mailto:nmorris@crt.la.gov
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Louisiana Coastal Protection and 
Restoration Authority 
Joseph “Wes” Leblanc 
Project Manager 
Coastal Protection and Restoration 
Authority 
150 Terrace Avenue 
Baton Rouge, Louisiana 70802 
Telephone: (225) 342-6750 
E-mail: Joseph.Leblanc@la.gov 


Louisiana Coastal Protection and 
Restoration Authority 
Bren Haase 
Executive Director 
Louisiana Office of Coastal Protection and 
Restoration Authority  
P.O. Box 44027  
Baton Rouge, LA 70804-4027 
Telephone: (225) 342-1475 
E-mail: Bren.Haase@la.gov 
 
 


U.S. Army Corps of Engineers 
(USACE) Districts 


 


New Orleans District (CEMVN) 
 
Primary 
Paul J. Hughbanks, Archaeologist 
CEMVN-PDS-N 
4700 Leake Ave. 
New Orleans, LA  70118 
(504) 862-1100 
Paul.J.Hughbanks@usace.army.mil 
 
Jason A. Emery, Cultural Resources 
RTS and District Tribal Liaison 
CEMVN-PDS-N 
4700 Leake Ave. 
New Orleans, LA  70118 
(504) 862-2364 
Jason.a.emery@usace.army.mil 
Method of contact for project 
notification and documentation: email or 
receipt of hard copy 
 
Method of contact for other 
communication: email, phone call 
 


New Orleans District (CEMVN) 
 
Secondary: 
Marshall K. Harper, Branch Chief 
Environmental Studies Branch 
CEMVN-PDS 
4700 Leake Ave. 
New Orleans, LA  70118 
(504) 862-1151 
Marshal.K.Harper@usace.army.mil 


 
 
 



mailto:Joseph.Leblanc@la.gov
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December 2021 
Abstract: This Final Integrated Feasibility Study with Environmental Impact Statement 
documents the analysis of proposed actions related to the feasibility of flood risk 
reduction measures within the Upper Barataria Basin. Alternatives, including the 
proposed Recommended Plan and the No Action Alternative are discussed. 
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Executive Summary 
The U.S. Army Corps of Engineers (USACE), Mississippi Valley Division (MVD), New 
Orleans District (MVN), Regional Planning and Environment Division South (RPEDS), has 
prepared this Final Integrated Feasibility Report and Environmental Impact Statement (FIFR-
EIS) for the Upper Barataria Basin, Louisiana Feasibility Study. This report supersedes the 
previously issued 2020 Second Draft Integrated Feasibility Report and Environmental Impact 
Statement (DIFR-EIS) and represents the most current and complete findings of this study 
effort. This report includes input from the non-Federal sponsor, natural resource agencies, 
federally recognized Indian Tribes, and the public. The Upper Barataria Basin, Louisiana 
Feasibility Study is a Coastal Storm Risk Management (CSRM) study that evaluates impacts 
to people, cultural resources, and the environment. Going forward in this document, this 
study will be referred to as the Upper Barataria Basin, Louisiana Feasibility Study (UBB 
study). 


Study Area – The study area includes communities in the southeast Louisiana parishes of 
Ascension, Assumption, Jefferson, Lafourche, St. Charles, St. James, and St. John the 
Baptist (Figure ES-1). The study area is bounded on the north and east by the Mississippi 
River Levee, on the west by Bayou Lafourche, and on the south it extends slightly past U.S. 
Highway 90. The study area covers approximately 800 square miles and is characterized by 
low, flat terrain with wetlands, numerous navigation channels, drainage canals, and natural 
bayous that drain into Lake Salvador and eventually into the Gulf of Mexico. The study area 
is a diverse ecosystem inhabited by a variety of species of birds, mammals, reptiles, and 
amphibians, as well as fresh, brackish, and saltwater fish. 
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Figure ES-1. Upper Barataria Basin Feasibility Study Area  
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Problem – The study area is prone to coastal storm damages from storm surges, rainfall, 
and sea level rise. The flooding results in damages to industrial, commercial, and agricultural 
facilities as well as residential structures and critical evacuation routes such as US Highway 
90 in the basin.  


Planning Objectives – The goal for this study is to reduce coastal storm damages to UBB. 
The water and related land resource problems and opportunities identified in this study are 
stated as specific planning objectives to provide focus for the formulation of alternatives. 
These planning objectives reflect the problems and opportunities in the study area and 
represent desired positive changes from the future without project condition. Within the study 
area and over the 50-year period of analysis (as defined in ER1105-2-100), the planning 
objectives are: 


• Reduce the risk to human life, health, and safety by reducing flood impacts to 
structures, evacuation routes, and critical infrastructure 


• Reduce the risks of economic impacts due to storm inundation of structures, 
evacuation routes, and critical infrastructure in the study area 


• Increase community resiliency before, during, and after flooding events 


Constraints – A planning constraint is a restriction that limits plan formulation and should be 
avoided or worked around when possible. Planning constraints for the UBB study area are 
the followings, over the 50-year period of analysis: 


• Induced flooding impacts must be mitigated 
• Oil and gas infrastructure (wells) must be avoided 
• Impacts to cultural resources must be minimized 
• Vessel traffic in and out of the interior basin must not be impeded 
• Maintain the hydrological regime through the basin to support targeted habitats 
• Do not induce development within a flood plain – Executive Order (EO) – 11988 
• Minimize the impact to threatened or endangered species existing in the area 


Recommended Plan (RP)/National Economic Development (NED) Plan – Per USACE 
Guidance, the Project Delivery Team (PDT) selected the alternative that reasonably 
maximizes net economic benefits consistent with protecting the nation’s environment as the 
Recommended Plan (RP), also called the National Economic Development (NED) Plan, for 
this study. In order to determine the NED Plan, the costs and benefits for the Final Array of 
Alternatives were compared. The alternative with the greatest net benefits is the apparent 
NED Plan, and thus the RP. The RP identified from the final array is Alternative 1, Hwy 90 – 
Segment 1 Extension.  


The UBB RP is a structural alignment constructed to a 1 percent Annual Exceedance 
Probability (AEP) and totaling a little over 161,300 feet (30.6 miles) in length. The system 
would start in Luling, Louisiana, where it would connect to the Mississippi River Levee 
through the Davis Pond Diversion Structure West Guide Levee. Continuing south, the RP 
would improve upon and update deficiencies in the St. Charles Parish Levee, cross Bayou 
Des Allemands with a 270 feet barge gate structure, and continue parallel to US Highway 90 
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before tying into high ground across the Barataria Basin near Raceland. The proposed levee 
is designed to Hurricane and Storm Damage Risk Reduction System (HSDRRS) 
specifications with a 1V:4H and a 10 foot crown and multiple levee lifts authorized over the 
initial 50 years. The first lift would be projected to occur in 2026 and would raise the levee to 
an elevation of 14 feet except in hydraulic reaches F and H, where it would be constructed to 
16 feet elevation after settlement. Subsequent lifts would sustain the 1 percent AEP over the 
initial 50 years of the authorized project. Hydraulic reach elevations include sea level rise 
predictions. Material settlement over this period has also been incorporated into the material 
quantities for each of the alignment’s hydraulic reaches. The 1% AEP over the initial 50 
years of the authorized project is based on the Relative Sea Level Rise (RSLR) however 
there is some uncertainty on how much sea-level rise and climate change could impact the 
region. Additional details related to RSLR, climate change impacts, and residual risks can be 
found in section 6.8. This section also includes actions that the Federal government or the 
Non-Federal Sponsor (NFS) may have to take to address these uncertainties in the future.   


The RP is estimated to produce $104 million in average annual benefits at an average 
annual cost of nearly $53 million (total project cost of $1,546,156), for a benefit-to-cost ratio 
(BCR) of 2.0 at the current Federal Discount Rate (FDR) of 2.25 percent. Of the 
approximately 1,074 acres of land needed for the RP, approximately 292 acres of 
bottomland hardwood forest (BLH), 168 acres of cypress-tupelo swamp, 267 acres of fresh 
marsh, and 95 acres of water bottom would be impacted as a result of construction. 


Net Benefits Summary for the Recommended Plan (FY 2021 Price Level for Damages and 
Benefits; FY 2022 Price Level for Cost; FY 2022 Discount Rate at 2.25%); Appendix B, 
Economics. 


Alternative Cost and 
Benefit 


Recommended 
Plan  


Project First Cost $1,546,156,000 
Interest During 
Construction $52,893,500 
Total Investment Cost $1,599,049,500 
AA Investment Costs $50,313,600 
AA O&M Costs $2,200,300 
Total AA Costs $52,513,900 
Construction Duration 
(Years) 5 
Without Project EAD $108,385,000 
EAD Reduced Benefits  $104,037,000 
Net Benefits $51,523,000 
B/C Ratio  2.0 


Environmental Laws, Regulations and Commitments – This concludes USACE’s 
feasibility study, however there are a number of tasks associated with state and Federal 
statute and regulatory requirements that will be completed during PED or prior to 
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construction. Please see section 8 for more information on completed and ongoing 
coordination and consultation. 


The current velocities at the location where the gate would be constructed are approximately 
5.7 feet per second under normal conditions. With construction of the gate, it is anticipated 
that the existing velocities would remain essentially the same under normal conditions. As 
such, no direct impact to fisheries species would be anticipated. However, reduced flow, 
reduced tidal amplitude, and periodic high velocities around the flood gates could have long 
term effects on estuarine habitats and fauna in the study. Modeling conducted in Pre-
Construction Engineering and Design will determine if the structures, as currently sized and 
located, are sufficient to maintain current hydrologic connectivity/tidal interchange. 
Additionally, larval transport modeling would be conducted to determine the project’s effects 
on the movement of species’ early life stages through the structure. Inclusion of additional 
openings would be considered to avoid significant impacts to fish species. 
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Introduction 
The U.S. Army Corps of Engineers (USACE), Mississippi Valley Division (MVD), New 
Orleans District (MVN), Regional Planning and Environment Division South (RPEDS), has 
prepared this Final Integrated Feasibility Report and Environmental Impact Statement (FIFR-
EIS) for the Upper Barataria Basin, Louisiana Feasibility Study (UBB study). This report 
supersedes the previously issued 2020 Second Draft Integrated Feasibility Report and 
Environmental Impact Statement (DIFR-EIS) and represents the most current and complete 
findings of this study effort. This report includes input from the non-Federal sponsor, natural 
resource agencies, federally recognized Indian Tribes, and the public. The UBB study is a 
Coastal Storm Risk Management (CSRM) study that evaluates impacts to people, cultural 
resources, and the environment. 


1.1 STUDY SCOPE 


The UBB study investigated alternatives for CSRM and has identified and evaluated a full 
range of reasonable alternatives including a No Action alternative. In accordance with 
USACE’s Planning Guidance Notebook (Engineer Regulation [ER]:1105-2-100), the product 
of this study is a decision document in the form of an integrated Feasibility Report and 
National Environmental Policy Act of 1969 (NEPA) Environmental Impact Statement.  


1.2 STUDY AUTHORITY  


The Bipartisan Budget Act of 2018 (Public Law 115-123), Division B, Subdivision 1, Title IV, 
(BBA 2018) appropriated supplemental funds, which included $135,000,000 in Supplemental 
Investigations Funds for Long Term Disaster Recovery Investment Plans (LDRIPs) related to 
the completion, or initiation and completion, of previously authorized flood and storm 
damage risk reduction studies, including shore protection. As a result, feasibility studies that 
are predominately for flood and storm damage risk reduction, as well as comprehensive 
studies and watershed studies that are predominately for flood and storm damage risk 
reduction (even if there are ancillary purposes) are eligible for supplemental funding 
consideration. In conducting an authorized study, both structural and non-structural 
measures must be considered. Studies may address long-range measures to reduce 
exposure to risks from floods and coastal storms.  


In order for a feasibility study to be undertaken using supplemental funds, the study must be 
federally-authorized. Enclosure 4, dated July 5, 2018, MEMORANDUM FOR Deputy 
Commanding General for Civil and Emergency Operations, SUBJECT: Policy Guidance on 
Implementation of Supplemental Appropriations of the Bipartisan Budget Act of 2018, dated 
August 9, 2018, identified the UBB study as a feasibility study to be funded with 
Supplemental Investigations funds as part of the LDRIP.  
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The UBB study was federally authorized pursuant to a Resolution of the Committee on 
Transportation and Infrastructure of the United States House of Representatives, 105th 
Congress, Docket 2554, “Donaldsonville, Louisiana to the Gulf of Mexico,” adopted May 6, 
1998. That Resolution (at Docket 2554), requested the Secretary of the Army to review the 
Report of the Chief of Engineers on the Mississippi River and Tributaries, published as 
House Document 308, 88th Congress, 2nd Session, and other pertinent reports to determine 
whether modifications of the recommendations in the Chief’s Report were advisable, in the 
interest of flood control, navigation, wetlands conservation and restoration, wildlife habitat, 
commercial and recreational fishing, salt water intrusion and fresh water and sediment 
diversion, and other purposes, in the area between Bayou Lafourche and the Mississippi 
River System, from Donaldsonville, Louisiana, to the Gulf of Mexico.  


Notwithstanding Section 105(a) of the Water Resources Development Act of 1986 (33 
U.S.C. 2215(a)), which specifies the cost-sharing requirements generally applicable to 
feasibility studies, the Bipartisan Budget Act (BBA) 2018 authorizes the Government to 
conduct the study at full Federal expense to the extent that appropriations provided under 
the Investigations heading of the BBA 2018 are available and used for such purpose. 
Thereafter, Headquarters USACE (HQUSACE) developed and approved a model Feasibility 
Cost Sharing Agreement (FCSA), as set forth in the MEMORANDUM FOR DISTRIBUTION, 
SUBJECT: Bipartisan Budget Act of 2018 (BBA 2018) - Model Agreement for New 
Feasibility Studies dated August 10, 2018, which also provided that the responsibility for 
review and approval of an FCSA that does not deviate from the model is delegated to the 
Major Subordinate Command (MSC) Commander and may not be further delegated. 
Furthermore, Division Counsel’s concurrence that the FCSA does not deviate from the 
subject model, and is appropriate for use for the particular study, is required prior to 
approval. The authority to execute an FCSA may be delegated to the District Commander 
after it is approved by the MSC Commander.  


On September 27, 2018, MVN submitted the model FCSA package (with no deviations) for 
review and approval to MVD, with a request that the signature authority for the FCSA be 
delegated to the MVN Commander. On September 29, 2018, MVD approved the FCSA and 
the delegation of signature authority in the MEMORANDUM FOR Commander, New Orleans 
District, SUBJECT: Request for Review and Approval to Execute the Model Feasibility Cost 
Share Agreement (FCSA) between the Department of the Army and the Coastal Protection 
and Restoration Authority Board of Louisiana for the UBB Study. The FCSA for the UBB 
Study between the Department of the Army and the Coastal Protection and Restoration 
Authority Board of Louisiana was executed on October 9, 2018.  


This study was undertaken in accordance with Sections 1001 and 1002 of the Water 
Resources Reform Development Act (WRRDA) of 2014, applicable existing USACE Civil 
Work regulations, Policies and Guidance (P&G), and has incorporated SMART Planning 
principles. See MEMORANDUM FOR COMMANDING GENERAL, U.S. ARMY CORPS OF 
ENGINEERS, SUBJECT: Revised Implementation Guidance for Section 1001 of the Water 
Resources Reform and Development Act of 2014, Vertical Integration and Acceleration of 
Studies as amended by Section 1330(b) of the Water Resources Development Act of 2018, 
dated March 25, 2019.  
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1.3 NON-FEDERAL SPONSOR  


The Louisiana Coastal Protection and Restoration Authority Board (CPRAB) is the cost-
sharing Non-Federal Sponsor (NFS) of the study. The feasibility study is 100 percent 
federally funded. The FCSA for this study was executed on October 9, 2018.  


1.4 STUDY AREA AND MAP 


The study area includes communities in the southeast Louisiana parishes of Ascension, 
Assumption, Jefferson, Lafourche, St. Charles, St. James, and St. John the Baptist (Figure 
1-1). The study area includes a very small, unpopulated area of Jefferson Parish with no 
structures; therefore, the area is not included in the Economic analysis. The study area is 
bounded on the north and east by the Mississippi River Levee, on the west by Bayou 
Lafourche, and on the south it extends slightly past U.S. Highway 90. The study area covers 
approximately 800 square miles and is characterized by low, flat terrain with wetlands, 
numerous navigation channels, drainage canals, and natural bayous that drain into Lake 
Salvador and eventually the Gulf of Mexico. The study area is a diverse ecosystem inhabited 
by a variety of species of birds, mammals, reptiles, and amphibians, as well as fresh, 
brackish, and saltwater fish.  
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Figure 1-1. Upper Barataria Basin Feasibility Study Area  
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1.5 PRIOR REPORTS AND EXISTING WATER PROJECTS 


The study area is a very large region with many former, current, and planned projects, 
studies, and programs that are being or have been prepared by USACE; other Federal, 
state, and local agencies; research institutions; and individuals. Previous Federal and non-
Federal studies have established a reasonable database for this report. The most relevant 
studies, reports, and projects in the study area are:  


Prior Reports and Existing Water Projects: Date of Report Use in Study 


The U.S. Fish and Wildlife Service (USFWS) produced a report entitled 
“Mississippi Deltaic Plain Region Ecological Characterization.” Published 
in 1980, the report supplies information about the biological, social, and 
physical parameters in the Mississippi Deltaic Plain region of Louisiana. 


• 1980 March • Historical and Future 
Without Conditions 


A USACE report entitled “New Orleans-Baton Rouge Metropolitan Area, 
Louisiana,” was completed in 1981. The report contains a comprehensive 
plan for development and conservation of water and related land 
resources in a 21-parish area. 


• 1981 • Historical and Future 
Without Conditions 


USACE prepared a report title “Freshwater Diversion to the Barataria and 
Breton Sound Basins” in April 1983. The report recommends diverting 
Mississippi River water into Breton Sound Basin near Caernarvon and into 
Barataria Basin near Davis Pond to enhance habitat conditions and 
improve fish and wildlife resources.  


• 1983 April • Historical and Future 
Without Conditions 


An initial USACE evaluation study entitled “Louisiana Coastal Area, 
Louisiana, Shore and Barrier Island Erosion,” and dated September 1984, 
reports investigative findings that indicate that Louisiana’s beaches and 
barrier islands act as buffers for coastal marshes and communities, 
absorbing much of the wave action from the Gulf of Mexico. However, 
most of the shoreline is receding. Continued retreat will expose valuable 
marshes to direct attack from the gulf. Loss of the marshes would have a 
severe impact on existing coastal development and fish and wildlife 
resources important to the state and nation. 


• 1984 September • Historical and Future 
Without Conditions 


An initial evaluation report, “Louisiana Coastal Area, Louisiana, Water 
Supply,” prepared in September 1984, investigated the advisability of 
improvements or modification of existing improvements, in the interest of 
water supply, in the coastal area of Louisiana. The report recommends 
that five of the six problem areas identified be further investigated in the 
cost-shared feasibility phase of the study. 


• 1984 September • Historical and Future 
Without Conditions 


• David Pond Diversion  


“Bayou Chevreuil and Grand Bayou, Louisiana, Continuing Authorities 
Program Section 205 Preliminary Evaluation” was conducted by USACE in 
March 1993. During this evaluation, nonstructural means of flood 
protection for structures within the Bayou Chevreuil and Grand Bayou 
drainage basins were analyzed. Nonstructural flood control measures 
include temporary closures to impacted structures, ring levees, structure 
raising, and structure relocation. The preliminary evaluation recommended 
additional Federal studies on nonstructural flood control measures in the 
study area. 


• March 1993 • Measure and Alternative 
Development 
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USACE prepared a reconnaissance report on hurricane protection in 
March 1988. “The Louisiana Coastal Area Hurricane Protection 
Reconnaissance Report” details the feasibility of providing hurricane 
protection for coastal Louisiana between the Pearl River on the east and 
the Sabine River on the west. For this report, concentration was placed on 
the Barataria Basin portion of the Louisiana Coastal Area. The report 
recommends proceeding to the feasibility phase to investigate a hurricane 
protection alternative for the Luling area of St. Charles Parish on the west 
bank of the Mississippi River. 


• March 1998 • Problems and 
Opportunities 


Historical and Future Without 
Conditions 


The Davis Pond Diversion Project started diverting water into the basin 
from the Mississippi River in July of 2002. It is located on the south east 
border of the study area. The project consists of a gated, four barrel, 14 
feet x 14 feet reinforced concrete culvert with corresponding inflow and 
outflow channels, approximately 19 miles of guide levees, 1.8 miles of 
Rock weir, a 570 cubic feet per second (cfs) pumping station and a 
Ponding Area. The project area is 10,084 acres; 9,311 of these acres are 
in the Ponding Area. The purpose of the diversion is to divert fresh water, 
with its accompanying nutrients and sediments, from the Mississippi River 
into the Barataria Basin in turn reducing saltwater intrusion and 
establishing favorable salinity conditions in the area, thus combating land 
loss. 


• July 2002 • Existing Conditions  


• Model Inputs  


The most recent documented study of the area is the “Donaldsonville to 
the Gulf of Mexico Feasibility Study.” This Final Letter Report was 
released June of 2012 with a negative finding. The Coastal Protection and 
Restoration Authority Board has an existing study within the study area. 
The structural plan is currently being pursued by the St. Charles Parish 
Government. It incorporates a levee along U.S. Highway 90 between the 
West Bank and Larose, of which, St. Charles has constructed one 
segment. St James Parish South Vacherie Flood Protection (Coteau 
Canal Backwater Pump Station & Berm), the St. Charles Parish West 
Bank Levee Initiative, and the North Lafourche Levee District's 
Comprehensive Drainage and Flood Protection Project (CDFP). 


• June 2012 • Problems and 
Opportunities 


• Historical and Future 
Without Conditions 


• Measure and Alternative 
Development 


"Project Development and Implementation Program: Upper Barataria Risk 
Reduction" by ARCADIS, RAND, and The Water Institute of the Gulf, 
dated March 17, 2014. 


• March 2014 • Feasibility Design Input  


• Model Inputs 


"Upper Barataria Risk Reduction Modeling: Phase 2 - Rainfall & Storm 
Surge Combined Effects Modeling" by ARCADIS, RAND, and The Water 
Institute of the Gulf, dated July 8, 2015. These two studies combined 
found that the project as envisioned in CPRA's Master Plan has a BCR of 
2.3. 


• July 2015 • Feasibility Design Input  


• Model Inputs 


In 2018, Burk-Kleinpeter, Inc., APTIM, and GIS Engineering prepared a 
report on behalf of LBLD and NLLD, Upper Barataria Risk Reduction 
Conceptual Design Report. 


• 2018 • Feasibility Design Input  


The U.S. Fish and Wildlife Service (USFWS) produced a report entitled 
“Mississippi Deltaic Plain Region Ecological Characterization.” Published 
in 1980, the report supplies information about the biological, social, and 
physical parameters in the Mississippi Deltaic Plain region of Louisiana. 


• 1980 March • Historical and Future 
Without Conditions 


• "Upper Barataria Risk Reduction Modeling: Phase 2 - Rainfall & Storm Surge 
Combined Effects Modeling" by ARCADIS, RAND, and The Water Institute of the 
Gulf, dated July 8, 2015. These two studies combined found that the project as 
envisioned in CPRA's Master Plan has a BCR of 2.3. 
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St. Charles Parish sponsored an economic study to more accurately quantify 
potential project benefits including business disruption to Hwy 90. 


Donaldsonville to the Gulf of Mexico Feasibility Study, the Upper Barataria Risk Reduction 
Conceptual Design Report, and information extracted from the Louisiana Coastal Area 
Hurricane Protection Reconnaissance Report were the most vital reports for formulation.  
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Problems and Opportunities (Purpose and 


Need)  
2.1 SPECIFIC PROBLEMS AND OPPORTUNITIES 


The primary problem identified in the study area is the risk of flood damage, storm surges, and 
rainfall. Storm surge is generated by ramping up of the water ahead of and during a storm due 
to the winds driving the surface of the water and drives it inland.  


Flood Risk - The flooding in the area results in flood damages to industrial, commercial, and 
agricultural facilities as well as residential structures and critical evacuation routes, such as US 
Highway 90. A coastal storm risk management project in the study area could reduce the risk of 
flooding for residential and commercial structures, major transportation routes, and many other 
commercially and culturally significant places and activities vital to the economy of the region 
and nation.  


Sea Level Rise - Sea level rise (SLR) and subsidence are expected to increase in the future, 
causing more frequent storm surge inundation and flood events.  


Ecosystem - Saltwater intrusion associated with frequent storm surge events would also impact 
the diverse, ecologically important freshwater habitat within the study area. Aquaculture, 
commercial fishing, crawfish farming, fishing, hunting, and tourism industries would be 
significantly impacted by more frequent storm surge events. Coastal flooding also subjects the 
habitat to changes in water salinity. The economic impacts affect fishers, processors, suppliers, 
grocers, and restaurants at the regional and national level.  


This study is specific to CSRM and formulation focuses on minimizing damages due to coastal 
storms.  


Opportunities to address the identified problems for the UBB study area include: 


• Decrease the risk to human life due to flooding 
• Reduce flood risk and damages to residential, commercial, historic, and cultural 


critical assets and infrastructure 
• Limit economic damages and improve economic resiliency of the local economy and 


communities 
• Increase the resiliency and reliability of critical infrastructure (airports, industrial, and 


power facilities) 
• Convert flood zones to help minimize insurance expenses 
• Increase community awareness about flooding risks 
• Reduce recovery time from high water events that make evacuation routes and other 


critical roadways impassable  
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• Sustain the unique heritage of coastal Louisiana by minimizing impacts from coastal 
storm events.  


2.2 PURPOSE AND NEED 


Per the authority referenced in Section 1, the UBB study’s purpose is to address the flooding 
problems discussed in Section 2.1. 


Without a project to address flooding risks, the UBB study area would continue to be at risk of 
damages from storm events. These impacts would be exacerbated due to heavy rainfall coupled 
with increases in relative sea level change. 


2.3 PLANNING OBJECTIVES 


The National Economic Development (NED) Plan is the alternative plan that reasonably 
maximizes net economic benefits consistent with protecting the nation’s environment. The NED 
plan will be calculated explicitly, including uncertainties in the key variables specified in the risk 
register. The goal for this study is to reduce coastal storm damages to UBB. The water and 
related land resource problems and opportunities identified in this study are stated as specific 
planning objectives to provide focus for the formulation of alternatives. These planning 
objectives reflect the problems and opportunities in the study area and represent desired 
positive changes from the future without project condition. Within the study area and over the 
50-year period of analysis, the planning objectives are: 


• Reduce the risk to human life, health, and safety by reducing flood impacts to 
structures, evacuation routes, and critical infrastructure 


• Reduce the risk of economic impacts due to storm inundation in the study area 
structures, evacuation routes, and critical infrastructure  


• Increase community resiliency before, during, and after flooding events 


2.4 PLANNING CONSTRAINTS 


A planning constraint is a restriction that limits plan formulation and should be avoided or 
worked around when possible. Planning constraints for the UBB study area are the followings, 
for the period of analysis (as defined in ER1105-2-100): 


• Induced flooding impacts must be mitigated 
• Oil and gas infrastructure (wells) must be avoided 
• Impacts to cultural resources must be minimized 
• Vessel traffic in and out of the interior basin must not be impeded 
• Maintain the hydrological regime through the basin to support targeted habitats 
• Do not induce development within a flood plain – EO-11988 
• Minimize the impact to threatened or endangered species existing in the area 


2.5 PUBLIC SCOPING SUMMARY 


NEPA coordination with the NFS, stakeholders, Federal and state agencies (United States Fish 
and Wildlife Service [USFWS] and the National Marine Fisheries Service [NMFS]) and federally-
recognized Tribes was performed prior to issuance of the Notice of Intent (NOI) and afterwards 
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through interagency meetings, public meetings, and social media. A public website page with 
the study information and a request for feedback was established in December of 2018 
(https://www.mvn.usace.army.mil/About/Projects/BBA-2018/studies/Upper-Barataria-
Louisiana/). Per the Water Resources Reform and Development Act (WRRDA) of 2014, general 
scoping meetings in Jan 2019 were hosted by USACE within 90 days of the start of the study. 
These general scoping meetings requested feedback from the public and were through in-
person comment cards and through Facebook Live Streaming. Feedback received during the 
public scoping meetings did not result in formulation of additional measures, but gave 
suggestions to where flooding was being experienced in the study area.  


The collaborative stakeholders associated with this USACE study are the North Lafourche 
Levee District, Lafourche Basin Levee District, the St. Charles Parish Government, and the 
CPRAB. Resource agencies engaged with this study include the USFWS and the NMFS. In 
partial fulfillment of USACE’s responsibilities under Executive Order (EO) 13175, early NEPA 
coordination was initiated on December 4, 2018 with these Tribes: 


• Alabama-Coushatta Tribe of Texas (ACTT) 
• Caddo Nation of Oklahoma 
• Chitimacha Tribe of Louisiana (CTL) 
• Choctaw Nation of Oklahoma (CNO) 
• Coushatta Tribe of Louisiana (CT) 
• Jena Band of Choctaw Indians (JBCI) 
• Mississippi Band of Choctaw Indians (MBCI) 
• Muscogee (Creek) Nation (MCN) 
• Seminole Nation of Oklahoma (SNO) 
• Seminole Tribe of Florida (STF) 
• Tunica-Biloxi Tribe of Louisiana (TBTL) 


Per the Council on Environmental Quality's regulations on implementing the procedural 
provisions of NEPA, a NOI to prepare an EIS was published in the Federal Register (Volume 84, 
No. 63) on April 2, 2019. Two public scoping meetings were conducted within the study area on 
May 1, 2019 at the Thibodaux Library and on May 2, 2019 at the St. Charles Parish Emergency 
Operations Center in Hahnville, with Facebook Live Streaming. Comments were accepted via 
written correspondence and emails. Approximately 40 non–USACE people attended the 
meetings in person and the Facebook Live Streaming had nearly 600 views. People that 
attended were concerned about flooding due to combined rainfall and coastal storm effects. 
Feedback from the public scoping meeting resulted in modifications to the alternatives and 
addition of an alternative to prevent rainfall damages within the basin.  


A scoping report is included in Appendix G – Public Comments, which has copies of all written 
feedback received. 
 



https://www.mvn.usace.army.mil/About/Projects/BBA-2018/studies/Upper-Barataria-Louisiana/

https://www.mvn.usace.army.mil/About/Projects/BBA-2018/studies/Upper-Barataria-Louisiana/
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Inventory and Forecast Conditions 


3.1 HISTORIC AND EXISTING CONDITIONS (AFFECTED ENVIRONMENT) 


The environmental settings section describes the climate, geology, and historic and existing 
conditions for significant environmental resources including: soils; water quality; vegetative 
resources; wildlife resources (including birds, mammals, amphibians, and reptiles); fisheries; 
essential fish habitat (EFH); water bottoms; threatened and endangered species (T&E); 
historic and cultural resources; socioeconomic and human resources (population; 
infrastructure; employment and income); aesthetics (visual resources); recreation; and air 
quality. In addition, noise and hazardous, toxic, and radioactive waste (HTRW) are also 
considered. A resource is considered important if it is recognized by statutory authorities 
including laws, regulations, Executive Orders (EO), policies, rules, or guidance; if it is 
recognized as important by some segment of the general public; or if it is determined to be 
important based on technical or scientific criteria. 


 Study Area 


The study area is located within the Barataria Basin, an irregularly shaped area located in 
south-central Louisiana. The basin is bounded on the north and east by the Mississippi 
River, on the south by the Gulf of Mexico, and on the west by Bayou Lafourche. The entire 
Barataria Basin encompasses approximately 1,565,000 acres (2445 square miles) and 
contains approximately 152,120 acres of swamp, 173,320 acres of fresh marsh, 59,490 
acres of intermediate marsh, 102,720 acres of brackish marsh, and 133,600 acres of saline 
marsh (CWPPRA). It is also divided into eight subbasins: Des Allemands, Salvador, Central 
Marsh, Grande Cheniere, L'Ours, North Bay, Bay, and Empire.  


The UBB study area only covers approximately 800 square miles of the upper portion of the 
Barataria Basin and includes the following Louisiana parishes: Ascension, Assumption, 
Jefferson, Lafourche, St. Charles, St. James, and St. John the Baptist. The UBB is a region 
dominated by extensive coastal wetlands created by the deltaic processes of the Mississippi 
River. Because of its deltaic history, the study area is characterized by a number of former 
distributary channels extending into the basin from either Bayou Lafourche or from the 
Mississippi River. Because the highest land elevations occur on the banks of those former 
distributary channels, developed areas are generally located there. The remainder of the 
upper portion of the basin consists of coastal forested wetlands, marshes, and associated 
water bodies. The Barataria Basin exhibits a northwest-southeast salinity gradient with fresh 
or low-salinity conditions toward the northwest, and more saline conditions nearer the Gulf of 
Mexico. Given that the study area is located within the upper portion of the basin, it is 
characterized by freshwater conditions, with low-salinity, brackish conditions occurring 
infrequently in the more tidally influenced southern portion of the study area.  
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Forested and herbaceous wetlands within the study area are suffering from increased 
inundation due to the combined effects of subsidence, sea level rise, and loss of suspended 
sediment inputs from the Mississippi River. As a result, the existing study area cypress-
tupelo swamps are no longer sustainable. Bottomland hardwoods at higher elevations are 
converting to cypress-tupelo swamp or marsh. Marshes in the upper portion of the basin 
have remained healthy and are expected to remain relatively healthy, provided that area 
salinities do not increase, and that the middle and lower basin marshes remain intact. 
Through the Coastal Wetlands Planning, Protection, and Restoration Act (CWPPRA), 
USACE, and other Federal and state agencies have jointly developed strategies to protect 
and restore Louisiana’s coastal wetlands, including those within the UBB.  


 Local Protection Measures 


The study area includes local levee systems, which are maintained by local communities. 
These systems have inconsistent levels of storm surge protection and the pump stations 
mainly serve as a method of removing rainfall when gravity drainage is not sufficient. Table 
3-1 provides a list of the communities with local levee systems and the type of protection 
each has. 


Table 3-1. Local Levee Districts 


Local Levee System Communities Protected Description: 


Backwater Protection Levee in South Vacherie Vacherie Levee 


Golden Star Plantation Levee  Vacherie (Ag) Levee 


Sunset Drainage District Bayou Gauche, Des 
Allemands, and Paradis Levee and pump  


Ellington Plantation  
Boutte  
Mimosa Park  


2 existing pump stations 


Willowridge  
Willowdale 
Willowridge Estates 


1 existing pump station 


 Climate and Climate Change 


The 2014 USACE Climate and Resiliency Policy Statement states that “USACE shall 
continue to consider potential climate change impacts when undertaking long-term planning, 
setting priorities, and making decisions affecting its resources, programs, policies, and 
operations.” The most significant impact on coastal wetlands resulting from climate change 
is sea level change.  


The climate in the study area is influenced by the many water surfaces of the nearby 
wetlands, rivers, lakes, and streams. Warm, moist, southeasterly winds from the Gulf of 
Mexico prevail throughout most of the year, with occasional cool, dry fronts dominated by 
northeast high pressure systems.  
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In the past century, temperatures in Southeast Louisiana have increased approximately 0.5 
degrees Fahrenheit (EPA 2016). Louisiana has generally warmed less than other states in 
the U.S., but climate patterns in Louisiana are anticipated to become warmer with more 
severe flooding events and droughts. Increasing sea temperatures also would increase the 
likelihood of more intense tropical storm events as well as accelerating land loss and decline 
of coastal marsh (EPA 2016). 


Based on climate change review (VijayaVenkataRaman et al. 2012), global climate change 
trends that could impact the project include but are not limited to increased cyanobacteria 
production (i.e. resulting from eutrophication), reduced water quality, wildlife population 
impacts, impacts to commercial fisheries, impacts to regional air quality, and adverse 
impacts to human health. Increases in average annual air temperature would also be 
expected to outweigh other factors such as precipitation, resulting in greater risk of droughts 
around the project area (White & Arnold 2015). Additional information regarding climate in 
the UBB is included in Appendix C. 


 Sea Level Change 


Engineer Regulation 1100-2-8162 (ER 1100-2-8162) provides guidance for incorporating 
direct and indirect physical effects of projected future sea level change across the project life 
cycle in managing, planning, engineering, designing, constructing, operating, and 
maintaining USACE projects and systems of projects. Potential relative sea level change 
must be considered in every USACE coastal activity as far inland as the extent of estimated 
tidal influence. 


Using USACE-predicted future water levels under the SLR scenarios, those water levels 
were converted into relative sea level rise (RSLR) rates, incorporating sea level rise effects 
measured at the gauges and specific land loss experienced in the extended project area.  


Relative sea level rise is expected to impact the performance of any recommended plan by 
causing flood risk to increase over time, requiring increased operational frequency of any 
gates proposed, and impeding drainage of landside floodwaters. If sea level rises faster than 
a selected design, then residual flood risk to the project area would be higher than 
envisioned in this report. Conversely, if sea level rises more slowly than anticipated, then 
risk would be correspondingly lower. A more complete discussion of potential project 
vulnerabilities due to sea level and climate change is provided in Annex 8 of Appendix A. 


Climate change analysis required by ECB 2018-14 for the inland hydrology is contained 
within the Climate Hydrology Report in Annex 8 of Appendix A. Also, following ER 1100-2-
8162, the alternatives will be evaluated under a low, intermediate, and high SLR scenario.  


 Geology and Soils 


Most of the present landmass of southeast Louisiana was formed by deltaic processes of the 
Mississippi River. Over the past 7,000 years, the Mississippi River deposited massive 
volumes of sediment in five deltaic complexes: Teche, Atchafalaya, Lafourche, 
Plaquemines, and St. Bernard.  
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The study area lies within the Mississippi Deltaic Plain, which is comprised of highly organic 
soils with floating marshes and peat deposits also prevalent in the area. It contains natural 
levee ridges, man-made levees, forested wetlands, lakes and bays, barrier islands, 
estuaries, and fresh, intermediate, brackish, and saline marshes. Subsidence rates are one 
of the most critical problems in this area. Combined with wave action along coastal 
Louisiana and loss of river-borne sediment supply, subsidence constitutes the primary cause 
of severe land loss in the marshlands. The disappearance of coastal marshes, swamps, and 
barrier islands is causing the degradation of inland marshes because of wave and saltwater 
inundation. 


A portion of study area is located in the coastal marshes of south Louisiana’s Lafourche 
Parish. This area of Louisiana is characterized by extensive coastal marshes with residential 
and commercial development primarily limited to the communities and scattered 
development adjacent to Louisiana State Highways LA 1, LA 3090, and LA 3235.  


Upper basin marshes are characterized by highly organic substrates that in many areas are 
floating or semi-floating because of the lack of mineral sediment accretion. These marshes 
are vulnerable to potential catastrophic degradation and loss if exposed to brackish water 
conditions. Additionally, floating marshes are more susceptible to storm surge impacts than 
heavier mineral soil marshes.  


Riverine freshwater and sediment inputs once available to the study area via Bayou 
Lafourche were eliminated when the bayou was dammed in 1903. Seasonal freshwater and 
suspended sediment inputs from the Mississippi River were eliminated by construction of 
flood protection levees along the Mississippi River. The elimination of the riverine suspended 
sediment inputs has resulted in net subsidence as sediment inputs are no longer available to 
counteract subsidence and sea level rise. Currently, this problem, manifested in wetland 
loss, is most severe in the middle and lower basin (CPRA 2017); however, with additional 
time it may impact the upper basin as well. To address this coastal wetland loss crisis, the 
Davis Pond Freshwater Diversion Project was authorized and began operating in 2002. 
Additionally, the Mid-Barataria Sediment Diversion Project, currently in engineering and 
design, is planned to introduce large amounts of Mississippi River water and sediments into 
the middle basin. 


 Significant Resources 


Table 3-2 provides a summary of the institutional, technical, and public importance of 
significant resources. The resources described in this section are those recognized as 
significant by laws, Executive Orders (EOs), regulations, and other standards of Federal, 
state, or regional agencies and organizations; technical or scientific agencies, groups, or 
individuals; and the general public. 
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Table 3-2. List of Significant Resources 


Resource Institutionally Important Technically Important Publicly Important 


Wetlands 
 


Clean Water Act of 1977, as 
amended; Executive Order 11990 
of 1977, Protection of Wetlands; 
Coastal Zone Management Act of 
1972, as amended; and the 
Estuary Protection Act of 1968., 
EO 11988, and Fish and Wildlife 
Coordination Act. 


They provide necessary habitat for 
various species of plants, fish, and 
wildlife; they serve as ground water 
recharge areas; they provide storage 
areas for storm and flood waters; they 
serve as natural water filtration areas; 
they provide protection from wave action, 
erosion, and storm damage; and they 
provide various consumptive and non-
consumptive recreational opportunities. 


The high value the public places on the 
functions and values that wetlands 
provide. Environmental organizations and 
the public support the preservation of 
marshes. 


Aquatic 
Resources/ 
Fisheries/Water 
Bottoms 


Fish and Wildlife Coordination Act 
of 1958, as amended; Clean Water 
Act of 1977, as amended; Coastal 
Zone Management Act of 1972, as 
amended; and the Estuary 
Protection Act of 1968. 


They are a critical element of many 
valuable freshwater and marine habitats; 
they are an indicator of the health of the 
various freshwater and marine habitats; 
and many species are important 
commercial resources. 


The high priority that the public places on 
their esthetic, recreational, and 
commercial value. Environmental 
organizations and the public support the 
preservation of water quality and fishery 
resources. 


Essential Fish 
Habitat 
(EFH) 


Magnuson-Stevens Fishery 
Conservation and Management 
Act of 1996, Public Law 104-297 


Federal and state agencies recognize 
the value of EFH. The Act states, EFH is 
“those waters and substrate necessary to 
fish for spawning, breeding, feeding or 
growth to maturity.” 


Public places a high value on seafood and 
the recreational and commercial 
opportunities EFH provides. 


Wildlife 


Fish and Wildlife Coordination Act 
of 1958, as amended and the 
Migratory Bird Treaty Act of 1918 


They are a critical element of many 
valuable aquatic and terrestrial habitats; 
they are an indicator of the health of 
various aquatic and terrestrial habitats; 
and many species are important 
commercial resources. 


The high priority that the public places on 
their esthetic, recreational, and 
commercial value. 


Threatened and 
Endangered 
Species 


The Endangered Species Act of 
1973, as amended; the Marine 
Mammal Protection Act of 1972; 
and the Bald Eagle Protection Act 
of 1940. 


USACE, USFWS, NMFS, NRCS, EPA, 
LDWF, and LDNR cooperate to protect 
these species. The status of such 
species provides an indication of the 
overall health of an ecosystem. 


The public supports the preservation of 
rare or declining species and their 
habitats. 


Cultural 
Resources 


National Historic Preservation Act 
of 1966, as amended; the Native 
American Graves Protection and 
Repatriation Act of 1990; and the 
Archeological Resources 
Protection Act of 1979 


State and Federal agencies document 
and protect sites. Their association or 
linkage to past events, to historically 
important persons, and to design and 
construction values; and for their ability 
to yield important information about 
prehistory and history. 


Preservation groups and private 
individuals support protection and 
enhancement of historical resources. 


Recreation 
Resources 


Federal Water Project Recreation 
Act of 1965 as amended and Land 
and Water Conservation Fund Act 
of 1965 as amended 


Provide high economic value of the local, 
state, and national economies. 


Public makes high demands on 
recreational areas. There is a high value 
that the public places on fishing, hunting, 
and boating, as measured by the large 
number of fishing and hunting licenses 
sold in Louisiana; and the large per-capita 
number of recreational boat registrations 
in Louisiana. 
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Resource Institutionally Important Technically Important Publicly Important 


Aesthetics 
 


USACE ER 1105-2-100, and 
National Environmental Policy Act 
of 1969, the Coastal Barrier 
Resources Act of 1990, 
Louisiana’s National and Scenic 
Rivers Act of 1988, and the 
National and Local Scenic Byway 
Program. 


Visual accessibility to unique 
combinations of geological, botanical, 
and cultural features that may be an 
asset to a study area. State and Federal 
agencies recognize the value of beaches 
and shore dunes. 


Environmental organizations and the 
public support the preservation of natural 
pleasing vistas. 


Air Quality 
Clean Air Act of 1963, as 
amended, Louisiana 
Environmental Quality Act of 1983. 


State and federal agencies recognize the 
status of ambient air quality in relation to 
the NAAQS. 


Virtually all citizens express a desire for 
clean air. 


Water Quality 


Clean Water Act of 1977, Fish and 
Wildlife Coordination Act, Coastal 
Zone Mgt Act of 1972, and 
Louisiana State & Local Coastal 
Resources Act of 1978. 


USACE, USFWS, NMFS, NRCS, EPA, 
and State DNR and wildlife/fishery 
offices recognize value of fisheries and 
good water quality and the national and 
state standards established to assess 
water quality. 


Environmental organizations and the 
public support the preservation of water 
quality and fishery resources and the 
desire for clean drinking water. 


 Natural Environment 


 Hydraulics and Hydrology  


Historically, wetlands in the Barataria Basin were nourished by the fresh water, sediments, 
and nutrients delivered via overbank flooding of the Mississippi River and through its many 
distributary channels such as Bayou Lafourche, Bayou Barataria, and Bayou Grand 
Cheniere. As the flow of fresh water and sediments from the Mississippi River was restricted 
by flood protection levees and the closure of Bayou Lafourche, the basin began to gradually 
deteriorate from saltwater intrusion, subsidence, wave action, and sediment deprivation. 
Addition of gas and oil pipeline canals and channels affect the hydrology of the basin and 
only future studies/models would be able to capture these changes.  


Previously, Bayou Perot, and the longer, narrower Bayou Dupont-Bayou Barataria-Bayou 
Villars channels provided limited hydrologic connection between the upper and lower basin. 
The hydrologic connections between the Upper and Lower Barataria Basin are much greater 
today, due to the Barataria Bay Waterway, Bayou Segnette Waterway, Harvey Cutoff, and 
the substantial erosion and interior marsh loss that has occurred along Bayou Perot and the 
Rigolettes. The frequency of high salinity events has also increased in the Barataria Basin, 
probably as a result of the increased tidal connectivity (Swenson and Turner 1998). From 
1932 to 1990, the basin lost over 245,000 acres of marsh (LCWCRTF 1993) and from 1978 
to 1990 it experienced the highest rate of wetland loss along the entire Louisiana Coast 
(Barras et al. 2003).  


The Mississippi River's influence on the basin has now been reduced to freshwater diversion 
projects (e.g., Davis Pond Freshwater Diversion Project) and the periodic opening of locks 
which connect the river to navigation channels. The Davis Pond Freshwater Diversion 
Project (Davis Pond Project), located on the west bank of the Mississippi River near Luling, 
would most likely have the most significant impact on the hydrology of the Barataria Basin 
since federal flood protection levees were constructed along the Mississippi River in the early 
1900s. 
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Davis Pond Project 
The Davis Pond Project impacts the hydrology and salinity in the study area and also 
influences localized land creation, all which have varying impacts on the ecology. The 
existing Davis Pond Project was completed in 2002 and has a maximum operating capacity 
of 10,650 cubic feet per second. It has been operated as a salinity management feature by 
adjusting Mississippi River diversion discharges to meet basin salinity targets.  


For more information on the hydrological influences within the study area, see the hydrology 
report as Annex 8 to Appendix A. 


 Wetlands 


The study area includes marsh and forested wetlands. Bottomland hardwood (BLH) forests 
are located within the extreme upper basin and also exist adjacent to or near developed 
areas where forest elevations are sometimes higher.  


The marshland in the Barataria Basin can be broken down into four general types: saline 
marsh, brackish marsh, intermediate marsh, and fresh marsh. The major factors that 
influence the type of wetland community are elevation, hydrology, salinity, and soil type. 
Elevation is critical to the type of wetland occurring in an area and small elevation changes 
can result in major shifts in community type (Connor et al, 1981). Freshwater habitats 
generally have salinities less than 0.5 parts per thousand (ppt), salinities in intermediate 
marsh range between 0.5-5.0 ppt, brackish marsh has salinities of 5-18 ppt, and saline 
marsh salinities vary between 18-30 ppt. 


The upper portion of the Barataria Basin is largely a freshwater-dominated system of natural 
levee ridges, swamps, and fresh marsh habitats. Freshwater marsh is found surrounding 
bodies of open water and is located in the study area, specifically along the edge of Lac des 
Allemands, Lake Boeuf, Bayou des Allemands, and Dufrene Ponds. Bottomland hardwood 
(BLH) forests are typically found along the slopes of natural distributary ridges. These 
wetland forests may be occasionally or seasonally flooded and they typically occupy higher 
elevation areas than cypress-tupelo swamps which experience more flooding. These coastal 
forests provide critically important stopover habitat for numerous species of trans-Gulf 
migrating songbirds (including the at-risk golden-winged warbler), nesting bald eagles and 
osprey, colonial nesting waterbirds, as well as habitat for a variety of other fish and wildlife 
species.  


Coastal wetland forests, like those in the upper Barataria Basin, used to receive annual 
sediment inputs during flood events on the Mississippi and/or Atchafalaya Rivers. However, 
construction of flood protection levees has eliminated those annual sediment inputs resulting 
in increased inundation due to the continuing effects of subsidence and sea level rise 
(Conner and Day 1988). The resulting chronic inundation affects not only tree mortality and 
forest composition, but also tree growth rates (Kozlowski 2002). 


The basin is continually saturated with freshwater, which is at the soil surface or as much as 
8 to 10 inches above the surface. During extremely dry periods, the area may not have any 
surface water at low tide. During storm tides, the basin may have as much as 3 feet of water. 
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These variations cause temporary shifts in kinds, amounts, and proportions of vegetation 
from species that are typically associated with fresh marsh to those that are generally 
associated with intermediate marsh conditions. 


The basin is also subject to flooding from Gulf of Mexico storms. Abnormally high tides that 
occasionally flood the basin are the primary source of soil salinity. The extremely flat slopes 
and dense vegetation restrict water runoff. Reduced runoff, abundant rainfall, and low 
evapotranspiration cause the soil to be saturated to the surface most of the year. During the 
winter months, the soil may have up to 3 inches of water on the surface. During the summer 
months, increased evapotranspiration rates and higher temperatures may cause the water 
table to drop to 2 to 10 inches below the soil surface. 


Invasive Plants 
Invasive plants include water hyacinth (Eichhornia crassipes), alligatorweed (Alternanthera 
philoxeroides), hydrilla (Hydrilla verticillata), common salvinia (Salvinia minima), giant 
salvinia (Salvinia molesta), Chinese tallow (Triadica sebifera), Chinese privet (Ligustrum 
sinense), Cogon grass (Imperata cylindrical), Johnsongrass (Sorghum halepense), 
Japanese privet (Ligustrum japonicum), Japanese honeysuckle (Lonicera japonica), 
common ragweed (Ambrosia artemisiifolia), rescuegrass (Bromus catharticus), Sticky 
chickweed (Cerastium glomeratum), purple nutsedge (Cyperus rotundus), and mimosa tree 
(Albizia julibrissin). These invasive species compete with native flora for resources such as 
nutrients, light, community structure and composition, and ecosystem processes. Water 
hyacinth, common salvinia, giant salvinia, and hydrilla all limit the amount of light penetrating 
the water column, which affects plankton biomass production. Alligatorweed, Chinese tallow, 
and Chinese privet are of minimal wildlife value and can proliferate until they become the 
only dominant plant species in the area, limiting food available for wildlife. 


Control of these species is typically accomplished through herbicide application and physical 
removal.  


Wetland Loss  
The processes of wetland loss can result from the gradual decline of marsh vegetation due 
to inundation and saltwater intrusion, as well as from storm surge events, both of which can 
eventually lead to complete loss of marsh vegetation. In coastal bottomland hardwood 
forests stressed by prolonged inundation, the less water tolerant tree species gradually die 
out leaving the more water tolerant bald cypress and water tupelo, if they were originally 
present (Kiem et al. 2013). If flooding is not permanent, seeds from prior existing cypress 
and tupelo may germinate and recruitment of young trees may occur. However, nutria 
herbivory and other factors may preclude recruitment of cypress and/or tupelo, or prolonged 
flooding may preclude seeds from germinating (Kozlowski 2002), often resulting in the 
conversion of the dying hardwood forests to emergent marsh.  


As marsh vegetation is lost, underlying soils are more susceptible to erosion and are 
typically lost as well, leading to deeper water and precluding marsh regeneration. Significant 
accretion of sediments is then required in order for marsh habitat to reestablish.  
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Perhaps the most serious and complex problem in the study area is the rate of land and 
habitat loss. Coastal Louisiana wetlands are one of the most critically threatened 
environments in the United States. “These wetlands are in peril because Louisiana currently 
experiences greater coastal wetland loss than all other states in the contiguous United 
States combined.” (Couvillion, et al., 2017). Proximity to the Gulf of Mexico makes this area 
susceptible to degradation by several natural and human actions. Hurricanes and tropical 
storms can cause entire plant communities to be destroyed in a very short period of time. 
Constant wind action and low topographic relief make shoreline erosion a constant threat. 
Those areas with a long fetch of open water are especially vulnerable to wave action. Oil 
and gas development, including oil exploration, site preparation, site access, drilling, 
production, pipeline installation, spill control and cleanup, and site closure can disrupt the 
natural hydrologic regime in the Mississippi Delta and in turn affect plant health and 
sediment dynamics. 


The Louisiana coastal plain accounts for 90 percent of the total coastal marsh loss in the 
nation (USACE 2004). Couvillion et al. (2011) analyses shows coastal Louisiana has 
undergone a net change in land area of about -1,883 square miles of wetlands from 1932 to 
2010. Trend analyses from 1985 to 2010 show a wetland loss rate of about 16.57 square 
miles per year. 


Appendix C contains a more detailed description of the types of wetlands and other flora 
found in the study area. 


 Wildlife 


There are a variety of habitats in the study area for wildlife species use including: open fields 
used for foraging, forested wetlands, fresh marsh, and lines of trees and shrubs along 
drainage ditches and denser tree growth along waterways that provide cover and 
connectivity. Flooded fields are especially valuable to wildlife when they are located adjacent 
to flooded bottomland hardwood forests because they provide nocturnal roosting sites for 
many species. The study area is located within the Mississippi Flyway, an area that 
experiences significant seasonal migrations of waterfowl species, which are of particular 
interest to recreational hunters.  


Tables 3-3 through 3-6 provide a lists of wildlife species found in the study area. Appendix C 
contains more information on wildlife utilizing the study area. 
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Table 3-3. Waterfowl Species 


Representative Waterfowl Species Found in the Study Area 
Common Name Scientific Name 


Northern shoveler Anas clypeata 
Wood duck Aix sponsa 
Hooded-merganser Lophodytes cucullatus 
Blue-winged teal Spatula discors 
Green-winged teal Anas crecca 
Mallard Anas platyrhynchos 
Canvasback Aythya valisineria 
Northern pintail Anas acuta 
Gadwall Mareca strepera 
American wigeon Mareca americana 
Mottled duck Anas fulvigula 
Lesser Scaup Aythya affinis 
Redhead duck Aythya americana 
Ring-necked duck Aythya collaris 
Red-breasted merganser Mergus serrator 


Source: USFWS 
  







Upper Barataria Basin, Louisiana Feasibility Study 
Final Integrated Feasibility Report with Environmental Impact Statement 


 


 


 
 
 


 
 


23 


 


Table 3-4. Bird Species 
Representative Nongame Species Found in the Study Area 


Common Name Scientific Name 
Little blue heron Egretta caerulea 


Great blue heron Ardea herodias 


Green-backed heron Butorides virescens 


Yellow-crowned night heron Nyctanassa violacea 


Black-crowned night heron Nycticorax 


Tricolored heron Egretta tricolor 


Great egret Ardea alba 


Snowy egret Egretta thula 


Cattle egret Bubulcus ibis 


White ibis Eudocimus albus 


Killdeer Charadrius vociferus 


Black-necked stilt Himantopus mexicanus 


Boat-tailed grackle Quiscalus major 


Red-winged blackbird Agelaius phoeniceus 


Northern harrier Circus hudsonius 


Glossy ibises Plegadis falcinellus 


Bald eagle Haliaeetus leucocephalus 


Screech owl Megascops asio 


Great horned owl Bubo virginianus 


Barred owl Strix varia 


Common snipe Gallinago 


Belted kingfisher Megaceryle alcyon 


Mockingbird Mimus polyglottos 


Yellow-billed cuckoo Coccyzus americanus 


Northern parula Setophaga americana 


Yellow-rumped warbler Setophaga coronata 


Prothonotary warbler Protonotaria citrea 


White-eyed vireo Vireo griseus 


Carolina chickadee Poecile carolinensis 


Tufted titmouse Baeolophus bicolor 


American woodcock Scolopax minor 


Common flicker Colaptes auratus 


Brown thrasher Toxostoma rufum 


Pileated woodpecker Dryocopus pileatus 


Red-headed woodpecker Melanerpes erythrocephalus 


Downy woodpecker Picoides pubescens 


Common grackle Quiscalus quiscula 


Common crow Corvus brachyrhynchos 


Red-tailed hawk Buteo jamaicensis 


Red-shouldered hawk Buteo lineatus 


Mississippi kite Ictinia mississippiensis 


Source: USFWS  
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Table 3-5. Reptile and Amphibian Species 


Representative Reptile & Amphibian Species Found in the Study Area 
Common Name Scientific Name 


American alligator Alligator mississippiensis 
Green anole Anolis carolinensis 
Water moccasin Agkistrodon piscivorus 
Speckled kingsnake Lampropeltis getula 
Copperhead Agkistrodon contortrix 
Southern leopard frog Lithobates sphenocephalus 
Ground skink Scincella lateralis 
Five-lined skink Plestiodon fasciatus 
Broad-headed skink Plestiodon laticeps 
Gulf coast ribbon snake Thamnophis proximus 
Yellow-bellied water snake Nerodia erythrogaster 
Western cottonmouth Agkistrodon piscivorus leucostoma 
Pygmy rattlesnake Sistrurus miliarius 
Broad-banded water snake Nerodia fasciata confluens 
Diamond-backed water snake Nerodia rhombifer 
Spiny softshell turtle Apalone spinifera 
Red-eared turtle Trachemys scripta elegans 
Southern painted turtle Chrysemys picta 
Mississippi mud turtle Kinosternon subrubrum 
Stinkpot turtle Sternotherus odoratus 
Common snapping turtle Chelydra serpentina 
Alligator snapping turtle Macrochelys temminckii 
Dwarf salamander Eurycea quadridigitata 
Three-toed amphiuma Amphiuma tridactylum 
Lesser western siren Siren intermedia 
Central newt Notophthalmus viridescens 
Gulf coast toad Incilius valliceps 
Eastern narrow-mouthed toad Gastrophryne carolinensis 
Green treefrog Hyla cinerea 
Squirrel treefrog Hyla squirella 
Pig frog Lithobates grylio 
Bullfrog Lithobates catesbeianus 
Bronze frog Rana clamitans 
Upland chorus frog Pseudacris feriarum 
Southern cricket frog Acris gryllus 
Spring peeper Pseudacris crucifer 


Source: USFWS 
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Table 3-6. Mammal Species 


Representative Mammal Species Found in the Study Area 
Common Name Scientific Name 


Muskrat Ondatra zibethicus 
American mink Neovison vison 
River otter Lontra canadensis 
Raccoon Procyon lotor 
Swamp rabbit Sylvilagus aquaticus 
White-tailed deer Odocoileus virginianus 
Coyote Canis latrans 
Virginia Opossum Didelphis virginiana 
Nine-banded armadillo Dasypus novemcinctus 
Eastern cottontail Sylvilagus floridanus 
Gray squirrel Sciurus carolinensis 
Fox squirrel Sciurus niger 
Nutria Myocastor coypus 
Striped skunk Mephitis 
Bobcat Lynx rufus 
Gray fox Urocyon cinereoargenteus 
Red bat Lasiurus borealis 
Marsh rice rat Oryzomys palustris 
White-footed mouse Peromyscus leucopus 
Eastern wood rat Neotoma floridana 
Harvest mouse Micromys minutus 
Least shrew Cryptotis parva 
Southern flying squirrel Glaucomys volans 


Source: USFWS 


 Threatened and Endangered Species and Other Protected Species 


To aid the USACE in complying with proactive consultation responsibilities under the 
Endangered Species Act, the USFWS provided a Planning Aid Letter dated 31 January 
2019, which lists those threatened and endangered species and their critical habitats within 
the study area. Species addressed as being of concern for the overall study area include the 
pallid sturgeon, the eastern black rail and the West Indian manatee.  


Although pallid sturgeon are a riverine species and are found in the study area, they are not 
likely to be of concern within the project area. The USFWS expressed concern about any 
potential dredging that may occur in the Mississippi River, which could potentially impact the 
species. There is no dredging associated with any of the proposed alternatives.  


A recent survey was conducted by Audubon Louisiana between May 2017 and March 2019. 
The survey team detected the presence of the Eastern Black Rail in Vermillion and Jefferson 
parishes, with a concentration of Black Rail detections centered around Calcasieu Pass in 
Cameron Parish. While this survey indicates a year-round Black Rail population in 
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Louisiana, it is believed that the Black Rail’s restriction to a narrow habitat type make it 
unlikely to be found in the study area.  


The West Indian manatee is sometimes seen in the coastal waters of Louisiana, as their 
range extends throughout the coast of the Gulf of Mexico, into the waters off the Yucatan 
peninsula, and throughout the Caribbean.  


More information on these and other at-risk species is presented in Appendix C. 


 Aquatic Resources and Water Bottoms 


Primary fresh and intermediate water bodies in the Barataria Basin include Lake Salvador, 
Lake Des Allemands, Lake Cataouatche, The Pen, Lake Boeuf, Bayou Boeuf, Bayou Des 
Allemands, Bayou Chevreuil, Grand Bayou, Bayou Citamon, Bayou Segnette, and Bayou 
Verret. Average water depths of the lakes and bayous ranges from 4 feet to 10 feet. In 
addition, there are many miles of manmade canals throughout the basin including the Gulf 
Inter-Coastal Waterway (GIWW) and Barataria Waterway.  


Wetlands throughout the study area abound with small resident fishes and shellfishes, 
including but not limited to: least killifish (Heterandria Formosa), rainwater killifish (Lucania 
parva), sheepshead minnow (Cyprinodon variegatus variegatus), mosquitofish (Gambusia 
affinis), sailfin molly (Poecilia latipinna), and grass shrimp (Palaemonetes sp.). These 
species are typically found along marsh edges and among submerged aquatic vegetation 
and provide forage for a variety of fish and wildlife.  


Freshwater and low-salinity marshes provide habitat for commercially and recreationally 
important resident freshwater fishes such as largemouth bass (Micropterus salmoides), 
yellow bass (Morone mississippiensis), black crappie (Pomoxis nigromaculatus), bluegill 
(Lepomis macrochirus), redear sunfish (Lepomis microlophus), warmouth (Lepomis 
gulosus), blue catfish (Ictalurus furcatus), channel catfish (Ictalurus punctatus), freshwater 
drum (Aplodinotus grunniens), bowfin (Amia calva), and gar (Lepisosteidae). Water bodies 
having minimal water exchange and heavy cover of floating vegetation may exhibit low 
dissolved oxygen conditions and reduced fisheries abundance.  


The study area fresh marshes also provide nursery habitat for estuarine-dependent 
commercial and recreational fishes and shellfishes that are tolerant of fresh water such as 
blue crab (Callinectes sapidus), white shrimp (Litopenaeus setiferus), Gulf menhaden 
(Brevoortia patronus), Atlantic croaker (Micropogonias undulates), red drum (Sciaenops 
ocellatus), southern flounder (Paralichthys lethostigma), bay anchovy (Anchoa mitchilli), 
striped mullet (Mugil cephalus), and others. Fresh marshes also provide habitat for 
largemouth bass (Micropterus salmoides), warmouth (Lepomis gulosus), black crappie 
(Pomoxis nigromaculatus), blue catfish (Ictalurus furcatus), bowfin (Amia calva), and gar 
(Lepisosteidae). 


 Essential Fish Habitat (EFH) 


As required by the Magnuson-Stevens Fishery Conservation and Management Act, all 
marine and estuarine waters of the northern Gulf of Mexico have been designated as 
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Essential Fish Habitat (EFH) through regulations promulgated by the National Marine 
Fisheries Service (NMFS) and the Gulf of Mexico Fishery Management Council. EFH is 
described as waters and substrates necessary for federally managed species to spawn, 
breed, feed, and grow to maturity. In the northern Gulf of Mexico, EFH has generally been 
defined as “areas where individual life-stages of specific federally-managed species are 
common, abundant or highly abundant.”  


Under the Magnuson-Stevens Fishery Conservation and Management Act, EFH in estuarine 
areas is defined as “all estuarine waters and substrates (mud, sand, shell, rock and 
associated biological communities), including the subtidal vegetation (submerged aquatic 
vegetation and algae) and adjacent intertidal vegetation (marshes and mangroves).” To 
assist in meeting consultation requirements, the NMFS local field office reviewed the study 
area and provided comments on January 30, 2019, that identified brown shrimp, white 
shrimp, and red drum as species of concern for the UBB study.  


A portion of the study area is located in an area that has been identified as essential fish 
habitat (EFH) for various life stages of federally managed species, including post larval and 
juvenile life stages of brown shrimp, white shrimp, and red drum. In addition to being 
designated as EFH for brown shrimp, white shrimp, and red drum, wetlands in the study 
area provide nursery and foraging habitats supportive of a variety of economically important 
marine fishery species, including spotted seatrout, sand seatrout, southern flounder, black 
drum, gulf menhaden, and blue crab. Some of these species serve as prey for other fish 
species managed under the Magnuson-Stevens Act by the Gulf of Mexico Fishery 
Management Council (e.g., mackerels, snappers, and groupers) and highly migratory 
species managed by NMFS (e.g., billfishes and sharks). These wetlands also produce 
nutrients and detritus, important components of the aquatic food web, which contribute to the 
overall productivity of the Louisiana’s estuaries.  


Categories of EFH in the study area include mud and shell substrates, submerged aquatic 
vegetation, estuarine water column, and estuarine emergent wetlands.  


Table 3-7 shows the EFH for the managed species expected in those areas. Table 3-8 lists 
the anticipated salinity zones of the expected managed species. Appendix C contains more 
information on EFH that may be found in the study area.  


  







Upper Barataria Basin, Louisiana Feasibility Study 
Final Integrated Feasibility Report with Environmental Impact Statement 
 


 


 
 
 


 
 


28 


 


Table 3-7. Aquatic Resource Species 
Species Life Stage EFH 


Brown Shrimp 
(Farfantepenaeus aztecus) 


Juvenile <18m; SAV, sand/shell/soft bottom, emergent 
marsh, oyster reef 


   


White Shrimp 
 (Litopenaeus setiferus) 


Larvae/post 
larvae <82m; pelagic, soft bottom, emergent marsh 


Juvenile <30m; soft bottom, emergent marsh 
    


Red Drum 
(Sciaenops ocellatus) 


Larvae/post 
larvae 


all estuaries planktonic, SAV, sand/shell/soft 
bottom, emergent marsh 


Juvenile GOM, <5m Vermilion Bay & E; all estuaries SAV, 
sand/shell/soft/hard bottom, emergent 


Adults GOM 1-46 m Vermilion Bay & E; SAV, 
sand/shell/soft/hard bottom, emergent marsh 


Table 3-8. Salinity Zones and Abundance for Federally Managed Species 


Salinity Zone Life Stage Brown Shrimp White Shrimp Red Drum 


0 -0.5 ppt. 


Adults    


Eggs    


Juveniles    


Larvae    


Spawners    


0.5 - 5 ppt. 


Adults R R R to C 


Eggs    


Juveniles C to HA C to A C 


Larvae    


Spawners    


5 -15 ppt. 


Adults R C R to C 


Eggs    


Juveniles C to HA C to A C 


Larvae    


Spawners    
Relative Abundance: 
Blank: Not Present 
A: Abundant 
C: Common 
R: Rare 
HA: Highly Abundant 
(Variation in abundance due to seasonality) (NMFS, 1998) 
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 Water Quality  


The dominant bodies of water in the basin are Lac Des Allemands, Lake Cataouatche, Lake 
Salvador, Barataria Bay, and Caminada Bay. Numerous bayous, canals, and channels cross 
through the basin. The basin’s hydrology is greatly affected by the fact that its elevation 
hovers right at sea level, plus or minus a foot.  


Water quality in the main channels of the basin is greatly influenced by non-point source 
agricultural runoff and to a lesser extent by residential and commercial point sources. 
However, water quality in the interior wetlands is often quite different because of 
hydrological modifications, mainly low levee spoil banks formed from drainage canal and 
pipeline construction, which have isolated surrounding wetlands from the main drainage 
channels. Spoil banks have been found to decrease the net flux of materials to and from 
nearby wetlands, making these areas prone to excessive inundation (Swenson and Turner, 
1987; Bryant and Chabreck, 1998). 


The United States Geological Survey (USGA) has delineated all the discrete watersheds in 
the United States and describes each discrete watershed unit with a hydrologic unit code 
(HUC). The study area is located in the East Central Louisiana Coastal HUC 08090301.  


Surface Water Quality  


Section 303(d) of the Clean Water Act (CWA) requires that states develop a list of waters 
that do not meet water quality standards and do not support their designated uses. In 
response to this mandate, the Louisiana Department of Environmental Quality (LDEQ) has 
prescribed water quality standards for surface waters within the State of Louisiana to 
promote a healthy and productive aquatic system. Surface water standards are set to protect 
the quality of all waters of the state, including rivers, streams, bayous, lakes, reservoirs, 
wetlands, estuaries, and many other types of surface water. Standards apply to pH, 
temperature, bacterial density, dissolved oxygen, chloride concentration, sulfate 
concentration, and total dissolved solids.  


LDEQ’s surface water quality monitoring program, which fulfills the requirements of the CWA 
sections 305(b) and 303(d), routinely monitors 25 parameters on a monthly or bimonthly 
basis using a fixed station, long-term network (Monitored Assessments) (LDEQ 1996). 
Based upon those data and the use of less-continuous information (Evaluated 
Assessments), such as fish tissue contaminants data, complaint investigations, and spill 
reports, the LDEQ has assessed water quality fitness for the following uses: primary contact 
recreation (swimming), secondary contact recreation (boating, fishing), fish and wildlife 
propagation, drinking water supply, and shellfish propagation (LDEQ 1996). Based on 
existing data and more subjective information, water quality is determined to either fully, 
partially, or not support those uses. A designation of “threatened” is used for waters that fully 
support their designated uses, but that may not fully support certain uses in the future 
because of anticipated sources or adverse trends in pollution. 


The study area is located within three LDEQ designated subsegments. According to the 
LDEQ Final 2018 Louisiana Water Quality Inventory: Integrated Report (305(b)/303(d)), the 
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“Bayou Des Allemands – From US-90 to Lake Salvador (Scenic)” subsegment LA020301 is 
“not supporting designated use” for primary contact recreation (i.e., swimming); “fully 
supporting designated use” for secondary contact recreation (i.e., boating); and is “not 
supporting designated use” for fish and wildlife propagation (i.e., fishing) (LDEQ 2018). The 
“Bayou Gauche” subsegment LA020302 is “fully supporting designated use” for primary 
contact recreation (i.e., swimming); “fully supporting designated use” for secondary contact 
recreation (i.e., boating); and is “not supporting designated use” for fish and wildlife 
propagation (i.e., fishing) (LDEQ 2018). The “Lake Cataouatche and Tributaries” 
subsegment LA020303 is “fully supporting designated use” for primary contact recreation 
(i.e., swimming); “fully supporting designated use” for secondary contact recreation (i.e., 
boating); and is “not supporting designated use” for fish and wildlife propagation (i.e., fishing) 
(LDEQ 2018).  


A Total Maximum Daily Load (TMDL) is a pollution budget for a specific waterbody. It is the 
maximum amount of a pollutant a waterbody can receive without causing it to become 
impaired and/or violate state water quality standards. In 2004, a biochemical oxygen-
demanding TMDL was established for “Bayou Des Allemands – From US-90 to Lake 
Salvador (Scenic)” subsegment LA020301 to address organic enrichment/low dissolved 
oxygen and nutrients (LDEQ 2004). The suspected sources were industrial point sources, 
sediment resuspension, and upstream sources (LDEQ 2004). The TMDL for biochemical 
oxygen demand constituents (i.e., ultimate carbonaceous biochemical oxygen demand, 
ultimate nitrogenous biochemical oxygen demand, and sediment oxygen demand) was 
calculated for summer and winter critical seasons; the summer (May-October) load is 40,208 
kilograms/day (kg/day) and the winter (November-April) load is 48,400 kg/day (LDEQ 2004). 
In 2005, a biochemical oxygen-demanding TMDL was established for the “Lake 
Cataouatche and Tributaries” subsegment LA020303 to address organic enrichment/low 
dissolved oxygen and nutrients (LDEQ 2005). The suspected sources were industrial, 
municipal, storm sewers, petroleum activities, and spills (LDEQ 2005). The TMDL for 
biochemical oxygen demand constituents (i.e., ultimate carbonaceous biochemical oxygen 
demand, ultimate nitrogenous biochemical oxygen demand, and sediment oxygen demand) 
is 21,579 kg/day; Organic N is 1,361 kg/day; Ammonia N is 409 kg/day; NO2+NO3N is 124 
kg/day, and Phosphorus is 62 kg/day (LDEQ 2005). LDEQ does not list TMDLs for the 
“Bayou Gauche” subsegment LA020302 or “Lake Cataouatche and Tributaries” subsegment 
LA020303. 


Groundwater Quality  


The proposed alignment is within the Coastal Lowlands Aquifer System (Renken 1998). This 
aquifer system is a complex sequence of unconsolidated beds of sand, silt, and clay 
deposited under fluvial, deltaic, and marine conditions. The Coastal Lowlands Aquifer 
System extends eastward from Texas across southern and central Louisiana into southern 
Mississippi (Renken 1998). Groundwater in this system becomes more saline as it flows 
toward the coast; groundwater that moves toward the coastline becomes even more 
mineralized as a result of mixing with sea water (Renken 1998).  


The LDEQ Aquifer Sampling and Assessment Program (ASSET) generates water quality 
data from freshwater aquifers within the state. The ASSET Program is an ambient 
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groundwater monitoring program designed to monitor the quality of groundwater produced 
from Louisiana’s major freshwater aquifers. The ASSET Program samples approximately 
200 water wells located in 14 aquifers and aquifer systems in Louisiana. The sampling 
process is designed so that all 14 aquifers and aquifer systems are monitored on a rotating 
basis, within a 3-year period so that each well is monitored every 3 years (LDEQ 2018). The 
Coastal Lowlands Aquifer System contains the Mississippi River Valley Alluvial Aquifer and 
the Chicot Equivalent Aquifer System. These aquifers are in the vicinity of the proposed 
alignment and they are discussed in LDEQ’s 2015 ASSET Triennial Summary Report 
(LDEQ 2015). The following paragraphs summarize water quality data for these two 
aquifers.   


The Mississippi River Valley Alluvial Aquifer is of poor quality regarding taste, odor, or 
appearance guidelines (LDEQ 2015). Thirty-eight secondary standards were exceeded, and 
the report also shows that four wells exceeded the Maximum Contaminant Levels (MCL) for 
arsenic, making certain locations of this aquifer to be of poor quality when considering short-
term or long-term health risk guidelines (LDEQ 2015). There are certain areas of the 
Mississippi River Alluvial Aquifer that exhibit good water quality characteristics, but it still 
exhibits the poorest overall water quality characteristics of any of Louisiana’s fourteen 
aquifers (LDEQ 2015).  


The Chicot Equivalent Aquifer System is of fair quality when considering short-term or long-
term health risk guidelines with one industrial use well exceeded the primary MCL for 
arsenic, while no other primary MCL was exceeded in any other well (LDEQ 2015). The 
water produced from this aquifer is moderately hard and is of fair quality when considering 
taste, odor, or appearance guidelines, with 28 secondary standards exceeded in 19 wells 
(LDEQ 2015). 


 Human Environment 


 Geographic Location  


The study area extends from the City of Donaldsonville south to the City of Mathews and 
includes the watersheds of Bayou Chevreuil-Lac des Allemands, Bayou Verrett, and the 
northwestern portion of Bayou Des Allemands-Lake Salvador. An inventory of residential 
and non-residential structures was developed using the National Structure Inventory (NSI) 
for the portions of the seven parishes impacted by storm surge associated with the future 
without project condition. The inventory consists of a little less than 25,000 structures, with 
90 percent categorized as residential and 10 percent categorized as commercial. Figure 3-1 
shows the structure inventory and the study area boundary. 
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Figure 3-1. Upper Barataria Basin Louisiana National Structure Inventory 
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 Land Use 


The total number of acres of developed, agricultural, and undeveloped land in the study area 
are shown in Table 3-9 (not including open water acreages). As shown in the table, the 
majority of the study area is undeveloped land; with only 7 percent of the total acres in the 
study area currently developed land. 


Table 3-9. Land Use in the Study Area 


Land Class Name Acres 
Percentage 


of Total 


Agricultural Land 91,200 21% 


Developed Land 30,700 7% 


Undeveloped Land 311,000 72% 


Total 432,900 100% 


Source: USGS National Land Cover Database, 2018 
Note: Total acres does not include open water in the study area 


 Flood History 


Tropical Flood Events 


Coastal Louisiana experiences localized flooding from both excessive rainfall events, which 
leads to riverine flooding, and storm surge events from tropical storms and hurricanes. Since 
1851, NOAA reported 73 tropical events that have made landfall near the study area. Table 
3-10 displays the Federal Emergency Management Agency (FEMA) disaster declarations 
from 1964 to 2016 that involved the seven parishes of the study area. During that timeframe, 
there were 22 disaster declarations related to hurricane and tropical storm incidents in the 
study area and 19 disaster declarations related to flooding incidents. The study area also 
includes a very small section of Jefferson Parish, but since this area is unpopulated and 
undeveloped, Jefferson Parish is not included in the table.  Table 3-11 provides information 
on the top tropical storms in the study area based on the dollar amount paid by FEMA. 


Table 3-10 Upper Barataria Basin FEMA Disaster Declaration by Parish 1964-2016 


Parish Hurricane and Tropical Storm Incidents Flooding Incidents 


Ascension 18 16 


Assumption 16 8 


Lafourche 20 8 


St. Charles 20 8 


St. James 16 7 


St. John the Baptist 18 6 
Source: Federal Emergency Management Agency (FEMA) 2019 
Note 1: Incidents  are for entire parish, which may include areas outside of the study area. 
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Table 3-11. Upper Barataria Basin Top Tropical Storms by Amount Paid by FEMA 


Event Month & Year Number of Paid Claims Total Amount Paid (millions) 
Tropical Storm Lee September 2011 9,900 $462.2 


Hurricane Ike September 2008 46,684 $2,700.1 


Hurricane Gustav September 2008 4,545 $112.6 


Hurricane Rita September 2005 9,354 $466.2 


Hurricane Andrew August 1992 5,587 $169.1 
Source: Federal Emergency Management Agency (FEMA) 
Note 1: Total amount paid is at price level at time of the event.  
Note 2: Claims and amount paid are for entire event, which may include areas outside of the study area. 


FEMA Flood Claims 


As of the 2019 season, the most recent named storms to affect the study area include 
Tropical Storm Lee in 2011 and Hurricanes Ike and Gustav, both in 2008. Table 3-12 
displays the number of flood claims by relevant parish. Table 3-13 displays the FEMA 
severe repetitive loss properties by relevant parish. 


Table 3-12. Upper Barataria Basin FEMA Flood Claims by Parish 1978-2018 


Parish 
Total Number of 


Claims  
Number of 


Paid Claims  
Total Payments 


(millions) 


Ascension 6,607 5,658 $336.89  


Assumption 979 785 $4.45  


Lafourche 5,335 3,920 $66.93  


St. Charles 5,963 4,130 $101.05  


St. James 249 204 $6.19  


St. John the Baptist 4,942 3,996 $264.24  


Total 24,075 18,693 $780* 
Source: Federal Emergency Management Agency (FEMA) 
*rounded 
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Table 3-13. Upper Barataria FEMA Severe Repetitive Loss Properties by Parish 


Parish Number of Structures 


Ascension 394 
Assumption 84 


Lafourche 450 


St. Charles 643 


St. James 19 


St. John the Baptist 230 


Total 1,820 


Source: Federal Emergency Management Agency (FEMA) 


 Socioeconomics  


 Transportation 


The transportation infrastructure includes major roads, highways, railroads, and navigable 
waterways that have developed historically to meet the needs of the public. Highway 90 
(Hwy-90), an east-west, bi-coastal thoroughfare that connects Houston, Texas and Baton 
Rouge, Louisiana, crosses the south-eastern part of the area, and is a primary route for 
hurricane evacuation and post-storm emergency response. There is one railroad line and 
one municipal airport in the UBB study area. 


 Community Cohesion 


Community cohesion is based on the characteristics that keep the members of the group 
together long enough to establish meaningful interactions, common institutions, and agreed 
upon ways of behavior. These characteristics include race, education, income, ethnicity, 
religion, language, and mutual economic and social benefits. The study area, which was 
originally settled in the 1700s, is comprised of communities with established public and 
social institutions including places of worship, schools, and community interaction. The 
construction of water resource projects can impact community cohesion in different ways. 
For example, prior to the Great Flood of 1927, the area was subject to periodic riverine flood 
damage events from the Mississippi River. However, with the construction of the MR&T 
levee system, the risk of inundation from the river has been greatly reduced and the 
community cohesion of the area was positively impacted. 


 Population and Housing  


Tables 3-14, 3-15, and 3-16 display the population, number of households, and the 
employment (number of jobs) for each of the six populated parishes for the years 2000, 
2010, and 2019, as well as projections for the years 2025 and 2045. The 2000, 2010, and 
2019 estimates for population and number of households are from the U.S. Census Bureau. 
The 2001, 2010, and 2019 estimates for employment are from the U.S Bureau of Labor 
Statistics. All projections were developed by Moody’s Analytics, which has projections to the 
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year 2045. The study area also includes a very small section of Jefferson Parish, but since 
this area is unpopulated and undeveloped, Jefferson Parish is not included in these tables. 
Only a portion of the study is in some of these parishes. The numbers are not meant to 
reflect a life safety risk to populations, but rather to show that there is a general increase in 
the population in the area. 


Table 3-17 shows the actual and projected per capita personal income levels for the six 
populated parishes from 2000 to 2025. The 2000, 2010, and 2018 estimates are from the 
U.S Bureau of Economic Analysis and the projection for 2025 is from the Moody’s Analytics 
Forecast. 


Table 3-14. Upper Barataria Basin Louisiana Historical and Projected Population by Parish 


Parish 2000 2010 2019 2025 2045 


Ascension 77,335 107,850 126,604 136,988 161,973 


Assumption 23,324 23,352 21,891 22,408 21,733 


Lafourche 89,775 96,681 97,614 98,970 99,479 


St. Charles 48,118 52,845 53,100 55,339 58,101 


St. James 21,201 22,006 21,096 22,599 23,727 


St. John the Baptist 43,248 45,621 42,837 45,713 47,995 


Total 303,001 348,355 363,142 382,017 413,008 
Sources: 2000, 2010, 2019 from U.S. Census Bureau; 2025, 2045 from Moody’s Analytics Forecast  


Table 3-15. Upper Barataria Basin Historical Condition and Projected Households by Parish 


Parish 2000 2010 2019 2025 2045 


Ascension 26,995 38,050 42,649 51,815 66,244 


Assumption 8,234 8,719 8,802 8,946 9,336 


Lafourche 32,054 35,654 36,449 39,070 42,122 


St. Charles 16,473 18,598 18,762 21,099 23,960 


St. James 7,002 7,691 7,906 8,561 9,727 


St. John the Baptist 14,381 15,875 15,418 17,249 19,602 


Total 105,139 124,587 129,986 146,740 170,991 
Sources: 2000, 2010, 2019 from U.S. Census Bureau; 2025 and 2045 from Moody’s Analytics Forecast 
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Table 3-16. Upper Barataria Basin Existing Condition and Projected Employment by Parish 


Parish 2001 2010 2019 2025 2045 


Ascension 30,124 34,207 46,953 57,390 74,840 


Assumption 5,661 4,410 3,911 4,410 4,680 


Lafourche 30,969 36,784 34,202 35,360 35,090 


St. Charles 19,629 23,100 23,615 30,330 34,670 


St. James 7,058 7,735 8,206 9,310 10,650 


St. John the Baptist 12,645 15,214 14,460 16,460 18,810 


Total 106,086 121,450 131,347 153,260 178,740 
Sources: 2001, 2010, 2019 from U.S. Bureau of Labor Statistics; 2025 and 2045 from Moody’s Analytics Forecast 


Table 3-17. Upper Barataria Basin per Capita Income ($) by Parish 


Parish 2000 2010 2018 2025 


Ascension 24,052 39,416 49829 60,180 


Assumption 19,613 32,771 46788 54,195 


Lafourche 23,485 40,391 47096 56,959 


St. Charles 24,634 39,557 49353 63,678 


St. James 18,722 38,421 48484 60,576 


St. John the Baptist 20,002 33,894 40573 57,423 


Sources: 2000, 2010, 2018 from U.S. Bureau of Economic Analysis; 2025 from Moody’s Analytics Forecast 


 Public Facilities and Services  


Public facilities and services have historically grown to meet population demands. The area 
includes a mixture of community centers, schools, hospitals, airports, colleges, and fire 
protection.  


 Tax Revenues and Property Values  


Historically, damages from storm surge events have adversely impacted business and 
industrial activity, agricultural activity, and local employment and income, which then led to 
commensurate negative impacts to property values and the tax base upon which 
government revenues rely. 


 Employment, Business, and Industrial Activity (Including Agriculture) 


The leading employment sectors are trade, transportation, utilities, government, local 
government, and office using industries. Table 3-18 shows actual and projected 
unemployment rates from December 1990 to December 2040 for the study area. As shown 
in the table, the unemployment rate in three of the six parishes (Assumption, St. John, and 
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St. James) is higher than the State of Louisiana unemployment rate. Additional information 
related to employment can be found in the Economic Appendix, Appendix B. 


Table 3-18. Upper Barataria Basin Louisiana Unemployment Rates 


Unemployment Rate (%) 
BLS; Moody’s Analytics (ECCA) Forecast 


 Dec-
1990 


Dec-
2000 


Dec-
2010 


Dec-
2020 


Dec-
2030 


Dec-
2040 


Ascension Parish (LA) 6.45 5.29 7.45 5.90 6.20 5.99 
Assumption Parish (LA) 6.56 6.43 11.57 8.14 8.01 7.64 
Lafourche Parish (LA) 4.09 4.49 6.14 5.87 6.50 6.42 
St. Charles Parish (LA) 6.07 5.58 7.41 6.69 6.83 6.39 
St. James Parish (LA) 7.87 8.59 11.66 9.45 9.64 9.02 
St. John the Baptist Parish 


 
7.95 6.79 10.60 8.61 8.78 8.22 


Louisiana 6.20 5.30 7.97 6.88 7.06 6.71 


 Environmental Justice  


Existing Condition 


The communities in the study area include Lulling, Boutte, Paradis, Des Allemands, and 
Bayou Gauche, all in St. Charles Parish, and Mathews and Raceland in Lafourche Parish. 
All seven of these communities are identified by the U.S. Census Bureau as Census of 
Designated Places (CDP).  


An analysis was conducted utilizing CDP data, obtained from the U.S. Census Bureau’s 
American Community Survey (ACS) for 2019. The following information was collected for the 
seven communities in the study area. 


Racial and Ethnic Characteristics  


Race and ethnic populations in each CDP were characterized using the following racial 
categories: White, Black or African American, American Indian and Alaska Native, Asian, 
Native Hawaiian and Other Pacific Islander, Some Other Race, and Two or more Races. 
Persons of Hispanic Origin are also identified. These categories are consistent with the 
affected populations requiring study under Executive Order 12898. See Tables 3-19 and 3-
20 for a listing of race and ethnic characteristics for the CDPs in the study area. 


Percentage of Minority Population  


As defined by the U. S. Census Bureau, the minority population includes all non-Whites. 
According to Council of Environmental Quality (CEQ) guidelines, “Minority populations 
should be identified where either: (a) the minority population of the affected area exceeds 50 
percent or (b) the minority population percentage of the affected area is meaningfully greater 
than the minority population percentage in the general population or other appropriate unit of 
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geographic analysis.” For this study, the comparison geographic unit is St. Charles and 
Lafourche Parishes.  


Only one CDP, Boutte, is considered an EJ community using the 50 percent analysis 
minority method, having approximately 66 percent of residents identifying as minority. The 
majority of Boutte residents are Black or African American while those identifying as “Two or 
more Races” comprise 1.6 percent of the CDP population. Persons of Hispanic or Latino 
population (of any race) is no higher than 5.6 percent in any CDP. St. Charles Parish is 
majority White, or about 70 percent of the parish population while Minority races are 
approximately 30 percent of total population. Boutte CDP minority population percentage is 
nearly twice that of the St. Charles Parish reference area. Des Allemands CDP crosses into 
Lafourche Parish; however, a majority reside in St. Charles Parish. 


Two other CDPs that are in the study area, Mathews and Raceland, area located in 
Lafourche Parish, and are majority White, as is the parish. The largest minority in Mathews 
is Asian race and those identifying as being of “Two or More Races.”  
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Table 3-19. Population by Race and Percentage Minority Population, CDP, St. Charles 
Parish 


Source: U.S. Census Bureau, 2015-2019 American Community Survey 5-Year Estimates 


  


ACS 2015-19
RACE


Total population 14,049 100% 3,030 100% 1,586 100% 1,690 100% 1,819 100% 52,773 100%


One race 13,791 98.2% 2,982 98.4% 1,493 95.0% 1,633 92.6% 1,819 100.0% 52,219 99.0%


   White 10,988 78.2% 1,021 33.7% 1,493 93.7% 1,424 84.3% 1,819 100.0% 36,542 69.9%
   Black or African 
American 2,128 15.1% 1,944 64.2% 0 0.0% 148 7.7% 0 0.0% 14,059 26.6%


   American Indian 
and Alaska Native 50 0.4% 0 0.0% 0 0.0% 61 0.6% 0 0.0% 191 0.3%


   Asian 315 2.2% 0 0.0% 0 1.4% 0 0.0% 0 0.0% 528 1.1%


   Native Hawaiian 
and Other Pacific 
Islander


0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0%


   Some other race 310 2.2% 17 0.6% 0 0.0% 0 0.0% 0 0.0% 899 1.2%


Two or more races 258 1.8% 48 1.6% 93 5.0% 57 7.4% 0 0.0% 554 1.0%


Minority 3,061 21.8% 2,009 66.3% 93 5.9% 266 15.7% 0 0.0% 16,231 30.8%


HISPANIC OR 
LATINO


Total population 14,049 3,030 1,586 1,690 1,819 52,773


Hispanic or Latino 
(of any race) 784 5.58% 184 6.07% 58 3.66% 46 2.72% 71 3.90% 3,233 6.13%


St. Charles ParishLuling Boutte Paradis
Des 


Allemands Bayou Gauche
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Table 3-20. Population by Race and Percentage Minority Population, CDP, Lafourche Parish 


  Source: U.S. Census Bureau, 2015-2019 American Community Survey 5-Year Estimates 


Low Income Population  


The percentage of persons living below the poverty level, as identified in the 2015-2019 
ACS, was one of the indicators used to determine the low-income population in a CDP. Low-
income population is defined as a CDP with 20 percent or more of its residents below the 
poverty threshold. See Table 3-21 for a listing of poverty characteristics for the CDPs in the 
study area. 


Of the seven CDPs in the study area, only Boutte and Des Allemands CDPs are considered 
EJ communities, when using the poverty threshold criteria. Approximately 26 percent of 
people residing in these communities have incomes below the poverty level, which are 
above the 20 percent threshold. The percentage of the Boutte and Des Allemands 
population whose income is below the poverty level is nearly one and a half times larger 
than the reference area, St. Charles Parish. Boutte CDP is both a minority and low-income 
EJ community, with percentages well above the reference community of St. Charles Parish.  


ACS 2015-19
RACE


Total population 2,551 100% 10,698 100% 98,108 100%


One race 2,494 97.8% 10,571 98.8% 95,460 97.3%


   White 2,399 94.0% 7,007 65.5% 77,504 79.0%
   Black or African 
American 35 1.4% 3,490 32.6% 13,371 13.6%


   American Indian and 
Alaska Native 0 0.0% 74 0.7% 2,158 2.2%


   Asian 60 2.4% 0 0.0% 575 0.6%


   Native Hawaiian and 
Other Pacific Islander 0 0.0% 0 0.0% 15 0.0%


   Some other race 0 0.0% 0 0.0% 1,837 1.9%


Two or more races 57 2.2% 127 1.2% 2,648 2.7%


Minority 152 6.0% 3,691 34.5% 20,604 21.0%


HISPANIC OR LATINO


Total population 2,551 10,698 98,108
Hispanic or Latino (of 
any race) 0 0.00% 291 2.72% 4,280 4.4%


Mathews Raceland Lafourche Parish
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Table 3-21. Low Income Population by CDP, St. Charles and Lafourche Parishes, Study 
Area 


Percentage of People with Income below Poverty Level in the past 12 Months 


CDP/Parish Population Estimate* Population Below 
Poverty Level 


Percent of Population 
Below Poverty 


Luling 13,960  1,323  9.48% 


Boutte 3,030  781  25.78% 


Paradis 1,586  70  4.41% 


Des Allemands 1,674  433  25.87% 


Bayou Gauche 1,819  34  1.87% 


     


St. Charles Parish 52,041  5,854  11.25% 


     


Mathews 2,551  284  11.13% 


Raceland 10,555  1,919  18.18% 


     


Lafourche Parish 94,464  17,849  18.90% 
*Population for whom poverty status is determine 
Source: U.S. Census Bureau ACS, 2015-2019 


 Cultural Resources 


The Barataria Basin results from the formation of the delta complexes of the Mississippi 
River. Initial delta formation began approximately 4700 B.P., with the Mississippi River 
following its present course and a distributary leading down Bayou Lafourche. As these two 
arms grew outward into the Gulf of Mexico, they formed the margins of the delta plain that 
developed between them, largely comprised of freshwater swamp and lakes. Other 
crevasses and lobes of the river opened or were active until more recently and contain both 
the remains of prehistoric settlement and the historic settlement still present today. 


In terms of resource potential and human settlement potential, the study area has been 
relatively stable for approximately 2000 years. As may seem obvious, the high portions of 
land that are natural levees along waterways past or present, have been and are the most 
desired locations for settlement or temporary resource use. However, the density and 
combination of animals and plants typically available in marsh and coastal areas means that 
harvesting of those resources may have left signs of activity within portions of the study area 
that are not the high natural levees. 


Since European settlement within the study area, more numerous and more visible remains 
of human activity have been left behind. The most obvious of these exist along the 
Mississippi River, Bayou Lafourche, and Bayou des Familles. Other natural waterways with 
high levee ground alongside, have also been settled for some time. Of most importance in 
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terms of cultural resources that may be found within the study area are plantations, 
lumbering, the fur industry, hunting, and fishing, which leave remnants of activity on both 
high land and further into the back swamp areas. The oil and gas industry has also left 
cultural landmarks in all land and water types of the study area.  


 Recreation Resources 


The recreational resources study area includes portions of Ascension, Assumption, 
Lafourche, Jefferson, St. Charles, St. James, and St. John the Baptist Parishes. Major 
bodies of water in the study area, listed in descending order by size, include Lac Des 
Allemands, Lake Boeuf, Petit Lac Des Allemands, Dufrene Ponds, and Bayou Des 
Allemands. There are many other minor natural and manmade waterways including 
numerous oil field canals. Most of the study area is forested uplands and swamp with 
freshwater marsh. The more significant ridges along navigable bayous have historically 
supported development of small communities and provide key points of access to the vast 
coastal wetland resources of the study area. Recreational facilities include camps, marinas, 
boat launch ramps, and small neighborhood parks. The communities within the study area 
are very much connected to the water, evidenced by the way many waterfront residents 
extend personal property into the waterways in the forms of docks, piers, camps, and 
homes. 


Like much of coastal southeast Louisiana, the study area has experienced substantial 
coastal erosion, loss of wetlands, and increasing salinity levels. These conditions are due to 
numerous factors, such as extensive oil and gas exploration via a maze of canals and 
pipelines, subsidence, and coastal storm surges. Bayou Lafourche and the Mississippi River 
no longer provide freshwater replenishment and nutrients as they once did with precipitation 
being the main source of freshwater input for the area. The study area has traditionally 
provided excellent freshwater fishing and, in recent years, because of the increased salinity 
levels, anglers have been able to catch saltwater species much farther inland than in the 
past.  


The study area includes the Lake Boeuf Wildlife Management Area (WMA), which is located 
east of LA Hwy 308, north of Raceland. The WMA is only accessible by boat via Theriot 
Canal, Foret Canal, or Lake Boeuf. Recreation activities within the WMA include archery, 
hunting, and annual youth lottery deer gun hunts (Louisiana Department of Wildlife & 
Fisheries). The most prominent recreational activities within the study area are freshwater 
based consumptive uses include freshwater fishing, crawfishing, hunting for waterfowl, and 
hunting for deer or small game along natural ridges and in wooded swamp lands. Non-
consumptive recreational activities attract far fewer participants and include hiking, wildlife 
observation, boating, camping, and photography. 


Factors contributing to the high proportion of boating activity for fishing include the high 
quality of the recreational fishery, especially an abundance of freshwater fish habitat for 
three species of catfish (flathead, channel, and blue), bass, crappie, and panfish. Pleasure 
boating occurs to a lesser degree than boat fishing. According to data compiled by the 
Louisiana Oil Spill Coordinator’s Office (LOSCO), there were approximately 30 boat 
launches catalogued within the study area as of 2004. One indicator of the amount of 
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recreational fishing that occurs in the study area is the number of recreational boats 
registered in the parishes of Ascension, Assumption, Jefferson, Lafourche, St. Charles, St. 
James, and St John. In 2018, approximately 16 percent of the boats registered with the 
State of Louisiana were registered within the seven parishes. In 2019, approximately 17 
percent of the resident basic fishing licenses and 9 percent of the resident basic hunting 
licenses issued by the State of Louisiana were issued within the same parishes. 


Table 3-22 shows the number of fishing licenses, hunting licenses, and boat registrations, 
respectively, within the study area. The fishing and hunting license and boat registration data 
are provided by the Louisiana Department of Wildlife and Fisheries (LDWF) 
https://www.wlf.louisiana.gov/resources/category/licenses-and-permits/recreational-fishing-
and-hunting  


Table 3-22. Licenses and Registrations 


Parish 2019 Resident- 
Basic Fishing 


2019 
Resident- 


Basic Hunting 
2018 Boat 


Registrations 


Ascension 10,749 3,056 9,268 


Assumption 2,207 781 3,749 


Jefferson 22,422 3,163 16,970 


Lafourche 12,071 2,821 12,225 


St. Charles 4,649 928 4,105 


St. James 1,913 518 2,255 


St. John 2,652 470 2,137 


Statewide Totals 325,132 131,307 319,492 


Funding from the Land and Water Conservation Fund (LWCF) has supported five recreation 
projects implemented in the study area since 1964, according to the United States 
Department of the Interior National Park Service Land & Water Conservation Fund. Details 
about these parks is provided in Table 3-23. 
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Table 3-23. Area Parks 


Park Parish Grant Sponsor Amount Date 
Approved 


Expiration 
Date 


Modeste Park Development Ascension Ascension Parish 
Police Jury $39,159.45 8/4/1981 6/30/1986 


Donaldsonville Riverfront Park Ascension City of Donaldsonville $6,735.75 9/22/1972 12/31/1975 


Thibodaux Water Reservoir Lafourche City of Thibodaux $103,073.00 1/16/2002 12/31/2006 


Killona Park St. Charles St. Charles Police Jury $366,662.00 1/13/2005 12/31/2011 


Rathborne Park Development St. Charles St. Charles Parish 
Government $150,000.00 1/22/2010 12/31/2014 


 Aesthetics 


The study area offers resources and viewsheds that are unique to the Mississippi Alluvial 
Plain Ecoregion. Within the study area landscape transitions north to south based on flora 
and fauna, habitat, land use, topography, and landforms. To the north and east along the 
Mississippi River and to the west along Bayou Lafourche, bottomland forests have been 
cleared for agriculture and the levee system is the dominant landform. Between the 
Mississippi River and Bayou Lafourche, freshwater swamp forests consisting of bottomland 
hardwood bald cypress and water tupelo compose one of the largest swamps in North 
America. South of U.S. Highway 90, brackish marshes consisting of grasses, sedges, and 
rushes act as a buffer to help moderate flooding and tidal inundation during storm events. 
("Louisiana Speaks" and “USGS Eco-Region Map,” Daigle, J.J., Griffith, G.E. Omernik, J.M., 
Faulker, P.L., McCulloh, R.P., Handley, L.R., Smith, L.M., and Chapman, S.S., 2006, 
Ecoregions of Louisiana color poster with map, descriptive text, summary tables, and 
photographs: Reston, Virginia, U.S. Geological Survey).  


Swamp forests with numerous bayous and canals veining into Lac Des Allemands dominate 
the interior landscape. Primary vistas into this interior are limited and generally provided to 
residents and visitors traveling through the area from roadways such as U.S. Highway 90, 
State Highways 20, 304, 307, and 3127, which transect the study area. However, most of 
these views are only available from boat access as either great distances from paved roads 
or visual impediments make viewing this interior landscape difficult.  


The communities within the study area are very much connected to the water, evidenced by 
the way many waterfront residents extend personal property into the waterways in the form 
of docks, piers, camps, and homes. Bayou Des Allemands, connecting Lac Des Allemands 
to Lake Salvador and accessible by U.S. Highway 90, is designated as part of the Louisiana 
Natural and Scenic Rivers System. Numerous boat launches in the study area provide 
support for boaters seeking access to Lac Des Allemands and surrounding areas that are 
not easily accessible, allowing views of tranquil and entrancing shorelines lined with native 
flora and fauna flourishing throughout this bottomland hardwood forest swamp. 
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In Lafourche Parish, State Highways 20, 304, and 307 comprise portions of the Wetlands 
Cultural Byway, which is an integral part of the Louisiana Scenic Byways Program and 
recognized by the National Scenic Byways Program. “The landscape of the roadway is 
mainly prairie and wetland. With natural bayous and tree-lined swamps, fresh, brackish, and 
saltwater marshes surrounding much of the environment, water dictates the byway’s twists 
and turns…,” according to the Louisiana Scenic Byways Program. 
https://byways.louisianatravel.com/sites/default/files/resources/16-Wetlands-
Cultural_Tearsheet.pdf 


Additionally, there is a Louisiana Scenic Byway bounding the north and east of the study 
area referred to as the Louisiana Great River Road. This is but one segment to an overall 
scenic byway that stretches on multiple thoroughfares from Canada to the Gulf of Mexico. It 
is state and Federally designated and has an “All American Road” status, making it 
significant in culture, history, recreation, archeology, aesthetics, and tourism. 


Land use within the study area is primarily woody wetlands constituting the interior 
landscape and encompassing Lac Des Allemands. Emergent herbaceous wetlands are 
generally located in the southeast of the study area as U.S. Highway 90 essentially runs 
along this wetland transition zone. On the perimeter of the study area and along the 
Mississippi River and Bayou Lafourche, land use consists of cultivated crops and 
hay/pasture. Agricultural communities have prospered along State Highway 18, also referred 
to the Louisiana Great River Road, and State Highway 308 following Bayou Lafourche. The 
drive along these thoroughfares is scenic and visually interesting. Patches of oaks and other 
hardwoods dot the area blending and growing denser as you look away from the water 
channels and into the backdrop of dense wetland forest. The landscape here is pastoral and 
serene, which tremendously adds to the visual quality of the area.  


 Air Quality 


The Clean Air Act Amendment of 1990 directed the U.S. Environmental Protection Agency 
(EPA) to establish National Ambient Air Quality Standards (NAAQS) for all regulated air 
pollutants. Federal air quality standards have been established for six criteria air pollutants:  


• Carbon monoxide (CO)  
• Nitrogen dioxide (NO2) 
• Ozone (O3)  
• Sulfur oxides (commonly measured as sulfur dioxide [SO2])  
• Lead (Pb)  
• Particulate matter no greater than 2.5 micrometers (µm) in diameter (PM2.5); and 
• Particulate matter no greater than 10 µm in diameter (PM10)  


The EPA classifies air quality by Air Quality Control Region (AQCR) according to whether 
the region meets primary and secondary air quality standards. An AQCR or portion of an 
AQCR may be classified as attainment, nonattainment, or unclassified. A classification of 
attainment indicates that air quality for one or more criteria air pollutants within the region is 
within NAAQS values. A nonattainment classification indicates that regional air quality for 
one or more criteria air pollutants is not within NAAQS values. A classification of unclassified 



https://byways.louisianatravel.com/sites/default/files/resources/16-Wetlands-Cultural_Tearsheet.pdf

https://byways.louisianatravel.com/sites/default/files/resources/16-Wetlands-Cultural_Tearsheet.pdf
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indicates that air quality within the region cannot be classified (generally because of lack of 
data). A region designated as unclassified is treated as an attainment region. The study area 
is located in the Southern Louisiana AQCR. 


The EPA Green Book Nonattainment Areas for Criteria Pollutants (Green Book) maintains a 
list of all areas within the United States that are currently designated nonattainment areas 
with respect to one or more criteria air pollutants. Nonattainment areas are discussed by 
county or metropolitan statistical area (MSA). MSAs are geographic locations, characterized 
by a large population nucleus, which are comprised of adjacent communities with a high 
degree of social and economic integration. MSAs are generally composed of multiple 
counties or parishes. The entire study area is within the Baton Rouge MSA, which includes 
Ascension Parish. Based on review of the Green Book, Ascension Parish is the only parish 
in the study area currently designated as a nonattainment area and is listed for 8-Hr. Ozone. 
All other parishes within the study area are in attainment. 


 Hazardous, Toxic, and Radioactive Waste 


An American Society for Testing and Materials (ASTM) E1527-13 Environmental Site 
Assessment (ESA) was completed on January 27, 2021, for the Recommended Plan (i.e., 
northern and southern alignments). The Phase I ESA (i.e., hazardous, toxic, or radioactive 
waste [HTRW] report number 20-11) did not reveal any Recognized Environmental 
Conditions (REC) within the Recommended Plan footprint. A copy of the Phase I ESA (i.e., 
HTRW report number 20-11) is maintained on file at CEMVN.  


Additionally, two previous Phase I ESAs were conducted. On February 7, 2019, the southern 
alignment of the Recommended Plan was subject to a Phase I ESA (i.e., HTRW report 
number 19-08). The Phase I ESA did not reveal any RECs within the proposed southern 
alignment footprint. A copy of the Phase I ESA (i.e., HTRW report number 19-08) is 
maintained on file at CEMVN. On April 30, 2010, MVN published a HTRW Investigation 
entitled: HWY 90 Alignment. The proposed project area in the 2010 HWY 90 Alignment 
HTRW Investigation (i.e., HTRW report number 10-08) overlays the same general area as 
the Recommend Plan (i.e., northern and southern alignments), and also covers additional 
areas farther to the south. Review of the 2010 HWY 90 Alignment HTRW Investigation 
indicated that there were no areas of concern or RECs that fell within the proposed project 
area at that time. A copy of the Phase I ESA (i.e., HTRW report number 10-08) is maintained 
on file at MVN. 
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Formulate Alternative Plans 
Plan formulation supports the USACE water resources development mission. A systematic 
and iterative planning approach is used to ensure that sound decisions are made. The 
Planning Guidance Notebook describes the process for federal water resource studies. The 
process requires formulating alternative plans that contribute to federal objectives. 
Alternative plans are a set of one or more management measures functioning together to 
address one or more planning objectives. A management measure is a feature or activity 
that can be implemented at a specific geographic site to address one or more planning 
objectives.  


The initial plan formulation strategy was to focus on regional solutions (e.g., levees, 
floodwalls, and gates with and without pump stations) followed by further plan formulation 
based on economic damage centers (e.g., where the greatest consequences are) 
minimizing life loss, and/or more local protection. A semi-quantitative assessment of life 
safety was conducted using accepted USACE methods and tools. The plan formulation 
process utilized the best available information to identify a Tentatively Selected Plan (TSP).  


Note: Sections 4.1 through 4.7 describe the plan formulation process used to identify 
the TSP identified in the 1st Draft Report, which was released to the public in 
November 2019. Section 4.8 describes additional planning efforts that followed, which 
took into account comments received on the Draft Report as well as additional 
engineering and environmental investigations performed to optimize the TSP. These 
additional planning efforts allowed the team to modify and further refine features 
identified in the TSP; however, the PDT determined that there was a need to go back 
out to public review because a significant increase in environmental impacts was 
noted. Table 4-7 in Section 4.8 shows the general changes between the TSP under the 
1st draft report and 2nd draft report. The changes in environmental consequences are 
discussed in Section 5 of this report. 


4.1 IDENTIFYING MANAGEMENT MEASURES 


The study area largely overlaps with a previous USACE study, Donaldsonville to the Gulf of 
Mexico Feasibility Study (Donaldsonville to the Gulf). Donaldsonville to the Gulf was a 
reconnaissance and feasibility study for CSRM that considered various measures such as 
levees, floodwalls, pump stations, nonstructural applications, flood gates, ring levees, and 
others to address flood damages in its study area. That study effort only looked at the 1 
percent Annual Exceedance Probability (AEP) (100-Year Coastal Storm Event) and 
concluded in 2012, with a negative report as no evaluated alternatives had positive net 
benefits. Annual Exceedance Probability (AEP) refers to the probability of a flood event 
occurring in any year. The probability is expressed as a percentage. For example, a large 
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flood which may be calculated to have a 1% chance to occur in any one year, or one time 
every 100 years, is described as 1% AEP. 


However, because the two study areas have large areas of overlap and the damage centers 
are largely the same, there were opportunities for the UBB study to use much of the 
measures, screening criteria, and alternatives development data from the Donaldsonville to 
the Gulf. Therefore, the UBB study’s formulation process was able to capitalize on the 
Donaldsonville to the Gulf formulation and incorporate its assessments to provide an 
advanced starting point for alternative evaluation. The current study has taken multiple 
measures from Donaldsonville to the Gulf and repackaged them into new alternatives for 
further evaluation. It has also carried forward the Highway 90 alignment alternative, Highway 
90 Alignment - Master Plan, for further evaluation due to its preference by the NFS. For 
these reasons, and to capitalize on efficiency, a new individual measure development and 
screening process was not completed. WRDA 2016 Section 1184 states that "study teams 
must consider natural and nature-based features alone and in combination with other 
nonstructural and structural measures, as appropriate". Some Natural and Nature Based 
Features (NNBF) measures identified for the project area were swamp restoration, wetlands 
restoration, and ridge restoration.   


Screening of the NNBF was conducted with the PDT. The area is made up of mostly marsh 
which eliminates the need for marsh restoration in the study area and combining this with 
structural and nonstructural measures would not improve the effectiveness of the storm risk 
reduction measure. Since swamp restoration has a lengthy growing time for trees to reach 
maturity and the area is predicted to continue to subside and the likelihood of RSLR impacts 
to the habitat over the period of analysis, swamp restoration in the study area would not be 
implementable, sustainable, or effective to help prevent storm surge. Ridge restoration was 
screened out due to no natural ridges existing that extend across the basin to help prevent 
storm surge damages moving back into the basin, and the natural ridges are sites where 
houses and businesses exist within the basin. Therefore, ridge restoration, marsh 
restoration, and swamp restoration were screened out from the measures and not combined 
with other measures. The magnitude of impact being addressed in this environment severely 
limits the effectiveness and reliability of these measures. The following bullets provide a brief 
description of the structural and nonstructural measures: 


Structural Measures: 


• Levees: An earthen embankment or similar structure whose purpose is to reduce 
flood damages could be constructed to reduce risk to communities and other 
significant structures and/or lands  


• Flood Walls: These measures are similar to levees in that they reduce risk from 
flood damages, but they can be constructed in a smaller footprint than earthen 
levees 


• Flood Gates: Flood gates tie into the levee or floodwall system when there is a 
need to cross a waterway and maintain the existing hydrologic regime  


• Pumping Stations: Pumping stations transport water produced from rainfall events 
or surge across levees  







Upper Barataria Basin, Louisiana Feasibility Study 
Final Integrated Feasibility Report with Environmental Impact Statement 


 


 


 
 
 


 
 


51 


 


• Ring Levees: Ring levees/dikes could be constructed to reduce risk to 
communities and other significant structures and/or lands on a smaller scale  


Nonstructural (NS) Measures: 


• Physical: Consists of property acquisition (buyouts), relocation, elevation, and/or 
flood proofing of structures 


• Non-physical: Consists of flood warning system/evacuation plans 


4.2 DEVELOPMENT OF ALTERNATIVE PLANS 


As previously stated, the formulation process capitalized on the formulation strategy from 
Donaldsonville to the Gulf and incorporated its assessments to provide an advanced starting 
point for alternative development. A planning and design charrette with the Federal agencies 
(USFWS and NOAA), the Coastal Protection and Restoration Authority Board (CPRAB), and 
the PDT was held December 12, 2018, to further develop alternatives. General public 
meeting comments from January 10, 2019, and public scoping meetings May 1 and May 2 of 
2019, also had an impact on the formulation of alternatives. Based on the information 
discussed at the charrette and review of the existing information on each measure’s 
combinability, alternatives were developed. A total of 10 regional alternatives (i.e. 
addressing flood risk over a large swath of the study area) were carried forward for further 
analysis, which included hydraulic modeling, development of conceptual designs, rough 
order of magnitude quantities, and parametric cost estimates for comparison, which included 
compensable mitigation cost. A total of 11 alternatives, including the no-action alternative, 
were developed. These alternatives, including the no-action alternative, are described in 
Section 4.3 (initial array of alternatives), with exception of alternatives 9 and 10, which were 
developed for the revised final array.  


For more detail associated with structures and the vertical reference frame of North 
American Vertical Datum or 1988 (NAVD 88) within the alignments below, please reference 
Appendix A.  


4.3 INITIAL ARRAY OF ALTERNATIVES 


 Alt 1: Hwy 90 – Segment 1 Extension 


This structural alternative would incorporate building a 7.5-foot levee extending out from the 
existing St. Charles Parish Levee, continuing south to improve the Sunset Levee, and 
include a vehicle crossing at Bayou Gauche. Then, the levee system would cross Bayou 
Des Allemands, just south of US Highway 90, with a 270-foot barge gate structure 9.5 feet 
high. The levee system would then parallel US Highway 90 until high ground near Raceland 
(Natural Ridge). In order to maintain existing water exchanges, hydraulic control structures 
would be placed in the section paralleling US Highway 90. CPRAB has a structural 
protection plan in the 2017 Master Plan (project number 022.HP.06) that follows a similar 
alignment.  


This alignment would be approximately 18.3 miles in length and incorporate a little over 15.9 
miles of earthen levee, 2.3 miles of flood wall, and a 270- foot barge gate structure (Figure 
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4-1). The levee is designed to a 2 percent AEP (50-year level of risk reduction) from storm 
surge and the damages prevented would be in St. Charles and Lafourche Parishes.  


The 270 feet barge gate, also incorporated in other alternatives in the study, across Bayou 
Des Allemands would only be closed during a storm event. This gate (270-foot barge) could 
pivot in and out of position and be sunk in place to prevent the surge from entering the basin 
via Bayou Des Allemands.  


 Alt 2: Hwy 90 – Full Alignment 


This structural alternative was carried forward from Donaldsonville to the Gulf. This Highway 
90 levee alignment alternative would incorporate a levee that extends out from and raises 
the existing St. Charles Parish Levee, continues south, improves the Sunset Levee, and 
includes a vehicle crossing at Bayou Gauche. Then, the levee system would cross Bayou 
Des Allemands, just south of US Highway 90, with a 270-foot barge gate structure 10.5 feet 
high. The levee system would then parallel US Highway 90 until high ground near Raceland 
(Natural Ridge). Hydraulic control structures would be placed in the section paralleling US 
Highway 90 to maintain existing water exchanges. The levee elevation would be built to an 
8.5 feet elevation; therefore, elevating the existing St. Charles Parish levee. This levee 
would be approximately 30.4 miles in length (Figure 4-2). The levee is designed to a 1.5 
percent AEP (75-year level of risk reduction) from storm surge and the damages prevented 
would be in St. Charles and Lafourche Parishes. 


 Alternative 3: Des Allemands-Paradis Levee 


This is a structural alternative in the form of a 7.5-foot levee that extends out from the 
existing St. Charles Parish Levee, continues south, improves the Sunset Levee, and 
includes a vehicle crossing at Bayou Gauche. The alignment would then continue around 
the Des Allemands community and tie around the back side of Paradis into a local parish 
levee. This levee would be approximately 20.6 miles in length (Figure 4-3). The levee is 
designed to a 2 percent AEP (50-year level of risk reduction) from storm surge and the 
damages prevented would be in St. Charles Parish. 


 Alternative 4: Raceland Levee 


This is a structural alternative (ring levee) in the form of a levee that would extend around 
Raceland at various design elevations to reduce the risk of potential storm surge damages. 
This alignment would capitalize on the natural ridges around Raceland. It would stretch 
approximately 11.3 miles in length and would include a 45-foot rail road crossing gate and a 
45-foot roller gate structure where the alignment crosses US Highway 90 (Figure 4-4). The 
damages prevented would be in Lafourche Parish.  


 Alternative 5: Basin Edge Levee 


This is a structural alternative in the form of a 7.5-foot levee extending out from the existing 
St. Charles Parish Levee continuing south, improving upon and lifting the Sunset Levee and 
include a vehicle crossing at Bayou Gauche. Then, the levee system would cross Bayou 
Des Allemands just south of US Highway 90 with a 270-foot barge gate structure 9.5 feet 
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high. The levee system would then parallel US Highway 90 until just past Dufrene Ponds 
where it would tie into US Highway 90. This levee would be approximately 12.5 miles long 
(Figure 4-5). The levee is designed to a 2 percent AEP (50-year level of risk reduction) from 
storm surge and the damages prevented would be in St. Charles and Lafourche Parishes.  


 Alternative 6: Highway 90 Alignment – Master Plan 


The Master Plan alignment would be constructed across the basin along the same footprint 
as the 2017 Coastal Master Plan project number 022.HP.06, defined in the 2017 State 
Master Plan. This alternative would be built to the 1 percent AEP from a storm surge event 
and include (1) 270-foot barge gate, a total of 40.2 miles of earthen levee, 8,200 feet of T-
wall, (4) 10-foot sluice gates, and (2) 40-foot swing gates (Figure 4-6). The damages 
prevented would be in St. Charles and Lafourche Parishes.  


 Alternative 7: Nonstructural 


Physical nonstructural alternatives would consist of property acquisition (buyouts), elevation, 
and/or flood proofing of residential and non-residential structures within the study area. 
Nonstructural measures can be stand-alone or used in combination with structural 
alternatives. The nonstructural alternative (Figure 4-7) was economically evaluated by flood 
plain mapping of all frequencies, Non-Structural Method 1 (NS1).  


 Alternative 8: Hwy 90 Lift Alignment 


This alternative was developed with the USFWS as a possible environmentally preferred 
plan to restore the natural hydrology across the basin. This Highway 90 lift alignment 
alternative would incorporate building a 1 percent AEP (100-Year Coastal Storm Event) 
levee connecting the northeast to the southeast side of the basin near the natural ridge at 
Bayou Lafourche and the natural ridge just south of Raceland, respectively. This levee 
would be approximately 32.5 miles in length and incorporate a 270-foot barge gate 14 feet 
high across Bayou Des Allemands. The section of levee west of Bayou Des Allemands 
would have U.S. Highway 90 upon it for approximately 10 miles (Figure 4-8). This section of 
levee would have a 115 feet crown to allow for all four lanes of traffic. Close coordination 
with the US Department of Transportation would be required. The majority of damages 
prevented would be in St. Charles and Lafourche Parishes.  


 Alternative 11: No Action  


NEPA regulations (40 CFR 1502.14(c)) require that no action always be considered a viable 
alternative in any final array of plans. It represents the future that would likely occur if 
USACE takes no action. The no action is the default choice. The UBB study area would 
continue to experience damages from storm events. These impacts would be exacerbated 
due to increased storm intensities (global warming) coupled with increases in relative sea 
level change. The “No Action” was renamed to Alternative 11 after final array of alternatives 
was assessed with added Alternatives 9 and 10.  
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Figure 4-1. Hwy 90 – Segment 1 Extension  
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Figure 4-2. Hwy 90 - Full Alignment 







Upper Barataria Basin, Louisiana Feasibility Study 
Final Integrated Feasibility Report with Environmental Impact Statement 
 


 


 
 
 


 
 


56 


 


Figure 4-3. Des Allemands-Paradis Levee 
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Figure 4-4. Raceland Levee 
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Figure 4-5. Basin Edge Levee 
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Figure 4-6. Hwy 90 Alignment - Master Plan 
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Figure 4-7 Nonstructural Alternative 
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Figure 4-8. Hwy 90 Lift Alignment 
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 Screening of Initial Array of Alternatives 


Screening of the initial array of alternatives (eight alternatives) began after Hydraulics and 
Hydrology (H&H) ran the existing conditions and the Future without Project (FWOP) 
Advanced Circulation (ADCIRC) models. The FWOP condition does not consider the St. 
Charles Parish Levee, which has not been constructed to USACE specifications, in place 
because it is an in-complete system by itself. Coastal storm surge damages were calculated 
for no action, 2 percent, 1 percent, 0.5 percent, and 0.2 percent AEP using the available 
2010 ADCIRC model. Rainfall damages were calculated for no action, 50 percent, 20 
percent, 10 percent, 5 percent, 2 percent, 1 percent, 0.5 percent, and 0.2 percent AEP. The 
results of the H&H models and the economic functions were inserted into the Hydrologic 
Engineering Center-Flood Damage Reduction Analysis (HEC-FDA) model and those results 
were brought into Excel for tabulation. Because all growth is expected to occur outside of the 
100-year floodplain, the with-project and without-project impacts would be identical. Costs 
were estimated based on the value of levee construction and key structures (barge gate, 
roller gates, floodwalls, etc.). The benefit to cost ratio (BCR)s shown in Table 4-1, were 
estimated by comparing the total annual benefits to the total annual cost and were based on 
a 2020 Federal Discount Rate (FDR) of 2.75 percent, at the time of the evaluation. The 
nonstructural alternative was evaluated within the revised final array of alternatives. 
Alternatives within the initial array of alternatives would not impede navigable waterways.  


Upon evaluating the future without project results, Alternative 4 (Raceland Levee) did not 
receive damages out to a 0.2 percent AEP. Therefore, Alternative 4 did not have enough 
damages to support a project.  


Significant concerns were given to Alternative 5, and 8 related to either tying into the 
highway or elevating the highway.  


Significant consideration was given to the full HWY option as a levee; Alternative 8, 
however, the highway is used as a major evacuation route for the city of New Orleans and 
Houma. Due to the fact that levee on the highway would have met multiple USACE levee 
and earthen dam engineering and design regulations (Engineering Memorandum (EM) 
1110-2-2300), risk analysis regulations (Engineering Regulation (ER) 1105-2-101 and EM 
1110-2-1619), encroachment regulations, the existing highway would likely have to be 
removed. In discussion with NFS and stakeholders, it was determined that a 4 lane highway 
would have to be relocated and reconstructed as a bypass road with design speeds similar 
to the existing highway during the construction period in order to not have any significant 
risks to evacuation routes. This alternative initially appeared to the be least damaging 
practicable alternative to wetlands of the cross basin alternatives, but when you factor in the 
guidance and regulations mentioned previously the alternative is not a feasible solution. A 
temporary re-routing of traffic would have to be adjacent to the existing highway and would 
have had similar wetland impacts similar to other alternatives.  


In addition, USACE flood fighting and emergency operations regulations (ER 1130-2-530), 
and Operations, Maintenance, Repair, Replacement, and Rehabilitation (OMRRR) 
regulations (ER1130-2-530 and ER1110-2-401) would require that the system be updated 
as RSLR impacts occur. Every time a levee lift is needed the highway would have to be 
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relocated and a bypass would be needed for construction. This is the reason why 
historically, the LADOTD has not supported placing roadways upon levees in coastal 
Louisiana. Based on these discussions Alternative 8 was screened out.  


Alternative 5 was also reviewed due to their US Highway 90 tie-in location. The alternative 
had significant induced stages onto the existing highway. The stages would have to be 
mitigated and under Alternative 5 there were limited benefits to support costs for mitigating. 
Therefore alternative 5 was screened out.  As discussed in section 4.5.2 below, a revised 
alternative (Alternative 10) was developed similar to Alternative 5, however, the level of risk 
reduction was much higher.  


Only Alternatives 1, 2, 3, and were considered for detailed evaluations under table 4-1. As 
stated above, Alternative 4 and Alternative 5 was screened due to limited FWOP damages, 
to support the required cost.  Alternative 7 (NS1) was later evaluated in the final array of 
alternatives, to ensure that nonstructural measures we are being evaluated alongside 
structural alternatives. Alternative 8 was also not considered for detailed evaluations under 
table 4-1 due to the significant engineering, environmental and logistical challenges with 
rebuilding a highway on top of a levee. 


Table 4-1. Initial Array of Alternatives (FY20 Federal Discount Rate 2.75%) 


Plan 
Damage Reduced 
(AED) 


Construction 
Cost 


Average Annual 
Cost Net Benefits 


B/C 
Ratio 


Alternative 1, Hwy 90 - Segment 1 Extension $13,541,000  $314,000,000  $11,916,000  $1,626,000  1.14 


Alternative 2, Hwy 90 - Full Alignment $16,061,000  $422,000,000  $16,015,000  $47,000  1.00 


Alternative 3 - Des Allemands Loop $8,712,000  $288,000,000  $10,930,000  ($2,218,000) 0.80 


Alternative 6 - Hwy 90 Alignment Master Plan $19,655,000  $1,053,000,000  $39,960,000  ($20,306,000) 0.49 


4.4 FINAL ARRAY OF ALTERNATIVE PLANS 


After only considering structural quantities and material quantities in the parametric costs in 
Table 4-1, total costs were developed on alternatives 1 and 2 and are considered the final 
array. The additional costs include estimates from Real Estate, Cultural Resources, 
Relocations, Environmental Mitigation, and Operations and Maintenance (O&M) and 
included all contingencies based on an abbreviated risk analysis. Alternatives 3 and 6 were 
eliminated due to a BCR under 1.0. The BCRs for the focused array are contained in Table 
4-2 and are based on an FDR of 2.75 percent.  


Table 4-2. Final Array (FY20 Federal Discount Rate 2.75%) 
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4.5 REVISED FINAL ARRAY OF ALTERNATIVE PLANS 


Before evaluating the nonstructural alternative in detail, the PDT looked back into the H&H 
model. Another H&H ADCIRC model was adopted with a more recent model (2017 CPRAB 
ACDIRC model). Two additional alternative plans (Alternatives 9 and 10) were then 
developed for the revised final array. Alternatives 1 and 2 were also brought back into the 
array, together with the Nonstructural alternative. 


 Alternative 9: Basin Rainfall Alternative 


This structural alternative was developed to prevent rainfall damages back inside the basin 
north-west of US Highway 90. It incorporates a pump station and a 270-foot barge gate 
structure across Bayou Des Allemands, where US Highway 90 crosses Bayou Des 
Allemands (Figure 4-9). This alternative was developed to reduce tail water (water 
downstream from its source) elevations to in turn drop the upper Barataria basin (water at its 
source) water elevations during heavy rainfall events.  


 Alternative 10: 1 Percent AEP (100-Year Coastal Storm Event) Open Basin 


Alternative 10 was developed to reduce the highest concentration of damages around Des 
Allemands and Paradis. This is a structural alternative in the form of a 12-foot levee 
extending out from the existing St. Charles Parish Levee continuing south improving the 
Sunset Levee and include a vehicle crossing at Bayou Gauche. Then, the levee system 
would cross Bayou Des Allemands, just south of US Highway 90, with a 270-foot barge gate 
structure 14 feet high. The levee system would then parallel US Highway 90 until just past 
Dufrene Ponds where it would tie into US Highway 90. This would also incorporate raising 
the existing St. Charles Parish Levee to an elevation of 12 feet. This alternative would be 
approximately 24 miles long (Figure 4-10). The majority of damages prevented would be in 
St. Charles and Lafourche Parishes.  







Upper Barataria Basin, Louisiana Feasibility Study 
Final Integrated Feasibility Report with Environmental Impact Statement 


 


 


 
 
 


 
 


65 


 


Figure 4-9. Basin Rainfall Alternative 
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Figure 4-10. 100-Year Open Basin Alternative 
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4.6 SCREENING OF THE REVISED FINAL ARRAY OF ALTERNATIVES 


Alternative 9 was screened out based on the storage capability of 17 billion cubic feet within 
the UBB north of US Highway 90, which would equate to 1 foot in water surface elevation. 
Economic results indicated minimal damages down in the basin where Alternative 9 would 
be most effective. Therefore, there were nearly no damages to be prevented with a basin 
wide rainfall alternative.  


In the final array analysis, it was assumed that the levee alternatives would have no 
resiliency once overtopped. However, in the revised final array, the design was altered to 
include substantial armoring of the project levee and the existing St. Charles Parish Levee, 
thereby making the levee sufficiently resilient once overtopped. Alternatives screened at the 
initial array were not reassessed with armoring due to the fact that there were limited areas 
behind the proposed levee for storage. Armoring would not have added additional benefits to 
these earlier alternatives to make it into the final array. As a result, the levee significantly 
reduces stages interior to the levee resulting in damage reductions well past the target 
elevation of the levee. The Future with Project (FWP) Hydraulic model run verifies these 
early overtopping assumptions and were used to optimize the levee designs. These levees 
were designed and optimized to Hurricane and Storm Damage Risk Reduction System 
(HSDRRS) specifications. These assumptions have been made based on the storage in the 
basin.  


Alternatives 1 and 2 were carried forward from the final array of alternatives along with 
alternative 10 and alternative 7 (nonstructural) that was further evaluated with the 2017 
ADCIRC H&H model within the revised final array.  


The NS1 nonstructural alternative was evaluated by including all frequencies up to the 0.2 
percent AEP and all structures located within the flood plain affected by surge. The 
economic results for the nonstructural alternative and the structural alternatives, without 
costs for armoring, were calculated as shown in Table 4-3 and are based on a 2020 FDR of 
2.75 percent.  


The no action alternative (Alternative 11) was included along with the alternatives shown in 
table 4-3. No NED benefits would be associated with the No Action Alternative. There would 
continue to be adverse impacts to the EQ as salinity levels increase in the area, affecting 
wetlands and eventually causing impacts to residents (OSE) in the immediate vicinity of the 
study by reducing the natural swamp buffer. Reducing the natural buffer could also cause 
uncertainty to RED by impacting businesses in the region and the overall economy. 


Table 4-3. Revised Final Array of Alternatives 
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Based on the economic analysis of the focused array (Table 4-3) the NED plan is the 
Alternative 1, Hwy 90 – Segment 1 Extension at 7.5 feet. Nonstructural measures could be 
used to reduce the residual risk associated with the TSP. The B/C ratio for the elevations of 
7.5-feet thru 12-feet shows that flexibility exist with the final design, to consider structural 
superiority resiliency and life safety concerns.  


 Life Safety 


A Life Risk Assessment Report was developed for the non-structural, no action, and 
structural alternatives. The team determined, based on the similarities in alignment that 
differences in impacts to life safety and critical infrastructure within the structural set of 
alternatives would be minimal. As a result, one structural alternative was carried through in 
the life safety analysis as a representative of the other structural alternatives. This 
information can be found in the Life Safety Annex 14, Appendix A Engineering. A semi-
quantitative risk assessment on the recommended plan will be conducted, in accordance 
with PB 2019-04, in PED.  


The critical infrastructure in the area are electric power plants (3), elementary and secondary 
schools (16), fire stations (21), post offices (5), prisons (2), propane locations (5), and wood 
product manufacturing facilities (51). A direct comparison was not conducted but would be 
expected to be similar across the structural alternatives.  


Refer to Table 4-4 and Appendix A for the life safety report.  


Table 4-4. Revised Final Array of Alternatives, Life Safety Evaluation Matrix 


Notes: 
LL: Life Loss, LLR: Life Loss Risk 
1. Expected annual life loss is assumed to be low for all scenarios based on population density 
2. Warning time based on the tropical storm forecasting days in advance of event 
3. Inundation maps generated through HEC-LifeSIM were unavailable at time of assessment 
4. Potential depth of inundation may be significant based on size of polder and height of flood event 
5. Historic settlement and anticipated no tidal activities inside the polder mean the higher population areas are on higher ground 


 System of Accounts 


To facilitate alternative evaluation and comparison of the alternatives, the P&G lays out four 
federal accounts that are used to assess the effects of the final array of alternatives. The 
accounts are NED, Environmental Quality (EQ), Regional Economic Development (RED), 
and Other Social Effects (OSE). Table 4-5 compares the Federal accounts against the 
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economically justified alternatives in the revised final array. The accounts are evaluated in 
the following:  


• The intent of comparing alternative flood risk reduction plans in terms of NED 
account was to identify the beneficial and adverse effects that the plans may have 
on the national economy. Beneficial effects were considered to be increases in the 
economic value of the national output of goods and services attributable to a plan. 
Increases in NED were expressed as the plans’ economic benefits, and the 
adverse NED effects were the investment opportunities lost by committing funds 
to the implementation of a plan. Alternative 1 ranked higher in this account based 
on the higher net benefits captured.  


• The EQ account was another means of evaluating the plans to assist in making 
recommendations. The EQ account was intended to display the long-term effects 
that the alternative plans may have on significant environmental resources. The 
Water Resources Council defined significant environmental resources as those 
components of the ecological, cultural and aesthetic environments that, if affected 
by the alternative plans, could have a material bearing on the decision-making 
process. Alternative 1 ranked higher due to the lower amount of environmental 
impacts.  


• The RED account was intended to illustrate the effects that the proposed plans 
would have on regional economic activity, specifically, regional income and 
regional employment. Alternative 2 ranked higher due to the increased amount of 
impacts prevented in Luling, Paradis, and Des Allemands.  


• A full OSE was not completed at this time, minimal effects are expected and it did 
not affect the formulation nor the selection of the recommended plan. Although 
OSE was not specifically addressed, the socioeconomic impacts of the project 
were addressed in the EIS for this project. 


Table 4-5. Evaluation of Accounts 


Account Alternative 1, HWY 90 – 
Segment 1 


Alternative 2, HWY 90 – 
Full Alignment 


National Economic 
Development 
(NED)  


Avg. Annual Benefits-
$30.3M Avg. Annual Benefits-$30.5M 


Avg. Annual Costs-$20.4M Avg. Annual Costs-$26.3M 


$10M in net benefits. 1.5 
BCR Ranked 1st 


$4.3M in net benefits. 1.2 
BCR Ranked 2nd 


Environmental 
Quality (EQ) 


Construction footprint is in 
the middle of the other 
structural plans (310 
acres). Ranked 1st 


Construction footprint one of 
the largest structural plans 
(408 acres). Ranked 2nd 


Regional Economic 
Development 
(RED) 


The project cost supports 
a large amount of regional 
employment from 
construction of the project. 
Ranked 2nd 


The project cost supports a 
large amount of regional 
employment from 
construction of the project. 
Ranked 1st 
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4.7 IDENTIFYING THE TENTATIVELY SELECTED PLAN 


Per USACE Guidance, the PDT tentatively selects the alternative that maximizes net 
benefits in the study area; this is also called the NED Plan. In order to determine which 
alternative is the NED Plan, the costs and benefits for the Revised Final Array of Alternatives 
were compared. The alternative with the greatest net benefits is the apparent NED Plan, and 
thus the TSP. The TSP identified from the Revised Final Array is Alternative 1, Hwy 90 – 
Segment 1 Extension. The TSP levee elevations would be optimized during the feasibility 
study design. This TSP is also the NED Plan.  


As shown in Table 4-3, the net annual benefits for Alternative 1, Hwy 90 – Segment 1 
Extension are $10 million and the benefit cost ratio is 1.5. As the levee design is refined, it is 
anticipated that the cost will increase due to armoring. This additional cost will be addressed 
in the TSP section.  


This plan is estimated to produce nearly $30.3 million in average annual benefits at an 
average annual cost of nearly $20.4 million (total project cost of little less than $514 million 
not including armoring costs for resiliency), for a BCR of 1.5 at the current Federal Discount 
Rate (FDR) of 2.75 percent.  


The levee design elevation is at a 2 percent AEP-existing, but the system provides levels of 
risk reduction up to the 0.2 percent AEP-future based off of capitalizing on the storage within 
the basin during an event. This plan specifically addresses coastal storm events. Structures 
behind the levee alignment would benefit from the lowering of water stages and prevention 
of damages during a coastal storm event.  


To allow for resiliency during elevated overtopping rates, concrete would be used where 
access roads are on top of the levee and High Performance Turf Reinforced Mat (HPTRM) 
would be placed upon the levee. An additional cost of $47,000,000 for HPTRM and 
$140,000,000 for concrete was added to the first cost of the TSP to armor the entire 
alignment and the existing St. Charles Parish Levee, which has not been built to the USACE 
specifications. HPTRM armoring protects the levee from wave overtopping. Wave 
overtopping testing has shown that wave topping erosion occurs on the land side levee 
slope, extending between 5 to 8 feet from the land side toe. Testing also determined that 
HPTRM combined with Bermuda grass provides resiliency and erosion resistance to these 
vulnerable areas of the levee where significant overtopping would occur. Table 4-6 breaks 
out the Alternative 1 BCR with HPTRM and with concrete across the entire length of levee 
(including armoring of the St. Charles Parish Levee) in the most extreme armoring case. 
Alternative 1 BCR reduces to 1.4 and 1.2 for HPTRM and Concrete armoring respectively.  
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Table 4-6. TSP with Armoring 


 


4.8 FEASIBILITY DESIGN AND OPTIMIZATION OF THE TSP  


 Inclusion of the Existing St. Charles Parish Levee and Deficiencies in the TSP 


The 7.5-feet elevation levee extension, proposed at the TSP milestone, and presented in the 
first draft report, extended out from the existing St. Charles Parish Levee and assumed that 
the existing St. Charles Parish Levee was constructed to USACE specifications. From the 
public comment period, input was provided to USACE on the existing levee system 
deficiencies (deficient levee elevations, highway and railroad crossings, and pipeline 
crossings). After the ADM, these findings prompted the incorporation and raising of the 
existing St. Charles Parish Levee into the design to provide a 1 percent AEP design from the 
optimization of the plan and not just armoring of the entire existing St. Charles Parish Levee. 
Table 4-7 shows the general changes between the TSP under the 1st draft report and 2nd 
draft report. There were no changes associated with the Alternative 2, HWY 90 – Full 
Alignment, presented in the 1st draft report.  
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Table 4-7. Changes to TSP from 1st Draft Report to 2nd Draft Report 


 
1st Draft Feasibility Report 


with Integrated 
Environmental Impact 


Statement 


2nd Draft Feasibility 
Report with Integrated 
Environmental Impact 


Statement 


Attribute 


Alt 2: Hwy 90 – 
Full Alignment 


Alt 1: Hwy 90 
– Segment 1 


Extension 
(TSP) 


Alt 2: Hwy 
90 – Full 


Alignment 


Alt 1: Hwy 90 
– Segment 1 


Extension 
(TSP) 


Total Length of System 30.6 Miles 30.6 Miles 


No 
Changes 


30.6 Miles 


Assumptions on Existing 
Levee Systems 


Improvements 
needed St. 
Charles and 
Sunset Levee 
system 


No 
Improvements 
needed to 
existing levee 
systems 


Improvements 
needed St. 
Charles and 
Sunset Levee 
system 


Miles of Existing 
Levee/Floodwall with no 
improvements 


0 12.3 Miles 0 


Miles of Levee/Floodwall 
Improvements 12.3 0 12.3 


Miles of New 
Levee/Floodwall 18.3 18.3 18.3 


Elevation of Levee 
Improvements 8.5 ft 7.5 ft 16 -18.5 ft 


Level of Risk Reduction 
1.5% AEP (75-
year level of risk 
reduction) 


2% (AEP) (50-
year level of 
risk reduction) 


1% (AEP) 
(100- year 
level of risk 
Reduction 


Direct Footprint Impacts 408 
acres 


310 
acres 1,074 acres 


 TSP Initial Optimization 


The TSP levee was designed to overtop during the coastal storm event in places where 
adequate storage would allow water to be stored during the event. The areas the levee 
would have been allowed to overtop between Bayou Des Allemands and Raceland because 
of the vast storage available in the basin between the alignment and US Highway 90 and the 
much larger area north of US Highway 90. There were some limitations in the development 
of the TSP that prevented it providing the 1 percent AEP, initially. The overtopping rates for 
the 7.5 feet elevation levee were beyond the maximum overtopping limits of HPTRM and 
concrete armoring (4.0ft3/s per foot of levee). For levee resiliency with armoring in place, the 
levee elevations would have to be raised in order to reduce the overtopping rates during the 
1 percent AEP coastal storm event.  
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 Increased Costs to Provide the 1 Percent AEP 


Along with the levee elevations increasing to provide the 1 percent AEP, the levee design 
elevations increased from what was predicted at the TSP milestone after ADCIRC modeling 
of the with-project conditions. These results showed an increase in the amount of stacking 
outside the levee due to the levee now preventing a larger volume of water from entering the 
basin. Mitigation measures were then added to the TSP to address induced flooding on the 
flood side of the levee in areas of Bayou Gauche, Mathews, and Gheens. Refer to Appendix 
B for structure locations. With the increased project costs, the project BCR was calculated at 
less than 1.0.  


 Changes in the WOP ADCIRC Model and Local Levee Overtopping 
Assumptions 


The PDT reviewed the modeling. The adopted 2017 CPRAB model had levee elevations 
higher than the existing levee elevations and had assumptions that the levee would be 
resilient to storm surge overtopping. This assumption could not be supported and the 
resilient levee feature was removed from the model and an existing 5-feet levee elevation 
was placed back in the model. This resulted in a surge in the WOP damages and 
subsequently a surge in damages prevented in HECFDA modeling. From these findings, it 
was noted that the 1 percent future AEP levee could be developed across the entire basin, 
at an increased elevation, without armoring.  


 December 2020, Need for a Second Draft Public Review 


After careful review of the engineering design, the PDT determined that there was a need to 
go back out to public review because a significant increase in environmental impacts was 
noted. These impacts included the design updates from the optimization of the TSP, and the 
improvements needed to address the deficiencies associated with the existing St. Charles 
Parish Levee. The changes in environmental consequences are discussed in Section 5 of 
this report, while the updates to the design associated with the optimized TSP is included in 
Section 4.9. 


4.9 DETAILS OF THE OPTIMIZED TSP - ALTERNATIVE 1, HIGHWAY 90 – SEGMENT 1 
EXTENSION 


The UBB study TSP is a structural alignment constructed to a 1 percent AEP (100-year 
future design) and totaling a little over 161,300 feet (30.6 miles) in length. The system starts 
in Luling where it connects the Mississippi River Levee through the Davis Pond Diversion 
Structure West Guide Levee. Continuing south, the TSP improves upon and updates 
deficiencies in the St. Charles Parish Levee, crosses Bayou Des Allemands with a 270-feet 
barge gate structure, and continues parallel to US Highway 90 before it ties into high ground 
across the Barataria Basin near Raceland. The proposed levee is designed to HSDRRS 
specifications with a 1V:4H and a 10 foot crown, with multiple levee lifts authorized over the 
initial 50 years. The first lift is projected to occur in 2026 and would raise the levee to an 
elevation of 14 feet except in hydraulic reaches F and H where it would be constructed to 16 
feet elevation after settlement. Subsequent lifts would sustain the 1 percent AEP over the 
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initial 50 years of the authorized project. Material settlement over this period has also been 
incorporated into the material quantities for each of the alignment’s hydraulic reaches. 
Hydraulic reaches A-H are shown in Figure 4-11. The smaller structures along the alignment 
were captured in the detailed maps in Figure 4-12 and Figure 4-13. 


Borrow material for construction is proposed to come from sites estimated to be within 15 
miles of where US Highway 90 crosses Bayou Des Allemands. Existing Government borrow 
sites were not available within the designated distance. Potential borrow sites on farm lands 
(avoiding swamp and marsh lands) were identified in Raceland and can be seen in Figure 4-
14. Not all of the lands from the potential pits in Figure 4-14 are intended to be used. A total 
of 5,200,400 cubic yards of soil is needed for the first lift in 2026 and a grand total of 
8,812,700 cubic yards is needed over the entire authorized 50 year period of analysis to 
sustain the 1 percent AEP design elevations out to year 2076. It was assumed that 10-15 
feet of usable material could be found in these sites. The borrow pit needed for the quantity 
of soil would be approximately 500 acres. 


List of structures associated with Figure 4-12 and 4-13: 


1. River Road crossing ramp 
2. Union Pacific Railroad crossing 
3. BNSF Railroad crossing 
4. US Highway 90 Crossing Ramp 
5. Davis Pond Pump Station frontage protection 
6. Willowdale Pump Station, two new tidal exchange structures 
7. Willowridge Pump Station frontage protection 
8. Cousins Pump Station frontage Protection 
9. T-wall section for East Gas Pipeline 
10. Kellogg Pump Station frontage protection 
11. T-wall section for West Gas Pipeline 
12. Ellington Pump Station Frontage Protection 
13. T-wall section for Magnolia Pipeline 
14. Magnolia Ridge Pump Station Frontage Protection 
15. Existing Paradis Control Structure 
16. Floodwall section in Hydraulic Reach D TOW El. 15.0  
17. Floodwall section in Hydraulic Reach E TOW El. 18.5  


a. Floodwall type T-1 TOW El. 18.5  
b. Floodwall type T-2 TOW El. 18.5  
c. Floodwall type T-3 TOW El. 18.5  


18. 45 foot Highway 306 (Bayou Gauche) Roller Gate TOW El. 18.5 
19. Crawford Canal P.S. Fronting Protection TOW El 18.5 (50 LF of wall) 
20. 270 foot Barge Gate crossing Bayou Des Allemands TOW El. 18.5 
21. Environmental structures on either side of the Bayou Des Allemands Barge Gate, 12-15 


X 20 foot box culverts with sluice gates 
22. Godchaux Canal Bridge TOW El. 9.5 
23. Drainage Structure – 4-6 X 6 foot RC box culverts with sluice gates in 3 locations 
24. Drainage Structure – 4-6 X 6 foot RC box culverts with sluice gates 
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25. Drainage Structure – 4-6 X 6 foot RC box culverts with sluice gates 
26. Drainage Structure – 2-84 inch RCP culverts with sluice gates 
27. Drainage Structure – 1-60 inch RCP culvert with sluice gates 
28. T-wall section, Enterprise and Shell Pipeline Crossing (Davis Pond Crossing #1) 
29. T-wall section, Bridgeline Enlink Pipeline Crossing (Davis Pond Crossing #2) 


Note: Screens are not being implemented in culverts with sluice gates.  


Figure 4-11. Hydraulic Reaches A-H 
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Figure 4-12. Structure Location, TSP Alignment (Northern) 
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Figure 4-13. Structure Location, TSP Alignment (Southern) 
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Figure 4-14. Potential Earthen Borrow Sources near Raceland 


 Hydraulic Connectivity 


Hydrologic connectivity would be maintained to the extent practicable through water control 
structures except when those structures are closed during hurricanes or tropical storms, as 
the risk reduction system is only authorized to address storm surge caused by hurricane and 
tropical storm events. It is not authorized to mitigate for or reduce impacts caused by higher 
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day-to-day water levels brought about by increases in sea level rise. Rainfall events and 
high tides could still cause significant flooding of the swamps within the levee-enclosed area. 
All drainage features through the levee system were sized to match the existing gravity 
drainage system, and would mimic the existing drainage patterns when the system is not 
closed. Any operational changes implemented to address changing SLR conditions or for 
any other non-project-related purpose would be considered a separate project purpose 
requiring separate authorization, new NEPA documentation, and/or permit approvals.  


Generally speaking, hydraulic connectivity has been maintained by not blocking off any 
waterways. Those canals that were cut off by the levee have had their conveyance 
maintained by culverts and sluice gates. Half of the alignment already has a levee as well as 
Highway 90 crossing the basin, so there is no major alteration to flow patterns. The majority 
of the flows are carried into Bayou Des Allemands. This hydrologic connectivity would be 
maintained to the extent practicable through water control structures, except during gate 
closures for surges from hurricanes or tropical storms. The operational criteria of the gates 
closure will need to be fully assessed in the PED phase. The gate operations will be 
dependent on the intensity, track and orientation of the approaching storm, which will dictate 
the trigger condition for gate closings. 


 Proposed Design for Construction by Reach 


All listed access routes to access reaches A-H would have a 40 feet path width. There is a 
designated staging and access route for each reach listed below. The staging area totals 
approximately 20 acres and the access routes total approximately 40 acres. For all reaches, 
refer to Figures 4-15 through 4-22 for access routes and staging areas and to Figure 4-12 
and Figure 4-13 for structures along the alignment. Table 4-7 provides all details of footprint 
width and ROW required to construct the proposed alignment. Also, note that the term 
frontage protection at existing pump stations entails T-walls with the pump outlet pipes going 
through the wall, pipe supports, and riprap.  


 Reach A 


Reach A begins at the Mississippi River levee and extends approximately 24,700 feet south. 
The proposed earthen levee, with a centerline shifted away from the canals, would build off 
the existing Davis Pond West Guide Levee and the existing St. Charles Levee (Refer to 
Engineering Appendix A for cross-sectional drawings). All of the existing levee footprints, 
including ROW, would be incorporated into the proposed levee design.  


From the Mississippi River Levee, the alignment continues south where it crosses River 
Road, the Union Pacific Rail Road track, the BNSF Rail Road track, and US Highway 90. 
Ramps would be constructed for the River Road and US Highway crossings and 2 railway 
gates would be constructed where the Union Pacific Rail Road track and the BNSF Rail 
Road track cross the alignment. Continuing south, the existing Davis Pond pump station 
would receive new frontage protection. At the Willowdale Pump Station, two existing tidal 
exchange structures, located on either side of the structure, would need to be replaced. New 
T-wall sections, one measuring 152 feet and one measuring 298 feet, would be constructed 
to allow the Enterprise/Shell Pipeline and the Bridgeline Enlink Pipeline to pass through the 
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levee alignment without impacting the integrity of the alignment. Approximately 11,000 feet 
from the Mississippi River Levee, along the Davis Pond Diversion West Guide Levee, the 
alignment then turns into the St. Charles Parish Levee which would be elevated with the 
centerline being shifted away from the canal. Reach A would initially be constructed to an 
elevation of 14 feet in 2026, with an expected settlement of 1.5 feet by 2054. A second lift is 
proposed in 2054, to elevation 16 feet, in order to maintain the 1 percent AEP design 
elevation over the authorized 50 year period of analysis.  


Reach A would be accessed from US Highway 90 to Willowdale Boulevard and then to 
Lafayette Drive. Three staging areas are proposed for use during the construction of the 
alignment and structures within Reach A. The first staging area is located off Willowdale 
Boulevard and measures approximately 0.7 acres in size. A second staging area, 
approximately one (1) acre in size is located along Willowdale Boulevard, and the third 
staging area, approximately one (1) acre in size is located next to River Road. Staging area 
3 would be utilized for construction of the ramp over the levee for River Road and the 2 
Railroad roller gate structures (Union Pacific to the north and the BNSF to the south). Refer 
to Figure 4-15 for the locations of the staging areas.  


 Reach B 


Reach B begins at Willowdale Pump Station and measures approximately 17,100 feet in 
length. The proposed new construction centerline of Reach B would be shifted away from 
the existing canal, similar to Reach A (Refer to Engineering Appendix A for cross-sectional 
drawings). All of the existing levee footprint, including ROW, has been incorporated into the 
proposed levee design.  


Continuing southwest from the Willowdale Pump Station, along the St. Charles Parish 
Levee, frontage protection would be needed at the Willowridge, Kellogg, and Cousins pump 
stations. Due to the design elevation requirements, T-wall sections would be constructed in 
order to accommodate both the East Gas Pipeline and the West Gas Pipeline (Reference 
the Engineering Appendix A for all pipeline crossings). The T-wall would allow the gas 
pipelines to pass through the alignment while maintaining the integrity of the alignment.  


Reach B would initially be constructed to an elevation of 14 feet in 2026, with an expected 
settlement of 1.5 feet by 2054. A second and final lift to 16 feet is proposed in 2054 in order 
to maintain the 1 percent AEP design elevation over the authorized 50 year period of 
analysis. 


Reach B would be accessed from the same access route outlined in Reach A. A second 
access route for Reach B would be from US Highway 90 to River Ridge Drive and then to 
Primrose Street. One (1) acre staging area, located off Lafayette Drive, next to the alignment 
is proposed for Reach B. Please reference Figure 4-16 for access and staging areas.  


 Reach C 


Reach C begins at the Ellington Pump Station, and measures approximately 22,600 feet in 
length and continues to elevate the St. Charles Levee to just past the Paradis Canal (which 
is now in place as an existing condition). The proposed new centerline of Reach C would be 
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shifted away from the existing canal similar to previously defined Reaches A and B. (Refer to 
Engineering Appendix A for cross-sectional drawings). All of the existing levee footprint, 
including ROW, has been incorporated into the proposed levee design.  


Continuing from the Ellington Pump Station, along the St. Charles Parish Levee footprint, the 
levee alignment turns back south along the St. Charles Parish Levee. Fronting protection 
would be placed at the Ellington Pump Station and a new T-wall section, measuring 
approximately, 135 feet would be constructed to allow the Magnolia pipeline to pass through 
the levee alignment without impacting the integrity of the alignment. Reach C would initially 
be constructed to an elevation of 14 feet in 2026, with an expected settlement of 1.5 feet by 
2054. A second (final) lift to an elevation of 16 feet would be proposed in 2054 in order to 
maintain the 1 percent AEP design elevation over the authorized 50 year period of analysis.  


Reach C would be accessed from US Highway 90 and then to Magnolia Ridge Road. The 
proposed staging area for Reach C would be located off Magnolia Ridge Road and would be 
approximately 1.6 acres in size. Please reference Figure 4-17 for access and staging areas.  


 Reach D 


Reach D begins just south of the Paradis Control Structure at the end of Reach C, and 
measures approximately 19,000 feet in length. This reach would be constructed atop the 
existing Sunset Levee. The proposed new centerline of Reach D continues south and would 
be shifted away from the existing canal similar to previously discussed reaches (refer to 
Engineering Appendix A for cross-sectional drawings). All of the existing levee footprint, 
including ROW, has been incorporated into the proposed levee design.  


Within Reach D there is one section of T-wall, measuring approximately 2,700 feet that 
would be constructed in order to avoid existing houses and utilities along the levee 
alignment. The T-wall would have a 10 feet base slab, with an 80 feet construction 
easement, and an elevation of 15 feet. The T-wall would be constructed via the right of way 
from the land side. The Reach D levee portion would initially be constructed to an elevation 
of 14 feet in 2026 with an expected settlement of 1.5 feet by 2056. A second (final) lift to 
elevation 16 feet is proposed in 2056 in order to maintain the 1 percent AEP design 
elevation over the authorized 50 year period of analysis.  


Reach D would be accessed from Bayou Gauche Road (Highway 306) and then to Grand 
Bayou Road using a 1,527 feet long temporary access route. The 40 feet across access 
road would be constructed using crushed stone for the road surface that cuts across a local 
field to the alignment. The proposed staging area for Reach D would be located off of Grand 
Bayou Road and is approximately 2.2 acres in size. Please reference Figure 4-18 for the 
staging area and access route.  


 Reach E 


Reach E begins just south of Grand Bayou Road and is a combination of earthen levee and 
floodwalls which total approximately 14,600 feet. The earthen levee portion measures 
approximately 3,340 feet in length while the floodwall section measures approximately 
11,230 feet in length. The earthen levee portion of the reach would be constructed atop the 
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existing Sunset Levee, with a newly proposed centerline shifted away from the existing 
canal, similar to previously defined reaches, (refer to Engineering Appendix A for cross-
sectional drawings). All of the existing levee footprint, including ROW, have been 
incorporated into the proposed levee design.  


Due to the minimal room for construction between the canal and the existing structures 
along the canal, the proposed floodwall portion (T-wall design) would be constructed to an 
elevation of 18.5 feet with a 10-20 feet wide concrete slab at the base. Within the T-wall 
section, where the alignment crosses Highway 306, a roller gate would be constructed in the 
alignment. This roller gate would remain open during normal day to day operations and 
would only be closed proceeding a hurricane or tropical storm event. A 400 foot section of T-
wall will also be needed for a pipeline crossing just west of the Crawford Canal where Reach 
E ties into Reach F. The small portion of earthen levee in this reach would initially be 
constructed to an elevation of 14 feet in 2026, with an expected settlement of 1.5 feet by 
2038. A second lift to 16 feet is proposed for 2038, with an expected settlement of 1 foot by 
2059. A third (final) lift to an elevation of 18.5 feet is proposed in 2059 to maintain the 1 
percent AEP design elevation over the authorized 50 year period of analysis. T-wall would 
be designed to maintain the 1 percent AEP upon initial construction in 2026.  


Reach E would be accessed directly from Bayou Gauche Road with a proposed, 
approximately 2 acre staging area also located off of Bayou Gauche Road. Reference 
Figure 4-19 for the access route and staging area location. A new access route would be 
constructed for the community outside the system at the end of Badeaux Lane because the 
floodwall cuts off access to the community. The permanent route would go from Highway 
306, just outside the T-wall, and allow access to the community with a 30 feet wide road.  


 Reach F 


Reach F begins just past the Crawford Canal Pump Station and measures approximately 
15,400 feet in length. This reach would be constructed atop the existing Sunset Levee. The 
newly proposed centerline of Reach F continues south and would be shifted away from the 
bayou similar to previously defined reaches (refer to Engineering Appendix A for cross-
sectional drawings). All of the existing levee footprint of the Sunset Levee, including ROW, 
would be incorporated into the proposed levee design.  


Reach F consists of mostly earthen levee and includes a 270 feet barge gate structure and 
culverts with sluice gates. The barge gate would be constructed across the Bayou Des 
Allemands crossing and would incorporate six 15 feet by 20 feet box culverts on each side of 
the gate for a total of twelve culverts with sluice gates (no screens on the culverts). The 
channel where the structure would be placed would require dredging in order to achieve a 
sill depth around negative 14-19 feet. Dredge material would be either used locally for levee 
construction if suitable, transported to a local landfill, placed on a local upland disposal sites 
or used beneficially in on local ecosystem restoration sites if available. The Reach F earthen 
levee would initially be constructed to an elevation of 16 feet in 2026 with an expected 
settlement of 1.7 feet by 2044. A second (final) lift to 18.5 feet is proposed for 2044 to 
maintain the 1 percent AEP design elevation over the authorized 50 year period of analysis.  
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Access for Reach F would be via an approximately 4,575 linear foot temporary crushed 
stone access route, 40 feet wide, constructed from the end of Down The Bayou Road to the 
barge gate crossing on top of the existing Sunset Levee. Access to this route will be via US 
Highway 90 to the eastern side of Bayou Des Allemands via Down The Bayou Road near 
the proposed barge gate placement site. The temporary access road would be removed and 
the area returned to pre-construction conditions once construction has been completed.  


Reach F has two proposed staging areas. The first one is located west of the Crawford 
Canal Pump Station with a second proposed staging area located on the east bank of Bayou 
Des Allemands where the alignment crosses the bayou. Both proposed staging areas are 
approximately 2.2 acres in size. Please reference Figure 4-20 for the locations of the staging 
and access routes.  


 Reach G 


Reach G begins on the southern bank of Petit Lac Des Allemands and continues parallel to 
US Highway 90 through the marsh. Reach G measures approximately 31,000 feet in length 
and there are currently no existing levees located in this reach. Refer to Appendix A for this 
sections cross-sectional drawings for this new construction. Geotextile reinforcement has 
been incorporated into the levee design to reduce the footprint in this reach.  


The proposed action for Reach G includes construction of a new levee which would parallel 
US Highway 90 through the marsh. The newly constructed levee would incorporate five sets 
of culverts, each consisting of four 6 feet X 6 feet box culverts with sluice gates (no screens), 
which are needed to maintain the hydraulic flows in and out of the marsh (through small 
tributaries and oil and gas line canals) on the southern side of the alignment. The proposed 
levee for Reach G would initially be constructed to an elevation of 14 feet in 2026, with a 
second (final) lift to an elevation of 16 feet proposed in 2054 in order to maintain the 1 
percent AEP design elevation over the authorized 50 year period of analysis.  


Access to Reach G would be from U.S. Highway 90 via a newly constructed permanent 
access route just southwest of Dufrene Ponds. The new access road would measure 
approximately 7,925 feet in length and would be surfaced with crushed stone. The access 
road includes construction of a permanent bridge across the Godchaux Canal in order to 
gain access to the alignment for construction and future operation and maintenance. The 
proposed staging area for Reach G, approximately 2.3 acres in size, would be located on 
the north-east corner of where the Godchaux Canal and the access route intersect. 
Reference Figure 4-21 for the access route and staging area locations. These structures 
would be constructed using the temporary access route located along the alignment within 
the right of way. Refer to Figure 4-13 for the locations of these hydraulic structures. 


 Reach H 


Reach H begins where Gibbons Road meets the alignment and continues to parallel US 
Highway 90 through the marsh and follow next to Amarada Hess Rd. Reach H measures 
approximately 16,900 feet in length and there is currently no existing levee in place. Refer to 
Appendix A for this sections cross-sectional drawings for this new construction. Geotextile 
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reinforcement has been incorporated into the levee design to reduce the footprint in this 
reach.   


The proposed construction for Reach H includes construction of a new levee which would 
parallel US Highway 90 through the marsh. The newly constructed levee would incorporate 
two sets of culverts for hydraulic exchange from the north to the south of the alignment. 
These are two 2-84 inch diameter culverts with sluice gates and one 60 inch diameter 
culvert with sluice gate (no screens). The proposed levee for Reach H would be constructed 
with one lift to an elevation of 16 feet in 2026 in order to maintain the 1 percent AEP design 
elevation over the authorized 50 year period of analysis.  


Reach H and a portion of G would be accessed using Amarada Hess Rd. For access along 
the project site, it is assumed access would be for the length of the reach, a 40-ft wide 
footprint (consisting of a 25 ft right-of-way for the access road itself and a 15-ft width for a 
vegetative free zone), positioned at the levee toe, is proposed. A 2 acre staging area is 
proposed along the intersection of Highway 308 and Amarada Hess Rd. Reference Figure 4-
22 for the locations of the staging area. These structures would be constructed using the 
temporary access route located along the alignment within the right of way. Refer to Figure 
4-13 for the locations of these hydraulic structures.  
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Figure 4-15. Reach A Access Road and Staging Area 
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Figure 4-16. Reach B Access Road and Staging Area 
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Figure 4-17. Reach C Access Road and Staging Area 
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Figure 4-18. Reach D Access Road and Staging Area 
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Figure 4-19. Reach E Access Road and Staging Area 
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Figure 4-20. Reach F Access Road and Staging Area 
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Figure 4-21. Reach G Access Road and Staging Area 
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Figure 4-22. Reach H Access Road and Staging Area 







Upper Barataria Basin, Louisiana Feasibility Study 
Final Integrated Feasibility Report with Environmental Impact Statement 


 


 


 
 
 


 
 


93 


 


 Type of Equipment for Construction 


Typical complex construction equipment would be used including but not limited to cranes, 
backhoes, dozers, pile drivers, and rollers.  


 Existing Footprints and New Levee Construction 


There is an existing levee between the Mississippi River and Bayou Des Allemands that is 
incorporated into the levee construction. Nearly all of the existing levee footprint including 
existing right of way would be used in the new construction. The levee would be offset from 
the side opposite the water (Davis Pond Canal, existing St Charles Levee Canal, the Paradis 
Canal, and Bayou Des Allemands). The levee extending between Bayou Des Allemands and 
Raceland does not have an existing levee. Refer to Table 4-8 for these earthen levee 
measurements. The table does not incorporate T-wall widths in which 80 feet of ROW is 
designated for the construction.  


Table 4-8. Earthen Levee Footprint Widths 


 


Existing 
Levee 2026 Construction Final Lift Construction 


Reach 


Levee 
including 
ROW (ft) 


Toe-To-Toe 
(ft) 


Levee including 
ROW (ft) 


Toe-To-Toe 
(ft) 


Levee including 
ROW (ft) 


A, Davis 
Pond 285 125 190 173 238 


A 100 125 190 236 301 


B 100 125 190 236 301 


C 100 125 190 236 301 


D 100 125 190 173 238 


E 75 122 187 244 309 


F 130 169 234 244 309 


G 0 170 250 170 250 


H 0 170 250 170 250 


The ROW included in the levee design is for temporary construction of the levees.  


 Mitigation Measures to Address Induced Flooding from the TSP 


A couple of different mitigation measures were evaluated to mitigate induced flooding. These 
were structure raisings and dry proofing of nonresidential structures along with acquisitions 
(buyouts). It was a PDT decision not to incorporate relocations and flood warning systems 
into the formulation. Flood warning system is not needed because local and state authorities 
monitor storm tracks and provide notification to residents on whether to evacuate or shelter 







Upper Barataria Basin, Louisiana Feasibility Study 
Final Integrated Feasibility Report with Environmental Impact Statement 
 


 


 
 
 


 
 


94 


 


in place. Relocation is not practicable because voluntary relocations are not allowed. 
Eminent domain would likely be required, which would require relocation/buy outs to become 
mandatory for all residents. Residents are not in favor of mandatory buy outs. To reduce the 
residual risk to the TSP, PED phase structure acquisition (buyouts) was selected until more 
information can be collected in the impacted areas. The 1 percent AEP design levee is 
estimated to induce flooding in the communities of Bayou Gauche, Gheens, and Mathews, 
which are located outside of the system on the east side of the levee. The induced flooding 
is greatest within the community of Bayou Gauche, which is directly adjacent to the levee. 
This area is estimated to receive 1 to 1.5 feet of induced flooding under existing conditions 
and 2 to 4 feet under future conditions. Mitigation for potential induced damages will be 
further investigated during PED, including options to make improvements to the existing 
local levees (Gheens and Mathews) as a mitigation measure. At this time, we have included 
the highest cost, a worst case scenario mitigation for potential induced flooding, which 
includes acquisition of 64 residential structures in Bayou Gauche, 173 residential structures 
in Gheens, and 33 residential structures plus 5 commercial structures in Mathews. Though 
the highest cost (acquisitions) was accounted for in the overall project cost estimate, 
individual investigation and mitigation for each structure, if appropriate, will be done during 
PED. Please see section 6.8.1 for more information on methods to reduce risk of induced 
flooding outside the project. 


4.10 CONFIRMATION OF OPTIMIZED ALTERNATIVE 1, HIGHWAY 90 – SEGMENT 1 
EXTENSION AS THE TSP 


Due to the increases in construction costs and OMRR&R, there were concerns of whether or 
not Alternative 1, Highway 90 – Segment 1 Extension, required a reevaluation against other 
alternatives to confirm it was still the NED component of the plan. The selected plan does 
obtain positive net benefits, but during final technical reviews there were questions of 
whether or not other measures or other alignments discussed in Section 4.3 would have 
achieved higher net benefits if carried forward through feasibility design. There was a 
significant risk moving forward to reevaluate Alternative 2 based on the significant costs with 
armoring the entire levee for resiliency and the benefits were significantly lower due to the 
lower elevation. Also, many of the earlier Alternatives had net benefits that were below unity. 
Although the plans could have positive benefits with updated H&H evaluations, the expected 
rate of change (benefits/cost) would be expected to change similarly across all alternatives, 
limiting the chance that another alternative would have been identified as the NED plan.
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Environmental Consequences 


In accordance with the Council on Environmental Quality Regulations for Implementing the 
Procedural Provisions of the National Environmental Policy Act (NEPA) Part 1502.16, this 
chapter includes the scientific and analytic basis for comparison of the considered 
alternatives identified in Section 4. Accordingly, this chapter presents each alternatives’ 
potential impact on the resources identified in Section 3 to include any adverse 
environmental effects that cannot be avoided, and the cumulative effects of proposed 
actions. Note: As noted previously, Section 4.8 describes the additional planning 
efforts that followed the 1st draft report. These additional planning efforts allowed the 
team to modify and further refine features identified in the TSP; however, the PDT 
determined that there was a need to go back out to public review because a 
significant increase in environmental impacts was noted. Table 4-7 in Section 4.8 
shows the general changes between the TSP under the 1st draft report and 2nd draft 
report. The updated changes in environmental consequences are discussed in the 
sections below. 


5.1 SUMMARY OF ENVIRONMENTAL CONSEQUENCES BY EACH ALTERNATIVE  


This section describes the environmental consequences associated with implementing the 
final array of alternatives and contains a brief summary of the effects of the proposed 
alternatives. A more detailed comparison is contained in Appendix C. The analyzed 
alternatives include:  


No Action Alternative 
Alternative 1: Hwy 90 – Segment 1 Levee Extension 
Alternative 2: Hwy 90 – Full Alignment  


5.2 ENVIRONMENTAL IMPACTS 


 Future without Project Conditions (No Action Alternative) 


Under the No Action Alternative, wetlands and other surface waters, wildlife, threatened and 
endangered species, fisheries, aquatic resources, water quality, EFH, cultural resources, 
recreational resources, aesthetic resources, air quality, noise, HTRW, socioeconomics/land 
use, environmental justice, transportation, navigation, and commercial fisheries, would not 
be directly impacted from construction.  


Without implementation of the proposed action, fresh marshes in the study area would likely 
remain relatively healthy, provided salinities do not increase and SLR remains relatively low. 
Increases in salinity or rapid SLR would likely result in gradually increasing marsh loss. 
Continued operation of the Davis Pond Freshwater Diversion could help preclude 
detrimental salinity increases. However, under the higher SLR scenarios, continued loss of 
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middle and lower basin marshes would allow tidal exchange to increase project area 
salinities, despite Davis Pond Diversion freshwater inputs.  


Fish and wildlife resources that use area marshes may initially benefit from increased marsh 
loss because degradation would convert project area marshes having no internal open water 
to a complex with more interspersed internal water areas. With continued marsh loss 
however, fish and wildlife habitat quantity and quality would decrease, thereby reducing fish 
and wildlife abundance. As lower basin marshes continue to degrade, estuarine-dependent 
fisheries would increasingly seek to utilize upper basin marshes and degrading forested 
wetlands. This would partially offset the loss of nursery habitat in the middle and lower basin 
and extend the period of high Barataria Basin estuarine fisheries production. However, 
should upper basin wetlands eventually degrade sufficiently, fisheries production would 
decrease substantially.  


Because of semi-permanent or permanent inundation, a majority of the upper basin cypress-
tupelo forests are unsustainable and would gradually thin out and convert to marsh or open 
water. If rapid salinity increases occur, the mortality of cypress would be accelerated, and 
impacted swamps would be more likely convert to open water rather than marsh. The 
bottomland hardwoods, already suffering from excessive inundation, would convert to 
degraded swamp, scrub-shrub, or marsh. Migratory songbirds that use these coastal forests 
as important stop-over habitat when migrating northward across the Gulf of Mexico, would 
have to fly further north to encounter suitable stop-over habitat. Resident forest-dependent 
wildlife would be gradually displaced to adjoining developed areas and there suffer from loss 
of food resources and increased mortality. 


Under future without project conditions, no impacts to threatened or endangered species 
would be expected to occur; however, the opportunity for the Barataria Basin to provide 
habitat for threatened or endangered species in the future would most likely diminish. 
Existing conditions would persist and listed species would likely continue to be subject to 
institutional recognition and further regulations.  


Without intervention, communities within the study area would continue to be at risk from 
high water events induced by coastal storm surges and rainfall events. Visual resources 
would continue to evolve from existing conditions as a result of both land use trends and 
natural processes over the course of time. Waterways would continue to swell and overflow 
seasonally. Communities near these waterways would continue to experience high water 
events. Land loss would likely continue and there could be an overall loss of habitat within 
the system that once provided cover, resting, nesting, and foraging habitat. Where tranquil 
and entrancing shorelines once lined with native flora and fauna flourished there could be 
additional expanses of open water. 


Recreational resources would continue to evolve from existing conditions as a result of both 
land use trends and natural processes over the course of time. Land loss would likely 
continue and there could be an overall loss of habitat within the system that once provided 
cover, resting, nesting, and foraging habitat. The loss of these habitats, and the effect such 
losses would have on wildlife and aquatic species, could cause recreational resources in the 
basin to transition. The study area has traditionally provided excellent freshwater fishing and, 
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in recent years, because of the increased salinity levels, anglers have been able to catch 
saltwater species much farther inland than in the past. 


 Future with Project Conditions (Construction Alternatives) 


Table 5-1 identifies those resources located in the project area that would be temporarily or 
permanently impacted, directly or indirectly, by construction. A more detailed description of 
the impacts to these resources is presented in Appendix C. 


Table 5-1. Impacts to Significant Resouces from Construction Alternatives 


Significant Resource Impacted Not Impacted 


Wetlands X  


Aquatic Resources/Fisheries/Water Bottoms X  


Essential Fish Habitat X  


Wildlife X  


Threatened and Endangered Species  X 


Cultural Resources  X 


Recreational Resources  X 


Aesthetics X  


Air Quality X*  


Water Quality X*  


HTRW  X 


Socioeconomics  X 


Environmental Justice  X 


Noise X  


*Impacts are temporary in nature 


Of those resources in the project area, air quality, and HTRW and would suffer no impacts or 
only temporary, minimal impacts. 


 Natural Environment Impacts 


 Wetlands 


Alternative 1 – Hwy 90 - Segment 1 Levee Extension 


Alternative 1 – Hwy 90 - Segment 1 Levee Extension Alternative 1 is a structural alignment 
constructed to a 1 percent AEP (100-year future design) that takes place in reaches A 
through H. Alternative 1 is 30.4 miles long and involves construction of new levees and 
floodwalls, levee lifts along the existing St. Charles Parish and Sunset Drainage District 
levees, and construction of a 270-foot-wide barge gate to preclude storm surge flooding 
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within the protected area. Levees in this alternative would be constructed to an elevation of 
14.5 to 16 feet and would be up to 190 feet wide in the marshes southwest of Bayou Des 
Allemands and 260 feet wide along the existing St. Charles levee. A 40-foot-wide right of 
way would be established on both sides of the levee footprint in marshes. 


Wing walls on the floodgate structure would include 12 auxiliary drainage gates to provide a 
total cross-sectional area greater than that at the existing railroad crossing located adjacent 
to the U.S. Highway 90 crossing. Figure 5-1. 


Figure 5-1 Floodgate Structure at Bayou Des Allemands 


This would allow for the same conveyance capacity as the railroad (RR) restriction north of 
the proposed gate location. This would prevent a "bottleneck" situation (which would cause 
water to stack behind the gate), resulting in elevated water levels on the landside. During 
normal hydro-meteorological conditions, all gates will remain open mic the natural drainage 
patterns north of Hwy 90. Additional investigation would take place during PED to investigate 
gate operations outside of normal hydro-meteorological conditions. 


Indirect impacts to wetlands in the area between U.S. Highway 90 and Hydraulic Reaches G 
and H of the proposed levee alignment were also investigated (Figure 5-2).  
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Figure 5-2. Upper Barataria Basin Area of Interest 


A HEC-RAS, two-dimensional (2D) hydraulic model was developed of the natural and 
constructed channels in the area shown on Figure 5-2. A H&H evaluation determined that an 
inclusion of hydraulic control structures along reaches G and H would minimize impact to 
marshes in this area. Additional information related to the H&H evaluation conducted are 
included in the engineering appendix, Appendix A. Based on this evaluation, Alternative 1 
includes five sets of culverts, four 6 by 6 foot box culverts with sluice gates (no screens), and 
two 84 inch in diameter culverts with sluice gates and one 60 inch in diameter culvert with 
sluice gate (no screens through the levee in Reach G and Reach H (southwest of Bayou 
Des Allemands) to maintain water exchange across the marsh and mitigate any impacts to 
the existing habitat. As stated previously, additional investigation would take place under 
PED to verify these assumptions and ensure that the timing and flows match the existing 
conditions in both areas, above and below Hwy 90. 


Implementation of Alternative 1 would result in a need for approximately 725 acres of land in 
Reaches A through H during initial construction (the first levee lift) of the levees and 
floodwalls, which would occur in the year 2026. A second levee lift for reaches A, B, C, D, F, 
access road, and G, which is required to reach the 100-year level of protection, would result 
in a need for approximately 344 additional acres of land. A third and final lift for Reach E 
would require another 5 acres. Although there is currently no estimated schedule for the 
second and third lifts, constructed in its entirety, Alternative 1 would require a total of 
approximately 1,074 acres of land for construction. 
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Of the approximately 1,074 acres of land needed for Alternative 1, approximately 292 acres 
of bottomland hardwood forest (BLH), 168 acres of cypress-tupelo swamp, 267 acres of 
fresh marsh, and 95 acres of water bottom would be impacted as a result of construction. 
BLH impacts would occur within the forced drainage area of the Sunset Drainage District. A 
small acreage of the Paradis Mitigation Bank, located within that forced drainage district, 
would be impacted. Swamp and BLH on the flood side of the St. Charles levee would also 
be impacted. 


Alternative 2 – Hwy 90 Full Alignment 


Alternative 2 takes place in Reaches A through H, measures 30.4 miles long, and 
incorporates all of the Alternative 1 structures however, this alternative would be constructed 
to an elevation of 8.5 feet with a maximum levee base footprint of 200 feet. Wetland impacts 
from levee construction in Alternative 2 would be similar to Alternative 1; however, 
construction of Alterative 2 would result in an overall reduction in these impacts by 337 acres 
as a result of the smaller footprint. Implementation of Alternative 2 would cause direct, 
permanent impacts to approximately 737 acres impacted as a result of construction of the 
levee, floodwalls, barge gate, and fronting protection.  


Of the approximately 737 acres of impact associated with Alternative 2, there would be 
approximately 87 acres of BLH, impacts, 37 acres of cypress-tupelo swamp impacts, 149 
acres of fresh marsh impacts, and 95 acres of water bottom impacts as a result of 
construction. As with Alternative 1, BLH impacts would occur within the forced drainage area 
of the Sunset Drainage District. A small acreage of the Paradis Mitigation Bank, located 
within that forced drainage district, would be impacted. Swamp and BLH on the flood side of 
the St. Charles levee would also be impacted. Wetland mitigation is discussed in Appendix E 
– Mitigation Plan.  


 Aquatic Resources and Water Bottoms 


Alternative 1 – Hwy 90 - Segment 1 Levee Extension 


Implementation of Alternative 1 would have direct, permanent impacts on approximately 
94.3 acres of open water habitat from construction of the barge gate and pump station 
fronting protection. Of the 94.3 acres, approximately 74.3 acres of shallow open water 
bottom habitat in Bayou des Allemands would be impacted by placement of the barge gate 
and approximately 20 additional acres of water bottoms would be impacted from 
construction of fronting protection along the pump stations. Direct impacts to aquatic 
resources and water bottoms would be in the form of permanent physical alterations to open 
water bottom habitat and temporary increases in turbidity in the water column during 
construction activities. 


It is anticipated that mobile fish species would avoid the project area during construction of 
the gate and fronting protection, thereby minimizing direct impacts to those species. 
Because Bayou des Allemands is a naturally turbid environment that resident fish species 
have generally adapted to, the effects of turbidity and suspended solids on fisheries in the 
area during construction would likely be negligible and could be avoided by mobile fish 
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species, if necessary. Less mobile fish and benthic species in the area would experience 
demise as a result of dredging activities associated with the gate construction; however, it is 
believed these species would gradually recolonize the area adjacent to the gate post 
construction. 


The current velocity at the location where the gate would be constructed is approximately 
5.7 ft/s under normal conditions. With construction of the gate, which would create an 
opening approximately the same width as Bayou des Allemands at Hwy 90, it is anticipated 
that this existing velocity would remain essentially the same under normal conditions. As 
such, no direct impact to fisheries species would be anticipated. However, reduced flow, 
reduced tidal amplitude, and periodic high velocities around the flood gates could have long 
term effects on estuarine habitats and fauna in the study. Modeling conducted in PED will 
determine if the structures, as currently sized and located, are sufficient to maintain current 
hydrologic connectivity/tidal interchange. Additionally, larval transport modeling would be 
conducted to determine the project’s effects on the movement of species’ early life stages 
through the structure. Inclusion of additional openings would be considered to avoid 
significant impacts to fish species. Design options would also be evaluated if culverts and 
the overhead structures associated with the floodgate are found to deter resident species 
from swimming through those structures. All movement of fish species through the gates 
would be lost when the gates are in operation; however, these impacts would be short-term 
and only persist until the gates are reopened. 


Alternative 2 – Hwy 90 Full Alignment 


Alternative 2 takes place in Reaches A through H and incorporates all of the Alternative 1 
structures; however, this alternative would be constructed to an elevation of 8.5 feet with a 
maximum levee base footprint of 200 feet. Levee footprint impacts from Alternative 2 would 
be similar to Alternative 1, but reduced as a result of the smaller footprint. Impacts 
associated with the construction of the barge gate and additional control structures would be 
the same as Alternative 1 as the footprint of that structure would likely not change with a 
reduced height. 


 Essential Fish Habitat (EFH) 


Alternative 1 – Hwy 90 - Segment 1 Levee Extension 


Estuarine emergent wetlands are the primary type of EFH that would be directly impacted 
with construction of Alternative 1. Approximately 267 acres of fresh marsh impacts, and 95 
acres of water bottom would be impacted as a result of construction. Of the 94.3 acres, 
approximately 74.3 acres of shallow open water bottom habitat in Bayou des Allemands 
would be impacted by placement of the barge gate and approximately 20 additional acres of 
water bottoms would be impacted from construction of fronting protection along the pump 
stations. Direct impacts to aquatic resources and water bottoms would be in the form of 
permanent physical alterations to open water bottom habitat and temporary increases in 
turbidity in the water column during construction activities. These impacts would be mitigated 
with the purchase of mitigation bank credits consistent with the mitigation plan found in 
Appendix E.  







Upper Barataria Basin, Louisiana Feasibility Study 
Final Integrated Feasibility Report with Environmental Impact Statement 
 


 


 
 
 


 
 


102 


 


Construction of the levee feature would impact estuarine emergent wetlands, thus affecting 
post-larval and sub-adult brown and white shrimp and post-larval and sub-adult red drum. 
Brown shrimp, white shrimp, and crabs may be directly impacted through the filling of 
shallow open water areas with dredged materials; however, these species could potentially 
benefit indirectly from the abundance of introduced detritus and subsequent food resources 
from these materials. Where tidally influenced waters designated as EFH would be 
converted to a non-tidal elevation, loss of EFH would result. However, these impacts would 
be considered minimal when compared with the size of the basin and similar EFH located in 
the project vicinity.  


Alternative 1 includes a 270 foot wide barge gate flanked by 6 20 foot wide by 15 foot high 
box culverts with sluice gates. In addition, along reaches G and H there will be 5 locations 
with four 6 foot by 6 foot RC box culverts (no screens), two 84 inch in diameter culverts with 
sluice gates, and one 60 inch in diameter culvert with sluice gate (no screens) to maintain 
water exchange across the marsh and mitigate any impacts to the existing habitat. As stated 
previously, additional investigation would take place under PED to verify these assumptions 
and ensure that the timing and flows match the existing conditions in both areas, above and 
below Hwy 90. Based on our ability to maintain the same crossection with the gate, we do 
not believe there would be any indirect impacts associated with this project. 


Alternative 2 – Hwy 90 Full Alignment 


Impacts from Alternative 2 would be similar to Alternative 1; however, impacts to EFH from 
construction of the levees would be reduced as a result of the smaller levee footprint.  


 Wildlife 


Alternative 1 – Hwy 90 - Segment 1 Levee Extension 


As construction activities commence, there is the potential for noise and construction 
activities to displace terrestrial wildlife occupying nearby marsh and BLH forested areas; 
however, this would be a temporary disturbance, with wildlife likely to return following the 
completion of levee construction. Migratory waterfowl and other avian species in the area 
would likely be temporarily displaced from the project area. These species would not likely 
be adversely affected as these species would be expected to move to existing adjacent 
habitat areas during construction activities. The construction of levees and floodwalls would 
reduce the marsh, BLH, and swamp habitat in the area by converting the area within the 
construction footprint to grassland and floodwall. While this would reduce the available 
foraging and nesting habitat for some avian species, portions of the basin adjacent to the 
project area may contain similar habitats that could be utilized by these species.  


Alternative 2 – Hwy 90 Full Alignment 


Impacts from Alternative 2 would be similar to Alternative 1; however, impacts to wildlife 
from construction of the levees would be reduced as a result of the smaller levee footprint. 
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 Threatened and Endangered Species and Other Protected Species 


Alternative 1 – Hwy 90 - Segment 1 Levee Extension 


Given that there is no critical habitat located within the project area, implementation of 
Alternative 1 would not be expected to have adverse impacts to T&E critical habitat. There is 
the potential that construction of the barge gate could have minimal impacts on the West 
Indian manatee, which may occasionally occur in and around the project area. It is assumed 
that any potential impacts associated with displacement of West Indian manatee during 
project construction would be minimal because of the immense amount of similar and more 
preferable habitat located outside of the project vicinity. Any West Indian manatee(s) that 
potentially occur within the project area would likely move to other areas with more suitable 
habitat and foraging opportunities.  


To ensure there are no adverse effects to any T&E species potentially occurring in the area, 
construction guidelines, including manatee protection measures, would be placed within the 
plans and specifications. A Section 7 Endangered Species Act consultation memo and 
coordination with USFWS on the potential impacts construction may have on the West 
Indian manatee was completed on November 18, 2020. The USFWS agreed with USACE's 
determination that the proposed action is "not likely to adversely affect" the West Indian 
Manatee.  


Alternative 2 – Hwy 90 Full Alignment 


Impacts from Alternative 2 would be similar to Alternative 1; however, impacts from 
Alternative 2 would be reduced as a result of the smaller footprint. The same protection 
measures outlined for Alternative 1 would be followed for Alternative 2. 


 Cultural Resources 


Alternative 1 – Hwy 90 - Segment 1 Levee Extension 


The construction footprint has potential to cause direct impacts to any cultural resources that 
exist within it, via required processes of excavation and construction. Indirect impacts of 
construction could affect cultural resources because of changes to the water and drainage 
patterns that have existed previously. Cultural resources survey has occurred on or near 
much of the proposed alignment from Davis Pond to Paradis, and cultural resources are not 
common. The Alternative 1 alignment narrowly misses site 16SC46, a Coles Creek earth 
midden. Site 16SC43 is a Coles Creek shell midden and intersects the alignment, which is 
anticipated to adjust in avoidance of the site during PED phase. Adjacent to Lac des 
Allemands and in some surrounding areas, cultural resources surveys are necessary to 
identify existing cultural resources. The nature and extent of cultural resources surveys will 
be defined by Stipulations of a Programmatic Agreement, currently being negotiated by 
USACE, the Louisiana State Historic Preservation Officer (SHPO), the Advisory Council on 
Historic Preservation (ACHP), and federally recognized Tribes. The Stipulations of the 
Programmatic Agreement will designate how cultural resources surveys will occur, and what 
further investigations must occur if cultural resources cannot be avoided during PED phase 
of this project. 
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Alternative 2 – Hwy 90 Full Alignment 


Impacts would be similar to those described for Alternative 1. 


 Recreation Resources 


Alternative 1 – Hwy 90 - Segment 1 Levee Extension 


Consumptive and non-consumptive recreation resources would be directly impacted by 
wetland habitat transitions. Implementation of Alternative 1 would have direct, permanent 
impacts on approximately 1,074 acres of habitat as a result of construction of the levees, 
floodwalls, and control structures. During construction, there could be short-term indirect 
impacts to recreational resources along the immediate levee area, temporary access roads, 
and staging areas. Mobile wildlife species associated with hunting and fishing may attempt 
to move from the area of influence. Non-consumptive recreation resources relating to sports 
and leisure could be impacted by noise and/or dust associated with construction activity. 


The St. Charles Parish Levee Lift is in close proximity to the Rathborne Park Development in 
St. Charles Parish. This park was a recipient of funding in 2014 from the Land Water 
Conservation Fund. All indirect impacts would be avoided, minimized, and reduced to the 
maximum extent practicable and mitigated as necessary. 


Alternative 2 – Hwy 90 Full Alignment 


Impacts from Alternative 2 would be similar to Alternative 1. Alternative 2 would decrease 
the footprint by 317 acres overall and include a reduction in the height of the levee design 
elevation. Impacts associated with the St. Charles Parish Levee Lift would remain the same. 


 Aesthetics 


Alternative 1 – Hwy 90 - Segment 1 Levee Extension 


Direct impacts to visual resources would be minimal as most of the site is remote and public 
access is limited. The barge gate structure across Bayou Des Allemands would be visible 
from the channel by boaters and from the Highway 90 Bridge. Bayou Des Allemands from 
Lac Des Allemands to Lake Salvador is designated a Natural and Scenic River with regards 
to the Louisiana Scenic Rivers Act (LA R.S. 56:1840). The man-made structure may be 
considered obtrusive against a tranquil and entrancing shoreline. However, man-made 
structures currently occupy stretches of shoreline and multiple bridges cross Bayou Des 
Allemands just north of the proposed barge gate structure. 


Alternative 2 – Hwy 90 Full Alignment 


Impacts from Alternative 2 would be similar to Alternative 1. Alternative 2 decreases the 
footprint by 317 acres overall and includes a reduction in the height of the levee design 
elevation. Impacts associated with the St. Charles Parish Levee Lift would remain the same.  
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 Water Quality  


Direct and Indirect Impacts 


The Upper Barataria Basin Recommended Plan is a structural alignment constructed to a 1 
percent AEP (100-year future design) and totaling a little over 161,300 feet (30.6 miles) in 
length. The system starts in Luling where it connects the Mississippi River Levee through the 
Davis Pond Diversion Structure West Guide Levee. Continuing south, the Recommended 
Plan improves upon and updates deficiencies in the St. Charles Parish Levee, crosses 
Bayou Des Allemands with a 270-feet barge gate structure and continues parallel to US 
Highway 90 before it ties into high ground across the Barataria Basin near Raceland. The 
proposed levee is designed to HSDRRS specifications with a 1V:4H and a 10-foot crown, 
with multiple levee lifts authorized over the initial 50 years. The USACE has applied for a 
Water Quality Certification (WQC) from LDEQ to determine whether the construction of 
these proposed features will impact established site specific water quality standards. The 
construction contractor would be required to comply with any applicable conditions and 
requirements included as part of the issued WQC. USACE has also submitted a Coastal 
Zone Consistency Determination for the proposed project to the Louisiana Department of 
Natural Resources (LDNR). This determination evaluates the project’s consistency with 
enforceable policies of the state’s coastal management program. The construction 
contractor would be required to comply with any special conditions pertaining to protection of 
water quality contained in LDNR’s final determination for the proposed project. Additionally, 
to help avoid and minimize the proposed project’s impacts to water quality, the construction 
contractor would be required to prepare a Stormwater Pollution Prevention Plan (SWPPP) 
for review and approval by the USACE. The construction contractor would then be required 
to apply for and obtain a Stormwater General Permit (i.e., Louisiana Pollutant Discharge 
Elimination System General Permit) from the LDEQ. The construction contractor would 
further be required to comply with all applicable conditions and requirements set forth in the 
issued permit. The required permits and actions above are designed to lessen construction 
impacts on receiving waterbodies.    


Because LDEQ has currently classified some receiving waterbodies (i.e., LDEQ 
subsegments) adjacent to the proposed alignment as “not supporting designated use” for 
some of its use categories, which indicates that water quality is not meeting, and will not 
meet, applicable water quality standards, the temporary direct effects to water quality from 
the proposed construction activity would be expected to affect the existing conditions.  


Activities for the Recommended Plan that would take place on the flood side of the existing 
and proposed levee and T-Wall alignments within Waters of the United States (e.g., 
navigable waterways, wetlands, etc.) would have the potential to increase turbidity, 
suspended sediments, Biological Oxygen Demand, and decrease Dissolved Oxygen. There 
would also be the potential for nutrient enrichment associated with suspended sediments 
during dredging and fill placement operations that could possibly lead to localized algae 
blooms. Localized short-term increases in turbidity could possibly lead to a temporary 
displacement of aquatic organisms. Where concrete pours occur adjacent to or within 
waterbodies for armoring to protect against erosion and scour, temporary minor impacts on 
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water quality would occur. However, any such direct impacts are expected to be minor and 
temporary.  


Activities for the Recommended Plan that would take place on the protected side of the 
existing and proposed levee and T-Wall alignments would be expected to have little to no 
effect on water quality. Earth-moving activities during construction disturb soils and can 
create indirect water quality effects in the event of uncontrolled runoff or poor sediment 
control practices during construction. Adherence to permit requirements, best management 
practices (BMPs), and an approved sediment control plan by the construction contractor 
would minimize the risk of these indirect water quality effects.  


Where wetland fill occurs, this will permanently eliminate the affected wetlands’ ability to 
perform water quality functions, causing a major permanent impact on water quality. Fill 
material that would be used for levee construction would be tested in advance to eliminate 
placement of contaminants that could adversely affect water quality. Additionally, to help 
alleviate some water column impacts during construction, construction-related runoff into the 
wetlands and open water would be managed by construction contractors through 
implementation of BMPs and a SWPPP. 


Normal water circulation and flow patterns would not be significantly impacted under the 
Recommended Plan. However, wetlands and open water areas that would be converted to 
uplands due to the placement of fill material would eliminate flow patterns and water 
circulation for those specific locations but would not have a significant effect on the overall 
waterbodies within the study area due to the scale and location of the impacts. Because the 
water level fluctuations in the surrounding wetlands and waterbodies were and would 
continue to be regulated by water control structures, no significant effects on normal water 
fluctuations/hydroperiod would be expected to occur outside of a storm event. Furthermore, 
no significant alteration of salinity gradients is expected to occur from the placement of fill 
material for levee construction. 


There are no permanent, cumulative effects to water quality anticipated by implementing the 
Recommended Plan. As discussed previously, there would be construction-related water 
quality degradation that would have a temporary cumulative effect. 


 Air Quality 


Alternative 1 – Hwy 90 - Segment 1 Levee Extension 


Implementation of Alternative 1 would result in direct and indirect impacts to ambient air 
quality within the immediate vicinity of the Project Area. These impacts are expected to be 
temporary in nature, primarily due to the emissions of construction equipment. Any 
increases or impacts to ambient air quality are expected to be short-term and are not 
expected to cause or contribute to a violation of federal or state ambient air quality 
standards. Once all construction activities associated with the Alternative 1, air quality within 
the vicinity is expected to return to pre-construction conditions. 
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Alternative 2 – Hwy 90 Full Alignment 


Impacts from Alternative 2 would be similar to Alternative 1. 


 Human Environment 


 Socioeconomics 


Alternative 1 – Hwy 90 - Segment 1 Levee Extension 


The impacts to socioeconomic resources were considered low because the alignment 
proposed does not impede the transportation in the area and there would not be a 
separation of communities. Road closures are not expected and furthermore, access to 
homes, businesses, and public services is not expected to be impeded. Neighborhoods are 
not expected to be divided, and gathering places should still be accessible, so community 
cohesion should not be significantly impacted. 


There would be negligible direct impacts to socio-economic resources. Two hundred and 
seventy-five structures would potentially be acquired in order to mitigate for induced flooding 
caused by the alternative. There would be small scale, localized disruptions to community 
cohesion in the communities of Mathews, Gheens, and Bayou Gauche, as those residents 
whose houses were acquired would need to relocate. Also, there would be some small 
scale, localized disruptions to business due to the acquisition of a warehouse, two 
clubhouses, and two retail establishments. Additional discussion related to the risk and 
uncertainty around the induced flooding can be found in Section 6.8.1, “Risk of Induced 
Flooding Outside the Project.” 


Alternative 2 – Hwy 90 Full Alignment 


Impacts from Alternative 2 would be similar to Alternative 1. 


 Transportation 


Alternative 1 – Hwy 90 - Segment 1 Levee Extension 


There would be minor, temporary, direct impacts to transportation during construction in the 
form of increased traffic on streets and highways in the study area from workers and 
construction vehicles. This increased traffic could result in increased congestion on the 
roadways during construction. 


Alternative 2 – Hwy 90 Full Alignment 


Impacts from Alternative 2 would be similar to Alternative 1. 


 Environmental Justice 


Alternative 1 – Hwy 90 - Segment 1 Levee Extension 


Positive impacts to EJ communities from this alternative would include a decrease in flood 
risk to minority or low-income populations in the study area. The alternative would reduce 
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the adverse impacts to EJ communities experienced under the no-action condition - flood 
damages, loss of life, reduced economic activity, and potential out-migration. These positive 
impacts would be long term and would be likely to sustain the socioeconomic vitality of the 
project area, thus positively impacting EJ communities. 


There would be no high, adverse disproportionate impacts to EJ communities near the 
proposed levee alignment from the construction of the Federal action. Impacts to those 
communities further from the proposed levee alignment would be expected to be positive, 
resulting in reduced flood risk. Although EJ communities are spread throughout the study 
area, as shown in the EJ Affected Environmental Section, there are no EJ communities 
along the Alternative 1 alignment that could be directly impacted by the Federal action. Eight 
reaches, A-H, comprise the Alt 1 levee alignment. The levee lengths vary from Reach E at 
14,600 linear feet (LF) to the largest segment Reach G at 31,000 LF. The following is a 
description of the potential impacts to communities along the proposed Alternative 1 levee 
alignment. 


The northern part of the CSRM levee alignment, reaches A, B and C, involves increasing the 
height of the existing St. Charles Parish Levee, which crosses through marshland. A canal 
separates the existing levee and several communities. There would be no direct impacts to 
housing along these reaches of levee improvement.  


Communities that may experience construction-related noise impacts are located across the 
canal and are vastly white and not low-income, with census block groups ranging from 80 
percent of residents identifying as white and 3 percent having household incomes below the 
poverty level. Indirect impacts may be felt by residents in these communities, which may 
include construction related noise and potential increase in truck traffic using access routes 
(streets) to deliver material to the construction sites along the levee reaches. The types of 
indirect impacts that may be relevant to this Federal action are discussed in detail in Annex 
1, Appendix C, Environmental Justice, as are mitigation measures that would be utilized to 
avoid, reduce, and contain temporary impacts to human health and safety.  


The southern part of the levee alignment includes a new earthen levee and floodwalls in 
reaches D, E, F, G, and H. The reach D levee alignment passes through undeveloped 
marshland, before passing near a community along Grand Bayou Road. A floodwall is 
proposed to be constructed adjacent to this community, which is 100 percent white with 2.7 
percent of households living below poverty. Reach E consists of a floodwall that would be 
constructed adjacent to the Bayou Gauche community, which is also located in the same 
census block group as the community in Reach D, vastly majority white and not low-income. 
The communities along the southern alignment may experience similar indirect impacts as 
described for the northern reaches. Table 1 in Annex 1, Appendix C, Environmental Justice 
shows the demographic composition of communities in Reaches D and E. Reaches F, G 
and H consist of a building a new earthen levee that passes through undeveloped land.  


The proposed Alternative 1 levee alignment does not bifurcate any neighborhoods as shown 
in the proposed Alternative 1 alignment map, Figure 4-1, nor requires the taking of housing. 
For more information on EJ communities along Reaches A-H and a discussion of impacts, 
refer to Annex 1, Appendix C, Environmental Justice. 
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EJ impacts related to borrow and staging sites would be expected to be minimal and are 
discussed in Annex 1, Appendix C, Environmental Justice. 


Alternative 2 – Full Alignment 


EJ impacts from construction of Alternative 2 would include those impacts identified for 
Alternative 1. There would be no additional direct impacts to EJ communities from 
construction of Alternative 2. Housing near the northern part of the alignment, but across 
from Paradis Canal would only feel temporary, indirect, impacts during construction 
activities. Indirect impacts would include those discussed for Alternative 1, but to a lesser 
extent because the alignment includes a lower levee height and therefore less construction 
activities that may temporarily, indirectly impact housing in the vicinity.  


The potential for Induced Flooding 


The 1 percent AEP design levee has the potential to induce flooding in the communities of 
Bayou Gauche, Gheens, and Mathews, which are located outside of the system on the east 
side of the levee. Eminent domain may be required which would require relocation/buy outs 
to become mandatory for all residents in areas with induced flooding. Residents are not in 
favor of mandatory buy outs. To reduce the residual risk to the Recommended Plan, PED 
phase structure acquisition (buyouts) was selected until more information can be collected in 
the impacted areas. The induced flooding would be greatest within the community of Bayou 
Gauche, which is directly adjacent to the levee. This area is estimated to receive 1 to 1.5 
feet of induced flooding under existing conditions and 2 to 4 feet under future conditions. In 
order to mitigate for the induced flooding, 64 residential structures in Bayou Gauche may be 
acquired. Due to the presence of existing or proposed flood risk reduction measures in 
Gheens and Mathews, the extent of induced flooding in those communities is more uncertain 
and will be investigated further in the PED phase of the study. Currently, it is estimated that 
173 residential structures could be acquired in Gheens. In Mathews, it is estimated that 33 
residential structures and 5 commercial structures could be acquired. 


Two of the three of the areas where induced flooding is possible, including Gheens and 
Bayou Gauche (and half of Mathews) have very minimal minority population and low-income 
households, as shown in Table 2 in Annex 1, Appendix C, Environmental Justice. However, 
mitigation measures would be included in the final plan once a better determination 
regarding induced flooding can be made at PED. 


5.3 CUMULATIVE EFFECTS ANALYSIS 


The Council on Environmental Quality (CEQ) Regulations define cumulative impacts as “the 
impact on the environment which results from the incremental impact of the action when 
added to other past, present, and reasonably foreseeable future actions, regardless of what 
agency (federal or non-federal) or person undertakes such other actions. Cumulative 
impacts can result from individually minor but collectively significant actions taking place 
over a period of time.” (40 CFR §1508.7). 


The CEQ issued a manual entitled Cumulative Effects under the National Environmental 
Policy Act (CEQ, 1997). This manual presents an 11-step procedure for addressing 
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cumulative impact analysis. The cumulative effects analysis concentrates on whether the 
actions proposed for this study, combined with the impacts of other projects, would result in 
a significant cumulative impact, and if so, whether this study’s contribution to this impact 
would be cumulatively considerable.  


The following describes how the UBB study is consistent with the CEQ’s 11-step cumulative 
effects analysis:  


• Step 1: This document has identified in previous sections the significant effects 
and issues associated with implementing the proposed action by documenting the 
direct and indirect effects of the proposed action on significant environmental 
resources.  


• Step 2: This document has identified the geographic scope of the analysis as the 
area consisting of Ascension, Assumption, Jefferson, Lafourche, St. Charles, St. 
James, and St. John the Baptist Parishes including the migratory species 
frequenting the geographic area.  


• Step 3: The time frame of the analysis consisted of the historic, existing, future 
without project and future with project conditions for the identified significant 
natural and human environmental resources.  


• Step 4: Other actions affecting the significant natural and human resources (the 
significant resources have been previously described).  


• Steps 5 and 6: The responses of each identified significant resource to change 
has been documented for each identified significant human and natural resource, 
as have the factors or stressors potentially affecting significant human and natural 
resources, and if appropriate, their relationship to regulatory thresholds (e.g., air 
quality standards; threatened and endangered species and their designated 
critical habitat).  


• Step 7: The baseline condition has been documented for each significant human 
and natural resources including the historic, existing, and future without project 
conditions  


• Step 8: The incremental project-induced impacts would be in addition to impacts 
from other actions such as navigation, commercial and recreational fisheries, 
continued oil and gas exploration/extraction/production/refining, habitation and 
employment, other coastal protection and restoration activities, and other human 
activities in the project area.  


• Step 9: The magnitude and significance of cumulative effects on identified 
significant resources are identified for study area influences on significant 
resources.  


• Step 10: The plan has been evaluated to ensure steps were taken to avoid and 
minimize impacts to significant resources. During plan formulation steps were 
taken to remove, modify or add alternatives to avoid, minimize, reduce, or mitigate 
potential significant effects.  


• Step 11: Monitoring effects of the proposed action and adaptation of management 
are identified and described in the Adaptive Management and Monitoring (AM&M) 
Plan. This analysis considers known past, present, and reasonably foreseeable 
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future nonstructural hurricane storm damage risk reduction projects and 
ecosystem restoration projects over a 50-year period of analysis from 2025 to 
2075. 


Cumulative effects are not caused by a single project but include the effects of a particular 
project in conjunction with other projects (past, present, and future) on the particular 
resource. Cumulative effects are studied to enable the public, decision-makers, and project 
proponents to consider the “big picture” effects of a given project on the community and the 
environment. In a broad sense, all impacts on affected resources are probably cumulative; 
however, the role of the analyst is to narrow the focus of the cumulative effects analysis to 
important issues of national, regional, and local significance (CEQ, 1997). 


The causes of coastal wetland degradation and loss have been researched extensively and 
are well documented. Nationwide coastal wetland degradation and loss is expected to 
continue due to many different, and often interacting factors, including agriculture, nutrient 
enrichment, drainage, climate change, human development, pollution, invasive species, 
world-wide eustatic sea level rise, subsidence, navigation channels, oil and gas activities, 
saltwater intrusion, and hurricane and storms to name a few.  


The processes of coastal wetland loss in the study area can result from the gradual decline 
of marsh vegetation due to storm surge events, as well as from inundation and saltwater 
intrusion; both of which can eventually lead to complete loss of marsh vegetation. As marsh 
vegetation is lost, underlying soils are more susceptible to erosion and are typically lost as 
well, leading to an increase in open water areas and precluding marsh regeneration. 
Significant accretion of sediments is then required in order for marsh habitat to reestablish. 
Perhaps the most serious and complex problem in the study area is the rate of land and 
habitat loss. The effects of hurricanes have increased effect on marsh loss. Coastal 
Louisiana has been and will continue to be subjected to stresses which will continue the 
decline of environmental resources. RSLR would expose additional shoreline areas to 
erosive forces into the foreseeable future.  


The levee, floodwall, and barge gate construction would provide protection in the form of 
decreased, risk to human life during flooding events from storm surge; aid in the reduction of 
flood risk and damages to residential, commercial, historic, cultural, and critical assets and 
infrastructure; limit economic damages and improve economic resiliency of the local 
economy and communities; convert flood zones to help minimize insurance expenses; and 
help reduce recovery time from high water events that make evacuation routes and other 
critical roadways impassable.  


The currently known, significant, long term adverse cumulative effects expected from 
implementing the proposed plan would be associated with the conversion of existing marsh, 
swamp and bottomland hardwood habitats to grass covered levee habitat and floodwalls. 
However, conversion of marsh, swamp, and BLH habitats to protection grass covered levee 
habitat would provide greater long-term positive benefits when considered within the context 
of the ongoing extensive land loss throughout coastal Louisiana and the project area, which 
is converting extensive areas of BLH to swamp, marsh, and shallow open water. Additional, 
long term, cumulative impacts would be related to a reduction in existing habitat used by 
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various terrestrial and aquatic organisms for shelter, nesting, feeding, roosting, cover, 
nursery, EFH, and other life requirements. Additional impacts would be related to 
construction of the 30.6 miles of levee and floodwalls and the dredging and construction 
associated with the proposed barge gate. Dredging and construction related impacts are 
generally temporary and localized and include increased turbidity and total suspended 
sediments, organic enrichment, chemical leaching, reduced dissolved oxygen, and elevated 
carbon dioxide levels. Following construction, these temporary and localized effects would 
return to pre-construction levels.  


Long-term positive cumulative impacts are expected to occur as the proposed measures 
help protect the area north of the alignment from the effects of coastal storm surge. Other 
long term, indirect impacts include structures form flood control, as well as alterations to 
canals and their associated spoil banks which could invariably alters the hydrology of these 
wetland systems, often interfering with normal tidal flooding and drainage and modifying 
overland water flow.  


The cumulative effects of the recommended plan will consider the impacts from former, 
current, and planned projects, studies, and programs that are being or have been prepared 
by USACE; other federal, state, and local agencies; research institutions; and individuals. 
The most relevant studies, reports, and projects which would contribute to the cumulative 
effects may be found in Section 1.5, Prior Reports and Existing Water Projects. 
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Recommended Plan Summary 
The Optimized TSP Alternative 1 is the Recommended Plan (RP). As described in section 
4.9, the UBB study RP is a structural alignment constructed to a 1 percent AEP (100-year 
future design) and totaling a little over 161,300 feet (30.6 miles) in length. The system starts 
in Luling where it connects the Mississippi River Levee through the Davis Pond Diversion 
Structure West Guide Levee. Continuing south, the RP improves upon and updates 
deficiencies in the St. Charles Parish Levee, crosses Bayou Des Allemands with a 270-feet 
barge gate structure, and continues parallel to US Highway 90 before it ties into high ground 
across the Barataria Basin near Raceland.  


The proposed levee is designed to HSDRRS specifications with a 1V:4H and a 10 foot 
crown, with multiple levee lifts authorized over the initial 50 years. The first lift is projected to 
occur in 2026 and would raise the levee to an elevation of 14 feet except in hydraulic 
reaches F and H where it would be constructed to 16 feet elevation after settlement. 
Subsequent lifts would sustain the 1 percent AEP over the initial 50 years of the authorized 
project. Material settlement over this period has also been incorporated into the material 
quantities for each of the alignment’s hydraulic reaches.  


Borrow material for construction is proposed to come from sites estimated to be within 15 
miles of where US Highway 90 crosses Bayou Des Allemands. Existing Government borrow 
sites were not available within the designated distance. Potential borrow sites on farm lands 
(avoiding swamp and marsh lands) were identified in Raceland; however, not all of the lands 
from the potential pits in the RP are intended to be used. A total of 5,200,400 cubic yards of 
soil is needed for the first lift in 2026 and a grand total of 8,812,700 cubic yards is needed 
over the entire authorized 50 year period to sustain the 1 percent AEP design elevations out 
to year 2076. It was assumed that 10-15 feet of usable material could be found in these 
sites. The borrow pit needed for the quantity of soil would be approximately 500 acres. 
Additional sites would be reviewed in PED. 


6.1 MITIGATION REQUIREMENTS WITH RP 


Compensatory mitigation would be required for the unavoidable impacts to the environment 
that would be caused by the RP. The RP minimized and reduced impacts by building upon 
the existing levee systems in the basin. When compared to other alternatives in the final 
array, the RP was the least environmentally damaging practicable alternative. In areas 
where significant direct environmental impacts occur such as in reaches G and H, attempts 
were made to minimize impacts by placing alignment adjacent to existing canals and also on 
existing spoil banks. Moving the reaches G and H to Highway 90 to avoid direct impacts was 
not considered since Alternative 8 was already screened based on the impacts of building 
on an existing and also having to provide a by-pass roadway. Of the approximately 1,074 
acres of land needed for the RP, approximately 292 acres of BLH impacts, 168 acres of 
cypress-tupelo swamp impacts, 267 acres of fresh marsh impacts, and 95 acres of water 
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bottom would be impacted as a result of construction. Additional details related to the 
mitigation plan are included in Section 7; however, the RP would include the purchase of 
mitigation bank credits up to a total of approximately 126.64 AAHUs of fresh marsh, 94.94 
AAHUs of BLH, and 111.40 AAHU of cypress-tupelo swamp as compensatory mitigation for 
the impacts resulting from construction of the RP. 


6.2 MONITORING AND ADAPTIVE MANAGEMENT 


The RP has been developed in accordance with USACE planning guidance in ER 1105-2-
100 and other USACE policies and regulations applicable to flood risk management studies. 
The Water Resources Development Act (WRDA) of 2007, Section 2036(a) and U.S Army 
Corps of Engineers (USACE) implementation guidance for Section 2036(a) (CECW-PC 
Memorandum dated August 31, 2009: “Implementation Guidance for Section 2036 (a) of the 
Water Resources Development Act of 2007 (WRDA 2007) – Mitigation for Fish and Wildlife 
and Wetland Losses”) requires Adaptive Management (AM) and monitoring plans be 
included in all mitigation plans for fish and wildlife habitat and wetland losses. AM is an 
iterative and structured process, which reduces ecological and other uncertainties that could 
prevent successful project implementation and performance. AM establishes a framework 
for decision making which utilizes monitoring results and other information, as it becomes 
available, as a feedback mechanism used to update project knowledge, and adjust 
management and mitigation actions to better achieve project goals and objectives. 


The proposed mitigation action solely includes the purchase of mitigation bank credits. 
Purchase of credits relieves the CEMVN and non-federal sponsor of the responsibility for 
monitoring and of demonstrating mitigation success. Credits purchased from a mitigation 
bank, must be in compliance with the requirements of the USACE Regulatory Program and 
the bank’s Mitigation Banking Instrument (MBI), which specifies the management, 
monitoring, and reporting required to be performed by the bank.  


6.3 REAL ESTATE AND RELOCATION REQUIREMENTS 


A Real Estate Plan (REP) describing the real estate requirements and costs for the Lands, 
Easements, Rights-of-Way, Relocations, and Disposal Areas (LERRD) to construct the 
Recommended Plan (RP) can be found in Appendix D. The Coastal Protection and 
Restoration Authority Board of Louisiana (CPRAB) is the non-Federal Sponsor (NFS) and 
would have the responsibility of acquiring all necessary real estate interests for the project 
and for ensuring that relocation of utilities and facilities are accomplished.  


The total of $11,866,000 for real estate LERRD would include the costs associated with 
acquisition of real estate interests for the RP (structural features). This structural estimate 
also includes costs associated with the acquisition of real estate rights for the levee/T-
Walls/gates, access, staging, drainage canals, and pump stations. In total, there would be 
approximately 84,158 linear feet of earthen levee, 12,253 linear feet of floodwall (T-wall) 
east of Des Allemands along the Paradis Canal, one 45 linear feet roller gate structure at 
Bayou Gauche, and one 270 linear feet barge gate structure across Bayou Des Allemands 
for the RP.   
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LERRD not within existing ROW is estimated to be owned by 75 private landowners and 
includes perpetual easement for earthen levees, floodwalls, roller gates at two railroad 
crossings, box culverts, and sluice gates; fee estate for borrow; temporary and perpetual 
road easements; and temporary easements for staging areas. Portions of the RP footprint 
are within existing ROW or are owned by local or state government agencies. LERRD 
required from local government entities includes easement for levee, T-wall, frontage 
protection, tidal exchange structures, staging area, temporary access road, access within 
existing ROW, ramp, roller gate, barge gate, culverts, sluice gates, dredging and deposit of 
material within state water bottoms.  


Borrow material for construction is proposed to come from sites estimated to be within 15 
miles of where US Highway 90 crosses Bayou Des Allemands. At this time, it is not known if 
existing Government borrow sites would be available at the time needed for construction that 
would be located within the designated distance. Potential borrow sites on farmlands 
(avoiding swamp and marsh lands) were identified near Raceland. It was assumed that 10-
15 feet of usable material could be found in these sites. The quantity of area needed for 
borrow would be approximately 500 acres of agriculture lands.  


The estimated 01 Real Estate Costs for the LERRD also includes implementation of the 
Mitigation Plan for the potential induced flooding at a cost of $84,213,000. This cost reflects 
real estate interest acquisition costs required for the construction of the mitigation plan 
project as well as other costs associated with acquiring LERRD for a mitigation plan for 
potential induced flooding. See section 6.8.1 Risk of Induced Flooding Outside the Project 
for additional details. The mitigation plan for potential induced flooding may require the 
acquisition of improved structures, and therefore relocations assistance benefits (P.L. 91-
646) are included in the mitigation plan for potential induced flooding total cost. Relocations 
assistance benefits may be provided to impacted landowners in accordance with Public Law 
91-646. Administrative costs include title and legal review, appraisals, appraisal reviews, and 
NFS monitoring. 


The total Real Estate costs LERRD for this project (for structural and non-structural) is 
estimated to be $96,079,000. This total cost is reflected in the main report with an additional 
contingency for Total Project Cost Summary, escalated to the Program year 2022 totaling 
$98,931,000, as shown in the engineering appendix.  


In addition, as part of the NFS’s responsibility to provide LERRDs for the project, the NFS 
would be responsible for 100 percent of the cost for facility and utility relocations, which is 
estimated at a total first cost of $32,405,000. Pipelines within the RP footprint would be 
relocated in place. Those proposed pipeline relocations would have no acquisition of real 
estate interests required. NFS relocation costs are discussed in Section 6.5 of this chapter 
and are also discussed in Section 17 of the REP (Appendix D).  


Currently the proposed mitigation action solely includes the purchase of mitigation bank 
credits, which requires no LERRD responsibility on the NFS. If, based on credit availability or 
following evaluation of the mitigation bank proposals, it becomes apparent that purchasing 
bank credits is not cost effective or feasible (including due to lack of satisfactory bids), 
CEMVN will complete its evaluation of Mitigation Plan Alternative 2 which would evaluate 
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Corps-constructed mitigation projects within the UBB watershed in the CZ, possibly in 
combination with a credit purchase. If construction of a mitigation project involves the 
identification of an acquisition of real estate, the RE plan would be amended at that time. 
This implementation risk has also been captured in the final overall cost include in 
engineering appendix. As stated in the engineering appendix, the final mitigation cost, was 
part of the full Cost and Schedule Risk Analysis (CSRA) to develop contingencies.  


A more detailed description of the LERRD required for the project is included in the REP, 
Appendix D. 


6.4 PROJECT BENEFITS  


The RP is the NED Plan and is estimated to produce $104 million in average annual 
benefits. The levee design is at a 1 percent AEP future design elevation. This plan 
specifically addresses coastal storm surge events. Structures behind the levee alignment 
would benefit from the lowering of water stages and preventing damages during a coastal 
storm event. The reduction in water levels would help to lessen the financial and social 
impacts that tropical storms and hurricanes can cause by reducing the risk of property 
damage that displaces residents, shuts down commercial and industrial services, and 
disrupts livelihoods. If structures avoid or experience fewer damages because of the RP, 
families and businesses can rebound much more quickly after a tropical event. Examples of 
this include: 


• Increasing the opportunity to return children to school because their residences 
and schools were not damaged from a hurricane storm surge event.  


• Reducing lost work days of workers who support the local or regional economy by 
decreasing the number of hurricane storm events that require repairs to hurricane 
storm surge damaged houses, businesses, and other non-residential structures, 
by minimizing the debris from hurricane storm damaged structures that can affect 
other properties 


The project would reduce the flooding of homes, utilities, hospitals and emergency response 
facilities, all of which reduces public health and safety risks. The project would also reduce 
the flooding and erosion of transportation routes, which would keep them open for maximum 
evacuation effectiveness, as well as enabling immediate post-storm access by emergency 
responders, repair crews, and other critical services. Although public health and safety risks 
would be expected to be reduced, quantitative benefits are not claimed because evacuation 
planning and response are the best means to assure the health and safety of the population. 


The RP would generally improve the opportunity and time necessary for residents, 
businesses, and government to return to normal function after a hurricane storm event. 
Under the future without project conditions, approximately 6,430 structures would be 
impacted during a 1 percent AEP event. With the RP in place, only approximately 145 
structures would be impacted under the same event. Table 6-1 shows equivalent annual 
damages and benefits, by reach, under the future without project and future with project 
conditions. Figure 6-1, shows the study area reaches impacted by surge.   
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Table 6-1. Study Area Equivalent Annual Damages and Benefits by Reach (FY 22 Price 
Level; FY 22 Discount Rate; $1,000s) 


Reach 


Without 
Project 


Damages 
Residual 
Damages 


Damages 
Reduced 


1a 18,170 1,323 16,847 


1b 171 3 168 


1c 7,318 178 7,140 


1d 9,879 294 9,585 


1e 3,692 111 3,581 


1f 12,411 874 11,537 


1g 208 2 206 


2a 3,115 45 3,070 


2b 1,190 17 1,173 


2c 6,690 167 6,523 


2d 35,623 877 34,746 


3a 652 59 593 


3b 70 0 70 


3c 460 0 460 


4a 776 74 702 


4b 2,418 116 2,302 


5a 441 25 416 


5b 4,840 160 4,680 


5c 260 22 238 


Total 108,385 4,348 104,037 
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Figure 6-1. Reach Boundaries 


The RP would also provide a level of risk reduction to possible damage of US Highway 90, 
which is a critical evacuation route for the area from Houma to New Orleans. This would not 
only aid in evacuation, but in the ability for the region to get supplies back into the area for a 
more rapid recovery effort. The RP would also further strengthen the efforts to reduce the 
level of risk associated with coastal storms in southern Louisiana by connecting into 
surrounding Federal levees. The alignment ties into the Mississippi River Levee System on 
the east and on the west ties into Bayou Lafourche where the Morganza to the Gulf 
alignment will eventually connect, therefore, occupying the gap in the coastal storm risk 
reduction systems spanning southern Louisiana.  


The Hydrologic Engineering Center Flood Damage Analysis (HEC-FDA) Version 1.4.2 
certified model was used to calculate the damages for the without project and with project 
conditions. Overall, $104 million in annual damages would be prevented with the project in 
place, under the Intermediate Relative Sea Level Change (RSLC) Scenario.  


Net benefits are based on these benefit categories:  


• residential and commercial (structure/content/vehicles/debris removal) 
• transportation and infrastructure (highways/streets)  


Benefits for the RP using the Federal FY2022 discount rate (2.25 percent) are shown in 
Table 6-2. The study is using the Intermediate RSLC Scenario to describe expected future 
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storm risks and to present the benefits of the RP. The RSLC evaluations have been used to 
establish project size and to evaluate future adaptability. This is consistent with other studies 
and projects across Louisiana. 


Table 6-2. Upper Barataria Basin Benefit Summary ($1,000s, 2.25% Interest Rate, FY22 
Price Level) 


(RSLC Scenario) Equiv Annual w/o 
Project Damages  


(2026 – 2076) 


Equiv Annual with 
Project Damages  


(2026 – 2076) 


Equiv Annual Benefits 
(2026 – 2076) 


Low                               $68,757                               $2,422                             $66,336  


Intermediate                             $108,385                               $4,348                          $104,037  


High                             $239,453                               $8,536                          $230,917  


6.5 PROJECT COSTS 


For the detailed cost estimate, the cost was compiled using the MicroComputer Aided Cost 
Estimating System, Second Generation (MCACES 2nd Generation or MII). The detailed cost 
estimate for the RP is based on combination of MII’s Cost Book, estimator-created site-
specific cost items, local subcontractor quotations, and local material suppliers’ quotations. 
The individual components in the cost estimate are outlined in Annex 15 of Appendix A, the 
Engineering Appendix. Additional information on Real Estate costs is also provided in 
Appendix D, the Real Estate Appendix. Cost contingencies were developed through a 
standard Cost and Schedule Risk Analysis (CSRA). Table 6-3 shows the project cost 
summary at the 2.25% Interest Rate in the FY22 Price Level. Further discussion of cost 
estimates and cost apportionment is provided in the sections below. 
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Table 6-3. Project Cost Summary 


 RP: Alternative 1 – Hwy 90 - Segment 1 Levee Extension 
1 percent AEP (100-year future design) (30.6 miles) in length 


PED $227,316 


Construction* $1,097,934 


Lands Easements & ROW $98,931 


Construction Management $121,974 


Total Project First Costs $1,546,156 


  


Total Average Annual Project Cost** $52,514 


($1,000s, 2.25% Interest Rate, FY22 Price Level) 
* Includes Interest During Construction 
** Includes OMRR&R in calculation of Total Average Annual Project Cost 


6.6 OPERATION, MAINTENANCE, REPAIR, REHABILITATION, AND REPLACEMENT 
(OMRR&R) 


The purpose of OMRR&R is to sustain the constructed project and to maintain the stated 
level of benefits at the completion of construction and throughout the life of the project. The 
total estimated annual OMRR&R cost for the RP is $2,200,300, based on the current 
Federal FY2022 discount rate (2.25 percent). A majority of the annual OMRR&R costs are 
based upon sustaining the gate structures. OMRR&R requirements would also include, but 
not be limited to, annual exercising of all of the closure structures, grass mowing of levee 
and floodwall right of way, painting of numerous metal surfaces, and general maintenance of 
drainage structures. The NFS is not obligated to address loss of risk reduction due to RSLC 
through future levee lifts or structure modification, but they will still be required to repair, 
rehabilitate, or provide replacement of components to maintain the original project benefits. 
The bullets below provide a general overview of the OMRR&R tasks required to sustain the 
constructed project. As part of PED, a detailed OMRR&R manual will be developed to 
outline the expected OMRR&R requirements for the RP. After the District Engineer provides 
notice of construction completion for the project, or functional portion of the project, the NFS 
will commence OMRR&R responsibilities associated with the project. 


The OMRR&R for the RP includes, but is not limited to:  


• Maintenance and staffing of the gate control for emergency operations related to 
tropical events. The local sponsors would also be required to coordinate with 
stakeholders for OMRR&R concerns and evacuation/ emergency action planning. 


• Expenses for staffing, training and stockpiling of typical flood fighting materials 
and equipment needed to respond to typical response events. 


• Trial operations of all gates. The cost associated with collecting survey and 
instrumentation is also included in the OMRR&R estimate.  
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• Mowing of the grass cover and maintaining a vegetation free zone, a reliable 
corridor of access and permit proper inspection, manage pests, and inhibit weed 
encroachment to maintain the health and vigor of the grass stand.  


• Drainage structures maintenance items including gate adjustments, gate rehab, 
clean-out of outfalls, and gate replacement (clean-out of outfalls; annually or pre-
hurricane season, gate adjustment/ rehab every 5 year/replacement 10 year).  


• Cost associated with floodwall maintenance includes crack repair, repair, 
replacement of cracked scour protection, waterstop repair, and horizontal sealant 
at the wall joints. General floodgate maintenance includes repairing damage or 
rusted areas, repair to galvanized surfaces, rubber gate seals replacement, etc. 


The cost associated with the individual components have defined periodic maintenance 
intervals that will be further developed in the PED phase of this project. For instance, the 
gate would be exercised periodically, on a defined schedule and in accordance with the 
completed construction documents.  


The previously mentioned OMRR&R is to ensure the features perform their intended 
purpose as expected during a tropical event. Estimates for routine maintenance and 
inspection occurring before, during, and after hurricane season is included in the cost and 
will dictate the scope of the major repair work to be performed during unwatering.  


As stated in Section 6.1 the selected Mitigation Requirement was Mitigation Banks, however 
the final implementation would be based on credit availability or following evaluation of the 
mitigation bank proposals. If it becomes apparent that purchasing bank credits is not cost 
effective or feasible (including due to lack of satisfactory bids), CEMVN will complete its 
evaluation of Mitigation Plan Alternative 2 which would evaluate Corps-constructed 
mitigation projects within the UBB watershed in the CZ, possibly in combination with a credit 
purchase. If construction of a mitigation project occurs, OMRR&R activities by the NFS 
would have to occur, unlike the mitigation banks, where these costs are already captured in 
the cost for purchasing of credits. As with the overall mitigation cost contingencies, the 
annual OMRR&R cost also includes contingencies to reflect the cost for maintaining 
mitigation sites if need. Appendix E of the detailed Mitigation Plan provide additional details 
on the OMRR&R requirements related to Corps-constructed mitigation projects if needed in 
the future. 


6.7 BENEFIT-COST ANALYSIS FOR THE RECOMMENDED PLAN 


The equivalent annual benefits were compared to the annual costs to develop a BCR for the 
RP. The initial construction costs (first costs) and an expected schedule of expenditures 
were used to determine the interest during construction and gross investment cost at the 
end of the installation period (2025). Construction of the RP is subject to project 
authorization, appropriation, and availability of funding, however for planning purposes to 
calculate benefits construction was expected to begin in the year 2022 and continue through 
the year 2026, which was established as the base year for analysis (A 5-year construction 
period was selected for planning purposes). The OMRR&R activities would begin in the year 
2026 and would continue throughout the 50-year period of analysis. Using the FY 2022 
Federal interest rate of 2.25 percent, the construction and OMRR&R costs were discounted 
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to the base year and then amortized over the 50-year period of analysis to develop an 
annual cost for the project. The net benefits for the RP were calculated by subtracting the 
annual costs from the equivalent annual benefits. The net benefits were used to determine 
the economic justification of the RP. Table 6-4 shows the equivalent annual net benefits for 
the RP by benefit category, including the resultant BCR, for each of the three sea-level rise 
scenarios for the years 2026 through 2076. The study is using the Intermediate RSLC 
Scenario to describe expected future storm risks and to present the benefits of the RP. The 
RSLC evaluations have been used to establish project size and to evaluate future 
adaptability. This is consistent with other studies and projects across Louisiana. 


Table 6-4. Net Benefits Summary for the RP under RSLC Scenarios 


Scenario Low 
RSLR 


Intermediate 
RSLR 


High 
RSLR 


Total AA Costs $52,514 $52,514 $52,514 


Without Project EAD $68,757 $108,385 $239,453 


EAD Reduced 
Benefits $66,336 $104,037 $230,917 


Net Benefits $13,822 $51,523 $178,403 


B/C Ratio 1.3 2.0 4.4 


6.8 RISK & UNCERTAINTY ANALYSIS 


Risk and uncertainty are intrinsic in water resources planning and design. This section 
describes various categories of risk and uncertainty pertinent to the study. Induced damages 
and mitigation for economic damages will be further addressed during PED. 


 Risk of Induced Flooding Outside the Project 


Based on the current surge modeling, the 1 percent AEP design could increase water levels 
during storm events by approximately 1 to 1.5 feet over the without project conditions in 
areas immediately outside the risk reduction system. The induced flooding risk is greatest 
within the community of Bayou Gauche due to the close proximity to the proposed levee. In 
Bayou Gauche, 64 residential structures were identified as a risk for induced stages. Due to 
the presence of existing local flood risk reduction measures in Gheens and Mathews, the 
extent of induced flooding risk in those communities is more uncertain. In Gheens, 173 
residential structures were identified as a risk for induced stages and in Mathews, an 
estimated 33 residential structures, and 5 commercial structures were identified as a risk for 
induced stages. Although areas outside the levee system would already receive damages 
under the without-project conditions, the alternatives could increase damages during some 
events. The existing modeling reviewed the inducements under the existing conditions at 
2035 (Intermediate RSLR) under varying storm frequencies. Currently, additional detailed 
information regarding the differences in frequency, depth, and duration of the flooding 
between the future without-project and future with-project conditions is not available. This 
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detailed information typically would be assessed in light of the uses to which the particular 
land is zoned, and the appropriate mitigation methods, if any, would be implemented to 
address the effects of the Federal project. 


In order to prevent increased risk to people and structures, which are already located in high 
risk areas, a preliminary mitigation plan has been developed as part of the RP. Mitigation 
options such as improvements to existing local levees (Gheens and Mathews), flowage 
easements, structure raising, dry flood proofing of structure, and acquisitions (buyouts) were 
all reviewed, but due to the vast scope of this project and the limited amount of available 
information at this time, the existing local levees or each of the affected parcels could not be 
assessed to determine what the level of impact would be, and whether that impact would be 
categorized as a taking of property rights. A worst-case scenario (most expensive option) 
was assumed, which would be acquisitions (buyouts) of structures (270 residential and 5 
nonresidential) in the impacted areas. The cost with this scenario has been incorporated into 
the RP.  


The potential induced damages and mitigation for economic damages would be further 
addressed during PED, including options to make improvements to the existing local levees 
(Gheens and Mathews) as mitigation measure. Individual investigation and mitigation for 
each structure, if appropriate, will be done during PED. Additional factors (height of 
structures vs. induced stages, type of residential structure, social concerns, etc.) would have 
to be investigated under PED. Each structure would have to be evaluated under PED to 
determine if mitigation is appropriate. Further modeling will also be performed during PED to 
determine whether there is a potential taking. A Takings Analysis will be prepared during 
PED to address this issue; at that time, it will be determined what real estate interest, if any, 
would be acquired. 


 Environmental Factors 


 Relative Sea Level Rise and Climate Change 


There is uncertainty about how much sea level change (SLC) would occur in the region. 
Higher than estimated RSLR could cause saltwater intrusion into the study area causing 
significant changes to the habitat in the study area.  


An assessment of RSLR was included in plan formulation and alternatives analysis. The 
evaluation of RSLR is documented in Appendix A. Calculations based on EC 1165-2-212 
determined that the low, intermediate and high rates of RSLR at 2076 are 1.9 feet, 2.4 feet, 
and 4.3 feet, respectively. The PDT selected intermediate SLR because the alternatives 
were in a similar alignment. It was also assumed that changes in sea level rise would have 
affected the alternatives equally. Because the project was developed using the intermediate 
RSLR rate, the RP would provide less benefits than anticipated, should the low RSLR rate 
result and more benefits with the high RSLR rate. 


USACE policy, outlined in ER 1100-2-8162, requires that sea level change be considered in 
project formulation. In particular, policy requires that alternatives be evaluated such that an 
alternative that performs best across the full range of plausible future conditions should 
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generally be selected over an alternative that only performs well under one of the scenarios. 
At the TSP selection step, the team should demonstrate that uncertainty over future sea 
level conditions does not constitute uncertainty over which alternative will perform the best in 
the future. In the case of the UBB project, the TSP is the plan that ties into existing high 
ground and pre-existing levee systems without raising the elevation of those systems or the 
surrounding high ground. Currently the high points are high enough to prevent flank of 
surges under different RSLR scenarios under the current period of analysis, however the 
NFS should continue to monitor the features past the period of analysis in order to adapt to 
changing risk in the future. Alternative plans considered consisted of alternate levee 
alignments as well as nonstructural measures. Nonstructural measures (such as house 
raisings) were evaluated as a stand-alone alternative (limited to hot spots within the basin). 
This alternative was subsequently eliminated from further consideration because it could not 
be economically justified. The elimination of this alternative is not sensitive to the uncertainty 
over sea level change since there is a low population density in the area, which results in 
low net benefits. However, the TSP can be enhanced with the inclusion of nonstructural 
measures, provided the implementation of these measures can be economically justified. 
Alternative levee alignments considered (see Hydraulic Levee Design Exterior Analysis for 
details) would be impacted by sea level similarly to the TSP alignment. Thus, the choice of 
the TSP was not highly sensitive to sea level change uncertainty and the team is confident 
that the TSP is the best choice under all plausible future sea levels.  


Although, the recommended plan focuses on CSRM problems, climate change impacts to 
inland hydrology was also evaluated. The analysis was intended to aid in reducing climate 
change-related vulnerabilities and enhancing the resilience of Corps projects and local 
NFS’s existing urban drainage facilities. It was also used to inform decisions pertaining to 
project planning, engineering, operations, and maintenance. The focus of the analysis was 
on the evaluation of observed and projected trends for project area air temperature, 
precipitation, and streamflow, based on literature review and USACE climate tools. 


The evaluation showed that future changes described in the literature are expected to bring 
warmer temperatures but varied effects for rainfall frequency and intensity. Because the 
UBB project area does not include a river, the timeseries toolbox was used to assess 
changes in precipitation over time at New Orleans Airport and the Paradis weather station. 
There was some evidence possibly indicating a slow increase in annual rainfall over time 
and/or a potential change point in the early portion of the record, however the detected 
trends were not statistically significant.  


The Vulnerability Assessment tool was also used to assess potential project vulnerabilities 
based on projected future climate data. The results of this analysis indicate that that UBB 
project is located in a watershed that is among the 20% most vulnerable in the USACE 
portfolio for the Flood Risk Reduction business line, primarily as a result of the population 
within the 500 year floodplain and the cumulative projected runoff amplification. The future 
designs of the UBB project and the residents of the project area should be aware of the 
potential for increased vulnerability in the future due to more frequent rainfall flooding. 
Although urban drainage measures are not recommended with this recommendation. The 
NFS should be aware that adaptation measures might be need to their existing drainage 
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structures to address increase rainfall in the future. The NFS should proactively increase in 
size, pump houses (if any) sized to accommodate larger pumps in the future, and increased 
detention areas for storage of rainfall runoff.  


 Storms 


Risks associated with the RP are primarily related to the possibility of extreme weather 
events. The uncertainty of the size or frequency of storms and meteorological events, such 
as El Nino and La Nina, cannot be predicted over a set period of time. The storm record is 
constantly being updated and a large storm, such as Hurricane Katrina, or a slow-moving 
storm, such as Isaac, can alter the expected return period for other storms. To reduce the 
uncertainties of storm events, storms with varying degrees of size, intensity, and path are 
included in the modeling. By using a long-term record of different storm scenarios, the 
effects of such storms are incorporated into the modeling. The team is then able to reduce 
the uncertainty in the determination of project benefits (Appendix A). 


 Engineering Factors 


 Levee/Structure Failure 


The risk associated with the levee/structure system is its stability due to limited (current and 
previous) soil borings in the area. Soil borings should be taken in the PED phase to provide 
information on the analysis of the earthen levee, associated T-walls, and various gate 
structures. The levee and other features have been designed to meet USACE specifications. 
Additional borings will be taken along the levee alignment and in proposed borrow sites 
during PED phase. The spacing of these borings will be based on HSDRRS guidance. 
These soil samples will be classified and tested.  


As discussed above, all residents should have evacuated outside of the system, however 
there is still a risk that a failure of the levee system could have impact on any remaining 
population. This life safety risk would be significantly lower than the WOP conditions. Based 
on updated HSDRRS design criteria we would not expect a complete failure of the system.  


 Hydrologic Flows 


The risk of running the ADCIRC and SWAN models is the assumption that the models 
appear to provide a specific response on the RP in any given scenario; however, it is only a 
representative point of reference in a complex system. While the analysis is enhanced by 
the models, application of the models can introduce error and uncertainty. Calibration and 
verification efforts are employed so that the models more closely replicate observed 
changes or at least provide insight into the limitations of the model. 


Models are limited by basic underlying assumptions and uncertainties. Some of the 
simplifying assumptions include the model parameters. Another uncertainty is that a limited 
number of storm scenarios are modeled. It is assumed that various storm scenarios over a 
number of years will represent a much higher indicator of the levees’ ability to withstand 
major storm events. 
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The models also use available historic data to extrapolate future storm conditions and 
frequency. The size and frequency of storms included in the model are based on statistical 
analysis, but do not account for meteorological changes, such El Nino and La Nina effects, 
which can increase or decrease storms over a period of several years. Additionally, the 
models do not account for the potential of increased storms due to climate change. 
Reference the Climate Hydrology Report in Appendix A, Annex 8, for more detailed 
information.  


 Costs 


The risk for costs is in under or overestimating the costs for project features, such as 
mitigation for potential induced flooding and for impacts from construction. A worst-case 
scenario of acquisition (buyouts) was assumed for induced flooding mitigation. Mitigation 
banks, which was based on cost-effectiveness and incremental cost analysis, was the 
alternative assumed for impacts. 


 Economic Factors 


The risk for economics is in under or overestimating the future benefits associated with the 
project alternatives. The with-project damages and overall benefits associated with the 
alternatives were estimated based on the existing and future without-project damages. This 
could potentially result in the RP not being economically justified or overestimating its 
benefits. Additional uncertainty surrounding variables such as first floor elevations, structure 
value, depth damage relationships, and additional inputs are consistent with typically 
accepted project uncertainty. 


The Hydrologic Engineering Center Flood Damage Analysis (HEC-FDA) Version 1.4.2 
certified model was used to calculate the damages for the without project existing and future 
conditions. Economic and engineering inputs were necessary for the model to calculate 
damages for the project base year (2026) and the final year in the period of analysis (2076). 
The inputs included structure inventory, future development, contents-to-structure value 
ratios, vehicles, first floor elevations and depth-damage relationships, ground elevations, 
and without-project stage probability relationships. 


The uncertainty surrounding each of the economic and engineering variables was entered 
into the model. Either a normal probability distribution, with a mean value and a standard 
deviation, or a triangular probability distribution, with a most likely, a maximum and a 
minimum value, was entered into the model to quantify the uncertainty associated with the 
key economic variables. A normal probability distribution was entered into the model to 
quantify the uncertainty surrounding the ground elevations. The number of years that stages 
were recorded at a given gage was entered for each study area reach to quantify the 
hydrologic uncertainty or error surrounding the stage-probability relationships.  


 Life Safety Risk 


Evacuation planning is the primary means to save lives in the study area, which falls within 
the phase II area of the state of Louisiana evacuation plan. Up to 40 hours ahead of tropical 
force winds the State of Louisiana will make plans to evacuate the area of impact. Under the 
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State of Louisiana evacuation planning guidance and local government evacuation planning, 
residents should be well outside of the study area during hurricane events. As recently as 
Tropical Storm Sally in 2020, St. Charles Parish called for a mandatory evacuation. Although 
the storm was expected to be a Category 1 at landfall, and the final landfall was in Alabama, 
the parish still called for a mandatory evacuation as early as 40-hrs ahead of the storms 
expected landfall. In past recent storms such as Hurricane Gustav, 90-95 percent of 
individuals left coastal Louisiana per State mandates (The Times-Picayune, 2008). Even 
under Hurricane Katrina, when the risk of large events was not fully understood, over 80 
percent of St. Charles Parish still evacuated (LSU Stevenson Disaster Management 
Institute, 2017). The current evacuation map for St. Charles Parish (Figure 6-2) shows both 
sides of the river would be asked to evacuate at the same time. In addition, if the resident is 
not physically able to evacuate or needs assistance, St. Charles Parish offers “assisted 
evacuation” where evacuees will be transported to the parish’s shelter site outside of the 
storm surge area. Quantitative benefits between the future without project and future with 
project are not claimed because the evacuation planning and response are the best means 
to assure the health and safety of the population. Historically under the WOP condition there 
is limited loss of life when evacuation planning is implemented. The intent of the project is to 
reduce the damages to homes, utilities, hospitals and emergency response facilities, for 
residents to return to the study area and recover quickly from storm events. In the long term, 
the prevention of these damages reduces public health and safety risk. The project also 
reduces the flooding and erosion of transportation routes, which keeps them open for 
maximum evacuation effectiveness, as well as enabling immediate post-storm access by 
emergency responders, repair crews and other critical services. Overall public health and 
safety risks are expected to be reduced with the Federal action when the ancillary benefits 
are considered due to the ability for the area to quickly recover after the storm. The risks are 
also expected to remain reduced since the State of Louisiana guidance is always to stress 
the importance of evacuation and early action, regardless of the construction of a new levee 
system.  
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Figure 6-2. St. Charles Parish Evacuation Routes 


  


Mississippi River 
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 SLR Assumptions 


The reasonable extent of future sea level change can be estimated by using the High sea 
level scenario in the year 2126, which is about 100 years after the assumed construction 
completion date. Per ER 1110-2-8159, Life Cycle Performance and Design, major 
infrastructure such as levees are assumed to have a 100-year project life unless otherwise 
specified (note that this project life is distinct from the 50-year period of economic analysis 
that derives from discounting future costs and benefits to net present value). The closest tide 
gage to the UBB project is the USACE gage on Bayou Barataria at Barataria (MVN gage 
82750), in Figure 6-3. The three USACE sea level scenarios are plotted for this gage in 
Figure 6-4. 


Figure 6-3. Location of Barataria Gage Relative to UBB Project Location 
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Figure 6-4: Sea Level Projections for Bayou Barataria at Barataria 


The High scenario for relative sea level change between the assumed 50-year to 100-year 
project lifecycle, in the year 2098, at this gage is approximately 7 feet. The extent of 
inundation at this sea level was visualized using the NOAA Sea Level Rise Viewer and is 
shown in Figure 6-5. It is no surprise that the UBB project area is largely covered by this 
degree of sea level change. This represents the maximum extent of potential impact for the 
project area and sets the strategic decision context for the project analysis of climate 
change. 
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Figure 6-5. Inundation and Mean Sea Level in the Year 2123 under the USACE High Sea 
Level Scenario 


Note: This represents the maximum plausible upper range of future conditions facing the UBB 
project. 
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Mitigation 


The appropriate application of mitigation is to formulate an alternative that first avoids and 
then minimizes impacts and only seeks to compensate for unavoidable adverse impacts. 
The UBB project has done and continues to do this through coordination with the resource 
agencies and CEMVN engineering during the planning and advanced design phases.  


Law, regulations, and USACE policy ensure that adverse impacts to significant resources 
have been avoided or minimized to the extent practicable and that remaining, unavoidable 
impacts have been compensated to the extent justified. 40 C.F.R. § 1508.10 defines 
mitigation as the following actions: 


• (a) Avoiding the impact altogether by not taking a certain action or parts of an 
action. 


• (b) Minimizing impacts by limiting the degree or magnitude of the action and its 
implementation. 


•  (c) Rectifying the impact by repairing, rehabilitating, or restoring the affected 
environment. 


• (d) Reducing or eliminating the impact over time by preservation and maintenance 
operations during the life of the action. 


• (e) Compensating for the impact by replacing or providing substitute resources or 
environments 


During planning for the UBB project, measures to avoid and minimize impacts to significant 
resources were employed to the extent practicable. Appendix E provides an table with a  
general overview of the measures to avoid and minimizing impacts to the final array of 
alternatives discussed in Section 4.6. Nonetheless, unavoidable impacts to freshwater 
emergent marsh, swamp, and BLH habitat would occur from construction of the project and 
would be offset through compensatory mitigation. Currently, CEMVN has tentatively 
identified approximately 725 acres of direct impacts from the RP. Approximately 292 acres 
(and 95 AAHUs) of Bottomland Hardwood (BLH), 168 acres (and 111 AAHUs) of Cypress-
Tupelo Swamp, and 267 acres (and 126 AAHUs1) of Fresh Marsh are anticipated to be 
impacted with construction of the RP. As advanced design proceeds, any design changes 
that incur additional impacts requiring mitigation would be addressed in supplemental NEPA 
documentation for those changes. Because several habitat types would be impacted from 
the UBB project, the overall mitigation plan would consist of a project or set of projects for 
each habitat type impacted. As such, the overall mitigation plan for UBB would include a 
BLH feature, a Swamp feature, and a Fresh Marsh feature. 


 
1 Includes the mitigation of 95 acres of open water impact mitigated through marsh creation 
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The USACE will update the mitigation plan as necessary, in coordination with the USFWS 
and other resource agencies, that would fully compensate for any additional unavoidable 
impacts not captured under the feasibility report investigation.  


 


Proposed Compensatory Mitigation  


Recent mitigation actions completed on several large projects (Hurricane Storm Damage 
Risk Reduction System, Plaquemines New Orleans to Venice Levee System, Comite) with 
large impacts to multiple habitat types has shown that, when mitigation bank credits are 
available for purchase, purchase of mitigation bank credits are normally selected as the RP 
to mitigate project induced impacts due to their cost effectiveness. As such, the purchase of 
mitigation bank credits will be pursued to mitigate the impacts to all habitat types incurred by 
the UBB project. It is not known which banks nor how many credits would be available at the 
time of project implementation, however, the market has historically responded to the need 
for mitigation bank credits. A detailed mitigation plan evaluation of recent credit cost vs 
Corps-constructed mitigation projects was conducted under Appendix E.  As such, a general 
mitigation bank alternative was considered to meet the mitigation requirement. During Pre-
construction Engineering Design (PED), an analysis of banks approved through the CEMVN 
Regulatory 404 Program and the in-kind credits available for purchase would be conducted 
to ensure full satisfaction of the UBB mitigation requirement is completed. 


Because the purchase of mitigation bank credits relieves the CEMVN and the NFS of the 
responsibility for monitoring and of demonstrating mitigation success (the 404 Regulatory 
program regulates the completion of these actions as specified by the bank’s Mitigation 
Banking Instrument), neither a monitoring nor adaptive management plan is necessary for 
the mitigation. However, if it becomes apparent that purchasing bank credits is not cost 
effective or feasible (including due to lack of satisfactory bids), CEMVN will complete its 
evaluation of Mitigation Plan Alternative 2 which would evaluate Corps-constructed 
mitigation projects within the UBB watershed in the CZ, possibly in combination with a credit 
purchase. If construction of a mitigation project occurs, a monitoring and adaptive 
management plan would be created at that time 


The National Environmental Policy Act (NEPA) and other environmental laws require 
Federal agencies to consider the environmental impacts in their decision-making, identify 
unavoidable environmental impacts and make this information available to the public. The 
following describes the impacts from purchasing mitigation bank credits for every feature of 
the mitigation plan for UBB.  


7.1 MARSH 


 Mitigation Banks 


For this project, the CEMVN would purchase sufficient marsh credits from a bank within the 
Barataria Basin to mitigate up to 126 AAHUs2. The particular bank to be utilized is unknown 
at this time. Because permitted banks exist as reasonably foreseeable projects in the FWOP 
conditions, no new direct, indirect, or cumulative impacts to any of the significant resources 


 
2 Includes the mitigation of 95 acres of open water impact mitigated through marsh creation 
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would be incurred from the purchase of these credits for the UBB mitigation. However, 
depending on the amount of marsh mitigation bank credits available in the basin at the time 
of credit purchase for the UBB mitigation, use of mitigation bank credits to offset UBB marsh 
impacts may significantly reduce the number of credits available to permittees to 
compensate for marsh impacts authorized by Department of the Army Section 10/404 
permits. In the event sufficient credits are not available to offset impacts associated with a 
proposed permit, the district engineer would determine appropriate permittee responsible 
compensatory mitigation based on the factors described in 33 CFR Part 332.3(b). 


7.2 BOTTOMLAND HARDWOODS 


 Mitigation Banks 


For this project, the CEMVN would purchase sufficient BLH credits from a bank within the 
Barataria Basin to mitigate up to approximately 95 AAHUs. The particular bank to be utilized 
is unknown at this time. Because permitted banks exist as reasonably foreseeable projects 
in the FWOP conditions, no new direct or indirect impacts to any of the significant resources 
would be incurred from the purchase of these credits for the UBB mitigation. However, 
depending on the amount of BLH mitigation bank credits available in the basin at the time of 
credit purchase for the UBB mitigation, use of mitigation bank credits to offset UBB BLH 
impacts may significantly reduce the number of credits available to permittees to 
compensate for BLH impacts authorized by Department of the Army Section 10/404 permits. 
In the event sufficient credits are not available to offset impacts associated with a proposed 
permit, the district engineer would determine appropriate permittee responsible 
compensatory mitigation based on the factors described in 33 CFR Part 332.3(b). 


7.3 SWAMP 


 Mitigation Banks 


For this project, the CEMVN would purchase sufficient swamp credits from a bank within the 
Barataria Basin to mitigate up to approximately 111 AAHUs. The particular bank to be 
utilized is unknown at this time. Because permitted banks exist as reasonably foreseeable 
projects in the FWOP conditions, no new direct or indirect impacts to any of the significant 
resources would be incurred from the purchase of these credits for the UBB mitigation. 
However, depending on the amount of swamp mitigation bank credits available in the basin 
at the time of credit purchase for the UBB mitigation, use of mitigation bank credits to offset 
UBB swamp impacts may significantly reduce the number of credits available to permittees 
to compensate for swamp impacts authorized by Department of the Army Section 10/404 
permits. In the event sufficient credits are not available to offset impacts associated with a 
proposed permit, the district engineer would determine appropriate permittee responsible 
compensatory mitigation based on the factors described in 33 CFR Part 332.3(b).  
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Environmental Laws and Regulations 
8.1 EXECUTIVE ORDER 11988 FLOODPLAIN MANAGEMENT 


Executive Order (E.O.)11988 directs federal agencies to reduce flood loss risk; minimize 
flood impacts on human safety, health, and welfare; and restore and preserve the natural 
and beneficial values served by flood plains. Agencies must consider alternatives to avoid 
adverse and incompatible development in the flood plain. If the only practical alternative 
requires action in the flood plain, agencies must design or modify their action to minimize 
adverse impacts. The proposed action represents the least environmentally damaging 
alternative that is feasible to accomplish the needed risk reduction system modifications. 


Also, because USACE’s actions in the flood plain are subject to NEPA, the Statement of 
Findings that is required as part of the conclusions in feasibility report is required for actions 
pertaining to operations and maintenance and will include, in addition to existing 
requirements, the following: 


1. Reasons why the proposed action must be located in the flood plain. 
2. Facts considered in making the determination to locate in the flood plain, including 


alternative sites and actions considered. 
3. Statement on whether the proposed action conforms to applicable state or local flood 


plain protection standards. 
4. Statement on whether the action affects the natural and beneficial values of the flood 


plain. 
5. Steps taken to design or modify the proposed action to minimize potential harm to or 


within the flood plain; and 
6. A general listing of involved agencies, groups, and organizations. 


8.2 COASTAL ZONE MANAGEMENT ACT OF 1972 


The Coastal Zone Management Act (CZMA) requires that "each federal agency conducting 
or supporting activities directly affecting the coastal zone shall conduct or support those 
activities in a manner which is, to the maximum extent practicable, consistent with approved 
state management programs." In accordance with Section 307, a Consistency Determination 
was prepared for the proposed Project and is currently undergoing review with the Louisiana 
Department of Natural Resources (LADNR). In an email November 16, 2020, LDNR 
assigned the record number C20200150 to the ongoing review. Coastal Zone Consistency 
Determination coordination will be completed prior to the Record of Decision being signed. 
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8.3 MAGNUSON-STEVENSONS FISHERY CONSERVATION AND MANAGEMENT ACT 
OF 1974 


As required by the Magnuson-Stevens Fishery Conservation and Management Act, all 
marine and estuarine waters of the northern Gulf of Mexico have been designated as EFH 
through regulations promulgated by the NMFS and the Gulf of Mexico Fishery Management 
Council. To assist in meeting consultation requirements, the NMFS local field office reviewed 
the study area and provided comments on January 13, 2020. A copy of the letter, which is 
included in Appendix F, contained the following recommendations: 
 
EFH Conservation Recommendations  
 
1. A revised EFH assessment should be provided to the NMFS for review and included in 
the final EIS. The revised assessment should clarify, delineate, and quantify impacts to EFH 
by habitat type differentiating between the flood side and the protected side of all structures. 
Inconsistencies in acres within the draft EIS and the Fish and Wildlife Coordination Act 
Report should be reconciled.  
 
Response: An updated EFH assessment has been placed in the most recent draft version of 
the UBB IFR/EIS. Current impacts to EFH are identified as approximately, 267 acres of fresh 
marsh (95 AAHUs), and 95 acres (6.85 AAHUs) of water bottom. Additional information on 
the impacts to EFH may be found in Section 5 of the IFR/EIS.  
 
2. Cross sectional views for all structures (e.g., channel barge floodgate, stop log floodgate, 
roller floodgate, and culverts with sluice gates) and operation plans should be provided and 
be assessed to determine if construction of levees and water control structures would impact 
fisheries access and water exchange in the Upper Barataria Basin. Sufficient information 
should be provided to assess the change in cross sectional area under the with and without 
project action for any water control structure in Godchaux Canal to fully assess potential 
impacts to EFH. Any structure installed under the access road in the Canal should be 
comprised of open culverts and maximize maintaining the existing cross-sectional area.  
 
Response: During the pre-construction project engineering and design phase (PED) detailed 
designs and operations plans would be completed as well as additional H&H modeling to 
verify the impacts analysis in the EIS. If modeling identifies unavoidable impacts not 
addressed in the EIS, additional NEPA documentation would be completed and the plan to 
fully mitigate these impacts presented. Coordination with the resource agencies would 
continue during advanced design to ensure impacts are avoided to the maximum extent 
practicable before mitigation is pursued.  
 
3. A mitigation and monitoring plan should be developed which fully compensates for all 
EFH impacts. We also request the EFH mitigation plan be coordinated with NMFS. To avoid 
additional mitigation for temporal impacts, the NMFS recommends implementation of the 
mitigation plan concurrent with the construction of the development.  
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Response: Section 7 includes a plan to fully mitigate all impacts. The purchase of mitigation 
bank credits does not require a mitigation/monitoring plan. If at the time of implementation, 
sufficient in-kind mitigation bank credits are not available or not cost efficient, Corps 
constructed sites would be developed to fully mitigate impacts to EFH in coordination with 
NMFS and a supplemental NEPA document would be prepared. Mitigation and monitoring 
plans would be created in coordination with the resource agencies at this time and be 
included in this documentation. Every effort to mitigate concurrent with construction will be 
made to avoid temporal impacts that would require additional mitigation. 
 
Following the second public review and comment period, the NMFS provided updated 
comments on January 28, 2021. A copy of the letter, included in Appendix F, contained the 
following recommendations: 
 
1- A complete final EFH assessment should be provided to the NMFS incorporating all 
activities associated with this project, including a description of measures to avoid, minimize, 
mitigate, or offset the adverse impacts of the proposed activities on EFH.  
 
Response: An assessment of potential impacts to EFH can be found in response 1 above 
and in Section 5 of the UBB IFR/EIS. Measures currently outlined to mitigate for the adverse 
impacts associated with the proposed action may be found below. Additional information 
may be found in Section 7 of the IFR/EIS  
 
Mitigation measures:  
 


(a) Avoiding the impact altogether by not taking a certain action or parts of an action.  
(b) Minimizing impacts by limiting the degree or magnitude of the action and its 
implementation.  
(c) Rectifying the impact by repairing, rehabilitating, or restoring the affected 
environment.  
(d) Reducing or eliminating the impact over time by preservation and maintenance 
operations during the life of the action.  
(e) Compensating for the impact by replacing or providing substitute resources or  
environments  
 


2- Avoidance and minimization of direct wetland impacts should be pursed to the greatest 
extent practicable. The EFH assessment should also include updated details delineating and 
quantifying impacts to EFH by habitat type, as well as differentiating between the flood side 
EFH and the protected side of all structures. The NMFS recommends tabular format, maps, 
and KMZ files be provided to inform the EFH assessment.  
 
Response: An assessment of potential impacts to EFH impacts can be found in response 1 
above and in Section 5 of the UBB IFR/EIS. Wetland Value Assessments have been run in 
coordination with the resource agencies using shapefiles/KMZs to identify where impacts to 
EFH are project to occur. During PED, impacts would be reassessed to include any changes 
in design and results of modeling efforts. Coordination with the resource agencies would 
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continue during PED to ensure impacts are avoided to the maximum extent practicable 
before mitigation is pursued.  
 
3- The NMFS continues to be concerned the proposed levee alignment and all remaining 
gate structures may reduce tidal drainage/exchange in the UBB. Impediments to drainage 
may increase inundation stress of wetlands and could increase wetland loss. To assess 
potential structure related fisheries access impacts in the UBB, the NMFS recommends 
operation plans should be provided, including triggers for gate closures (e.g., named storm 
events in the Gulf of Mexico, fixed water level elevations, crest setting, estimated frequency 
of closures, etc.).  
 
Response: During PED detailed designs and operations plans would be completed as well 
as additional H&H modeling to verify the impacts analysis in the EIS. If modeling identifies 
unavoidable impacts not addressed in the EIS, additional NEPA documentation would be 
completed and the plan to fully mitigate these impacts presented. Coordination with NMFS 
would continue through advanced design and the development of the operation and 
maintenance plan.  
 
4- The USACE should provide an alternatives analysis and hydrological modeling results for 
all structures justifying:  
 
(1) how particular locations were selected for each structure,  
(2) why each structure is needed, and  
(3) how the size and type of each structure was determined.  
 
Response: The alternative analysis detailing the need and selection of structures may be 
found in Section 4 – Formulate Alternative Plans of the IFR/EIS. Additionally, during PED, 
designs would be advanced and further informed by H&H modeling. If changes to structure 
location, size, or type is warranted, this information would be shared with the resource 
agencies and may be addressed in additional NEPA documentation, if necessary. 
Coordination with the resource agencies would continue during advanced design to ensure 
impacts are avoided to the maximum extent practicable.  
 
5- Additionally, it is unclear why the roller floodgate at Bayou Gauche is included as a project 
feature and remains consistent with the project authority. The roller floodgate does not 
appear to be required for flood protection since it is located on the flood side of the proposed 
levee.  
 
Response: The roller gate at Bayou Gauche is located across a roadway and would be 
along the alignment, allowing access to the flood side of the system.  
,  
6- Construction of the levee system could also potentially induce flooding internally and 
externally to the levee alignment due to heavy rainfall events and high tides. Therefore, 
NMFS recommends conducting additional hydrologic modeling to assess the potential for 
large-scale indirect impacts on wetlands and the project incorporate features to mitigate for 
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any potential to reduce water exchange and increased hydroperiod of the UBB. The final 
EFH assessment should include the results of the assessment and associated mitigative 
measures.  
 
Response: During PED detailed designs would be completed as well as additional H&H 
modeling to verify the impacts analysis in the EIS. If modeling identifies unavoidable impacts 
not addressed in the EIS, supplemental NEPA documentation would be completed and the 
plan to fully mitigate these impacts presented. Coordination with the resource agencies 
would continue during advanced design to ensure impacts are avoided to the maximum 
extent practicable before mitigation is pursued. If necessary, mitigation and monitoring plans 
would be created in coordination with the resource agencies and be included in the 
supplemental NEPA documentation.  
 
7- Unavoidable impacts to EFH will require mitigation. The second draft of the EIS states 
mitigation measures will be considered in the following order:  
 
(1) purchase of mitigation bank credits to offset impacts to fresh marsh, and/or  
(2) potential USACE constructed marsh mitigation sites in approximately 367 acres of open 
water. If the purchase of wetland credits from an USACE approved mitigation bank within 
the appropriate watersheds is not available then the USACE should develop, in coordination 
with NMFS, a mitigation and monitoring plan which fully compensates for all EFH impacts. 
This robust mitigation and monitoring plan should be presented to NMFS for review prior to 
release of the final EFH assessment and EIS. 
 
Response: Concur. In the event mitigation bank credits are not available, USACE will 
coordinate with NMFS on the selection of Corps constructed mitigation projects to ensure all 
impacts to EFH are fully mitigated for.  
 
8. If the purchase of wetland credits from an USACE approved mitigation bank within the 
appropriate watersheds is not available then the USACE should develop, in coordination 
with NMFS, a mitigation and monitoring plan which fully compensates for all EFH impacts. 
This robust mitigation and monitoring plan should be presented to NMFS for review prior to 
release of the final EFH assessment and EIS.  
 
Response: If at the time of implementation, sufficient in-kind mitigation bank credits are not 
available, Corps constructed sites would be developed to fully mitigate impacts to EFH in 
coordination with NMFS and a supplemental NEPA document prepared. Mitigation and 
monitoring plans would be created in coordination with the resource agencies at this time 
and would be included in the supplemental NEPA document.  
 
9- To avoid additional mitigation for temporal impacts, NMFS recommends implementation 
of the mitigation plan concurrent with the construction of the development.  
 
Response: Every effort to mitigate concurrent with construction will be made to avoid 
temporal impacts that would require additional mitigation.  
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10- The preliminary mitigation analysis, approximate total acres, and Average Annual 
Habitat Units of impacts to fresh marsh provided in the second draft of the EIS should be 
refined to verify:  
 
(1) the final assessment of acres of impacts to EFH,  
(2) the final WVA analysis,  
(3) the types of mitigation required, and  
(4) the final project design.  
 
Response: During PED, verification of the acres impacted by final design would be 
conducted. WVAs for all impacted habitat types would be rerun and the mitigation plan 
verified/adjusted in coordination with the resource agencies, if necessary, to ensure full 
satisfaction of the mitigation requirement. Supplemental NEPA documentation would be 
prepared if warranted.  
 
11- Open water should also be included among the habitat types requiring mitigation.  
 
Response: Open water impacts have been assessed and included in the EIS along with the 
other habitat types requiring mitigation.  
 
12- Estimates of all direct and indirect project related impacts to tidally influenced habitat 
should be refined for inclusion in the project’s final EFH assessment and EIS.  
 
Response: During PED if the H&H modeling identifies impacts not addressed in the EIS, 
additional NEPA documentation would be completed identifying these impacts and the plan 
to fully mitigate them. 
 
On March 16, 2021 the NMFS provided a response via email stating they had received the 
USACE's final response for the Upper Barataria Basin Flood Control Feasibility Study. This 
email served as confirmation that the USACE had addressed NMFS's concerns and 
concluded the EFH consultation for this phase of the study. The NMFS stated they look 
forward to additional consultation with USACE during the PED phase of the project.   
 
8.4 FISH AND WILDLIFE COORDINATION ACT OF 1934  


The Fish and Wildlife Coordination Act (FWCA) provides authority for USFWS involvement 
in evaluating impacts to fish and wildlife from proposed water resource development 
projects. It requires that fish and wildlife resources receive equal consideration to other 
project features. It requires federal agencies that construct, license, or permit water resource 
development projects to first consult with USFWS, NMFS, and state resource agencies 
regarding the impacts on fish and wildlife resources and measures to mitigate these impacts. 
Section 2(b) requires USFWS to produce a Coordination Act Report (CAR) that details 
existing fish and wildlife resources in a project area, potential impacts due to a proposed 
project, and recommendations for a project.  
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USFWS provided a draft CAR on November 6, 2019 and a revised version on October 16, 
2020, which addresses the modifications to the alternatives. A Final CAR was provided on 
October 27, 2021 which clarified USFWS position and recommendations on the project.  
This Final Fish and Wildlife Coordination Act Report does fulfill the requirements of the Fish 
and Wildlife Coordination Act (FWCA) (48 Stat. 401, as amended; 16 U.S.C. 661 et seq.) as 
the final report of the Secretary of the Interior as required by Section 2(b) of the FWCA. 
When the above mentioned EFH and indirect impact analyses are completed, the Service 
will submit a revised Final Report, or a supplement to this Final Report of the Secretary of 
the Interior as required by Section 2(b) of the FWCA.  All three CARs are included in 
Appendix F. Pertinent language from the CAR and responses to the USFWS 
recommendations are as follows: 
 
This Final Fish and Wildlife Coordination Act Report provides an analysis of fish and wildlife 
resource impacts associated with the final array of alternatives, including that of the newly 
developed 100-year storm event protection alternative. This new 100-year event protection 
alternative has been selected as the Recommended Plan (RP). A robust indirect impact 
analysis using hydrologic modeling could not be completed during the project’s feasibility 
phase. A rudimentary indirect impact analysis was conducted to evaluate the likelihood of 
major indirect impacts to enclosed wetlands. That cursory analysis suggests that a with-
project water level rise impact to fresh marsh is anticipated and associated marsh impacts 
were quantified. A robust indirect analysis is needed during the project’s post-authorization 
phase to confirm the assumptions used in the cursory impact assessment. Additionally, 
impacts to estuarine fisheries access and Essential Fisheries Habitat (EFH) are also cursory 
and need to be addressed during postauthorization. 


If the Record of Decision (ROD) to authorize the project does not include recommendations 
to conduct the hydrologic modeling needed to determine indirect hydrology impacts, the 
Service recommends that the Corp’s Report not be submitted for authorization until the 
indirect hydrologic impact modeling and subsequent impact assessment is completed. If the 
ROD recommends that the Corps completes the indirect impact modeling, funds the Service 
to quantify those impacts, discloses those results as required by NEPA, and agrees to 
mitigate all fish and wildlife impacts, the Service would continue to coordinate with Corps on 
further planning and would be able to provide a final report in accordance with Section 2(b) 
of the FWCA for the Corps’ implementation of the RP. 


Because hydrologic modeling to determine project-induced water level rise upstream of the 
Bayou Des Allemands floodgate has not been conducted, the total fresh marsh impacts 
presented above are conditional or preliminary, and will need to be updated once that 
modeling has been completed.  When that modeling has been completed, and information 
regarding the operation plan for the Bayou Des Allemands floodgate and other project water 
control structures is available, a final and complete evaluation of project effects on fish and 
wildlife resources can be made, and we can then fulfill our reporting responsibilities under 
Section 2(b) of the FWCA.  Additional Service involvement during the preconstruction 
engineering and design phase of this project, along with more-definitive project information, 
will be required so that we can fulfill our responsibilities under the FWCA.  Regarding indirect 
project effects, the Service recommends: 
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USFWS 1. The with and with-out project channel cross-sectional area (in square feet) 
should be provided for all project water control structures to enable assessment of potential 
structure-related fisheries access impacts. 
 


USACE 1. Concur. As design continues to advance during PED, additional detail 
regarding the channel cross sections will be provided to the Service. 


 
USFWS 2. Floodgate operation plans and closure criteria are needed for all actively 
operated water control structures to assess impacts to fisheries access and hydrology 
impacts. 
 


USACE 2. Concur. Additional detail regarding the floodgate operation plans and 
closure criteria will be developed during PED and coordinated with the Service to 
verify the CEMVN’s fisheries access and hydrology impacts assessments. 


 
USFWS 3. For each water control structure, information should be provided regarding how 
the structure location was selected, why the structure is needed, and how the structure size 
and type was determined. 
 


USACE 3. Concur. Currently there is information in the H&H appendix explaining why 
structures were placed in locations along the levee reaches. As part of the initial H&H 
analysis, a HECRAS model was conducted to ensure there were enough drainage 
features in the area of interest south of highway 90 and the levee. That analysis is 
included in the H&H section of the ENG appendix. This information will be verified 
through additional modeling conducted in PED.   


 
USFWS 4. Hydrologic modeling of stages throughout the wetlands upstream of the Bayou 
Des Allemands floodgate should be conducted to evaluate the magnitude and spatial extent 
of with-project water level rise. 
 


USACE 4 Concur. Hydrologic model outputs for FWOP and FWP stages throughout 
the wetlands upstream of the Bayou Des Allemands floodgate will be conducted prior 
to construction. 


 
USFWS 5. The Record of Decision (ROD) document to be prepared should include a 
recommendation for conducting the needed hydrologic modeling for determining project 
indirect hydrology impacts. 
 
 USACE 5. Concur. The ROD will include the commitment to conduct hydrologic 
modeling to verify CEMVN’s indirect impact assessment. 
 
USFWS 6. The project floodgate structures should be designed to handle the discharge 
associated with the two Mississippi River diversions (identified in the 1993 CWPPRA 
Louisiana Coastal Wetlands Restoration Plan) without corresponding wide-scale 
hydroperiod increases. 
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USACE 6. Acknowledged. Although these projects have been identified in the 1993 
CWPPRA Louisiana Coastal Wetlands Restoration Plan, they are not currently authorized 
for construction.  As such, they are not existing projects that the UBB needs to modify its 
design to accommodate.  However, during PED, if the proposed gate, flood wall, and 
associated drainage structures for the UBB project can be designed to accommodate these 
projects without incurring additional significant costs, the USACE would consider such 
actions at that time. 
 
Available information indicates that substantial direct wetland losses will result from 
construction of project features. Consequently, avoidance and minimization of direct wetland 
impacts should be pursued to the greatest extent practicable. The Service provides the 
following recommendations to avoid and/or minimize project impacts on fish and wildlife 
resources, and for mitigating unavoidable impacts to those resources. 


USFWS 7. The Corps should coordinate closely with the Service and other fish and wildlife 
conservation agencies throughout the engineering and design of project features including 
levees, floodgates, and environmental water control structures to ensure that those features 
are designed, constructed and operated consistent with wetland restoration and associated 
fish and wildlife resource needs. 


USACE 7. Concur. The USACE will continue to coordinate with the resource 
agencies throughout the project phases. 


USFWS 8. Estimates of all direct and indirect project-related wetland impacts should be 
refined during the post-authorization phase. 


USACE 8. Concur. WVAs and hydrological Future with Project modeling will be 
completed in coordination with the resource agencies to better determine wetland 
impacts and mitigation needs. 


USFWS 9. To the greatest degree practical, the proposed levees and borrow pits should be 
located to avoid and minimize direct and indirect impacts to wetlands. Efforts should be 
made to further reduce those direct impacts by hauling in fill material, using sheetpile for the 
levee crest, deep soil mixing, or other alternatives. 


USACE 9. Concur. All efforts will be made to avoid and minimize direct and indirect 
impacts to wetlands. 


USFWS 10. If organic soils must be removed from the construction site, that material should 
be used to create or restore emergent wetlands to the greatest extent practicable. If that is 
not practicable, then use of that material to improve borrow pit habitat quality (e.g., construct 
bank slopes, reduce depths, etc.) should be examined. 


USACE 10. Acknowledged. Beneficial use of organic soils will be explored during 
advanced design should their removal from the project site be necessary. 


USFWS 11. Forest clearing associated with project features should be conducted during the 
fall or winter to minimize impacts to nesting migratory birds, when practicable. 
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USACE 11. Concur. USACE will conduct on site surveys, in coordination with 
USFWS, to determine the presence of any nesting birds or the potential of future 
nesting. If needed, USACE, in coordination with USFWS, will develop a bird 
abatement/nesting prevention plan to be implemented prior to and during 
construction. 


USFWS 12. Avoid adverse impacts to bald eagle nesting locations and wading bird colonies 
through careful design of project features and timing of construction. Surveys prior to 
construction such be undertaken to ensure no nesting birds are within 1,000 feet of any 
proposed work. If nesting birds are found within 1,000 feet of any proposed work sites, the 
Service and the Louisiana Department of Wildlife and Fisheries should be contacted for 
procedures to avoid impacts. 


USACE 12. Concur. USACE will conduct on site surveys, in coordination with 
USFWS, to determine the presence of any nesting bald eagles. 


USFWS 13. The Service recommends that the Corps contact the Service for additional 
consultation if: 1) the scope or location of the proposed project is changed significantly, 2) 
new information reveals that the action may affect listed species or designated critical 
habitat; 3) the action is modified in a manner that causes effects to listed species or 
designated critical habitat; or 4) a new species is listed or critical habitat designated. 
Additional consultation as a result of any of the above conditions or for changes not covered 
in this consultation should occur before changes are made and or finalized. 


USACE 13. Concur. The USACE will continue to coordinate with the resource 
agencies throughout the project phases. 


USFWS 14. Full, in-kind compensation (quantified as AAHUs) should be provided for 
unavoidable net adverse impacts on forested wetlands, marsh, and associated submerged 
aquatic vegetation, including any additional losses identified during post-authorization 
engineering and design studies. To help ensure that the proposed mitigation features meet 
their goals, the Service provides the following recommendations.  


a. The Corps should fully compensate for any unavoidable losses of wetland habitat or non-
wet bottomland hardwoods caused by project features. 


USACE 14.a. Concur. A Final Mitigation Plan is included in the Final EIS. 


b. Levee construction borrow sites should be designed to avoid and minimize impacts to fish 
and wildlife habitat; in the event new borrow sites are identified, guidelines for the selection 
of borrow sites are found in Appendix C. 


USACE 14.b. Concur. The assumption is that borrow for levee construction would 
come from agricultural land within 15 miles from the levee alignment. 


c. Mitigation measures should be constructed concurrently with the features that they are 
mitigating. If construction is not concurrent with mitigation implementation then revising the 
impact and mitigation period-of-analysis to reflect additional temporal losses will be required. 
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USACE 14.c. Concur.  


d. The Service and other fish and wildlife conservation agencies should be consulted in the 
development of plans and specifications for all mitigation features and any monitoring and/or 
adaptive management plans. 


USACE 14.d. Concur. The USACE will continue to coordinate with the resource 
agencies throughout the project phases. 


e. To avoid shortfalls in marsh creation acreage, the contractor should be required to 
guarantee the creation of at least the target acreage of marsh platform, or excess acres 
should be created.  


USACE 14.e Acknowledged. The number of AAHUs per habitat type impacted would 
be determined in coordination with the interagency environmental team and the 
mitigation designed such that it fully satisfies the mitigation requirement in- kind for 
the project. 


f. The acreage of marsh created to mitigate project impacts should meet or exceed the 
marsh acreage projected by the Habitat Evaluation Team for target year 5. 


USACE 14.f Acknowledged. The mitigation project would be designed to fully satisfy 
the mitigation requirement in- kind within the period of analysis for the parent project 
(50 years). If excessive delays in implementation of the mitigation project(s) are 
incurred, CEMVN understands that additional impacts may be assessed to the project 
to account for the temporal lag in mitigation implementation. 


g. The acreage of marsh created for mitigation purposes, and adjacent affected wetlands, 
should be monitored over the project life to evaluate project impacts, effectiveness of 
compensatory mitigation measures, and the need for additional mitigation should those 
measures prove insufficient. 


USACE 14.g. Concur. The mitigation project(s) would be monitored over the project 
life to evaluate their effectiveness and the need for additional mitigation should they 
fail to meet their applicable success criteria. Best management practices during 
construction of the mitigation projects would be utilized to avoid additional impacts to 
adjacent wetlands. 


h. The Corps should maintain full responsibility for all mitigation projects until the projects 
are found to be fully compliant with success and performance requirements.  Success 
requirements are provided in Appendix F of the CAR. 
 
 USACE 14.h. Concur. 


i. A mitigation plan should be developed by the Corps, the Service, and the managing 
natural resource agency in accordance with Section 3(b) of the FWCA for mitigation 
lands.  
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USACE 14.i. Concur. A Final Mitigation Plan has been included in the Final EIS. See 
Appendix E for details. 
 
Extensive additional information is needed by the Service to complete the required 
evaluation of project effects and fulfill our reporting responsibilities under Section 2(b) of the 
Fish and Wildlife Coordination Act. Much of that information may not be available until 
engineering and design of the project features has progressed. To help ensure that sufficient 
information is provided, the Service recommends that the Corps perform the following tasks 
during the engineering and design phase. 
 
1. Provide additional information on anticipated construction techniques and their 


associated wetland impacts, such as additional dredging to install floodgates and water 
control structures, dredging temporary by-pass channels, construction of access roads, 
and the method for disposing organic surface soils that are unsuitable for levee 
construction. 


USACE 1. Concur. The USACE will continue to coordinate with the resource 
agencies throughout the project phases. 


2. Provide final levee footprint shape-files and designs for borrow sites used in levee 
construction. 


USACE 2. Concur. The USACE will continue to coordinate with the resource 
agencies throughout the project phases. 


3. Provide without project Bayou des Allemands cross-sections where the floodgate would 
be installed. 


 
USACE 3. Concur. Further detail on the Bayou des Allemands cross-sections at the 
floodgate would be provided during PED. 


4. To assess possible indirect project impacts, provide hydrologic model outputs on FWOP 
and FWP stages within the protected area wetlands following a variety of heavy rainfall 
events. 


USACE 4 Concur. During PED additional H&H modeling will be conducted to verify 
previously provided hydrologic model outputs for FWOP and FWP stages within the 
protected area wetlands during rainfall events. 


Sufficient funding should be provided for full Service participation in the post-authorization 
engineering and design studies, and to facilitate fulfillment of its responsibilities under 
Section 2(b) of the Fish and Wildlife Coordination Act.  


Given that information needed to assess fish impacts and project-induced hydroperiod 
impacts are not available, the Service cannot fulfill its Coordination Act responsibilities at this 
time. If the Record of Decision (ROD) to authorize the project does not include 
recommendations to conduct the hydrologic modeling needed to determine indirect 
hydrology impacts, the Service recommends that the Corp’s Report not be submitted for 
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project authorization until the indirect hydrologic impact modeling and subsequent impact 
assessment is completed. If the ROD recommends that the Corps completes the indirect 
impact modeling, funds the Service to quantify those impacts, discloses those results as 
required by NEPA, and agrees to mitigate all fish and wildlife impacts, the Service would 
continue to coordinate with Corps on further planning and would be able to provide a final 
report in accordance with Section 2(b) of the FWCA for the Corps’ implementation of the RP. 
Hence, we will require additional funding during the post-authorization engineering and 
design phase of this project to fulfill our responsibilities under the Fish and Wildlife 
Coordination Act. Estimates of those funding needs should be coordinated in advance with 
the Service and should be based on the nature and complexity of the issues.” 


Provided that Service funding needs are met and that all of the above recommendations are 
incorporated into the feasibility report and related authorizing documents, the Service does 
not oppose further planning and implementation of the RP.  


8.5 CLEAN AIR ACT OF 1970  


The Clean Air Act (CAA) sets goals and standards for the quality and purity of air. It requires 
the EPA to set National Ambient Air Quality Standards (NAAQS) for pollutants considered 
harmful to public health and the environment. All parishes in the state of Louisiana are 
currently in attainment of NAAQS. The Louisiana Department of Environmental Quality is not 
required by the CAA and Louisiana Administrative Code, Title 33 to grant a general 
conformity determination.  


8.6 CLEAN WATER ACT OF 1972 – SECTION 401 AND 404 


The Clean Water Act (CWA) sets and maintains goals and standards for water quality and 
purity. Section 401 requires a Water Quality Certification from the LDEQ that a proposed 
project does not violate established effluent limitations and water quality standards. 
Coordination with LDEQ for a State Water Quality Certification is currently pending with a 
determination that the requirements for a WQC have been met. 


Section 305(b) of the Clean Water Act requires each state to monitor and report on surface 
and groundwater quality, which the Environmental Protection Agency (EPA) synthesizes into 
a report to Congress. The LDEQ produces a Section 305(b) Water Quality Report that 
provides monitoring data and water quality summaries for hydrologic units (sub-segments) 
throughout the state.  


As required by Section 404(b)(1) of the CWA an evaluation to assess the short and long 
term impacts associated with the discharge of dredged and fill materials into waters of the 
United States resulting from this project has been completed. Section 404(b)(1) was 
released for a 30 day public notice and review period from December 11, 2020 until January 
10, 2021, concurrently with the second draft report release. A copy of the Section 404(b)(1) 
is included as Appendix H. 
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8.7 ENDANGERED SPECIES ACT OF 1973 


The Endangered Species Act of 1973 (ESA) is designed to protect and recover Threatened 
and Endangered (T&E) species of fish, wildlife, and plants. The NLAA letter may be issued 
at a later date for listed T&E species, including the migratory shorebirds, and species of 
management concern (i.e. rare and very rare species) that are known to occur or believed to 
occur within the study area and vicinity of the project area. No plants were identified as 
being threatened or endangered in the project area (Appendix C).  


Although they are not expected to occur in the project area, the proposed action would 
include Standard Manatee Conditions for In-Water Activities, with the contractor instructing 
all personnel of the potential presence of manatees in the project area, and the need to 
avoid collisions with these animals. If a manatee(s) is sighted within 100 yards of the project 
area, moving equipment must be kept at least 50 feet away from the manatee or shut down. 
There would be restrictions on vessel operation, restrictions on the use of siltation barriers, 
and mandatory signage designed to avoid any harm to manatees in the project area. More 
specific information would be contained in any dredging contracts for activities associated 
with construction of the barge gate. This IFR-EIS has been made available to agencies and 
the USFWS has concurred in its determination that the project would have no adverse effect 
to threatened and endangered species (Appendix C).  


8.8 HAZARDOUS, TOXIC, AND RADIOACTIVE WASTE 


CEMVN is obligated under ER 1165-2-132 to assume responsibility for the reasonable 
identification and evaluation of all HTRW contamination within the vicinity of proposed 
actions. ER 1165-2-132 states that HTRW policy is to avoid the use of project funds for 
HTRW removal and remediation activities. The NFS, would be responsible for planning and 
accomplishing any HTRW response measures and would not receive credit for the costs 
incurred.  


An ASTM E 1527-13 Phase I ESA, HTRW investigation has been completed for the 
Recommend Plan and the results are in section 3.1.10, and a copy of this Phase I ESA will 
be maintained on file at CEMVN. Based on the recent 2021 HTRW investigation and 
previous HTRW investigations conducted in this area (see section 3.1.10), there is a low-risk 
for finding HTRW issues with the Recommended Plan. Given the northern and southern 
alignments are generally next to subdivisions/undeveloped areas and not industrial areas, 
and given existing levees have already received environmental clearance and undergo 
regular maintenance, a low risk classification has been assigned. If a REC is identified in 
relation to the project area, MVN would take the necessary measures to avoid the REC, so 
that the probability of encountering or disturbing HTRW would continue to be low. Because a 
Phase I ESA is valid for 1 year, another Phase I ESA may be required prior to construction.  


8.9 MIGRATORY BIRD TREATY ACT 


The study area is known to support colonial nesting wading/water birds (e.g., herons, egrets, 
ibis, night-herons and roseate spoonbills) and shorebirds (terns and gulls). Based on review 
of existing data, site visits, and with the use of USFWS guidelines, MVN finds that 
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implementation of the proposed actions would have no effect on colonial nesting 
water/wading birds or shorebirds. USFWS and USACE biologists would survey the proposed 
project area before construction to confirm no nesting activity as suitable habitat and the 
potential for nesting exist within the project area. If active nesting exists within 1,000 feet 
(water birds) or 1,300 feet (shorebirds) of construction activities then USACE, in coordination 
with USFWS, would develop specific measures to avoid adverse impacts to those species. A 
detailed nesting prevention plan may be necessary in order to deter birds from nesting within 
the aforementioned buffer zones of the project footprint, in order to avoid adverse impacts to 
these species. If a nesting prevention plan is necessary, it would be prepared in coordination 
with USFWS. 


The bald eagle was removed from the List of Endangered and Threatened Species in 
August 2007, but continues to be protected under the Bald and Golden Eagle Protection Act 
and the Migratory Bird Treaty Act of 1918, as amended (MBTA). During nesting season, 
construction must take place outside of USFWS/LDWF buffer zones. A USACE Biologist 
and USFWS Biologist would survey for nesting birds. This would be done prior to the start of 
construction. 


8.10 EXECUTIVE ORDER 12898 ENVIRONMENTAL JUSTICE  


USACE is obligated under E.O. 12898 of 1994 and the Department of Defense’s Strategy on 
Environmental Justice of 1995, which direct Federal agencies to identify and address any 
disproportionately high adverse human health or environmental effects of Federal actions to 
minority and/or low-income populations. Minority populations are those persons who identify 
themselves as Black, Hispanic, Asian American, American Indian/Alaskan Native, Pacific 
Islander, or some other race or a combination of two or more races.  


A minority population exists where the percentage of minorities in an affected area either 
exceeds 50 percent or is meaningfully greater than in the general population. Low-income 
populations are those whose income is the Census Bureau’s statistical poverty threshold for 
a family of four. The Census Bureau defines a “poverty area” as a census tract or block 
numbering area with 20 percent or more of its residents below the poverty threshold level 
and an “extreme poverty area” as one with 40 percent or more below the poverty threshold 
level. Because the population within the study area does not meet the threshold for being a 
minority population or a poverty area, this project does not require additional evaluation of 
environmental justice considerations. 


8.11 NATIONAL HISTORIC PRESERVATION ACT OF 1966 


The consideration of impacts to historic and cultural resources is mandated under Section 
101(b)4 of NEPA as implemented by 40 CFR, Parts 1501-1508. Section 106 of the NHPA 
requires federal agencies to take into account their effects on historic properties (i.e., historic 
and cultural resources) and allow the Advisory Council on Historic Preservation (ACHP) an 
opportunity to comment. Historic properties are identified by qualified agency 
representatives in consultation with interested parties. USACE has chosen to address 
potential impacts to historic properties through the “Section 106 consultation process” of the 
NHPA as implemented through 36 CFR, Part 800. 
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In partial fulfillment of USACE’s Section 106 responsibilities, on April 13, 2020, USACE 
submitted an initial Section 106 consultation letter entitled: Notice of Intent to Prepare 
Programmatic Agreement Regarding “Upper Barataria Basin Louisiana, Coastal Storm Risk 
Management Feasibility Study (Appendix C) to the LA and MS SHPOs, Affected Tribes 
ACTT, CNO, CT, CTL, JBCI, MBCI, MCN, SNO, STF, TBTL, the NFS (LA DOTD), and the 
ACHP. The aforementioned letter provided information regarding the study area, initial array 
of alternatives being considered, alternative evaluation criteria, plan formulation milestones, 
and MVN’s proposal to develop a project-specific PA pursuant to 36 CFR § 800.14(b) to 
fulfill its responsibilities under Section 106 of the NHPA. Additionally, this letter invited 
stakeholders to provide input regarding the proposed undertaking and its potential to 
significantly affect historic properties and/or sites of religious and cultural significance and 
requested potential consulting parties’ assistance with identifying other relevant entities who 
may have an interest in participating in this consultation. On April 23, 2020, USACE received 
a written response from the ACHP stating that the agency “has not yet determined if 
Appendix A of the regulations, Criteria for Council Involvement in Reviewing Individual 
Section 106 Cases, applies to this undertaking” and requested additional information 
regarding the views of the SHPO, Tribes, other consulting parties, and the public in order to 
determine if their participation in this consultation is warranted. On April 13, 2020, the 
Choctaw Nation of Oklahoma responded with an email stating the wish to participate. To 
date, no other responses to this letter were received from any of the other potential 
stakeholders consulted (SHPO/Tribal/NFS).  


Additionally, on June 14, 2019, USACE posted a NHPA/NEPA Public Notice (Appendix C) to 
https://www.mvn.usace.army.mil/About/Projects/BBA-2018/studies/Upper-Barataria-Basin/ 
for a 15-day comment period requesting the public’s input concerning the proposed 
undertaking and its potential to significantly affect historic properties, assistance in 
identifying any relevant parties who may have an interest in participating in this consultation, 
and USACE’s proposal to develop a project-specific PA pursuant to 36 CFR § 800.14(b). No 
comments were received. USACE will continue to follow its Section 106 procedures to 
develop a project-specific PA in furtherance of USACE’s Section 106 responsibilities for this 
undertaking. The PA would then govern USACE’s subsequent NHPA compliance efforts. 
Following the execution of the PA, USACE may proceed with issuing a ROD in compliance 
with Section 106 and NEPA.  


8.12 EXECUTIVE ORDER (EO) 13175 CONSULTATION AND COORDINATION WITH 
INDIAN TRIBAL GOVERNMENTS  


It is the policy of the federal government to consult with federally recognized Tribal 
Governments on a Government-to-Government basis as required in EO 13175 
(“Consultation and Coordination with Indian Tribal Governments;” U.S. President 2000). The 
requirement to conduct coordination and consultation with federally recognized Tribes on 
and off of Tribal land finds its basis in the constitution and Supreme Court cases and is 
clarified in later planning laws, such as NEPA.  


When conducting a civil works planning activity, USACE is directed to follow six principles 
when engaging with Tribal Governments: these principles emphasize Tribal Sovereignty, the 
federal governments trust responsibility, Government-to-Government consultation, early and 
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pre-decisional consultation, recognition of tribal self-reliance, focusing USACE on efforts at 
tribal capacity building, and requiring USACE to protect natural and cultural resources during 
project development and implementation.  


(http://www.usace.army.mil/Missions/Civil-Works/Tribal-Nations/) 


Moreover, the USACE Planning Guidance Notebook (ER 1105-2-100) gives guidance in 
Appendix B, Public Involvement, Collaboration and Coordination (B-8) and Appendix C, 
Environmental Evaluation and Compliance (C-4), reinforcing the same authorities and 
processes. The most explicit and accessible guidance regarding USACE and Tribal 
interaction can be found in USACE’s Tribal Consultation Policy (1 Nov 2012).  


In addition to consulting with Tribes under the NHPA as described above (NHPA 1966 
Section), USACE, is consulting in accordance with EO 13175, NEPA, and its 2012 Tribal 
Policy. The 2012 Tribal Consultation Policy directs that consultation should begin at the 
earliest planning stages before decisions are made and actions are taken (paragraph 3b); 
provides guidance that USACE should contact “[t]ribes whose aboriginal territories extend to 
the lands where an activity would occur…sufficiently early to allow a timely review of the 
proposed action" (paragraph 5.d.(1); and goes on to state that the USACE official interacting 
with federally recognized tribes should maintain open lines of communication through 
consultation with Tribes during the decision making process for matters that have the 
potential to significantly affect protected tribal resources, tribal rights (including treat rights), 
and Indian lands (paragraph 6. d.). In summary, all of this guidance directs the agency to 
start early and to coordinate often.  


In accordance with MVN’s responsibilities under NEPA, NHPA, and E.O. 13175, USACE 
started the Tribal Consultation process by inviting Tribes to participate as a cooperating 
agencies in the development of the DEIS, via letter on April 24, 2019. This correspondence 
was directed to the leadership of each of the Tribal governments whose aboriginal and 
historic territories or historic removal routes extended to the lands where the proposed 
activities would occur (i.e., the ACTT, CTL, CNO, CT, JBCI, MBCI, MCN, STF, SNO, and 
TBTL). No responses have been received. USACE also shared progress on this project via 
a monthly tribal conference call in (July, September, and October of 2020), providing 
updates to participating tribal representatives. USACE intends to keep the lines of 
communication open throughout the study, relying on the “Section 106 Process” to capture 
significant tribal concerns regarding historic properties, but remains open to the need to 
undertake Government-to-Government consultation, as necessary.  


8.13 ITEMS REFINED AT A LATER DATE 


This concludes USACE’s feasibility study; however, there are a number of tasks associated 
with state and federal statute and regulatory requirements that will be completed during the 
project design and engineering phase. The following items will be refined at a later date. 


MBTA - If active nesting exists within 1,000 feet (water birds) or 1,300 feet (shorebirds) of 
construction activities then USACE, in coordination with USFWS, would develop specific 



http://www.usace.army.mil/Missions/Civil-Works/Tribal-Nations/
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measures to avoid adverse impacts to those species. If a nesting prevention plan is 
necessary, it would be prepared in coordination with USFWS. 


HTRW - Based on the recent 2021 HTRW investigation and previous HTRW investigations 
conducted in this area (see section 3.1.10), there is a low-risk for finding HTRW issues with 
the Recommended Plan.  


NHPA - On June 14, 2019, USACE posted a NHPA/NEPA Public Notice (Appendix C) for a 
15-day comment period requesting the public’s input concerning the proposed undertaking 
and its potential to significantly affect historic properties, assistance in identifying any 
relevant parties who may have an interest in participating in this consultation, and USACE’s 
proposal to develop a project-specific PA pursuant to 36 CFR § 800.14(b). No comments 
were received. USACE will continue to follow its Section 106 procedures to develop a 
project-specific PA in furtherance of USACE’s Section 106 responsibilities for this 
undertaking. The PA would then govern USACE’s subsequent NHPA compliance efforts. 
Following the execution of the PA, USACE may proceed with issuing a ROD in compliance 
with Section 106 and NEPA.  


EJ - Any potentially induced flooding which may occur will be further evaluated at PED once 
local government plans for local levels are implemented which could change the hydrology 
and reduce induced flooding.  


EFH -  USACE will continue to coordinate with the NMFS and any potential impacts to EFH 
will be further evaluated in PED. 
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Public Involvement and Coordination 


Public involvement is an important part of planning and decision-making. Agencies, non-
governmental organizations, and citizens provided valuable input for the final 
recommendation. NEPA’s scoping requirements provides people, organizations, and 
governments an opportunity to review and comment on proposed major Federal actions. 
Engaging with and receiving input from the public, interested parties, stakeholders, 
government agencies, and nongovernmental organizations regarding the content of the draft 
IFR-EIS in all stages is critical to achieving the USACE objective of enhancing trust and 
understanding with customers, stakeholders, teammates, and the public through strategic 
engagement and communication.  


A Public Notice for the first UBB Draft IFR-DEIS was published in the Baton Rouge and New 
Orleans Advocate for the 45-day comment period beginning November 29, 2019 and ending 
January 13, 2019. Public meetings were held at the Edward Dufresne community center in 
Luling on Jan 7, 2020, and Thibodeaux library on Jan 9, 2020. Input received from public 
meetings assisted the project team in optimizing the TSP during feasibility level of design.  


After the final feasibility phase, the public was given a chance to review the second draft. 
The review period was from December 15, 2020 to Jan 29, 2021. CEMVN held two public 
meetings on Jan 12 and 13, 2021 through a virtual presentation on WebEx and USACE 
Facebook. Input received from public meetings assisted the project team in refinement of the 
Recommended Plan.  


Preparation of the first and second IFR and DEIS, and final IFR-EIP has been coordinated 
with appropriate Congressional, Federal, Tribal, state, and local interests, as well as 
environmental groups and other interested parties. The following agencies, as well as other 
interested parties, will receive copies of the final IFR-EIS: 


• Louisiana Department of Wildlife and Fisheries  
• U.S. Department of Commerce, National Marine Fisheries Service  
• U.S. Department of the Interior, Fish and Wildlife Service  
• Louisiana Department of Natural Resources, Coastal Management Division  
• Louisiana Department of Natural Resources, Coastal Restoration Division  
• Louisiana State Historic Preservation Officer  
• Louisiana Department of Environmental Quality  
• FEMA 
• USGS 
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9.1 VIEWS OF THE NON-FEDERAL SPONSOR 


The NFS (CPRAB) has been actively involved in all the planning milestone meetings with 
the vertical team and weekly PDT meetings held since the beginning of the study. The NFS 
supports the RP/NED Plan. 
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Implementing the Recommended Plan and 
Summary of Findings  


10.1 IMPLEMENTING THE PLAN 


The RP is still subject to project authorization, appropriation, and availability of funding, full 
environmental compliance, and execution of a binding agreement with the NFS. For 
planning purposes for this study, the schedule assumes a complete risk reduction system in 
place by 2026. The project would require construction authorization and the appropriation of 
construction funds. A continuous funding stream is needed to complete this project within 
the anticipated timeline, which requires continuing appropriations from Congress and the 
State of Louisiana in order to fund the detailed design phase and fully fund construction 
contracts.  


Once construction funds are appropriated for this project, the NFS, and the Department of 
the Army would enter into a Project Partnership Agreement (PPA). After the signing of a 
PPA, the NFS can acquire the necessary land, easements, and rights of way to construct 
the project.  


Because project features cannot be advertised for construction until the appropriate real 
estate interests have been acquired, obtaining the necessary real estate in a timely fashion 
is critical to achieving the project schedule. At the completion of construction, or functional 
portions thereof, the NFS would be fully responsible for OMRR&R of the project or of the 
completed functional portion of the project.  


10.2 COST SHARING REQUIREMENTS 


Pursuant to the model Project Partnership Agreement (PPA) for structural CSRM projects, 
the NFS share is 35 percent of total project first costs. Participation in National Flood Plain 
Insurance Program and other applicable Federal floodplain management programs is 
required. Non-Federal interest must provide LERRDs; fair market value is credited to the 
non-Federal share. When the value of LERRD is less than 35 percent, the difference must 
be provided in cash during construction. See Section 10.4 herein for a list of the items of 
local (non-Federal) cooperation to be required under the PPA. Table 10-1 describes the 
general cost share provisions for the RP.  
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Table 10-1. Cost Share 


Description Cost Contingency 
Contingency 


Cost 
Project First 


Cost 


PED  $167,144,000 36% $60,172,000 $227,316,000 


Construction $807,305,000 36% $290,630,000 $1,097,934,000 


Lands, Easements, 
Rights-of -Way, 
Relocations, and 
Disposal Area 
(LERRD) 


$79,145,000 25% $19,786,000 $98,931,000 


Construction 
Management 


$89,687,000 36% $32,287,000 $121,974,000 


Project First Cost: $1,546,156,000 


Local Cost Share (35%) $541,154,600 


Government Share (65%) $1,005,001,400 


 


10.3 FEDERAL RESPONSIBILITIES FOR THE RECOMMENDED PLAN 


The Federal government will be responsible for Pre-construction Engineering and Design 
(PED) and construction of the project in accordance with the applicable provisions of Public 
Law 99-662 (WRDA of 1986), as amended. The Government, subject to Congressional 
authorization, the availability of funds, and the execution of a binding agreement with the 
NFS in accordance with Section 221 of the Flood Control Act of 1970, as amended, and 
using those funds provided by the NFS, shall expeditiously construct the project, applying 
those procedures usually applied to federal projects, pursuant to federal laws, regulations, 
and policies. 


10.4 NON-FEDERAL RESPONSIBILITIES FOR THE RECOMMENDED PLAN 


Federal implementation of the project for coastal risk management includes, but is not limited 
to, the following required items of local cooperation to be undertaken by the non-Federal 
sponsor in accordance with applicable Federal laws, regulations, and policies:   


 
a. Provide 35 percent of construction costs, as further specified below:   


 
1.  Provide, during design, 35 percent of design costs in accordance with the 


terms of a design agreement entered into prior to commencement of design work for the 
project; 
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2.  Provide all real property interests, including placement area improvements, 
and perform all relocations determined by the Federal government to be required for the 
project;  


 
3.  Provide, during construction, any additional contribution necessary to make 


its total contribution equal to at least 35 percent of construction costs; 
 


b.  Prevent obstructions or encroachments on the project (including prescribing and 
enforcing regulations to prevent such obstructions or encroachments) that might reduce the 
level of coastal storm risk reduction the project affords, hinder operation and maintenance of 
the project, or interfere with the project’s proper function; 


 
c.  Inform affected interests, at least yearly, of the extent of risk reduction afforded by 


the project; participate in and comply with applicable Federal floodplain management and 
flood insurance programs; prepare a floodplain management plan for the project to be 
implemented not later than one year after completion of construction of the project; and 
publicize floodplain information in the area concerned and provide this information to zoning 
and other regulatory agencies for their use in adopting regulations, or taking other actions, to 
prevent unwise future development and to ensure compatibility with the project; 


 
d.  Operate, maintain, repair, rehabilitate, and replace the project or functional portion 


thereof at no cost to the Federal government, in a manner compatible with the project’s 
authorized purposes and in accordance with applicable Federal laws and regulations and 
any specific directions prescribed by the Federal government;  


 
e.  Give the Federal government a right to enter, at reasonable times and in a 


reasonable manner, upon property that the non-Federal sponsor owns or controls for access 
to the project to inspect the project, and, if necessary, to undertake work necessary to the 
proper functioning of the project for its authorized purpose; 


 
f.  Hold and save the Federal government free from all damages arising from design, 


construction, operation, maintenance, repair, rehabilitation, and replacement of the project, 
except for damages due to the fault or negligence of the Federal government or its 
contractors;  


 
g.  Perform, or ensure performance of, any investigations for hazardous, toxic, and 


radioactive wastes (HTRW) that are determined necessary to identify the existence and 
extent of any HTRW regulated under the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA), 42 U.S.C. 9601-9675, and any other applicable 
law, that may exist in, on, or under real property interests that the Federal government 
determines to be necessary for construction, operation and maintenance of the project; 


 
h.  Agree, as between the Federal government and the non-Federal sponsor, to be 


solely responsible for the performance and costs of cleanup and response of any HTRW 
regulated under applicable law that are located in, on, or under real property interests 
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required for construction, operation, and maintenance of the project, including the costs of 
any studies and investigations necessary to determine an appropriate response to the 
contamination, without reimbursement or credit by the Federal government; 
 


i.  Agree, as between the Federal government and the non-Federal sponsor, that the 
non-Federal sponsor shall be considered the owner and operator of the project for the 
purpose of CERCLA liability or other applicable law, and to the maximum extent practicable 
shall carry out its responsibilities in a manner that will not cause HTRW liability to arise 
under applicable law; and 


 
j.  Comply with the applicable provisions of the Uniform Relocation Assistance and 


Real Property Acquisition Policies Act of 1970, Public Law 91-646, as amended, (42 U.S.C. 
4630 and 4655) and the Uniform Regulations contained in 49 C.F.R Part 24, in acquiring 
real property interests necessary for construction, operation, and maintenance of the project 
including those necessary for relocations, and placement area improvements; and inform all 
affected persons of applicable benefits, policies, and procedures in connection with said act. 
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