LOUISIANA COASTAL PROTECTION AND RESTORATION
FINAL TECHNICAL REPORT

ENGINEERING APPENDIX

June 2009

U. S. Army Corps of Engineers
New Orleans District
Mississippi Valley Division



LOUISIANA COASTAL PROTECTION AND
RESTORATION
ENGINEERING APPENDIX

TABLE OF CONTENTS
PURPOSE
STRUCTURAL ALIGNMENTS
REACHES

Planning Units
Reaches and Sections

HYDRODYNAMIC MODELING AND DESIGN
USACE/FEMA JOINT SURGE STUDY
ANALYSIS AND DESIGN
Planning Units 1 and 2
New North Shore Alignments
Planning Units 3a, 3b and 4
FUTURE CONDITIONS
Degraded Coastline
Relative Sea Level Rise
ANALYSIS OF LAKE PONTCHARTRAIN AND BARRIER STRUCTURE
SIZING
INTERCEPTED DRAINAGE
INCREASED SURGE LEVEL ON PLAQUEMINES PARISH LEVEES

GEOTECHNICAL
GEOLOGY
Geologic Formations
Groundwater
Relative Subsidence
Borrow Sources
GEOTECHNICAL DESIGN
General
Foundation Design Reaches
Typical Design Sections
Settlement
Overtopping Weir Section
Hollow Concrete Levee
Additional Investigations
LEVEE DESIGN
GENERAL
FLOOD PROTECTION ALTERNATIVES
Geotextile Alternative
Soil Mix Alternative
Levee Design for Overflow and Overtopping
CONSTRUCTION CONDITIONS

oA WL WWNNNE



Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report
Engineering Appendix

AVAILABILITY OF BORROW

STRUCTURES

GENERAL

SLUICE GATE STRUCTURES

SECTOR GATE STRUCTURES
SPECIAL SECTOR GATE STRUCTURES
TAINTER GATE STRUCTURES
BUTTERFLY GATE STRUCTURE
ROLLER/SWING GATE STRUCTURES
SECTOR GATED LOCK STRUCTURES
INVERTED “T” TYPE WALLS

INNOVATIVE DESIGNS

HOLLOW CORE LEVEES
COMPARISON OF BARRIER OPTIONS

COASTAL RESTORATION FEATURES
GENERAL
MARSH CREATION AND RESTORATION
BARRIER ISLANDS
DIVERSIONS
RELOCATIONS
GENERAL
Scope and Purpose
Estimated Relocation Cost
DESCRIPTION OF FACILITY RELOCATIONS
Method of Pipeline Relocation
HIGHWAYS AND ROADS
CRITERIA FOR RELOCATING FACILITIES
Utility Owners
Highways/Roads
PROCEDURE FOR ACCOMPLISHING RELOCATIONS

OPERATION, MAINTENANCE, REPAIR, REPLACEMENT AND

REHABILITATION (OMRR&R)
COST ESTIMATES
GENERAL
Structural Alternatives
Coastal Restoration Features
Nonstructural Plan Components
ESTIMATES FOR COMPREHENSIVE PLAN ALTERNATIVES
FINAL ARRAY OF ALTERNATIVES

FUTURE STUDIES

i

34
34
34
36
36
37
38
39
39
40
40
41
41
42

43
43
43
43
44
44
44
44
44
44
44
46
46
46
46
46

47

47
47
48
63
64
64
67

70



Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report
Engineering Appendix

FIGURES

Figure 1 - LACPR Planning AFa ......ccciveiieiie e see e sie e sieesae e ste e sne e 1
Figure 2 - PIanNing UNITS .....oooiiiiii e e 3
Figure 3 - Estimated Pumping Capacity For Northshore Leveed Areas................... 15
Figure 4 - Areas Subject to Additional Surge by Construction of Barrier Plans...... 16
Figure 5 - Location of Chenier and Deltaic Plains............ccccoovviviieiivenecie e 18
Figure 6 - DeltaiC Plain .........coo i 19
Figure 7 - Chenier PIAIN ........ccoooi i 20
Figure 8 - Major Fault Trends Of South Louisiana ..........cccooeiviiiiniiinnieiciie e 22
Figure 9 - Typical Soil Cement Section (Clay Fill) ........cccoooviieiiiiieee e 24
Figure 10 - Typical Geotextile-Reinforced Embankment Section (Clay Fill) ........... 24
Figure 11 - Hollow Concrete Levee SECION.......cccccvcv e ieeie e 42
Figure 12 — Comprehensive Plan Alternative Cost Development...........cccocevvinnnn, 49

Figure 13 - PU1 Example of a Lake Pontchartrain Surge Reduction Alignment from
the Plan Formulation Atlas (Barrier Plan) (Note that the north shore alignments
were changed to those shown in figures 14 and 15.) ......cccoiveieiiiiicie e 53
Figure 14 - PU1 Example of a High Level Alignment from the Plan Formulation
Atlas (Note that the north shore alignments were changed to those shown in figures

I T o To I L RS RS 54
Figure 15 - PU1 Reformulated North Shore Alignment...........ccccoocovvevieiienieceene e, 54
Figure 16 — PU1 Reformulated Slidell Ring LeVee ... 55
Figure 17 - PU GIWW Alignment from the Plan Formulation Atlas (Note that this

alignment was modified to include Lafitte ring [eVees.) ......cccoccovvvriiiiiienniiciecee, 55
Figure 18 - PU2 West Bank Interior Alignment from the Plan Formulation Atlas . 56
Figure 19 - PU2 Ridge AlIGNMENT........ccooiiiiiiiiiie e 56
Figure 20 - PU3a Morganza Levee Alignment with Tie-in West of Morgan City .... 57
Figure 21 - PU3a Morganza Levee Alignment with Morgan City Ring Levee.......... 57
Figure 22 - PU3a GIWW ANGNMENT ..ot 58

Figure 23 - PU3b Example GIWW Alignment from the Plan Formulation Atlas.... 58
Figure 24 - PU3b Example Franklin to Abbeville Alignment from the Plan

FOrMUIALION ALIAS ..o 59
Figure 25 - PU3b Ring Levee AIIGNMENT ........cocooiiiiiiieeee s 59
Figure 26 - PU4 GIWW ALGNMENT.........coiiiiiiiieece e 60
Figure 27 - PU4 Stand Alone GIWW AlIgNMENTt..........ccoooviiiiiinieecc e 60
Figure 28 - PU4 Ring Levee AlGNMENTS..........cooviiieiiiie e 61
TABLES

Table 1 Design Elevations For Base Conditions (without friction) Planning Unit 1
ANd Planning UNIT 2 .......oooiiiicc ettt e st sne e e e saeenaenneas 5
Table 2 Design Elevations For Grid B (without friction) Planning Unit 1 and
PlLANNING UNIT 2.ttt ra e te st esnaeae e nreenennes 6
Table 3 Design Elevations For Base Conditions (with friction) Planning Unit 1 and
PlANNING UNIT 2.ttt e e e e e ae e e nraeneanes 7

111



Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report
Engineering Appendix

Table 4 Design Elevations For Grid B (with friction) Planning Unit 1 and Planning

(O] | PRSPPSO 8
Table 5 Design Elevations For Base Conditions (without friction) New North
SNOFE ANIGNIMENTS ...ttt sa e e b nbeenne s 9
Table 6 Design Elevations For Grid B (without friction) New North Shore
ATTGNIMENTS ...ttt e e b e be et e s bt e nbeeneeeneesreanes 9
Table 7 Design Elevations For Planning Unit 3a, Planning Unit 3b and Planning
UNit 4 (WITNOUL FRICTION).....eiiiii ittt 10
Table 8 Design Elevations For Planning Unit 3a, Planning Unit 3b and Planning
UNIt 4 (WITh TRICTION) .t 11
Table 9 Design Elevations For Degraded Coastline Condition High Level Plan -
Without Friction Case Planning Unit 1 and Planning Unit 2..........ccccceeiiiiiiinnnn, 12
Table 10 Design Elevations For Degraded Coastline Condition Barrier Plan -
Without Friction Case Planning Unit 1 and Planning Unit 2...........cccccviiiiiinnn. 13
Table 11 Levee FOOtPrints EL +40........ccooi i 27
Table 12 Levee FOOtprints EL +30.......ccccoiiiiiicecce e 27
Table 13 Levee FOOIPrints EL +25.......ccciiiiieiececeee e 28
Table 14 Ultimate Settlement Estimate EI. +40 ...........cccccoeiiiiiiii e, 28
Table 15 Ultimate Settlement Estimate El +30 ........cccccooiiiiiiiiineneeen,s 29
Table 16 Ultimate Settlement Estimate EI. +25 ..., 29
Table 17 Soil-Cement Column Alternative Settlement - Lift Requirements............ 29

Table 18 Geotextile Reinforced Levee Alternative Settlement - Lift Requirements 30
Table 19 Geotextile Reinforced Levee Alternative Settlement - Lift Requirements 30

Table 20 Structures Identified By Planning Unit...........cccccovviiiininninniic e 35
Table 21 SUMMARY — TAINTER GATED STRUCTURES. ...........cccooiiniiiiinn, 38
Table 22 Summary of Concrete Levee Cost and Duration ...........ccccceevveiieeiie e, 42
Table 23 Cost and Footprint Comparison Between 30° Soil Mix, 30" Geotextile and
{0 o] o] o] (o YT TP 43
Table 24 Alternatives For Which Costs Were Developed..........ccooeovevieiencncnnnnens 50
Table 25 Present Value Cost Estimates For Structural Alternatives Included in
IMICDA ANGIYSIS. ...ttt b 61
Table 26 First Cost for Alternatives For Scenarios Used For MCDA....................... 64
Table 27 First Cost for Alternatives In The Final Array ..o 67
Table 28 Fully Funded Cost for Alternatives In The Final Array .........c.ccccovevvvene. 69
PLATES

1 East Levee Reaches and Soil Reaches
2 West Levee Reaches and Soil Reaches
3 West Levee Reaches and Soil Reaches
4 West Ring Levee Reaches

5 East Levee Reaches New North Shore

Gl Reach 1 — Geotextile P/S El. +25 Water El. +15
G2 Reach 1 — Geotextile F/S El. +25
G3 Reach 1 — Geotextile P/S El. +30 Water El. +20
G4 Reach 1 — Geotextile F/S El. +30

v



G5
G6
G7
G8
G9
G10
Gl1
G12
G13
G14
G15
G16
G17
G18
G19
G20
G21
G22
G23
G24
G25
G26
G27
G28
G29
G30
G31
G32
G33
G34
G35
G36
G37
G38
G39
G40
L1
L2
L3
L4
L5
L6
L7
L8
L9
L10

Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report
Engineering Appendix

Reach 2 — Geotextile P/S El.
Reach 2 — Geotextile F/S EI.
Reach 2 — Geotextile P/S El.
Reach 2 — Geotextile F/S EI.
Reach 3 — Geotextile P/S El.
Reach 3 — Geotextile F/S EI.
Reach 3 — Geotextile P/S El.
Reach 3 — Geotextile F/S EI.
Reach 4 — Geotextile P/S El.
Reach 4 — Geotextile F/S EI.
Reach 4 — Geotextile P/S El.

+25 Water El. +15
+25

+30 Water El. +20
+30

+25 Water El. +15
+25

+30 Water at El. +20
+30

+25 Water El. +25
+25

+30 Water El. +20

Reach 4 — Geotextile F/S El. +30
Reach 1 - Soil Cement Columns F/S Crown El.

Reach 1 — Soil Cement Columns P/S Crown El.
Reach 1 — Soil Cement Columns F/S Crown El.
Reach 1 — Soil Cement Columns P/S Crown El.
Reach 1 — Soil Cement Columns F/S Crown El.
Reach 1 — Soil Cement Columns P/S Crown El.
Reach 2 — Soil Cement Columns F/S Crown El.
Reach 2 — Soil Cement Columns P/S Crown El.
Reach 2 — Soil Cement Columns F/S Crown El.
Reach 2 — Soil Cement Columns P/S Crown El.
Reach 2 — Soil Cement Columns F/S Crown El.
Reach 2 — Soil Cement Columns P/S Crown El.
Reach 3 — Soil Cement Columns F/S Crown El.
Reach 3 — Soil Cement Columns P/S Crown El.
Reach 3 — Soil Cement Columns F/S Crown El.
Reach 3 — Soil Cement Columns P/S Crown El.
Reach 3 — Soil Cement Columns F/S Crown El.
Reach 3 — Soil Cement Columns P/S Crown El.
Reach 4 — Soil Cement Columns F/S Crown El.
Reach 4 — Soil Cement Columns P/S Crown El.
Reach 4 — Soil Cement Columns F/S Crown El.
Reach 4 — Soil Cement Columns P/S Crown El.
Reach 4 — Soil Cement Columns F/S Crown El.
Reach 4 — Soil Cement Columns P/S Crown El.

+25

+25 Water El. +25
+30

+30 Water EI. +30
+40

+40 Water EI. +30
+25

+25 Water El. +25
+ 30

+30 Water EI. +30
+40

+40 Water EI. +30
+25 Water EI. 0
+25 Water El. +25
+30 Water EI. 0
+30 Water El. +30
+40 Water EI. 0
+40 Water El. +30
+25 Water EI. 0
+25 Water El. +25
+30 Water EI. 0
+30 Water at El. +30
+40 Water atEl. 0
+40 Water El. +30

Reach 1 Typical Sections Ground EI. 0.0 — Geotextile

Reach 1 Typical Sections Ground El
Reach 1 Typical Sections Ground El
Reach 1 Typical Sections Ground El
Reach 1 Typical Sections Ground El
Reach 1 Typical Sections Ground El
Reach 1 Typical Sections Ground El
Reach 1 Typical Sections Ground El
Reach 2 Typical Sections Ground El
Reach 2 Typical Sections Ground El

. 0.0 — Geotextile
. 0.0 — Geotextile
. 0.0 — Soil Mix
. 0.0 — Soil Mix
. 0.0 — Soil Mix
. 5.0 — Geotextile
. 5.0 — Soil Mix
. 0.0 — Geotextile
. 0.0 — Soil Mix



Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report
Engineering Appendix

L11 Reach 2 Typical Sections Ground EI. 5.0 — Geotextile

L12 Reach 2 Typical Sections Ground EI. 5.0 — Soil Mix

L13 Reach 3 Typical Sections Ground EI. 0.0 — Geotextile

L14 Reach 3 Typical Sections Ground El. 0.0 — Soil Mix

L15 Reach 3 Typical Sections Ground EI. 5.0 — Geotextile

L16 Reach 3 Typical Sections Ground EI. 5.0 — Soil Mix

L17 Reach 4 Typical Sections Ground EI. 0.0 — Geotextile

L18 Reach 4 Typical Sections Ground EI. 0.0 — Soil Mix

L19 Reach 4 Typical Sections Ground EI. 5.0 — Geotextile

L20 Reach 4 Typical Sections Ground EI. 5.0 — Soil Mix

L21 Reach 4 Typical Sections Ground EI. 10.0 — Geotextile

L22 Reach 4 Typical Sections Ground EI. 10.0 — Soil Mix

L23 Reach 4 Typical Sections Ground El. 20.0 — Geotextile

L24 Reach 4 Typical Sections Ground EI. 20.0 — Soil Mix

L25 Overflow And Overtopping Levee

Sl Typical Existing Horizontal Pump Station

S2 Typical Existing Vertical Pump Station

S3 Typical New Horizontal Pump Station

S4 Typical New Vertical Pump Station

S5 Typical Pump Station Hardening Details

S6 T-Wall Sections

S7 Sluice Gate Structure — Protection to El. 45

S8 Sector Gate 56’ Wide Sill EI. -9 - Protection to EI. 30

S9 Sector Gate 56’ Wide Sill EI. -9 - Protection to El. 45

S10 Sector Gate 56 Wide Sill El. -15 — Protection to EI. 30

S11 Sector Gate 56 Wide Sill El. -15 — Protection to El. 45

S12 Circular Cofferdam 56 Sector Gate

S13 Sector Gate 110° Wide Sill El -15 — Protection to El. 30

S14 Sector Gate 110° Wide Sill EI -15 — Protection to El 45

S15 Cellular Cofferdam 110’ Sector Gate

S16 Double Sector Gate 110° Wide Sill El. -15 — Protection to El. 30

S17 Double Sector Gate 110" Wide Sill El. -15 — Protection to El. 45

S18 Tainter Gate Structure — Protection to EI. 30

S19 Butterfly Gated Structure — Plan and Section

S20 Bottom Roller Gate 32" Wide — Sill El. 8.0 — Protection to El. 45
(Elevation)

S21 Bottom Roller Gate 32" Wide — Sill El. 8.0 — Protection to El. 45 (Pile
Layout)

S22 Lock Plan 110 Sector Gate Protection to El. 45

S23 Lock Profile 110’ Sector Gate Protection to El. 30

S24 Lock Chamber Sections 110” Width

S25 Concrete Lock Chamber Plan — 110" Width Sill El. -15 — Protection
to El. 30

S26 Concrete Lock Chamber Elevation — 110" Width Sill El. -15 —

Protection to EIl. 30

vi



Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report
Engineering Appendix

S27 Concrete Lock Chamber Plan — 110" Width Sill El. -40 — Protection
to El. 45
S28 Concrete Lock Chamber Elevation — 110” Width Sill EI. -40 —

Protection to EIl. 30

ANNEX 1 COASTAL RESTORATION FEATURES

ANNEX 2 COST ESTIMATES

vil



Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report
Engineering Appendix

LOUISIANA COASTAL PROTECTION AND RESTORATION
ENGINEERING APPENDIX

PURPOSE

The Louisiana Coastal Protection and Restoration (LACPR) Technical Report has been
developed by the United States Army Corps of Engineers (USACE) in response to Public
Laws 109-103 and 109-148. Under these laws, Congress and the President directed the
Secretary of the Army, acting through the Chief of Engineers, to:

e (Conduct a comprehensive hurricane protection analysis and design in close
coordination with the State of Louisiana and its appropriate agencies;

e Develop and present a full range of flood control, coastal restoration, and hurricane
protection measures exclusive of normal policy considerations for South Louisiana;

e Consider providing protection for a storm surge equivalent to a Category 5 hurricane;
and

e Submit preliminary and final technical reports.

This Engineering Appendix outlines the engineering and design work done to support the
preparation of the Louisiana Coastal Protection and Restoration (LACPR) Technical Report.
It includes geotechnical investigations, levee design, structural design, coastal restoration
features and cost estimates. Figure 1 shows the general planning area.

" » = / T
o " ‘l- b il
= lesans i-),_“_“_“ S i e B / Wississippi :I

Liruisiana - E m' | !I

© . |
i o
z—j}/cnf?ﬁ?‘“wﬁ'%“ﬁfﬂug?\\__f\“;,;;;fw 7

-

¥ s Qrleans '\-g i

Figure 1 - LACPR Planning Area
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STRUCTURAL ALIGNMENTS

Alternative alignments were developed in conjunction with other federal, state and local
representatives and through extensive public involvement. Details on how these alignments
were developed can be found in the Main Report and the Structural Plan Component
Appendix.

The alignments were used to develop cost estimates used to compare the structural
alternatives through the Risk-Informed Decision Framework (RIDF)/Multi-Criteria Decision
Analysis (MCDA) process. More information on this process can be found in the RIDF
Appendix. These proposed alignments do not represent exact construction alignments. It is
expected that a more thorough analysis will be conducted during the detailed design phase to
determine modification of alignments that could possibly represent significant improvements
to the schedule, budget, and overall effectiveness of any future projects.

Confirmation of or amendments to the final construction alignment will be made with due
deliberation and consideration of many significant factors, including the costs and benefits to
the level of protection, the environment, constructability, schedule, hydraulics, economic and
cultural resources, and other general and local issues. Innovative engineering will also be a
key component in the alternative alignment analysis.

REACHES
Planning Units

The planning area was divided into different Planning Units (PU) based on hydrologic
boundaries (see figure 2). These Planning Units extend as follows:

1. Lake Pontchartrain Basin, or the area east of the Mississippi River (PU1)

2. Barataria Basin, or the area from the Mississippi River west to Bayou Lafourche
(PU2)

3a. Eastern Terrebonne Basin, or the area west of Bayou Lafourche to Bayou de West
(PU3a)

3b. Atchafalalya Influence Area, or the area west of Bayou de West to Freshwater
Bayou (PU3b)

4. Chenier Plain, or the area west of Freshwater Bayou to the Sabine River (PU4)



Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report
Engineering Appendix

Figure 2 - Planning Units

Reaches and Sections

For design purposes the planning area was broken down into four reaches based on areas that
have similar geotechnical conditions (areas where the stratigraphy remains relatively
consistent). Alternative alignments in each reach were further broken down into sections for
ease in developing cost estimates. Plates 1 thru 4 show the locations of the geotechnical
reaches and alignment sections as well as the lengths of those sections in feet and miles.

HYDRODYNAMIC MODELING AND DESIGN
USACE/FEMA JOINT SURGE STUDY

The Federal Emergency Management Agency (FEMA) and the U.S. Army Corps of
Engineers (USACE) collaborated on the USACE/FEMA Joint Surge Study (JSS) for
Southeastern Louisiana The project modeled hurricane storm surge throughout coastal
Southeastern Louisiana to provide output for various planning and design uses within the two
federal agencies. FEMA intends to use the output of this modeling effort as input for the
development of new Digital Flood Insurance Rate Maps (DFIRMS) and other uses, while
USACE is using the output of this study in the evaluation and design of hurricane protection
systems including the LACPR effort. Details of the methodology and results of this study are
included in the Hydraulics And Hydrology (H&H) Appendix.

ANALYSIS AND DESIGN

In the framework of LACPR the hydraulic analysis plays a key role in the cost-benefit
analysis of the alternatives in the various planning units. Each levee alternative affects the
propagation of the surge and the waves during a storm in a different way. The differences in
storm surge and wave characteristics result in varying levee designs, overtopping volumes
and interior stage frequency curves.
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The hydraulic analysis of each alternative in LACPR consisted of the following consecutive
steps:

Numerical computations of surge levels and wave characteristics
Frequency analysis

Determination of the levee heights and overtopping volumes
Determination of the interior stages including rainfall

P

To provide a range of alternatives for evaluation and to enable the economic evaluation it
was decided to evaluate each levee alternative for different design levels and event
frequencies. A levee design was made for three different levels of risk reduction (100-year,
400-year, 1000-year). A more detailed description of the design methodology and results of
this effort are included in the H&H Appendix.

Planning Units 1 and 2

Levee design height results were provided for base conditions and east model grids A and B
for different hydraulic reaches for two different modeling conditions with friction and
without friction'. These model grids are described below and in more detail in the H&H
Appendix. Details of the with and without friction conditions can also be found in the H&H
Appendix along with maps showing the location of the hydraulic reaches.

Model Grid A: This grid includes non-overtopping barriers across the eastern edge of Lake
Pontchartrain and along the GIWW in Barataria Basin (PU2).

Model Grid B: This grid includes overtopping barriers across the eastern edge of Lake
Pontchartrain and along the GIWW in Barataria Basin.

A determination was made as to which of the previously described levee sections fell into
each hydraulic reach. Based on preliminary analysis it was determined that non-overtopping
barrier alternatives would be removed from further consideration because of their higher cost
in relation to benefits over those provided by the overtopping barrier alternatives. Details of
this preliminary analysis can be found in the Structural Plan Component Appendix. Since
only barrier alternatives with overtopping barriers were considered in detail these are the
only design results shown. Tables 1 to 4 below show the design levee heights for the base
condition grid and grid B for with and without friction cases.

With and without friction cases differ in that STWAVE, a near shore wave generation and
transformation model which was used as part of the hydraulic analysis done for this project,
has an option to include calculation of wave dissipation due to bottom roughness or
vegetation. STWAVE simulations were executed both with and without activating the
frictional dissipation in the model. Simulations with friction will have lower wave heights in
shallow, submerged wetland areas than the without friction simulations. Although, in areas
strongly forced by the winds, frictional dissipation can be balanced by wind input.

! All elevations in this report are to NAVD88(2004.65).
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The issue of the “with friction” or “without friction” STWAVE results was resolved for the
LACPR project when the ongoing effort for designing the 100-year protection system settled
on the “without friction case” as being the one used to design the reconstructed levee system.
The team doing this work employed an ITR and EPR review process. The judgment of the
EPR Team was that the with friction STWAVE results appeared to be unrealistic and not
conservative enough, given the potential consequences of overtopping and the lack of wave
data to support the friction factors used in the STWAVE simulations. It was decided that the
LACPR methodology employ the same methodology used in the restoration effort since that
effort when completed would be the base condition 2010 case for LACPR.

Without friction case elevations were used to develop costs used for running the MCDA.
Estimates developed using the with friction case elevations were used in performing a
sensitivity analysis to determine if using the with friction vs. without friction cases would
affect project ranking (see Structural Plan Component Appendix). This analysis determined
that the choice of with and without friction would not on balance affect the ranking of any

plan.

Table 1
Design Elevations For Base Conditions (without friction) Planning Unit 1 and Planning Unit 2
Hydraulic Reach (see Levee Section (see .
HeH Appendi)g) PU plate 1) ( Design Level
100-YR 400-YR 1000-YR

(o) (o (€i3)
BS-0005 1 6 26.5 32.5 35.5
BS-0007 1 7 26 34 38
BS-0009 1 Plaq EB (8) 29 38.5 425
BS-0026 1 1005¢ 18.5 20 23.5
BS-0032 1 1005a 16 21 23.5
BS-0037 2 403b,403c 11 14 18
BS-0040 1 1005f 18 23.5 26
BS-0048 1 5b,10044a,1004b 28.5 35 38
BS-0058 1 1005d 15 18 21
BS-0074 2 14b,1008 18 25 28.5
BS-0075 2 14a 17 21.5 23.5
BS-0092 1 1005b 16.5 19.5 21.5
BS-0093 1 1005e 18 19 21.5
BS-0094 1 1002b(1) 16.5 23 26
BS-0101 2 403d,403e 11 14 16
BS-0110 2 409 7.5 10.5 12.5
BS-0111 2 404c(1) 8 11.5 13
BS-0112 2 403f 8.5 12 13.5
BS-0130 2 1016,403a 11 17 20
BS-0136 1 1000c 16 20 22
BS-0137 1 1000b 15 19 21.5
BS-0138 1 1000a 15 20 22.5
BS-0139 1 1001a,1001b,1001¢,1002a 16 21.5 24
BS-0157 1 1018 10 14 16.5
BS-0158 1 1015,1017 10 15 17.5
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Table 1
Design Elevations For Base Conditions (without friction) Planning Unit 1 and Planning Unit 2
Hydraulic Reach (see Levee Section (see .
H&H Appendix) PU plate 1) Design Level
BS-0175 1 1003,1002b(2) 22.5 30.5 34.5
BS-0176 1 1006 13.5 18.5 21
BS-0177 1 la(1),1b 20 28 32
BS-0205 2 13,109 12 14 16.5
Table 2

Design Elevations For Grid B (without friction) Planning Unit 1 and Planning Unit 2

Hydraulic Reach (see

Levee Section (see

H&H Appendix) PU plate 1) Design Level
100-YR 400-YR 1000-YR
(o) (o (o)

EB-0007 1 7 28 37.5 40.5
EB-0009 1 Plaq EB (8) 33 42.5 45.5
EB-0026 1 1005¢ 18.5 18.5 18.5
EB-0032 1 1005a,16 13 18.5 21.5
EB-0058 1 1005d 15 15 15
EB-0074 2 109,14b, 1008 18.5 26.5 30.5
EB-0075 2 13, 14a 17.5 23 26
EB-0092 1 1005b 16.5 16.5 18.5
EB-0093 1 1005¢ 18 18 18
EB-0094 1 1002b,1003 13 21 24.5

2 403a,403b,403¢,403d
EB-0101 2103e,,1016:b ’ 11 11 11
EB-0110 2 409 6 8.5 10
EB-0112 2 403£,404¢(1) 6.5 9 10.5

1 1004a
EB-0129 Toodgh 26.5 335 37
EB-0130 2 1016 (a) 16 22 25
EB-0136 1 1000c 11 15.5 17.5
EB-0137 1 1000b 9.5 13.5 16
EB-0138 1 1000a 9.5 14.5 17.5

1 1001a,1001b,1001¢
EB-0139 ,1002a’ ’ 11 17.5 21
EB-0147 1 1005f 15 16.5 20.5
EB-0175 1 2,3 24.5 32 36
EB-0176 1 1006 9 14.5 18
EB-0177 1 1b,1a(1),1a(2) 26 35 39
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Table 3
Design Elevations For Base Conditions (with friction) Planning Unit 1 and Planning
Unit 2
Hydraulic Reach L ion .
}SSfIIjI preef di)gee PU eveeplsai(;tlo) (sce Design Level
100-YR 400-YR 1000-YR

(ft) (ft) (fH)
BS-0005 1 6 24 29.5 32
BS-0007 1 7 21.5 28 315
BS-0009 1 Plaq EB (8) 24 31 35
BS-0026 1 1005¢ 18.5 20 23.5
BS-0032 1 10052 14.5 19.5 21.5
BS-0037 2 403b,403¢ 11 12.5 16
BS-0040 1 1005f 17.5 23 26
BS-0048 1 5b,1004a,1004b 24 30 32
BS-0058 1 1005d 15 18 21
BS-0074 2 14b,1008 15.5 21.5 25
BS-0075 2 14a 16 20.5 225
BS-0092 1 1005b 16.5 19.5 21.5
BS-0093 1 1005¢ 18 19 21.5
BS-0094 1 1002b(1) 16.5 23 26
BS-0101 2 403d,403¢ 11 14 16
BS-0110 2 409 7 10 12
BS-0111 2 404¢(1) 8 11.5 13
BS-0112 2 403f 11 13
BS-0130 2 1016,403a 11 15 17
BS-0136 1 1000c 16 20 22
BS-0137 1 1000b 15 19 21.5
BS-0138 1 1000a 15 20 22.5

1 1001a,1001b,1001c,

BS-0139 1002a 16 21.5 24
BS-0157 2 1018 10 14 16
BS-0158 1 1015,1017 10 15 17.5
BS-0175 1 1003,1002b(2) 19 25.5 29
BS-0176 1 1006 12.5 17 19
BS-0177 1 la(1),1b 17.5 23.5 26.5
BS-0205 2 13,109 11 14 16.5
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Table 4
Design Elevations For Grid B (with friction) Planning Unit 1 and Planning Unit 2
Hydraulic Reach L ion .
};Ii 8?11; przarf digee PU eveepf;zts (see Design Level
100-YR 400-YR 1000-YR

(ft) (ft) (ft)

EB-0007 1 7 23 30.5 35

EB-0009 1 Plag EB (8) 25.5 34.5 40
EB-0026 1 1005¢ 18.5 18.5 18.5
EB-0032 1 1005a,16 13 17 19.5

EB-0058 1 1005d 15 15 15
EB-0074 2 109,14b,1008 15.5 22 25.5
EB-0075 2 13,14a 16.5 22 24.5
EB-0092 1 1005b 16.5 16.5 18.5

EB-0093 1 1005¢ 18 18 18
EB-0094 1 1002b,1003 12.5 20.5 24.5

403a,403b,403¢,403d,

EB-0101 2 403e, 1016b 11 11 11
EB-0110 2 409 5.5 8 9.5

EB-0112 2 403f,404¢(1) 6 9 10

EB-0129 1 6,1004a,1004b,5b 26.5 33.5 37

EB-0130 2 1016 (a) 14 19 22
EB-0136 1 1000c 11 15.5 17.5

EB-0137 1 1000b 9.5 13.5 16
EB-0138 1 1000a 9.5 14.5 17.5

1001a,1001b,1001c,

EB-0139 1 1002a 11 17.5 21

EB-0147 1 1005f 15 16.5 20
EB-0175 1 2,3 21.5 27.5 30.5

EB-0176 1 1006 8 13 16

EB-0177 1 1b,1a(1),1a(2) 20.5 27 30

New North Shore Alignments

Levee alignments along the north shore of Lake Pontchartrain were reanalyzed in an effort to
provide a better line of protection for existing development. These new alignments are
shown on Plate 5. New design elevations were developed for these levees and are shown in
Tables 5 and 6. Design elevations and costs were developed only for the without friction
case for the new north shore alignments.



Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report
Engineering Appendix

Table 5
Design Elevations For Base Conditions (without friction) New
North Shore Alignments

PU Leveep?;ztgn (sce Design Level
100-YR 400-YR 1000-YR

(ft) (ft) (f
1 NNSO 16 20 22
1 NNSI1 15 19 22
1 NNS2 15 19 22
1 NNS3 15 20 23
1 NNS4 15 20 23
2 NNS5 20 28 32
2 NNS6a 20 28 32
1 NNS6b 23 31 35
1 NNS6¢ 17 23 26
1 NNS6d 16 22 24
2 NNS7 16 20 22
2 NNS8 16 20 22
2 NNS9 16 20 22

Table 6
Design Elevations For Grid B (without friction) New North
Shore Alignments

PU LeveePIS;(;tlso)n (sce Design Level
100-YR 400-YR 1000-YR

(ft) (ft) (ft)
1 NNSO 11 16 18
1 NNS1 10 14 16
1 NNS2 10 14 16
1 NNS3 10 15 18
1 NNS4 10 15 18
2 NNS5 26 35 39
2 NNS6a 26 35 39
1 NNS6b 13 21 25
1 NNS6¢ 13 21 25
1 NNS6d 11 18 21
2 NNS7 11 16 18
2 NNS8§ 11 16 18
2 NNS9 11 16 18
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Planning Units 3a, 3b and 4

Three hyrdo modeling grids were run to develop the levee design heights for alternatives for
PU3a, PU3b and PU4 for two different modeling conditions with friction and without
friction. These model grids are described below and in more detail in the H&H Appendix.

West Model Grid A: This grid includes the Morganza to the Gulf alignment and then follows
the GIWW to just east of the state line.

West Model Grid B: This grid includes the Morganza to the Gulf alignment and includes a
back ring levee around the Houma area, ring levees for Morgan City and Patterson, a levee
along the wetland interface from Patterson to Abbeville and ring levees around Kaplan,
Gueydan and a larger ring levee around Lake Charles.

West Model Grid C: The grid incorporates features of both levee grids.

A determination was made as to which of the previously described levee sections fell into
each hydraulic reach. Tables 7 to 8 below show the design levee heights for with and
without friction cases. Without friction case elevations were used to develop costs used for
running the MCDA. Estimates were also developed using the with friction case elevations
for use in performing a sensitivity analysis.

Table 7
Design Elevations For Planning Unit 3a, Planning Unit 3b and Planning Unit 4 (without
friction)
Eéd;laf;;ie;i}; (see PU Levee Section (see plates 2-4) Design Level
100-YR 400-YR 1000-YR
(f (f (fo
WA-WO0017 3a 14b 21 29.5 34.5
WA-W0025 3a 15,16 22 30.5 35.5
WA-WO0026 3a 17, 18, 19, 20a 28 36.5 41
WA-WO0035 3a 20b 23 31 35.5
WA-W0045 3a 21 15 24 29
WA-WO0050 3a 1022, 22, 23b(1), 5000 12 19.5 23.5
WA-W0056 3a,3b | 23b(2), 23a(1), 24a 16.5 23 27
WA-W0063 3b 2007b 20 27.5 32.5
WA-WO0073 4 807b 16 24 28.5
WA-WO0079 3b 801b, 2007a, 2802 20.5 28 32.5
WA-WO0082 4 807a 14 20.5 24.5
WA-WO00103 4 803, 804, 805a 21.5 28 31.5
WA-WO00119 4 807c, 807d 13.5 21.5 26
WA-W00124 4 806 12 19.5 24
WB-W0056 23a 18 25 28.5
WB-W0060 3b 301a, 801b 16.5 23.5 27.5
WB-WO0075 3b 2302a 20 27 31
WB-W0085 3b 302b, 2302b 17 26 31.5
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Table 7
Design Elevations For Planning Unit 3a, Planning Unit 3b and Planning Unit 4 (without
friction)
Eéd;laf;;;e;il; (see PU Levee Section (see plates 2-4) Design Level
100-YR 400-YR 1000-YR
(ft) (ft) (f
WB-W0089 3b 301c 19 26.5 30.5
WB-W0090 3b 2006 18 24.5 28.5
WB-W009%4 3b 301b, 301b(2), 3001 16.5 25 30
WC-W0169 3a 110,111,112 9.5 24
WT-W0104 3b 3002 14.5 22 26.5
WT-W0110 3b 3005 12.5 20.5 25
WT-WO0111 3b 3003, 3004 17.5 25 29
WT-W0127 4 3009, 3010 11 15.5 17.5
WT-W0135 4 3006 9 15.5 18.5
WT-W0153 4 3007 9 15.5 18.5
WT-WPATT 3a 23a(2), 1023a, 24b, 801a 13.5 20 24
WT-W0999 4 3008 13.5 17 19.5
Table 8
Design Elevations For Planning Unit 3a, Planning Unit 3b and Planning Unit 4 (with friction)
Eéd;laji;;;e;f)l (see PU Levee Section (see plates 2-4) Design Level
100-YR 400-YR 1000-YR
(f (fo (fo)
WA-WO0017 3a 14b 17.5 24 28
WA-W0025 3a 15,16 18.5 25.5 29.5
WA-W0026 3a 17,18, 19, 20a 21 29.5 34
WA-WO0035 3a 20b 19 25 28.5
WA-W0045 3a 21 13.5 19.5 23
WA-WO0050 3a 1022, 22, 23b(1), 5000 10.5 15.5 18
WA-W0056 3a,3b | 23b(2), 23a(1), 24a 12.5 17.5 20.5
WA-WO0063 3b 2007b 18.5 25 29
WA-WO0073 4 807b 13.5 19 22.5
WA-WO0079 3b 801b (GIWW), 2007a, 2802 19.5 26.5 31
WA-W0082 4 807a 12.5 18.5 21.5
WA-WO00103 4 803, 804, 805a 15.5 20.5 23.5
WA-WO00119 4 807c, 807d 12.5 19 22.5
WA-W00124 4 806 11 17 20.5
WB-W0060 3b 301a, 801b 12 17.5 20
WB-W0075 3b 2302a 16 21.5 25
WB-W0085 3b 302b, 2302b 15.5 22 26
WB-W0089 3b 301c 14.5 21 25
WB-W0090 3b 2006 13.5 18.5 21
WB-W009%4 3b 301b, 301b(2), 3001 12.5 18.5 22
WC-W0169 3a 110,111,112

11
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Table 8
Design Elevations For Planning Unit 3a, Planning Unit 3b and Planning Unit 4 (with friction)
Eédglaji;;;e;i}; (see PU Levee Section (see plates 2-4) Design Level
100-YR 400-YR 1000-YR

(fo) (f (f
WT-W0104 3b 3002 12 17 20.5
WT-WO0110 3b 3005 12 17.5 20.5
WT-WO0111 3b 3003, 3004 14 19 22.5
WT-W0127 4 3009, 3010 11 15.5 17.5
WT-W0135 4 3006 6.5 11.5 15
WT-W0153 4 3007 8.5 14 17
WT-WPATT 3a 23a(2), 1023a, 24b, 801a 9.5 14.5 17.5
WT-WLAKC 4 3008 10.5 13 15

FUTURE CONDITIONS
Degraded Coastline

An additional modeling grid was developed to determine the effects of a degraded coastline
on surge and wave heights. Details on how this grid was developed (how the degraded
coastline was estimated) can be found in the H&H Appendix. New levee elevations
necessary to provide the desired protection under these conditions were developed. These
levee elevations (for the without friction case) are shown in Tables 9 thru 10 for high level
and barrier plans. High level plans are those alternatives which consist of raising existing
levees and constructing new levees. Barrier plans are those alternatives which include
building a barrier across Lake Pontchartrain in PU1 and along the GIWW in PU2 along with
raising the existing levees and constructing new levees.

Table 9
Design Elevations For Degraded Coastline Condition High Level Plans - Without Friction Case
Planning Unit | and Planning Unit 2
Hydraulic Reach (see Levee Section (see .
};{&H Appendbg) PU plates 2—4)( Design Level
100-YR 400-YR 1000-YR
(ft) (ft) (ft)
BS-0005 1 6 28.5 36.5 41
BS-0007 1 7 27 36.5 40
BS-0009 1 Plaq EB (8) 325 42.5 45
BS-0026 1 1005¢ 18.5 20 23.5
BS-0032 1 1005a 17 23 26
BS-0037 2 403b,403¢ 12 18 21.5
BS-0040 1 1005f 19 25 29
BS-0048 1 5b,1004a,1004b 32 40.5 435
BS-0058 1 1005d 15 19 21.5
BS-0074 2 14b,1008 18 25 28.5
BS-0075 2 14a 17 21.5 23.5

12
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Table 9

Design Elevations For Degraded Coastline Condition High Level Plans - Without Friction Case
Planning Unit | and Planning Unit 2

Hydraulic Reach (see Levee Section (see .
yH&H Appendbg) PU plates 2-4)( Design Level
100-YR 400-YR 1000-YR

(ft) (ft) (ft)
BS-0092 1 1005b 16.5 19.5 21.5
BS-0093 1 1005¢ 18 20 23
BS-0094 1 1002b(1) 17.5 24 27.5
BS-0101 2 403d,403¢ 12 17.5 20
BS-0110 2 409 10 14 16.5
BS-0111 2 404c¢(1) 10.5 14.5 17
BS-0112 2 403f 11 15.5 18.5
BS-0130 2 1016,403a 14 19.5 23
BS-0136 1 1000c¢ 16 20 22
BS-0137 1 1000b 15 19 21.5
BS-0138 1 1000a 15 20 23

1001a,1001b,1001c,1002a
BS-0139 1 16 22 25
BS-0157 2 1018 11.5 16 18.5
BS-0158 2 1015,1017 11.5 17 20
BS-0175 1 1003,1002b(2) 24 33 37.5
BS-0176 1 1006 14 19 225
BS-0177 1 la(1),1b 23 32 36.5
BS-0205 2 13,109 14 18 19.5
Table 10

Design Elevations For Degraded Coastline Condition Barrier Plans - Without Friction Case

Planning Unit | and Planning Unit 2
Hydraulic Reach
(see H&H PU | Levee Section (see plates 2-4) Design Level
Appendix)
100-YR 400-YR 1000-YR

EB-0007 1 7 29 40 42.5
EB-0009 1 Plaq EB (8) 36.5 46.5 48
EB-0026 1 1005¢ 18.5 18.5 18.5
EB-0032 1 1005a,16 14 20.5 24
EB-0058 1 1005d 15 16 15.5
EB-0074 2 109,14b, 1008 18.5 26.5 30.5
EB-0075 2 13, 14a 17.5 23 26
EB-0092 1 1005b 16.5 16.5 18.5
EB-0093 1 1005¢ 18 19 19.5
EB-0094 1 1002b,1003 14 22 26
EB-0110 2 403a,403b,403¢,403d, 403e, 1016b 12 14.5 15
EB-0111 2 409 8.5 12 14

13
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Table 10
Design Elevations For Degraded Coastline Condition Barrier Plans - Without Friction Case
Planning Unit | and Planning Unit 2
Hydraulic Reach
(see H&H PU | Levee Section (see plates 2-4) Design Level
Appendix)
100-YR 400-YR 1000-YR

EB-0112 2 403£,404¢(1) 9 12.5 15.5
EB-0129 ! 166%)3%‘,‘53{) 28.5 37.5 25
EB-0130 2 1016 (a) 19 24.5 28
EB-0136 1 1000c 11 15.5 17.5
EB-0137 1 1000b 9.5 13.5 16
EB-0138 1 1000a 9.5 14.5 18
EB-0139 1 1001a,1001b,1001¢, 1002a 11 18 22
EB-0147 1 1005f 16 18 235
EB-0175 1 2,3 26 345 39
EB-0176 1 1006 9.5 15 19.5
EB-0177 1 1b,1a(1),1a(2) 29 39 435

Relative Sea Level Rise

Two estimates of future relative sea level rise (RSLR) were developed. These estimates vary
among the planning units. These estimates are shown below.

Planning Unit 1 Planning Unit 2
RSLR Estimate 1 1.3 feet 1.9 feet
RSLR Estimate 2 2.6 feet 3.2 feet

Planning Unit 3a, 3b Planning Unit 4
RSLR Estimate 1 1.9 feet 1.3 feet
RSLR Estimate 2 3.2 feet 2.6 feet

Information on how these estimates were developed can be found in the H&H Appendix.
ANALYSIS OF LAKE PONTCHARTRAIN AND BARRIER STRUCTURE SIZING

The University of New Orleans performed a study to determine the required size of the
structures at the Rigolets and Chef Passes to avoid adversely affecting the tidal prism. These
would be gated structures allowing tidal exchange during non-storm conditions. This
preliminary study determined that the structure at the Rigolets would need to be 1900 feet
wide and the structure at the Chef would need to be 750 feet wide. Details of this study are
included as an attachment to the H&H. Further study will be necessary during detailed
design to determine the exact size and configuration of these structures.

14
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INTERCEPTED DRAINAGE

Because results from the detailed interior drainage modeling work are not available at this
time, estimates of additional pumping that would be required for new levee alignments were
made using a simplified method. Details of this methodology can be found in the H&H
Appendix. Pumping requirements for North Shore levees are shown in Figure 3.

Base 2010 - 50% Confidence - Dispersed/High
AAD values in $x1000

by

Tehefuncte - 10000cfs

Baonfouca 41 0000cfs,

P

A =7

MNOE _cfs

Figure 3 - Estimated Pumping Capacity For Northshore Leveed Areas

Estimates were also made for pumping requirements for leveed areas in PU2. New
requirements are 15,000 cfs for the area on the east side of PU2 and 2500 cfs for the area on
the west side of PU2. These estimates will be refined as more detailed modeling information
becomes available.

Pumping requirements were also developed for the new north shore levees. These
requirements are shown below.

Area Required Pumping Capacity
Madisonville 5,000 cfs
South Covington 1,600 cfs
Madisonville to Madisonville 5,600 cfs
Mandeville 5,200 cfs

15
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West Lacombe 2,400 cfs
East Lacombe 5,000 cfs
Slidell 54,000 cfs

INCREASED SURGE LEVEL ON PLAQUEMINES PARISH LEVEES

Estimates of the additional levee elevations needed to prevent induced damages to areas in
Plaquemines Parish affected by construction of barriers in PU1 and PU2 were developed.
These estimates are shown below. Details of how these values were determined are shown in
the H&H Appendix. Figure 4 shows the location of the areas described below.

Ollie - increase levee heights by 2.6ft to accommodate the max change at 100year.

Bellevue - increase levee heights by 0.6ft to accommodate a reasonably constant increase in
level.

Pointe ala Hache - increase levee heights by 0.3ft to accommodate a reasonably constant
increase in level.

Diamond - Mississippi Levee - increase levee heights by 0.3ft to accommodate a reasonably
constant increase in level.

Gainard Woods - Mississippi Levee - increase levee heights by 0.2ft to accommodate a
reasonably constant increase in level.

sa21
/ i 7 Scarsdale

G
\ -\\
Clie, Belair

A\ ¢
A

., Dl lewvue,

=
Foint= ala Hache

Diamend

Gainard Woods

Figure 4 - Areas Subject to Additional Surge by Construction of Barrier Plans
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GEOTECHNICAL
GEOLOGY
Geologic Formations

The history of the planning area is dominated by deltaic growth. The Mississippi River
deltaic plain is composed of two active and several inactive deltaic complexes extending
some 180 miles across southeast Louisiana. Several major deltaic complexes that have
formed during the last 7,000 years have been identified in coastal Louisiana. These
complexes reflect changes in the course of the Mississippi River. From oldest to youngest,
the abandoned delta complexes are the Maringouin, Teche, St. Bernard, Lafourche, and
Plaquemine. The active complexes include the Atchafalaya and Modern deltas. The relative
ages of these complexes are well established, but the absolute ages are less accurate. Ages
were derived from radiocarbon data published in previous studies (Frazier, 1967 and
McFarlan, 1961) as well as archeological evidence (Mclntire, 1958).

Progradation of these deltas is responsible for the formation of two distinct geomorphic
regions; the deltaic plain in the central and southeastern portions of coastal Louisiana and the
chenier plain in the southwestern part of the state (see Figure 5). Progradation of the present
and former Mississippi River courses and deltas are responsible for creating the recent
alluvial valley and deltaic plain of southeastern Louisiana. Each time the Mississippi River
has built a major delta lobe seaward, it has subsequently been abandoned in favor of a
shorter, more direct route to the sea. These meander belt changes in the alluvial valley and
accompanying shifts in centers of deposition have resulted in the distribution of deltaic
sediments along the coast of central and southeast Louisiana. Soon after a delta lobe is
abandoned, marine transgression caused by compaction and subsidence of deltaic sediments
begins. The end result of this long period of deltaic sedimentation has been the formation of a
vast expanse of marsh and swamp separated by abandoned courses and distributaries.
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Atchafalaya

7 Detaic Plain
';-?.*?. Chenier Plain
25 0 25 50 75 100 Mississippi River
Delta
Miles

Figure 5 - Location of Chenier and Deltaic Plains

The deltaic plain is generally composed of a characteristic suite of depositional environments
which include marsh, swamp, natural levee, interdistributary, prodelta, and Pleistocene. At
the surface and shallow subsurface, marsh, swamp, and natural levee deposits make up the
majority of the depositional environments. Marsh deposits range from 1 to 20 feet thick and
are generally composed of very soft, organic clays and peat, with high water content and low
strengths. Swamp deposits vary widely in thickness, water content, and strength, and are
characterized by soft to stiff clays with some silt, wood, and organics. Natural levee deposits
border the hundreds of abandoned distributaries and courses located throughout the deltaic
plain. They reach a maximum of 30 feet in thickness and are generally composed of
oxidized, medium to stiff, clays and silty clays having relatively low water content and high
strength. Located beneath marsh, swamp, and natural levee deposits are interdistributary
deposits. Interdistributary deposits are up to 200 feet thick and are characterized by very soft
to soft clays with some silt and shells. Interdistributary deposits have relatively high water
content and low strength. Prodelta deposits are generally found beneath interdistributary
deposits. They are composed of medium clay with relatively low water content and
moderate strengths. Prodelta deposits are up to 120 feet thick in the deltaic plain. Prodelta
clays sit stratigraphically above Pleistocene deposits. Pleistocene deposits represent the best
foundation material in coastal Louisiana. They typically consist of interbedded, highly
oxidized, stiff to very stiff, clay, silt, silty sand, and sand. These deposits have low water
content and high strengths. In the central portion of the deltaic plain, where the ancestral
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Mississippi River entrenchment is located, substratum sands are located beneath prodelta
deposits. A cross section showing an example of deltaic plain geology is shown in figure 6.
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Figure 6 - Deltaic Plain

In contrast to the deltaic plain, the chenier plain formed by longshore transport of fine-
grained Mississippi River sediments that were deposited to the west of the deltaic plain.
These sediments, transported by westward flowing nearshore currents, were eventually
deposited along the existing shoreline as mudflats. When deposition ceased or declined due
to shifting Mississippi River courses, these deposits were reworked by coastal processes,
concentrating the coarse grained sediments, and forming shore-parallel ridges called
“cheniers” (Gould and McFarlan, 1959; Byrne et al, 1959). Introduction of new sediment by
westward shifts of the Mississippi River delta resulted in the isolation of these ridges by
accretion of new material on the existing shoreline. Numerous cycles of deposition and
erosion have been responsible for creating the alternating ridges separated by marshlands,
which are characteristic of the chenier plain. The Atchafalaya River is currently supplying
the chenier plain with fine sediments via westward flowing longshore currents.

In the northern portion of the chenier plain, marsh deposits up to 10 feet in thickness overly
Pleistocene deposits. In the southern half, chenier ridges up to 10 feet thick, composed of
sand and shell material separated by marsh deposits approximately 5 feet thick, overly
approximately 20 feet of lacustrine, tidal flat, and Gulf bottom clays. These clays are
generally soft with relatively high water contents and low strengths. These clays sit directly
on Pleistocene deposits. A cross section showing an example of chenier plain geology is
shown in figure 7.
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Figure 7 - Chenier Plain

Groundwater

Groundwater is at or near the surface throughout most of the coastal zone. The silt and sand
rich depositional environments such as point bar, intradelta, natural levee, beach, and
nearshore gulf are generally connected hydraulically to the adjacent water body (i.e. river,
lake, distributary channel) and the groundwater level in these deposits generally reflects the
level/stage of the adjacent water body. This is especially true in deposits adjacent to the
Mississippi and Atchafalaya Rivers.

Numerous deep regional aquifers exist in South Louisiana. The coastal lowlands aquifer
system of Louisiana consists of alternating beds of sand, gravel, silt, and clay deposited
under fluvial, deltaic, and marine conditions. The aquifer system is comprised of sediment
from late Oligocene age to Holocene that thicken and dip toward the Gulf Coast. The
sediments are highly heterogeneous with sand beds that are not traceable for more than a few
miles. The Chicot aquifer underlies most of southwestern Louisiana and extends from central
southwestern Louisiana to the Gulf of Mexico and from Sabine Lake to St. Mary Parish. The
Chicot aquifer is up to 800 feet thick at its most northern extent and extends to an unknown
depth beneath the Gulf of Mexico. The Southeastern Louisiana aquifer system, also known as
the Southern Hills aquifer system, consists of about 30 named aquifers. The Southeastern
aquifer extends approximately from the Mississippi River to the Pearl River in Louisiana.
The aquifers range in thickness from 50 to 1100 feet with thickness increasing toward the
south.

Relative Subsidence
The entire coastal zone is experiencing relative subsidence. Relative subsidence is defined

here as the net effect of numerous processes that result in the downward displacement of the
land surface relative to sea level. Relative subsidence is controlled by several factors which
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include eustatic sea level, geosynclinal downwarping, compaction of Holocene deposits, and
faulting. Recent studies have shown that subsurface fluid withdrawal (oil, gas, water) may
also be a major contributor to relative subsidence and resulting wetland loss (Morton et al,
2002). An important man-made contributor to relative subsidence is drainage for agriculture,
flood protection, and development.

Eustatic sea level refers to the global fluctuations in sea level primarily due to changes in the
volume of major ice caps and glaciers, and expansion or contraction of seawater in response
to temperature changes. Recent studies have predicted an increase in the rate of eustatic rise
due to global warming (IPCC, 2001).

Downwarping of the Gulf Coast Geosyncline accounts for a small percentage of the observed
relative subsidence in coastal Louisiana (Kolb and Van Lopik, 1958). For millions of years,
fine sediments have been deposited along the continental margin downwarping the basement
and creating a gradually subsiding trough. The downwarping continues as new sediments are
added to the basin.

Compaction of Holocene deposits has been considered the primary contributor to relative
subsidence in the coastal plain. The three major components of Holocene sediment
compaction include: 1) primary consolidation, 2) secondary compression, and 3) oxidation
of organic matter (Terzaghi, 1943; Roberts, 1985). Primary consolidation occurs as the
volume of the soil mass is reduced due to dewatering under a sustained load. Secondary
compression results from a decrease in soil volume due to rearrangement of the internal soil
structure. Oxidation of organic matter through chemical reactions reduces the soil volume.

Compaction of Holocene sediments varies widely throughout the coastal zone and is closely
linked to the thickness and age of deposits. Fine-grained deposits with high water contents
characterize the coastal zone. Where the thicker deposits are found, there is more interstitial
water available for removal, which leads to high rates of relative subsidence as they compact.
Older deposits have already undergone most of the primary consolidation and secondary
compression and therefore exhibit lower relative subsidence rates than recently deposited
sediments. The age, thickness, and to some extent the type of deposits are responsible for
much of the variability in relative subsidence rates across the coast.

Movement on the downthrown side of deep-seated fault blocks is a well documented process
in coastal Louisiana. However, their effects on the shallow subsurface and surface are poorly
understood. Recent investigations (Gagliano, 2005) have identified likely areas of fault-
induced subsidence but the magnitude and spatial extent of their impact are still being
investigated. The Baton Rouge fault is probably the best known example of an active fault
that has caused some structural damage. This fault crosses the PU1 barrier alignment
approximately 6 miles south of Slidell. Most fault planes in coastal Louisiana generally
trend east-west and may contribute to increased maintenance at the location where they
intersect the alternatives. A minor amount of movement along fault planes can have
significant impacts on wetlands where marsh accretion barely exceeds relative subsidence.
Figure 8 shows the location of major fault trends of south Louisiana. A more detailed
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analysis of faulting and the potential for other seismic activity will be conducted during the
next design phase of the project.

m—m——w  Basin margin fault systems
— SW - NE Fault systems and alignments
=———— NW - SE Alignments or shear faults

E - W Growth fault systems "!

o
E Coastal Environments, Inc.
Baton Rouge, Louisiana

Figure 8 - Major Fault Trends Of South Louisiana

Forced drainage of wetlands results in lowering of the water table resulting in accelerated
compaction and oxidation of organic material. Areas under forced drainage can be found
throughout coastal Louisiana.

Relative subsidence rates vary considerably across coastal Louisiana. In general, natural
rates of relative subsidence are highest near the coast and at the mouth of the Mississippi
River where young thick sediments are present. Reported rates range from less than 0.5 feet
to over 5.0 feet per century. Relative subsidence rates of several feet have been documented
in developed areas of Jefferson and Orleans parishes due mainly to forced drainage. In
addition, large areas of coastal land loss are found associated with failed land reclamation
projects. Currently, no coastwide system for quantifying and predicting relative subsidence
on a regional scale has been established. Therefore, relative subsidence rates are generally
estimated using a combination of benchmark leveling, tide gauge measurements, and
radiometric dating of buried marsh horizons.
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Borrow Sources

Large volumes of clay, silt, and sand will be required for construction of the LACPR
alternatives. Because the planning area extends across the entire State, numerous borrow
sources will be required. Portions of the levee material will be available adjacent to the new
levees but some may need to be hauled from distances of up to 60 miles away. Potential silt
and sand sources include the Mississippi, Atchafalaya, and Vermilion Rivers, as well as tidal
deltas and offshore shoals in the Gulf of Mexico. Sources of silt and clay include natural
levee deposits of past and present Mississippi River courses and Pleistocene terrace deposits.

GEOTECHNICAL DESIGN
General

The large scope of work (from Sabine River to the Pearl River) necessitated a generalized
assessment of the geologic foundation conditions in the planning area. The alignment was
divided into four similar reaches or areas where the soil layering (stratigraphy) remains
relatively consistent (see plates 1 and 2 for the location of these reaches). Soil unit weights
and shear strengths of the strata were assigned to each of the four reaches based upon
geotechnical engineering experience in the region with various projects in the vicinity. The
objective to provide comparisons for three different levels of hurricane risk reduction levees
and two different methods of levee design was achieved. Certainly, more detailed designs
based upon site-specific foundation conditions will result in cost advantages in some reaches
and cost disadvantages in others; however, the level of geotechnical reliability will be greatly
enhanced. These site-specific investigations and designs will be conducted during the next
phases.

Foundation Design Reaches

The three levels of risk reduction analyzed were for El. +25, +30, and +40. These elevations
were selected based on preliminary modeling available at the start of design. It was assumed
that the range of elevations covered by these designs (25' to 40") would include most
elevations needed for the hurricane risk reduction alternatives. These designs were used to
develop costs which were interpolated/extrapolated to determine costs for individual portions
of project alternatives depending on the required levee design elevation. Existing ground for
all reaches was assumed to be zero for all alternatives for the purpose of foundation design.
Reach 1 extended from the Lake Pontchartrain south shore at the Rigolets through Orleans,
St. Bernard, Plaquemine, Jefferson, and Lafourche Parishes to Larose, Louisiana and
consisted of a 30-foot Marsh deposit and a 30-foot Interdistributary deposit overlying a 60-
foot Prodelta deposit and then Pleistocene clay. This reach consisted of the worst soils with
regards to shear strength and settlement potential. Reach 2 extended from Larose through
Terrebone Parish to Gibson, Louisiana and consisted of a 10-foot Marsh deposit, a 20-foot
Interdistributary deposit, a 90-foot swamp deposit and then substratum sands. Reach 2 was
considered to be slightly better soils than Reach 1 with regards to shear strength and
settlement potential. Reach 3 extended from Gibson through St. Mary and Iberia Parishes to
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the Cote Blanche Salt Dome and consisted of a 15-foot Marsh deposit and then an 85-foot
swamp deposit overlying substratum sands. Reach 3 was considered to be slightly better soils
that Reach 2 with regards to shear strength and settlement potential. Reach 4 extended from
Cote Blanche through Vermilion, Cameron, and Calcasieu Parishes to the Sabine River and
consisted of a 10-foot Marsh deposit overlying Pleistocene clay. Reach 4 also was assumed
to encompass from the north shore of Lake Pontchartrain to the Pearl River near Slidell,
Louisiana due to similar foundation conditions as in southwest Louisiana. Reach 4 consisted
of the best soils with regards to shear strength and settlement potential.

Typical Design Sections

The two methods of levee design considered for each reach were soil-cement columns and
geotextile-reinforced embankment. See figures 9 and 10 and plates L-1 thru L-24 for typical
sections for each reach. Each of these methods produces reduced berms and less levee
footprint than a levee without these improvements. While the geotextile-reinforced
embankment produces reduced berms and footprints by reinforcing the embankment, the
soil-cement columns actually improve the foundation soils below the levee footprint by the
deep mixing of cement in a series of “columns” and drastically improves the shear strength
and compressibility of the clay soils.
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Figure 9 - Typical Soil Cement Section (Clay Fill)
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Figure 10 - Typical Geotextile-Reinforced Embankment Section (Clay Fill)
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Deep Mixing Technology would be used to inject a binder mixture into the upper soft to very
soft soils. In all reaches except Reach 4, a 60-foot depth column was used, while in Reach 4
the depth was reduced to 10-feet due to the presence of shallow Pleistocene clays at this
depth. In this case, Type I Portland cement would be used as the binder, although some
additives, such as fly ash or lime, could be considered.

Two Deep Mixing processes are commonly used. In the Dry Mix process, the binder mixture
is injected into the soil pneumatically through the mixing tool. The natural moisture content
of the soil is used in this process to hydrate the cement, which gives the improved foundation
its more competent characteristics. In the Wet Mix process, the end result is the same, but
the method of mixing the binder with the soil is somewhat different. The binder is first
mixed with water and then injected hydraulically. This creates a slurry column, which cures
in a way similar to that from the Dry Mix process. Each method has advantages and
disadvantages, but either would work for this application.

The costs are approximately the same for the two methods. The dry method requires a much
lighter rig, but is limited in depth to approximately 75-feet. The wet method requires less
torque, can improve the foundation to depths of approximately 150-feet, and is much quicker,
but produces about 20% of the column volume as excess material on the site.

For all reaches and levels of levee embankment, 30% of the foundation soil would be
replaced with soil cement columns. The columns would be approximately 2.6-feet in
diameter and would be placed in an overlapping pattern in rows 7-feet on center. The rows
would extend from the protected-side levee toe to the flood-side toe of the armored rock.
Where berms are present and extend beyond the toe, the soil-cement rows would not
continue past where the main levee slope on the protected-side or the armored rock slope on
the flood-side would have intersected the natural ground if no berms were present. The
columns would be installed perpendicular to the levee centerline to serve as hard clay shear
walls, and would achieve shear strength of approximately 6,000-psf. The equivalent shear
strength of the soil-column matrix beneath the levee would be 2,000-psf for a 30%
replacement ratio.

Immediately after the soil cement columns are installed, the compacted earthen levee could
be constructed by conventional means. Construction lifts would have to be sequenced during
the initial 28 days curing time to prevent overloading the columns before they reach their full
design strength. This would be dictated by the site-specific in-situ foundation conditions.
After 28 days curing time, the levee could be raised to its full height. A layer of geotextile
varying in strength from 1460 to 1640 pounds-per-inch at 5% strain (depending upon the
reach) is required for internal stability within the levee embankment only for the El. +40
alternative.

Flood-side slope protection was designed by the Coastal Structures Group of ERDC and
consisted of varying thicknesses of rock from the levee crown down to the levee or berm toe.
Details of this design can be found in Annex 4 of the Engineering Investigations enclosure to
the LACPR Preliminary Technical Report. The rock thickness, since it was considerable,
was taken into account for all stability analyses. Although its thickness added to the active
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loading near the levee crown, it helped the levee stability in the flood-side berms. Therefore,
construction of the levee will be staged, such that the levee embankment will be limited to a
certain elevation (to be determined during detailed design) until the rock is placed in the
flood-side berm, then levee embankment will be allowed to proceed to the final levee grade.
Thickness of rock varied from 6- to 7-feet for the geotextile-reinforced levee alternative to 8-
to 10-feet for the soil-cement levee alternative. The amount of rock cover is dependent upon
the levee and berm slopes; the flatter the slope, the smaller the amount of rock required for
protection due the wave-breaking effects of the longer slope. A separator fabric is also
recommended between the rock armoring and the levee fill to prevent migration of rock into
the fill material and loss of embankment material from wave action. Overtopping protection
would also be provided on the crown and protected-side levee slope but was not considered
significant enough to include in the stability analyses due to its limited height and extent over
the levee. Armoring requirements are being reanalyzed as part of the ongoing Hurricane and
Storm Damage Risk Reduction System work and designs will be revised during the next
phase of design based on the results of this work.

For both alternative levee designs for all reaches, a three-foot sand base was included to
provide a base for construction activities. The sand base was limited in extent such that 10-
feet of clay cover would be provided above the sand due to seepage concerns. Compacted
clay fill was assumed for all levee and berm material. This will provide the necessary
strength for the levee embankment height and for the berm to support the rock armoring
protection layer.

The length of geotextile required for each section varied from 75- to 320-feet for the
geotextile-reinforced alternative. The required strength at 5% strain of this geotextile varied
from 200- to 2,020-pounds-per-inch. In some sections for both geotextile-reinforced levees
and soil-cement columns, geotextile reinforcement is required to stabilize the flood-side
berm. The length of geotextile required for some sections of the soil-cement alternative
varied from 40- to 190-feet, and the required strength at 5% strain of this geotextile varied
from 200- to 1,700-pounds-per-inch. This geotextile reinforcement was required for only the
internal stability within the levee embankment for only the El. +40 alternative and for the
flood-side berm.

All slope stability analyses were performed using the Method of Planes. The flood-side
designs provided for a minimum design factor of safety of 1.3. The protected-side designs
were evaluated for two water loadings. For the extreme case of water to the levee crown, a
minimum design factor of safety of 1.2 was required. For the “operating” case with the water
level 10-feet below the levee crown, a minimum design factor of safety of 1.3 was required.
The stability analyses for the geotextile alternative are shown on plates G1 to G16 and the
stability analyses for the soil-cement alternative are shown on plates G17 to G40 for each of
the four reaches and each of the three levee elevations. Only the controlling water load case
is shown for the protected-side stability plates.

The Tables 11 to 13 show the required levee footprint for each of the three levee crowns

considered. These footprint distances do not include any adjacent borrow pit requirements
that may be utilized in areas where feasible and economical. The geotextile-reinforced
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alternative was not considered practical for the levee El. +40 in Reaches 1 and 2, given the
excessive levee footprint of ~1,300-feet required in Reach 3. For levee crown El. +40, the
levee required footprints range from 1,040- to 1,280-feet for the geotextile-reinforced
alternative and range from 450- to 800-feet for the soil-cement alternative. The required
levee footprints for the geotextile-reinforced alternative are 2.3 times larger than the soil-
cement alternative.

Table 11
Levee Footprints El. +40
Crown [Geotextile Reinforced| Soil-Cement
El. +40 Levee Footprint Column Levee
Footprint

Reach ft. ft.

1 - 800

2 - 650

3 1280 550

4 1040 450

For levee crown El. +30, the required levee footprints range from 580- to 1180-feet for the
geotextile-reinforced alternative and range from 290- to 440-feet for the soil-cement
alternative. The required levee footprints for the geotextile-reinforced alternative range from
2 to 2.7 times larger than the soil-cement alternative.

Table 12
Levee Footprints El. +30
Crown |Geotextile Reinforced| Soil-Cement
El. +30 Levee Footprint Column Levee
Footprint

Reach ft. ft.

1 1180 440

2 760 340

3 720 290

4 580 290

For levee crown El. +25, the required levee footprints range from 440- to 830-feet for the
geotextile-reinforced alternative and are 250-feet for each of the soil-cement alternatives.
The required levee footprints for the geotextile-reinforced alternative range from 1.7 to 3.3
times larger than the soil-cement alternative.
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Table 13
Levee Footprints El. +25
Crown [Geotextile Reinforced| Soil-Cement
El. +25 Levee Footprint Column Levee
Footprint

Reach ft. ft.

1 830 250

2 540 250

3 520 250

4 440 250

For all levee sections, both geotextile-reinforced and soil-cement alternatives, thru — levee
seepage will not be an issue since levee embankment material will consist of acceptable clay
material. When more site-specific geotechnical data are available, more detailed
underseepage analyses will be conducted. These data include minimal areas where sand may
exist at shallow levels underneath the proposed levee. In those areas where required, seepage
berms or relief wells would be considered to provide adequate factors of safety.

Settlement

Foundation settlement is a key component of the estimated levee construction cost,
particularly for the geotextile-reinforced levee alternative, which would require numerous
lifts to construct to the project design grade. Consolidation and lateral spread of the soft
clays in the foundation would produce substantial settlement of the levee foundation. The
settlement analyses considered ultimate consolidation settlement based upon empirical values
relating liquid limits to the compression index. Additionally, lateral spread was assumed to
be 25% of the ultimate consolidation values for the geotextile alternative and 15% for the
soil-cement column alternative. Shrinkage settlement was assumed to be 10% of the fill
height. The sum of these three values provides an estimate of the ultimate settlement of the
levee. For the soil-cement column levee alternative no settlement was assumed within the
soil-cement columns themselves, however, settlement in the fill above the columns and the
foundations soils below the columns is anticipated and estimated. Tables 14 to 16
summarize the estimated ultimate settlement of the proposed levee.

Table 14
Ultimate Settlement Estimate El. +40

Crown Geotextile Reinforced Soil-Cement
El. +40 Levee Column Levee
Reach ft. ft.

N s 10.6

2 | e 11.6

3 19.7 7.3

4 9.3 5.0
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Table 15
Ultimate Settlement Estimate El. +30
Crown Geotextile Reinforced Soil-Cement
El. +30 Levee Column Levee
Reach ft. ft.
1 20.4 8.3
2 17.4 9.1
3 16.3 5.8
4 7.7 3.8
Table 16
Ultimate Settlement Estimate El. +25
Crown Geotextile Reinforced Soil-Cement
El. +25 Levee Column Levee
Reach ft. ft.
1 17.8 7.2
2 14.7 7.8
3 14.3 5.0
4 6.8 3.2

The geotextile-reinforced alternative produced settlements ranging from 1.9 to 2.9 times
larger than those produced with the soil-cement column alternative.

An empirical relationship relating liquid-limit values to coefficient of consolidation (U.S.
Navy, 1971) was used to estimate a hypothetical lift construction schedule for the soil-
cement alternative. Table 17 summarizes the results of this estimation:

Table 17
Soil-Cement Column Alternative Settlement - Lift Requirements
Reach El. +40 El. +30 El. +25
1 2-6'Lifts @ t=6 & 20 yrs. 1-7'Lift @ t=9yrs. 1-6' Lit@t=11yrs.
2 2-6'Lifts @ t=5 & 20 yrs. 1-7'Lift @ t= 6 yrs. 1-7'Lift @ t=7 yrs.
3 1-7'Lift @ t=7 yrs. 1-6'Lift @ t= 8 yrs. 1-5'Lift @ t= 12 yrs.
4 1-5'Lift @ t=9 yrs. 1-4'Lift @ t=12 yrs. 1-3'Lift @ t=12 yrs.

Reaches 1 and 2 with crown El. +40 are the only ones that require two subsequent lifts. All
other reaches and elevations would only require one subsequent lift. Lift heights vary from
3-feet in Reach 4 (El. +25) to 7-feet for Reaches 1 thru 3 at various elevations. The time to
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first lift varies from 5-years for Reach 2 (El. +40) to 12-years for Reaches 3 and 4 at various
elevations.

Tables 18 and 19 show the hypothetical lift construction schedule for the geotextile
alternative.

Table 18
Geotextile Reinforced Levee Alternative Settlement - Lift Requirements
Reach El. +40 El. +30 El. +25

1-6'Lift @ t=1/2 yrs. 1-6'Lift @ t=2 yrs.
2-7T'Lits@t=35&14yrs | 2- 7' Lifts @ t= 8 & 34 yrs.

1 N/A 1-5'Lift @ t= 39 yrs.
1-6'Lift @ t=2 yrs. 2-6'Lift@t=2& 19 yrs.
2-7'Lifts @ t=8 & 34 yrs. 1-5'Lift @ t= 38 yrs.

2 N/A

1-6'Lift @ t= 1/2 yrs. 1-6'Lift @ t=1yrs. 2-6'Lit@t=4&14 yrs.

2-7TLits@t=35&16yrs |2-7'Lifts @t=8 &34 yrs 1-5'Lift @ t=35yrs
3 1-4'Lift @ t= 40 yrs.

1-6'Lift @ t=2 yrs. 1-6'Lift @ t= 3 yrs. 1-5'Lift @ t= 6 yrs.
4 1-7'Lift @ t=19 yrs. 1-3'Lift @ t= 25 yrs. 1-3'Lift @ t= 27 yrs.
Table 19
Geotextile Reinforced Levee Alternative Settlement - Lift Requirements
Reach El. +20 El. +15
1-5'Lift @ t= 3 yrs. 1-5'Lift@t=4 yrs.
2 — 7' Lifts @ t= 15 & 35 yrs. 1-6'Lift @ t=15yrs
1 1-5'Lift @ t= 35 yrs.
1-4'Lift @ t=4 yrs. 1-4'Lift @ t=4 yrs.
2 2-5'Lifts @ t= 18 & 36 yrs. 2—3.5'Lifts @ t= 18 & 36 yrs.

In areas where a straddle enlargement of an existing levee and berm is possible, the
settlement is overestimated since it is based on zero initial ground surface elevation.
Therefore, the number of lifts and the quantity of levee fill material described in this report is
overestimated for those areas.

Overtopping Weir Section

An additional section was developed for the overtopping weir in PU1 and PU2. This section
is shown on plate L-25 and described under the levee design section of this appendix.
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Hollow Concrete Levee

As part of the ongoing hurricane protection work, as well as the LACPR effort, an evaluation
of a hollow concrete levee concept was undertaken. A description of this effort is given in
the Innovative Designs Section of this report.

Additional Investigations

The following additional work will be done during detailed design : 1) increase
geotechnical reliability with additional borings and CPTs along the proposed alignment, 2)
study utilizing higher replacement ratio for soil-cement columns to alleviate berms for all
reaches for El. +40 and for Reaches 1 and 2 for El. +30, 3) study the feasibility of adjacent
borrow for more economical levee construction and effects upon the levee footprint, 4)
perform underseepage analyses in areas where shallow sands may exist to determine if
seepage berms, relief wells or other measures are required to reduce seepage concerns, 5)
reevaluate settlement for areas where the proposed levee will straddle an existing levee of
substantial grade, 6) reevaluate settlement to investigate whether soil-cement levee sections
could be economically overbuilt to avoid lift construction, and 7) further investigate different
methods of levee construction including investigating the use of different fill materials,
investigating the use of aggregate filter stone and performing a more detailed analysis of the
concrete levee concept . Costs for these efforts have been included in the E&D portion of the
cost estimates.

LEVEE DESIGN
GENERAL

The five planning units were broken down into reaches and sections for ease in comparing
alternatives. These sections are shown on plates 1 and 2. Existing LIDAR information was
used to develop quantities for both the typical geotextile-reinforced and soil-cement column
improvement sections for each reach. Quantities were developed for elevation 25 ft, 30 ft and
40 ft levees.

FLOOD PROTECTION ALTERNATIVES

For this effort, two typical levee sections were considered. The first is a conventional
earthen levee utilizing geotextile layers for load distribution and reinforcement for stability.
The second is also an earthen levee design, but built upon an improved foundation of soil-
cement mix columns. Plates L-1 thru L-24 show typical sections for each reach and
elevation.

Geotextile Alternative
The first alternative is a clay levee with geotextile reinforcement located in the center just

above the base in two layers. The design levee section has 1V on 4H side slopes and a 10’
wide crown. The design heights are 25°, 30’ and 40°. Floodside and landside stability berms
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are required to provide stability due to the soft foundation. The floodside slope and berm are
protected from wave action by an 6’ - 7’ thick stone blanket. The levee crown, landside slope
and the landside berm are protected from erosion with a high performance turf reinforcement
mat anchored to the levee and berm designed to hold up under over topping conditions. For
preliminary design purposes, the proprietary product Pyramat® was selected as
representative of the required quality and performance characteristics. In the reaches where
the levee is being constructed over wetlands a 3’ sand base is placed down the center of the
levee to provide a construction platform. Under the poorest foundation conditions the
footprint widths for the 25°, 30° and 40’ high levees are approximately 830°, 1180’ and 1280’
respectively. This alternative at the 40’ design height is not practical to build in soils Reaches
1 and 2 due to severe settlement that would be experienced in the compressible soils.

Soil Mix Alternative

The second design alternative is a clay levee supported by cement soil columns. The columns
would be approximately 2.6-feet in diameter and would be placed in an overlapping pattern
in rows 7-feet on center. The depth of the columns for the best soils condition is 10’ and in
the poor soils it is 60°. The columns extend between the levee toes for levees without
stability berms. Where there are stability berms the soil columns extend approximately 40’
past the levee toes. The design section is also 1V on 4H with a 10” wide crown and the
design heights are 25°, 30’ and 40°. On the poorest foundations stability berms are required
for the 40° and 30’ levees but for the 25 levee stability berms are not required. On the best
foundation conditions stability berms are required for only the 40’ levee and only on the
protected side. The use of geotextile reinforcement is limited to a single layer located in the
center just above the base of the levee and only for the 40° high levee. The flood side levee
slopes and berm are protected by an 8 — 10’ thick blanket of stone. On levees without flood
side stability berms the stone blanket is increased to 10°. Under the poorest foundation
conditions (reach 1) the footprint widths for the 25°, 30” and 40’ high levee are
approximately 250°, 440’ and 800’. The levee crown, landside slope and the landside berm
are also protected from over topping with a high performance turf reinforcement mat.

The levee alignment along the south shore of Lake Pontchartrain in Jefferson and Orleans
Parish requires the levee foot print and flood side berms to extend out over the water. In such
conditions only sand is used in the berms under the rock armor. In addition a sand working
platform is constructed to above the lake level under the levee.

Levee Design for Overflow and Overtopping

This levee alternative is another form of the geotextile alternative constructed to an
elevation of 12.0’ to facilitate overflow and overtopping by the storm surge and temporary
retention of the storm surge. The geotextile reinforcement is still located in the center just
above the sand base. The design levee section has 1V on 4H side slopes and a 10’ wide
crown. The floodside and landside stability berms are required to provide stability due to the
soft foundation. The floodside levee slope is protected from wave action by a 7’ thick stone
blanket with a 5’ thick rock berm extending 25° beyond the armor blanket. This rock berm
serves as a combination stability and wave berm. The landside of the levee has a 5’ thick
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rock berm extending 70 feet from its intersection with the levee landside slope. This berm
also serves as a landside stability berm and as armor for the overflow and overtopping. The
levee crown and landside levee slope above the landside rock is protected from erosion with
a high performance turf reinforcement mat anchored to the levee designed to hold up under
overflow and overtopping conditions. For preliminary design and cost purposes, the
proprietary product Pyramat® was selected as representative of the required quality and
performance characteristics. Investigations have been initiated as part of the current storm
damage reduction system work to determine what is the best method for protection from
overtopping and erosion. The results of these studies will be incorporated during detailed
design. A typical section of this levee section is shown on plate L-25. This levee section
will be used in two reaches. The first is across the opening between Lake Pontchartrain and
Lake Borgne. The second reach extends along the south side of the GIWW between Larose
and Belle Chasse.

CONSTRUCTION CONDITIONS

For this effort, the planning area is divided into four soils reaches with Reach 1 having the
poorest foundation condition and improving through Reach 4, which has the best foundation
condition. Foundation conditions generally improve from east to west across the coastal area
of south Louisiana from the Mississippi River delta to the Sabine River. Soil conditions are
generally better in southwest Louisiana, where the underlying, firmer Pleistocene soils are
found closer to the surface.

Another factor influencing construction conditions is the location of levee design alignments
between wetlands and land above sea level, either distributary ridges or the Pleistocene
prairies that are found in Reach 4. The largest portion of proposed levee alignments falls in
wetlands including parallel borrow pits. The second group of design alignments falls along
the interface between wetlands and ridges or prairies, with the levee footprint falling in the
wetlands and the parallel landside borrow areas falling on higher ground. For the final set of
design alignments, both levee and borrow pits are on high ground.

Constructing levees completely founded in wetland requires a sand base along the levee
centerline to serve as construction access and a dry working platform. This is typical of the
levee alignments along the GIWW and south of the GIWW. In soils Reach 4 located west of
New Iberia, the good foundation soils are close to the surface in the wetlands. For
preliminary design, 80% of the required quantity of earthen levee material is assumed
opposite cast with 20% hauled in from 30 miles away from the Pleistocene prairie. Proposed
levees east of New Iberia (reach 3) located totally in wetlands have a lower percentage
opposite cast: around 40% with 60% haul. East of Golden Meadow (reach 1) the percent goes
to 20% opposite cast and 80% haul with haul distances of 50 to 60 miles round trip. Sand for
construction access is assumed to be barged from the Atchafalaya River area or Mississippi
River. Truck haul to construction sites from the barge to placement is short since waterways
run alongside or near the levee alignments. Levee alignments east of Golden Meadow (reach
1) will use sand from the Mississippi River and those to the west (reach 2 and 3) from the
Atchafalaya River area. Stone armor will be barged in from out of state and will follow for
the most part the same access used for the sand levee base from the point of barge delivery.
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Construction along the interface between wetland and highland has the levee located on
wetland which requires the placement of a sand base for access and to provide a working
platform. Most of the borrow falls alongside and parallel to the levee on the protected side
which is dry. High percentages of opposite cast are assumed (80% to 90%). The balance
required material is assumed truck hauled for a 20-mile round trip from the tributary ridges
or Pleistocene prairie. Alignments in Plaquemines Parish (reach 1) have extremely limited
local borrow sources resulting in an estimated round trip haul of 120 miles. The greatest
portion of sand will be barged to the approximate area of the job site since few waterways are
near these alignments. Truck haul from the barge drop off ranges from 20 to 80 miles round
trip. Alignments near the Atchafalaya River (reach 3) and Mississippi River (reach 1) sand
sources will use truck hauls with 10 to 20 mile rounds trips. Armor stone will be barged in
from out of state utilizing access similar to sand, where the material is moved by barge to the
approximate area of the construction site.

Levees constructed on Pleistocene soils found in Reach 4 have their alignments
approximately following the 10’ contour in the southwest part of the state. Favorable soil
conditions classified as Reach 4 also occur at an additional short reach on the eastern end of
the levee alignments on the north shore of Lake Pontchartrain. All of these levees will be
constructed using 90% opposite cast and 10% truck haul with a round trip of 10 miles.
Borrow pits are all located on Pleistocene soils. Sand is not required for construction access
on these alignments. Armor stone for these alignments is truck hauled between 10 and 20
miles round trip from the nearest waterway which allows barge access.

AVAILABILITY OF BORROW

While assumptions have been made regarding the availability of local borrow for levee
construction, this is a critical construction issue that warrants much closer analysis. The
quantity of material required to build even the shortest of the proposed alignments will be in
the hundreds of millions of cubic yards. Finding such a quantity of suitable material in south
Louisiana would be difficult as well as environmentally undesirable. One alternative to
reducing the need for clay borrow from wetlands is to reconfigure the levee design cross
section to use more sand and at the same time maintaining a 10’ to 15’ clay cap over the sand
to prevent wash out of the sand core. This will be further investigated during detailed
designs.

STRUCTURES
GENERAL

No hurricane protection project could span coastal Louisiana without crossing dozens of
navigable waterways, distributaries, urban drainage canals, and roadways. For the LACPR
effort a set of typical structures were designed using a parametric approach to parallel the
levee design effort. Details of these designs can be found in the report titled “Preliminary
Technical Report for the Louisiana Coastal Protection and Restoration Study Structural
Components” dated May 2006. With final grades unknown until hydraulic analyses were
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completed, the team developed schematic designs for the necessary structures to assumed
elevations of 30, 35 and 45 feet. These elevations were selected based on the results of
preliminary modeling, assuming that the structures would need to be higher than the
surrounding levees because of hydrodynamic design conditions. Invert elevations were also
assumed based on existing surveys and other existing data.

Structures designed for LACPR generally fall into the following categories: sluice gate
structures, sector gated structures, roller/swing gate structures, tainter gated structures,
butterfly gate structures, locks, box culvert structures, new pumping stations, and hardening
and fronting protection for existing pumping stations. A description of each type of structure
is shown below. Plates S1 — S23 show typical sections and other details. Table 20 shows the
number and type of structures identified for the evaluated alternatives in each planning unit.
This listing does not including existing and new pumping stations.

Table 20

Structures Identified By Planning Unit

Planning Unit | Structure Type Number of Structures

1 56’ Sector Gate

Tainter Gate

Butterfly Gate

110’ Sector Gate

Sluice Gate®

Road and Railroad Gates

2 56’ Sector Gate

Tainter Gate

110’ Sector Gate

Road and Railroad Gates

110’ Lock

3a 56’ Sector Gate

Tainter Gate

110’ Sector Gate

Sluice Gate

250’ Sector Gate

110’ Lock

3b 56’ Sector Gate

110’ Sector Gate

Sluice Gate

4 56’ Sector Gate

Tainter Gate

110’ Sector Gate

ok |No|Rlwn NG Is NS IR e| s v R lw| s ko

Sluice Gate

2 Number of sluice gates does not include environmental structures.
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SLUICE GATE STRUCTURES

Drainage structures with sluice gates will provide drainage through the flood protection at
various locations within the planning area (see plate S-7). Each structure will consist of a
pile founded, reinforced concrete structure with trash screens, operating platforms, and
provisions for dewatering. A 24-foot wide roadway will provide access across the structure.
The sluice gate structures will connect into the existing flood protection on each side of the
structure with a T-wall. The concept for these structures was taken from the 2003 Morganza
to the Gulf of Mexico, Bayou Grand Caillou Alternative Study. The sluice gates will have
the capability to be operated manually or will be mechanically actuated with portable motors.

Three different structures of this type are included. One will have 4 - 10’ x 10’ sluice gates,
an invert of El. —12.0 and will be utilized at several locations along the alignment. A second
structure of this type will have 4 or 5 — 8’ x 10’ gates and an invert at El. —8.0. This structure
will be utilized at locations where the intersecting waterways that are smaller and shallower.
These structures are also provided at locations where previous studies envisioned the use of
multi-barreled box culverts. Given the levee sizes considered for LACPR, a pile founded,
sluice gate structure appears to be much more practical and cost effective than long box
culverts under wide and tall levees. A third type of sluice gate structure will be provided
where only a few small openings are required to pass drainage flows. This structure will be a
modified, inverted T-wall monolith with 5’ x 5° surface mounted gates and an invert at El. —
5.0. The number of gates at each site will be based on the flow requirements.

A detailed load analysis, considering both vertical and horizontal loads, was performed on
each of the typical sluice gate structures for each of the three levels of risk reduction. For the
T-type structure, the analysis considered an inverted T-wall structure with the top of the base
at El. 5.0 and an increased wall depth to accommodate the gated openings at the base of the
wall.

A foundation plan was developed for these structures using the USACE program CPGA
(X0080) and the calculated vertical and horizontal loads. Typical pile capacities were
assumed to be in excess of 100 tons per pile and were based on foundation capacities
presented herein with a factor of safety of 3.0 for this level of analysis. Minor overstresses
were allowed in the foundation piling.

SECTOR GATE STRUCTURES

Sector gated structures will provide flood protection (closure) during storm events while
allowing normal navigation at many of the waterways intersecting the flood protection
alignment (see plates S-8 to S-15). These structures were sized based on the apparent width
of the existing waterway. The sill elevation at each location was selected based on the
prevailing bottom elevation at the site and is typically either El. —=9.0 or El. —15.0. Standard
sector gate widths of either 56 feet or 110 feet were used. A special structure that is 250 feet
wide with a deeper sill will be provided at the Houma Navigation Canal where larger vessels
are anticipated. Each sector gate structure will be a pile founded, reinforced concrete
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structure at the required sill elevation and width to maintain navigation in the waterway.
Double sector gates were provided at waterways with the highest levels of navigation and/or
at major waterways where the number of vessels seeking safe harbor would be the highest
(see plates S-16 to S-17). The double-gated structure will accommodate the higher traffic
volume in either case. The structure will have emergency and/or maintenance stop logs and
separate control houses on each wall. A timber guidewall with a protective cellular dolphin
at the end will be provided on both sides of each approach channel to the structure.

A detailed load analysis, considering both vertical and horizontal loads, was performed on a
typical interior monolith for several of the required sector gate structures. The detailed
analyses considered two of the three levels of risk reduction. A foundation plan was
developed for these structures using graphical methods and the calculated vertical and
horizontal loads. Given the scope of LACPR, minor over-stresses were allowed in the
foundation piling. Pile capacities were based on foundation capacities presented herein with
a factor of safety of 3.0.

SPECIAL SECTOR GATE STRUCTURES

Special, 250-foot wide sector gated structures are assumed as part of the closure and flood
protection at the Houma Navigation Canal (HNC) waterway to provide for the navigation
needs in these waterways. The sill elevation was selected based on the prevailing bottom
elevation at the site, EI. —20.0 at the HNC. Each sector gate structure will be a pile founded,
reinforced concrete structure at the required sill elevation with the appropriate width to
maintain navigation in the waterway. The structure will have emergency and/or maintenance
stop logs and separate control houses on each wall. Due to the nature of the navigation in
these waterways, a cellular, concrete guidewall with protective dolphins at the end will be
provided on both sides of each approach channel. These guidewalls will also be longer than
those provided at the typical sector gated structure. At these locations, the overall depth of
the structure will necessitate the use of adjacent, non-overflow sections until the channel
slope becomes high enough to use conventional T-walls for the tie-in to the adjacent levees.
At the deeper structures, with sill elevations at or below El. —20.0, the use of floodwalls is
not adequate to “span” between the deep primary structure and the shallower foundation for
the floodwall structure. Given their overall height, these structures must resist lateral loads
nearly as high as the primary structure. The non—overflow monoliths are substantial
structures with wide bases to bridge the deeper sections of the channel and/or excavation
until the use of the standard floodwalls was deemed appropriate.

The main structure is envisioned as a single segment to be floated into position, however the
adjacent non-overflow sections and the tie-in floodwalls were considered to be floated into
position in separate phases after the navigation structure has been completed enough to allow
for some minimal navigation. The basis for this method of construction is the construction
plan for the Inner Harbor Navigation Canal (IHNC) Lock Replacement.

A detailed load analysis, considering both vertical and horizontal loads, was performed on

the structure required for an El. 45.0 level of protection. A foundation plan was developed
for these structures using graphical methods and the calculated vertical and horizontal loads.
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Pile capacities were based on foundation capacities presented herein with a factor of safety of
3.0.

TAINTER GATE STRUCTURES

Tainter gated structures will be provided as part of the closure and flood protection at the
larger waterways (see plate S-18). These structures were sized based on the available flow
area in the existing waterway. The sill elevation at each location was selected based on the
prevailing bottom elevation at the site. Tainter gate widths of either 50 feet or 63 feet were
used in this study. The gate radius was determined using the required sill elevation at the
anticipated location of the trunnion girder. The basic layout for the tainter gate structures
will be similar to the Old River Auxiliary Control Structure and the Red River Waterway
dams. Each tainter gated structure will be a pile founded, reinforced concrete structure at the
required sill elevation with the appropriate number of steel tainter gates with post-tensioned
anchorages to maintain the flow conditions in the waterway. A two-lane highway bridge will
be incorporated into the structure for access and maintenance. The structure will have
emergency and/or maintenance stop logs, an exposed cantilevered machinery platform and
four cellular dolphins to serve as guardwalls for the structure. The location and size of the
tainter gated structures are shown in Table 21.

TABLE 21
SUMMARY - TAINTER GATED STRUCTURES
STRUCTURE PLANNING SILL GATE NUMBER
LOCATION UNIT ELEVATION WIDTH OF GATES
Bayou Grand 3a -12.0 50 feet 4
Caillou
Bayou Perot 2 -16.0 50 feet 16
Mermentau River 4 -12.0 50 feet 5
Vermillion River 3b -12.0 50 feet 4
Calcasieu River 4 -25.0 63 feet 8
Chef Pass 1 -25.0 63 feet 12
Rigolets Pass 1 -30.0 63 feet 15

A detailed load analysis, considering both vertical and horizontal loads, was performed on a
typical interior monolith for several of the required tainter gate structures. The detailed
analyses considered two of the three levels of risk reduction. A foundation plan was
developed for these structures using the USACE program CPGA (X0080) and the calculated
vertical and horizontal loads. Minor over-stresses were allowed in the foundation piling.
Typical pile capacities were assumed to be in excess of 110 tons per pile and were based on
foundation capacities presented herein with a factor of safety of 3.0.
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BUTTERFLY GATE STRUCTURE

A butterfly-gated structure will be provided at the Rigolets Pass as part of the closure
complex for Lake Pontchartrain at this location (see plate S-19). This structure was sized
based on the available flow area in the Rigolets and is presently deemed necessary to allow
for flows through the Rigolets for as long as possible. The sill elevation at the Rigolets was
selected based on the prevailing bottom elevation in the channel. Butterfly gates open and
close on their own in response to head and flow conditions due to the offset pintle location.
The butterfly gate design allows for the automatic operation of the gates in case of a reversal
in the direction of flows through the pass thus allowing for continual uninterrupted flow
through the Rigolets Pass.

The tainter and butterfly gated structures at this location will be constructed separately so as
not to cutoff flow through the pass. The structure will be constructed in the dry with a series
of sheet pile cells for the cofferdam. The assumed number of gates across the pass was based
upon a rough calculation of the end area of the pass at the nearby U.S. Hwy 90 bridge as
presented in the 1973 Lake Pontchartrain and Vicinity Barrier Plan, Rigolets Control
Structure and Closure Plan DDM. The concept for the butterfly-gated structure will be
similar to that presented in the 1989 Lake Pontchartrain & Vicinity, High Level Plan, London
Avenue Outfall Canal GDM.

The structure will be a pile founded, reinforced concrete structure at the required sill
elevation with steel butterfly gates to maintain the flow conditions in the waterway. A two-
lane highway bridge will be incorporated into the structure for access and maintenance. The
structure will have emergency/maintenance stop logs and 4 cellular dolphins to protect the
structure.

A typical section of a butterfly-gated structure is depicted on plate S-19.

A detailed load analysis, considering both vertical and horizontal loads, was performed on a
typical interior monolith with 2-40-foot wide bays and 12-foot wide divider piers. The
detailed analyses considered two of the three levels of risk reduction. A foundation plan was
developed for the structure using the USACE program CPGA (X0080) and the calculated
vertical and horizontal loads. Typical pile capacities were based on foundation capacities
presented herein with a factor of safety of 3.0.

ROLLER/SWING GATE STRUCTURES

Preliminary design considerations indicated that the use of swing gates was not practical for
the various gate sizes under consideration. The gate hinge loads for this type of gate would
be quite excessive due to the large gate weights and, in addition, moving such a large gate in
windy conditions was deemed impractical and dangerous. For these reasons, all required
highway and rail crossing structures were evaluated as conventional roller gate structures
with both a combined storage monolith and tie-in floodwall structures on each side to
transition into the full levee section (see plates S-20 and S-21).
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Each gate will be supported by a pile founded, reinforced concrete base and walls. A cursory
load analysis, considering both vertical and horizontal loads, was performed on a typical
roller gate structure for each of the three levels of risk reduction. A foundation plan for the
gate and storage structure, using 24-inch diameter pipe piles, was developed for these
structures using graphical methods. Standard T-wall monolith costs for each design level,
based on the required levee transition lengths, were included in the cost estimates for each
structure. Since these structures will be constructed at grade, no costs for cofferdams were
included in the estimates for the gated structures. Costs for highway bypasses, traffic control
and signage and for repaving were also included in the estimate. Costs for both 32 and 34-
foot wide gate openings and sill elevations at +4.0 and +8.0 were determined. Where the
standard 32-foot structure width and/or sill elevation varied, costs were estimated by using
factors to revise the items affected by the changes. At locations where 40-foot wide gates
were required at rail crossings, the costs for highway bypasses and paving items were deleted
and costs for the added width and both track falsework, on two track lines, and required
railroad insurance were added.

SECTOR GATED LOCK STRUCTURES

Sector gated lock structures will be provided as part of the closure and flood protection at
almost all of the larger, navigable waterways (see plates S-22 to S-28). The sill elevation at
each location was selected based on the prevailing bottom elevation at the site. A lock width
of 110 feet was generally used in this study. The gate monoliths at each lock structure will
be a pile founded, reinforced concrete structure at the required sill elevation. The floodside
gate monolith will extend to the required study elevation and will also serve, along with the
tie-in floodwalls, as the main line of protection. The lock walls for the protected side gate
and the lock chamber will extend only up to El. 9.0. In general the chamber sections will be
earthen with timber guidewalls with rock dikes and riprap for scour protection. At Amelia
and Calcasieu the design assumes a pile founded concrete chamber section. Each gate
structure will have emergency and/or maintenance stop logs and separate control houses to
operate the gates. Timber guidewalls and cellular dolphins that serve to protect the
guidewalls will be provided on both sides of each approach channel.

A detailed load analysis, considering both vertical and horizontal loads, was performed on
each of the gate monoliths at each lock. The detailed analyses considered two of the three
levels of risk reduction. A foundation plan was developed for these structures using
graphical methods and the calculated vertical and horizontal loads. Given the scope of the
study, minor over-stresses were allowed in the foundation piling. Typically, steel pipe piles
were used for the taller, floodside gate monoliths while 14 square prestressed concrete piles
were provided for the foundations for the protected side gate monolith. Pile capacities were
based on foundation capacities presented herein with a factor of safety of 3.0.

INVERTED “T” TYPE WALLS

Each T-wall structure will consist of a wide concrete base with walls to the required study
elevations and will be supported by either 24 or 30-inch diameter pipe piles of the length
required to develop the appropriate pile capacity (see plate S-6). The use of 30-inch piles is
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currently limited to the designs for protection to El. 45.0. A detailed load analysis,
considering both vertical and horizontal loads, was performed on a typical 60-foot long
monolith for each of the three levels of risk reduction. Horizontal loadings considered
included both water to the top of the wall and unbalanced soil loads applied at the base. The
wall design considered an impact force of 250-kips, applied at the top of the wall and spread
out over a 5-foot width at the point of impact. A more accurate assessment of vessel impact
will be required for the design criteria at each structure location. Wave loads were not
considered at this time, but the final design will incorporate these loads and, quite possibly, a
re-curve type of wall to better distribute and minimize the required wave forces.

A foundation plan was developed for these structures using the USACE program CPGA
(X0080) and the calculated vertical and horizontal loads. Given the scope of the study,
minor over-stresses were allowed in the foundation pilings. Typical pile capacities were
assumed to be in excess of 100 tons per pile and were based on foundation capacities
presented herein with a factor of safety of 3.0.

INNOVATIVE DESIGNS
HOLLOW CORE LEVEES

As part of the ongoing hurricane protection work, as well as the LACPR effort, an evaluation
of a hollow concrete levee concept was undertaken. Details of this evaluation can be found
in the report titled “Concrete Levee and Concrete Sliding Flood Gate Concept Evaluation”
dated 30 March 2007. The concept of the hollow concrete levee system is such that the
section fills with water from the bottom as the storm surge rises. The combined weight of the
concrete frame and its water filled voids inside the frame result in a gravity structure that is
designed to resist hydrostatic forces and impact forces from vessel collision.

The hollow concrete levees are comprised of trapezoidal shapes similar to that of earthen
levees. The levee superstructure sections are comprised of sloped side walls with a flat
bottom slab with access to the interior via steel grating or manholes in the crest. Water inlets
or ports are incorporated into the cross section near the levee base on the flood side to allow
the section to flood with water to contribute to the overall weight for stability purposes. Shear
keys in the base were designed to protect against sliding under design loading conditions.
The substructure consists of a concrete base slab or pad that will be supported by steel pipe
piles. It is anticipated that excavation and granular backfill will be required to construct the
pile supported concrete pad. The concrete base slab serves a two-fold purpose. It distributes
loads to the pile foundations as well as serves as a “roadway” for cast-in-place construction.
A typical section is shown in figure 11.

Table 22 shows a summary of the probable cost of construction and the construction

duration. These costs do not include O&M, Real Estate, environmental impacts, wetland
mitigations, or other site-specific considerations.
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Figure 11 - Hollow Concrete Levee Section

Table 22 Summary of Concrete Levee Cost and Duration

Description Cost Duration
Concrete Levee
.25’ Crest Height $287,485,000/mile 16 months/mile
.30’ Crest Height $343,040,000/mile 17 months/mile
.40’ Crest Height $510,576,000/mile 21 months/mile

COMPARISON OF BARRIER OPTIONS

A cost comparison was done among concrete levee, geotextile and soil mix levee sections.
The comparison was done between costs per mile for sections in soil reach 1 which has the
worst soil conditions. The results of this comparison are shown in table 23. Although for
this comparison the total costs per mile are less for the soil mix section other factors should
be taken into consideration when deciding which type of levee construction to use. The levee
footprint of the concrete section is less than that of the soil mix or geotextile section. This

can make a big difference in environmental impacts and real estate concerns. The initial

construction time of the concrete section is shorter than the soil mix section. No additional
lifts are needed for the concrete section. A disadvantage of the concrete section is that it
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can’t be easily raised to account for future conditions (relative sea level rise and degrading
coastline). Because there is such a range in conditions along the proposed levee alignments it
is anticipated that all of these levee types may be used for construction. During detailed
design a decision will be made as to what type of levee construction is the best for each levee
section based on location (environmental and real estate impacts, geotechnical conditions),
required levee elevation, cost and any other pertinent factors.

Table 23
Cost and Footprint Comparison Among 30’ Soil Mix, 30° Geotextile and
30' Concrete Levee

Type Construction Cost ($/mile)* | Levee Footprint (ft)
30" Soil Mix 226,886,664 568
30" Geotextile 418,882,469 1,433
30" Concrete 343,040,000 228

*Costs include initial construction and future lifts

COASTAL RESTORATION FEATURES

GENERAL

Coastal restoration measures are included as part of the comprehensive protection plan. A
group of coastal restoration measures were developed by the Habitiat Evaluation Team
(HET). These measures were put together to develop alternative coastal restoration plans.
The goal of these coastal restoration plans is to sustain the current coastline to maintain the
current level of hurricane and storm damage risk reduction. Details of how these measures
and alternatives were developed can be found in the Coastal Restoration Plan Component
Appendix.

One of the alternative plans was selected as a representative plan for use in the Multi Criteria
Decision Making Analysis (MCDA). Designs and costs were developed for those measures
contained in the representative plan. Details of the design and cost of all coastal restoration
features can be found in Annex 1 (Coastal Restoration Features).

MARSH CREATION AND RESTORATION

Designs and cost estimates were developed for marsh creation, ridge restoration, secondary
barriers and shoreline protection measures. Cost estimates and implementation schedules
were provided. Details of the design and cost estimates can be found in Annex 1.

BARRIER ISLANDS

Several studies have been and are being conducted on restoration of the Barataria and
Terrebonne basin barrier islands. These include the ongoing Barataria Basin Barrier Island
Feasibility Study. Existing costs and designs were used for where available and new designs
and costs were developed when needed.
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DIVERSIONS

Freshwater diversions are diversions designed to take river water and its accompanying
sediment and divert it into the surrounding areas to create or enhance marsh. Designs and
cost estimates were developed for the diversions included as part of the coastal component of
the alternatives. See Annex 1 for additional details.

RELOCATIONS
GENERAL
Scope and Purpose

Relocation data was collected and tabulated by the U.S. Army Corps of Engineers, New
Orleans District, Engineering Division, Relocations Section, for a feasibility level study.
Relocations Section utilized the 1990 Louisiana Pipeline and Industrial Atlas, by Design
Technics Corporation and information obtained through the Louisiana Department of Natural
Resources, to identify oil and gas facilities located in the planning area. Also used were
information gathered while working on previous feasibility studies and site visit information
for other projects in the planning area. Relocations Section considered project design
features and their effects on existing facilities to determine project relocation requirements.
No contacts were made with facility owners.

Estimated Relocation Cost
Cost for relocation of pipelines, roadways, power and communication lines for the
alternatives are shown in Annex 4. These amounts include 10% for owner’s engineering and
design, 8% for owner’s contract administration, and 25% contingencies.
DESCRIPTION OF FACILITY RELOCATIONS
Method of Pipeline Relocation
Three methods of relocating affected pipelines were investigated:
(1) Placement of pipelines on the surface of the newly constructed levee.
(2) Construction of permanent pipeline bridges supported by pile founded piers.
(3) Directional drilling.
The conditions influencing the selection of a relocation method include the substantial
settlement anticipated by the proposed hurricane protection levee alternatives addressed in

this report. The cost of each method was investigated, analyzed and compared for the best
method of relocation for each design alternative chosen. Other factors considered in
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determining the best method include, initial cost, life cycle cost, maintenance, vandalism,
potential impacts by future lifts and disruption of service.

Further discussion on the investigated methods of relocation follows:
Placement of Pipelines on the Levee Surface

This method of relocation is typically used for pipelines affected by main line Mississippi
River and Atchafalaya Basin levees. Typically, a pipeline is installed on the levee net design
section and follows the contour of the levee until it proceeds underground on the floodside
and protected sides of the levee. Additional fill producing the gross grade is placed over the
pipeline to provide protection. This method presented problems due to the anticipated
settlement of levees on which pipelines would rest. Since the levee provides support for the
pipeline, the anticipated levee settlement would result in undesirable stresses on the pipeline.
The multiple lifts expected to meet project flood protection elevations also raised concerns
about multiple relocations, a prospect which would not be welcomed by the pipeline owners.
Although the cost for initial pipeline relocation by this method would probably be the least
costly, future costs of subsequent adjustments, modifications, and relocations of the pipeline
diminish this advantage.

Permanent Pipeline Bridge

This method of relocation involves installation of affected pipelines on bents supported by
pile piers. The advantage of this method is that it diminishes the affects of the expected
settlement. However, it is possible settlement of the permanent pipeline bridge will also
cause stress on the pipeline, requiring additional modification of the bridge. Another
disadvantage is that the pipeline is exposed and vulnerable to vandalism. Additionally, the
presence of a permanent structure over the levee impedes levee maintenance and construction
of future levee lifts.

Directional Drilling

Directional drilling of pipelines under existing levees is an acceptable method of pipeline
relocation provided the pipeline is drilled deep enough to avoid fracturing the levee from the
pressure of the drilling fluid. To meet geotechnical criteria, pipelines are directionally drilled
at least 100 feet under the base of the levee section and selected berm sections to avoid
stresses from levee and berm settlement. The pipelines are offset approximately 15 feet from
the existing pipeline alignment to allow workspace. The owners will need to perform
excavation of a push/false ditch in order to weld together and test the new pipe segments and
to utilize this ditch area to pull the pipe back into the hole. The owners will tie the new
pipeline into the existing pipeline at each end and remove the old section of pipe in between.
The advantage of this method is that it eliminates additional modification and/or relocation in
the future. Additionally, the pipeline cannot be vandalized or damaged by levee maintenance
or future construction. The initial cost of directional drilling is greater than that of the two
previous relocation methods studied. However, the cost of future modification and/or
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relocations resulting from the use of the previous two methods would most likely make the
final relocation costs comparable to directional drilling.

For the purposes of this report, we anticipate pipelines will be directionally drilled to
accommodate the levee construction and to avoid any interference with that construction.

HIGHWAYS AND ROADS

The LACPR alternative alignments impact several state and parish highways and roads. In
some cases, information was obtained from the applicable transportation agencies to
determine the physical characteristics of their existing facilities as well as traffic
requirements. Traversing the proposed flood protection requires either relocating the
highways and roads over the protection, or construction of permanent floodgates at the points
of intersection of the protection and highways and roads. These structures remain open
except for times of anticipated flooding, at which time they are closed and remain closed
until the flood threat subsides. Relocation of highways and roads atop earthen ramps is the
preferred construction method and will be used whenever feasible. Relocation of the
applicable roads and highways in this manner eliminates the need for floodgate operation
during flood conditions, thus allowing egress from affected areas to areas outside of the flood
protection for a longer period of time. Permanent floodgates will be used in other locations.

CRITERIA FOR RELOCATING FACILITIES
Utility Owners

The facility owners will accomplish the design and relocation of their facilities in accordance
with USACE facility crossing criteria, the owners’ individual criteria and in a manner that
eliminates interference with the alternatives.

Highways/Roads

Roads within the planning area are of various widths, surfaces and design standards. The
minimum Design Standards for Rural Highways and Roads of the Louisiana Department of
Transportation and Development had been reviewed to apply design standards to the
highways/roads relocations required by the alternatives. Required road relocations will be
accomplished in a manner to eliminate interference with the alternatives.

PROCEDURE FOR ACCOMPLISHING RELOCATIONS

Owners will prepare plans and specifications for their relocations in a manner that will not
interfere with the project. The Government will review the owner’s plans and specifications
to determine if the owner’s proposals are compatible with the project and then the owners
will construct their relocations. The local assuring agency for the work will advise the
affected owners to effect their relocations.
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The relocations work for pipelines to be relocated by directional drilling will be performed
prior to construction. All other relocations will be performed concurrent with construction of
project features.

OPERATION, MAINTENANCE, REPAIR, REPLACEMENT AND
REHABILITATION (OMRR&R)

OMRR&R cost estimates were developed for the barrier features investigated. These costs
include yearly operation and maintenance costs as well as refurbishment and major
rehabilitation (every 10 to 12 years for major structures). The estimates are based on data
from existing barriers of similar size, maintenance requirements, and operating criteria.

Costs were developed for refurbishment and major rehabilitation based on data from existing
locks, structures, and barriers of similar size maintenance requirements, and operating criteria
(number of hours/days/months, staffing level, 10 to 12 year major rehab, etc.).

COST ESTIMATES
GENERAL

Cost estimates were developed for the many features of the LACPR study which include but
are not limited to levees, structures, rock protection, clearing, soil mixing, marsh
nourishment, diversions, beach nourishment, and ridge restoration. The estimated costs were
based upon an analysis of each line item evaluating quantity, production rate, and time,
together with the appropriate equipment, labor and material costs or on New Orleans District
historical data. All of the construction work is generally common to the New Orleans
District. In addition, all labor, equipment and materials are typical of this type of
construction.

Due to time constraints on this study, the delay in developing final design data, and the
number of alternatives, a parametric matrix approach was used to combine and ratio the
various individual features that were estimated into the costs for each structural alternative.
A structural alternative is an alternative consisting solely of structural measures. Structural
measures for LACPR primarily consist of physical structures that reduce surge and wave run-
up, such as continuous or ring levees on land connected to floodgates acting as waterway
barriers, where necessary. For example, detailed calculations and costs were done for levee
templates at El. 25, 30, and 40. When the final design elevations were determined, a ratio of
the base costs was used to determine the cost for the alternatives.

The cost estimates for large structures such as locks, closure gates, and pump stations were
developed as part of this study. These costs were also done using a parametric approach
where detailed calculations and costs were done for structures at El. 30, 35 and 40 and
interpolated to determine costs for final design elevations.

Cost estimates for structural and other features (nonstructural, coastal, mitigation) were
developed as described in general below and in detail in Annex 2.
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The costs prepared for and presented in this report are not to be used for making funding
decisions. They are sufficient in detail for comparison of plans for initial screening, for use
in performing MCDA and presenting the final array of alternatives. A more detailed cost
estimate per regulation will be generated in the future upon completion of additional
engineering analysis.

PROJECT COST
Structural Alternatives

Details on how the costs were developed for the structural alternatives can be found in Annex
2. Costs were developed for the different sections shown on plates 1 thru 5. Structures
required for each section were identified and added to the section costs along with Real
Estate costs. E&D (12%) and Construction management (8%) costs are included. These
separate section costs were added together with relocations costs to develop costs for
structural alternatives. Figure 12 is a chart showing how the different cost components were
combined to develop costs for structural alternatives. Table 24 gives a list of these
alternatives and a description of each. Figures 13 — 28, taken from the Structural Plan
Component Appendix, show the basic alignments of these alternatives. A more detailed
description of the alternatives can be found in the Structural Plan Component Appendix and
the Evaluation Results Appendix. First costs including lift construction costs were provided
for use in initial screening.  Yearly costs for those alternatives carried forward for MCDA
were provided for the 50 year planning cycle. This information was used to develop a
present value estimate for each of these alternatives. These costs included OMRR&R. Table
25 shows the present value of life cycle cost estimates for the structural alternatives carried
forward into the final round of MCDA for two scenarios. These scenarios are sea level rise
alternative 1 (low sea level rise) and sea level rise alternative 2 (high sea level rise). These
scenarios were accounted for by adding a future lift approximately midway through the
project life. Present value of life cycle costs for complete alternatives (structural, non-
structural and coastal measures can be found in the Metric Results Tables shown in the
Evaluation Results Appendix. Alternatives shown in table 25 include the PU1 alternatives
with the new north shore alignments. All costs are in 2007 price levels.
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Table 24

Alternatives For Which Costs Were Developed
(100yr, 400yr and 1000yr Levels Developed for Each)

Planning
Unit

Alternative
Measure Code*

Description

1

HL-a-1

High Level Plan — Raise Existing Levees (includes the Lake
Pontchartrain and Vicinity Project Levees). Levee follows
Golden Triangle alignment at the Confluence of GIWW and
MRGO. Note that the Golden Triangle alignment is the current
alignment for the authorized project.

HL-b-1

High Level Plan — Raise Existing Levees (includes the Lake
Pontchartrain and Vicinity Project Levees). Levee follows an
alignment at the edge of Golden Triangle and Lake Borgne.

HL-a-2

High Level Plan — Raise Existing Levees (includes the Lake
Pontchartrain and Vicinity Project Levees). Levee follows
Golden Triangle alignment at the Confluence of GIWW and
MRGO. Also includes North Shore and West Shore Levees and
a levee in upper Plaquemines Parish.

HL-b-2

High Level Plan — Raise Existing Levees (includes the Lake
Pontchartrain and Vicinity Project Levees). Levee follows an
alignment at the edge of Golden Triangle and Lake Borgne.
Also includes North Shore and West Shore Levees and a levee
in upper Plaquemines Parish

HL-a-3

High Level Plan — Raise Existing Levees (includes the Lake
Pontchartrain and Vicinity Project Levees). Levee follows
Golden Triangle alignment at the Confluence of GIWW and
MRGO. Also includes Slidell and West Shore Levees and a
levee in upper Plaquemines Parish.

HL-b-3

High Level Plan — Raise Existing Levees (includes the Lake
Pontchartrain and Vicinity Project Levees). Levee follows an
alignment at the edge of Golden Triangle and Lake Borgne.
Also includes Slidell and West Shore Levees and a levee in
upper Plaquemines Parish.

HL-a-4

High Level Plan — Raise Existing Levees (includes the Lake
Pontchartrain and Vicinity Project Levees). Levee follows
Golden Triangle alignment at the Confluence of GIWW and
MRGO. Also includes West Shore Levee.

LP-a-1

Barrier Weir, Existing Levees - (includes the Lake
Pontchartrain and Vicinity Project Levees). Levee follows
Golden Triangle alignment at the Confluence of GIWW and
MRGO. Also includes a barrier-weir across the mouth of Lake
Pontchartrain with a tieback to high ground east of Slidell.

LP-b-1

Barrier Weir - Raise Existing Levees (includes the Lake
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Table 24

Alternatives For Which Costs Were Developed
(100yr, 400yr and 1000yr Levels Developed for Each)

Planning | Alternative
Unit Measure Code*

Description

Pontchartrain and Vicinity Project Levees). Levee follows an
alignment at the edge of Golden Triangle and Lake Borgne.
Also includes a barrier-weir across the mouth of Lake
Pontchartrain with a tieback to high ground east of Slidell.

1 LP-a-2

Barrier Weir - Raise Existing Levees (includes the Lake
Pontchartrain and Vicinity Project Levees). Levee follows
Golden Triangle alignment at the Confluence of GIWW and
MRGO. Includes North Shore and West Shore Levees and a
levee in upper Plaquemines Parish. Also includes a barrier-weir
across the mouth of Lake Pontchartrain with a tieback to high
ground east of Slidell.

1 LP-b-2

Barrier Weir - Raise Existing Levees (includes the Lake
Pontchartrain and Vicinity Project Levees). Levee follows an
alignment at the edge of Golden Triangle and Lake Borgne.
Includes North Shore and West Shore Levees and a levee in
upper Plaquemines Parish. Also includes a barrier-weir across
the mouth of Lake Pontchartrain with a tieback to high ground
east of Slidell.

1 LP-a-3

Barrier Weir - Raise Existing Levees (includes the Lake
Pontchartrain and Vicinity Project Levees). Levee follows
Golden Triangle alignment at the Confluence of GIWW and
MRGO. Includes Slidell and West Shore Levees and a levee in
upper Plaquemines Parish. Also includes a barrier-weir across
the mouth of Lake Pontchartrain with a tieback to high ground
east of Slidell.

1 LP-b-3

Barrier Weir - Raise Existing Levees (includes the Lake
Pontchartrain and Vicinity Project Levees). Levee follows an
alignment at the edge of Golden Triangle and Lake Borgne.
Includes Slidell and West Shore Levees and a levee in upper
Plaquemines Parish. Also includes a barrier-weir across the
mouth of Lake Pontchartrain with a tieback to high ground east
of Slidell.

1 LP-a-4

Barrier Weir - Raise Existing Levees (includes the Lake
Pontchartrain and Vicinity Project Levees). Levee follows
Golden Triangle alignment at the Confluence of GIWW and
MRGQO. Includes West Shore Levee. Also includes a barrier-
weir across the mouth of Lake Pontchartrain with a tieback to
high ground east of Slidell.

Note: For PUI the full range of estimates was prepared for both the original and revised

north shore alignments.
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Table 24

Alternatives For Which Costs Were Developed

(100yr, 400yr and 1000yr Levels Developed for Each)

Planning | Alternative Description
Unit Measure Code*

2 WBI-1 West Bank Interior Plan (includes West Bank and Vicinity
(WBV) levees with new sector gate).

2 G-1-1a GIWW Alignment (Barrier Weir along GIWW), Existing WBV
Levees with new sector gate, Larose to Golden Meadow levees.

2 G-1-4a GIWW Alignment (Barrier Weir along GIWW), Existing WBV
Levees with new sector gate, Larose to Golden Meadow levees,
with Boutee and Des Allemands levees.

2 R-1-2 Ridge Alignment - Existing WBV Levees with new sector gate,
Larose to Golden Meadow levees and Boutee levees.

2 R-1-3 Ridge Alignment - Existing WBV Levees with new sector gate,
Larose to Golden Meadow levees and Boutee and Des
Allemands levees.

2 R-1-4 Ridge Alignment - Existing WBV Levees with new sector gate,
Larose to Golden Meadow levees and Boutee, Des Allemands
and Bayou Lafourche levees.

2 G-1-1 GIWW Alignment (Barrier Weir along GIWW), Existing WBV
Levees with new sector gate, Larose to Golden Meadow levees
and Lafitte ring levees. This alternative replaced G-1-1a.

2 G-1-4 GIWW Alignment (Barrier Weir along GIWW), Existing WBV
Levees with new sector gate, Larose to Golden Meadow levees,
with Boutee and Des Allemands levees and Lafitte ring levees.
This alternative replaced G-1-4a.

3a PU3a-M-1 Morganza to Gulf (MTG) Alignment then GIWW to tieback
west of Morgan City

3a PU3a-R-1 MTG Alignment with tieback to high ground south of
Thibodaux and Morgan City Ring Levee (designation changed
to PU3a-M-2)

3a PU3a-G-1 MTG Alignment at 100yr with GIWW interior levee, Morgan
City Ring Levee. This alternative designation was changed
from PU3a-R-2.

3b PU-3b-G-1 GIWW Alignment, Patterson Ring Levee.

3b PU3b-F-1 Patterson Ring Levee, Franklin to Abeville alignment (inland of
the GIWW).

3b PU3b-R-1 Ring levee alignment - Patterson Ring Levee, Franklin/Baldwin
Ring Levee, New Iberia Ring Levee, Erath Ring Levee,
Delcambre Ring Levee and Abbeville Ring Levee.

4 PU4-G-1 GIWW levee - GIWW Alignment east of Calcasieu River, Ring
Levee west of Calcasieu River.

4 PU4-G-2 GIWW levee - GIWW Alignment east of Calcasieu with tie-in

west of the Vermillion River near Kaplan, Ring Levee west of
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Table 24
Alternatives For Which Costs Were Developed
(100yr, 400yr and 1000yr Levels Developed for Each)

Planning | Alternative Description
Unit | Measure Code*

Calcasieu River.

4 PU4-G-3 GIWW levee - GIWW Alignment east of Calcasieu River, Ring
Levee west of Calcasieu River. with levee set at 12°.

4 PU4-R-1 Ring levee alignment - Ring Levee west of Calcasieu River,
Lake Charles Ring Levee, Kaplan Ring Levee, Gueydan Ring
Levee.

*A description of the alternative measure codes can be found in attachment 1 to Annex 2.
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Figure 13 - PU1 Example of a Lake Pontchartrain Surge Reduction Alignment from the Plan
Formulation Atlas (Barrier Plan) (Note that the north shore alignments were changed to those shown in
figures 14 and 15.)
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Figure 14 - PU1 Example of a High Level Alignment from the Plan Formulation Atlas (Note that the
north shore alignments were changed to those shown in figures 14 and 15.)

Figure 15 - PU1 Reformulated North Shore Alignment
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Figure 17 - PU GIWW Alignment from the Plan Formulation Atlas (Note that this alignment was
modified to include Lafitte ring levees.)
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Figure 21 - PU3a Morganza Levee Alignment with Morgan City Ring Levee
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58



Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report
Engineering Appendix

Wt Crae Baneie
Day

Lousiana Coastal Fracection and Restoration

F@nming Unit 3
Imfleenice Area

Fas e R Ry

Franklin 1o AbDeville Allgnment
ATEREE D | PU3b - FA

L]
Ml

Legend
—— Frrary Roads

Peanning Uit Bourdary
— i Lo

Figure 25 - PU3b Ring Levee Alignment
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Figure 27 - PU4 Stand Alone GIWW Alignment
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Figure 28 - PU4 Ring Levee Alignments

Table 25

Present Value Cost Estimates For Structural Alternatives Included in MCDA
(See Table 24 for a description of these alternatives)

Planning Unit Alternative Scenario (H=high sea level Present Value Cost
rise, L=low sea level rise) $ (B)
1 PU1-LP-a-100-1 L 7.02
H 7.13
PU1-LP-a-100-2 L 22.44
H 22.58
PU1-LP-a-100-3 L 21.09
H 21.28
PU1-LP-b-400-1 L 25.54
H 25.62
PU1-LP-b-400-3 L 45.08
H 45.24
PU1-LP-b-1000-1 L 33.33
H 33.56
PU1-LP-b-1000-2 L 59.40
H 59.61
PU1-HL-a-100-3 L 15.89
H 15.93
PU1-HL-a-100-2 L 19.19
H 19.25
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Table 25

Present Value Cost Estimates For Structural Alternatives Included in MCDA
(See Table 24 for a description of these alternatives)

Planning Unit Alternative Scenario (H=high sea level Present Value Cost
rise, L=low sea level rise) $ (B)
PU1-HL-b-400-2 L 49.57
H 49.81
PU1-HL-b-400-3 L 44.90
H 45.10
2 PU2-WBI-100-1 L 1.00
H 1.02
PU2-R-100-2 L 7.73
H 7.77
PU2-R-400-2 L 25.41
H 25.52
PU2-R-100-4 L 13.35
H 13.42
PU-2-R-400-4 L 31.47
H 31.61
PU2-G-1000-4 L 42.34
H 42.46
PU2-G-100-1 L 7.6
H 7.75
PU2-G-100-4 L 14.52
H 14.7
PU2-G-400-4 L 34.75
H 34.88
PU2-R-1000-4 L 39.17
H 39.77
PU2-R-100-3 L 10.15
H 10.20
PU2-WBI-400-1 L 18.29
H 18.32
PU2-R-400-3 L 28.32
H 28.44
3a PU3a-M-100-1 L 2141
H 21.93
PU3a-M-100-2 L 18.98
H 19.10
PU3a-G-400-2 L 25.21
H 25.28
PU3a-G-1000-2 L 27.63
H 27.70
3b PU3b-G-100-1 L 15.21
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Table 25
Present Value Cost Estimates For Structural Alternatives Included in MCDA
(See Table 24 for a description of these alternatives)

Planning Unit Alternative Scenario (H=high sea level Present Value Cost
rise, L=low sea level rise) $ (B)
H 15.24
PU3b-F-100-1 L 13.92
H 13.95
PU3b-F-400-1 L 23.44
H 23.64
PU3b-F-1000-1 L 31.07
H 31.09
PU3b-RL-100-1 L 11.58
H 11.61
PU3b-RL-400-1 L 18.00
H 18.02
4 PU4-G-100-1 L 11.99
H 12.27
PU4-G-100-2 L 11.78
H 12.07
PU4-G-400-3 L 11.73
H 12.01
PU4-G-1000-3 L 12.21
H 12.49
PU4-RL-100-1 L 2.70
H 2.72
PU4-RL-400-1 L 3.47
H 3.49
PU4-RL-1000-1 L 3.76
H 3.80

Coastal Restoration Features

Cost for coastal restoration features were developed as described above in the Coastal
Restoration Features Section and discussed in detail in Annex 1.

Mitigation

The number of acres of wetlands impacted was developed for each alternative. These acres
are to be mitigated at a rate of 1.5 acres to each acre impacted. Current mitigation cost is
estimated at $80,000 an acre.
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Nonstructural Plan Components

Costs for nonstructural plan components were provided in the Nonstructural Plan Component
Appendix. Details of these components and the information on the development of these
estimates can be found in the referenced appendix.

ESTIMATES FOR COMPREHENSIVE PLAN ALTERNATIVES

Comprehensive plan alternatives (structural, coastal, nonstructural) are discussed in detail in
the Main Report. Figure XX shows how different cost items were combined to develop
comprehensive plan alternatives. Table 26 shows the present value costs for all alternatives
carried forward into the final round of MCDA. Tables showing costs of individual plan
components (coastal features, structural features, mitigation, nonstructural features) for each
comprehensive plan alternative are included in Annex 2.

TABLE 26
LACPR ALTERNATIVES
First Cost for Alternatives For Scenarios Used For MCDA
Alternative Scenario 1 Scenario 2 Scenario 3 Scenario 4
Planning Unit 1

No Action 0 0 0 0
R2 (Coastal) 9,448,607,969 9,637,580,128 9,448,607,969 9,637,580,128
NS-100 13,976,786,412 14,165,758,572 13,707,342,705 13,896,314,864
NS-400 25,988,874,745 26,177,846,904 28,858,222,244 29,047,194,403
NS-1000 36,426,615,692 36,615,587,851 37,689,306,856 37,878,279,015
HL-a-100-2 28,809,443,453 29,114,686,066 28,809,443,453 29,114,686,066
HL-a-100-3 25,621,931,458 25,881,282,879 25,621,931,458 25,881,282,879
HL-b-400-2 63,140,024,338 63,815,915,224 63,140,024,338 63,815,915,224
HL-b-400-3 58,362,881,421 58,975,714,443 58,362,881,421 58,975,714,443
LP-a-100-1 16,115,149,095 16,524,784,241 16,115,149,095 16,524,784.,241
LP-a-100-2 29,726,476,210 30,198,417,749 29,726,476,210 30,198,417,749
LP-a-100-3 29,037,286,948 29,607,034,907 29,037,286,948 29,607,034,907
LP-b-400-1 35,247,782,100 35,604,571,107 35,247,782,100 35,604,571,107
LP-b-400-3 54,602,752,270 55,111,460,583 54,602,752,270 55,111,460,583
LP-b-1000-1 45,525,510,246 46,168,402,646 45,525,510,246 46,168,402,646
LP-b-1000-2 71,345,488,335 71,956,944,660 71,345,488,335 71,956,944,660
C-HL-a-100-2 30,841,507,818 31,146,750,431 30,391,395,739 30,696,638,352
C-HL-a-100-3 27,798,358,539 28,057,709,960 27,364,359,000 27,623,710,421
C-HL-b-400-2 65,366,416,079 66,042,306,965 64,896,758,138 65,572,649,024
C-HL-b-400-3 60,748,289,027 61,361,122,049 60,415,682,905 61,028,515,928
C-LP-a-100-1 18,830,206,036 19,239,841,182 18,424,524,432 18,834,159,578
C-LP-a-100-2 31,704,982,805 32,176,924,344 31,208,858,542 31,680,800,081
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TABLE 26

LACPR ALTERNATIVES

First Cost for Alternatives For Scenarios Used For MCDA

Alternative Scenario 1 Scenario 2 Scenario 3 Scenario 4
C-LP-a-100-3 31,126,205,421 31,695,953,380 30,642,400,367 31,212,148,326
C-LP-b-400-1 39,319,329,328 39,676,118,335 39,765,397,390 40,122,186,398
C-LP-b-400-3 56,822,605,370 57,331,313,684 56,370,258,215 56,878,966,529
C-LP-b-1000-1 50,003,978,929 50,646,871,330 51,286,163,182 51,929,055,582
C-LP-b-1000-2 73,758,273,372 74,369,729,697 73,044,983,733 73,656,440,058

Planning Unit 2

No Action 0 0 0 0
R2 (Coastal) 11,290,051,065 11,312,631,167 11,290,051,065 11,312,631,167
NS-100 14,281,264,591 14,303,844,693 14,371,126,266 14,393,706,368
NS-400 22,007,914,671 22,030,494,773 30,699,665,341 30,722,245,443
NS-1000 31,521,628,364 31,544,208,466 39,530,749,953 39,553,330,055
G-100-1 18,527,843,400 18,842,508,657 18,527,843,400 18,842,508,657
G-100-4 24,017,746,420 24,404,081,288 24,017,746,420 24,404,081,288
G-400-4 45,939,377,941 46,236,618,190 45,939,377,941 46,236,618,190
G-1000-4 51,282,989,993 51,555,389,161 51,282,989,993 51,555,389,161
R-100-2 14,011,898,966 14,097,013,403 14,011,898,966 14,097,013,403
R-100-3 16,172,461,036 16,286,773,530 16,172,461,036 16,286,773,530
R-100-4 18,781,724,515 18,931,286,259 18,781,724,515 18,931,286,259
R-400-2 33,387,679,923 33,607,921,135 33,387,679,923 33,607,921,135
R-400-3 35,810,737,945 36,061,187,200 35,810,737,945 36,061,187,200
R-400-4 38,610,421,339 38,897,597,997 38,610,421,339 38,897,597,997
R-1000-4 46,686,471,376 47912,192,131 46,686,471,376 47912,192,131
WBI-100-1 11,948,584,459 12,021,391,685 11,948,584,459 12,021,391,685
WBI-400-1 31,010,321,230 31,200,785,597 31,010,321,230 31,200,785,597
C-G-100-1 20,670,262,205 20,984,927,462 20,722,808,709 21,037,473,966
C-G-100-4 25,813,320,568 26,199,655,436 25,841,372,318 26,227,707,186
C-G-400-4 47,546,688,976 47,843,929,224 48,034,335,706 48,331,575,954
C-G-1000-4 53,373,034,972 53,645,434,140 53,732,936,384 54,005,335,552
C-R-100-2 16,375,944,939 16,461,059,375 16,398,891,388 16,484,005,825
C-R-100-3 18,288,502,874 18,402,815,368 18,283,012,562 18,397,325,056
C-R-100-4 20,773,219,737 20,922,781,481 20,792,919,999 20,942,481,743
C-R-400-2 35,243,884,836 35,464,126,048 36,211,034,110 36,431,275,322
C-R-400-3 37,563,106,079 37,813,555,335 38,318,905,370 38,569,354,626
C-R-400-4 40,215,865,952 40,503,042,610 40,904,545,730 41,191,722,388
C-R-1000-4 48,649,556,447 49,875,277,202 49,094,687,594 50,320,408,348
C-WBI-100-1 14,908,146,322 14,980,953,548 14,999,456,823 15,072,264,049
C-WBI-400-1 33,448,013,929 33,638,478,296 34,627,916,714 34,818,381,080

Planning Unit 3a

No Action 0 0 0 0
R1 (Coastal) 19,431,425,544 19,625,739,799 19,431,425,544 19,625,739,799
NS-100 24,923,295,980 25,117,610,236 24.912,137,029 25,106,451,285
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TABLE 26

LACPR ALTERNATIVES

First Cost for Alternatives For Scenarios Used For MCDA

Alternative Scenario 1 Scenario 2 Scenario 3 Scenario 4
NS-400 26,906,161,065 27,100,475,320 26,801,113,801 26,995,428,056
NS-1000 27,624,326,837 27,818,641,092 27, 804,592,176 27,998.906,431
M-100-1 38,188,268,343 39,433,809,593 38,188,268,343 39,433,809,593
LT (lv;/as el 36,469,900,220 36,898,978,039 36,469,900,220 36,898,978,039
G-400-2 41,876,971,393 42.218,447,087 41,876,971,393 42.218,447,087
G-1000-2 43,993,106,295 44,345,192,507 43,993,106,295 44,345,192,507
C-M-100-1 38,630,924,156 39,876,465,405 38,625,150,100 39,870,691,349
C-M-100-2 36,957,783,303 37,386,861,123 36,953,477,181 37,382,555,001
C-G-400-2 42.937,138,923 43,278,614,617 43,159,226,549 43,500,702,243
C-G-1000-2 45,733,087,045 46,085,173,257 45912,522,916 46,264,609,128

Planning Unit 3b

No Action 0 0 0 0
R1 (Coastal) 4,364,994,612 4,408,644,558 4,364,994,612 4,408,644,558
NS-100 6,208,801,097 6,252,451,043 6,258,099,063 6,301,749,010
NS-400 7,551,099,977 7,594,749,924 7,641,051,958 7,684,701,904
NS-1000 8,339,265,602 8,382,915,548 8,799,298,036 8,842,947,983
G-100-1 18,493,569,685 18,586,553,146 18,493,569,685 18,586,553,146
F-100-1 17,685,812,738 17,803,604,048 17,685,812,738 17,803,604,048
F-400-1 26,984,322,398 27,369,959,222 26,984,322,398 27,369,959,222
F-1000-1 35,286,667,844 35,357,865,681 35,286,667,844 35,357,865,681
RL-100-1 15,484,510,089 15,594,753,846 15,484,510,089 15,594,753,846
RL-400-1 21,656,143,131 21,756,499,550 21,656,143,131 21,756,499,550
C-G-100-1 18,664,660,787 18,757,644,248 18,672,714,765 18,765,698,226
C-F-100-1 17,942,124,885 18,059,916,195 17,952,066,339 18,069,857,648
C-F-400-1 27,189,604,379 27,575,241,203 27,300,924,604 27,686,561,427
C-F-1000-1 35,891,880,509 35,678,562,221 35,630,608,036 35,701,805,873
C-RL-100-1 16,089,722,754 16,199,966,511 16,120,956,597 16,231,200,354
C-RL-400-1 22,351,942,103 22,452,298,522 22,902,638,413 23,002,994,831

Planning Unit 4

No Action 0 0 0 0
R1 (Coastal) 10,295,953,284 10,501,872,350 10,295,953,284 10,501,872,350
NS-100 11,799,111,008 12,005,030,074 11,800,759,074 12,006,678,139
NS-400 12,712,625,681 12,918,544,746 12,670,624,451 12,876,543,516
NS-1000 13,649,358,849 13,855,277,914 13,758,546,808 13,964,465,874
G-100-1 21,101,215,412 21,882,856,502 21,101,215,412 21,882,856,502
G-100-2 21,031,331,562 21,809,167,725 21,031,331,562 21,809,167,725
G-400-3 20,831,662,921 21,608,513,415 20,831,662,921 21,608,513,415
G-1000-3 21,273,016,896 22,055,110,177 21,273,016,896 22,055,110,177
RL-100-1 12,586,970,598 12,830,007,571 12,586,970,598 12,830,007,571
RL-400-1 13,443,833,884 13,696,639,399 13,443,833,884 13,696,639,399
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TABLE 26
LACPR ALTERNATIVES
First Cost for Alternatives For Scenarios Used For MCDA
Alternative Scenario 1 Scenario 2 Scenario 3 Scenario 4
RL-1000-1 13,872,652,090 14,130,326,533 13,872,652,090 14,130,326,533
C-G-100-1 22,438,559,356 23,220,200,446 22,444,957,627 23,226,598,716
C-G-100-2 22,198,009,561 22,975,845,724 22,919,055,370 23,696,891,533
C-G-400-3 23,281,426,175 24,058,276,669 23,384,480,977 24,161,331,471
C-G-1000-3 22,291,343,071 23,073,436,351 22,302,237,190 23,084,330,471
C-RL-100-1 13,606,235,895 13,849,272,867 13,616,981,050 13,860,018,023
C-RL-400-1 14,484,955,687 14,737,761,201 14,975,768,607 15,228,574,121
C-RL-1000-1 16,373,894,553 16,631,568,995 16,403,530,126 16,661,204,569
Color Code Scenario 1 - Low relative sea level rise, High Employment, Dispersed Population
- Scenario 2 - High relative sea level rise, High Employment, Dispersed Population
No Action Scenario 3 - Low relative sea level rise, Business-as-usual, Compact Population
Nonstructural /
Coastal Scenario 4 - High relative sea level rise, Business-as-usual, Compact Population
Structural / Coastal
Comprehensive
(Struct + NS +
Coastal)

FINAL ARRAY OF ALTERNATIVES

After completion of the alternative analysis including the MCDA the alternatives under
consideration were narrowed down to a final array. Tables 27 and 28 show the first cost and

fully funded cost of these alternatives.

TABLE 27

LACPR ALTERNATIVES
First Cost for Alternatives In The Final Array ($B)

Alternative Scenario 1 Scenario 2 Scenario 3 Scenario 4
Planning Unit 1
No Action 0 0 0 0
R2 (Coastal) 36.2 36.9 36.2 36.9
NS-100 41.7 42.4 414 42.1
NS-400 56.1 56.8 59.5 60.2
NS-1000 68.6 69.3 70.1 70.8
LP-a-100-1 44.2 45.2 442 45.2
C-LP-a-100-1 47.5 48.5 47.0 48.0
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TABLE 27

LACPR ALTERNATIVES
First Cost for Alternatives In The Final Array ($B)

Alternative Scenario 1 Scenario 2 Scenario 3 Scenario 4
Planning Unit 2
No Action 0 0 0 0
NS-400 22.9 23.0 33.1 33.2
WBI-100-1 10.8 11.0 10.8 11.0
C-G-100-1 21.3 21.8 21.4 21.8
C-WBI-100-1 14.4 14.6 14.5 14.7
C-R-100-2 16.2 16.3 16.2 16.4
Planning Unit 3a
No Action 0 0 0 0
NS-100 6.6 6.6 6.8 6.6
NS-400 9.0 9.0 8.8 8.8
NS-1000 9.9 9.8 10.0 10.0
C-M-100-1 23.0 24.3 23.0 24.3
C-M-100-2 21.0 21.3 21.0 21.3
Planning Unit 3b
No Action 0 0 0 0
NS-400 3.8 3.8 3.9 3.9
NS-1000 4.8 4.8 5.2 5.3
C-G-100-1 17.2 17.2 17.2 17.2
C-F-100-1 16.3 16.4 16.3 16.4
C-RL-100-1 14.1 14.1 14.1 14.2
Planning Unit 4
No Action 0 0 0 0
NS-100 1.8 1.8 1.8 1.8
NS-400 2.9 2.9 2.8 2.8
NS-1000 4.0 4.2 4.2 4.2
C-RL-100-1 43 44 44 44
C-RL-400-1 5.2 5.2 6.0 6.1
C-RL-1000-1 7.2 7.3 7.4 7.4
Color Code Scenario 1 - Low relative sea level rise, High Employment, Dispersed Population
- Scenario 2 - High relative sea level rise, High Employment, Dispersed Population
No Action Scenario 3 - Low relative sea level rise, Business-as-usual, Compact Population
Nonstructural /
Coastal Scenario 4 - High relative sea level rise, Business-as-usual, Compact Population
Structural / Coastal
Comprehensive
(Struct + NS +
Coastal)
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TABLE 28

LACPR ALTERNATIVES
Fully Funded Cost for Alternatives In The Final Array

Alternative Scenario 1 Scenario 2 Scenario 3 Scenario 4
Planning Unit 1
No Action 0 0 0 0
R2 (Coastal) 64.0 65.4 64.1 65.4
NS-100 70.8 72.0 70.4 71.7
NS-400 88.7 89.9 92.9 94.2
NS-1000 104.2 105.5 106.0 107.3
LP-a-100-1 76.0 77.8 76.0 77.8
C-LP-a-100-1 80.0 81.8 79.4 81.2
Planning Unit 2
No Action 0 0 0 0
NS-400 30.2 30.4 42.9 43.0
WBI-100-1 15.4 15.6 154 15.6
C-G-100-1 30.6 314 30.7 31.5
C-WBI-100-1 19.8 20.0 19.9 20.2
C-R-100-2 22.4 22.7 22.4 22.7
Planning Unit 3a
No Action 0 0 0 0
NS-100 8.2 8.2 8.2 8.1
NS-400 11.1 11.1 11.0 11.0
NS-1000 12.2 12.2 12.4 12.4
C-M-100-1 34.9 37.3 34.9 37.3
C-M-100-2 323 32.8 323 32.8
Planning Unit 3b
No Action 0 0 0 0
NS-400 4.7 4.7 49 49
NS-1000 5.9 5.9 6.6 6.6
C-G-100-1 27.0 27.1 27.0 27.1
C-F-100-1 25.4 25.6 25.4 25.6
C-RL-100-1 21.8 21.9 21.8 22.0
Planning Unit 4
No Action 0 0 0 0
NS-100 2.2 2.2 2.2 2.2
NS-400 3.6 3.6 35 35
NS-1000 5.0 5.0 5.1 5.2
C-RL-100-1 6.1 6.2 6.1 6.2
C-RL-400-1 7.4 7.5 8.5 8.6
C-RL-1000-1 10.2 10.3 10.3 10.4
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TABLE 28

LACPR ALTERNATIVES
Fully Funded Cost for Alternatives In The Final Array

Alternative Scenario 1 | Scenario 2 | Scenario 3 | Scenario 4
Color Code Scenario 1 - Low relative sea level rise, High Employment, Dispersed Population
Scenario 2 - High relative sea level rise, High Employment, Dispersed Population
No Action Scenario 3 - Low relative sea level rise, Business-as-usual, Compact Population
Nonstructural /
Coastal Scenario 4 - High relative sea level rise, Business-as-usual, Compact Population
Structural / Coastal
Comprehensive
(Struct + NS +
Coastal)
FUTURE STUDIES

Feasibility level design studies will be required to support any construction
recommendations. Once the recommended plan/plans are selected more detailed design
efforts will need to be undertaken. These include site specific surveys and borings and
alternative studies to determine which method of levee construction (soil mix, geotextile,
hollow core or other innovative design) would be best for each area. Design studies will be
needed to further develop the hollow core levee concept. Design studies will also look at
composite floodwalls. Additional studies will also be needed to determine the impacts of the
Lake Pontchartrain Barrier structures and to design the structures so any adverse impacts are
minimal. Further studies will also be done to determine the feasibility of other innovative
design approaches that were identified at the Engineering Technical Approaches and
Innovations Workshop held in March 2006. Advantage will also be taken of the ongoing
work being done by USACE on resiliency and armoring.

Further design studies will also be necessary to develop detailed designs of the coastal
restoration features selected. These include site specific surveys and borings for proposed
barrier island restoration, marsh creation/restoration, and ridge restoration features as well as
development of detailed borrow plans for these features. Detailed design investigations will
also be necessary for any proposed diversions.
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ELEVATIONS IN FEET N.G.V.D.

.
DISTANCE IN FEET )
500 480 460 440 420 400 580 560 540 520 300 280 260 240 220 200 180 160 140 120 100 30 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 US ARMY CORPS
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ { \ \ \ \ \ \ \ \ \ | v oRLEmS DRTRCT
N ——
40 FLOOD SIDE @ 40
h 24‘ﬂwo‘h PROTECTED SIDE :
20 EL. 14 20
1V ON 4H WV ON 304 6 (D sEMi-c
< X ) P
- oy % 5
o] EL. 0.0 W= /1‘;(\ 7 AV ol I e EL. 0.0 0 é
o5
EL. -150 QPY#/in @ El~ 57244 850%/in @ EI+6 @ 5% strain Fl. -15.0
- \V@ / \ \ \(@ W -
EL. -30.0 EL. -30.0 = g
® € @) ©) /y ® > 3
40— CH , O
40 EL. -45.0 \ EL. -45.0 40 2 .
@ @p & o o
60— EL. -60.0 EL. -60.0 s -
@) z
CH %)
FL. -75.0 \ ﬂ EL. -75.0 z 5
80l -80 g
®\ //O © o :
EL. -90.0 EL. -90.0 L
L
00— CH . x
100 EL. -105.0 ®\ % © EL. -105.0 100 | 3
©) /@ > N
CH 52
90— EL. -120.0 \ @ EL. -120.0 190 1 BT
Q) ®)
-140— -140 e
ASSUMED RESISTING FORCES |DRIVING FORCES| SUMMATION = FACTOR|F.s. w/2850 Ib/in 2q &
i OF FORCES LR
NO. ELEV. Ra Rs Re Da - Dp |RESISTING| DRIVING | SAFETY| AT 5/ STRAN g |z |BS
® O 3.0 15101 9600 1M29 27367| 8708| 35830 186593 1.92 crratUM] sOLL TOTAL C - UNIT COHESION - P.SF. FRICTION e e ZHEHES
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©® @] -30.0| 33455 12000| 24703| 161876 97722| 70158| 64154 1.09 163 @ CH 95 200 200 0 .
©® @] -30.0| 33455| 42000| 20831 161876 75474| 96286 86402| 111 1.51 & CH 100 200 200 0 p—
©® @] -30.0| 33455| 74200| 12000| 161876 43575| 119655 118301 1.01 1.30 & CH 100 275 350 0 g
©® ®]| -30.0| 33455| 75000| 12000 161876| 43311 120455 118565 1.02 1.30 D CH 100 425 500 0 t g
® (@] -30.0| 15075| 22200| 12000| 73854| 43575| 49275| 30279| 1.63 CH 100 575 650 0 $8 Y
® (| -45.0| 40859| 16450| 32643| 254441 174314 89952| 80127| 112 1.55 & CH 100 725 800 0 NOTES e 59
® @] -45.0| 40858| 123900| 20250 254447 100429| 185009| 154012 1.20 1.42 CH 100 B75 950 0 -~ ANGLE OF INTERNAL FRICTION, DEGREES g 5 =3
- 8% © ]
© (| -45.0| 36999| 107100| 20250|203485| 99770| 164348 103715 1.58 ) CH 100 1025 1100 0 2 STATIC WATER SURACE 53 . =2
@ @] -60.0| 52809| 172000| 33000 | 366162| 178052|257809| 188110 1.37 (2 CH 100 1100 1100 0 D7 HORIZONTAL DRIVING FORCE I POUNDS g9
R -- HORIZONTAL RESISTING FORCE IN POUNDS = g !
O @] -75.0| 69212| 217100| 50250 |496804| 278174/ 336562 218630| 1.54 A -- AS A SUBSCRIPT, REFERS TO ACTIVE WEDGE 25 2 o
@ (| -90.0] 91810]240800| 72000 |640893|406240| 404610|234653| 1.72 S e A SUBacHT RErERS 10 DASSVE WEbGE 23 =
® @] -105.0] 117219262200| 98250 813493 558585|477662|254908| 1.87 FacTOR o sarery LFA_ Rt Re 2"
© @] -120.0| 148810 281600| 129000 100027 3| 726204| 559410|274069| 2.04 oo ,—?
IDENTIFICATION
NUMBER
G2




Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report
Engineering Appendix

DISTANCE IN FEET \
-200 -180 -160 -140  -120 -100 -80 -60 -40 -20 Q 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 /00 US ARMY CORPS
\ \ \ \ \ \ \ \ \ \ (l@ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ | | | | | | v tmEe DTt
SN—— S
o FLOOD SIDE - 20— 10 = o PROTECTED SIDE —40 k
El+21 u
v E
El +17 X on 4
20— EL. 20.0 El+11 N "A“‘“\@ Semix\Campogted FilT- S bl _ o —1o
200" Sy o ®» Q/ 1V ON 30H El+3
2 B N ©) - A
W - El+3 Semi- Compécted Fill 5
O* EL. 0.0 A/ on A 2\ M /\Cj @ 7\/®f7 44 @ o v & 1\/@00 4H EL OO 70 %
FL-15.0 2000 #/in @ EI+3 @ 5/ strain M 890*/in @ EI+6 M/ / / / \ // e
T @\\Qt\ ﬁ W / / § / / § A N /C@/g// | | 1 :
a EL. -30.0 _ Fl _-300 o g
> © ® © ® ®  ©® © ® 0 > g
z YT EL.-450 D ox FL. -45.0 70 2 :
: N N N Yz :
Ll CH (]
o= EL. -60.0 FL. -60.0 160 =
z ©) z
- EL. -75.0 D o K / ﬂ Fl._-75.0 z g
T 80— K © / f —{-80 %
> {9 cH >
" EL. -90.0 FL. -90.0 L
- K ’ / ﬁ/ m
~100— CH -
100 EL. -105.0 ® Fl . -105.0 100 { ¢
@ K - / f , ¢
CH g2
ASSUMED RESISTING FORCES ~ [DRIVING FORCES|  oZVMATON. | FACTOR|F.S. w/2850 Ib/in 0
FALURE SURFACE OF | GEOSYNTHETIC ST : GENERAL NOTES: e
NO. | ELEV. RA Rs Rp Da -Dp [RESISTING| DRIVING | SAFETY| AT 57 STRAN ASSUMED RESISTING FORCES  |DRIVING FORCES|  J=VF(0 ~re FACTOR| F.S. w/2850 Ib/in S rorIoATION STRATFICATION. STEAR EERE
® (O] 20.0] 8000[ 9600 1760 5154 333] 19360| 4821 4.02 FAILURE SURFACH SASETY GEOSYNTHETIC STRENGTH, AND UNIT WEIGHT OF THE SOIL —-160 | ;%
| 10.0] 15252| 10000| B8671| 21709| 7105| 33923| 14604| 2.32 NO. | ELEV. ] Ra Rs Re Pa_ | ~Dr [RESISTING DRIVING AT 57 STRAN crratOM] oL TOTAL C - UNIT_COHESION - P.S'F. FRICTION WERE BASED ON THE RESULTS OF UNDISTUREED PE
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©® @] -30.0| 34079] 22500| 23965| 163185 87698| 80544| 75487| 1.07 1.49 © | -105.0] 129358 72450| 120871|825823|637640 | 322678 BEBY 171 CH 100 375 450 0 31
©® @] -30.0| 34079| 37500 22060 | 163185 77034| 93639| 86151 1.09 1.46 CH 100 525 600 0 .
O @] -105.0| 129358| 152250| 117250|825823|575758|398858|250065| 1.60 &
® ®] -30.0] 34079] 46500 | 20917| 163185 70951| 101496| 92234| 1.10 1.45 @ | -120.0] 163108 94800 | 151000| 1076101786460 |408908| 220731 1.78 CH 100 675 750 0 ﬁ——*
©® ®]| -30.0| 34079] 55500| 19774| 163185 65103| 109353| 98082| 1.11 144 CH 100 825 900 0 g 2
©® @] -30.0| 34079] 84500| 16000 | 163185 54182 114579 109003| 1.05 1.34 B CH 100 975 1050 0 t8 4
©® ®]| -30.0| 34078] 67500]| 16000| 163185 49017| 17579 14168 1.03 1.31 2 CH 100 1125 1200 0 8 Y <
©® ©] -30.0| 34079] 89300 | 16000| 163185 46692| 119379 116493 1.02 1.30 E CH 100 1200 1200 0 if 5 E
©® @] -30.0| 34078] 71700| 16000| 163185 45130| 121779 118055 1.03 1.30 P 0 s
® @] -45.0| 44531 17100| 35673|256323| 167943| 97304| 88380| 1.10 146 53 %3
® @] -45.0| 44531 97650| 27250|256323| 104381 169431 151942 1.12 1.32 Ef 27
® @] -60.0| 58560] 30600 | 50165| 370481256596 139325| 113885 1.22 1.50 5 9 3
82 w &
® @] -60.0| 58560 125400| 43000 | 370481| 184497|226960 | 185984| 1.22 1.39 $2%
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ELEVATIONS IN FEET N.G.V.D.
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FLOOD SIDE El+25 PROTECTED SIDE
— ‘ N Y Y Ny y —
Q © & ﬁ/ W 3'Sand Base
WX \ \\ //@VV/}@/{/ 650%/in@ El+6 @ 57 strain
2000#Nq @ El+3 @ 7 strqj
H
® @ © ©
& cH
@ @ ®)
CH
@ @) O
(@ cH
@ ©)
9 cH
@ @
@ cH
2) &) (@)
ASSUMED RESISTNG FORCES |DRIVING FORCES| SUMMATION = [FACTOR[F.s. w/2650 Io/in
FAILURE SURFACH OF FORCES OF | GEOSYNTHETIC
NO. ELEV. Ra Re Rp Da -Dp |RESISTING| DRIVING | SAFETY | AT 57 STRAN
®» O 3.0 15118 6000 | 11406 27618| 11018 32524| 16600 | 1.96
@ @] 30| 1518 13200| 8521 27618] 5188| 36839| 22430| 164
@] 0| 20744| 3600| 18422 35888| 14736| 42766| 2m52 2.02
@ | .0 | 20744| 7000| 11090| 35888| 8796| 38834| 27092| 1.43 GENERAL NOTES:
3| 0| 20744| 47750] 0| 35888 0| 68494| 35888| 1.91 srratum| SolL TOTAL C_- UNIT COHESION - P.SF. FRICTION STRENGTH, A0 NIT WEKHT O THE Sal
WERE BASED ON THE RESULTS OF UNDISTURBED
© (| -10.0] 25512| 47600| 4000| 67596| 5000| 7712 62596| 1.23 1.74 " ype [UNIT_WEIGHT P.CF. |CENTER OF STRATUMBOTTOM OF STRATUM ANGLE BORINGS. SEE BORNG DATA PLATES.
©® @] -30.0| 37972 n400| 27077| 163387| 89742| 76449| 73645| 1.04 1.47 ' VERT. 1 VERT. 1 VERT. 1 DEGREES
©® @] -30.0| 37972| 17100| 26586 163387| 86918| 81658| 76469| 1.07 1.45 D | rRPRAP 132 0 0 40
©® @] -30.0| 37972| 32100| 25295| 163387| 79691| 95367 83696 | 114 1.48 @ CH 110 400 400 0
©® @| -30.0| 37972| 68400| 16000 | 163387 46648| 122372 16739 1.05 1.32 & SM 122 0 0 30
©® ®] -30.0| 37972| 74100| 16000 | 163387| 44998| 128072 118389 1.08 1.35 W CH 100 200 200 0
® (@] -30.0| 17704| 7800| 16000| 66603 | 44998| 41504| 21605| 1.92 & CH 100 300 300 0
® @] -45.0| 48023| 21600| 37475|256779] 159840| 107098| 96939 | 110 1.43 & CH 100 375 450 0 HOTES
® (@] -45.0| 48023| 98100| 27250|256779] 103622| 173373 153157 113 1.34 @ CH 100 525 600 0 o ANGLE OF INTERNAL FRICTION. DEGREES
© (@] -45.0| 49649| 88200| 27250|235869| 102583| 165099 133286| 1.24 1.48 CH 100 675 750 0 ¥ -- STATIC WATER SURFACE
@ D -- HORIZONTAL DRIVING FORCE IN POUNDS
® (@] -60.0| 62650| 34200| 52399|369682| 250013 149249 119669| 1.25 1.49 CH 100 825 900 0 R -- HORIZONTAL RESISTING FORCE IN POUNDS
@ @] -60.0| 62650 123600| 43000 |369682| 184217229250 185465 1.24 1.41 CH 100 975 1050 0 b Sbaomir nErERe T conTRAL BLOGK
O @] -75.0| 81352 49500| 71848 502171 360415|202700| 141756 1.43 ad CH 100 1125 1200 0 P - AS A SUBSCRIT, REFERS TO PASSIVE WEDGE
O @] -75.0| 81352| 147750 63250| 502171286585|292352| 215586| 1.36 (2 CH 100 1200 1200 0 FACTOR OF SAFETY -0
@ D] -90.0| 104598| 67500 | 95284 | 653717|490474|267382| 163243 1.64 )
@ @] -90.0| 104598| 170100 88000 | 653717| 410332| 362698 |243385| 1.49
® @] -105.0] 132128 98700| 117260| 825281/629692|348088| 195589 1.78
® @] -105.0| 132128 187950 117250| 825281/558493|437328|266788| 1.64
© @] -120.0| 165878| 115200 151000| 1013741782028|432078| 231713 1.86
© @] -120.0| 165878| 196800| 151000| 1013741727238| 513678|286503| 1.79
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DISTANCE IN FEET
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850%/in @ El+6 7 @ro'\ Q © @ ® ©)
-201— . _ . —-20
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() O
S 40— EL. -45.0 D cH EL -450 —-40 2
g 2
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_ 60— © © —-60
2 EL. -75.0 © cH EL. -75.0 z
< -80— @ @ —-80 &
> EL. -90.0 % cH EL. -90.0 o
] o
-100— EL. -105.0 @ cH K EL. -105.0 100
@
FL. -120.0 2 cH K / EL. -120.0
-120— © © —-120
—{-140
ASSUMED RESISTING FORCES |DRIVING FORCES ZEM%F?@OENS FACTOR|F.S. w/2850 Ib/in
FAILURE SURFACH OF | GEOSYNTHETIC
NO. ELEV. Ra RB Rp Da -Dp RESISTING| DRIVING | SAFETY AT 57 STRAN —-160
® (D] 200 5292| 22400| 1440| 6256 223] 29132| 6033| 4.83
M| 10.0] 15252| 12000| 7809| 21709| 5778| 35081| 15931 2.20
© @] 3.0 19978 12400| 13105 40065| 15671| 45483| 24394| 1.86 GENERAL NOTES:
© O 0| 22643| 18000| 13714| 51286 16970| 54357| 34316| 1.58 CLASSIFICATION, STRATIFICATION, SHEAR
STRENGTH, AND UNIT WEIGHT OF THE SOIL
®) @‘ .0 ‘ 22643‘ 71894‘ 0 ‘ 51286‘ 0 ‘ 94537‘ 51286| 1.84 WERE BASED ON THE RESULTS OF UNDISTURBED
® (@] -10.0| 26643| 18000| 16952| 89646| 391M| 61595| 50535| 1.22 1.89 BORINGS. SEE BORING DATA PLATES.
® @] -10.0| 26643] 26800| 15276| 89646| 33026| 68719| 56620 | 1.21 1.82 N —— TOTAL C - UNIT COMESION - P.S.F. FRICTION
® @‘ 40_0‘ 26643\ 43000‘ mgo‘ 89646\ 23150‘ 81833‘ 66496 | 1.23 1.74 “ - UNIT WEIGHT P.C.F.|CENTER OF STRATUM[BOTTOM OF STRATUM ANGLE
® @] -10.0| 26643| 55000| 9903| 89646| 16942| 091546| 72704| 1.26 1.73 ) VERT. 1 VERT. 1 VERT. 1 DEGREES
® (®]| -10.0| 26643] 74200| 4000 | 89646| 5343| 104843 84303| 1.24 1.65 D | WATER 62 0 0 0 NOTES
® @] -10.0| 10525 15600| 4000| 16723 5124| 30125 11599 2.60 ASSUMED RESISTING FORCES | DRIVING FORCES SEM%A;EJENS FACTOR D | RIPRAP 132 0 0 40 EE—
© @] -20.0| 31927 21300| 23105| 137446 74457| 76332| 62989| 1.21 1.75 FAILURE SURFACE OF & CH 110 400 400 0 ® -- ANGLE OF INTERNAL FRICTION, DEGREES
@ @] -30.0| 37182 38400| 26361| 193990| 102038| 101943 91952| 1.11 1.48 NO. ELEV. Ra Rs Rp Da -Dp [RESISTING| DRIVING | SAFETY & SM 122 0 0 30 C -- UNIT COHESION, P.S.F.
@ @] -30.0| 37182] 66000 | 22856| 193990| 81410 126038| 112580 1.12 1.42 O (D] -75.0| 80926 | 54000 | 73078|555967| 411845208004 | 144122 1.44 & CH 100 200 200 0 Y -- STATIC WATER SURFACE
® @| -30.0| 37182|106800| 16000 | 193990| 46373| 159982 147617 1.08 1.32 © @] -75.0] 80926 |230250| 63250 (555967293567 |374426(262400| 1.43 & CH 100 300 300 0 D -- HORIZONTAL DRIVING FORCE IN POUNDS
© | -30.0| 22104 13800| 16000 | 69483| 45343| 51904| 24140| 2.15 ® @] -90.0105676(255600| BBOOO | 713319 421800|449276| 291519 1.54 @D CH 100 375 450 0 R 77 MORIZONTAL RESISTING FORCE IN FOUNDS
A -- AS A SUBSCRIPT, REFERS TO ACTIVE WEDGE
@ (| -45.0| 47687| 23400| 39554| 294819| 200512| 110641 94307| 1.17 1.54 ® (D] -105.0] 134926[270900 | 117250| 891660 |574789]523076| 316871 1.65 CH 100 525 600 0 5 - AS A SUBSCRIPT REFERS TO CENTRAL BLOGK
@ @] -45.0| 47687| 154350 27250| 294819| 103570|229287| 191249 1.20 1.38 © (| -120.0] 167491288000 | 151000[1093982|748857| 606491| 345125/ 1.76 &) CH 100 675 750 0 P -~ AS A SUBSCRIPT. REFERS TO PASSIVE WEDGE
® (| -60.0| 62693| 37200| 53971| 414848295790| 153864| 119058 1.29 1.58 CH 100 825 900 0 5 R R
At B * P
® @] -60.0| 62693196800 43000 | 414848 184403|302493|230445| 1.31 0 CH 100 975 1050 0 FACTOR OF SATETY -—————
. -
2 cH 100 125 1200 0
& cH 100 1200 1200 0
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DISTANCE IN FEET
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SUMMATION - |
UMED SUMMATION | FACTOR : ASSUMED RESISTING FORCES |DRIVING FORCES OF FORCES FACTOR| F.S. w/2850 Ib/in STRATUM | SoIL TOTAL C - UNIT COHESION - P.S.F. FRICTION 140
ASSUME RESISTING FORCES  |DRIVING FORCES OF FORCES F.S. w/2850 Ib/in FAILURE SURFACH OF GEOSYNTHETIC UNIT WEIGHT P.C.F.|CENTER OF STRATUM[BOTTOM OF STRATUM| ANGLE
FAILURE SURFACH SA(F)EFTY GEOSYNTHETIC NO. ELEV. Ra RB Rp Da - Dp [RESISTING| DRIVING | SAFETY| AT 57 STRAIN NO- TYPE VERT. 1 VERT. 1 VERT. 1 DEGREES
NO. ELEV. Ra RB Rp Da ~Dp  RESISTING| DRIVING AT 57 STRAIN ® (@] -45.0] 53005] 20250] 40751[294584[ 186297| 114006[ 108287] 1.05 1.37 D | RIPRAP 139 0 0 40 —1-160
@ QO 10.0] 13289] 16800|  6181] 22542] 2083| 36270| 20459 177 ® (| -45.0| 53005| 42750| 39460|294584| 175650 135215| 118934 | 1.14 1.42 ) on 10 400 400 o
@| 30| 19101| 12800 1767| 39644| 10933| 43668| 2871 152 ® @| -45.0 53005| 65250| 38168|294584| 165298 156423 129286 1.21 1.47 & M 122 0 0 20
© 0| 0| 26183| 9600| 14973| 50589 13495| 50736| 37094| 1.37 ® (| -45.0| 53005| 87750| 36877|294584| 155242 177632| 139342| 1.27 1.52 D) oH 100 200 500 o
©® @ -100] 32151 9400| 18741| 89435| 35726| 60262| 53709| 112 178 ® ®| -45.0| 53005| 110250| 35586|294584| 145482 198841 149102| 1.33 & oH 100 200 200 0
©® @[ -10.0] 32151 12000 18405| 89435| 34477| 62556| 54958| 114 1.76 ® @] -45.0] 53005| 128250| 27250|294584| 126453|208505| 168131| 1.24 1.44 & ,
CH 100 375 450 0 GENERAL NOTES:
©® @] -10.0] 32151 22000] 17114| 89435| 30040| 71265| 59395 1.20 .78 ® ®| -45.0| 53005| 141750| 27250|294584| 104035|222005| 190549| 1.17 1.34 ') oH 100 505 500 0 T ————————
© @| -10.0] 32151 32000 15822| 89435 25900| 79973| 63535 126 1.80 © (@] -60.0| 67909| 25200| 55933| 414349|285649| 149042| 128700| 1.16 1.42 oH 100 575 250 o STRENGTH, AND UNIT WEIGHT OF THE SOIL
© ®| -10.0] 32151| 42000| 14531 89435| 22055| B8682| 67380| 1.32 © @] -60.0] 67909| 21000| 56114| 414349]287531| 145023| 126818| 1.14 141 ) WERE BASED ON THE RESULTS OF UNDISTURBED
CH 100 825 900 0) BORINGS. SEE BORING DATA PLATES.
©® ®| -10.0] 32151 52000 13239| 89435| 18507| 97390| 70928| 1.37 © @] -60.0| 67909| 51000| 54822| 414349|274222| 173731| 140127| 1.24 1.48 oH 100 975 1050 o
©® @] -10.0] 32151 €0000| 12025| 89435| 15830| 104176| 73605| 1.42 © @| -60.0] 67909| 81000| 53531 414349 261208|202440| 153141| 1.32 ) oH 100 125 1200 0
©® ®| -10.0] 32151 67400 4000| 89435| 5594] 103551| 83841| 1.24 1.64 © (] -60.0| 67909| 111000| 52239| 414349|248490| 231148| 165859| 1.39
® @ -30.0| 42609| 9900| 30456|194024| 111B8S| 52965| 82139| 1.01 143 © ®| -80.0| 67909] 141000 48M0| 414343|235284 | 257019| 179085| 1.44 NOTES
® @| -30.0] 42609| 16500| 29888| 194024 106764| 88997| 87260| 1.02 1.41 © @] -60.0] 67909] 165000| 43000| 414349|205200|275909| 209149| 1.32 b ANGLE OF INTERNAL FRICTION, DEGREES
® @I -30.0| 42609| 31500| 28597|194024| 98778| 102706| 95246| 1.08 144 © ®] -60.0] 67909| 183000| 43000| 414349] 182783|293909| 231566| 1.27 142 C - UNIT COHESION P SF. '
® @| -30.0| 42609| 46500| 27305|194024| 91089 116414| 102935 113 1.48 @ (M| -75.0| 86512| 39000| 75408|555749|403401|200920| 152348| 1.32 T -- STATIC WATER SURFACE
® ®| -300| 42609| 61500| 26014194024 | 83694 | 130123| 110330 118 1.49 ® @| -75.0] 86512|222000| 63250|555749|286009| 371762|269740| 1.38 D -- HORIZONTAL DRIVING FORCE IN POUNDS
® ® | -30.0] 42609| 76500| 24723| 194024 | 76597|143832| 117427| 1.22 1.52 © @| -90.0| 10187| 56700| 99228| 714521|539059| 266115| 175462| 1.52 R -- HORIZONTAL RESISTING FORCE IN POUNDS
® @| -30.0] 42609| 88500| 17632194024 67869 148741| 126155| 118 145 O @] -90.0] 110187]|257400| 88000| 714521]409756|455587|304765| 1.49 A -t AS A SUBSCRIPT, REFERS TO ACTIVE WEDGE
® | -30.0] 42609 97800| 16000|194024| 47374 156409 146650| 1.07 1.30 N B -- AS A SUBSCRIPT, REFERS TO CENTRAL BLOCK
® @] ) | | | | | | | @ | -105.0]137287| 76650| 127704 |895098| 696762| 341641| 198336| 1.72 B -- AS A SUBSORIPT REFERS TO PASSIVE WEDGE
® | -45.0] 53005| 12150| 41216|294584 | 190799| 106371| 103785| 1.02 135 Q@ @] -105.0]137287| 291900| 117250|895098|557833|546437|337265| 1.62
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ELEVATIONS IN FEET N.G.V.D.
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ASSUMED RESISTING FORCES  |DRIVING FORCES SEM%;?ENS FACTOR|F.s. w/1850 Ib/in
FALURE SURFACF| OF | GEOSYNTHETIC
NO. ELEV. Ra Rs Rp Da -Dp RESISTING| DRIVING | SAFETY AT 57 STRAN
® 0| 18848| 11400 15394| 36128| 10330| 45642| 25798| 177 N TOTAL C - UNIT COHESION - PSF. FRICTION
@ @] 0| 18848| 22000| 8716| 36128| 6855| 49564| 29273 1.69 UNIT WEIGHT P.C.F.|[CENTER OF STRATUM|BOTTOM OF STRATUM ANGLE
M| -15.0| 24848 19600| 14030| 88672| 34514| 58478 54158| 1.08 1.49 NO- TYPE VERT. 1 VERT. 1 VERT. 1 DEGREES
@] -15.0| 24848| 21600| 13649| 88672 33150| 60097 | 55522| 1.08 1.48 D | WATER 62.5 0 0 0
@ | -15.0| 24848| 23600 | 13268| 88672| 3187| 61716| 56861| 1.09 148 (2> | RIPRAP 132 0 0 40
@] -15.0| 24848| 25600 | 12887| 88672 30500 | 63335| 58172 1.09 1.47 & CH 10 400 400 0
® | -15.0| 24848| 33600 | 11363| 88672| 25514| 69811 63158| 111 146 {4y SM 127 0 0 30
® | -15.0| 24848| 35600 | 10981 88672| 24333| 71429 64339| 111 1.46 & CH 95 200 200 0
© | -15.0] 24848| 37600 10600 | 88672| 23179| 73048| 65493| 1.12 1.45 &) CH 100 375 350 0
© @] -15.0] 24848| 39600 | 10219 88672| 22050 | 74667| 66622 112 1.45 @) CH 100 450 550 0
© @| -15.0] 24848| 41600| 9838| 88672| 20948| 76286 | 67724| 113 1.45 CH 100 650 750 0
© @| -15.0] 24848| 43600| 9007 | 88672| 19757| 77455 68915 1.12 1.45 {9y CH 100 850 950 0
© ®| -15.0] 24848| 45600| 7407| 88672| 17250| 77855| 71422 1.09 1.40 CH 100 1050 150 0
© ®| -15.0] 24848| 48800| 6000 | 88672| 11523 79648| 77149 1.03 1.32 ap SM 127 0 0 30
©® @| -20.0] 28099| 11200| 24021| 110630| 59980 | 63320 | 50650 | 1.25 1.69 a4 SM 127 0 0 20
©® @| -20.0] 28099| 25550 17852] 1M0630| 52070| 71501 58560 | 1.22 1.60
® @| -40.0] 44527| 23650 35852| 221081 139425 104029| 81656| 1.27 1.55
® @| -40.0] 44527|122650| 27250| 221081 80177| 194427| 140904| 1.38
® @| -60.0] 689727| 35250| 60366 |364634|252597| 165343 112037 1.48
® @| -60.0] 69727]148500| 53250|364634| 183472| 271477| 181162 1.50
@ (| -80.0] 101672| 165300| 87250|544565| 329882|354222| 214683 1.65
@ @ -100.0] 141343 77050 | 133317/759820(580766 | 351710 179054| 1.96
@ @] -100.0] 141343 174800| 129250|759820| 516017|445393|243803| 1.83
O @ -120.0] 218318 243456|335556003040|773020|797330[230020| 3.47
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ELEVATIONS IN FEET N.A.V.D. 88

1
DISTANCE IN FEET )
400 580 560 540 520 500 280 260 240 220 200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120  -140  -160 -180 -200 US ARMY CORPS
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | e
VERT 1 :—4‘
40 FLOOD SIDE T 40 §
/ PROTECTED SIDE i
20 e —20
El+2.0
1V on 20H | Ao Ele3
& + g
0 EL. 0.0 LA — X r7aY rax SV " —f EL. 0.0 —0 é
L. -15.0 \ / \ @6/ 1850 *#/in @ El+3 @ 5/ strain FL 150
-20 tb. =20V N@LY NG) @) N L) 504 EL. -20.0 120 o
@) ® @ ¥
H 5 g
40 EL. -40.0 EL. -40.0 140 2 :
@ @ ® - 5
D cn "
EL. -60.0 _ L
0 L EL. -60.0 —-s0 &
\ CH % z
EL. -80.0 EL. -80.0 = =
-80 : : —-80 % g
@ @) S
L
@ cH o
EL. -100.0 -
100 - EL. -100.0 1100 -
{0 sm p —
0 EL. -120.0 EL. -120.0 20 §Z
@ © P
140 —{-140 EEAE5E
-160 ASSUMED RESISTING FORCES  |DRIVING FORCES| —SYMMATION | FACTOR| F.S. w/1850 Ib/in —-160 = | |82
FAILURE SURFACE el hflen OF GEOSYNTHETIC BB :2
NO. ELEV. Ra Rg Rp Da —Dp [RESISTING| DRIVING | SAFETY| AT 5/ STRAN SHASAES
@ O 3.0] 1513] 16400| 7743] 27368| 3996| 39256 23372| 1.68 srraron] soL TOTAL C - UNIT COHESION - PSF. FRICTION 2,8
@‘ .O‘ 20249‘ 8400‘ 10286‘ 55W45‘ 7046‘ 58935‘ 28099| 1.39 UNIT WEIGHT P.C.F.|CENTER OF STRATUM|BOTTOM OF STRATUM| ANGLE 283
© @] -15.0] 27349| 14000| 15039| 85061| 29634| 56388| 55427| 102 142 NO- | TYPE VERT. 1 VERT. 1 VERT. 1 DEGREES 529
© @] -15.0] 27349| 40000| 6000| 85061| 11614 73349| 73447| 1.00 1.30 > | RIPRAP 132 0 0 40 ?Eé
©® | -15.0] 7443| 10800| B000| 22131| 10889| 24243| 1242 2.16 (2> CH 10 400 400 0 ge2
® | -20.0] 30599| 10150| 19467| 10481 | 48712| 60216 56099 1.07 147 S SM 122 0 0 30 s =
® @] -20.0] 30599| 66500| 9250| 10487 21370| 106349| 83441| 1.27 1.54 (& CH 95 200 200 0 p—
® (| -40.0| 48704| 23100| 36403|220928|125632| 108207| 95296| 1.14 1.37 5y CH 100 305 350 0 g
® @] -40.0| 48704| 96250| 27250(220928| 87057| 172204 133871| 1.29 1.45 &y CH 100 450 550 0 : b
© ()| -60.0] 73060| 44250| 59796|366243|232284| 177106| 133959| 1.32 D) CH 100 650 750 0 A=l
© @| -60.0| 73060|142500| 53250|366243| 176984| 268810| 189259| 1.42 CH 100 850 950 0 Sé nil
@ (| -80.0| 106212| 62700| 89764 543815|372259| 258676 171556| 1.51 (> CH 100 1050 150 0 : 82 §§
@ @] -80.0| 106212| 114000| 87250| 543815|339786|307462|204029| 1.51 SM 129 0 0 30 g% . s S
@ | -80.0| 106212|164350| 87250| 543815| 316011 357812|227804| 1.57 G SM 122 0 0 30 e
O | -100.0|146083| 115000| 129250|758409|524846| 390313|233563| 1.67 1522
© @] -100.0| 146063| 182850| 129250|758409|495653| 458163|262756| 1.74 -
@ D -120.0|220521| 315207 319082|997748| 731167| 854810| 266581| 3.21 :°
—_—
SHEET
IDENTIFICATION
NUMBER
GlY
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ELEVATIONS IN FEET N.G.V.D.

1
DISTANCE IN FEET )
-200 -180 -160 -140 -120 -100 -80 -60  -40  -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 US ARMY CORPS
\ \ \ \ \ \ \ \ \ \ W \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ | | | | v tmEe oETACT
SN—— S
24" ( n
4o SLOoD SIbE T T T o PROTECTED SIDE 40 %
El+20 "
— =]
so  EL.200 \ﬂ,oﬁ,- 777v777777°”747~ o
» QO B e IV_on 20f E1+5
JCK S r%73‘ ) H‘ e' CH /
70\\\ @k C\N\ | @ 40 » WV ofi 2R % Wigqy 5
o EL. 0.0 — > EL. 0.0 —o 5
6
EL. -15.0 / O\ X A15.0
50— EL. -20.0 Q0 */in @ FI+30 5/ i @ ©) L (4) 5 ® @D 47 -20.0 -
20 - - 20
2000 #/in @ 57 strain @ @ @ ) 4
CH 5 :
&
— _ . %
40— FL.-40.0 > -« EL. -40.0 —{-40 2 .
8
® cH B
- - L
so EL. -60.0 k L. -60.0 —-60 -
(% cH Z
S E
50— EL. -80.0 EL. -80.0 g0 £ i
o
(D cH -
~100— EL. -100.0 5 EL. -100.0 —1-100 .
(2 sm ( ER
. - EE
120— EL. -120.0 5 O EL. -120.0 —1-120 S E
ASSUMED RESISTING FORCES  |DRIVING FORCES E%ME@;‘COENS FACTOR|F.S. w/2200 Ib/in ) R
40— FALURE SURFACH OoF GEOSYNTHETIC 1140 2 g
NO. ELEV. Ra Rg Rp Da -Dp RESISTING| DRIVING | SAFETY AT 57 STRAIN
® (D] 20.0| 5292| 8000| 7199 6256| 5223 20491] 1033| 19.84 5] %
60— D]  10.0] 15252 12000| 7809| 21709| 5778| 35061 15931 2.20 160 Emn
© | 3.0] 19978| 12400| 13104| 40065| 15671 45482| 24394| 1.86 g |5 B3
©® Q@ 0| 22643 16000 15611 5w286\ 17835| 54254| 33451 1.62 GENERAL NOTES: SEnelt
® @| -15.0] 28643| 17000| 18762| 111667 53637| 64405| 58030| 111 1.56 p— — CLASSIFICATION, STRATIFICATION, SHEAR 5 oz
] strRaTUM | SOLL C - UNIT COHESION - P.S.F. STRENGTH, AND UNIT WEIGHT OF THE SOL &2
© @‘ W5'O‘ 28643‘ 25000‘ W7238‘ WG67‘ 47036‘ 70881‘ 64631 110 151 UNIT WEIGHT P.C.F. |CENTER OF STRATUM[BOTTOM OF STRATUM ANGLE WERE BASED ON THE RESULTS OF UNDISTURBED 2>
® @] -15.0| 28643| 34000| 15523 111667] 40M2| 78166] 71555 1.09 1.46 NO. TYPE y— y— y—— DEGREES BORNGS. SEE BORING DATA PLATES. 525
® @| -15.0] 28643| 42000 13999] 111667 34402| 84642| 77265 1.10 1.44 ) o e 200 00 5 252
® ®| -15.0] 28643| 54000| 1713 111667 26623 | 94356| 85044| 111 1.42 & | water o0 5 5 5 g8
® ®| -15.0] 28643] 69400 6000 | 111667 11567| 104043| 100100| 1.04 1.30 =
| RIPRAP 132 0 0 40
® | -15.0] 10840| 3400| 6000 | 21465 1081| 20240| 10654| 1.90 p—
@ CH 110 400 400 0 .
© @| -20.0] 31893 18900| 22812] 135689 76275| 73605| 59414 1.24 1.68 & .y o 5 5 =0 NOTES g
© @| -20.0] 31893| 68250| 17440| 135689| 49860| 117583 85829| 1.37 & o o5 200 200 5 tE 8
© @| -20.0] 31893 119350 9250 135689 20175| 160493| 115514 1.39 $-- ANGLE OF INTERNAL FRICTION, DEGREES 18 Y 3
D CH 100 525 350 0 C -- UNIT COHESION, P.S.F pe S o
@ | -40.0] 48432 24750| 40012|255783| 170675 N3194 85108| 1.33 e g5 &
-40.0 | 48432| 178750| 27250|255783] 80652 |254432| 175131 1.45 ch 100 20 290 0 o STATIE WATER SURTACE o I3
® @] 0| | | | | | | : (D CH 100 850 750 0 D -- HORIZONTAL DRIVING FORCE IN POUNDS 85 & o X
O | -60.0| 72943| 36750 64716| 41091 297147| 174408 13764 1.53 - 00 250 950 5 R -- HORIZONTAL RESISTING FORCE IN POUNDS Ty
O @| -60.0] 72943| 221250| 53250| 410911 190420|347443| 220491 1.58 6 - 100 050 150 5 A -- AS A SUBSCRIPT, REFERS TO ACTIVE WEDGE fg @
@ | -80.0]104926|259350| 87250|600800 |336900 | 451526/263900 | 1.71 ) -y 127 5 5 20 B -- AS A SUBSCRIPT, REFERS TO CENTRAL BLOCK 2223
® @| -100.0] 146926|264500| 129250| 822913| 532910|540676[290003| 1.86 I -y 199 0 0 =0 P o= AS A SUBSCRIPT, REFERS TO PASSIVE WEDGE - R
© | -120.0] 217453563044 | 3157691080966|772679[1096266 | 308287| 3.56 Ra + Rs + Re CR
FACTOR OF SAFETY - —————
" SHEET
IDENTIFICATION
NUMBER
G11
—
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1
DISTANCE IN FEET )
500 480 460 440 420 400 380 360 340 320 300 280 260 240 220 200 180 160 140 120 100 80 60 40 20 0 -20  -40 -60 -80 -100 -120 -140 -160 -180 -200 US ARMY CORPS
[ W W W W W W W W W W W W W W W W W W W W W W W W | W W W W W W W W W \ v tmEe oETACT
SN—— S
FLOOD SIDE e ( )
24" =1 EI+30 PROTECTED SIDE g
40— —40
EI+20 .
El+14.5 oo M IV on 44 /
N
S0l El+6.5 EI+8.5 5 |+3 1°
E\+O.5\ IV on 30H oK 73 27 w 73
R M ‘ ! B .
o EL. 0.0 E1+0 1V on 4H Non 30 | ‘% el AO IV _on 4 L 0.0 o g
\ AP L 305' @ o /J@ /Z(o/ :
EL.-15.0 L N M v EL. -15.0
o -20l— FL.-20.0 ANE—_— AN (% @) \% VAN 360 */in @ EI+3 © 57 strain FL.-20.0 190 w
[eo) */1n + /. S\rain 00 x
= 2000 #/in a %
) @ 57 strain : ,
z EL. -40.0 EL. -40.0 2 £
.- . .~ . <<
< 401 D 70 = .
8
— —
" / D on 2
b EL. -60.0 EL. -60.0 b
_ 60— 0 —-60 -
2 {8 CH 2 z
o @] I
= EL. -80.0 EL. -80.0 = g
© -80— —-80 % g
o o
- & cH o
100 EL. -100.0 —5 h— EL. -100.0 {100 .
0 s r )
EL. -120.0 EL. -120.0 i
-120H —-120 S EE R
-140— —-140 :
150 GENERAL NOTES: 160 s | |3
CLASSIFICATION, STRATIFICATION, SHEAR g E 2; =
STRENGTH, AND UNIT WEIGHT OF THE SOIL FEEEEEEEEE
WERE BASED ON THE RESULTS OF UNDISTURBED
. BORINGS. SEE BORING DATA PLATES. g =
ASSUMED RESISTING FORCES  [DRIVING FORCES EEMEASQEOENS FACTOR|F.S. w/2360 Ib/in stratun | solL TOTAL C - UNIT_COHESION - P.S.F. FRICTION " o A GEL
FALURE SURFACEH OF GEOSYNTHETIC UNIT WEIGHT P.C.F.|CENTER OF STRATUM[BOTTOM OF STRATUM| ANGLE oZs
NO. ELEV. Ra Rs Rp Da -Dp [RESISTING| DRIVING | SAFETY| AT 57 STRAN NO. TYPE VERT. 1 VERT. 1 VERT. 1 DEGREES 823
® O 3.0] 19101| 14000 11391| 39644 9918| 44492] 29726] 1.50 D | mrar . 5 5 20 252
D] 3.0] 19832| 121200  391| 41226| -263] 141423| 41489| 3.41 6) o o 100 100 5 g8
© O .0| 26163 10000| 14586| 50589| 12645| 50749| 37944| 1.34 G o 5 5 5 0 =
© @] 0| 26163 16000| 13811 50589 11011] 55974| 39578| 1.41 0 - os o0 o0 5 NOTES p—
©® | -15.0] 34ms| 9400| 20276| 11779| 48560| 63792| 63219 1.01 1.46 & o 00 s 50 5
® @| -15.0] 8604| 3600 6000| 26543 10951| 18204| 15592| 1.17 1.30x & @ -- ANGLE OF INTERNAL FRICTION, DEGREES
® (@] -20.0| 37366| 14350| 23423| 135636| 65286| 75139| 70350| 1.07 1.47 = 100 450 220 0 € == UNIT COHESION, P.S.F. W
' ' ' D CH 100 650 750 0 ¥ -- STATIC WATER SURFACE .
- >x< M
© (| -20.0] 36714] 107450| 9250] 136646| 20711] 153414 | 115935| 1.32 o 00 - 550 5 D HORIZONTAL DRIVING. FORCE IN POUNDS 55
@ (| -40.0] 53859| 24750| 40546|255486|152372| 119155] 103114| 1.16 1.40 & o 00 050 e 5 R . HORIZONTAL RESISTING FORCE IN POUNDS 7o
O @| -40.0] 53859| 158950| 27250|255486| 80348|240059| 175138| 1.37 y 159 5 5 0 A -- AS A SUBSCRIPT, REFERS TO ACTIVE WEDGE L 83
Q@ (D] -60.0] 78159| 42750| 65461| 410411|274247| 186370| 136164 | 1.37 B -- AS A SUBSCRIPT, REFERS TO CENTRAL BLOCK ©
® @| -60.0] 78159|207000| 53250| 410411| 180280|338409| 230131| 1.47 P -- AS A SUBSCRIPT, REFERS TO PASSIVE WEDGE g 2
© ] -80.0] mM0512| 65550| 98377| 600412| 431635|274439] 168777| 1.63 Ra + Rs * Re =
FACTOR OF SAFETY - ——————
™ @| -80.0] 110512]|249850| 87250| 600412|320508| 447612]279904| 1.60 D - Db
—
@ @| -100.0] 150362| 94300| 139267|824941| 624136|383929/200805| 1.91 ——
© @| -100.0] 150362|287500| 129250|824941| 501032| 567112]323909| 1.75 IDENTIFICATION
NUMBER
- FABRIC STRENGTH AT TOE OF BERM IS 200%/IN Cle
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ELEVATIONS IN FEET N.A.V.D. 88

DISTANCE IN FEET

—2‘00 45‘30 4‘60 —WTLO —1‘20 —1(\)0 —8‘0 —6‘0 —4‘0 —2‘0 E‘) 2‘0 4‘0 6‘0 8‘0 W‘OO 1‘20 1‘40 w?o WE‘SO 2‘00 2‘20 2‘40 2‘60 2‘80 3‘00 3‘20 5‘40 5‘60 5‘80 4‘00
FLOOD SIDE e
40— QT PROTECTED SIDE
EL. 25 El+12
20— . EI+5.5
1V _on 20H
ol FL. O 1V on 4H £1+0 L. O
EL. -10 VW EL. -10
ool EL.-20 BN /e EL. -20
FL. -30 \Q\ 1500 #/m®@ @/3 @ 5%/strain FL. -30
EL. -40 \@&\ \C? @ / EL. -40
-40— ©
EL. -50 @&\ Q / FL. -50
® @
60 EL. -60 a0 &\ \1 EL. -60
Q @
EL. -70 P cH / EL. -70
EL. -80 \@ CH L @ @V EL. -80
-80f— © ©
EL. -90 @?\S@ \ / / EL. -90
100 EL. -100 (% cH Q @ @/ EL. -100
EL. -110 < cH g EL. -110
) @
1200 {5 cH
EL. -130 EL. -130
© @
ASSUMED RESISTING FORCES ~ |DRIVING FORCES| S MMATIONL | FACTORIF.S. w/1500 Ib/in
FALURE SURFACEH OF | GEOSYNTHETIC
NO. ELEV. Ra RB Rp Da - Dp [RESISTING| DRIVING | SAFETY| AT 57 STRAIN
@ O 3.0] 16534] 17076] 6971 26382| 4484| 40581| 21898] 1.85
D | 0| 15770] 14000| 9944| 38656| 7645 39714| 2901| 1.37 STRATUM | SOLL TOTA- © _ UNIT COMESION — PLo.T FRICTION
UNIT WEIGHT P.C.F. |CENTER OF STRATUMBOTTOM OF STRATUM| ANGLE
© @ -10.0] 19770 12000| 12838| 69540| 25026| 44608| 44514| 1.00 141 NO. TYPE p— e p— DEGREES
© @/ -10.0] 19770| 14000| 12457| 69540| 23687| 46227| 45853| 1.01 1.40 0
WATER 62.5 0 0 0
© | -10.0] 19770| 16000| 12076| 69540| 22569| 47846| 46971| 1.02 1.40
2 | RIPRAP 132 0 0 40
© @| -10.0] 19770 18000| 11695| 69540| 21477| 49465| 48063| 1.03 1.40 0
CH 110 400 400 0
© ®| -10.0] 19770| 40000| 4640| 69540| 7268| 64410| 62272| 103 1.32
& SM 122 0 0 30
© ®/| -10.0] 19770| 40800| 4000| 69540| 6124| 64570| 63416 1.02 1.30 &
CH 95 200 200 0
©® (| -10.0] 9348| 4800| 4000| 13790| 5093| 18146 8697| 2.09
& cH 115 1050 1100 0
® | -20.0] 42371| 31900| 33685| 107819 54047| 107956| 53772| 2.01 &
CH 115 1150 1200 0
® | -30.0] 64235 43200| 56038| 163513 89998| 163473| 73515 2.22
cH 15 1250 1300 0
© (| -40.0] 88040| 61100| 80238|230537| 135921|229378| 94616| 2.42 &
CH 115 1350 1400 0
@ (| -50.0] 114295 68600| 106590|305760| 193111|289485| 112649| 2.57
cH 115 1450 1500 0
O | -60.0] 141708| 121500| 133989| 394138| 251363 | 397195 142775| 2.78 6
CH 115 1550 1600 0
@ | -70.0] 171787] 100800| 165104 |430850| 336149| 437691 154701| 2.83
P cH 15 1650 1700 0
@ @] -70.0] 171787]244800] 160000|490850|277858|576587| 212992| 2.71 )
CH 115 1750 1800 0
® (| -80.0/203869|249900| 193000| 598136|362736|646769|235400| 2.75
CH 115 1850 1900 0
© ] -90.0/237032| 144000| 228641| 718956| 513019|609673]205937| 2.96 G
CH 115 1950 2000 0
O @/ -90.0/237032| 261000|228000| 718956|459758|726032| 259198| 2.80
CH 115 2000 2000 0
® @ -100.0] 273113|260300|265000|847843| 568959| 798413|278884| 2.86
@ | -mo.0] 31194]256000|304000|987305| 690391| 87194 | 296914| 2.93
© @ -130.0]385995| 0] 383999§307480|946942| 769994 |360538| 2.14
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ELEVATIONS IN FEET N.A.V.D. 88
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DISTANCE IN FEET

-200

400 380 360 340 320 300 280 260 240 220 200 180 160 120 100 80 60 40 20 0 -20  -40 -0 -BO  -100 -120 -140 -160  -180
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ W \ \ \ \ \ \ \ \ \
VERT 1
FLOOD SIDE j\ﬁ EI+25
ﬁ%‘ﬁm f/ PROTECTED SIDE
El+12
FL. O EI+0 EL. O
w =1
FL. -20 ® O \\63 5/{§X/ EL. -20
FL. -30 \CD ®/ M 1500 *#/in @ El+3 @ 5/ strain EL. -30
EL. -40 \ @ fy @?{H FL. -40
EL. -50 \ O © CH EL. -50
EL. -60 \@ \ O ®/ ® cH EL. -60
EL. -70 @ \CD % {0 cH EL. -70
FL. -80 \1@ © ”‘D/ QP cH EL. -80
EL. -90 \® © 12 cH EL. -90
EL. -100 \® © {3 cH EL. -100
EL. -110 N Y { cH EL. -110
@
NERSY
EL. -130 EL. -130
@ ©
ASSUMED RESISTING FORCES  |DRIVING FORCES EEMQA@;‘COENS FACTOR|F.S. w/1500 Ib/in
FAILURE SURFACH OoF GEOSYNTHETIC
NO. ELEV. Ra Rs Rp Da -Dp RESISTING| DRIVING | SAFETY AT 57 STRAIN
® O 3.0] 15101| 13200 9355| 27367| 5977| 37/656| 21390| 1.76
@ | .0] 20233| 8000| 12332| 35143| B8637| 40565| 26506| 153 STRATUM|  SOIL TOTAL C - UNIT COHESION - P.S.F. FRICTION
@ ®‘ 7100‘ 25339‘ 7200‘ W5913‘ 67051‘ 26872‘ 48452‘ 40179 1.21 1.65 NO. TYPE UNIT WEIGHT P.C.F. |CENTER OF STRATUM|BOTTOM OF STRATUM ANGLE
© @| -10.0] 25339] 33000 4000| 67051| 5558| 62339] 61493| 1.01 1.31 VERT. T VERT VERT PECREES
©® | -10.0] e576] 3400| 4000| 16220| S162| 13976| 11058| 1.26 2.89 D | RIPRAP 132 0 0 40
® (D] -20.0] 46339| 29700| 36493| 105696| 54990| 112532| 50706| 2.22 @ CH 1o 400 400 0
® @] -30.0] 70961| 42000| 58998| 163137| 93528| 171959| 69609| 2.47 > SM 122 0 0 30
© (| -40.0] 95309| 53300| 83197|226480| 140523 231806| 85957| 2.70 O CH 95 200 200 0
® (| -50.0] 121455] 75600| 109130|300040| 195107 | 306185| 104933| 2.92 & CH 115 1050 1100 0
® @] -50.0] 121455 197400| 100000|300040| 138969| 418855| 161071| 2.60 ® CH 15 1150 1200 0
O | -60.0] 148810 90000| 137479]| 386099| 263317| 376289 122782| 3.06 D CH 15 1250 1300 0
O @] -60.0] 148810|208500| 129000| 386099| 201339 486310| 184760| 2.63 CH 15 1550 1400 0
@ | -70.0]178962| 88000| 166159]|480252|343905| 433121 136347| 3.18 © CH 15 1450 1500 0
@ @] -70.0]178962| 212800| 160000|480252|274697| 551762|205555| 2.68 CH 115 1550 1600 0
® | -80.0] 211963] 209100| 193000|582042|358945| 614063|223097| 2.75 D CH 115 1650 1700 0
© (D] -90.0]245888| 212400|228000|696402|454692|686288| 241710| 2.84 D CH 115 1750 1800 0
® (| -100.0] 281813] 214700|265000| 821196| 561939| 761513|259257| 2.94 NEj CH 15 1850 1900 0
@ (D] -110.0] 320813|206000|304000|953967|680685| 830813|273282| 3.04 CH 135 1950 2000 0
© | -130.0]399739] 216000| 383999}255738|946723|999738| 309015| 3.24 NEj CH 15 2000 2000 0
cH 115 2000 2000 0
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DISTANCE IN FEET

400

-200 -180 -160 -140 -120 -100 -80 -60 -40  -20 Q 20 40 60 80 100 120 140 160 180 200 260 280 300 320 340 360 380
| | | | | | | | | | ¢ | | | | | | | | | | | | | | | | | |
VERT 1
FLOOD SIDE .
40— 24" 11‘ =0 PROTECTED SIDE
e
{ < 1V on 4H
EL. 20 >
20— N RN El+5
&
ol FL. O — ‘ 1V on 4H EL. O
EL. -10 M / y/ EL. -10
EL. -20 @&\ @{\ / @ @ o EL. -20
g -20— @ <D5 :
5 EL. -30 &f\ \\g&\g% /in @ El+3 @5/ %m EL -30
< FL. 40 © cH & °/ EL. -40
z 40— © :
- EL. -50 D cH @% / EL. -50
Ll
L EL. -60 D cH \QJ y EL._-60
= -60— @ :
S FL. -80 CH Q\ 0 ]
= -80— o « EL. -80
> FL. -90 cH @2\ / ]
5 & EL. -90
o EL. 100 @ cH Y D L 00
FL. -110 CH ®\ 9/ EL. -110
©
-120— (P cH
EL. -130 EL. -130
-150 10— '
ASSUMED RESISTING FORCES  |DRIVING FORCES EEM%;‘COENS FACTOR|F.S. w/2020 Ib/in
FALURE SURFACH oF GEOSYNTHETIC TOTAL C - UNIT COHESION - P.SF. FRICTION CENERAL NOTES:
NO. ELEV. Ra Rs Rp Da -Dp [RESISTING| DRIVING | SAFETY| AT 57 STRAIN STRATUM|  SOIL UNIT WEIGHT P.C.F. |CENTER OF STRATUMEOTTOM OF STRATUM| ANGLE CLASSIFICATION, STRATIFICATION, SHEAR
] . NO. TYPE — STRENGTH, AND UNIT WEIGHT OF THE SOIL
® (| 20.0] 5292| 8000| 7199] 6256] 5223 20491 1033 19.84 e yr— VERT DEGREES STRENGTH, AND UNT WEIGHT OF THE oL
@] 10.0] 15252] 12000| 7750| 21709| 5757| 35002| 15952| 2.19 D) - 0 100 200 5 BORINGS. SEE BORING DATA PLATES.
© O] 0| 22643| 24600| M555| 51286| 11782| 58798 39504 1.49 > | waten 5 5 5 5
® @] -10.0] 26643 20400| 15708| 89396| 33949| 62751 55447| 113 1.57 & | rprap o 5 ] 0
©® @] -10.0| 26643| 37800 1049| 89396| 20009| 75492| 69387| 1.09 144 0 o 0 100 200 5
©® @] -10.0] 26643 55800| 4000| 89396| 5245| 86443| 84151 1.03 1.31 & o = 5 5 0
® D] -10.0] 9998 7400| 4000 14967| 4874| 21398| 10093| 2.2 & - o5 500 00 5
® @] -20.0| 47960| 38500| 40750| 134411| 78296| 127210 56115 2.27 D) - e 1050 100 5
© @] -30.0| 69927| 54000| 62370| 194802| 120274 186297| 74528| 2.50 o e 150 500 5
® (D| -40.0| 94182| 58500| 85777|263221]173778|238459| 89443| 2.67 0 - e oo 300 5 NOTES
O @] -50.0|120437|338800| 100000| 341903| 139199|559237|202704| 2.76 o e - 100 0
@ (] -60.0| 148693|348000| 129000|430848| 203174 |625693|227674| 2.75 6 ®-- ANGLE OF INTERNAL FRICTION, DECREES
CH 115 1450 1500 0 C -- UNIT COHESION, P.S.F.
® ] -70.0| 178811]360000| 160000|529978|277081| 698811252897 2.76 & - e . 500 5 U - STATIC WATER SURFACE
© @] -80.0| 211811]|357000| 192999|636836|364352| 761810|272484| 2.80 E) o e 650 700 5 D -- HORIZONTAL DRIVING FORCE IN POUNDS
M D] -90.0| 246812|356400|227999|754208| 461361| 831211|292847| 2.84 - e oo 500 5 R -- HORIZONTAL RESISTING FORCE IN POUNDS
® D] -100.0]|282676|362900| 264999|885482|569897| 910575| 315585| 2.89 B - e 80 1900 5 A -= AS A SUBSCRIPT, REFERS TO ACTIVE WEDGE
© @] -10.0] 321676|354000| 303999/024756| 691313|979675|333443| 2.94 B -- AS A SUBSCRIPT, REFERS TO CENTRAL BLOCK
= CH 115 1950 2000 0 P -- AS A SUBSCRIPT, REFERS TO PASSIVE WEDGE
CH 115 2000 2000 0

Ra + Rs + Re
Dh - D

FACTOR OF SAFETY =

40

20

-20

-40

-60

-80

-100

-120
-130

ELEVATIONS IN FEET N.A.V.D. 88

US ARMY CORPS
OF ENGINEERS

NEW ORLEANS DISTRICT
——

r

hPPR. )

DATE

DESCRIPTION

APPR.  MARK

DATE

DESCRIPTION

,
) Rark

FILE NUMBER:
H-NN-NNNNN

PLOT DATE:
MM/DD/YYYY

MM/DD/YYYY
W912P8-8@-C-XXXX

DATE:

KD BY:
XXX

PLOT SCALE:

XXXXXXXXXXXX-XXX-XXXXXX.DON

OESIGNED BY:
XXX

DWN BY:
XXX
SUBMITTED BY:
FILE NAME:
ANSI X

SIzE:

U. 5. ARMY ENGINEER DISTRICT
CORPS OF ENGINEERS
[SSISSIPPT VALLEY DIVISION

H

REACH 4 - GEOTEXTILE
LOUISIANA

LOUISIANA COASTAL PROTECTION AND RESTORATION PROJECT
PRELIMINARY TEGHNICAL REPORT TO CONGRESS
P/S - CROWN EL. +30, WATER EL. +20

w
ju
m
m
—

oot )

IDENTIFICATION
NUMBER

G15




Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report
Engineering Appendix

G
DISTANCE IN FEET )
500 480 460 440 420 400 380 360 340 320 300 280 260 240 220 200 180 160 140 120 100 80 60 40 20 0 20 -40  -60  -80  -100  -120 -140 -160 -180  -200 US ARV CORPS
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ d \ \ \ \ \ \ \ \ \ \ N LEe DTG
FLOOD SIDE o ( )
40— TR E130 PROTECTED SIDE — 40
e 120
W oo 4, /
20— 1V on 15H —120
El+0
‘ 05 . EI3 )
o el 0 \ e 1V on 4H EL. O o %
EL. -10 EL. -10 -
EL. -20 EL. -20

% -20— @ @ —-20 % -
= FL. -30 %q\\)% EI+0 @ 57 strain \ / &) cH 2020 *#/in @ EI+3 @ 5/ strain EL. -30 o g
> > :
2 EL. -40 Q \ @ & D cH EL. -40 < d
= 40— Q) @) —-40 2 .
- EL. -50 cH EL. -50 - ;
Ll ]
“ ol EL. -60 \@ \CD 2 (D cH EL. -60 g0 &
z z
" EL. -70 @ O © {0 cH EL. -70 o
=z Z B
SR EL. -80 (D cH EL. -80 20 ° 2
< [ e < a8
& EL. -90 (2 cH EL. -90 &
Ll L
EL. -100 3> cH EL. -100
-100— —-100
EL. -110 (2 cH EL. -110 \
-120— > o —-120
130 EL. -130 EL. -130 oo
EEEE
ASSUMED RESISTING FORCES  |DRIVING FORCES EEM%QCOENS FACTOR|F.S. w/2020 Ib/in B
FAILURE SURFACE OF | GEFOSYNTHETIC 2y S
NO. ELEV. RA RB Rp Da -Dp [RESISTING| DRIVING | SAFETY [ AT 5/ STRAIN R TOTAL C - UNIT COMESION - P.SF FRICTION . E%
@ @ 20.0 4785 3600 5725 5777 1706 14088 4071 5.46 UNIT WEIGHT P.C.F. |[CENTER OF STRATUM BOTTOM OF STRATUM| ANGLE %;2;%%
| 10.0] 13289] 12000 7965| 22542| 4539| 33254| 18003| 1.85 NO. TYPE VERT 1 VERT. 1 VERT. 1 DEGREES CENERAL NOTES: o
© O 3.0 19101| 14400| 10941| 39644| 9500| 44442| 30144| 147 ) | riPRAP 132 0 0 40 CLASSIFICATION, STRATIFICATION, SHEAR o5
© O 0| 26163 10000| 14121| 50589| 11962| 50284| 38627 1.30 o CH 10 400 400 0 STRENGTH, AND UNIT_WEIGHT OF THE SOIL ek
©® (| -5.0| 28163 9000| 15967| 87259 2198| 53130| 46081| 115 1.68 ASSUMED RESISTING FORCES |DRIVING FORCES| SUMMATION | FacTOR WERE BASED ON THE RESULTS OF UNDISTURBED ggs
’ ’ ’ OF FORCES @ SM 122 0 0 30 BORINGS. SEE BORING DATA PLATES. gz
FALURE SURFACE OF g, =
® | -5.0| 28163| 47000 2002| 67259| 1683| 77165| 65576 1.18 155 ) on 95 200 200 o S8
© (| -10.0] 30163| 8400 17752| 85615 32397| 56315| 53218| 1.06 1.51 NO. | ELEV. | Ra Re Rp Da__| —De [RESISTING| DRIVING | SATETY & 3L
@ (| -10.0] 3063| t6400| 16520| sssis| 28249| 63083| 57366| 1.10 55 © ()| -40.0] 99610 45500| 85890|262925| 158388| 231000| 104537 2.21 CH i 1050 1noo 0 %88
® O wo'o\ 30163| 20400| 15905| 85615 26282 E6468| 58333 s - © @] -40.0] 99610|280800| 73000|262925| 88466| 453410| 174459 2.60 g CH 1S 150 1200 0 I
-V : : S
® @ -10.0] 30163| 24400| 15289| 85615| 24383| 69852| 61232| 1.14 1.54 @ @ -50.0]125755| 63000| 112120] 341502| 218205|300875| 123297| 244 - e - o ; NOTES ;
® @| -100] 30163 28400| 14674| sssis| 22551| 73237| 63084| 116 55 ® @] -50.0|125755| 291200| 100000| 341502 139798| 516955| 201704 | 2.56 CH 1S 1350 1400 0 E v
® O —wo:o\ 30163| 32400| 14058| 85615 20787| 76621| 64828 1:18 1:56 @ | -60.0] 163810| 67500| 140659|430348| 26115] 362069] 139233|  2.60 - 1o 1450 1900 0 @ -- ANGLE OF INTERNAL FRICTION, DEGREES % o
00l 3063] 354001 134411 856151 190911 80004] 66524| 120 e @ @| -60.0] 153910|307500| 129000|430348| 199958| 590410|230390| 2.56 CH 1S 1550 1600 0 C -- UNIT COHESION, P.S.F. 5o o
® B 0] | | | | | | : : D cH 115 1650 1700 0 Y -- STATIC WATER SURFACE s g B
® @| -10.0] 30163| 41200 7673| 85615| 13769| 79036| 71846| 1.10 1.44 D) oH 5 1750 1800 o D -~ HORIZONTAL DRIVING FORCE IN POUNDS 1R
® (®] -10.0] 30163| 45800| 4000| 85615| 5447| 79963| B80168| 1.00 1.30 E) oH 5 1850 1900 o R -- HORIZONTAL RESISTING FORCE IN POUNDS -
O @ -10.0] 7326/ 4000 4000| 1812| 5249| 15326| 12863 1.19 1.38x o 15 1950 5000 0 A -- AS A SUBSCRIPT, REFERS TO ACTIVE WEDGE SE_ T
@ | -20.0] 53151| 33000| 38813| 124711| 66908|124964| 67803 1.84 B o 115 5000 5000 0 B -- AS A SUBSCRIPT, REFERS TO CENTRAL BLOCK 18 2 ¢
_ P -- AS A SUBSCRIPT, REFERS TO PASSIVE WEDGE s ER=
@ @ -20.0] 53151|249700| 25000| 134711| 21191]327851| 13520| 2.89 g
- Ra *+ Rs + R 2"
® | -30.0| 75464| 42000| 61352| 194609| 107011| 178816 87598| 2.04 FACTOR OF SAFETY -~ & " Re *Re g
® @ -30.0] 75464|267600| 48000| 194609| 49326 391064 | 145283| 2.69 Do - B —
IDENTIFICATION
x Floodside berm fabric strength is 200 */in NUMBER

Cle
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DISTANCE IN FEET

-200

500 480 460 440 420 400 380 360 340 320 300 280 260 240 220 200 180 160 140 120 100 80 60 40 20 0O -20 -40 -0 -80 -100  -120 -140 -160  -180
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
40— FLDeD SIbE VERT 4VERT 3 24" WOT VERT 2 VERT 1 PROTECTED SIDE
+25
20—
EL.O
Oi
CH
EL. -15 ®
© -20—
® EL. -30 © cH
o
=
S -40— EL. -45 ® cH
"
= EL. -60 @ cH
,607
g EL. -75 © cH (& DummY | . 149 105 |
o
< -80— ©
< cH SOIL CEMENT COLUMNS
i EL. -90
o ©)
-100—  EL.-105 @ CH
©) O
ol EL-120 @ cn
©) ©)
(3 DUMMY
-140—
GENERAL NOTES
80— SHEAR STRENGTHS BETWEEN VERTICALS
WERE ASSUMED TO VARY LINEARLY BETWEEN
THE VALUES INDICATED FOR THESE LOCATIONS,
ASSUMED SUMMATION FACTOR
C SSUMED | RESISTNG FORCES |DRIVING FORCES| o' poncrs o . -~ S— P ——— p—— NOTES
ND. FLEY, Ra Re Rp DA “Dp [RESISTING DRIVING | SAFETY o, pE UNIT WEIGHT P.C.F. CENTER OF STRATUM BOTTOM OF STRATUM ANGLE O-- STRATUM NUMBER
@ @ 30 14631 2800 164771 08964 5077 43848 22987 191 VERT. 1 VERT. 2 VERT. 3 VERT.4 | VERT.1 VERT. 2 VERT. 3 VERT. 4 VERT. 1 VERT.2 VERT.3 VERT.4 | DEGREES O -- WEDGE NUMBER
®| o ftev1e| 1800 15e36| 37302| 51| Sie5s| 32101 160 D | rock 132] 132 132 132 0 0 0 0 0 0 0 0| 40 & -~ CROSSOVER POINT
© | -15.0| 79623|140000| 6000 | 86700 | 11098|225623| 75602| 2.98 2 CH 110 1oL 110 ol 4001 400l 400] 400 400, 400, 400 400 0O - ANGLE OF INTERNAL FRICTION, DEGREES
C -- UNIT COHESION, P.S.F.
©® | -30.0|139940[120000| 12000| 159568| 43723| 271940| 115845 2.35 9, SM 1220 1220 1220 122 Q Q 0 Q Q Q Q 0L 30
® | cn 95 108 108 95| 200| 2000] 2000 200 200 2000, 2000 200 Q@ 3 oo STATIC WATER SURFACE
® | -45.0]200903| 110000| 20250| 259164| 98846 331153 160318 2.07 & D -- HORIZONTAL DRIVING FORCE IN POUNDS
® (D] -60.0 | 261455| 35000 | 33000 |396070 | 176469| 329455| 219601 1.50 ) CH 100108 108 100, 200, 2000, 20001 200L 200, 2000 20000 200 0 R -- HORIZONTAL RESISTING FORCE IN POUNDS
© | -75.0|277045| 44850| 50235|540396| 276197| 372130| 264199| 1.41 cH 100 108 10§ 1000 278 2000{ 20001 275 350 2000] 2000, 350 0O A -- AS A SUBSCRIPT,REFERS TO ACTIVE WEDGE
® (] -90.0 |297948| 63200 | 71985|702978|398802| 433133| 304176| 1.42 D cH 100 108§ 10§ 100|425/ 20001 20001 425 500 2000 2000 500 0 B -- AS A SUBSCRIPT REFERS TO CENTRAL BLOCK
O ] -105.0] 323123 82650 | 98235| 884617|543924|504008 340693 | 1.48 DumMYl 1000 100, 1000 100, 5000 5000 5001 5000 5000 5000 5000 500L 0 P == AS A SUBSCRIPT REFERS TO PASSIVE WEDGE
@ CH 100 100, 100l 100, 575 575| 575| 575 650, 650 650, 650/ O Ra* Rg* R
@ | -120.0] 351724] 111100 128985[1088284| 711545 591809|376739| 1.57 FACTOR OF SAFETY -—A" Re* Re
CH 00| 00| 00| 00|  725|  725| 725| 725 800 800 800 800 O Da- Dp
D CH 100l 100l 100 100, 875 875| 875| 875 950, 950 950 950/ O
1 CH 100l 100] 100|100 1025 1025 1025 1025 1100 1100| 1100|1100 0
{3 | pummy 100l 100l 100 100l 1100|100l 1100] 1100] 11000 1100|1100l 1104 0
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DISTANCE IN FEET

-200 -180 -160 -140 -120 -100 -80 -60 -40  -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 380 400
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
VERT 3 VERT 4
FLOOD SIDE VERT W‘ERT 2 ¢ B PROTECTED SIDE
40—
1V on 4H FZLO—TWO‘——
EL. +25 EL. +25
®sum
20—
1V on 4H
ol EL. 0 — ] | . - EL. O
H\()\\U\.()\ @ @<§2 \)\‘ (5 CH
EL. -15 L o . . /! EL. -15
T T
-20— \‘) >‘) >‘) }‘ ‘ ‘ )‘) Q;D‘) )\ @CH
d EL 730 1 n } I Il ) | ) 4 ) | n > I f I i EL 730
> NN \ (. |
O
ol \\>\>\>\>\ ) o
z 40 EL. -45 A A A A AN EL. -45
" ‘/"\«)‘w)w)‘w \\ /‘w)’\@)\@)‘
L ! CH
b 60— EL. -60 L I I I /1 /1 (1 (11 /l ) /l }1 I I [ EL. -60
- = = 105 (O cH
= EL. -75 \ & pummy EL. -75
= -80 SOIL CEMENT COLUMNS © a2 ) cn
o EL. -90 EL. -90
—
i Y v @
-100— CH
100 EL. -105 EL. -105
AN v ®
CH
10— L. -120 % X EL. -120
(12 DUMMY 7
140— STRATUM SoIL TOTAL C - UNIT COHESION - P.S.F. FRICTION
UNIT WEIGHT P.C.F. CENTER OF STRATUM BOTTOM OF STRATUM ANGLE
NO- TYPE VERT. 1 VERT.2 | VERT.3 | VERT.4 | VERT.1 VERT. 2 VERT. 3 VERT. 4 VERT.1 VERT.2 VERT.3 VERT.4 | DEGREES
160l D | waTER| 62.5| 62.5| 62.5| 62.5 0 0 0 0 0 0 0 0 0
» |rock | 132 | 132 | 132 132 0 0 0 0 0 0 0 0 | 40
&) CH 110 110 110 10 | 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400 0
@ M 122 | g2 | 122 122 0 0 0 0 0 0 0 o | 30
ASSUMED RESISTING FORCES |DRIVING FORCES|  SoMMATION | FACTOR &
FALURE SURFACH OF FORCES OF CH 95 | 108 108 95 | 200 | 2000 | 2000 | 200 | 200 | 2000 | 2000 | 200 0
NO. | ELEV. | Ra Rs Rp Da -Dp [RESISTING| DRIVING | SAFETY ®& CH 100 | 108 108 100 | 200 | 2000 | 2000 | 200 | 200 | 2000 | 2000 | 200 0
@ a 3.0 16582| 33963| -320| 26381 1| 50225] 26370] 1.90 @D CH 100 | 108 108 100 | 275 | 2000 | 2000 | 275 | 350 | 2000 | 2000 | 350 0
Q| 0| 20213 21353] 9582| 30836| 7086| 51148 23750 2.15 CH 100 | 108 108 100 | 425 | 2000 | 2000 | 425 | 500 | 2000 | 2000 | 500 0
@ | 0| 20213| 26150 6611 30836| 4598| 52974| 26238 2.02 @ | bummy| 100 100 100 100 | 500 | 500 | 500 | 500 | 500 | 500 | 500 | 500 0
Q| 0| 20213| 33377| 1600| 30836| 275| 55190| 30561| 1.81 CH 100 | 108 108 100 | 575 | 575 | 575 | 575 | 650 | 650 | 650 | 650 0
© @] -1B.0| 78831 119892 61600 | 85682| 19642|260323| 66040 | 3.94 NOTES ab CH 100 100 100 100 | 725 | 725 | 725 | 725 | 800 | 800 | 800 | 800 0
© @] -15.0] 78831 157452 6000 | 85682| 11182 242283| 74500| 3.25 O-- STRATUM NUMBER 2 CH 100 100 100 100 | 875 | 875 | 875 | 875 | 950 | 950 | 950 | 950 0
©® @ -30.0]137396] 11782¢ 66000 | 162343 53199| 321224| 109144 2.94 | .. WwEDGE NUMBER & CH 100 100 100 100 | 1025 | 1025 | 1025 | 1025 | 1100 | 1100 | 1100 | 1100 0
©® @] -30.0|137396| 147452 12000| 162343 43806|296848| 118537 2.50 | o -- CROSSOVER POINT DUMMY| 100 100 100 100 1100 1100 1100 1100 1100 1100 1100 1100 0
® @] -45.0| 195669] 119825 72000 |267045| 109559| 387494| 157486 2.46 ¢ -- ANGLE OF INTERNAL FRICTION, DEGREES
® @] -45.0| 195669| 149467| 20250 |267045| 98778|365386| 168267| 2.17 C -= UNIT COHESION, P.S.F.
® | -60.0]252528| 42000| 33000 | 400221| 176553|327528|223668| 1.46 %” ag/;‘TZ‘%NVTVQIESR‘SWUNRgAFCOERCE N POUNDS CENERAL NOTES
© @] -75.0|268845| 44850| 50235|545888| 286113 363930|259775| 1.40 = - HORIZONTAL RESISTING FORGE IN POUNDS
© @] -75.0|268845| 48100 50235|545888|276675| 367180| 269213 1.36 A —- AS A SUBSCRIPT.REFERS TO ACTIVE WEDGE SHEAR STRENGTHS BETWEEN VERTICALS
@ @] -90.0|288702| 61600| 71985| 713639| 398801|422287| 314838 1.34 B -- AS A SUBSCRIPT REFERS TO CENTRAL BLOCK WERE ASSUMED TO VARY LINEARLY BETWEEN
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DISTANCE IN FEET
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ELEVATIONS IN FEET N.A.V.D. 88

DISTANCE IN FEET
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DISTANCE IN FEET
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@ @ -75.0|290760|203450| 50250|699453| 279411544460[420042| 1.30 O @] -105.0] 337113 90250| 1110141083839 671010|538376| 412829 1.30 ¢ —- UNIT COHESION. P.S.F. ' THE UNDISTURBED BORINGS.
® @] -90.0] 31710 59200 | 87007|882062|537569| 457917 344493 1.33 © @| -105.0] 33713260300 | 982501083839 559424|695663 | 524415 1.33 ¥ -- STATIC WATER SURFACE
® @] -90.0| 31710 70400 | 86687|882062| 524713468797|357349| 1.31 @ @] -120.0] 365713| 95700 | 140598[1308226|854056| 602011| 454170 1.33 D -~ HORIZONTAL DRIVING FORCE IN POUNDS
® @ -90.0| 31710 81600 86366|882062| 511878479676 370184| 1.30 @ @] -120.0| 365713|266200 | 129000 [1308226| 747636 | 760913|560590 | 1.36 R -- HORIZONTAL RESISTING FORCE IN POUNDS SHEAR STRENGTHS BETWEEN VERTICALS
) A -- AS A SUBSCRIPT,REFERS TO ACTIVE WEDGE WERE ASSUMED TO VARY LINEARLY BETWEEN
® @| -90.0| 31710/ 148000| 79120|882062|483545|538830| 398517 1.35 ® @] -15.0| 7499| 2400| 6000 | 22630| 00| 15899 1530 1.38 , THE VALUES INDICATED FOR THESE LOGATIONS
B -- AS A SUBSCRIPT REFERS TO CENTRAL BLOCK '
® G| -90.0| 31710237600 72000|882062|405397| 621310/476665| 1.30 @ ] -30.0] 13757 2200| 12000| 66614| 43905| 27957| 22709| 123 1.33 o e A SUBSCRIPT REFERS To PASSIVE WEDOE
© @] -105.0] 33713 58900| 1129591083839|699927 |508972| 383912 1.33 ® | -45.0| 22285 2800| 20250| 133998 99771| 45335 34227| 132 R R
FACTOR OF SAFETY -——2 %
DA - Dp
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DISTANCE IN FEET

500

-500 -480 -460 -440 -420 -400 -380 -360 -340 -320 -300 -280 -260 -240 -220 -200 -180 -160 -140 -120 -100 -80 -60 -40 -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
Flood Side d‘g Protected Side
60—
VERT 1 VERT 2 VERT 3 VERT 4
H ﬁsz‘ﬁm‘ h I
40— ‘ EL. 40 1460 */in @ EL+15 @ 57 strain
EL. +30 ’ ‘
- 1V on 4H AR “‘ D N N N N 4y EL. +16
20~ (1) WATER EL. -12 o8 30’ A 35" vV on 4H
EL. +5 ‘
IV on 34H AR \
1V on 4H : SEMI-COMPACTED FW.L 1V on 4H
0 EL. O WV on 340 <2 ROCK & L
[ I Z/ (=) T A
- = — T T NN\ \\U\‘N\U\\U@\mf‘”@\,‘ 3
© B CH 200 +/in @ EL+0 @ 57 strain | ‘ !
: TSR E S TLIRIAARIE IS RAN TS
S 20— ® o 1 T W\\W\& ;@)\)\g\wg\(\; Y/
<Z<ﬁ EL. -30 SR L A L 2 W A L A WA S WA 5
5 e D o ;\>\>\>\>\>\>\>\>\ W\ SN AT M AT Wz
i EL. -45 . 1J\’1J\’)J\’)J>)J\'J\’lj\’)J\'lj \’)J\lj\l \,)J\’)J\,J\’)J\,l
| J J |
. ® on v e e e e e e e e \/\N\\\\ e e e e \// /%
0 g0l -60 T T O I BT U S L NI I N L R B TR
& \@DUMMY ‘ @
= @ CH [ SOIL CEMENT COLUMNS
< EL. -75 ‘ \ !
Lud
S g0l W Q
- @ cH . 197" L 165" d
EL. -90 N L
2 v @
10— CH
100 EL. -105
CH
oo EL. -120 - & X
\\@DUMMY
ASSUMED RESISTING FORCES  |DRIVING FORCES| SUMMATION = FACTOR| F.S. w/1460 Ib/in .
-140— FAILURE SURFACH OF FORGES oF GEOSYNTHETIC NOTE: REQUIRED STRENGTH OF GEOSYNTHETIC AT b% STRAIN IS 1460 LB\IN. NOTES
NO. ELEV. Ra Rs Rp Da —-Dp [RESISTING| DRIVING | SAFETY | AT 57/ STRAIN O-- STRATUM NUMBER
@ (D] 20.0| 15252 22000| 3199 21708 1099| 40451| 20609 | 1.96 O -- WEDGE NUMBER
Sle0 stratum| solL TOTAL C - UNIT COHESION - P.SF. FRICTION @] 10.0| 22065] 32000 | 5600 | 49647| 3368| 59665| 46279| 1.29 1.67 GEOTEXTILE TENSILE STRENGTH CALCULATIONS O -- CROSSOVER POINT
UNIT WEIGHT P.CE CENTER OF STRATUM 50TTOM OF STRATUM ANGLE © | 30| 27477| 14000| 16479| 74550| 29171 57956| 45379| 1.28 1.66 CONTROLLING FAILURE VEDGE @ - ) ¢ -- ANGLE OF INTERNAL FRICTION, DEGREES
NO- TYPE I"VERT.1 | VERT.2 | VERT.3 | VERT.4 | VERT.1 | VERT.2 | VERT.3 | VERT.4 | VERT.1 | VERT.2 | VERT.3 | VERT.4 | DEGREES © @‘ 3-0‘ 27477‘ QOOOO‘ MOSO‘ 74550‘ 2994‘ 51557‘ 53256 116 1.48 C -= UNIT COHESION, P.S.F.
> | water| 625 625 625 625 0 0 0 0 0 0 0 o o © ®| 30| 27477| 32000| 10185 74550| 9686 | 69662 | 64864| 1.07 1.34 T = DRIVING(F.S.) - RESISTING ¥ STATIC WATER SURFACE
© @| 30| 27477 43323 9264| 74550| 7669 | 80064 | 66881| 120 1.46 T = (64864)1.3) - 69662 = 14861LB/FT D -~ HORIZONTAL DRIVING FORCE IN POUNDS
@ ROCK 154 154 154 154 0 0 0 0 0 0 0 Q] 40 ' ' : R -- HORIZONTAL RESISTING FORCE IN POUNDS
O CH 110 110 110 110 400|400, 400|400 400 400|400, 400 0O © ®| 3.0 27477| 53323| 8496| 74550 6451| 89296| 68099 | 1.31 A -- AS A SUBSCRIPT,REFERS TO ACTIVE WEDGE
@& M 124 12 121 121 0 0 0 0 0 0 0 ol 30 © O 0| 32331 46400| 11538 | 88800 | 11898| 90269 | 76902 | 1.17 1,40 B -- AS A SUBSCRIPT REFERS TO CENTRAL BLOCK
GENERAL NOTES & o e o8 108 o5 200l 2000 2000l 200l 200 2000l 2000l 200 o ® @] 0| 32331| 57809 10646 | 88800 | 10129|100786 | 78671| 1.28 1.50 P -- AS A SUBSCRIPT REFERS TQ PASSIVE WEDGE
SHEAR STRENGTHS BETWEEN VERTICALS & CH 100 108 108  100]  200| 2000 2000| 200/  200| 2000| 2000] 200| 0 © O] 0| 32331| 68701 | 9723|88800 | 8448 | 110755 | 80352 | 1.38 STATION CACTOR OF SAFETy . RA" Ra® Re
WERE ASSUMED TO VARY LINEARLY BETWEEN D) oH 100 10d 10d 100 579 2000l 2000 57d 3500 2000l 2000 250 0 ® (| -15.0] 92331/100000| 75503| 162328| 61899|267834| 100429| 2.67 FA‘LUASESUSMUERDFACF RESISTING FORCES  |DRIVING FORCES|  J=YF 0 ro FASZOR Dp - Dp
THE VALUES INDICATED FOR THESE LOCATIONS. -15.0| 92331/326879| 6000 | 162328 10701| 425210| 151627 2.80 2
CH 100 108 108 100l 423 2000 2000 425 500 2000| 2000/ 500 © ® @] 7300\ 15224W‘306880‘ wzooo‘ 259160\ 45525\ . | v B N0 | eV, | Ra Re Re o b RESISTING| DRIVING | SAFETY
® loumwy| 100 100f 100 100] spol  s00]  soo|  sool  sool  soo|  s00f  s00] 0 © @| -300] | | | | | | : ® (9| -105.0(329502| 55750 | 105340 1064592]679343| 534 292305235 132
CH 1000 1001 1000 1000 573 oS/ OS/9 o579 6501 6501 6501 6501 O © | -45.0] 211757329556| 20250 |383253| 98929 S61563|284324) 1.98 ® @] -105.0]329202(266000 | 98235[1084592| 572061|693437| 512531 1.35
B CH 100 100 100 0 723 723 /23 /23 800, BOOL 800, 8001 O © O -60.0|267578| 65000 |  41642|536235]264804|374220| 27143) 1.8 © (] -120.0]357222| 110000]| 135629]1308951 861146| 602851|447805| 1.35
2 CH 100 100 100 1001 879 879 879 879 9501 950 9501 950 O @ @] -60.0 267578 177500| 33000|536235| 177720|478078| 358515 1.33 © @] -120.0]357222|280500 | 128985|1308951| 754723|766707 | 554228| 1.38
a | cH 100, 100 100 100 1029 1029 1024 1028  1od  1od  110d 1104 0 © @] -75.0|283850| 78000 | 58416699943 |382275|420266| 317668 1.52 ® | -30.0] 17531 5000 | 12000| 65757| 43806| 34531 21951 1.57
DUMMY 1000 100 100 100 1od  1od  mod  tod  tod  tod  10od  Hod 0 O @] -75.0|283850| 221000| 50235|699943|279698|555085(|420245| 1.32
@ (| -90.0|304333| 88000 | 79705|882692| 521294|472038| 361398| 1.31
@ @] -90.0|304333|252000| 71985|882692| 410612 628318/472080| 1.33
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DISTANCE IN FEET

-200

500 480 460 440 420 400 380 360 340 320 300 280 260 240 220 200 180 160 140 120 100 80 60 40 20 -20  -40 _-60 _-BO _ -100  -120 -140  -160 _ -180
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
VERT 4 VERT 3 VERT 2 VERT 1
FLOOD SIDE | |
40— PROTECTED SIDE
20—
EL. O
O— T
EL. -10 {4 CH |
T
|
©  -20rH— I
© CH
“ EL. -30 ® |
: |
> 40— EL. -45 ® cH ‘
|
n @ cH ‘
L EL. -60 )|
. 60— |
z EL. -75 @ cr & DUNMY e . |
z .
— -80—
E £l -90 CH SOIL CEMENT COLUMNS
—
Lt
-100— EL. 105 @ cr
CH
EL. -120 ®
-120—
43 DUMMY
-140— GENERAL NOTES
SHEAR STRENGTHS BETWEEN VERTICALS
-160— WERE ASSUMED TO VARY LINEARLY BETWEEN
THE VALUES INDICATED FOR THESE LOCATIONS.
SUMMATION
ASSUMED FACTOR
_[SSUMED |  RESISTNG FORCES |DRVING FORCES| op'Finces T T S— T ConESON - Par — NOTES
UNIT WEIGHT P.C.F. CENTER OF STRATUM BOTTOM OF STRATUM ANGLE —
NO. | ELEV. | Ra R Rp Da | -Dp RESISTING| DRIVING | SAFETY No. | TveE
VERT. 1 VERT. 2 VERT. 3 VERT. 4 VERT. 1 VERT. 2 VERT. 3 VERT. 4 VERT. 1 VERT.2 VERT.3 VERT.4 DEGREES
® (D| 3.0 14631 14000| 15937| 28964| 511 44568| 23853| 1.87 ) O-- STRATUM NUMBER
M| o 16919] 18800| 15936| 37302|  5111| 51655 32191 1.60 o) ROCK 154 134 154 134 0 0 0 0 d d d 040 O -~ WEDGE NUMBER
© (| -10.0| 59623|102000| 43486| 68195| 14285| 205109 53910| 3.80 G CH ! g 1 e 400 400 400 0 09 - S 2 ’g ESSLSES%\I/EEFTN?S;NNTAL FRICTION, DEGREES
© @| -10.0] 59623|152000| 4001| 68195| 5263 | 215624| 62932| 3.43 & SM 122 123 122 122 0 0 0 0 $ $ $ 939 - UNIT COMESION. P.S.F ’
©® (| -30.0| 140415 96000 | 84000 | 163944 56178| 320415| 107766| 2.97 e oo s 108 100 200, 2000 2000, 200, 200, 2000 2000, 200, O O - STATIC WATER SURFACE
& cH 100,108 108 100 300| 2000/ 2000/ 300] 300] 2000/ 2000/ 300/ 0
©® @] -30.0| 140415 124000| 16000 | 163944| 46052 | 280415 117892 2.38 6 D -- HORIZONTAL DRIVING FORCE IN POUNDS
©® (| -45.0] 201678|102000| 76000 |263689| 108977|379678| 154712 2.45 5 cH 1000 108 108 100 573 20000 20001 573 4500 20000 2000 450 O R -- HORIZONTAL RESISTING FORCE IN POUNDS
® (@] -45.0] 201678| 120000| 27250 |263689| 101658| 348928| 162031 2.15 CH 100108 108 100 523 20001 20001 523 600, 2000, 2000 600, 0O A == AS A SUBSCRIPTREFERS TO ACTIVE WEDGE
® (| -60.0| 261455| 35400| 87250|396070| 190514| 384105|205556| 1.87 & DUMMY 1000 100 100 1000 600 600 600F 600] 600F €001 600L 6001 O E . 2: : zﬂgzgg:ﬂ gggzz 18 gig‘;ﬁg V?ESGCE
® (@] -60.0| 261455| 41400| 43000 |396070 | 180588| 345855| 215482 1.61 CH 100 100100 100 679 679 673 679 /50 /50 /50 750 0O
© ()| -75.0]280845| 50250 | 63235| 538631| 281243/394330|257388| 1.53 cH 100100 100 100 823 823 823 823 9000 9001 900, 900, 0O FACTOR OF SAFETY -—A*Rs*Re
® (| -90.0|303948| 82800| 87985|702978|404989|474733|297989| 159 o CH g 1o 00 100 972 S/5 979 875 1059 105G 1059 1054 O Da - De
© | -105.0] 332123 93450| 17235 884616| 551233542808 333383| 163 o cH 1000 100 100 1000 125 1250 123 m25. 1209 1204 1200 1204 0
@ (D] -120.0|364798| 99600 | 1509851085454 719979| 616383|365475| 1.68 DUMMY 1000 100 100 1000 1200 1200 1200 1200 1200 1200 1200 1200 0

—40

20

-20

-40

-60

-30

-100

-120

-140

-160

ELEVATIONS IN FEET N.A.V.D. 88

S )

(E=)

US ARMY CORPS
OF ENGINEERS

NEW ORLEANS DISTRICT
N— S
7~

=,

DATE

DESCRIPTION

APPR.  MARK

DATE

DESCRIPTION

YYY

W912P8- i

DATE:

‘ 00 BY:
XXX

XXXXX XX XXXXXXXXX

FILE NAME:

DESIGNED BY:
DWN BY:
XXX
SUBMITTED BY:

U. 5. ARMY ENGINEER DISTRICT
CORPS OF ENGINEERS
MISSISSIPPT VALLEY DIVISION

|

LOULSIANA

PRELIMINARY TECHNICAL REPORT TO CONGRESS
F/S - CROWN EL. +25

REACH 2 - SOIL CEMENT COLUMNS

LOUISIANA COASTAL PROTECTION AND RESTORATION PROJECT

w
I
m
m
=

et )
IDENTIFICATION
NUMBER

G 23

—




Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report
Engineering Appendix

DISTANCE IN FEET

-200 -180 -160 -14.0 -120 -100 -80 -60 40 60 80 100 120 140 160 180 200 220 240 280 300 320 340 360 380 400
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
4o— LOOD SPEyERT 1 vERT 2 VERT 3 VERT 4 PROTECTED SIDE
EL. +25
20 T 1V on 4H
{1y WATER
EL. O
0
EL. -10 & cH
© -20 &) CH
Q: EL. -30
>.
<
Z 40 EL. -45 @ cH
o
S EL. -60 e
z \
{9) DUMMY CH
z EL. -75 ©
— -80—
< SOIL CEMENT COLUMNS
& EL. -90 W cH
—
Lol
-100— EL. -105 \@x (12 cH
@)
g EL.-120 @ cr
© T~ {13 DUMMY
-140—
GENERAL NOTES NOTES
SHEAR STRENGTHS BETWEEN VERTICALS -
-160— WERE ASSUMED TO VARY LINEARLY BETWEEN O -- STRATUM NUMBER
THE VALUES INDICATED FOR THESE LOCATIONS. O -- WEDGE NUMBER
— O -~ CROSSOVER POINT
ASSUMED RESISTING FORCES ~ |DRIVING FORCES| Z=VZ-re | FACTOR ¢ -- ANGLE OF INTERNAL FRICTION, DEGREES
FAILURE SURFACE OF C -- UNIT COHESION, P.SF.
NO. ELEV. Ra RB Rp Da -Dp [RESISTING| DRIVING | SAFETY ¥ -- STATIC WATER SURFACE
STRATUM|  SOIL TOTAL C - UNIT COHESION - P.S.F. FRICTION| T (p (D 3.0| 16582| 23544| 3839| 26381 1583| 43965| 24798| 177 D -- HORIZONTAL DRIVING FORCE IN POUNDS
NO. TYPE UNIT_WEICHT P.C.F. CENTER OF STRATUM BOTTOM OF STRATUM ANGLE Q| 0| 20213 33383| 1599| 30836| 274| 55195| 30562| 1.81 R -- HORIZONTAL RESISTING FORCE IN POUNDS
VERT. 1 VERT. 2 VERT. 3 VERT. 4 VERT. 1 VERT. 2 VERT. 3 VERT. 4 VERT.1 VERT.2 VERT.3 VERT.4 | DEGREES © @‘ 40.0‘ 5929w 85000‘ 45119‘ 64612‘ W8394‘ W904WO‘ 46218 4.12 A -- AS A SUBSCRIPT,REFERS TO ACTIVE WEDGE
D | wATER| 62.5 628 62.5 62.5 O 0 0 0 0 0 0 01l 0 ||© @| -10.0] 59291| 165966| 4000| 64612| 5055|229257| 59557| 3.85 E - 22 2 iigzgig EEEEEE 18 giggi‘? v?ELSCCEK
2| Rock 152 152 152 152 0 0 0 0 0 0 0 0| 40 ©® (| -30.0] 136685128000 84000 | 165363| 54258|348685| 111105 | 3.14
& CH 10 110 110 10| 400 | 400 | 400 | 400 | 400 | 400 | 400 4001 0O ©® @] -30.0|136685|152000| 16004 165363| 46112 |304689| 119251| 2.56 FACTOR OF SAFETY ' Re* Re
& SM 122 122 122 122 0 0 0 0 0 0 0 0 30 ® (| -45.0]195668] 118000| 76000 |267046| 111806 |389668 | 155240 2.51 Da - Dp
® CH 100 108 108 100 | 200 | 2000 | 2000 | 200 | 200 |2000 | 2000 200 0 ® @] -45.0]195668|148000| 27250(267046| 101741| 370918| 165305 | 2.24
& CH 100 108 108 100 300 | 2000 | 2000 300 300 | 2000 | 2000 300 0 ® @‘ -60.0 ‘252528‘ 45600‘ 87250‘ 400221“88987 ‘385378‘ 211234 | 1.82
D CH 100 108 108 100 | 375 [ 2000 | 2000 575 | 450 2000 |2000 450 0 ® @ -80.0[252528| 50400 | 43000 | 400221| 180489|345928| 219732| 1.57
CH 100 108 108 100 | 525 | 2000 | 2000 525 | 600 12000 |2000 600 0 © | -75.0] 271845 45750 63235|545889|293401|380830|252488| 1.51
@ | ouwmy| 100 100 100 100 | 600 | 600 | 600 | 600 600 600 600 600 0 © @ -75.0] 271845 57000 | 63235|545889| 281461 |392080 |264428| 1.48
CH 100 100 100 100 | 675 | 675 | 675 | 675 | 750 | /50 | /50 750 0 ® | -90.0|294703| 50400 | 87985| 713640| 417149 |433088| 296491| 1.46
D CH 100 100 100 1001 825 | 825 | 825 | 825 | 900 900 900 900 0 ® @ -90.0(294703| 62100| 87985| 713640|405483|444788| 308157| 1.44
@ CH 100 100 100 1001 975 | 975 | 975 | 975 | 1050 | 1050 | 1050 1050 0 O | -105.0]323074| 46200 | 117235 899223|564494|486509|334729| 1.45
& CH 100 100 100 100 125 125 125 125 | 1200 1200 1200 1200 0 O @‘ 405.0‘323074‘ 61950‘ 117235‘899223‘ 551728‘502259‘347495 1.45
DUMMY 100 100 100 100 1125 125 125 1125 1200 1200 1200 1200 0 @ @‘ 420.0‘355223‘ 69600 ‘ W50985‘ 1108451‘720034‘575808‘ 388417| 1.48
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280 260 240 220 200 180 160 140 120 100 30 60 40 20 -20 -40 -60 -80 -100 -120 -140  -160 -180 -200

0
\

FLOOD SIDE ¢
VERT 1 VERT 2 | 40"

| | | | | | | | | |
PROTECTED SIDE

VERT 3 VERT 4

1V on 4H ‘

-160

EL. -6
At
EL. O N 4O >
] ] T @4
EL. -10 {® cH \A@ ‘ , by )\,/ 1 %/} | . \
o o T T, K L | |
B cH JARRDE M\M AR VLY L) M\)MM\)MM\M\A
EL. -30 S0 T Y O ) \ > ( \ ) ) S R N
o OO O AT T H//V T T
| |
EL. 45 5 jér\( K\( K\( \( L (A { \\( K\( k\( K\( K\( K\( k\( \,
| |
{7y cH \ | > @ > W > > > > > > > |
@MHJM L1y | MM>\MJ>MJHMM
DUMMY \ ‘ \ ‘ \
EL 75 {9 CH | 165 / | 125 |
. CH \\®\ /y
@ cH @\@ 9 % SOIL CEMENT COLUMNS
EL. -105
©)
EL. -120 . @ cr
@ )
\— {3 puMmy
ASSUMED RESISTING FORCES DRIVING FORCES ?)LFJME/‘S;‘COENS FA;;OR GENERAL NOTES STRATUM SOIL TOTAL C - UNIT COHESION - P.S.F. FRICTION
FALURE SURFACH .C.F.
- SHEAR STRENGTHS BETWEEN VERTICALS NG, TyPE UNIT WEIGHT P.C.F CENTER OF STRATUM BOTTOM OF STRATUM ANGLE
NO. ELEV. Ra Re Rp Da Dp RESISTING| DRIVING | SAFETY WERE ASSUMED TO VARY LINEARLY BETWEEN VERT. 1 VERT. 2 VERT. 3 VERT.4 | VERT.1 VERT. 2 VERT. 3 VERT. 4 VERT .1 VERT.2 VERT.3 VERT.4 | DEGREES
® Of 200 o163 O] 15460]  6587]  4294] 20623]  2303| 8.96 THE VALUES INDICATED FOR THESE LOCATIONS. D | rROCK 132 132 132 132 0 0 0 0 0 0 0 0| 40
@| 150 o3| 6000| 15461| 14227| 4294| 30824| 9933| 3.08 @ CH 110 10 110 110|  400| 400| 400| 400 400| 400 400| 400| 0
© | 10.0] 12919] 14000| 15461 24859 4294| 42380| 20565| 2.06 & SM 122 122 122 122 0 0 0 0 0 0 0 ol =0
©® O@| 30| 18501 23200| 15457| 43573 4294| 57158| 39079 1.46 NOTES @ CH 100 108 108| 100 200| 2000| 2000 200 200| 2000| 2000| 200| ©
® O| 0| 24483| o9814| 578| 48817| 61| 124875| 48656| 2.57 & CH 100 108 108| 100 300| 2000| 2000| 300| 300/ 2000| 2000| 300| O
® | -10.0] 64520 196280| 4000| 86864 | 5142|264800| 81722 3.24 O-- STRATUM NUMBER & | cH 100 108] 108] 100| 375] 2000| 2000] 375] 450| 2000| 2000 450] o0
© | -30.0|145297| 178931 16000 192562| 45141|340228| 147421 2.31 O -- WEDGE NUMBER @ CH 100 108/ 108| 100| 525| 2000| 2000| 525| 600| 2000| 2000 600| O
® | -45.0]/206058| 161107| 27250|294868| 102023| 394415| 192845 2.05 -~ CROSSOVER POINT pummy| 100 100] 100] 100| 00| 00| 00| s00| 600] 600] 600 600] o
- -- ANGLE OF INTERNAL FRICTION, DEGREES
© @] -60.0| 266610| 64200| 43000| 441936| 182671| 573810|259265| 1.44 O / @ | cn 100] 100| 100| 100| 675| 675| 675 675] 750| 750| 750| 750| O
@ @ -75.0]285145| 72000 | 65235|593900 |286959]420380| 506941/ 1.37 O - STATIC WATER SURFACE cH 100 _100] 100|100 825 s25] 25| 825] 900| 900| 900| 900 o
® (@] -90.0|309095| 66600| 87985|765427| 419637|463680|343790| 1.35 D -~ HORIZONTAL DRIVING FORCE IN POUNDS W | cn 00| 100| 100| 100| 975| 975| 975| 975| 1050| 1050| 1050| 1050 O
® @] -90.0|309095| 75600 | B7985|763427| 411972|472680| 351455 1.34 R -- HORIZONTAL RESISTING FORCE IN POUNDS @ | cn 100 _100] _100| 100|128 128 1125 125 1200 1200 1200] 1200] 0
® @ -90.0[309095| 84600 | 87985|763427|406905| 481680|356522| 1.35 A -- AS A SUBSCRIPTREFERS TO ACTIVE WEDGE & |oummv| 100] 100] 00| 00| 1200] 1200] 1200] 1200| 1200 1200 1200] 1200| O
© | -105.0]337498| 76650 | 117235/952083|558900 | 531383 | 393183| 1.35 B -- AS A SUBSCRIPT REFERS TO CENTRAL BLOCK
® @] -120.0] 370173| 94800 | 150985|1159799| 720551| 615958|439248| 1.40 P -- AS A SUBSCRIPT REFERS TO PASSIVE WEDGE
® (@] -10.0] 5859| 3800| 4000| 15152| 5142| 13659 10010| 1.36 CACTOR OF sarery . Ra” Re* Re
© @] -30.0] 53860| 7500| 16000| 70518 44999| 77360| 25519| 3.03 Dy - Dp
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DISTANCE IN FEET

-300 -280 -260 -240 -220 -200 -180 -160 -140 -120 -100 -80 -60 -40 -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400
\ \ \ \ \ \ \ \ \ \ \ | \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
VERT 1 VERT 2 G VERT 3VERT 4 .
. ‘ ‘ ‘ ‘ Protected Side
40 Flood Side 40" Wg‘r W o 15H
EL. +30 EL. +30 EL. +3
L 56 TG an %\ — Vv on 4H
20 (D water 1V on 4H
0 EL. 0O
S cH EL. -10
g 20 & cH
Q h / \ ) \\ ) \\ / \1 7 \\ 7 \1 \\ T 7 \\ > T EL. -30
Z B ) Vol ) J ) > > J
2 40 @ cn o o N
i AR VALY VAL WAL EWALE VAL EWASEVAS EVANE VSN VA W b EL. =45
" \/< /< /< /< )( )l II /( /( /< &) ©)
= 50 & cH :\\)\l)\\)\\)\\)\/)ﬂ\)\\)\l}\ )h EL -60
oo
o {0 cH N ® ouwmy e s RN 9 N EL -60.1
z AN EL.-75
< -80
< () cH SOIL CEMENT COLUMNS /
" EL. -90
i > /
- CH
100 % EL. -105
CH
-12Q @ / EL. -120
‘¥ DUMMY 9 N EL 12000
40— ASSUMED RESISTING FORCES  |DRIVING FORCES EEM%;‘COENS FACTOR
ASSUMED RESISTING FORCES |DRIVING FORCES| —SUMMATION | FACTOR FALURE SURFACH oF
FAILURE SURFACE OF FORCES OF NO. ELEV. Ra Rs Rp Da -Dp [RESISTING| DRIVING | SAFETY
NO. ELEV. Ra Rs Rp Da - Dp |RESISTING| DRIVING | SAFETY M @ | -90.0 [299326]| 75600 | 87985|774777| 413205 462911 361572 1.28
~160 @ (D] 20.0| 7999| 9600 1758|5154  332| 19357| 4822| 4.01 ™ @] -90.0]299326| 80100| 87985|774777| 41048 46741(363729| 1.29
D| 10.0]| 15227| 20800| 3679| 21708| 1454| 39706| 20254| 1.96 ® @] -105.0]|326729| 94500| 117235 971201|554955|538464| 416246 1.29
© @| 3.0 19837 28359| 4639| 40065| 2311 52835| 37754| 1.40 ® @] -105.0]326729| 99750 117235 971201 553214 543714 417987 1.30
crratum | solL TOTAL C - UNIT COHESION - P.S.F. FRICTION ® O .0 | 23669| 36325| 6399| 45991 4398| 66393| 41593 1.60 © | -120.0|358594| 126000 | 150985| 1188372 719980|635579|468392| 1.36
UNIT WEIGHT P.C.F. CENTER OF STRATUM BOTTOM OF STRATUM ANGLE ) @‘ .0 ‘ 23669‘ 44388‘ 160‘ 4599W‘ 3‘ 68217‘ 45988| 1.48
Ne- TYPE VERT.1 | VERT.2 | VERT.3 | VERT.4 | VERT.1 | VERT.2 | VERT.3 | VERT.4 | VERT.1 | VERT.2 | VERT.3 | VERT.4 | DEGREES @ @ ‘ -10.0 ‘ 62526‘ 98000 ‘ 47561‘ 85484‘ 25373‘208087‘ 60111 3.46
D WATER 62 62 62 62 0 0 0 0 0 0 0 0 0 ® @ -10.0| 62526[202000| 6449| 85484| 9525|270975| 75959| 3.57
O | rock 132 132 132 132 0 0 0 0 0 0 0 ol 40 ® | -10.0| 62526|222880| 4000| 85484| 5000 |289406| 80484| 3.60 NOTES
& CH 110 110 110 110 400|  400|  400| 400|400 400 400/ 400 0O ® @| -w0o| 7161] 2000| 4000| 9473 s5055| 13167 4418 2.98
& SM 122 122 122 122 0 0 0 0 0 0 0 ol 30 © | -zo.0| 101988/206230| 10000| 133135 20219| 318218 112916 2.82 O-- STRATUM NUMBER
& CH 100 108 108 100 200! 2000/ 2000 200 200! 2000/ 2000 200! 0O @ @| -30.0| 140249| 134000| 123166| 197673 69951| 397415| 127722 3.11 O -- WEDGE NUMBER
& CH 100 108 | 108 | 100 300 2000] 2000/ 300|300 2000| 2000] 300 0 ® @] -30.0 140249 192000| 16162| 197673| 54585| 34841] 143088 2.43 )d::{: /SESEESOOVFETN;SR‘NNLL ERICTION. DEGREES
T CH 100 108 108 100 375 2000/ 2000 375 450 2000l 2000 4500 0 @ @| -30.0| 140249 215931 16000 | 197673 45342| 372180| 152331 2.44 ’
C -- UNIT COHESION, P.SF. GENERAL NOTES
cH 100 | 108 | 108 | 100 525 2000|2000 525  600| 2000 2000 600 0 © @] -30.0]56000| 6900 | 16000| 58561 44999| 78900| 13562 5.82 | g __ STATIC WATER SURFACE
(@) | DUMMY | 100 100 100 100 600 600 600 600 600 600 600 600l 0 @ @| -45.0|200249] 110000| 145919 299176| 133917 456168| 165259 2.76 D -- HORIZONTAL DRIVING FORCE IN POUNDS SHEAR STRENGTHS BETWEEN VERTICALS
CH 100 100 100 100 675 675 675 675 750 750 750 750 0O @ (@] -45.0|200248]170000| 27250| 299176| 109017| 397499| 190159 2.09 R -- HORIZONTAL RESISTING FORCE IN POUNDS WERE ASSUMED TO VARY LINEARLY BETWEEN
ap CH 100 100 100 100 875 875 875 875 900 900 900 900 0 @ @] -45.0]200249]| 187507| 27250| 299176 101920| 415006 197256| 2.10 A -- AS A SUBSCRIPT,REFERS TO ACTIVE WEDGE THE VALUES INDICATED FOR THESE LOCATIONS.
@2 CH 100 100 100 100 975 975 975 9758 1050 1059 1050 1050 O ® (| -60.0 |256966| 61800| 43000|446582| 186471 361766| 260111 1.39 B -- AS A SUBSCRIPT REFERS TO CENTRAL BLOCK
P -- AS A SUBSCRIPT REFERS TO PASSIVE WEDGE
E CH 100 | 100 | 100 | 100 | 125 | 125 | 1125 | 1125 | 1200 | 1200 | 1200 | 1200 0 © | -75.0|275499| 70500 | 63235| 601602 |289459|409234| 312143 1.31
DUMMY | 100 100 100 100 | 1200 | 1200 | 1200 | 1200 | 1200 | 1200 | 1200 | 1200 0 ® | -90.0 [299326] 72000| 87985|774777|422259| 45931 352518 1.30 FACTOR OF SAFETY -—A"Re* Re
Da - Dp
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DISTANCE IN FEET
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\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
60— Flood Side . . Protected Side —60
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40— —40
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> @ @ Tt | ! LI 0 1 1 L T 5
: | !
< | \ \ \ | | | |
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o EL. -75.0 3 V. 5
— I —1_ Ll
80 @ cH SOIL CEMENT COLUMNS 80
EL. -90.0
©) ©)
~100— EL. -105.0 W cH 17100
@ @
EL-190.0 42 cH \r 43 DUMMY SM
-120— @) ) —-120
-140— ASSUMED RESISTING FORCES  |DRIVING FORCES SEMEASQ‘COENS FACTOR| F.S. w/1570 Ib/in GEOTEXTILE TENSILE STRENGTH CALCULATIONS —J-140
FAILURE SURF ACFH OF | GEOSYNTHETIC
NO. ELEV. Ra Rs Re Da -Dp [RESISTING| DRIVING | SAFETY| AT 57 STRAIN EL. +15.0 CONTROLLING FAILURE WEDGE @ - (D
® (] 20.0] 12960] 21200| 7814] 23872 468| 41974 23404] 1.79 T = DRIVING(F.S.) - RESISTING GENERAL NOTES
| 15.0] 16960| 26000 | 8294| 35681| 91| 51254| 34770| 1.47 T - (71574)(1.3) - 74297 - 18750 LB/FT
© | 10.0] 21290] 32000| 9095| 51447] 1761| 62385| 49686 1.26 163 CLASSIFICATION STRATIFICATION
SHEAR STRENGTHS AND UNIT WEIGHTS OF
3.0| 27101 36000 11196 76194 4620| 74297| 71574| 1.04 1.30
© O] | | | | | | | STRATUM|  SOIL TOTAL C - UNIT COHESION - P.S.F. FRICTION THE SOIL WERE BASED ON THE RESULTS OF
NOTES ® O] 0| 33388| 94123 16135| 78091| 15166| 143646 62925| 2.28 UNIT WEIGHT P.C.F. CENTER OF STRATUM BOTTOM OF STRATUM ANGLE THE UNDISTURBED BORINGS.
® | -10.0] 74418 96000 | 55815| 129930| 41906|226233| 88024| 2.57 o TYPE I"VERT. 1 | VERT.Z | VERT.3 | VERT.4 | VERT.1 | VERT.2 | VERT.3 | VERT.4 | VERT.1 | VERT.2 | VERT.3 | VERT.4 | DEGREES
O -- STRATUM NUMBER © @] -30.0| 156341/275520| 16000 |254329| 45065| 447861209264 | 2.14 D | rRoCK 134 134 139 139 0 0 0 0 0 0 0 ol 40
O -- WEDGE NUMBER @ (@] -45.0| 218426/293959| 27250| 382164| 102055|539635| 280109| 1.93 D) CH 14 "a "a nd 400 400 400 400 400 400 400 400 0 SHEAR STRENGTHS BETWEEN VERTICALS
O -- CROSSOVER POQINT © D] -60.0|274355| 73200| 54002|536074| 245872 401557|290202| 1.38 ©) .y 12 12 15 15 0 0 5 5 5 5 5 ol 30 WERE ASSUMED TO VARY LINEARLY BETWEEN
‘é’ ’ZNN‘GTLECC?HFE‘SN‘;EREASLFFR‘CT‘ON’ PECREES O @] -60.0|274355| 152400| 43000|536074| 182782 469755|353292| 1.33 & CH 100 10d 108 100 200 2000 20000 200l 200l 2000 20000 200 o THE VALUES INDICATED FOR THESE LOCATIONS.
O -~ STATIC WATER SURFACE @ ]| -75.0]293760| 86250| 72561|699454|359233| 452571 340221 1.33 & cH 1000 104 104 100 300| 2000 2000 300| 300| 2000 2000/ 300 0
D -- HORIZONTAL DRIVING FORCE IN POUNDS @ @] -75.0|293760]180000| 63250 |699454(286009| 537010| 413445 1.30 G CH 100 108 108 100 274 2000 2000 379 450 2000l 2000 450 0
R -- HORIZONTAL RESISTING FORCE IN POUNDS ® D] -90.0| 317710] 77400| 97674| 882061| 509214|492784|372847| 1.32 @ CH 100 108 108 1000 525 2000 2000| 525 600/ 2000 2000, 600, 0O
A -= AS A SUBSCRIPTREFERS TO ACTIVE WEDGE ® @] -90.0| 317710 94500| 96009 | 882061|494960| 508219| 387101 1.31 DUMMY 1000 100 100 100 600/ 600l 600/ 600 600|600l 600|600l @
E 22 ﬁ zigzgig EEEEE: 18 Eizgml \A?EL[?GCEK ® @] -90.0| 317710 198000| 88000 | 882061| 416304| 603710|465757| 1.30 ©) CH 100 100 100 100 675 675 675 675 750 750 750 750 0O
© @] -105.0] 346113 84000| 125259[1083839|665972|555372| 417867 1.33 CH 100 100 100 100 828 828 878 878 900 900 900 900l 0o
FACTOR OF SAFETY A’ Rer Re © @] -105.0] 346113 190050| 117250[1083839|584257| 653413|499582| 1.31 ap CH 100 100 100 100 975 975 975 978l 1050 1050 1050 1050 O
Da - Dp ™ (@] -120.0]378788| 176400| 151000[1304671| 773592 706188| 531079 1.33 a> CH 100 100 100 100 12sl 125 nosl 125l 1200 1200 1200 1200 0
® (| -10.0] 5428 2400| 4000| 13372| 5412| 11826] 7960 | 1.49 43 | pummy 1000 100 100l 100 120d 1200 1200 1200 1200 1200 1200 1200 O
© (@] -30.0| 17789] 3000| 16000| 68432| 45807| 36789| 22625| 1.63
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PLOT DATE:
MM/DD/YYYY

DATE:
OGN

—-120
© @ @DUMMY/ R
ASSUMED RESISTING FORCES  |DRIVING FORCES| SZMMATON |FACTOR| F.S. w/1570 1b/in EE g
40— PALURE SURFACE o GEOSYNTHETIC NOTE: REQUIRED STRENGTH OF GEOSYNTHETIC AT 5% STRAIN IS 15780 LB\IN. 7140 1. 2899
NO. ELEV. Ra RB Rp Da - Dp [RESISTING| DRIVING | SAFETY . ExBJEXEY =
AT 57 STRAIN EXEXRXE NEZ
® (| 20.0| 15252[ 20000 | 3999| 21708] 1718] 39251| 19990| 1.96
-160— (D| 10.0| 22065| 32000 | 5600 | 49647| 3368| 59665| 46279 1.29 1.70 —-160 o5
STRATUM | SOIL TOTAL C_- UNIT_COHESION - P.SF. FRICTION © (| 3.0] 27478| 12000| 17279| 74550| 32072| 56757| 42478 134 GEOTEXTILE TENSILE STRENGTH CALCULATIONS cis
UNIT WEIGHT P.C.F. ANGLE RC R
o, T e Y R seey CEVNE;ETR;F SVT;ATTUBM NS e BiTE;OTMQ oF jg;:;w —— oronees © @] 3.0| 27478| 22000 13280| 74550| 18943| 62758| 55607 | 1.13 1.47 CONTROLLING FAILURE WEDGE © - (3) gig
& Twaerl 6251625 1625 leas . 0 0 0 . . . 0 1o © @ 30| 27478| 32000 | 9538| 74550| 9286| 69016 | 65264 | 1.06 1.35 T = DRIVING(F.S.) - RESISTING Sk
& T rook 13.2 13'2 13'2 13'2 . 0 o o o o o o o © @] 30| 27478| 416 8771| 74550| 6875| 77365| 67675| 1.14 1.42 T = (B5264)(1.3) - BIBIE = 15827LB/FT €55
& | cH 0| 1m0 | Mo | 1o | 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400 |0 © ©f 30| 27478] 51033| 2003| 74550] 5724| Beowe| 68626 120 hos NOTES N
GENERAL NOTES & © ®| 30| 27478| 61033| 7226| 74550| 4667 | 95737| 69883 | 1.37 —
SHEAR STRENGTHS BETWEEN VERTICALS & f gs 355 355 gs 202 2002 2002 202 202 2002 zoog 202 BS © Ol 0| 32359| 46369| 10892 | 88800 | 10603 | 89620| 78197 115 139 O-- STRATUM NUMBER E
CH . o = v
WERE ASSUMED TO VARY LINEARLY BETWEEN & o 00 | 108 108 00 | 300 12000 12000 500 300 12000 2000 w00 1o O O 0| 32359| 57168| 10000 | 88800 | 8937 | 99527| 79863 | 1.25 148 O -- WEDGE NUMBER 55 5 7
THE VALUES INDICATED FOR THESE LOCATIONS. D © O] 0| 32359| 67369 9076 | 88800| 7362(108804| 81438| 1.34 I - CROSSOVER POINT B S o
CH 100 | 108 108 100 | 375 |2000 |2000 | 375 | 450 |2000 [2000 | 450 |0 ©® | -10.0] 72760|100000 | 55069 | 12913] 42521|227829| 86610| 2.63 P [ T SUWWATON [FACTOR ? /DNN‘GTLECSHFE\SN‘QEREASLFFRm\ON,DEGREES ic =8
- Oul T o = <
CH 1001 108 | 108 | 100 | 525 12000 12000 | 525 | 600 12000 12000 | 600 10 ® D] -30.0] 152049 312831 16000 |263629| 45673|480880| 217956| 2.21 FALURE SURFACH OF FORCES OF B ' 2 5 2
(@ |ouwmy| 100 | 100 100 100 | 600 | 600 | 600 | 800 | 600 | 600 | 800 | 600 |0 Lo STATIC WATER SURFACE c3 - §E8
© D] -45.0] 21777 313757| 27250|383254| 101921552784| 281333 1.96 NO. | ELEV.| Ra Rs Re Da -Dp [RESISTING| DRIVING | SAFETY - E2 = 73
CH 00| 100 | 100 | 100 | 675 | 675 | 675 | 675 | 750 | 750 | 750 | 750 |0 D - MORIZONTAL DRIVING FORCE IN POUNDS P 3 g
& ® | -60.0 (268503156000 | 43000 |534928| 183968|467503|350960 | 1.33 @ @ -90.0| 310335|238500| 87985|882689|404988(636820| 477701 1.33 R -- HORIZONTAL RESISTING FORCE IN POUNDS O
e CH 100 100 | 100 | 100 | 825 | 825 | B2o | 825 1900 1900 | 800 | 900 L0 O O] -75.0] 287821 161250| 63235| 6978M| 313793| 512306| 384018 1.33 ® | -105.0|338202|236250| 1172351084589 561256| 691687|523333| 1.32 A -~ AS A SUBSCRIPT,REFERS TO ACTIVE WEDGE 28~ 3
<= T o
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60

40

20

-20

-40

-60

-80

-100

-120

-140

-160

ELEVATIONS IN FEET N.A.V.D. 88

! S

|

US ARMY CORPS

OF ENGINEERS

NEW ORLEANS DISTRICT
N——
7

worr.

DATE

DESCRIPTION

PR, [MARK

DATE

DESCRIPTION

FILE NUMBER:
H-NN-NNNNN
) WARK

PLOT DATE:
MM/DD/YYYY

MM/DD/YYYY

DATE:

PLOT SCALE:
15000

XXXXXXXXXXXX - XXX- XXXXXX.DCN

DESIGNED BY:
SUBMITTED BY:

XXX
FILE NAVE:

U. S. ARMY ENGINEER DISTRICT
CORPS OF ENGINEERS
MISSISSIPPI VALLEY DIVISION

|

LOUISIANA

LOUISIANA COASTAL PROTECTION AND RESTORATION PROJECT
PRELIMINARY TECHNICAL REPORT TO CONGRESS
REACH 3 - SOIL CEMENT COLUMNS

F/S CROWN EL.+4@ WATER EL. +0

E
IDENTIFICATION
NUMBER

G 33

ﬂ[




Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report
Engineering Appendix

DISTANCE IN FEET
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> [ warer| 825 1625 |e25 o5 5 5 5 5 5 5 5 o 1o ® | 20.0] 15252] 20000 3999| 21708] 1718] 39251] 19990| 1.96 GEOTEXTILE TENSILE STRENGTH CALCULATIONS
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DISTANCE IN FEET
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© D] -100.0] 317953| 154800| 262989854667 |555803| 735742| 298864 | 2.46 © CH 1 1 1 N3 1950 1950 1950 1950 20001 20001 2000, 20001 0
®@ | -110.0|355878| 174800| 301989| 993195|674530|832667| 318665 2.61 CH 1 1 1 13 2000 20001 20000 2000 2000, 20001 20001 20000 O
@ (D] -130.0|433729] 174000| 381989h300967|046482| 989718| 354485 2.79 {2 | bummy 11 11 11 113 2000 2000] 2000 2000] 2000] 2000] 2000] 2000 0

ELEVATIONS IN FEET N.A.V.D. 88

 \

|

US ARMY CORPS
OF ENGINEERS

NEW ORLEANS DISTRICT
N——
r

e, J

DATE

DESCRIPTION

4PPR.  MARK

DATE

DESCRIPTION

) \vark

~

MM/DD/YYYY

{

DATE:
W312p:

XXXXX XX XXXXX XX XX

DESIGNED BY:
X
SUBMITTED BY:

XX

U. S. ARMY ENGINEER DISTRICT
CORPS OF ENGINEERS
MISSISSIPPT VALLEY DIVISION

H

LOUISIANA

LOUISIANA COASTAL PROTECTION AND RESTORATION PROJECT
PRELIMINARY TECHNICAL REPORT TO CONGRESS
REACH 4 - SOIL CEMENT COLUMNS

F/S CROWN EL.+25 WATER EL. +0

92}
T
i
m
—

e )
IDENTIFICATION
NUMBER
G 35

—




Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report
Engineering Appendix

4 N\

DISTANCE IN FEET
-200  -180  -160 -140 -120 _-100 _-80  -60 _ -40  -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 O ENCIEERS
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
N~———
FLOOD SIDE VERT 1 VERT 2 (E VERT 3VERT 4 PROTECTED SIDE ' )
£
o i i o :
ROCK ;
EL. +25 @ (4 sM
20— - —20
(1> WATER OMPACTED~FILL 1V on 4H
_+3
O* ELO H) \ \) \ ‘)k T K l)k K T T k \)R %l @ K \’)k ‘)R ‘\\/Vk \) k\‘\)‘ *O E
e 10 D D N RO AN GO T T ® o
[~ 145°A7 RSN 105' Oy /
o 20— EL. -20 \\J @/ﬂ ® ct —-20 © <
o0] ' [se) z
~ EL. -30 \ Soil Cement Columns \Q‘ / /@ 7> cH = <
> > g
< 40— EL. -40 \C‘D ®/ ® cH a0 S .
= ® @ @ o z 5
= EL. -50 -
Ll @ L
o FL. -80 g / / @ CH o
z -60— ©) —-60 =z
" EL. -70 Q / (P cH o .
5 ©) 5 :
= EL. -80 (2 cH =
<C ’80* @ @ **80 <C
: L. 00 N P @ on :
Lt (]
EL. -100 Q Q@ @/ CH x
-100— © —~100 L 5
EL. -110 \Q‘ / {9 cH ) ——
™ @
120 ® oH —-120 R LE:
EL. -130 | £ g a3
-140— DUMMY - &
140 GENERAL NOTES @ 140 |
& o 2 igs
SHEAR STRENGTHS BETWEEN VERTICALS RR R
-160— WERE ASSUMED TO VARY LINEARLY BETWEEN SUVNATION NOTES 160 5| 855
ASSUMED RESISTING FORCES  |DRIVING FORCES FACTOR NUTE - E B 552 =
THE VALUES INDICATED FOR THESE LOCATIONS. C ALURE SURFACH OF FORCES oF EEEEEEERTE:
NO. | ELEV. | Ra Rs Rp DA -Dp [RESISTING| DRIVING | SAFETY O-- STRATUM NUMBER 5 =
stratUM|  solL TOTAL C - UNIT COHESION - P.SF. FRICTION ORE) S0 16581 238001 3839 26381 583 44000 24798 178 O -- WEDGE NUMBER EE;
NO TYPE UNIT WEIGHT P.C.F. CENTER OF STRATUM BOTTOM QF STRATUM ANGLE @ ‘ 0 ‘ 20426‘ 36433‘ 0 ‘ 30836 ‘ 0 ‘ 56859‘ 30836 184 jf** CROSSOVER POINT = é S
‘ VERT. 1 VERT. 2 VERT. 3 VERT. 4 VERT. 1 VERT. 2 VERT. 3 VERT. 4 VERT.1 VERT.2 VERT.3 VERT.4 | DECGREES 40, 0 59085 | 82500 40799| 66723 2216| 182384] 58507 3 12 ¢ -- ANGLE OF INTERNAL FRICTION, DEGREES %Eg
D | wATER| 62.5 | 62.5 | 62.5 | 62.5 0 0 0 0 0 0 0 0 0 © @ o | | | | | | ’ C -- UNIT COHESION, P.S.F. 2oE
o : : : : ©® | -z0.0| 79019] 81400| 61000| 1962 25466221419 | 86496 2.56 T -~ STATIC WATER SURFACE £942
ROCK 132 | 132 132 132 0 0 0 0 0 0 0 0 40 8%
& ® @ -20.0| 79019]205700| 24999| 11962 19999| 309718| 91963 | 3.37 D -- HORIZONTAL DRIVING FORCE IN POUNDS 4°g
o CH 10 10 110 no | 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400 2 ® | -30.0| 101529 80400 | 48000 166763| 53800 | 229929 112963 | 2.04 R -- HORIZONTAL RESISTING FORCE IN POUNDS e ——
= lea 122 122 122 0 0 0 0 0 0 0 0 = ® (| -40.0| 125415 83200| 73000 |235725| 93657| 281615| 142068 1.98 A == AS A SUBSCRIPT,REFERS TO ACTIVE WEDGE 5
& CH 95 108 108 95 | 200 | 2000 | 2000 | 200 | 200 | 2000 |2000 200 0 © | -50.0| 151109| 85800 |100000| 316418 144615337900 | 171803 | 1.97 B -- AS A SUBSCRIPT REFERS TO CENTRAL BLOCK g, 2
. . 4 = 9
P -- AS A SUBSCRIPT REFERS TO PASSIVE WEDGE 5 5 S
% CH 15 15 15 115 | 1050 | 1050 | 1050 | 1050 | 100 | 1100 | 1100 | 1100 0 @ ()| -60.0| 179238| 84000 | 120000| 404812| 206510| 392238| 198302 | 1.98 S =
+ + g3 o
cH 115 115 115 15 | M5S0 L M50 L TS50 1 1150 | 1200 | 1200 | 1200 | 1200 0 ® @] -60.0] 179238| 190500 128999| 404812| 195994|498737|208818| 2.39 FACTOR OF SAFETY -—a” Re” Re 52 o o
= CH 15 15 15 115 | 1250 | 1250 | 1250 | 1250 | 1300 | 1300 | 1300 | 1300 0 © | -70.0 |209388 | 100800 160000 | 503766 [272020 | 470189 | 231748| 2.03 Da - Dp 2E ¥ gy
- 115 115 115 T T B 0 O @] -70.0]209389| 180800 160000 |503766 |268742| 550189|235024| 2.34 52 w02
= CH 15 15 15 115 | 1450 | 1450 | 1450 | 1450 | 1500 | 1500 | 1500 | 1500 0 @ | -80.0| 241528 117300| 193000| 613281353004 551828 |260277| 2.12 SR
) CH ot Mot Mo NS L 1550 1 1590 | 1500 | 1590 1 1600 1 1600 | 1800 | 16001 0O @ @] -80.0| 241528| 163200 192999| 613281 352989|597727|260292| 2.30 iz o 2
G <H 15 115 1o M5 | 1650 | 1650 | 1650 L 1650 | 1700 | 1700 | 1700 | 1700 0 ® | -90.0|274652] 136800|228000|736966 |448737|639452|288229| 2.22 52 = &
CH 13 15 13 15 | 1750 | 1750 | 1750 | 1750 } 1800 } 1800 | 1300 1800 0 ® @] -90.0|274652]160200|228000|736966 |448737|662852|288229| 2.30 g S ¢
= a
B - 15 115 115 R R T T B O @] -100.0| 310718 155800(265000 | 867794|555984| 731518 | 311810 | 2.35 —
) e r—
cH 115 15 115 1S | 1950 | 1950 | 1950 | 1950 12000 | 2000 | 2000 | 2000 0 ® (| -110.0|348839| 176000303999 1009147|674730|828838| 334417 | 2.48 DENTIEEN o
CH 15 15 15 115 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 0 ® (| -130.0|425638[504000 | 383998| 1331810946720] 1113637 | 385090 | 2.89 NUMBER
@ | bummy 15 15 15 115 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 [ 2000 | 2000 0 G 36

—




Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report
Engineering Appendix

.
DISTANCE IN FEET )
500 480 460 440 420 400 580 560 340 520 300 280 260 240 220 200 180 160 140 120 100 30 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 US ARMY CORPS
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ G“L \ \ \ \ \ \ \ \ | | v oRLEmS DRTRCT
N ——
B FLoop sipe VERT 4VERT 3 | 40 1o VERT 2VERT T pRoTECTED SIDE ( f]
40 || ‘ ‘ || 40
EL. +30 =
20— —20
@ Semi-Compacted Fill
EL. +3 g
EL. O 7 4 7 S T~ £
0= \i\l\ PN AT G) VS R A A I B (=7 47 /\7///// HA T TS T T T g T g m 7
EL. -10 (%) CH L A A Ly !
EL. -20 (6) CH {5y DUMMY @\ @f
© -20— ©) —/-20 ®
[e] o N
5 EL. -30 & cH S 165' V@/ 125’ \\ o 5
> > F:d
< o EL. -40 CH ®\ 9 \—SO\L CEMENT COLUMNS i < &
P zZ w
- EL. -50 © cH \CD © - z
o EL. -60 CH \CD ®© / m
> 60— ' ©) 1760 2
" EL. -70 (D cH \ % o
5 EL. -80 {2 cH \ 9 © 5
< 80— ' Q) —-80 % g
o EL. -90 {3 cH \ @ o
o ©) @
EL. -100 CH \ O
-100— ©) —-100 .
EL. -110 ® cH \ ¥ > >
@ )
£z
120 cH —-120 L
EL. -130
-140— —-140 e
GENERAL NOTES s %
-160— SHEAR STRENGTHS BETWEEN VERTICALS — — ~160 2| |52
STRATUM SOIL TOTAL C - UNIT COHESION - P.S.F. FRICTION WERE ASSUMED TO VARY LINEARLY BETWEEN Egéggi
UNIT WEIGHT P.C.F. CENTER OF STRATUM BOTTOM OF STRATUM ANGLE THE VALUES INDICATED FOR THESE LOCATIONS. = o
NO. TTPE VERT. 1 VERT. 2 VERT. 3 VERT. 4 VERT. 1 VERT. 2 VERT. 3 VERT. 4 VERT. 1 VERT.Z VERT.3 VERT.4 | DEGREES E 2 %
SUMMATION 2z
FA\LﬁSESUsMuERDFACf RESISTING FORCES | DRIVING FORCES|  JZ00C o FA;EOR D | Rock 1321 132 132 132 0 0 0 0 0 0 0 ol 40 +E
e - - T o ke omene | sarery % cH 10| 110 10| 10| 400| 400 400 400 400 400 400 400 O 5.2
@ ()| 10| 12919 13200| 15780| 24859| 4833| 41899] 20026 | 2.09 % SM 1221 122 1228 122 Q g g g g g g Q50 NOTES 15
G| 30| 18501 22800| 15617 43573| 4561| seeis| seaiz| 147 < cH 95| 108 108| 95| 200/ 2000/ 2000] 200/ 200 2000| 2000 200/ O i 388
© (| 0| 24483 70518| t6255| 48817 5683| t2se 43134 2.58 = DUMMY 95| 95 95| 95| 1000 1000| 1000 1000 1000 1000 1000 1000 0 O-- STRATUM NUMBER U
© (| -10.0] 64765| 97000 | 4000 | 9904| 4g9s| W5765| 85006 | 1.95 < oH 15| 115 15| 15| 1050 1050| 1050| 1050| 1100|  1100| 1100|100 0 O -- WEDGE NUMBER (5
©® ()| -20.0| 86287| 89100| 24999| 138660| 24510200386 114150 1.76 CH 15| 15 ms| 15| 1150 1150 | 150 1150|1200 1200| 1200| 1200| 0O 0" -~ CROSSOVER POINT By £ o
© (| -30.0| nooss| 92400| +7990| 188003| 50794|250438| 147208 1.70 oH 15| 115 15| 15| 1250 1250| 1250 1250 1300 1300/ 1300 1300/ 0 ¢ -- ANGLE OF INTERNAL FRICTION, DEGREES 5§ 3~
) ' s ° O w
© ()| -40.0| 135823| 81900| 72990|267740| 85517| 200713 172223| 1.69 @ | cH 15| 15 15| 15| 1350] 1350 1350| 1350| 1400 1400| 1400| 1400| O C -- UNIT COHESION, P.S.F. fe o=
: ' ¥ -- STATIC WATER SURFACE sk @ &
@ ()| 500 163884] 81200| 99990 |348032| 145246|345074|202785| 1.70 cH 15| 15 15| 15| 1450| 1450| 1450| 1450, 1504 1500| 1500| 1500| 0 2B O 5
: : 6 1500 D -- HORIZONTAL DRIVING FORCE IN POUNDS 83 ~2
O | -60.0] 192455 91500 128990|447868| 207992 | 412945239876 1.72 5 CH N5y 115 115 N5, 15501 15501 15501 1550 1600 1600 16001 0O R -- HORIZONTAL RESISTING FORCE IN POUNDS 53 _ 8¢
@ @\ 700 ‘222600 ‘ 104000‘ W59990‘550336‘ 2749_“‘486590‘275405 177 @ CH 15 115 115 1151 1650 1650 1650 1650 1700 1700 1700 1700 0 A -- AS A SUBSCRIPT,REFERS TO ACTIVE WEDGE % E 3 3 S
® (| -80.0]254745| 119000 192990663027 | 354562|566735|308465| 1.84 CH B 115 1o, 17501 17501 17501 1750 180QG 1800 1800, 1800, 0O B -- AS A SUBSCRIPT REFERS TO CENTRAL BLOCK 5% < 2
© (| -80.0 288900 | 135000|227890| 785988 448578| 651830 357410 1.93 oH 15| 115 15| 15| 1850| 1850| 1850/ 1850 1900 1900| 1900| 1900| 0 P -- AS A SUBSCRIPT REFERS TO PASSIVE WEDGE s 8
. . sd o
® ] -100.0] 325100 152000|264990 | 919242|555805|742090|363437| 2.04 H B 115 15 19501 19501 19501 1950, 2000 20001 2000_ 2000, 0O CACTOR OF SarETy KAt Ra*Re 25 8¢
® @] -10.0|363253|170000|303990 [1062722|674532|837243| 388190| 2.16 S ol 115 115 15| 2000 2000] 20001 20001 20001 2000[ 2000] 20001 0 Da - De p—
SHEET
IDENTIFICATION
NUMBER
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—
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DISTANCE IN FEET

500

-200  -180 -160 -140 -120 -100 -80 -60 -40 -20 0 20 40 60 30 100 120 140 160 180 200 220 240 280 300 320 340 360 380 400 420 440 460 480
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
VERT 1 VERT 2 VERT 3 VERT 4
Flood Side ‘ ‘ ‘ Protected Side
EL. +30 EL. +30
20— {1) WATER \C‘A) 1V on 4H
EL. +O
O NI A A AN AN AL NS @'W.;\n‘/\\‘;\n‘)\VN‘@n)\\*;\ \\U\‘
®CH N L) 1)L \\\\AW\\\X\ SENEN J(%/ % EL. -10
| ‘ ‘ 1
OX 165 125 EL. -20
@ -20— —’*\ N
= {7y cH SOIL CEMENT COLUMNS \Q V® EL. -30
>
< 40 e \© / EL. -40
P
— (9 cH \9@ ®/ EL. -50
Lt
Lt
L {9 cH Q M@ EL. -60
_ -60— ©
" ) cH Q / EL. -70
g ® O
o 2 cH / EL. -80
T -80— O Q)
o a3 cH \ / EL. -90
o W ©)
1 (19 cH / EL. -100
100 ) @)
{5 cH \1 / EL.-110
© ©)
-120— ® CH
EL. -130
~140—
SUMMATION ACTOR
-160— ASSUMED RESISTING FORCES DRIVING FORCES F
FAILURE SURF ACE OF FORCES OF
NO. ELEV. Ra Rs Re DA - Dp [RESISTING| DRIVING | SAFETY NOTES
STRATUM|  soLL TOTAL C - UNIT COHESION - P.S.F. FRICTION @ (D] 20.0] 7999| 8000| 2398] 5154 618| 18397 4536| 4.06 -
. et UNIT WEIGHT P.C.F. CENTER OF STRATUM BOTTOM OF STRATUM ANGLE @\ W0.0‘ 15227‘ 20800‘ 3679‘ 21708‘ W454‘ 39706‘ 20954| 1.96 O-- STRATUM NUMBER
VERT. 1 VERT. 2 VERT. 3 VERT. 4 VERT. 1 VERT. 2 VERT. 3 VERT. 4 VERT.1 VERT.2 VERT.3 VERT.4 DEGREES © @‘ 30 ‘ W9837‘ 2370,“ 6879‘ 40065‘ 5083‘ 50447‘ 34982 1.44 O -~ WEDGE NUMBER
D | WATER 62 62 62 62 0 0 0 0 0 0 0 o 0 © @| 3.0| 19837| 28927| 4479| 40065| 2155 53243] 37910| 1.40 O -- CROSSOVER POINT
@ | rock 132 132 132 132 0 0 O O O O O Of 40 ® O] 0] 23680| 36796| 6399| 45991| 4398| 66875| 41593 1.61 ¢ -- ANGLE OF INTERNAL FRICTION, DEGREES
S CH 10 110 110 110 400 400, 400 400 400 400 400 400 0 ® Q] 0] 23680| 42834 0| 45991] 0| 66514 45991 1.45 C -- UNIT COHESION, P.S.F.
D SM fo2| 1221 122 122 0 0 0 0 0 O O Of 30 ® | -10.0] 62532] 86900 | 42560| 85483 11877 191992 73606| 2.61 L sIAle WATER SURTACE
& CH 95 108 108 95 200/ 2000 2000] 200/ 200| 2000 2000| 200 0O ' ' D~ HORIZONTAL DRIVING FORCE IN POUNDS
& ® @] -10.0] 62532] 112200] 4000 | 85483 4874| 178732 80609 | 2.22 R -~ HORIZONTAL RESISTING FORCE IN POUNDS
CH 115 115 115 1151 10501 1050 | 1050 10501 MO0 1MOOL 100, 11001 O ® (| -20.0| 82279] 100100| 25011 136360| 23994|207390| 112366| 1.85 A -~ AS A SUBSCRIPT,REFERS TO ACTIVE WEDGE
@ CH 115 115 115 115 150 150 150 150 1200 1200 1200 1200 0 © @‘ ,30.0‘ 104655‘ 94800‘ 48000‘ 195944‘ 55411‘247455‘ 140533 1.76 B -- AS A SUBSCRIPT REFERS TO CENTRAL BLOCK
CH 115 115 115 15| 1250 | 1250 | 1250 | 1250| 1300 1300 1300 1304 O ©® | -40.0| 128898 100100| 73000 |270406| 94870 301998| 175536 1.72 P -~ AS A SUBSCRIPT REFERS TO PASSIVE WEDGE
@ CH 115 115 115 115 1350 1350 1350 1350 1404 1404 1404 1404 0 @ @‘ ,50.0‘ W55W96‘ WO7SOO‘ WOOOOO‘556598‘ W446W9‘562996‘ 211979 1.71 FACTOR OF SAFETY - Ra+ Rg* Rp
CH 15 15 115 151 14504 14501 14501 14501 1500 1500 1500 1500 0O @ (| -60.0| 183463 96000 | 129000|449795| 213106|408463|236689| 1.73 Da- Dp
2 CH 115 115 115 115 1650 1650 | 1650 16501 1700 1/0d4 170G 1704 0O © (| -80.0|245966] 144500 193000| 667891|352992|583466| 314899 1.85
& CH 15 15 115 115 1750 1750 1750 1750 1800 1800 1800 1800 0] ®™ @‘ -90.0 ‘279264‘ 171000‘228000‘797240‘448739‘678264‘ 248501 1.95 GENERAL NOTES
CH 115 115 115 5] 1850 1850 | 1850 | 1850] 1900 1900 1900 1900 O @ (@[ -100.0| 315341 190000 |265000 |933053|555987| 770341/377066| 2.04 SHEAR STRENGTHS BETWEEN VERTICALS
NE CH liis liis 15 15| 1950 | 1950 | 1950| 1950 | 2000 2000 2000 2000 O @ (@| -110.0]|352494]230000 | 304001|1083871674734|886495| 409137| 2.17 WERE ASSUMED TO VARY LINEARLY BETWEEN
CH 115 115 115 115] 2000/ 2000/ 2000 2000 2000/ 2000] 2000 2000 0©

THE VALUES INDICATED FOR THESE LOCATIONS.
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DISTANCE IN FEET [
400 380 360 340 320 300 280 260 240 220 200 180 160 140 120 100 8O 60 40 20 0 -20  -40 -60  -80  -100  -120 -140 -160  -180  -200 US RMY CORPS
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ e Lt AT
N——
. . éE;
60— Flood Side 1520 #/in @ EI+15 @ 57 strain— d; Protected Side — 60
40 (3 3'SAND BASE F——a0—10' £ 40,0 (2)SEMI-COMPACTED FILL 40
10" v
1V on 4H 0 44 EL. +12.0
I + 13" .
© EL. +0.0 \VA < , L L 3.0 1V on 4H
[%9] Oi Q 1 1 T [ .Y 1 1 T 1 T T T T 1 @//@//7/\7 AN T 1 I T I 1 T T T 1 T T T 1 T 1 1 1 T 1 T T T 70 -
’ 0
S EL. -10.0 & cH e v v v v LA v v v v X Ve v v v v v vy o £
< EL. -20.0 & cH \%@V‘ 205 V@/ - 165" | = &
Z -20 —-20 Z }
= EL. -30.0 & cH ¢ = =
- EL. -40.0 G cH @ p/ SOIL CEMENT COLUMNS L
=z -40 o ¢l —-40 I
0 EL. -50.0 CH \ / z
& O 0
= EL. -60.0 (@ cH ®\ / z
< -60— D —-60 S g
5 EL. -70.0 CH \ Q <
o @ @ L
FL. -80.0 Q1 cH -
-80— —-80 " z
EL. -90.0 @ cH > <
- & cH
oo ER100.0 —-100
EL. -110.0 CH sleds g |58
120 & cH —7120
EL. -130.0
~140— —-140 :
ASSUMED RESISTING FORCES | DRIVING FORCES| SUMMATION — TFACTOR[F.S. w/1520 Ib/in stratod| soiL TOTAL C - UNIT COHESION - P.S.F. FRICTION CENERAL NOTES 5 =
FAILURE SURFACH OF FORCES OF | GEOSYNTHETIC UNIT_WEIGHT P.C.F. CENTER OF STRATUM BOTTOM OF STRATUM ANGLE E03
. NO. TYPE e b g
NO. ELEV. Ra Rs Rp Da - Dp |RESISTING| DRIVING | SAFETY| AT 5% STRAIN VERT.1 | VERT.2 | VERT.3 | VERT.4 | VERT.1 | VERT.2 | VERT.3 | VERT.4 | VERT.1 | VERT.2 | VERT.3 | VERT.4 | DEGREES CLASSIFICATION STRATIFICATION s
® O 20.0 12918 23600 11620| 24859 -457| 48138] 25316| 1.90 € ROCK 137 137 137 137 0 0 0 0 0 0 0 ol 40 SHEAR STRENGTHS AND UNIT WEIGHTS OF §§§
@| 10.0] 20019| 31600| 13219 51805  1138| 65738| 50667 | 1.30 @ CH 10 10 10 10 400 400 400 400l 400 400l 400 400 O THE SOIL WERE BASED ON THE RESULTS OF Sy
NOTES © (| 3.0 26658| 42000 13536| 78703| 1524| 82194 77179| 1.06 1.30 & M 121 124 121 121 0 0 0 0 0 0 0 ol 30 THE UNDISTURBED BORINGS. 588
©® @| .0 34133 147614 10| 82290 3| 181757 82287 2.21 @ cH 95| 108 104 95 200| 2000] 2000] 200] 200| 2000] 2000 200 O 1
—— — ) S
O-- STRATUM NUMBER ® @| -10.0| 74415 138600| 4001| 134377| 5014| 217016| 129363 1.68 & | cH ms  msl 15 | 1050 1050 1050 1050 110 110 110 110 © SHEAR STRENGTHS BETWEEN VERTICALS
O -- WEDGE NUMBER ® | -20.0| 95946 125400| 25000 | 192778 23296 |246346| 169482 1.45 & CH 15 15 115 s msol 1150 1150 150! 1200 1200 1200 1200 O WERE ASSUMED TO VARY LINEARLY BETWEEN . 2
sz" ENR(?LSESOO\/FER\N:EOR‘NNTAL R CTION. DEGREES © (| -30.0| 19764| 18800| 48000 | 261805| 56624 |286564| 205181 1.40 & CH 15 15 15 15l 125d 125d 125d 125d 1300 1300 1300 1300 O THE VALUES INDICATED FOR THESE LOCATIONS. L=
C -~ UNIT COHESION. P.S.F ’ ® @] -40.0| 145869] 120900 | 73000 | 341465 95582|339769|245883 1.38 CH 15 115 115 1s| 1350 1350 1350 1350 1400 1400 1400 1400 O fe &
, PO =, =
¥ -- STATIC WATER SURFACE © @] -50.0|174480| 128800100000 | 437120| 146073[403280| 291047| 1.39 & cH 15 15 15 15| 1459 1450 1450 1450 1500 1500 1500 1500 O 25 05,
D -- HORIZONTAL DRIVING FORCE IN POUNDS @ @] -60.0|202775] 124500| 129000|543807| 216787|456275|327020| 1.40 CH 15 15 15 15 1550 1550 1550 1550 1600 1600|1600, 1600 O 2% ¢8
R -- HORIZONTAL RESISTING FORCE IN POUNDS ® (| -70.0|232920| 124800| 160000 |656059 | 289535 517720|366524| 1.41 ap CH 115 115 115 115 1850 1650 1650 1650 1700 1700 170d  170d O £z 5 S
A -7 AS A SUBSCRIPT,REFERS TO ACTIVE WEDGE 2 CH 15 15 15 15| 1750 1754 1750 1750 1800 18040 1800 1800 O 2 =
ST A5 A SUBSORIPT RETERS 1O CENTRA BLOCK & CH 15 15 15 15| 1850 1850 1850 1850 1900 1900 1900 1900 O £ 7 8
5 - AS A SUBSORIPT REFERS TO PASSIVE WEDOE GEOTEXTILE TENSILE STRENGTH CALCULATIONS o
CH 115 115 15 15| 1950 1950 1950 1950 2000| 2000| 2000| 2000| 0 s 2o
Ra+ Rg* Rp EL. +15.0 CONTROLLING FAILURE WEDGE (© - (D & 3T D
FACTOR OF SAFETY -—A 8 7P cH 15 15 15 15| 20000 2000l 20000 2000/ 2000 2000/ 2000/ 2000 © —
Da - De T - DRIVING(F.S.) - RESISTING ((SHEET )
- _ [DENTIFICATION
T - (77179X1.3) - 82194 - 18140 LB/FT NTIFICAT
G 39
~—
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DISTANCE IN FEET

-300 -280 -260 -240 -220 -200 -180 -160 -140 -120 -100 -80 -60 -40 -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
Flood Side Cﬂ Protected Side
60—
VERT 1 VERT 2 | ,
H DI r VERT 3 VERT 4
40— EL. *40 1540 #/in @ EI*15 @ 57 strain |
EL. +30 .
20— ‘
(1) WATER ‘
\‘\%w EL. +3 - WV on 4H
O : ; ; : ( : : ‘ . [ . . ‘ ; e n : ; EL. O
AR AR AR A AN S AR AR AR NN NS (AN A AR A N AR s ®O P &
o) :l 1 1 1 1 1 \ I 1 \ \ 1 y 1 1 1 1 1 \ ! | 1 | 1 1 1 \\ 1 1 1 1 \ \ 1 1 1 1 1 1 CH EL 7,‘0
“ . | D sm N\ \<? SOIL CEMENT COLUMNS // ©) & DUMMY (7> cH £l 90
. - [ I
> ‘ |
< f \ >\ /® | CH EL. -30
= T
‘ \\ /® / CH -
= a0 | R : @ EL. -40
- 1 \k >\ /® w (9 cH EL. -50
=z |
Y 1 : >\ /® \ D cH EL. -60
. ~ = AN L ~ CH EL. -70
> Q © / > cH EL. -80
= -80— % ©)
®/ (5 cH EL. -90
00— >w / a5 cH EL. -100
100 @)
Dw / (6 cH EL. -110
® @)
120 @ cH
140— ASSUMED RESISTING FORCES  |DRIVING FORCES| 2o"MATION " FACTOR| F s /1640 Ib/in .
FALURE SURFACH OF FORCES oF CEOSYNTHETIC NOTE: REQUIRED STRENGTH OF GEOSYNTHETIC AT 5% STRAIN
STRATUM| SOl TOTAL C - UNIT COHESION - P.S.F. FRICTION NO. | ELEV.| Ra Rg Rp Da -Dp [RESISTING| DRIVING | SAFETY| AT 57 STRAIN 1S 164@ LB\IN.
“160— NO. TvPE UNIT WEIGHT P.C.F. CENTER OF STRATUM BOTTOM OF STRATUM ANGLE @ @ 5.0 186071 26000 2799 34048 2473 49406 31775 155
VERT. 1 VERT. 2 VERT. 3 VERT. 4 VERT. 1 VERT. 2 VERT. 3 VERT. 4 VERT.1 VERT.2 VERT.3 VERT.4 | DEGREES @ ‘ 10.0 ‘ 22065‘ 24000 ‘ 4799‘ 49648‘ 2473‘ 60864 ‘ 47175 1.29 171
D | WATER| 62.5| 62.5 | 62.5 | 62.5 0 0 0 0 0 0 0 0|0 © | 3.0| 27477] 37109] 7200| 74551 5567| 71786| 68984| 1.04 (32 GEOTEXTILE TENSILE STRENGTH CALCULATIONS
g ROCK 152 132 132 132 0 0 0 0 0 0 0 O 140 ® O 0| 32590| 43934 | 8500| 87126| 6622| 85024| 80504| 1.06 1.30 CONTROLLING FAILURE WEDGE () - (D
o) cH 10 10 10 "o | 400 | 400 | 400 | 400 | 400 | 400 } 400 | 400 | O ® @| 0| 32590]| 53194 | 6850| 87126] 4301| 92634 82825 112 1.36 T - DRIVING(.S. - RESISTING
SM 122 | 122 | 122 0 0 0 0 0 0 0 0 |30 - >
GENERAL NOTES & 122 © Q| 0| 32590| 59884 | 5349| 87126| 2623| 97823| 84503| 1.16 1.39 T = (8O504I11.3) - 85024 = 1963ILB/FT
cH 951 108 | 108 95 | 200 12000 |2000 } 200 | 200 }2000 12000 } 200 { O ® @| .0 32590| 64927] 3519] 87126] 1290| 101036| 85836| 118 1.41 NOTES
WERE ASSUMED TO VARY LINEARLY BETWEEN CH 15 15 15 15 | 1050 | 1050 | 1050 | 1050 | 1100 | 1100 | 1100 | 1100 | © ® 6] 0| 4398 1644| 180| 1552 3| 6202] 1549] 4.00 O-- STRATUM NUMBER
@ CH 15 15 15 15 | 1250 | 1250 | 1250 | 1250 | 1300 | 1300 | 1300 | 1300 | O © | -20.0| 93110 148500 31099| 1e8122 44068|272709| 154054 1.77 & -~ CROSSOVER POINT
CH 15 15 15 15 | 1350 | 1350 | 1350 | 1350 | 1400 | 1400 | 1400 | 1400 | 0 ® | -30.0]| 115999 144000| 54099|268927| 82895 314098| 186031 169 ¢ -~ ANGLE OF INTERNAL FRICTION, DEGREES
> | cH 5| ms5| M5 | 15| 1550 | 1550 | 1550 | 1550 | 1600 | 1600 | 1600 | 1600 | O . ' 2L 77 STATIC WATER SURFACE
) @ | -50.0] 167867| 126000 106099 |442962| 197252399966 | 245710 1.63 D -~ HORIZONTAL DRIVING FORCE IN POUNDS
cH 115 1S 1S 151 1650 | 1650 1 1650 | 1650 1 1700 | 1/00 } 1700 | 1700 } O ® (| -60.0|196068| 112500| 135100|545099|272970|443668| 272129| 1.63 R -~ HORIZONTAL RESISTING FORCE IN POUNDS
ch 1S nS 1S 151 1750 | 1750 1 1750 | 1750 1 1800 | 1800 } 1800 | 1800 } O © | -70.0] 226193 112000| 165599|657480|353760|503792|303720| 1.66 A -~ AS A SUBSCRIPT,REFERS TO ACTIVE WEDGE
i CH 15 15 15 15 | 1850 | 1850 | 1850 | 1850 | 1900 | 1900 | 1900 | 1900 | O ® | -80.0|258269| 19000| 197849| 780120| 442049| 57578 338071 1.70 B -- AS A SUBSCRIPT REFERS TO CENTRAL BLOCK
S ns, NS 1S 15 1950 { 1950 | 1950 | 1950 | 2000 | 2000 | 2000 | 2000 | O ® | -90.0 292296 198000 |228000| 913025| 497491| 718296 415534 1.73 P oo AS A SUBSCRIPT REFERS TO PASSIVE WEDGE
& CH 15 15 15 115 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | © Ra+ Rg* R
© @] -100.0]328275| 199500265000 | 1056192|604738|792775| 451454 1.76 FACTOR OF SAFETY A" Re*Re
® | -mo.0| 366159/200000 | 304001]1209581 723485| 870160[486096 | 1.79 Da - Dp
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US ARMY CORPS
OF ENGINEERS

SEE NOTE | 15
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SILENCER VACUUM PRIMING CONNECTION
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&/ > |
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3o 4

DESCRIPTION

CANAL SIDE
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/ FLOOD CONTROL TO 00000000

EL. VARIES

/
APPR. |MARK

DATE

/
\
DESCRIPTION

PROPOSED MODIFICATIONS /
SEE BELOW

EXISTING CONDITIONS

MARK

‘ FILE NUMBER

TYPICAL EXISTING HORIZONTAL PUMPING STATION
WITH ADDED FRONTING PROTECTION

NOTES: SCALE: V/g" = 1- 0"

I HARDEN BUILDING TO WITHSTAND HURRICANE FORCE WINDS. N

‘ PLOT DATE:

TWQ WINCHES
PER GATE

SOLICITATION NO.:
CONTRACT NO.

DATE:

WALKWAY

2. PUMP DISCHARGE FLOOD PROTECTION WALL CONSIST OF
TWO (2) STEEL FABRICATED CLOSURE GATES IN A TWO W14x193 ToP FRAME ||
STRUCTURAL STEEL GUIDED FRAME FOR A TYPICAL —_ = i
HORIZONTAL PUMP. — {—

‘ CKDBY:
‘ PLOT SCALE:

o

DESIGNED BY:
DWN BY:
SUBMITTED BY:
FILE NAME:

SIZE:

B 3. CLOSURE GATE WILL REMAIN NORMALLY IN THE UP POSITION. | /2
LOWERING ~WILL OCCUR DURING EXTREME WEATHER CONDITIONS.
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Wi2x50 EXISTING PARAPET WALL
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w \4X398‘\

U.S. ARMY ENGINEER DISTRICT
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\/ HSS 12X 12X 1/2
COLUMN OF FRAME - W2IXIOl

auto_design

TYPICAL EXISTING
HORIZONTAL PUMP STATION
WITH ADDED FRONTING PROTECTION

PROPOSED MODIFICATIONS

58
@
i
Tz
3o
E O
g0
s F
=
By
s 8
Z W
I
z
£
5 O
2 e
E Z
o
9
o
]
2F
o >
<
8 <
oz
£5
53
2m
3
Sa

auto_username

SHEET
IDENTIFICATION
NUMBER

PLATE S-1




Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report
Engineering Appendix

auto_design

e

auto_username

| 2 3 \ 4 5
US ARMY GORPS
OF ENGINEERS
ADD ELECTRIC
EXISTING OPERATED )
£ PUMP POSITIVE 2
METAL BUILDING VERTICAL PUMP | 2OSITIVE g
& MOTOR = VALVE
PROTECTED 5
M [J Q‘ EXISTING FLOODWALL
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5 0 5' 10" 15" 20" MR OPERATING STEM & gl [
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US ARMY CORPS
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APPR.

DATE

N
DESCRIPTION

METAL/CONCRETE ROOF ‘E

SLUICE GATE WITH
ELECTRIC DRIVEN ACTUATORS
REMOTELY OPERATED
SEE NOTE (3)

T
PRECAST CONCRETE WALLS EA%D NOTE (2) 9 4/#

HURRICANE PROOF \
\ YNOTE @)

STATION EXHAUST
f PIPE

APPR. |MARK
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BAROMETRIC
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DATE
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SOLICITATION NO.:
CONTRACT NO.:
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DATE:

‘ CKDBY:
‘ PLOT SCALE:

DESIGNED BY:
SUBMITTED BY:
FILE NAME:

DWNBY:

B TYPICAL NEW HORIZONTAL PUMPING STATION
WITH FRONTING PROTECTION

NOTES: SCALE: l/g" = 1- Q"

I, SIZE CLIMBER SCREEN CLEANER IN ACCORDANCE WITH 9 S 10" 150 200 25
DESIGN PUMPING CAPACITY.

2. OVERHEAD CRANE OF SUFFICIENT CAPACITY TO HANDLE
LIFTING AND SETTING MAJOR EQUIPMENT.

3. SLUICE GATE ACTUATORS WILL BE ELECTRIC DRIVEN
REMOTELY ACTIVATED FROM THE PUMPING STATION
CONTROL ROOM.

4. FURNISH SCREEN CLEANERS WITH REMOTE CONTROLS
TO ALLOW OPERATION FROM THE PUMPING STATION
CONTROL ROOM AND LOCALLY AS WELL.

5. SLUICE GATES WILL BE RUN BETWEEN STEEL RAIL
GUIDES IMBEDDED IN CONCRETE WALLS.
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CORPS OF ENGINEERS

PUMP STATION
WITH FRONTING PROTECTION

5w
29
8 x
[T
2z
238
2
g o
s e
S
0 =
8K
e}
zZ o
< w
s
g2
2
o
I
t 8
s
2%
o g
r4
£s
i3
2
s

TYPICAL NEW HORIZONTAL

auto_username

SHEET
IDENTIFICATION
NUMBER

PLATE S-3

pet_1d




Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report
Engineering Appendix

auto_design

auta_username

pet_1d

| 2 \ 3 \ 4 5

US ARMY CORPS
OF ENGINEERS

district.name

APPR.

DATE

& FLOODWALL
\
I
\
|
\
I

ELECTRIC
VERTICAL PLMP ¢ PUMP OPERATED /BU\LD TO EL. 30, 35, 45 FT. WATER LEVEL
& MOTOR = CUT-OFF
PROTECTED ALYE 1 FLOOD
SIDE - SIDE

—
1
DESCRIPTION

¢ PIPE .
DISCHARGE [ ] e

CONST. JT.

MARK

APPR.

I
\
L _ R 1| I | N .
BOTT. OF \\# L ]
P i

BASE PL.

RETAINING WALL
(WALER AND BATTER

» RETAINING WALL
\RETA\N\ NG 4

DATE

WALL BEYOND
PILES BEYOND NOT
SHOWN FOR CLARITY) o
- PAVING
R BACKFILL LINE
L :
ipg B — . ] g
L b . T :
FORMED SUCTION INLET . ‘ VSRR N 5 g
\ | | I AP
\ \ | o
= - + - - \ ! ! !
5 N L \ \ 1 STEEL SHEET
oy SR == m \ W\ ToE SHEET\NG—/‘ PILE ¥
RIE I I TR | 1 \ \ g
\ L L L]
]| | | | \ \
i | | | \ \ &
= L Ll Il Ll \ \ |
RIPRAP \ \ \ el |3 |
\ \ g9|g5 &
STEEL SHEET PILE JQ\ \ \ 20 2
TOE SHEETING w EZEE| P
SHEET PILE Z 33588
CUT-OFF WALL
N
NOTE: E 3
TYPICAL NEW VERTICAL PUMPING STATION = g
I. PUMP DISCHARGE CUT OFF VALVE TO BE . % = |
REMOTELY OPERATED FROM PUMPING STATION WITH FRONTING PROTECTION gz B4
CONTROL ROOM. % £ 2 |5 |y
SCALE: 1" = 5 HEERERE
=
5 0 5 10' 15' 20° g
S ‘ 28
g2
22
L
Z 0
w
> 2
E o
<8
P
S

LOUISIANA COASTAL PROTECTION AND RESTORATION PROJECT
PRELIMINARY TECHNICAL REPORT TO CONGRESS
PUMP STATION
WITH FRONTING PROTECTION

TYPICAL NEW VERTICAL

SHEET
IDENTIFICATION
NUMBER

PLATE S-4




Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report
Engineering Appendix

1 2 \ 3 \ 4 5
170'-0" [
TYPICAL EXHAUST FAN TYPICAL EXHAUST FAN US ATY CORPS
OPENING BARRIER OPENING BARRIER % OF ENGINEERS
5|5
{ ? { ? 5/8” ¢ BOLTS SPACED .
1"—9” ON CENTER £
7 / LEX4X1/2 .
FRAME TO BE CENTERED - L - " :
WITH EXHAUST FAN OPEN\NG\
BOTH DIRECTIONS
RHTRACTABLE [ROLLUP WINDOW
g
N N N L : B
N\ tvpidal wissie \—TYPICAL| MISSLE N\ TYPICAL| MISSLE j TYPIcAL MigsLE —] N\ Lsx3x3/8 LAX3X3/8 Z &
BARRIE BARRIER BARRIER BARRIER
Lex4x1,/2 Lexax1/2
/ £
]
g
| L3X3X3/8 | L3X3X3/8 N
— — LeX4X1 /2 \ . g
e e e e e s s s s e e s s s EEi ]
777777777777 — e g S U s s sy B s R [ p— e e e | B RS RN Ly Ly
'YPICAL PUMP STATION "A” ROUGH OPENING 8
HARDENING DETAILS ELEVATION :
L __ NT.S.
5/8" » BOLTS SPACED FACE OF BUILDING 5/8" @ BOLTS SPACED
——— * REALACE WHERE REQUIRED 1"—9” ON CENTER — 1'-9” ON CENTER E’
ALl [JOORS GLASS OR |ALUMINUM NOTES: L6X4X1/2 LEX4XT /2 .
WITH STEEL (SOLID), |22 GAGE| 13" 1) PROVIDE SEALANT BETWEEN / g
FRAME AND WALL PANELS _ iy s
W/BOUND DEPDENING GORE (ALL SIDES). =/ . o s i,
- g —5
2) SEAL WELD ALL CONNECTIONS PLATE 3/8” PLATE 3/8” z B 5 g
REPLACE ALL ALUMINUM ROLLUP WITH 1/4” FILLET WELDS. a |5 B | ™
DOORS WITH STEEL, 22 GAGE ROLL - 218 8 %
RETRACTABLE ROLLUP [WINDOW UP DOOR & — . I
/ - ¥ . g
T | /] = L3X3X3/8 ) & £ is g £
5 — L3X3X3/8 PLATE 3/8" © Bz olg 2
u & 2 i % 53 s
2 " g 2 |2 8
—1 : S PLATE 3/8"0
TR = T : 4 d SR
— L ™ B g 9
=S W
L3X3X3/8 \% - L5><3X3/87\ E%
ELEVATION 58
T = = @
zs
26 E 8
SECTION D :
N.TS. \ ﬂﬂ ‘ -3
(%]
SECTION 2 8z,
¥ PLATE NT.S 5|5 £ 05
3"x3"x3" ANGLE 4 e J/ g3 =g
2 EACH/ 2'~0" WIDTH = o < 5
TYPICAL MISSILE BARRIER vy VARES LY, > B
ERA YRR WISIE B I TYPICAL MISSLE BARRIER DETAILS ity
FAN EXHAUST OPENING — WINDOWS ie O
4 ROUND OR SQUARE - gz = >
EXHAUST /SKYLIGHT WINDOW OPENING 88 D £
TURBINES COVER WITH STEEL gr oz
ROLL UP LOUVERS iR 2. IJDJ
2
2%
TYPICAL EXHAUST FAN TYPICAL WINDOW ig &3 EE
g3 I
OPENING BARRIER OPENING BARRIER F e
SHEET
IDENTIFICATION
NUMBER
PLATE S-5




Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report

Engineering Appendix

“Hdd¥ aiva NOLLdI¥9S3a MUV ‘HddV iva NOLLdI¥OS3a xz<$ «©
m Alva 101d AVoS 107d 378 w |
» g = w
[ EENNN T4 7 ANVN 31 [ =4:4
Cob - <0
gr2 SNOILO3S TIVM-1 wom
N g m “ON LOVLNGD A8 GALLINENS T W —
28k ONNOLYLIOTS EQL aanmg| NOISINIQ AITIVA IddISSISSIN ez o
oz SYAIANIONT 40 SdH0D SSTUONOD OL 1O TYOINHOIL ANYNIWITINd g
20 W_ ava :Ag@aNoIs3a | LORMLSIA ¥IANIONI AWMY 'S N 103rodd NOLLYHOL1S3NH ANV NOLLO31O¥d TV1SVYOD YNVISINOT - o
Q
|
=~
QO W
S Wl Q ”
N 2 ~l 3 . 5
o e S S <
Ie} . v & W ) N
o a : = N O
- < < < - -l Q@ N
B X
. v . v v . v . E m Yol .
° nr— ]
w  © . . F .. = 3 L
v v S v ”4 mu
. o 0 O
N —
- e o
Sy S R
W 4 —————————_ 9 & W
Q ‘ =
S wn - —
] O
© Q v & (|
@) . —
- .
— (@]
- L o
v [
(o] (@}
Ly " v
= o J
%
&)
L
—
O
|
< ~ < -
. o O 4 %) o
o Lo R v ) Ll a
7 M D/ . v e el
S F = -——ao -
v & 2 =
o S ¢ @ . .
P o
- - - - - - - - ﬂ W @ &
N v v v v v = o O
> > B B > > = .
, L o . . . o e Y o o 5
S ce . . . . va ¢ : L
: SRR LR AP £ N :
- - - - - - - -
]
| L ie)
= T T T} I Nu
. @) Moe
E fe) — —
Q : -
% " = "
A_M -
N Q @ O o
0 S — o
i @)
o — [@D)]
L L
— O_E
O Il
[ Il
” o __===
ol
o
~
| .
o o
|
Q
=
%
Q
-
v v N
O . . ©
. L v <
) o —~ - - R B
N . O 4
@ <@ s . .
- A4 N
E Q. o o
= - . N
ﬂ, N q, N V, N q, R 4, R ﬂ, v N ﬂ, 5
N RN Va0 T T T . T e Ve T, T o SR
~ 9 T, - T, e e - e e T, -
- - - - - - S .
© v v v v . v . v v v M /ﬁv
. . . . . . . - - > i O
v & o & o & o & o & N N s L ;
: : : : : _ LO
, <
v
-
- _
i L
v
-
Q v S —
=
- %) v &
v =
Q O
S 4 =
S ; -
5 ™ . - O
J L
= i —
S O
M s
. [l
. -1
- v
.
- ep >~~~ 1
- T < 3
- e T~ ©
v N v N ~ ~ ™M
- - _
o @) L
s o
I
] .
() 1
L
o (8] 2] <




“dd¥ alva NOILdI¥OS3a MHVIN| HddV alva NOLLdNOS3a YW

0'Sy 13 OL NOILD310udd
FANLONYLS 1LVO FDIN1S

SSIHONOD OL LHOdIYH TVOINHOIL ANVNINIIHd
103ro¥d NOILYHOLSTY ANV NOLLOALO¥d TYLSYOD YNVISINGT

HIENNN T 7 ANVN T4

31va 107d 7 3VIS 107d 7 ans

“ON LJVMINOD A9 G3LLINENS

SHEET
IDENTIFICATION

NUMBER
PLATE S-7

NOISIAIQ ATTIVA IddISSISSIN
SY33ANIONT 40 SdH0D
alva AgaaNois3a | LORILSIA MIANIONT AWMV 'S N

“ONNOLVLJI0S AB @I 7 -Ad Nwa

US ARMY CORPS
OF ENGINEERS
NEW ORLEANS DISTRICT

RIPRAP OVER BEDDING

GEOTEXTILE SEPARATOR

w)
w
)
(&)
|
[od
()
<
i o
s = s
o M -
< = /L,
» o -
<
o I3
=
Q
e -
g % = -
@ a ol T T [
: : T
m O - - -
< [ Ly H | - _ |
G = >
(] o v - o)
[ O = Im
T Qaz o N [ M ©
£ - Sofel  of g -
o O o ¥ S o,oy T O
hd [ o = e Ty L _
o © S S ot o e TS N 2
e i R . Wi
< X a (SR .
28 i z 0 = =
§8 = = - =l =
2 a = o ) M (O] - M I =}
mA = ~ . L - o
22 N S ull =
0 .= - =) - ..
e - 132 Of|
(] j— _
.mmv N el M . D < g
G 2 i . i i . LT . . . _ @)
c w 7 nmininisieig B (V2] wn
o L Te
s R |
.m FEEEETTETREE T e e e e e e e e e e e e e e e e J«ffm,fkmfmﬁa IEE TS =
& i ,, S o)
© - !
7 ‘ : - I
3 — - - — !
8 . oll
© o
s [ S ; |
L . .
2 I
i L :
o .
=)
Ly ©
= 2 ’
9]
> : v
Q o g
o~ w 2 3
- 5 :
. M T o
= ! 371d 133HS 3

BULKHEAD RECESS

GEOTEXTILE SEPARATOR

RIPRAP OVER BEDDING




Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report

Engineering Appendix

HddV ava NOILdINOS3a MHVIN| “HddY aiva NOLLdNOS3a YW
S I 0°0¢ T3 OLNOILOALONd |[ 3
2ok : 7 ; . FxW)
mmm S e 6- 13 TS - 3AIM 95 LSH
g . .
> Z “ON LOVMINOD A8 G3LLnans HWMT
2 m I o0 7 sanua|  NOISIAID A3TIVA IddISSISSIN 31LVO "0103S GE2 M
.M “ W SYIANIONT 40 S4H0D SSTYONOD OL LHOdFA TYIINHOIL AVNIWIITId “
562 awva aguanois3a| LORILSIA MIANIONT AWHY 'S ‘1 ) | LoTrodd NOLLVOLSTH ONY NOLL3LOHd TYLSVOD VNVISINOT =
o
o
o
M
o
i o
- o~
N
_J
< 5
S e
2]
“l
I
Il
Al
olll
.9-81
PERE 0-0l 0-58
e 8l -Gl | o2l 6522 ——
| LT
— T N - . T,
5 ! /m,vﬂ
© W = MR
| . v, v
= , g o MRS
. | - 4
[aV} 7 [aV] 14 . 14 W v .
| 14 . v 4 v .
PN . .
e , 1 q4>4<<» T
| Teal Tl Tl Teal Teal TualT T Tl T Tes
, ) S
| . v, v
P02 | -0-,0¢ P RTE
| Toe T T
| I |
7 . @ 5
, 5 L e
| '
. =" Pl DT |l =
e % <l T @ et Il
K N B | o R - et o —
i | |y B B NE
, 35 m o
| . v, v
| e T T
7 M v M v M
| CTel e
(=} 7 T ol T T Ty ol T T T
! v - ~ - - - ~ - - - ~
7 M i ¥ i i i ¥ i 44)4(%) 44)
| Teal Teal o
| . v v
. 7 Pl Ty e
™ | . Y. T,
S | L
S | L
o o o
S 7 &
m o i




Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report

Engineering Appendix

NOILdI¥OS3a

“HddY

alva

NOLLdNOS3a

YW

31va 107d 7

3VIS 107d 7 ans

= AL - z @
o £ | 06 713 OL NOILO310dd || 8 o)
[ R REVEL NN _ - ~
11 6- T3 TIS-3ames | F3fu
Sz “ON LOVAINGD ‘A8 GALLINGNS i
29 m NNV . eL aanva|  NOISIAID ATTIVA IddISSISSIN 31vO ¥0103S =] M
.M ﬁ 2 . = SHIANIONT 40 SdH0D SSTUONOD OL LHOHIY TVOINHOIL ANVNINMIAd M o
50¢% va gcanoisaa| LORLSIA ¥IANIONT AWYY S N LO3r0xd NOLLY4OLS3Y GNY NOLLOFLONd TVLSVOD YNVISINGT =
o
2
o
M
o
i o
i I
0
|
<< o
G °
2]
o
Il
I
Il
Al
olll
9,78
,,0-,81
»9-,pE +,0-,Cl ,,0-,8¢
S qilqw,y .
i v . .
o ol T T
N Teal Toal T
/m,v M,u .w q.wq.w,««w,««.wqw .qd«q««qq.wq.qduduq
- > v a T ha T Tea Toa T Ten Tea Toa Toa q4»4<<» Yoo
SRR S Il
' L e
} v R "
. N =1 . REATREEIRRS e
: el =" I S SThd B T |
¢ o 9 ]|y o R R |
M — n - [Ye} GRS — A\m
= = v v v ONS
R 2]
M,U qw;w.q.q;«q«w.q q«q«qu.qqquqq
< Teal Teal Tl Toal T Toat T Teal Teal Teal Tenl Teal Tea T o
/, -
> Pl Te D T
[§\) v B . v
< °© <
< o N
)




“dd¥ alva NOILdI¥OS3a MHVIN| HddV alva NOLLdNOS3a YW

AUV0 10T ”m#om_.o._mi s 0°0€ 13 OL NOILD3104d
RELEL L SL- 13 1S - 3AIM 85
“ON LOVAINGD ‘A8 GALLINGNS m|_|<O N_Ou_nomw

NOISIAIQ ASTIVA IddISSISSIN

“ONNOLVLJI0S AB @I 7 ‘A8 NWa

SY33ANIONT 40 SdH0D SSTUONOD OL LAO4IA TYIINHOIL AUVNINMF UL
awva Agaanois3a| LOMMLSIA MIINIONT AWNY 'S N 193r0xd NOLLVHOLSTH NV NOLLOILON TYLSVOD YNVISINGT

SHEET
IDENTIFICATION

NUMBER

PLATE S-10

US ARMY CORPS
OF ENGINEERS
NEW ORLEANS DISTRICT

=
I

10"
20! 30!

.

SCALE:
10’

———=,

,,0-,5]
=
[]
Q.
Q
04
m ,9-,8L
g | B
S .9-5¢ ,,0-.01 ,,0-,G¢
(o)
= |
© | N . .
= i
i | TealTesl T
3 | ST
P 7 M - 4¢v 44
2 x | LT
- T |
(\% 7 Teal Toal T
c f
S 2 " Ll
= Q | 0 K K
® < f N
22 | . . .
g5|™ 7 S
&g | SRR
o £ - SRR
59 = |
S5 >
iel N ) N s - - - - o - v - . . . .
B n,v | & m,v o . . “a N MR . . N N .
2 & f & T T T T T T T T T T T
m B | - M Y. M . . T T Teal Teal T
o BT
-.nm 7 ] - - -
2] - o - .
g |
Aw 7 M v M v v
@ =108 ' f /,0-.02
c - - -
® [ | -
.am M 5 4¢y 44
2 :
3 ! PRI [
| - - - -
* \ ] @e
| (@) o . . —
7 T - - - I
— il N °° M =l =
M,o Hm,v‘ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ Hm \1 WV P TS T S m W
i | oy 8 I I =«
| < AR O
O g Ll m
| & SR v
o | RSN
, . A
| RS
, S
7 T ea .wy T
7 M v M v M
| - - -
— | M M ~ M M . T~ ~ M TN .4\, T |
| AR
I Teal Teal T
| STl
| - - -
N 7 . . .
™ , . R
8 | L
| Ll
(o] (@] ; o
S o S
z a. o




Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report

Engineering Appendix

¥ddv|  dlva NOLLdINoS3a V| ¥ddv|  3iva NOLLdNOS3a VI ] 7 ] 7 ) = =
. & V01078 EL I S 13 OL NOILD310¥d g I
o I 3 7 E - - Ex W)
g2 L RN S1- 713 1S - 3dIM 95 HSE )
ou= “ON LOVAINOD ‘A8 GALLINENS [
sl 31VO ¥OLO3S S
xzE “ONNOLYLINOS EEL - NOISIAIQ ATTIVA IddISSISSIN 4 m
.M ﬁ m SYIANIONT 40 SdH0D SSIUONOI OL 1HOdIY TVOINHOIL AHVYNINITIHd M
50z awva agaanoisaa| LONMLSIA HIANIONT AWMV 'S ‘N 193rO¥d NOLLYHOLSTH ONV NOILOALO¥d TVLSVOD YNVISINOT = 0
o
I
o
M
o
i o
_ ~
0
|
<< o
G
2]
o
I
I
I
l
olll
1/9-/78
,,0-,81
19-/PE Q-2 ,,0-,8¢
) MR
/, v v v
o .
N Teal Toa T o
< R
MH > M Teal Toal T T . PN T Teal Taal Toa Ty
SL LT
_ Lt @)le
1 M - M !
5 b 2| : FRR B |
N J K — 7 e e e O ..
© © Sy o Tee Teal T — |
g oo g R R N
¥ <C . . . Ol o
O ARERSEIRS B 17
- - - N
T - . .
< AP el Tl Tea Tl T T . Tea T T Teal Tea T,
N - M M M
" hE LRI
o . . .
[§\) .
o o o
o 3 [}
N n 7
o ] 4
W o




IET NOLLdIM0S3a R ERG NOLLditios3d Vi) N
5 Awva 101 TS LOTd a5 W -
o E E 1
Lok — — 31V ¥O193S 95 LEE O
w o -
cu m “ON LOVHLNGD A9 GALLINGNS NVAHd34409 UV 1NIJHID _._HLWW _.__|L
2%z NI .;eL aanva|  NOISIAIO ATTIVA 1ddISSISSIN nEz
< w3 : : : SHIANIONT 40 Sd¥OD SSTIONOD OL LOdIY TVIINHOIL ANVNIWII N “
Q5L ava agamosan| LORILSIO HTINIONT AWY 'S N 103rOHd NOLLYNOLSTH ONV NOLLOAL0¥d TVLSVOO YNVISINGT = o
n
()
=z
>
=}
o
o
2 = 21
< -
w
i =<
) N/ )
3 Y 3
=
= B
— [} e —
L A |
=
S @ S
=
rOr i <
o = =
S
=2 .
Q| o
_
= — o
ONITId L33HS <«
B === [@D) O
[ 2
/ S
o
(&} Th =z o
2 S S I
< = = = =_
b <
= o >
5 2 I
0 2 < OE
a0 0 S
o it} s
L .
o o =
c =
-
h = o
S s}
Q
(0]
14
®
Q
c | ]
i<
(3]
(]
T
©
£
L
1e
o
< x
1T
= c
(]
5o
= QO
© <
2g
3E|e ,
x 3 i
T £ |
c
g2 ot
c _ | T—
S _ -
©
B}
s z
o S,
8 0w
[7)] [
®© [T
o o=
3 o=
(]
g e %
© [ =0 L |
— N
2 IS L —
=) = o <
o [8) o
— \ ok O _
Q O
/ 035 o0
/ 5 5
, Sn | \ O
Zw —
/ == | / O .
/ WG | / L w
/ Wm , \ v
/ g | \ < _
/ g 4 © o
n | Lo [
~ | ,, N
o < =
e O () S IS
| L | E
| = a- a5
| < &
<t
\ (@]
= n
/ o
/ L
/ [
/ S |
/ © I
- =_
o UE_
B <t N ]
|
|
(@)
[
(@)
-— | -
|
[a] [&] m <




“HddV ava NOILdINOS3a MHVIN| “HddY aiva NOLLdNOS3a YW 3
S I 0'0€ 13 OL NOILOILOYd || 3 =
4 . . . . =1
fot | s 0'Gl- 13 TS -3AM 0L} | (5354
w.v z m “ON LOVAINGD ‘A8 GALLINGNS 3J1VO J0103S Ui W E
H z2k I @ eL sonma|  NOISIAID ASTIVA IddISSISSIN wbz
ohz - : SUIANIONT 40 SdH0D SSIHONOD OL LHOdIY TYIINHOIL ANVYNINNTH a M
502 v Agaanois3a| LOMMLSIA MIINIONT AWNY 'S N 153roNd NOLLYNO1S3M ANV NOLLOLOMd TY1SYOD YNVISINGT = o
|
,
|
,
|
,
|
,
|
,
|
: |
,
|
,
5 | .
L , S
3 7 8
,
|
,
|
,
| | _
,
|
,
|
,
|
~ 7 ~
: | :
T | &
,
|
,
<
|
,
|
,
|
,
|
+ |
g |
Q.
(V] N |
= o |
3 s |
s 7 5 _]
Q | <+
° |
T
g | L
— T _
g [ <C 3
@ f O
W | o AU. mU
S35 | olw o
. | }
(n\ % N,V 7 5 N | = \: %
28 5 4-—-t-——————— T o . = =
© <C 0 =4 ] .
m [e)] o 7 - 2 L — [}
ZE . , T M
o
] | o o T
o £ ! - - %!
&2 | %
m L | -
2 O
- | o i
8 _
S f I
o ! ==_=
S N 7 oll
17} o | ol
@ |
3 in |
(@] o |
g |
C | |
o I
(2]
S 7
S ,
0-,5¢ 7 ,,0-,9¢
,
|
,
| |
,
| _
~ 7 ~
? | ?
~ b , 5
e 8
[Ne]
,
|
,
- |
|
|
,
7
,,0-,69 18-,5l 9= 1P
,0-,911
o ) o <




“Hddv

NOILdI¥0S3a

“Hdd¥

NOLLdI¥OS3a

AV

3Uv0 J0Td 7

‘3¥0s LoTd 7 s

OF ENGINEERS
NEW ORLEANS DISTRICT

US ARMY CORPS

HFENNN T1H 7 NN 311
“ON LOVNINOD ‘A8 @ALLINGNS
“ON NOLLVLIOIT08 A8 ODID 7 ‘A8 NMa

Alva

-A8 aN9Is3a

NOISIAIQ ASTTVA IddISSISSIN
SUIIANIONT 40 S4H40D
LOILSI ¥IINIONT AWNY 'S ‘N

0’y 134 OL NOILO310¥d
Sik- 13 TS - 3AIM 0L L
31VvO Jd0103S

SSTAONOD OL L0 TIVIINHOIL AAVNIWITI A
LO3ro¥d NOILVHOLSTY ONV NOILJALO¥d TVASVOD YNVISINOT

NUMBER

PLATE S-14

IDENTIFICATION

w0
<
b

[]

a

Q
04
©
Q

c L
=

(3]

(o)

T
©
=
[T
x
o
2 x
J7T
S
[}

S a
= Q

© <
ge

Bl eo
]
T £

c

c

c
il
=

3]

Q
2

o

-

o
©
S

7]

®©

o
(@]

[

c
[
2

=

(]

o
o

-15.0

SECTOR GATE
WIDE - SILL EL.
PLAN

= 10

SCALE: 1"

110

:0-,0L

o
=

30'

20"

10

a

== ==
===,

10!




IEEN NOLLdI¥083d uvW] uwddv|  dwva NOLLANOS3d VA 7 7 [T9)
5 Awva 101 TS LOTd a5 M -
[ x =
fot —_— o ALVO MOLO3S Ob) | EED
cu m “ON LOVHLNGD A9 GALLINGNS NWvQy34400 ¥v1N1130 _._HLHW_.__|L
z2¢g R e eL sang|  NOISINIG ATTTVA IddISSISSIN b2
QaEg : : : SHTANIDNA 40 SdH0D SSTUONOD OL L0 TYIINHOTL ANYNIWIMI i M
m w W_ 31va Agaanoisad | LORMLSIA ¥IIANIONT AWMV 'S N 103r0dd NOILVHOLS3H ANV NOLLOALONd TY.LSYOD YNVISINOT - P
” |
= , gl
Lt
& m , °
o = o
w ~3 = i |
He = S|
T = ul 7 &)
wno rrw |
> ol < 7
o ] |
U S | 7
3 | ;
a | SIIHVA J
= | , ,
| 7 7
| | |
|
\\\4{// — = \\Wf// — T = \\Lf//
~ ~ ~ ~ ~ — ~ - |
, ——
L y , | // o~ W —
/ ﬁ \ i
/ \ ,
L \w\w\r\w\‘\/‘\w\\ \\\\\\\\\\\\\\\\\\\ [ I o
U | / |
// | /
N W \/\/
L S —
I \
/ T
| W 7/
\
_—— — / 1
. b G
/ | N
\\ | A=
\
\ | | 52
| | | 32
\ | / o
\ | / i
\ | 7 o
N / >
/ SN 7 N <
/ T \ °
_ | | B
|

Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report

,
|
,
|
,
|
,
|
, |
! | |
Vi | \ i | |
\\ ﬁ / mw W W W
| | | ww | 7 -
| | [ 22 | | =
x \ , = i i =
e \ | / =3 | | :
c N , o I | o
[} I = | | o
g S | < e | , | , S
N — | |
< s R “g | | | 47\ —
c | 7 / 2 | | | \ | \ O ]
m ™ \ | \ | 7 | | 7 \ F&L w
m \ \\\A,T// / | , , \ =
A | W ﬁ P R N =T B
/ | \ | | | / | N “ e
o \ s =
i | -
~ \\\Lﬂ \\\\\ 4\\\\L\\\\\\\\W\\Eﬂuﬂﬁmoﬂmjﬂ%am\@\\\\% \\\\\\\\\\\\\ W \\\\\\\\ \/r \\\\\ f\\\\+‘ o <)\ =
N L | -
\ ! , 7 | \ 7 L
\ | \ | ! | \ ! : = % 2 s
/ < &
\ I / | | | \ | / <t O
AN 7 / | | | AN | / M )
S~_ [ i [ S~ -
| \\ | / , ﬁ | \\ ﬁ / o o
I | = |
| | E , | L
\ e | 2 | \ T o E___
- , N | ] | AT T &)
v n e |
/ N | 8 | / N = I
I | © | ol
/ 7 // D, / | /, Um ~
! 7 I ! | _
\ | / S| | | / _J
\ 7 / o \ | / L
\ | / Si \ 7 / ©
/// 7 \\ @: // | \\
o~ \//I ,\\/ 7 \// 7 \\/
/ - \ ﬁ / B b \
,
|
,

RO B 7 X
| \ \
\\ W / \\ ﬁ /,
\ | | \ , |
\ ﬁ / | \ | /
\ ! / f \ f /
[ N 7 Yl | N\ | / —
e LA | Sv X
e | / T
_ ﬁ U , [ | /\
! _ / T T T T T~ T T T \ - /
/\\ 7 //A \\\1///\\ /// \\\f///\\ ! // \\\1///\\ // \\\f////\\ , //A
g ! N / e / f k¢ / X g f N
/ | \ / A / | \ / \ / | \
) , L V! L [ Vo | ,
\‘\‘J, ‘‘‘‘‘‘‘‘‘ \T‘\/\ ‘‘‘‘‘‘‘‘‘ [ /, ‘‘‘‘‘‘‘‘‘ ] \‘\/\ ‘‘‘‘‘‘‘‘‘ \‘\4/ \\\\\ T ﬂmﬂw\%ﬁf@‘d@\
\ / / / / \ /
- \. I N AN A \ A\ y
N Y NG s NG S TN ST Y,
~ ~ ~_ - S~ _—— S~ — ~ -




“Hdd¥ ava NOILdI¥IS3a HUVIN| “YddV auva NOLLJI¥OS3a MUV P 7 —— 7 s = 6
5 Iy . i . -
. & | 0°0€ 13 OL NOILD31O0OH¥d mRM
[ R ; ; . o -
Z@a o Bl 0GL-"13 TS - 3AIM 0L mme
o w . . -
x5 m AR - 31v9O ¥OL193S 319N0A | BESH
m X z3 “ON NOLLVLIONIOS "ESL ARNMO NOISIAIQ ASTIVA IddISSISSIN 4 M
ouE SHIANIONT 40 S4H0D SSTHONOD OL LHOdIY TYOINHOAL AMYNIWIINA o
50z ava Agganoisaa| LORILSIA MIINIONT AWNY 'S N 193r0dd NOILVHO1S3H ONY NOILOALONd TYISYOD YNVISINGT =
,0-,28¢C
,,0-,911 ,,0-,011
© |
,9-5]
o
i3 /
o
=
0-09z | [ 0-5¢
®
- 0
[Te)
_
o -
o ¢m \\\\\\\\\\\\\\\\\\\\\\\\\\\\\ ] 2
© & -
S LO
3 = }
14 ! 2
®© N
S o x
c | o ]
5 1 T .
(o) o
— ©
© O
i M o
= o~
4 > o)
W 5 - [
g - —| 2| o
.m Q N S
=4 . ! < ]
5 o o L @)
22 N = 2
=T © <
O <
=5 o &
— N (@]
C O © A =_
© c 3]
c w O E
o — E
2 _ &)
2 5 L ol
o J 2 o
o =
= L
b : =
® o m
o I
&) = , %
s 0-,92 I 0-.62 . 3 ]
@ o
{72 |
S o
(] rel
-
Y PR 7
>
[Te)
[aV)
o )
I
o
Yol
o
=
o
o
[Te)
- 1
1,975
o (&) m <




wav|  dva NOILdINOS3T uvW| wddv|  dva NOLLJINOS3A VA ] 7 ] 7 . . . = ©~
w 2 Aviod ELAUUI 0S¥ 713 OL NOILD310Hd S Y
A7} m THIENNN T1H 7 NN 311 - - - Ex S
g3 0'Gl- 13 TS - 3AIM 0L L mme
oy “ON LOVHLNGD A8 G3LLIKENS L=
m W nmu M 7 NOISIAIQ ASTIVA IddISSISSIN wl_l<o mOFomw ml_mDOD w W W =
€ 2z o p p
iz OUNUHONOS | AI00] MSME T SymaNIoND 40 S4HO0 SSTMONOD OL 1MOdH TYOINHOIL AMVNINMTRNd | | & g
36 =2 awa agganosaa| LOMMLSIA ¥IIANIONT AWNY 'S ‘N 193r0¥d NOLLYHOLS3H NV NOILIAL0Nd TV1SYOD YNVISINOT - o
0-,5¢
|
|
[} (2]
LO
- 5
0
N T
M,b O
© =
- >
«©
LO
~ o
N
< )
L - il < |
O T -
S _ _ O
J o - o
o I <
= %)
T
(@)
o
o |
= [
5 E
5 (@)
, L ol
< Iy N -
Te)
[
|
m
|
oL w \\\\\\\\\\\\\\\\\\\\\\\\\\\\\ B o
M [
€
o
Q
(0]
o -
T o
o J
el Yol
m — © 0,52 —
(] N
P &
5 5
=
o
o <
2 x N
22 5
c O
Q
sg
© <
52
Bl eo
xg
T £ R
cgm ¢
© c >
c w o <
o] N o
5] T
E) e
> ©
-
o
©
L
17}
®©
]
O
g 1
Fo T
L N
3 e
3 5
o
o
[Te}
o~
o
o)
[Te)
o
/,
o
[qV)
L M,v |
o)
o™
o
©
©
,0-,9L1 ,,0-,9L1
,,0-,256¢
o o m <




IEEN NOLLdI¥083d uvW] uwddv|  dwva NOLLANOS3d VA 7 7 0
5 Awva 101 TS LOTd a5 . . W —
z 2
2, — — 00€ "13 OL NOLLOLO¥d ||, Z¢ g5
84 s — - JYNLONYLS 31VO HIANIVL| |E3E
z59 : : GES
2%z NI a8 eL aanva|  NOISIAIO ATTIVA 1ddISSISSIN °oz
< SHTANIDNA 40 SdH0D SSTHONOD OL LHOJTY TYOINHOIL AHYNININIH o M
ER-R ava AaaaNoissa| LOMMLSIA HIINIONT AWNY 'S N L0Ar0¥d NOLLYNOLSTY ANV NOLLOFLONd TYLSVOD VNYISINOT = o
=
T
S
© e
T
- o
T 0
()]
> [
& o
=z
— =z
- S
2 = :
= = 2
T
. =
°
&N
e 5
= 3
L  — N - - | ]
Ol e e e T e T T S L ; = =
. . . . . . . R . . . . . . . . . -
- AN AN LN - = < o
v (@) o -
T . - L )
N | o T S 2
¢ hel et M
~ @ o - - -
& i T s} I
oll
€
o
Q
(0]
14 o
© - < o
o o o ™
= ™ n,g |
c [ . - -
5] i B _i
ko) ) o W)
T
m - - -
c
i @ . . .
m/ Wm SS3034 Qv3IHNINd v ,q,. ‘. T
Q x A - - :
3% 2 =)
=g w z
sg 2 T
© M. N Q =
5o o L e
B £ & o
O =| ™ Q (@)
xr $ L el
o £ ~
c
c 2 =
c o= IR Lul ]
S a a Sm
2 . . i D
2 —
o]
- C
< _ SRREIREE =) ]
S o [0 m
® = —
o) [ %) N ) N %2) \
o | g O
g ! - LT wi| =
S [ | o — [ —
® | z 3 </ -
=) = o I - - (@) e
o x I = © ..
- s I ) = o 4
= o - - - _
< | a W L =g
N i = — =
o o , z < = O
7
N | @ - . - %)
3 & 5 = =
™ L | /0 <C
=z =z /, |
, z Al ~
L 3 | W \\\
Tl = ey - “l
L= I <
b | o, // <t _E
/7 O I
| \\\ n ==
] | \\\ [al _
| \\\\ > =} =__\
//, - S =
==
| ==
S -
I NN S
| NN RS
N SIS
| ~ RS
NN ~
I NN
SO
| ~ >~
-
L S~
~J > —
wl o —_——
3| g . y
B 3| o AR |
o
/,
© . . .
o~
SS303Y QvIHNING e e
o
3
V)
L 4
D Lol
- )
[
&
©
—
L
[a] [&] m <




“dd¥ alva NOILdI¥OS3a MHVIN| HddV alva NOLLdNOS3a YW

HIENNN T 7 ANVN T4 mm DI—IODMI—Iw
a3aivo A14¥3Ling

SSTUONOI OL LUOdIY TVIINHOIAL AUVNINIIIId
103ro¥d NOILVYOL1S3d ANV NOILO3LO¥d TVAISYOD YNVISINOT

m.—ﬁZo.L ”miom_.o._mi s Zo_l_lomw DZ< Z<I_&

“ON LJVMINOD A9 G3LLINENS

SHEET
IDENTIFICATION
NUMBER

PLATE S-19

NOISIAIQ ATTIVA IddISSISSIN
SY33ANIONT 40 SdH0D
alva AgaaNois3a | LORILSIA MIANIONT AWMV 'S N

“ONNOLVLJI0S AB @I 7 -Ad Nwa

US ARMY CORPS
OF ENGINEERS
NEW ORLEANS DISTRICT

4
TWO-LANE

HIGHWAY BRIDGE

Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report

|
7 L ‘
ﬁ [ 3
. 1 D
I N — M‘\ o
L1 y - O m ~
X 7 N| F 2
- | -
2 , JoEl
oy 5 o ] ]| o
< 0 L S
m.. M I <~
.MS \_\ , \_\ - W L uw
e I f I o =
S T L
m.v I H (@) 1 )
L 7 af)] % -
Y N > %)
T T \\\\\\\\ M\‘ = -
W\J I <] L= 5
| e E
a | W [
T
o — =_
s I =) of
- Tua | (S |
xO>- 7 [an|
SFE
[a) |
i 1 ] &
R T R R — o o
L1 [ | R S =
| ) & v
z | a —
SOy | %= : i
— [an)]
Wg M W_HS v
PE f o4 Yoo : 2
= , == 20> o o
(S =T - i T
& | ) S~ 2 ol =
~ o | T o 3 P o
pui o0
7 [an]
L | 1
| 4 N
L 7\ w& Y ~ -
] EE U 5
i o Tz = ©
| o 22 | 3 |
. 4 2 ET - | mU
5 ’ r\:L . — ™
101 E i I E & v W
Lo =z A L I
, o m c > = -
| woo 3 S o T
| < % ¢ - (|
L 3 _
s R I oy = BV B I e IR ﬁg = Z 9
U AN | R | I — QW Prr - O
I © He (V)
z 1| o 5
= ol ™ no
= J . o
zg 9 4 I
N \% T n,uM =__
o E 7le
N a0 F|= E
s °% - 7 ol
o r \ mw
— .
<
i 1~ — L =
- | ale
| c
,,0-,0¢ ,,0-,0¢

BULKHEAD SLOT

,,0-,0¢|




Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report
Engineering Appendix

1 2 \ 3 \ 4 5

D & &

E =

4 7

E E

4 Y

— —

= =

- FULL LEVEE SECTION i u FULL LEVEE SECTION _

= =

L = =

- 135'-0" 83'-0" | 132/-0"" -

TYPICAL T-WALL ROLLER GATE MONOLITH TYPICAL T-WALL
25'+ 30'-0” 254
GATE OPENING
GATE IN OPEN POSITION
EL. 45.0 TOP OF T-WALL, EL. 45.0 ‘ TOP OF T-WALL, EL. 45.0 EL. 45.0
/
c
¥
oN 2
ooy 3 WO
EL. 8.0
EL. 0.0
L. 2.0
BOTTOM ROLLER GATE
FLOOD SIDE ELEVATION
SCALE: 1" = 20
B 200 20 40 60' 80

A

US ARMY CORPS
OF ENGINEERS
NEW ORLEANS DISTRICT

DATE APPR.

DESCRIPTION

DATE APPR. |MARK

DESCRIPTION

MARK

SOLICITATION NO.:
CONTRACT NO.
‘ FILENUMBER:
‘ PLOT DATE:

DATE:

CKD BY:

‘ PLOT SCALE:

WN BY:

SUBMITTED BY:

FILE NAME:

D\
SIZE:

U. S. ARMY ENGINEER DISTRICT | DESIGNED BY:

CORPS OF ENGINEERS
MISSISSIPPI VALLEY DIVISION

LOUISIANA COASTAL PROTECTION AND RESTORATION PROJECT
PRELIMINARY TECHNICAL REPORT TO CONGRESS
32' WIDE - SILL EL. 8.0

BOTTOM ROLLER GATE
PROTECTION TO EL. 45.0

SHEET
IDENTIFICATION
NUMBER

PLATE S-20




“HddV aiva NOLLdI¥OS3a MHVIN| MddV 3lva NOLLdNMOS3a MUY . 7 . 7 . . z el
w B AW01 ELL LI L 0°'G¥ 713 OL NOILD310dd e N
g2 m RELLEL 7 ELLL 0’8 113 1S - 3AIM 2€ Hmm H
oz “ON LOVAINGD ‘A8 GaLLINGNS urs
m 2 m I @ eL sanua|  NOISIAID A3TIVA IddISSISSIN 31VO d3TI0d NOLLO8 | |3 E2 =
~ e E : : SHFANIONA 40 SAH0D SSTUONOD OL LHOdTY TYOINHOTL AUYNINMTd w M
502 awa agganosaa| LONMLSIA MIINIONT AWNY 'S ‘0 ) | LO3rodd NOLLVHOLSIH ONV NOILO3LONd TVSVOO VNVISINDT = o
ES «
o Z
T
D M N N v
3 T
: S LR
? Ly T Ty
> of 102 R NE
iy SR e :
M= MR &
o Qa oo T oaN
0 - — - - - . T R
B T o
< T e Toa T Taa T Toa T Taa T T Toal Toa Tl 5 ©
i . . A A RS - < f
T Ty Ty Ty T T T T Ty Ty T T T & -
o ) =) »
. v 4T W) I W
m,v 4,4 R mw . - uw
v & ok o .
¢ . ¢, bt S = 9|
4 v 474 = N z — A\m
N QQPTH N e &) ©
W : Awﬂﬂ‘ozja 133HS B \\\%\ > L %
| Q i , , - %) |
5 %) RPN A :
o
in Q o I
) @ I
3 5 2 I
ﬂ ] 2 I
~ o ol
—
o |
Ll <t
w
(@)
=z
<+
=
9]
Q.
[
04
©
(&)
g | B
e
[$]
5]
T
©
=
ic
'
o
2 x
- T
=&
c
L ¢ -6 —P 9P
o< B - T — T - - T
S o
g5 S AR ] R N
(o ] =
T £ ” oa | | , , , , , |
g5 o |
1 16O €D P
S . 7
3 ~ | 7 7 7 | | |
Q R , , , , ﬁ , , ,
°
£ iy | | | | , | | |
m I O I I T I I
@ &« |
© Q. 0
3 | | | I | |
o | | | [ | | | B o
g | 5 o < |
.m ¢ C € €D
=) - |
S | | | | 4l | | | . = — 5
| | | oo | | o = v .
, [ [ [ [ [ > o —
© 7 ~ = , D) _
e} L [ N . — N _ [ " O o)
| = O © _
N o o >— [ )
o , : : [ ﬁ [ [ [ - Wl = <t|| =
N - -
b | | | | , | | | o <l 5
e PRy DR PEENY TNt St TR (I o
] 7 X e _ @)
| | | | | | | & ol ol = &
, , , | , | | | " | = O
| | | b | | -
Ol =
€6 ©- DD | F5
, , , , , , , , — I
| | | I | | © 1
g [ [ [ [ , [ [ [ L I
= 7 = ol
O O
[ 1 . I o L I I I
al < [a
1 ¢ ¢ ¢ €D DD T
o , , , , , , , ,
L © | | | I | | _
| | | | , | | |
7 Ly
S S S 1 N S I
| | | o | | e
, , , , , , , , A
| | | b | | S
¢ ¢ € ¢ >y :
[ [ [ [ , [ [ [ N e
| | | o | 4 X
[ [ [ [ , [ [ [ o
L | | 7 H w
| )
© [ [ [ , [ [ [ o W
| | I | | Tz
, , , , , , , , o
: ¢ ¢ ¢ ¢ PP »-
I - —_—— -—_—— _—— ‘\A‘ _—— —_ - 4 — — — — —
’ 7
|
T T T T T T T N
| | | I | | e
J— ! : : : it w)
,0-.C , ,0-,9¢ = ,0-,9 ® S30VdS 9 1,0-,2
[a] i (&) i -] <




“dd¥ alva NOILdI¥OS3a MHVIN| HddV alva NOLLdNOS3a YW

— s 31V ¥0193S 0Ll
NV1d MO0

SSIUONOD OL LHOdIY TVIINHOIL AUVNINIMIUd
103ro¥d NOLLYMOLST ONV NOLLO3LOYd TV.LSVYOD YNVISINOT

son e 067 13 OL NOILDO3L0¥d

SHEET
IDENTIFICATION

“ON LJVMINOD A9 G3LLINENS

NUMBER

PLATE S-22

NOISIAIQ ATTIVA IddISSISSIN
SY33ANIONT 40 SdH0D
alva AgaaNois3a | LORILSIA MIANIONT AWMV 'S N

“ONNOLVLJI0S AB @I 7 A8 Nwa

OF ENGINEERS
NEW ORLEANS DISTRICT

US ARMY CORPS

160"
.

dvyddid 40 SLINIT

-15.0

j

120

EEE

i

I
i

I
i
40

EL. -I5.0

@

I
i
80’

I
I
I

I
i
I

I
i
I

I
i

LOCK PLAN

SCALE: 1"
40

I

|

TIMBER GUIDEWALL

I

TIMBER GUIDEWALL

I

I

I
i

|

I160"-0"

Iy

RUTURURLRN g

I
O

I

110 SECTOR GATE - SILL EL.

v OLN 3H

C/L LOCK

MH‘H‘H‘H | ﬁ GG e
I

PROTECTED SIDE

I

I

I

I

-/5.0

I

EL.
500'-0"
I
1

I

Oy

I

i

I

I

INRARARAANRANRAARANY WM [ANRANRRNRRRRRARRRAN!

I

—_— @

=] b

—_—ty Ay
S —

I
|
FLOOD SIDE

i

I

[ANARRAN
T

I

EL. -15.0
300-0"

I
|

SECTOR GATE

I
I
|

I
I
|

I
I
|

[T

I

]
[
20'-07,

TIMBER GUIDEWALL
I

oy
TR

[
I

I
o
=)

|
I
[T

I

]
I

Engineering Appendix

[
I

|
I

TIMBER GUIDEWALL

]
I

-15.0

[
I

EL.

300"-0
SECTOR GATE

\
[
EEEE
15

[
I

Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report

[
N,

[
BN,

[
I

[
I

[
I

500'-0
I
TIMBER GUIDEWALL

CsL LOCK

I
I

2
l
I

|
[EEIENENNEEY

|
I
EL. -15.0

|

EERIRTENENEVENEEE

ENRRRE NIRRT

[
I

m
i

I

AL Hﬂﬂ‘ﬂh O

0

i

PROTECTED SIDE

I

I

TIMBER GUIDEWALL

i

1160"-0"

B

¥
i

LT
EREEREEERIERENERREEEN

I

0
i
N

i

I
I

TIMBER GUIDEWALL

I
I

I
I

I
I

]
i,

]
I
i

EL. -15.0

(TYPICAL)

T

]
)

i

dvddlid 40 SLINIT




Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report

Engineering Appendix

1 2 \ 3 \ 4 5
US ARMY CORPS
OF ENGINEERS
NEW ORLEANS DISTRICT
g
5
b 500'-0 110'-0 1160'-0 E
GATE BAY
30'-0" DOLPHIN
8
TIMBER GUIDEWALL L. 9.0 8
]
... "> 2
H“||||||||||||||““ EL. -15.0
0 e s o s i i
| IO OOTOMO 000000 0000 0 R N RN RN RN RN NN NN
24" RIPRAP g
12" BEDDING _
.3
g
B
g
¢ z
£
£
2
g
¥
S
g
3
I a
g g &
1160'-0" 136'- 10" 500/-0"" E 5 5
i S = ]
GATE BAY HEEEE
307-0" DOLPHIN
EL. 30.0 g g
. 5
TIMBER GUIDEWALL 5 a =
|||||||||||||||||||||||||||||||||||||||| o i
2 2 a1y
B ‘ | H ‘ EL. -15.0 2183 2 |8
Al sttt leni-slvalescleritalraltesta it st Uittt ——— T = =
I AN N e IO O O e %wé
000t I N R N N N T I A i o 22
[SE=]
T
24" RIPRAP ol
12" BEDDING g g
HOxg
>Pa
228
<o ®?
aw @
5 =
10" SECTOR GATE - SILL EL. -15.0 -9 o
(%]
g o
LOCK PROFILE 2 @
38 |-||_J .
E
o W= A
SCALE: 1" = 4Q' eF a<w
gz E (D o
[«]
40" 0 40! 80" 120 160" 2y O -
=== ‘ it 0 >
gé ko
5 Z 4 o=
£ES w
A 2 Qo
2z O W
8 - O |-
= -
§§ MEN®)
2m @
gF o
SHEET
IDENTIFICATION
NUMBER
PLATE S-23




Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report
Engineering Appendix

Iy o 3

207

1

10/
D

EL. 10.0
N o>
W/ 7N

c
B
A

\ 3 \ 4

EL. 10.0

US ARMY CORPS
OF ENGINEERS
NEW ORLEANS DISTRICT

DATE APPR.

% o 3

20’
110°-0""
TIMBER GU\DEWALL\ | [T‘MBER CUIDEWALL
A olEL. 9.0 ‘ K 5
: o
N/ EL. 0.0 8i
Sy "‘O/v 3 = - N o
) \ EL. -15.0 o=\l
g --vv‘mz.vwﬁuhmxm Anwiraz et Yﬁwm&m&mm&wd&m‘ IR
” I | . | 1" “w
24 RIPRAP
12" BEDDING
FARTH CHAMBER SECTION
SCALE: 1""= 20
20" 0 20" 40" 60" 80’
VARIES 1107-0"" VARIES

"1 EL. 9.0
L. 5.0

EL.
EL. 1.0 R

1 Ty

EL. VARIES

EL. VARIES

CONCRETE CHAMBER SECTION
SCALE: 1" = 20

20' Q 20' 40 60' 80'

DESCRIPTION

DATE APPR. |MARK

DESCRIPTION

MARK

FILE NUMBER:

‘ PLOT DATE:

SOLICITATION NO.:
CONTRACT NO.

DATE:

‘ CKDBY:
‘ PLOT SCALE:

SUBMITTED BY:
FILE NAME:

DWNEBY:

SIZE:

U. S. ARMY ENGINEER DISTRICT | DESIGNED BY:

CORPS OF ENGINEERS
MISSISSIPPI VALLEY DIVISION

110' WIDTH

LOUISIANA COASTAL PROTECTION AND RESTORATION PROJECT
PRELIMINARY TECHNICAL REPORT TO CONGRESS

LOCK CHAMBER SECTIONS

SHEET
IDENTIFICATION
NUMBER

PLATE S-24




Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report

Engineering Appendix

W “Ydd¥ aLva NOILdI¥IS3a HUV| “YddV auva NOLLJI¥OS3a AUV v ._.o._L "m._<uw._.o._L - o.om .l—u OI—I ZO—I—IOMI—IOM& m %—
o Qo
£ok — s HLAIW 0L - NVd B35
z z m ON 197N A8 qaLLens H3GANVHO MO01 F13HONOD | |z E3 =
m S&E9 “ONNOILVLIOMoS ;SL w0 o SSFYONOD OL LYOJIFY TVOINHOIL AHVNIWIIH ik M
.3 SHIINIONT 40 S4400 o
Mw 0Oz awa :AggaNoisaa | 1OMM1SIA ¥IANIONT AWNY 'S N 103ro¥d NOILYMO1S3N ONY NOLLDALONd TVLSYOD YNVISINOT - P
< >
O o ]l
I I L
A — , | o
| 7 | = o
— ﬁ | Ll < o
S | T
—q s 1 —
— 7 . 7 — <
. == | V<l 8
W = 7 | - -
| O —
L o 7 et | 7 L 7 E
< o I 1 | — 1
L e i | — 7 < T 7
Q J — W I i | @) — O
9 H i o =] I i | v
. < | 8 ) I | o o
8 e = o
—
© [ o o 7 e 7 [ o ==
= O 3 S| ! v I
-~ 4 | 1 7 @ ]
S g < 2 — | > -1
] S| - | -
D/ — ﬁ H =t ﬁ
—— , — ] |
| — | _
— , ,
- f — f
(S | < 1 ,
. ; | = =y !
| 7 2 L S| 7
7 D =S = w 7
| % . |
| e+ % |
f Q —1= f
| (@) e — |
f S ] |
I = |
| .,0-.01 W — 7
=
| — |
f T f .
N | —t | o
o O =_ [
, o | — R
5 T 1 W =5 S
- 2 1 |
I —l— | LIE=
f = f B
, | =
L f=——
f I f S
= , — ] , 2
y | = — 7 g
= | = | H | S
—=H | =) i i D =
— T — ] | =
0-0l1 T — |
=l 1 —
— | = = 0-.0l1 ‘
| = —1 | == 2
] | el [ = =
— = nm f
] 7 SIE] |
, OIE] z
i | I 0-.9l | -
[I) | Q
= | W 7
| = | 5
,
et N . < <
— | : 2 o :
13 | il [vs]
=l 7 = ww | ﬂ -
7 .
] .
N 7 ..
— = W ¢ ! - >
o | < =
—H | ° | S
, n
1 | 7
,
e | | }
— 7 7 o
o | , I
. — = | | |
o) W I E
m == S I 7 \ ____
: S=iE | | ol
[asy
=1 @ | |
— W ﬁ ﬁ 2
= — L @
— | @ ﬁ /,;
= f 0 L
— 1 ,
| Q | S
= ! =~ ﬁ ,
et W R , I
,HM | @) S .
—E 7 5 @ o 7 J
| J Q. 3 | -
HMH 7 m © o 7 o
— | = = [ 3
I f o W o
—j=t+ , 7
7 o |
—t | 7o)
—r 7 ;g |
5 | ) |
| |
,
| |
z ﬁ 7
g jw}
55 e ,
23 T |
o m . |
~ O —
o | R
o) |
™ ,
o ) o <




Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report
Engineering Appendix

1 2 \ 3 \ 4 5
US ARMY CORPS
OF ENGINEERS
NEW ORLEANS DISTRICT
g
’ " ’ I ’ s E
b 500'-0 110'-0 1160'-0 _ 3
GATE BAY .
PROTECTED SIDE
30'-0" DOLPHIN
(TYPICAL) z
EL. 9.0 TIMBER GUIDEWALL EL. 9.0 EL. 9.0 %
= 8
EL. -15.0 EL. -15.0
I I I e e o v F e | v w  F i o oy o o o e R T T e e e e e e T e e e e
. UM 00 N
AN 0 ¢
E
g
g
£
c 3
g
b
g
4
Z
=/
&
!
— ] 5
£ g H
B 137'-0" 500'-0" g g 5
GATE BAY . g g 2 |
PROTECTED SIDE 0 s0.0 FLO0OD SIDE 30'-0” DOLPHIN & y
. . R E— g ]
L 5
EL. 9.0 EL. 9.0 TIMBER GUIDEWALL \ 5 g |
B ' ERERERE
EL. -15.0 EL. -15.0
.‘,4‘34“’4‘.’ ;‘-. R “‘ ;w“,‘ y“< D g o R ISR D . o R IR RN o R o “,4#‘4 y‘.<“."‘. P o y“ L L L L L L L (| O (1 '6 z
W00 i £,8
W00 i 23
NN RN NN RN NN NN NN RN NN NN NN N RN NN NN NN NN NN NN NN NN NN NN P “;JE
g
z52
[ z
zop
9%
X5
s° 8
5 =
I 10" SECTOR GATE - SILL EL. -15.0 ]
R
$e mi—Q
CONCRETE LOCK CHAMBER £ MO
g3 == _
SCALE: 1" = 40' se £
ik O o
40’ 0 40’ 80" 120" 160" 58 w v 2
 — == ] 2 '&J o
3
ez 0 Z
g 220
s WO
A £ HEO
2 p W
£E >0
iy o X
3K O w o
SHEET
IDENTIFICATION
NUMBER
PLATE S-26




Wdv|  alva NOLLdOSIa ] 7 ] 7 ] . . N
. g B Fwosiom| s 0'Gy 113 1LV NOILO3LOHd e a
B _ 7 “ x
m m g AN T ;N 214 HLAIM 0Ll - NV1d mm o A_.m
zZ "
> Z “ON LOVYLNOD ‘A8 GALLINGNS T F =
w 2 m ONNOLYLIOTS aanva|  NOISIAIO ATTIVA 1ddISSISSIN d38INVHO XO0T313dONOD | |5 W 2 W
gus SUFINIONT 40 Sd¥0D SSTHUONOD OL LHOJTY TYOINHOIL ANVNINIIN a
20z alva Ag@aNoIs3a | LOLSIA YIANIONT AWNY 'S N L03royd NOLLVEOLS3Y ANV NOLLD3LO¥d TVLSVYOD VNVISINOT - P
3.
f v B
I\ ﬁ O
O _
| o
|
; .
w W . T‘L % o
—]
7 o —H| = , S
| e (@) I 0
DR . = = 2| 5
. ; —= O
= R | — — < g
G| o | s |2 — ot |
R | @ B L =
7 @ | 4 o =] N h
o | — o
© b~ o - c I
[ - O [te] Q =t O |
] = —= = [
= . - W o - Al
DH O 7 — = w E\
o , - 0
7 e
= ﬁ — W -
] 1T
¥ | — |
; | == [
Q | N 7
5 ==t u
7 J Tl <t I
! 3 = f
~ | ) Wy — =2 I
)]
7 Q e f
v @ ,
ﬁ D ==t W 7
— = ,
—d — O —
B | L - |
W — |
= 7 1 |
5 | == |
m ° o | 7 HO
® -/ s N i
RS} S — | = 5
c [ | = o 1
S . 7 | T S
) oy , ]
= | == * =
e | =4
c —
il 7 | I
= I , =)
x S
a =5— — 7 3
< x —] == | i ==
473 — - —] , =] v
5 & — I (1 -
=2 0-,011 == — | =
5 — , ] —=1 - =
22 | SIH= oo o o
g5 | = ! | H— 2
= ) | =E= , - L
5o — | e |
S5 ! s o-cz , 0-.52 ]
L — ,
s i el | Q
...W s = | W N | -
ks f = < |
© = 5 | IS) -
Drl e , N o 7 Mw (@]
© — i s | , ¥ [8)
0 == | o L Il s8]
®© 1 i o | [ -
o = ~ N | -
| s
s — — = | S B B N O 5 |
— bt [fe) <C e
» i Q |
2 — | &)
3 —= | f v
= | @ ﬁ
o i i P H ! Ll o I
=2 I
N — = W 7 m 7 m ==
/O, —_— O | , E
g ==E | | el
o = 7 <+
— ,
= =" % 7 7
= | ﬁ
o — = 7 1 L
— ,
= | = |
= | n ,
=
= Q 7 S
= W L] , §
— I~ | 3
—_—=t 7 O o ()
= ! < IS
= | (@) ) ﬁ () -
—1 > .
= R - a3 3
Hm\ W /ﬁ,v D/ 3 | -
HMH 7 o © n 7 o
. — , © = ﬁ s |
—I = .
HMH W i | o
—H 7 o f
—t | 3 |
—I
—r 7 ;g |
—l= | ) |
@ | 7
,
,
7 7
z , < ﬁ
= o
&~ | T
- 83 g |
oF 1 |
=
> |
! ,
o [&] 2] <




Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report

Engineering Appendix

2 \ 3

1 4 5
US ARMY CORPS
OF ENGINEERS
NEW ORLEANS DISTRICT
g
B
b 500-0" GATE BAY 1160"-0"" o 3
PROTECTED SIDE
307-0"" DOLPHIN
(TYPICAL) z
EL. 9.0 TIMBER GUIDEWALL EL. 9.0 EL. 9.0 %
= ]
| HN“““““ EL. -40.0 <
RERREREEREERRE AR RRERR RN RE RN R R A R R R R R R R R R RN R R g
MO PO 00000000 000 ;
MNP 0000 00t 0 000 £
r_*
s
¢
4
g
¥
S
g
£
I g
g g &
. 1767-0" 500'-0" g & g
GATE BAY u |5 |E |
=13 (8
PROTECTED SIDE EL. 30.0 FLOOD SIDE 307-0"" DOLPHIN 5 Y
g &3
L g
EL. 9.0 EL. 9.0 TIMBER GUIDEWALL \ 5 5| =
B ERENENT]
-
g 8
Beg
EL. -40.0 EL. -40.0 282
‘>4‘x“‘»“‘:“‘»“““"‘ "'4 :4 g g g g B g g g g g g g g g g g g g g g g g g g ‘>“‘> g g I ': L L L L L L L L L L L L L ({1 ( O A o Z
O R O R A & g@
O R O R A 502
R R NN NN RN NN NN R NN NN N R N NN NN RN NN R NN NN NN NN NN NN z62
>Pa
<83
/ @ s
11O" SECTOR GATE LOCK S
-0
SILL EL. -40.0 %ngg
go O = Py
=09
se =2
SCALE: 1" = 40! %Eo'o
exeP
40" 0 40’ 80’ 120" 160" g8 S+ F
———— ‘ 20 ' Z
220
A s =h
i ke ©
g p LW
[=}
sso>kb
i =Z w O
eg O X
sg oW
SHEET
IDENTIFICATION
NUMBER
PLATE S-28




Engineering Appendix

ANNEX 1

COASTAL RESTORATION
FEATURES



Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report
Engineering Appendix

ANNEX 1
COASTAL RESTORATION FEATURES

TABLE OF CONTENTS

GENERALL ... e e et e e s nnrae s 1
DIVERSIONS . ...t e e 6
GENERAL ...ttt bbbttt bbbttt 6
HYDRAULIC DESIGN OF DIVERSIONS ... 7
GBNEIAL...eiee ettt bt 7
IMETNOTOIOGY ...t 7
INFflow/ OULFIOW CanNEIS.........covoiiiiiieieee s 8
RESUITS ...t ettt e te e e e re e reeneeeneenne e 9
STRUCTURES. ...ttt bbb bbbt ee e 9
(CT=] 01T g | SRR RTOPSRRR 9

BOX CUIVEITS ...t bbbt 10
Large DIVEISIONS ....cueeiieiieieieite sttt sttt 10

ST 1] 0] o TSRS SU USRS 10
CHANNELS ..t e e et e e e sra e e e nra e e e nneeeanes 14
Design Methods for Outflow Channels............cccoooeiieieicceec e 14
MARSH CREATION ... 14
GENERAL ... oottt et e e st e et e e e nna e e e nnee e e nes 14
SHORELINE PROTECTION......ooiiiiiee e 17
GENERAL ...ttt bbbttt bbbt b et e e 17
PLANNING UNITS 3a AND 3D ....ooiiiiiieceece et 17
Atchafalaya and Chenier Plain Gulf Shoreline Stabilization ..................c.......... 17
PLANNING UNIT 4 ettt e et e e e nnae e nea e 18
Near Shoreline Stabilization, Grand and White Lakes.............cccccoevvivniniierinnnnn, 18
Channel Stabilization, GIVWWV ........cuuui it 19
CONCERNS ...ttt bbb b ne e e e e 20
OTHER MEASURES........o oot 20
GENERAL ...ttt bbb bbbttt bbb 20
PLANNING UNIT 38 ...ttt nnna e nna e 20
IHNC Lock Multi-purpose OPeration ..........ccccevvverieeieereeresieeseesie e seeseesseesaens 20
Convey Atchafalaya River Water via the GIWW ... 21
Lapeyrouse Canal DIVEISION ........c.cccveiiiieiieie e nneas 21

Upper Lake Boudreaux Basin Mississippi River Diversion, East Terrebonne
Mississippi River Diversion, Grand Bayou & Jean LaCroix Basin Mississippi

RIVEE DIVEISION.....ciiiiiiicciie ettt et e e e e e nre e s reeere e 21
Blue HammMOCK DIVEISION........ccviiiieiiere e nnees 23
PLANNING UNIT 3D ittt 25
PENCNANT BASIN .....cciiiiiiicce et et e e e re e nae e re e 25
Relocate the Navigation Channel through Lower Atchafalaya River Delta...... 25



Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report
Engineering Appendix

Increase Sediment Transport Down Wax Lake Outlet............cccccoooeiieiiinnnnnn, 27
SNOFEliNg ProteCTION. ......coiiiiiiii e 28
BARRIER ISLANDS ..ottt sttt ettt st 29
BARRIER ISLANDS ... 29
COST ESTIMATES ... 31
GENERAL ...ttt bbbttt ettt bbbt b et e e 31
DIVERSIONS ...ttt sttt et e te e neena e e e e e e 32
MARSH CREATION ..ottt st 32
OTHER MEASURES ...ttt 32
CONTINGENC Y ...ttt 32
COASTAL ALTERNATIVE COST ..ottt 33
LIST OF TABLES
Table 1 - Coastal Restoration Plan Component — Representative Plan Features ............... 1
Table 2 — Required Diversion CapacCities ...........cccvevueieeieeiieiie e se e 6
Table 3 — Marsh Creation BOrrow ReQUITEMENTS .........ccuerverrerereninisieieieesie e 14
Table 4 - Assumed Length and Construction Loss for Measure .........c.cccccevvvvvevveiieannens 18
Table 5 - Coastal Restoration Plan Component — Representative Plan Features First Cost
PU L Lot b ettt £ bbb bt b e R r e et rene s 33
Table 6 - Coastal Restoration Plan Component — Representative Plan Features First Cost
Pl bRttt bt bbb e Rt e et ne s 34
Table 7 - Coastal Restoration Plan Component — Representative Plan Features First Cost
U OSSPSR 34
Table 8 - Coastal Restoration Plan Component — Representative Plan Features First Cost
PU D ettt b bbb n et r e s 35
Table 9 - Coastal Restoration Plan Component — Representative Plan Features First Cost
P e bbbt bbbttt ne e 35
LIST OF FIGURES
Figure 1: PU1 Representative Plan FEAtUIES ...........ccovveiiiiiiiiinie e 4
Figure 2: PU2 Representative Plan FEAtUIES ...........ccovvereeieiieere e 4
Figure 3: PU3a Representative Plan FEAtUIES..........ccoceiieiiiienieicsee e 5
Figure 4: PU3b Representative Plan FEAtUIES .........ccccvvvivereiieieese e 5
Figure 5: PU4 Representative Plan FEAtUIES ...........ccoivveiiiieiiiiiiie e 6
Figure 6: Typical BoxX CUIVErt StrUCLUIE .........ccuevieiiei e 11
Figure 7: Typical Large DIVErsion SIIUCTUIE .........cooueiieiierieiie e 12
Figure 8: Typical SIPhON StIUCTUIE...........coveiicieceee e 13
Figure 9: Gulf Shoreline Stabilization SECtion ... 17
Figure 10: White Lake Shoreline Protection Completed Aug 2006............cccccvvvveriennenn 19
Figure 11: Near Shoreline Stabilization SECHION..........ccccoviiiiiiiiieiiee e 19
Figure 12: Laperouse Canal DIVErSION ........cccccueiieieiiieieere st seese e sie e sneas 22
Figure 13: Mississippi River Diversion into Terrebonne .........c.ccooevviieieienienenseenn, 23
Figure 14: Blue HAMMOCK BAYOU .......ccveivieiiiiieiieee e 24
Figure 15: Penchant Basin PIan ... s 26
Figure 16: Relocate Atchafalaya Navigation Channel............ccccccoevviviiieiiecic s 27
Figure 17: Wax Lake OULIEL .........oceiiiiieiee e 28



Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report
Engineering Appendix

Figure 18: Barataria Basin Barrier ISIands..........cccooviiiieiiieiiee e 30
Figure 19: Terrebonne Basin Barrier ISIands............cccccvevevieiecie e 31

LIST OF PLATES

O©CoOoO~NOoO Ol WDN P

Blind River Diversion Plan View and Cross Section

Hope Canal Diversion Plan View and Cross Section
Labranche Diversion Plan View and Cross Section

Bayou Bienvenue Diversion Plan View and Cross Section
Bayou Laloutre Diversion Plan View and Cross Section
Bayou Terre Aux Boeufs Diversion Plan View and Cross Section
Caernarvon Diversion Plan View and Cross Section

Bayou Lamoque Diversion Plan View and Cross Section
Grand Bay Diversion Plan View and Cross Section

Lagan Diversion Plan View and Cross Section

Edgard Diversion Plan View and Cross Section

Naomi Diversion Plan View and Cross Section

Myrtle Grove Diversion Plan View and Cross Section

West Point a la Hache Diversion Plan View and Cross Section
Port Sulphur Diversion Plan View and Cross Section

Buras Diversion Plan View and Cross Section

Ft. Jackson Diversion Plan View and Cross Section



Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report
Engineering Appendix

ANNEX 1
COASTAL RESTORATION FEATURES

GENERAL

A group of coastal restoration measures were developed by the Habitiat Evaluation Team
(HET). These measures were put together to develop alternative coastal restoration
plans. The goal of these coastal restoration plans is to sustain the current coastline to
maintain the current level of hurricane and storm damage risk reduction. Details of how
these measures and alternatives were developed can be found in the Coastal Restoration
Plan Component Appendix.

One of the alternative plans was selected as a representative plan for use in the Multi
Criteria Decision Making Analysis (MCDA). Designs and costs were developed for
those measures contained in the representative plan. A list of those measures is shown in
table 1 below and shown on figures 1-5. These measures are described in detail in the
paragraphs below. Measures are divided by Planning Units as shown in figures 1-5.
These Planning Units are described in detail in the Background section of the
Engineering Appendix.

Table 1 - Coastal Restoration Plan Component — Representative Plan Features

Figure # Map ID # Measure

Planning Unit 1 — Alternative R2 (Pulsed Diversion)
1 2-1 Blind River Diversion
1 2-2 Hope Canal Diversion
1 2-3 Labranche Diversion
1 2-4 Bayou Bienvenue Diversion
1 2-5 East New Orleans Land Bridge Marsh Creation
1 2-6 Bayou Lal outre Diversion
1 2-7 Biloxi Marshes Shore Protection
1 2-8 Biloxi Marshes Marsh Creation
1 2-9 Bayou Terre aux Bouefs Diversion
1 2-10 Bayou Terre aux Bouefs Marsh Creation
1 2-11 Breton Sound Strategic Land Bridge
1 2-12 Caernarvon Diversion
1 2-13 Caernarvon Area Marsh Creation
1 2-14 Bayou Lamoque Diversion
1 2-15 Grand Bay Diversion

Planning Unit 2 — Alternative R2 (Pulsed Diversion)
2 2-1 Lagan Diversion
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Table 1 - Coastal Restoration Plan Component — Representative Plan Features

Figure # Map ID # Measure
2 2-2 Edgard Diversion
2 2-3 Davis Pond Freshwater Diversion Reauthorization
2 2-4 Naomi Diversion
2 2-5 Myrtle Grove Diversion
2 2-6 Strategic Marsh Creation in Lower Basin
2 2-7 North Bay Rim Marsh Creation /Protection
2 2-8 West Point a la Hache Diversion
2 2-9 Port Sulphur Diversion
2 2-10 Buras Diversion
2 2-11 Fort Jackson Diversion
2 2-12 Barrier Island Restoration
Planning Unit 3a — Alternative R1 (Mississippi River Diversions Alternative)
3 1-1 HNC Lock Multi-purpose Operation
3 1-2 Convey Atchafalaya River Water via the GIWW
3 1-3 Lapeyrouse Canal Diversion
3 1-4 Blue Hammock Diversion
3 1-5 Upper Lake Boudreaux Basin Mississippi River Diversion
3 1-6 East Terrebonne Mississippi River Diversion
3 1-7 Grand Bayou & Jean LaCroix Basin Mississippi River
Diversion
3 1-8 Pipeline Conveyance Marsh Creation
3 1-9 North Terrebonne Bay Rim Marsh Creation
3 1-10 DuLarge to Grand Caillou Landbridge Marsh Creation
3 1-11 South Caillou Landbridge Marsh Creation
3 1-12 Isles Dernieres Restoration
3 1-13 Timbalier Islands Restoration
Planning Unit 3b — Alternative R1 (Marsh Creation with Shoreline Protection)
4 1-1 Penchant Basin Plan
4 1-2 Convey Atchafalaya River water via the GIWW
4 1-3 Relocate the Navigation Channel through Lower
Atchafalaya River Delta
4 1-4 Increase Sediment Transport Down Wax Lake Outlet
4 1-5 Barrier Reef from Eugene Island to Pointe au Fer Island
4 1-6 Blue Hammock Bayou Freshwater Introduction
4 1-7 Gulfshore Protection at Point au Fer Island
4 1-8 Freshwater Bayou Bank Protection, Belle Isle to Lock
4 1-9 Southwest Pass Bank Protection
4 1-10 Marsh Island Shoreline Protection
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Table 1 - Coastal Restoration Plan Component — Representative Plan Features

Figure # Map ID #

Measure

4 1-11 Gulfshore Protection from Freshwater Bayou to
Southwest Pass

4 1-12 Shoreline Protection at Vermillion Bay & West Cote
Blanche Bay

4 1-13 East Cote Blanche Bay Shore Protection

4 1-14 Bayou Decade Area Marsh Creation

4 1-15 Brady Canal Area Marsh Creation

4 1-16 Pointe au Fer Island Marsh Creation

4 1-17 Marsh Island Marsh Creation

4 1-18 Wax Lake Outlet Delta Marsh Creation

4 1-19 Bayou Penchant Area Marsh Creation

4 1-20 Terrebonne GIWW Area Marsh Creation

PU4 — Alternative R1 — (Marsh Creation with Shoreline Protection)

5 1-1 Marsh Creation at Mud Lake

5 1-2 Marsh Creation at South Grand Chenier

5 1-3 Marsh Creation at South Pecan Island

5 1-4 Marsh Creation at East Pecan Island

5 1-5 Marsh Creation at No-Name Bayou

5 1-6 Marsh Creation at NW Calcasieu Lake

5 1-7 Marsh Creation at East Calcasieu Lake

5 1-8 Marsh Creation at Black Bayou

5 1-9 Marsh Creation at Gum Cove

5 1-10 Marsh Creation at Cameron Meadows

5 1-11 Marsh Creation at Central Canal

5 1-12 GIWW bank Stabilization

5 1-13 Grand Lake Bank Stabilization

5 1-14 White Lake Bank Stabilization

5 1-15 Gulf Shoreline Stabilization (Sabine River to Calcasieu
River)

5 1-16 Gulf Shoreline Stabilization (Calcasieu River to

Freshwater Bayou)
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DIVERSIONS

GENERAL

Freshwater diversions are diversions designed to take river water and its accompanying
sediment and divert it into the surrounding marshlands to create or enhance marsh. For
this effort diversions were sized in order to create or sustain a certain amount of marsh
acreage. The NRCS-Boustany model, with ERDC modifications, was used to provide
rough estimates of receiving area benefits for each year of the 100-year project life.
Model benefits are based in part on Mississippi River discharge and the corresponding
suspended sediment concentration. The results of the model were used to determine the
required capacity for each diversion. These capacities are shown in Table 2. Details of
the NRCS-Boustanay model and its application can be found in the Coastal Restoration
Plan Component Appendix.

Table 2 — Required Diversion Capacities

Diversion Site Low Flow Year High Flow Year

Avg. Flow (cfs) | High Flow (cfs) | Avg. Flow (cfs) | High Flow (cfs)

PU1

Blind River 2,121 3,881 19,612 36,256
Hope Canal 2,121 3,881 19,612 36,256
LaBranche 138 253 1,209 2,212
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Bayou 5,000 9,150 96,000 175,680
Bienvenue

Bayou 5,224 9,560 63,000 115,290
Laloutre

Bayou Terre 2,714 4,967 30,690 56,163
aux Boeufs

Caernarvon 4,397 8,047 48,525 88,801
Bayou 7,912 14,479 22,044 40,341
Lamoque

Grand Bay 971 1,777 10,074 18,435
PU2

Lagan 2,198 4,022 9,048 16,558
Edgard 967 1,773 10,599 19,396
Naomi 328 600 3,273 5,990
Myrtle Grove 5,240 9,589 64,830 118,639
Port Sulphur 2,757 5,045 34,062 62,333
Buras 1,315 2,406 11,409 20,878
Ft. Jackson 1,122 2,053 15,630 29,152
West Pointala | )75 869 5,382 9,849
Hache

HYDRAULIC DESIGN OF DIVERSIONS
General

A goal in diverting flow from the Mississippi River is to successfully transport sediment
to regions suitable for marsh creation. Location and angle of the diversion is critical for
maximizing the sediment load transported from the river to the potential site. A total of
seventeen river diversions were designed and placed at various locations along the river.
All diversion locations lie between Mississippi R.M 161.9 and R.M. 16. Much of the
emphasis was placed upon locating diversions along the river where it would be easiest to
reach the intended site. In some cases, it was possible to reach a sediment starved region
by diverting water from the river into existing canals or bayous. Four basic diversion
designs were implemented including culvert, siphon, Old River Control (ORC), and
uncontrolled type diversions. Of the seventeen diversions there were 6 culvert designs, 1
siphon design, 5 ORC designs, and 5 uncontrolled designs.

Methodology

Diversion designs include all pertinent information needed to design the diversion as well
length of inflow and outflow channel needed to get the freshwater from the river to the
site.

Each diversion was designed to accommodate maximum flow at high river stage. Culvert
and ORC type designs implemented the use of the full pipe outlet control flow equation.
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H= (L+ K, + (29n2L e ))x (V%g) (Refer to TM 5-820-4 pg B-12)

, Where H is the head (ft), K is the entrance loss coefficient, n is manning’s roughness
coefficient, L is the length of the structure (ft), R is the hydraulic radius, V is the velocity
(ft/s), and g is gravity (ft/s?).

Culvert design and quantity were determined based upon the above mentioned equation
with a manning’s n of 0.015 for float finished concrete (TM 5-820-4 pg B-12) and an
entrance loss coefficient of 0.5 for a concrete pipe with squared edge.

Siphons were designed based upon the same equation as above with additional head loss
coefficients added based upon the number of siphon bends in the design. The modified
equation is given below.

H = (1+|< +Kb1+Kb2+Kb3+Kb4+(29 L 1333)) (/g)

where Kp1, Kpz, Kz, and Kps are the siphon bend loss coefficients. Bends were
approximated based upon the existing levee cross section at the given location. Flow
through the siphon was assumed to be full. With all critical information, the equation
was solved and siphon diameter and quantity were determined.

The last type of design was based upon an uncontrolled diversion (UC). These diversions
were designed as earthen channels trapezoidal in shape. The head loss from inflow to
outflow was assumed as 0.5 feet and channel slope was calculated based upon this
assumption. A 1:3 side slope was assumed in each of the UC type designs. Finally,
Manning’s equation was used in designing the bottom width of the channel given critical
equation variables along with the maximum flow at high river stage.

o 1486 ooy
n

, where Q is the flow (ft*/s), n is manning’s roughness coefficient, A is area of flow (ft?),
R is hydraulic radius, and S is slope of channel.

Inflow/ Outflow Channels

Inflow distance was maintained as the distance from the diversion side of the Mississippi
River bank to the diversion outlet measured at the top of levee. Outflow channels are
coarser in their approximation since the region cannot be specified over a few feet but
over a much greater distance. Containment levees were designed to run along the
outflow channels of the uncontrolled diversions. Containment length was determined
based upon the slope of the water surface at the start of the outflow channel. Based upon
water surface slope, the water was contained until reasonable water elevation was
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outflow channel.

Results

Below is a list of all seventeen diversions including respective sizes and quantities.

Type Location Size (Hx W) Number
Culvert Blind River 15ft x 18ft 5
Culvert Hope Canal 15ft x 16ft 6
Culvert Lagan 141t x 15ft 3
Culvert Edgard 15ft x 18ft 3
Culvert Naomi 15ft x 20ft 1
Culvert West Pt. a la Hache 12ft x 16ft 3

Type Location Size (Diam.) — Mat. Number
Siphon LaBranche 6ft — RCP 4

Type Location Size (Hx W) Number
ORC Bayou Bienvenue 30ft x 52ft 5

ORC Bayou LalLoutre 30ft x 45ft 4

ORC Bayou Terre aux Boeufs 30ft x 44ft 2

ORC Caernarvon 30ft x 46ft 3

ORC Myrtle Grove 25ft x 46ft 5

Type Location Size (BW -9S) Number
ucC Bayou Lamoque 90ft — 0.00034ft/ft 1

ucC Grand Bay 25ft — 0.00024ft/ft 1

ucC Port Sulphur 320ft — 0.00012ft/ft 1

ucC Buras 25ft - 0.00027ft/ft 1

ucC Fort Jackson 100ft — 0.00018ft/ft 1
Notation:

RCP = Reinforced Concrete Pipe
BW = Bottom Width

STRUCTURES

General

Hydraulic design information such as project location, structure type, structure size
(number of openings, size of openings, length of culvert) was provided for all controlled

diversions. These diversions fell into three categories of projects: large diversion (Old
River Auxiliary Structure type); box culverts (Davis Pond type); and siphons (Hero Canal
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type). Figures 6 to 8 show typical diversion structures of the three types. The main cost
estimate items were taken from the feasibility reports for each of the three projects,
shown above in parentheses. The quantities for each of these items were determined
based on the following assumptions:

- natural ground elevation taken from available LIDAR
- Mississippi River flood protection elevation based on nearest river mileage
- all excavations have 1V on 6H side slopes

Rudimentary designs were performed to establish the nominal dimensions of major
structural components and high cost items. These rudimentary designs were based on
proven concepts and historical data. Items deemed as not critical to the overall estimate
were sized by engineering judgment, relying heavily on the experience of the designer.

Box Culverts

The structure used for these project features was modeled after the Davis Pond Diversion
Structure. The diversion structure is compromised of inflow monoliths, a gate monolith,
box culvert monoliths, a downstream bulkhead monolith, and outflow monoliths. A
cofferdam will be required to maintain the Mississippi River flood protection during
construction of the structure.

Large Diversions

The structure used for these project features was modeled after the Old River Auxiliary
Structure. The structure will be a non-navigable pile supported, tainter gated structure.
The tainter gates are similar to the gates used in the Old River Auxiliary Structure.

A cofferdam will be required to maintain the Mississippi River flood protection during
construction of the structure.

Siphon
The structure used for this project feature was modeled after the Hero Canal Diversion

Structure. The project feature consists of a siphon which crosses over the Mississippi
River levee, crosses under a highway, and discharges into the marsh.

10
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Typical Box Culvert Structure
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