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1.0 PURPOSE 

 

1.1 INTRODUCTION  

1.1.1 General 
The Southwest Coastal Louisiana Study is located in southwestern Louisiana adjacent to Texas and covers an area of 
approximately 4,700 square miles. The area includes Cameron, Vermilion and Calcasieu Parishes. The Gulf 
Intracoastal Waterway (GIWW) bisects the area into north and south regions generally running along the existing state 
coastal zone boundary. The study area is shown in Figure 1.  

 
Cameron Parish is located in the southwest corner of Louisiana. The southern boundary of the parish is the 
Gulf of Mexico. Eighty-two percent of Cameron Parish is coastal marshes. The parish is chiefly rural and the 
largest communities are Cameron and Hackberry. Calcasieu Parish is located due north of Cameron Parish. 
The town of Lake Charles is the parish seat, which is the largest urban area in the study area. Only a small 
portion of the parish is located in the coastal zone. Vermilion Parish is located due east of Cameron Parish. 
The southern boundary of the parish is the Gulf of Mexico. Large expanses of Vermilion Parish are open water 
(lakes, bays, and streams). Approximately 50 percent of the land is coastal marshes. The parish is chiefly rural 
and the town of Abbeville is the parish seat as well as the largest urban area in the parish.  

 
The area is characterized by extensive coastal marshland interrupted by forests atop relict Chenier ridges and 
natural ridges. The main physiographic zones of the Chenier Plain include the Gulf Coast Marsh, Gulf Coast 
Prairies, and Forested Terraced Uplands. The Gulf Coast Marsh is at or near sea level and borders the Gulf of 
Mexico and most of the large lakes are in this area. The Gulf Coast Prairie extends from the central part of 
Vermilion and Cameron Parishes into the southern part of Calcasieu Parish, while the Forested Uplands, which 
occur at or near 25-foot elevation, are located in the northern part of Vermilion and Calcasieu Parishes. Further 
details of the project setting can be found in the Main Report. 

 

Note: This Appendix summarizes the preliminary engineering and design work completed for alternative 
development, formulation, and design processes that evaluated NED and NER features up to the focused 
array. This report includes hydrologic and hydraulic engineering analyses, including: levee and channel 
design, hydrologic/salinity control structure design, shoreline protection/stabilization design, marsh 
restoration design, and Chenier reforestation design for the NED and NER features.  The information 
contained herein was presented in the 2015 Revised Draft Report that was released for public review in March 
2015. Changes to the NED and NER TSPs, and to the method of implementation of the NED Recommended 
Plan (NED RP) have occurred since that public review. Those changes are not captured in this Appendix.  
Since the NED Recommended Plan (RP) is nonstructural and 100% voluntary, refinements to the NED TSP 
that resulted in the identification of the RP are primarily captured in the Economics Appendix D, with 
changes in the method of implementation being addressed in Appendix L. The NER RP features were also 
refined and are captured in the Fact Sheet Appendix K. Certified cost updates for both RPs are captured in 
the Cost Annex to this Appendix. Descriptions of both plans appear in Chapter 4. 
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1.1.2 Study Purpose 
The NED purpose of this study is to provide hurricane and storm damage risk reduction to reduce the risk of 
structure damages. The NER purpose of the study is to significantly restore environmental conditions for the 
ecosystem of the study area.  
 
 

 
Figure 1 - Study Area 

 

1.1.3 Study Overview 
Separate alternatives were developed for the NED and NER objectives and were analyzed independently. An 
initial array of NED and NER alternatives were evaluated to develop the focused array.  
 
Hurricane storm damage risk reduction measures were developed and screened using preliminary costs and 
benefits to identify a focused array of NED alternatives. Details of this initial evaluation can be found in the 
Appendix C to the Main Report. Components of the NED focused array can be found in Section 1.2 below. 
 
NER plan screening was based on monetary and non-monetary evaluations. Preliminary costs and benefits for 
marsh restoration, shore protection, chenier reforestation and water control were estimated. Screening criteria 
included planning constraints; support for objectives; measure effectiveness; and below average efficiency. 
Measures that did not meet the screening criteria were retained only in limited instances in which they supported 
critical adjacent features. Alternative plans for the focused NER array were created by combining measure types 
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into comprehensive strategies. Details of this initial evaluation can be found in the Appendix C to the Main 
Report. All elevations presented in this Report are relative to NAVD 88 (2004.65) unless otherwise stated. 
 

1.2 ALTERNATIVES  

1.2.1 NED Focused Array 
The focused array of NED alternatives analyzed consists of the eight plans identified below. These include six different 
levee alignments (three in the area around Lake Charles, LA and three in the area around Abbeville, LA), two 
nonstructural plans, and a no action plan. Each of the levee alignments was evaluated at three levels of risk reduction 
2% (50-year), 1% (100-year) and .5% (200-year) during final array comparisons.  

 

Plan 0:  No Action 

Plan 1:  Lake Charles Eastbank Levee     

Plan 2:  Lake Charles Westbank/Sulphur Extended Levee   

Plan 3:  Lake Charles Westbank/Sulphur South Levee   

Plan 4:  Delcambre/Erath Levee      

Plan 5:  Abbeville Levee (Abbeville Ring Levee)       

Plan 6:  Abbeville to Delcambre Levee     

Plan 7:  Nonstructural Plan (Justified Reaches Plan)  

Plan 8:  Nonstructural Plan (100 year Floodplain in 2075) 

 
In a coastal environment, coastal storm damage risk can be caused by a combination of hurricane surge, waves, wave 
overtopping of structures, rainfall flooding including riverine flooding due to rainfall, or other sources. The NED 
portion of this study only addresses the risk of damage arising from hurricane storm surge and does not address other 
forms of damage resulting from hurricanes. In the project area for the 0-10-year events, most of the damages are from 
rainfall events. For the 50-100-year events, most damages are associated with storm surge. Both storm surge and waves 
are taken into account in proposed levee designs. Risk in the case of the levee designs is defined as the probability that 
an area will be flooded by storm surge, resulting in undesirable consequences. ER 1105-2-101 requires project 
performance to be described in terms of annual chance or exceedance probability and long-term risk rather than level 
of protection. In terms of annual chance or exceedance probability, a 1% Annual Exceedance Probability (AEP) levee 
is designed to withstand a storm surge that has a 1 in 100 chance of occurring in any given year. Section 2 describes 
how the required 2%, 1% and .5% levee elevations were developed. 

 

The nonstructural plans were evaluated based on several potential measures. One was elevation of residential 
structures to the 1% stage under 2075 hydrologic conditions, or by no more than 13 feet (whichever is lower). 
A second involved acquisition/buyout of residential structures that would require elevation over 13 feet and 
property owners would receive fair market value for the property acquired. A third measure involved dry flood 
proofing of non-residential and public structures (excluding industrial buildings and warehouses) for flood 
depths not greater than three feet above the adjacent ground. A final measure evaluated involved detached 
flood proofing of industrial buildings and warehouses using barriers or localized storm surge risk reduction 
measures not exceeding six feet in height. 
 

Designs and costs were developed for each level of risk reduction for each alignment. The levee alignments referred 
to above as Plans 1-6 are shown in Figure 2 through Figure 4. Further details on these alignments and how they were 
developed can be found in the Main Report. This Engineering Report does not cover the nonstructural alternatives 
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in detail. Details of the analysis and selection of the nonstructural plan can be found in the Plan Formulation Appendix 
and the Economics Appendix. 
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Figure 2 ð Lake Charles Area Alignments 
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Figure 3 -  Abbeville and Delcambre Erath Alignments 
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Figure 4 - Abbeville to Delcambre Hwy 330
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1.2.2 NER Focused Array 

The focused array of NER alternatives is shown in Table 1. 

Table 1 - Focused Array of NER Alternatives  

PLAN No ALTERNATIVE NAME  

CMA-1 Comprehensive Large Integrated Restoration w/ Entry Salinity Control 

CM-1 Comprehensive Large Integrated Restoration 

CA-1 Calcasieu Large Integrated Restoration w/ Entry Salinity Control 

C-1 Calcasieu Large Integrated Restoration 

M-1 Mermentau Large Integrated Restoration 

CMA-2 Comprehensive Moderate Integrated Restoration w/ Entry Salinity Control 

CM-2 Comprehensive Moderate Integrated Restoration 

CA-2 Calcasieu Moderate Integrated Restoration w/ Entry Salinity Control 

C-2 Calcasieu Moderate Integrated Restoration 

M-2 Mermentau Moderate Integrated Restoration 

CMA-3 Comprehensive Moderate Integrated Restoration w/ Gum Cove & Entry Salinity Control 

CM-3 Comprehensive Moderate Integrated Restoration 

CA-3 Calcasieu Moderate Integrated Restoration w/ Gum Cove & Entry Salinity Control 

C-3 Calcasieu Moderate Integrated Restoration 

M-3 Mermentau Moderate Integrated Restoration 

CMA-4 Comprehensive Small Integrated Restoration w/ Entry Salinity Control 

CM-4 Comprehensive Small Integrated Restoration 

CA-4 Calcasieu Small Integrated Restoration w/ Entry Salinity Control 

C-4 Calcasieu Small Integrated Restoration 

M-4 Mermentau Small Integrated Restoration 

CM-5 Comprehensive Interior Perimeter Salinity Control 

C-5 Calcasieu Interior Perimeter Salinity Control 

M-5 Mermentau Interior Perimeter Salinity Control 

CM-6 Comprehensive Marsh & Shoreline 

C-6 Calcasieu Marsh & Shoreline 

M-6 Mermentau Marsh & Shoreline 

A Entry Salinity Control 

Alternatives designated by an òAó differ from those without the òAó designation in that the òAó designated 
alternatives include the Calcasieu Ship Channel Salinity Control Structure. Alternatives designated as òCó or 
òMó only include features in the Calcasieu Basin or Mermentau Basin respectively. 

Table 1 shows the different features included in each comprehensive NER alternative in the Focused Array. 
Further details on these measures can be found in Section 5 and 6 of this Report and in the Main Report. Maps 
showing the location of these features can be found in the Main Report.  
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Table 2 ð Features in the NER Alternatives  

Feature Location: 
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Hydrologic & Salinity Control 
 7# 0 0/X  0/X  0/X  0/X  0 0 X 

 13* 0 0 0 0 0 0 0 0 

 17a-c* 0 0 0 0 0 0 0 0 

 48 0 0 0 0 0 0 0 0 

 74a 0 X X X X X X 0 

 407 0 0 0 X 0 X 0 0 

Marsh Restoration  
 3a1 0 0 0 0 X X 0 0 

 3c1 0 X X X X X X 0 

 3c2 0 X X X 0 0 X 0 

 3c3 0 X X X 0 0 X 0 

 3c4 0 X X X 0 0 X 0 

 3c5 0 X X X 0 0 X 0 

 47a1 0 X X X X X X 0 

 47a2 0 X X X X X X 0 

 47c1 0 X X X X X X 0 

 47c2 0 X 0 0 0 0 X 0 

 124a 0 X 0 0 0 0 X 0 

 124b 0 X 0 0 0 0 X 0 

 124c 0 X X X X X X 0 

 124d 0 X X X X X X 0 

 127c1 0 X 0 0 0 0 X 0 

 127c2 0 X X X 0 0 X 0 

 127c3 0 X X X X X X 0 

 306a1 0 X X X X X X 0 

 306a2 0 X 0 0 0 0 X 0 

Shoreline Protection/Stabilization  
 5a 0 X X X X X X 0 

 6b1 0 X X X X X X 0 

 6b2 0 X X X X X X 0 

 6b3 0 X X X X X X 0 

 16b 0 X 0 0 X X 0 0 

 99a 0 X 0 0 0 0 X 0 

 113b2 0 X 0 0 0 0 0 0 

Chenier Reforestation (both basins)  
 CR 0 X X X X X X 0 

# Feature 7 functions both as a stand-alone Strategy/Alternative and an additive feature. *Following refinement of the benefit 
assessment as a result of technical comments, these features were found to lack positive outputs and were dropped from all 
plans. Note: Green cells denote features found in the Calcasieu Basin. Blue cells denote features in the Mermentau Basin. An ôXõ 
in a cell indicates the feature is a component of the strategy while a ô0õ indicates it is not a component of the strategy. 
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2.0 HYDROLOGY AND HYDRAULICS   

2.1 GENERAL  

This section describes the hydrology and hydraulic analysis done for the NED alternatives. 

2.2 ADCIRC MODELING  
A version of the Southern Louisiana ADCIRC (Advanced CIRCulation) model, coupled with the STWAVE 
(Steady State spectral WAVE) model was developed for analysis of the Southwest Coastal Louisiana 
alternatives.  The ADCIRC model is a two-dimensional, depth-integrated, barotropic time-dependent long 
wave, hydrodynamic circulation model that can be used to simulate storm surge response to hurricanes and 
tropical storms. STWAVE is a steady-state, finite difference, spectral model base on the wave action balance 
equation. STWAVE is used to model nearshore wind-wave growth and propagation. The modeling system used 
for this study was established by updating existing models used previously for the Joint Storm Surge (JSS) 
Analysis in Southern Louisiana for the Louisiana Coastal Protection and Restoration (LACPR) Project, as well 
as the recent flood insurance rate map modernization study conducted by the FEMA (USACE, 2008a and 
USACE, 2007). Details of the model development and results can be found in Annex 1 of the Engineering 
Report. 

2.3 LEVEE DESIGN  
The NED focused array of alternatives contained six levee alignments. The resulting design deliverables consisted of 
the 2025 and 2075 levee design elevations for all six alignments for the 2%, 1%, and 0.5% return frequencies. The six 
levee alignments that were analyzed are shown in Figure 5 through Figure 10. Each levee alignment was divided into 
segments as shown in Figure 5 through Figure 10 for use in determining the design elevations.  
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Figure 5ð Lake Charles Westbank Sulphur Levee Alignment 
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Figure 6 - Lake Charles Eastbank Alignment 

 
Figure 7 - Lake Charles Westbank Sulphur South Alignment 
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Figure 8 - Abbeville Ring Levee Alignment 

 
Figure 9 - Abbeville to Delcambre Hwy 330 Levee Alignment 
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Figure 10 - Delcambre Erath Levee Alignment 

2.3.1 Methodology 
For the initial preliminary design, limited model information was available. The òwithout projectó hydraulic boundary 
conditions were obtained from the ADCIRC model simulations for the given project locations. In order to estimate 
the òwith-projectó conditions, the òwithout projectó hydraulic boundary conditions (i.e. surface water elevation, wave 
heights, and wave periods) were used with an adjustment factor of 1 foot for 2025 surface water elevations and 2 feet 
for 2075 surface water elevations. The increased amount of water elevation was based on observations of the available 
model results for òwithout projectó and òwith projectó conditions of other studies, such as the Morganza to the Gulf 
Post Authorization Change Study and Westshore Lake Pontchartrain Feasibility Study. The increase in water 
elevations is due to the surge stacking up against the levee. The amount of increase in water elevation is dependent on 
the location of the levee, the rate of Sea Level Rise and the future condition (2025 or 2075).  

 

The hydraulic boundary conditions for each alignment and return frequency are shown in Table 3 through Table 38.  

 

Table 3 - Lake Charles Westbank Sulphur 2025 2% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 6.6 1.2 1 0.1 2 0.4 

2 5.3 1.2 1 0.1 2 0.4 

3 7 1.2 1 0.1 2 0.4 
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Table 3 - Lake Charles Westbank Sulphur 2025 2% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

Table 4 ð Lake Charles Westbank Sulphur 2075 2% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 10.5 1.2 2 0.2 3 0.6 

2 9.3 1.2 2 0.2 3 0.6 

3 13.1 1.2 2 0.2 3 0.6 

 

Table 5 ð Lake Charles Westbank Sulphur 2025 1% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 9 1.2 2 0.2 3 0.6 

2 8.5 1.2 2 0.2 3 0.6 

3 11.7 1.2 2 0.2 3 0.6 

 

Table 6 ð Lake Charles Westbank Sulphur 2075 1% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 13.2 1.2 3 0.3 4 0.8 

2 13.3 1.2 3 0.3 4 0.8 

3 15.4 1.2 3 0.3 4 0.8 

 

Table 7 ð Lake Charles Westbank Sulphur 2025 0.5% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 11.7 1.2 2.5 0.3 4 0.8 

2 11.2 1.2 2.5 0.3 4 0.8 

3 12.9 1.2 2.5 0.3 4 0.8 
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Table 8 ð Lake Charles Westbank Sulphur 2075 0.5% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 16.6 1.2 4 0.4 5 1.0 

2 17 1.2 4 0.4 5 1.0 

3 16.8 1.2 4 0.4 5 1.0 

 

Table 9 -  Abbeville to Delcambre Hwy 330 2025 2% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 10.4 1.2 1 0.1 2 0.4 

2 11.6 1.2 1 0.1 2 0.4 

3 10.7 1.2 1 0.1 2 0.4 

 

Table 10 ð Abbeville to Delcambre Hwy 330 2075 2% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 15.2 1.2 2 0.1 3 0.4 

2 15 1.2 2 0.1 3 0.4 

3 15.3 1.2 2 0.1 3 0.4 

 

Table 11 - Abbeville to Delcambre Hwy 330 2025 1% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 11.6 1.2 2 0.2 3 0.6 

2 13.1 1.2 2 0.2 3 0.6 

3 12.1 1.2 2 0.2 3 0.6 

 

Table 12 - Abbeville to Delcambre Hwy 330 2075 1% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 16.5 1.2 3 0.3 4 0.8 

2 16.5 1.2 3 0.3 4 0.8 
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Table 12 - Abbeville to Delcambre Hwy 330 2075 1% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

3 16.9 1.2 3 0.3 4 0.8 

 

Table 13 - Abbeville to Delcambre Hwy 330 2025 0.5% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 12.6 1.2 2.5 0.3 4 0.8 

2 14.2 1.2 2.5 0.3 4 0.8 

3 13.1 1.2 2.5 0.3 4 0.8 

 

Table 14 - Abbeville to Delcambre Hwy 330 2075 0.5% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 17.6 1.2 4 0.4 5 1.0 

2 17.6 1.2 4 0.4 5 1.0 

3 18 1.2 4 0.4 5 1.0 

 

Table 15 - Lake Charles Eastbank Sulphur 2025 2% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 12.6 1.2 2.5 0.3 4 0.8 

2 14.2 1.2 2.5 0.3 4 0.8 

3 13.1 1.2 2.5 0.3 4 0.8 

 

Table 16 - Lake Charles Eastbank Sulphur 2075 2% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 13 1.2 2 0.2 3 0.6 

2 13.4 1.2 2 0.2 3 0.6 

3 13.3 1.2 2 0.2 3 0.6 
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Table 17 - Lake Charles Eastbank Sulphur 2025 1% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 11.2 1.2 2 0.2 3 0.6 

2 11 1.2 2 0.2 3 0.6 

3 10.7 1.2 2 0.2 3 0.6 

 

Table 18 - Lake Charles Eastbank Sulphur 2075 1% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 15.5 1.2 3 0.3 4 0.8 

2 16.1 1.2 3 0.3 4 0.8 

3 15.8 1.2 3 0.3 4 0.8 

 

Table 19 - Lake Charles Eastbank Sulphur 2025 0.5% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 12.5 1.2 2.5 0.3 4 0.8 

2 12.2 1.2 2.5 0.3 4 0.8 

3 11.9 1.2 2.5 0.3 4 0.8 

 

Table 20 - Lake Charles Eastbank Sulphur 2075 0.5% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 17.1 1.2 4 0.4 5 1.0 

2 17.6 1.2 4 0.4 5 1.0 

3 17.3 1.2 4 0.4 5 1.0 
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Table 21 - Delcambre Erath 2025 2% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 10.7 1.2 2 0.2 6 1.2 

2 10.6 1.2 2 0.2 6 1.2 

 

Table 22 - Delcambre Erath 2075 2% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft)  Peak Period (s) 

Mean Std Mean Std Mean Std 

1 15.4 1.2 3 0.3 6 1.2 

2 15.4 1.2 4 0.4 7 1.4 

 

Table 23 - Delcambre Erath 2025 1% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft)  Peak Period (s) 

Mean Std Mean Std Mean Std 

1 12.1 1.2 3 0.3 7 1.4 

2 12 1.2 3 0.3 7 1.4 

 

Table 24 - Delcambre Erath 2075 1% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 17 1.2 4 0.4 7 1.4 

2 17 1.2 5 0.5 7 1.4 

 

Table 25 - Delcambre Erath 2025 0.5% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 13.1 1.2 3 0.3 8 1.6 

2 13.1 1.2 4 0.4 8 1.6 
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Table 26 - Delcambre Erath 2075 0.5% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 18.1 1.2 5 0.5 8 1.6 

2 18.2 1.2 5 0.5 8 1.6 

 

Table 27 - Lake Charles Westbank Sulphur South 2025 2% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 8.4 1.2 1 0.1 2 0.4 

2 9.3 1.2 1 0.1 2 0.4 

3 9.3 1.2 1 0.1 2 0.4 

4 10 1.2 1 0.1 2 0.4 

 

Table 28 - Lake Charles Westbank Sulphur South 2075 2% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 13.4 1.2 2 0.2 3 0.6 

2 13.3 1.2 2 0.2 3 0.6 

3 13 1.2 2 0.2 3 0.6 

4 13.1 1.2 2 0.2 3 0.6 

 

Table 29 - Lake Charles Westbank Sulphur South 2025 1% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 11.2 1.2 2 0.2 3 0.6 

2 11.2 1.2 2 0.2 3 0.6 

3 11.2 1.2 2 0.2 3 0.6 

4 11.7 1.2 2 0.2 3 0.6 
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Table 30 - Lake Charles Westbank Sulphur South 2075 1% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 17.2 1.2 3 0.3 4 0.8 

2 16 1.2 3 0.3 4 0.8 

3 15.4 1.2 3 0.3 4 0.8 

4 15.4 1.2 3 0.3 4 0.8 

 

Table 31 - Lake Charles Westbank Sulphur South 2025 0.5% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 12.6 1.2 2.5 0.3 4 0.8 

2 12.5 1.2 2.5 0.3 4 0.8 

3 12.5 1.2 2.5 0.3 4 0.8 

4 12.9 1.2 2.5 0.3 4 0.8 

 

Table 32 - Lake Charles Westbank Sulphur South 2075 0.5% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 18.8 1.2 4 0.4 5 1.0 

2 17.5 1.2 4 0.4 5 1.0 

3 17 1.2 4 0.4 5 1.0 

4 16.8 1.2 4 0.4 5 1.0 

 

Table 33 - Abbeville Ring Levee 2025 2% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 10.5 1.2 1 0.1 2 0.4 

2 10.5 1.2 1 0.1 2 0.4 

3 9.7 1.2 1 0.1 2 0.4 
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Table 34 - Abbeville Ring Levee 2075 2% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 15.4 1.2 2 0.2 3 0.6 

2 15.4 1.2 2 0.2 3 0.6 

3 14.9 1.2 2 0.2 3 0.6 

 

Table 35 - Abbeville Ring Levee 2025 1% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 11.8 1.2 2 0.2 3 0.6 

2 11.8 1.2 2 0.2 3 0.6 

3 11.5 1.2 2 0.2 3 0.6 

 

 

Table 36 - Abbeville Ring Levee 2075 1% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 16.8 1.2 3 0.3 4 0.8 

2 16.8 1.2 3 0.3 4 0.8 

3 17 1.2 3 0.3 4 0.8 

 

Table 37 - Abbeville Ring Levee 2025 0.5% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 12.8 1.2 2.5 0.3 4 0.8 

2 12.8 1.2 2.5 0.3 4 0.8 

3 12.8 1.2 2.5 0.3 4 0.8 

 

Table 38 - Abbeville Ring Levee 2075 0.5% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

1 17.8 1.2 4 0.4 5 1.0 
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Table 38 - Abbeville Ring Levee 2075 0.5% Hydraulic Boundary Conditions 

Segment 
Surface Water Elevation (ft) Significant  Wave Height (ft) Peak Period (s) 

Mean Std Mean Std Mean Std 

2 17.8 1.2 4 0.4 5 1.0 

3 18.2 1.2 4 0.4 5 1.0 

 

The 2025 and 2075 2%, 1%, and 0.5% hydraulic boundary conditions were then used to compute the 2025 and 2075 
2%, 1%, and 0.5% annual exceedence levee design elevations. All levees were designed using a slope of 1 on 3. The 
design criteria for the levees are as follows: 

 

¶ For the design still water, wave height and wave period, the maximum allowable average wave overtopping 
of 0.1 cubic feet per second per foot (cfs/ft) at 90% level of assurance and 0.01 cfs/ft at 50% level of 
assurance for grass-covered levees; 

¶ No minimum freeboard required. 

 

The application of a Monte Carlo analysis was used to determine the levee design elevation. In the Monte Carlo 
analysis, the overtopping algorithm is repeated to compute the overtopping rate many times. Based on these outputs, 
a statistical distribution can be derived from the resulting overtopping rates. The parameters that are included in the 
Monte Carlo analysis are the 1% surge elevation, wave height and wave period. 
 
To determine the overtopping rate in the Monte Carlo analysis, the probabilistic overtopping formulations from Van 
der Meer (TAW, 2002) are applied for levees (see Figure 11). Along with the geometric parameters (levee height and 
slope), hydraulic input parameters for determination of the overtopping rate in Equations 1 and 2 are the water 
elevation (Ǥ), the significant wave height (Hs) and the peak wave period (Tp). 
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Figure 11 - Van der Meer Overtopping Formula 

Figure 12 graphically shows the overtopping for a levee situation including the most relevant parameters. 

In the design process, we use the best estimate 2%, 1%, and 0.5% values for these parameters from the JPM-OS 
method (Resio, 2007); uncertainty in these values exists. Resio (2007) has provided a method to derive the standard 
deviation in the 2%, 1%, and 0.5% surge elevations. Standard deviation values of 10% of the average significant wave 
height and 20% of the peak period were used (Smith, 2006, pers. comm.). In the absence of data, all uncertainties are 
assumed to be normally distributed.  
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Figure 12 - Definition for Overtopping for Levee 

The Monte Carlo Analysis is executed as follows: 

1. Draw a random number between 0 and 1 to set the exceedence probability (p). 
2. Compute the water elevation from a normal distribution using the mean 1% surge elevation and standard 

deviation as parameters and with an exceedence probability (p). 
3. Draw a random number between 0 and 1 to set the exceedence probability (p). 
4. Compute the wave height and wave period from a normal distribution using the mean 1% wave height/wave 

period and the associated standard deviation and with an exceedence probability (p). 
5. Repeat step 3 and 4 for the three overtopping coefficients independently. 
6. Compute the overtopping rate for these hydraulic parameters and overtopping coefficients determined in 

step 2, 4 and 5 using the Van der Meer overtopping formulations for levees or the Franco & Franco equation 
for floodwalls (see Equations 1 and 2 in the textbox). 

7. Repeat the Step 1 through 5 a large number of times. (N) 
8. Compute the 50% and 90% confidence limit of the overtopping rate. (i.e. q50 and q90) 

 

The procedure is implemented in the numerical software package MATLAB because it is a computationally intensive 
procedure. MATLAB is a high-level technical computing language and interactive environment for algorithm 
development, data visualization, data analysis, and numeric computation. The computation of the overtopping rate in 
the present MATLAB routine is limited in the sense that it can only take into account an average slope for the entire 
cross-section. If a wave berm exists, this effect is included in a berm factor. The following procedure was carried out 
to determine this berm factor. First, the overtopping rate is computed with PC-Overslag with the best estimates of 
surge level and waves. Next, the berm factor is calibrated with the Van der Meer overtopping formulations to get 
exactly same result from PC-Overslag. Then, the berm factor is checked to see if it is in between the recommended 
range of 0.6 ð 1.0. Finally, the calibrated berm factor is applied in the uncertainty analysis (and keep this factor constant) 
throughout the Monte Carlo analysis in MATLAB. The analysis was completed and the results were then compiled 
for levees at the 2%, 1% and 0.5% Design Elevation shown in Table 39 through Table 56. 

 

2.3.2 Results 
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Table 39 -  Lake Charles Westbank Sulphur 2% Design Elevation 

Segment Type Condition Levee Slope 
Design Elevation (ft) 

NAVD88 (2004.65) 

1 Levee 2025 1V:3H 9.0 

1 Levee 2075 1V:3H 14.5 

2 Levee 2025 1V:3H 8.0 

2 Levee 2075 1V:3H 13.5 

3 Levee 2025 1V:3H 9.5 

3 Levee 2075 1V:3H 17.0 

 

Table 40 - Lake Charles Westbank Sulphur 1% Design Elevation 

Segment Type Condition Levee Slope 
Design Elevation (ft) 

NAVD88 (2004.65) 

1 Levee 2025 1V:3H 13.0 

1 Levee 2075 1V:3H 19.5 

2 Levee 2025 1V:3H 12.5 

2 Levee 2075 1V:3H 19.5 

3 Levee 2025 1V:3H 16.0 

3 Levee 2075 1V:3H 22.0 

 

Table 41 -  Lake Charles Westbank Sulphur 0.5% Design Elevation 

Segment Type Condition Levee Slope 
Design Elevation (ft) 

NAVD88 (2004.65) 

1 Levee 2025 1V:3H 17.0 

1 Levee 2075 1V:3H 26.0 

2 Levee 2025 1V:3H 16.5 

2 Levee 2075 1V:3H 26.5 

3 Levee 2025 1V:3H 18.5 

3 Levee 2075 1V:3H 26.5 
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Table 42 - Abbeville to Delcambre Hwy 330 2% Design Elevation 

Segment Type Condition Levee Slope 
Design Elevation (ft) 

NAVD88 (2004.65) 

1 Levee 2025 1V:3H 13.0 

1 Levee 2075 1V:3H 19.5 

2 Levee 2025 1V:3H 14.0 

2 Levee 2075 1V:3H 19.0 

3 Levee 2025 1V:3H 13.0 

3 Levee 2075 1V:3H 19.5 

 

Table 43 - Abbeville to Delcambre Hwy 330 1% Design Elevation 

Segment Type Condition Levee Slope 
Design Elevation (ft) 

NAVD88 (2004.65) 

1 Levee 2025 1V:3H 15.5 

1 Levee 2075 1V:3H 23.0 

2 Levee 2025 1V:3H 17.0 

2 Levee 2075 1V:3H 23.0 

3 Levee 2025 1V:3H 16.0 

3 Levee 2075 1V:3H 23.5 

 

Table 44 -  Abbeville to Delcambre Hwy 330 0.5% Design Elevation 

Segment Type Condition Levee Slope 
Design Elevation (ft) 

NAVD88 (2004.65) 

1 Levee 2025 1V:3H 18.0 

1 Levee 2075 1V:3H 27.0 

2 Levee 2025 1V:3H 19.5 

2 Levee 2075 1V:3H 27.0 

3 Levee 2025 1V:3H 18.5 

3 Levee 2075 1V:3H 27.5 
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 Table 45 - Lake Charles Eastbank Sulphur 2% Design Elevation 

Segment Type Condition Levee Slope 
Design Elevation (ft) 

NAVD88 (2004.65) 

1 Levee 2025 1V:3H 12.0 

1 Levee 2075 1V:3H 17.0 

2 Levee 2025 1V:3H 11.5 

2 Levee 2075 1V:3H 17.5 

3 Levee 2025 1V:3H 11.5 

3 Levee 2075 1V:3H 17.5 

 

Table 46 - Lake Charles Eastbank Sulphur 1% Design Elevation 

Segment Type Condition Levee Slope 
Design Elevation (ft) 

NAVD88 (2004.65) 

1 Levee 2025 1V:3H 15.0 

1 Levee 2075 1V:3H 22.0 

2 Levee 2025 1V:3H 15.0 

2 Levee 2075 1V:3H 22.5 

3 Levee 2025 1V:3H 15.0 

3 Levee 2075 1V:3H 22.0 

 

Table 47 - Lake Charles Eastbank Sulphur 0.5% Design Elevation 

Segment Type Condition Levee Slope 
Design Elevation (ft) 

NAVD88 (2004.65) 

1 Levee 2025 1V:3H 18.0 

1 Levee 2075 1V:3H 26.5 

2 Levee 2025 1V:3H 17.5 

2 Levee 2075 1V:3H 27.0 

3 Levee 2025 1V:3H 17.5 

3 Levee 2075 1V:3H 27.0 
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Table 48 - Delcambre Erath 2% Design Elevation 

Segment Type Condition Levee Slope 
Design Elevation (ft) 

NAVD88 (2004.65) 

1 Levee 2025 1V:3H 15.5 

1 Levee 2075 1V:3H 23.0 

2 Levee 2025 1V:3H 15.5 

2 Levee 2075 1V:3H 26.0 

 

Table 49 - Delcambre Erath 1% Design Elevation 

Segment Type Condition Levee Slope 
Design Elevation (ft) 

NAVD88 (2004.65) 

1 Levee 2025 1V:3H 19.5 

1 Levee 2075 1V:3H 27.5 

2 Levee 2025 1V:3H 19.5 

2 Levee 2075 1V:3H 30.5 

 

Table 50 - Delcambre Erath 0.5% Design Elevation 

Segment Type Condition Levee Slope 
Design Elevation (ft) 

NAVD88 (2004.65) 

1 Levee 2025 1V:3H 21.0 

1 Levee 2075 1V:3H 32.0 

2 Levee 2025 1V:3H 24.0 

2 Levee 2075 1V:3H 32.0 

 

Table 51 - Lake Charles Westbank Sulphur South 2% Design Elevation 

Segment Type Condition Levee Slope 
Design Elevation (ft) 

NAVD88 (2004.65) 

1 Levee 2025 1V:3H 11.0 

1 Levee 2075 1V:3H 17.5 

2 Levee 2025 1V:3H 11.5 

2 Levee 2075 1V:3H 17.5 

3 Levee 2025 1V:3H 11.5 

3 Levee 2075 1V:3H 17.0 

4 Levee 2025 1V:3H 12.5 

4 Levee 2075 1V:3H 17.0 



Southwest Coastal Louisiana Study        Appendix B  
 

 

Integrated Final   April 2016 

Feasibility Report & EIS    Page B-30 

 

Table 52 - Lake Charles Westbank Sulphur South 1% Design Elevation 

Segment Type Condition Levee Slope 
Design Elevation (ft) 

NAVD88 (2004.65) 

1 Levee 2025 1V:3H 15.0 

1 Levee 2075 1V:3H 23.5 

2 Levee 2025 1V:3H 15.0 

2 Levee 2075 1V:3H 22.5 

3 Levee 2025 1V:3H 15.0 

3 Levee 2075 1V:3H 22.0 

4 Levee 2025 1V:3H 16.0 

4 Levee 2075 1V:3H 22.0 

 

Table 53 -  Lake Charles Westbank Sulphur South 0.5% Design Elevation 

Segment Type Condition Levee Slope 
Design Elevation (ft) 

NAVD88 (2004.65) 

1 Levee 2025 1V:3H 18.0 

1 Levee 2075 1V:3H 28.5 

2 Levee 2025 1V:3H 18.0 

2 Levee 2075 1V:3H 27.0 

3 Levee 2025 1V:3H 18.0 

3 Levee 2075 1V:3H 26.5 

4 Levee 2025 1V:3H 18.5 

4 Levee 2075 1V:3H 26.5 

 

Table 54 - Abbeville Ring Levee 2% Design Elevation 

Segment Type Condition Levee Slope 
Design Elevation (ft) 

NAVD88 (2004.65) 

1 Levee 2025 1V:3H 13.0 

1 Levee 2075 1V:3H 19.5 

2 Levee 2025 1V:3H 13.0 

2 Levee 2075 1V:3H 19.5 

3 Levee 2025 1V:3H 12.0 

3 Levee 2075 1V:3H 19.0 
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Table 55 -  Abbeville Ring Levee 1% Design Elevation 

Segment Type Condition Levee Slope 
Design Elevation (ft) 

NAVD88 (2004.65) 

1 Levee 2025 1V:3H 16.0 

1 Levee 2075 1V:3H 23.0 

2 Levee 2025 1V:3H 16.0 

2 Levee 2075 1V:3H 23.0 

3 Levee 2025 1V:3H 15.5 

3 Levee 2075 1V:3H 23.5 

 

Table 56 - Abbeville Ring Levee 0.5% Design Elevation 

Segment Type Condition Levee Slope 
Design Elevation (ft) 

NAVD88 (2004.65) 

1 Levee 2025 1V:3H 18.5 

1 Levee 2075 1V:3H 27.5 

2 Levee 2025 1V:3H 18.5 

2 Levee 2075 1V:3H 27.5 

3 Levee 2025 1V:3H 18.5 

3 Levee 2075 1V:3H 28.0 

 

2.4 FUTURE WITHOUT PROJE CT FREQUENCY CURVES 

2.4.1 Methodology 
The project covers the Louisiana parishes of Calcasieu, Cameron, and Vermilion. The HEC-RAS model of the 
Calcasieu Lock Study Feasibility Study was originally calibrated to the November 5, 2002 rainfall event and verified to 
the August 28 to September 6, 2001 rainfall event, and Agency Technical Review was performed. Since damages from 
rainfall runoff is not the objective for this hurricane storm surge damage reduction study, the additional areas that 
were added for the requirements of this study did not need to be recalibrated and verified again.  

 

The study area consists of multiple hydrologic storage areas connected to each other at the lowest perimeter point. 
Each area has a storage area curve that is basically elevation versus volume in acre-feet. The maximum water surface 
elevation of each storage area for any given event will have all elevations below that maximum inundated, even if for 
a very short time. The stage frequency results from each storage area are input into HEC-FDA to perform economic 
analysis. 

 

The existing conditions year for this study is 2013 and the assumed base year is 2025 (base conditions). The Future 
Without Project (FWOP) conditions would apply 50 years after construction, or in 2075. For this effort only 
Intermediate Sea Level Rise was analyzed. This was calculated from a spreadsheet created using guidelines of EC1165-
2-212, which combines the total settlement for each of the four downstream gages with the standard accumulation of 
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Intermediate Sea Level Rise for both 2025 and 2075. Refer to Appendix O for more detail on Climate Impact on 
Performance. There are 45 storage areas from the original model, plus an additional 36 storage areas that were added 
to the eastern and western sides to the model. This created an additional 5 storage areas from the original model and 
an additional 4 areas in the newly added areas. There were no new channel cross sections taken for the new areas. 
However, the results of the newer areas were very similar to the pre-existing areas. The nomenclature of the original 
model storage areas all begin with òSA-ò, while the additional areas all begin with òXA-ò. Any storage area with a 
suffix behind it (such as ò-RLó for Ring Levee) represents an anticipated division of an existing area from a possible 
alternative. A schematic of the HEC-RAS storage areas can be seen in Figure 13. 

 

Four different downstream boundary conditions were used for base and future conditions. They are the following 
structures: the Calcasieu Lock West, Catfish Point South, Leland Bowman East, and Schooner Bayou East. For base 
conditions runs, the steady state average elevation of 0.62 was used as the boundary condition for all four locks. The 
amounts of Relative Sea Level Rise (RSLR) at the Intermediate Level 1 calculated from the spreadsheet mentioned 
above and based upon EC1165-2-212, were added to existing conditions for each gage to reflect subsidence and the 
amount of time after 2013. The HEC-RAS model was used to obtain the maximum water surface elevations in each 
storage area for the 100% as well as the 50%, 20%, 10%, 4%, 2%, and 1% Annual Exceedance Probability (AEP) 
rainfall events. An ADCIRC storm surge model was run for the same project using the similar storage areas. The 
storage areas that were not the same were adjusted for comparison purposes. The HEC RAS model results were 
plotted with the 1% ADCIRC storm surge elevations in the same storage areas in order to determine the governing 
source of the maximum water surface elevations at the 1% frequency. In most cases, the 1% surge elevations were 
much greater than the 1% rainfall elevations. In storage areas further north, away from the Gulf of Mexico and the 
rivers or bayous, the differences between the two decreases until rainfall governs and surge effects are not observed. 
This situation occurred in less than 10 percent of all storage areas. Land use areas coded into ADCIRC are shown in 
Figure 14. 

 

ADCIRC surge elevations were available for the 1% and 0.2% AEP events. In order to estimate ADCIRC water 
elevations for the more frequent events, values were extrapolated between the 100% AEP HEC-RAS and 1% AEP 
ADCIRC results. Basically, an assumption was made that the 100% AEP event would be equal in HEC-RAS and 
ADICRC (if ADCIRC could be run for the 100% AEP event). The next step was to find the difference between the 
1% AEP HEC-RAS and 1% AEP ADCIRC results. The closer the storage area is to the Gulf of Mexico, the larger 
this difference would be and vice versa. The difference for each storage area is then divided up for all higher 
frequencies and added to the HEC-RAS results. The finished results were plotted for each storage area, and many had 
to be smoothed out to provide a curve that would be reasonably expected. Since HEC-RAS results are based upon 
Partial Duration TP-40 rainfall amounts, these elevations may be slightly over estimated at higher frequency events. 
The adjusted curves can be seen on Figure 17. Since the year 2025 is very close to the year 2013, results for 2025 were 
linearly interpolated between the 2013 existing year and the 2075 FWOP year. This resulted in water surface elevations 
for every storage area in 2025 greater than or equal to the results of 2013. Using this methodology, it is expected that 
water elevations in the coastal zone are underestimated for the more frequent events. For the transition zone, the areas 
that are not especially dominated by either rain or surge, it is expected that the water elevations are overestimated for 
the more frequent events. The method used in this analysis yielded results that are within the expected range of water 
elevations to consider it sound for use as a screening mechanism. This method was used consistently in the analysis 
of the alternatives and is not expected to give an advantage or disadvantage to any one alternative. A Joint Probability 
Analysis combining the likelihood of expected storm surge events with rainfall events to estimate the resultant water 
elevations due to project implementation would be the best method to use, and will be used for the next phase of the 
project. 
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Because storm surge effects were not included in HEC-RAS model runs, (boundary conditions were not set to account 
for higher stages caused by storms) there are some limitations to the developed area elevation results. However, HEC-
RAS model runs with elevated Gulf stages increased the drainage times of runoff but did not increase the peak stages 
in the storage areas due to the unique topography of the study area. 

 

An average rate of 7 mm per year of marsh accretion within the southwest coastal Louisiana area was found on page 
9 of the ERDC/EL TN-10-5 dated August 2010. There are four types of marsh: fresh, intermediate, brackish, and 
saline. Open water is not to be included for any marsh accretion analysis. The complete list of marsh storage areas are 
shown in Table 57, and were obtained by comparing storage area boundaries with a map of the marsh areas shown 
below. Total marsh accretion amounts were found by adding 7 mm of accretion per year to the existing conditions 
water surface elevations at each of the four downstream boundary conditions to arrive at 0.28 feet maximum for all 
areas in 2025 and 1.42 feet maximum for all areas in 2075. For the four partial marsh areas, these values were reduced 
to 50% or 20%, based upon visual inspection of plan views. The appropriate amount of accretion was added to all 
elevations above the initial water elevation (or base flow) for each applicable marsh area in the HEC-RAS geometry 
file. The theory behind this very simple method is that the volume at the water surface would be moved up by the 
required amount of accretion. Samples from two marsh areas are shown in Figure 15 for both 2025 and 2075. These 
areas are highlighted in red in Table 57. Note that one of these areas only has a 50% accretion rate due to the amount 
of open water. 
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Figure 13 - HEC RAS Storage Areas 

N 
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Figure 14 - Land Use Areas Coded Into ADCIRC 
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Table 57 - Marsh Storage Areas 
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Figure 15 - Adjusted Storage Areas 
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The full 100% amount of accretion was then subtracted from all four downstream boundary condition elevations that 
had already been adjusted for Intermediate RSLR. In theory, this would negate the effects of RSLR, but in reality, only 
the marsh areas saw increased water levels due to higher theoretical land elevations. This caused a very minor 
backwater effect of less than 0.20 feet in only a few of the upland areas. These adjusted boundary conditions are shown 
below in Table 58. 

 

Table 58 - Adjusted Boundary Conditions 

 
 

The HEC-RAS model was rerun with the above downstream boundary conditions for 100%-1% AEP rainfall events 
and the results found were within a range of 1.42 feet maximum to the same runs without marsh accretion. Since the 
1% ADCIRC surge elevations were much higher than the 1% HEC-RAS results in most cases, the surge elevations 
usually governed. The difference between marsh accretion and no accretion at the 100% AEP event for each specific 
storage area was then linearly interpolated and then added to the 50% through 2% HEC-RAS results from the runs 
that did not consider marsh accretion. Two areas were chosen to portray this pattern and are shown in Figure 16 and 
Figure 17. Note that the effect of marsh accretion is much more noticeable in the area on the Gulf itself. 
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Figure 16 - Storage Areas 
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Figure 17 - Adjusted Curves 
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Table 59 - FWOP With Marsh Accretion 
*Values are in feet. 
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2.4.2 RESULTS AND REFERENCE TABLES  
The original FWOP stage frequency results without marsh accretion are shown in Table 60 for comparison purposes. 
Note that for the year 2013 shown in  

Table 59, the results are the same for both marsh accretion and without marsh accretion, since accretion would not 
have yet begun at the start of the analysis. Area SA-316 is the only area that has proposed hurricane risk reduction 
measures and is affected by marsh accretion. This area is on the west side of the Calcasieu River with its northeast 
portion including Prien Lake. The net increases are 0.18 feet at the 100% AEP event, and 0.25 feet at the 1% event. 
However, the 1% surge elevation of 13.90 feet far outweighs the 4.86 foot marsh accretion elevation. XA-307 is the 
only other area showing marginal increase from marsh accretion, which is 0.05 feet at the 100% AEP event. The two 
big areas in Lake Charles, SA-012 and SA-099, actually show a very slight decrease (-0.02 to -0.03 feet) at the 100% 
AEP event due to marsh accretion. All other areas with proposed hurricane risk reduction projects show less than 
0.02 feet being the effect of marsh accretion. These areas are SA-070, XA-304, XA-347, and XA-348. As expected, 
the areas that are most affected by marsh accretion are the open marsh areas adjacent to bodies of water. The 
maximum water surface elevations, within the selected storage areas, for the 2025 (2%, 1% and 0.5%) and 2075 (2%, 
1%, and 0.5%) AEP events can be plotted in GIS. The GIS mapping will show the details and extent of flooding, 
including flooding of streets. 
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Table 60 - FWOP Without Marsh Accretion   
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