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Project Name FMP Project Description: Flood Region Project Type FIUP Project Category Project Watershed Rural Applicant Project Cost Benefit Cost Ratio
Cost per Structure 

Removed
Pre-Project Level-of-

Service
Post-Project Level-of-

Service

# of Structures in 1% 
Annual Chance FP 

(Pre-Project)
Project Status

Bayou Din Detention 
Basin 053000001

Construct a new detention basin with 
nearby channel and crossing 
improvements in the vicinity of Bayou 
Din. Neches Detention Pond 3 Sabine Lake N  $                85,000,000 4.9  $                      442,708 Unknown

Project will be 
designed to the 500-
YR event with an 
estimated project 
useful life of 75 years. 534 Design

Bessie Heights Drainage 
Ditch Extension Project 053000002

Expand the Bessie Heights Drainage Ditch 
to address flooding risk to residential 
properties in the area. Neches Channel 2 Lower Neches N  $                   4,250,000 0 531,250$                      Unknown

Project will be 
designed to reduce 
impact from the 100-
YR event. 139 Planning

Channel 100-A Concrete 
Repair 053000003

Conduct repairs and install 
improvements to Channel 100-A located 
within the city of Beaumont. Neches Channel 2 Sabine Lake N  $                39,570,866 11.21 1,978,543$                   Unknown

Project will be 
designed to the 500-
YR event with an 
estimated project 
useful life of 75 years. 1622 Design

Port Arthur and Vicinity 
Coastal Storm Risk 
Management Project 053000004

Construct levees, floodwalls, pump 
stations, drainage structures, and other 
flood mitigation infrastructure to reduce 
adverse flood impact in the vicinity of the 
city of Port Arthur. Neches Comprehensive 3

Lower Neches, Sabine 
Lake N  $              119,900,000 4.6 163,708$                      Unknown

Project will be 
designed to reduce 
impact from the 500-
YR event. 23310 Design

Orange County Coastal 
Storm Risk Management 
Project 053000005

Construct levees, floodwalls, pump 
stations, drainage structures, and other 
flood mitigation infrastructure to reduce 
adverse flood impact in Orange County. Neches Comprehensive 2

Lower Neches, Lower 
Sabine, Sabine Lake N  $           2,400,000,000 1.2  $                      193,387 Unknown

Project will be 
designed to reduce 
impact from the 500-
YR event. 3872 Design

General Project Data
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Project Name

Bayou Din Detention 
Basin

Bessie Heights Drainage 
Ditch Extension Project

Channel 100-A Concrete 
Repair

Port Arthur and Vicinity 
Coastal Storm Risk 
Management Project

Orange County Coastal 
Storm Risk Management 
Project

Average Flood Depth 
(100yr)

Notes

 Severity Ranking: Pre-
Project Average 

Depth of Flooding 
(100-year)

Score 1
Communities Served 

by Project
Community 

Population Served
Flood Plain 
Population

Notes 2
Severity Ranking: 

Community Need (% 
Population)

Score 2
# of Structures 

Removed from 1% 
Annual Chance FP

Notes 3 Flood Risk Reduction Score 3

1.48

From 100-YR depth 
raster acquired 
from HEC-RAS 
models

Baseline average flood 
depth > 1ft 6 City of Beaumont 115282 1774 2%

<25% of project 
community affected 1 101

19% of structures 
removed from 1% ACE 

Flood Risk

Reduced risk to <50% 
of structures in 
floodplain 4

1.13

From 100-YR depth 
raster acquired 
from HEC-RAS 
models

Baseline average flood 
depth > 1ft 6 City of Bridge City 9546 228 2%

<25% of project 
community affected 1 8

6% of structures 
removed from 1% ACE 

Flood Risk

Reduced risk to <10% 
of structures in 
floodplain 1

2.67

From 100-YR depth 
raster calculated 
from WSEL raster 
acquired from HEC-
RAS models

Baseline average flood 
depth > 2ft 8 City of Beaumont 115282 9745 8%

<25% of project 
community affected 1 10

~1% of structures 
removed from 1% ACE 

Flood Risk

Reduced risk to <10% 
of structures in 
floodplain 1

N/A

Flood depth data 
not available from 

USACE
Baseline average flood 
depth < 0.5ft 2

City of Port Arthur, 
City of Nederland, City 
of Port Neches, City of 

Groves 105922 73381 69%
50%-75% of project 
community affected 7 3275

14% of structures 
removed from 1% ACE 

Flood Risk

Reduced risk to <50% 
of structures in 
floodplain 4

N/A

Flood depth data 
not available from 

USACE
Baseline average flood 
depth < 0.5ft 2

City of Bridge City, 
Orange County 9546 9830

This project's extents 
are split between the 

Sabine and Neches 
regions; the area in 
the Neches region is 

used for this instance.

>75% of project 
community affected 
(by population) 10 201

5% of structures 
removed from 1% ACE 

Flood Risk

Reduced risk to <10% 
of structures in 
floodplain 1

Score 1: Severity - Pre-Project Average Depth of Flooding (100-year) Score 3: Flood Risk Reduction Score 2: Severity - Community Need (% Population)

Page 2 Data Entry

04311
Draft 



Project Name

Bayou Din Detention 
Basin

Bessie Heights Drainage 
Ditch Extension Project

Channel 100-A Concrete 
Repair

Port Arthur and Vicinity 
Coastal Storm Risk 
Management Project

Orange County Coastal 
Storm Risk Management 
Project

# of Structures with 
Reduced 1% Annual 
Chance Flood Risk

Pre-Project Damage $
Post-Project Damage 

$
Notes 4

Flood Damage 
Reduction

Score 4
# of Critical Faciliites 
Removed from 1% 
Annual Chance FP

Notes 5
 Reduction in Critical 
Facilities Flood Risk

Score 5
Adjusted Injury Risk 

(%)
Notes 6

Life and Safety 
Ranking (Injury/Loss 

of Life)
Score 6

97

18% of structures 
have reduced impact 
from 1% ACE Flood 

Risk
Flood damage 
reduction < 25% 2

4

Reduced risk for <10% 
of critical facilities in 

floodplain 1 N/A

3

2% of structures have 
reduced impact from 

1% ACE Flood Risk
Flood damage 
reduction < 25% 2

0 Reduced risk for 0 
structures in 

floodplain 0 N/A

452

28% of structures 
have reduced impact 
from 1% ACE Flood 

Risk
Flood damage 
reduction > 25% 4

0

Reduced risk for 0 
structures in 

floodplain 0 N/A

441

2% of structures have 
reduced impact from 

1% ACE Flood Risk
Flood damage 
reduction < 25% 2

71

Reduced risk for <10% 
of critical facilities in 

floodplain 1 N/A

175

5% of structures have 
reduced impact from 

1% ACE Flood Risk
Flood damage 
reduction < 25% 2

0

Reduced risk for 0 
structures in 

floodplain 0 N/A

Score 5: Critical Facilities Damage Reduction Score 6: Life and SafetyScore 4: Flood Damage Reduction
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Project Name

Bayou Din Detention 
Basin

Bessie Heights Drainage 
Ditch Extension Project

Channel 100-A Concrete 
Repair

Port Arthur and Vicinity 
Coastal Storm Risk 
Management Project

Orange County Coastal 
Storm Risk Management 
Project

Water Supply Benefit 
in Acre-Feet

SourceID WMS_ID Notes 7
Water Supply Yield 

Ranking
Score 7 SVI Score Notes 8

Social Vulnerability 
Ranking

Score 8
% Nature Based 
Solution by Cost

Notes 9
Nature-Based 

Solutions Ranking
Score 9

N/A
No impact on water 
supply 0 0.21314375

SVI between 0.01-0.25 
(low vulnerability) 1 0

<25% of the project 
cost is nature-based 1

N/A
No impact on water 
supply 0 0.1558259

SVI between 0.01-0.25 
(low vulnerability) 1 0

<25% of the project 
cost is nature-based 1

N/A
No impact on water 
supply 0 0.72570948

SVI between 0.5-0.75 
(moderate to high 
vulnerability) 7 0

<25% of the project 
cost is nature-based 1

N/A
No impact on water 
supply 0 0.57444668

SVI between 0.5-0.75 
(moderate to high 
vulnerability) 7 0

<25% of the project 
cost is nature-based 1

N/A
No impact on water 
supply 0 0.16443804

SVI between 0.01-0.25 
(low vulnerability) 1 0

<25% of the project 
cost is nature-based 1

Score 8: Social VulnerabilityScore 7: Water Supply Score 9: Nature-Based Solution
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Project Name

Bayou Din Detention 
Basin

Bessie Heights Drainage 
Ditch Extension Project

Channel 100-A Concrete 
Repair

Port Arthur and Vicinity 
Coastal Storm Risk 
Management Project

Orange County Coastal 
Storm Risk Management 
Project

Multiple Benefits 
Description

Notes 10
Multiple Benefit 

Ranking
Score 10 O&M Cost (Annual) Notes 11

Operations and 
Maintenance Ranking

Score 11 Notes 12
Administrative, 

Regulatory and Other 
Obstacle Ranking

Score 12 Notes 13
Environmental 

Benefit Ranking
Score 13

Annual ecosystem 
services benefits of 

$20,673,627.

Project delivers 
benefits in 3 wider 
benefit categories 7 15000

Project requires 
regular, ongoing 
operation and 
maintenance; and/or 
O&M requirements 
are well defined 
(Regular); 7

Project has a typical 
number of 
administrative, 
regulatory and 
limitations / 
requirements 6

Project will deliver a 
moderate level of 

environmental 
benefits (2-3 
categories) 6

Project delivers 
benefits in only 1 
wider benefit category 1

O&M information 
unavailable for the 
project

Project has a typical 
number of 
administrative, 
regulatory and 
limitations / 
requirements 6

Project will deliver a 
low level of 

environmental 
benefits (1 category) 3

Annual ecosystem 
services benefits of 

$1,944,072.

Project delivers 
benefits in 2 wider 
benefit categories 4 15000

Project requires 
regular, ongoing 
operation and 
maintenance; and/or 
O&M requirements 
are well defined 
(Regular); 7

Project has a typical 
number of 
administrative, 
regulatory and 
limitations / 
requirements 6

Project will deliver a 
moderate level of 

environmental 
benefits (2-3 
categories) 6

Project delivers 
benefits in 2 wider 
benefit categories 4 195000

Project will require 
ongoing operation and 
maintenance outside 
of the owner’s regular 
maintenance 
practices;  long-term 
O&M requirements 
are undefined; and/or 
high annual O&M cost 
> 1% of project (high); 4

Project has a high 
number of 
administrative, 
regulatory and 
limitations / 
requirements 2

Project will deliver a 
moderate level of 

environmental 
benefits (2-3 
categories) 6

Project delivers 
benefits in 2 wider 
benefit categories 4 4565000

Project will require 
ongoing operation and 
maintenance outside 
of the owner’s regular 
maintenance 
practices;  long-term 
O&M requirements 
are undefined; and/or 
high annual O&M cost 
> 1% of project (high); 4

Project has a high 
number of 
administrative, 
regulatory and 
limitations / 
requirements 2

Project will deliver a 
moderate level of 

environmental 
benefits (2-3 
categories) 6

Score 10: Multiple Benefits Score 12: Admin, Regulatory Obstacles Score 13: Environmental BenefitScore 11: O&M
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Project Name

Bayou Din Detention 
Basin

Bessie Heights Drainage 
Ditch Extension Project

Channel 100-A Concrete 
Repair

Port Arthur and Vicinity 
Coastal Storm Risk 
Management Project

Orange County Coastal 
Storm Risk Management 
Project

Notes 14
Environmental Impact 

Ranking
Score 14

Traffic Count for LWC 
Project

Notes 15 Mobility Ranking Score 15 Project Count Regional Ranking Score 16

Project has no adverse 
environmental impacts 10

Project will protect some major access routes in 
floodplain and the majority (>50%) of emergency 
service access. Some major and many minor 
access routes will remain flooded, and 
emergency services access may be restricted in 
some areas 4 5

Project region has recommended 
<10% of total projects    

10

Project has no adverse 
environmental impacts 10

Project will protect some major access routes in 
floodplain and the majority (>50%) of emergency 
service access. Some major and many minor 
access routes will remain flooded, and 
emergency services access may be restricted in 
some areas 4 5

Project region has recommended 
<10% of total projects    

10

Project has no adverse 
environmental impacts 10

Project will protect some major access routes in 
floodplain and the majority (>50%) of emergency 
service access. Some major and many minor 
access routes will remain flooded, and 
emergency services access may be restricted in 
some areas 4 5

Project region has recommended 
<10% of total projects    

10

Project has no adverse 
environmental impacts 10

Project will protect some major access routes in 
floodplain and the majority (>50%) of emergency 
service access. Some major and many minor 
access routes will remain flooded, and 
emergency services access may be restricted in 
some areas 4 5

Project region has recommended 
<10% of total projects    

10

Project has no adverse 
environmental impacts 10

Project will protect some major access routes in 
floodplain and the majority (>50%) of emergency 
service access. Some major and many minor 
access routes will remain flooded, and 
emergency services access may be restricted in 
some areas 4 5

Project region has recommended 
<10% of total projects    

10

Score 16: RegionalScore 15: MobilityScore 14: Environmental Impact
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APPENDIX 5-E 
SUPPORTING DOCUMENTATION FOR RECOMMENDED FLOOD MITIGATION 
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10497 Town and Country Way, Suite 500  +  Houston, Texas 77024  +  713-600-6800  +  FAX  817-735-7491 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

  

 

1.00 STUDY PURPOSE 

Bayou Din and Kidd Gully have a history of coming out of bank during heavy rain events and causing flooding 
damage and major flooding problems.  Typically, major flooding is associated with tropical systems or 
hurricanes resulting in heavy rainfall. However even smaller more frequent events have the potential to cause 
flooding damage to the undersized channels, restrictive crossing and rapid development within portion of the 
watershed. To reduce flood damages improvements to localized drainage infrastructure and large-scale 
detention has been investigated and found to be effective at reducing water surface elevations and potential 
damages. 
 

2.00 PROJECT DESCRIPTION 

Existing channels and many crossings (bridges or culverts) are undersized for the amount of water that drains 
through the Bayou Din/Kidd Gully system. Drainage improvements are proposed throughout the area to 
reduce the risk of flooding damages structures, reducing risk to life, and improving emergency response and 
transit throughout the area during flooding events. The proposed project will improve channel conveyance 
through widening and correcting channel impairments along Bayou Din and Kidd Gully. Approximately 3339 
acre-feet of detention is planned to be included near the confluence of Bayou Din and Kidd Gully. This 
detention will provide regional detention that will reduce water surface elevations along both streams. The 
detention provided will additionally provide mitigation for the channel conveyance improvements preventing 
any adverse impact downstream of the improvements.  

 

The basins will be designed to function during both low flow and high flow events in a way that allows all flood 
events up to the 500-year storm event to pass through the system with no adverse impacts. In high flow 
events the basin intake structures consisting of overflow weirs will activate and take on flows during the peak 
of the storm reducing maximum water surface elevations throughout the benefit area. In addition to channel 
conveyance improvements there are 14 bridges or culverts that are undersized or in a state of disrepair that 
prohibits sufficient flow capacity. Figure 1 provides a summary of the proposed conveyance and detention 

TO: Karen Stewart, Chief Business Officer JCDD6 

FROM: Dane Schneider, P.E., ENV SP 
Matt Lewis, P.E., CFM 

SUBJECT: Bayou Din Drainage Improvements 

PROJECT: JFC21835 

DATE: November 28, 2022 

www.freese.com 

TECHNICAL 

MEMORANDUM 

11-28-2022
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2 

improvements. Four pipelines are anticipated to be relocated to allow the proposed drainage improvements 
to be constructed. 

 

 
Figure 1: Project Location Map 

3.00 H&H METHODOLOGY 

3.01 HYDROLOGY 

Atlas 14 rainfall totals were collected from the NOAA server for the project area. The 24-hour rainfall totals 
used in this analysis are listed below in Table 1 below. Rainfall was directly applied to the hydraulic model for 
this analysis. Therefore, only minor adjustments to the hydrology were required. A HEC-HMS v4.8 model was 
prepared to subtract expected infiltration losses from the rainfall prior to becoming runoff. The amount of 
rainfall that becomes runoff is then applied across the hydraulic model. Infiltration losses were based on NRCS 
soil groups, the project area is fully covered by group D soils.  

 

Table 1: Atlas 14 24-Hour Rainfall Totals 

 Frequency Events 

2-YR 5-YR 10-YR 25-YR 50-YR 100-YR 500-YR 

24-HR Total 
(inches) 

5.5 7.4 9.3 12.3 15 18.2 27.6 
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3.02 HYDRAULICS 

To evaluate the existing flood risk and analyze potential flood risk reduction projects A 2D hydraulic model was 
created in HEC-RAS v6.0. This model utilized the rain-on-grid functionality of HEC-RAS to apply the rainfall 
calculated across the entire model extents. Topographic features that control the flow of water across the 
landscape were noted and included within the model using breaklines or 2D structures. This includes bridges, 
culverts, berms, roadways, canals, railroads and other notable features. This allows for a more realistic 
tracking of water as it falls as rain and flows towards and into streams. The extent of the hydraulic model was 
extended beyond the limits shown in Figure 1 to capture the full contributing area of Bayou Din and Kidd Gully 
as seen in Figure 2.  
 

 
Figure 2: Hydraulic Model Extents 

 

The existing condition model was run for the 2-, 5-, 10-, 25-, 50-, 100-, and 500-YR storm events. The existing 
floodplain is wide along Bayou Din starting near the confluence with Kidd Gully and Kidd Gully north of the 
confluence with Bayou Din also has a wide deep floodplain at various points. Figure 3 show the existing 100-
year flood depths. Figure 3 additionally highlights major damage centers in red boxes. Improvements focused 
on reducing flooding at these locations is expected to reduce the flooding experienced by residents and 
businesses in the area.   
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Figure 3: Existing Flood Depths 

Figure 4 highlights the potential improvement locations that were investigated to identify a flood reduction 
project. Using a combination of increased channel conveyance and large regional detention the floodplain 
width is reduced and depth is reduced across much of the area.   
 

 
Figure 4: Proposed Improvement Areas 
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 After analyzing the areas experiencing flood damages a proposed hydraulic model was created that included 
large regional detention basins, hydraulic structure replacements or modifications, and channel conveyance 
improvements along multiple streams and a diversion channel on Bayou Din that outfalls directly to the 
detention basins. Multiple geometries were studied to find an alternative that resulted in lowered water 
surface elevations throughout the project while also not resulting in any adverse impacts.  
A typical section of the proposed channel improvements can be seen in Figure 5. 

 

 
Figure 5: Typical Channel Improvement 

 
The recommended alternative is summarized in Figure 6 below while Figure 7 displays the delta in water 
surface elevations across the project because of the proposed improvements.      
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Figure 6: Proposed Drainage Improvements Summary 
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Figure 7: Water Surface Elevation Decreases – Post Project 

4.00 BCA METHODOLOGY 

4.01 METHODOLOGY 

FEMA’s BCA v6.0.0 toolkit, as well as FEMA procedures, and guidelines were followed to generate the BCA. 
The BCA is intended to compare annualized damages with and without a proposed project to determine the 
benefits provided by a proposed project on its financial costs. The Benefit-Cost Ratio (BCR) is determined by 
dividing the project benefit by the total project cost.  
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For this analysis, data was gathered from available sources including 2022 Jefferson County appraisal district 
data, 2018 LiDAR, and desktop analysis of street level imagery. Building replacement values were calculated 
using the default value of $100/sf was used in conjunction with livable square footage obtained from county 
appraisal district information. The generic USACE riverine damage curves obtained from FEMA were used to 
calculate damages. The specific damage curve used for each residential structure was based on the 
classification given to the structure by the Jefferson County Appraisal District. Structures fell into four 
categories, 1-story without basement, 2-story without basement, mobile home, or split level. For this analysis 
only residential structures were considered, any commercial or industrial structures were not considered. 
 
JCDD6 additionally collected FFE information via survey at 431 residential structures. This information was 
used to determine an estimated FFE at the benefitting structures throughout the area by comparing the 
estimated LiDAR value versus the known FFEs obtained via survey. Two classifications were set for estimated 
FFEs depending on the structure type mentioned above.  
 

Table 2: LiDAR to FEE conversation for structures not surveyed 

Structure Class Elevation added to LiDAR value 

Mobile Home 1.5 

Residential (1-Story, 2-Story, Split-Level) 0.75 

 
The existing condition flood extents and proposed flood extents were modeled using HEC-RAS to generate 
water surface elevation information across the study area. Many structures will benefit from lowered water 
surface elevations in smaller, more frequent events such as the 2-year, 5-year or 10-year flood events.  

4.02 BCA WORKBOOK 

A structural inventory was developed for this project to calculate the damages to existing structures in existing 
conditions and with the proposed project constructed. Structures benefiting were limited to only residential 
structures, commercial and industrial were removed from the inventory for a more conservative analysis.  The 
building replacement value of each structure was based on the default value of $100/sf. All values for 
damages were set using default values.  

4.03 BCA TOOLKIT 

Water surface elevations at each structure were determined using the HEC-RAS model results and the 
summation of damages for each storm event from the 2-year to the 500-year event were calculated to input 
into the BCA toolkit. Damages for structures, contents and displacement were calculated based on the generic 
USACE riverine damage curves. Social benefits were calculated by including the number of impacted workers 
based on 2016-2020 American Community Survey (ACS).  

5.00 CONCULSION 

The H&H analysis of the Bayou Din drainage improvements indicates that by providing detention, improving 
channel conveyance, and constructing a diversion channel many structures throughout the area can benefit 
from lower future flood risk and less damage. There are no adverse impacts as a result of the proposed 
improvements in any storm events up to and including the 500-year event. The BCA analysis using the BCA 
toolkit calculates an overall BCR of 1.55 indicating that project is cost effective.  
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R:\Miscellaneous-NAMES\DPilcher\Projects\OCDD\Bessie Hts & Marsh Drainage Issues\Bessie Heights\TPWD Letter Report -Bessie Heights-R3 updated model.docx 

 

November 29, 2021  

  

Mr. Don Carona, General Manager  
Orange County Drainage District 
8081 Old Highway 90 
Orange Texas 77630 
 

 

RE: Drainage Analysis (H&H Letter Report) for Bessie Heights Drainage Ditch Extension Project 
at the Nelda Stark Unit of the Lower Neches WMA 

 

Dear Mr. Carona 

This report presents the results of the drainage analysis for a proposed drainage project serving 
the Bessie Heights Area in Orange County, Texas.  There is significant flooding in the area due 
to its location on the Gulf Coastal plain and influence from the adjacent Cow Bayou watershed. 
Characteristics of the project area that significantly contribute to the flooding issues include the 
relatively flat terrain, frequent intense rainfall events, fluctuating tidal influence, and restricted 
capacity of the existing Bessie Heights Drainage Ditch. The proposed project is designed help 
reduce structural flooding in residential developments within the project area. The project consists 
of the construction of an extension channel to improve discharge from the existing Bessie Heights 
Drainage Ditch, improvements to the existing Bessie Height Drainage Ditch south of FM 1442, 
and a short extension of the BH Road Ditch to connect it to the proposed Bessie Heights Drainage 
Ditch extension. 

The project is located within Orange County on the northwest side of Bridge City, Texas as shown 
in the attached Vicinity Map exhibit. The analyzed system is located in the lower portion of the 
Neches River watershed. The proposed modification will improve the conveyance of stormwater 
runoff from developments located within the Bessie Heights subbasin to the open water areas of 
the marsh, in route to the Neches River. This improved conveyance will decrease flood levels 
experienced in residential developments and neighborhoods within the project area.  

The models used as the basis for the analysis were developed as part of the US Army Corps of 
Engineers study of internal drainage for the Sabine Pass to Galveston Bay Hurricane Flood 
Protection Program. The hydraulic models used are Rain-on-Grid two-dimensional models 
developed in HEC-RAS 6.0. and the terrain is based on LiDAR data available from the Texas 
Natural Resource Information System (TNRIS).   

With recent climate changes and more frequent/more severe rainfall events, the National Weather 
Service (NWS) recently updated its statistical precipitation probability tables which resulted in the 
statistical “100-year” rainfall event for Orange County changing from approximately 12 inches of 
precipitation in 24 hours to over 17 inches of rain in the same 24 hour period.  The latest NWS 
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Mr. Don Carona 
Orange County Drainage District  
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models are referred to as “NOAA Atlas-14” rainfall data, and this data set was used in the 
development of the precipitation runoff models for this study.  For this study, the recurrence 
intervals of interests were the 10 year, 25 year, 50 year, and 100 year events. 

 The following Table summarizes the data applied to drainage models associated with this project: 

 

Several configurations of proposed conveyance improvements were analyzed.   

A base project was first developed which considered only the construction of an extension of the 
Bessie Heights Drainage Ditch, without including improvements to the existing Bessie Heights 
Drainage Ditch. The best design for the Bessie Heights Drainage Ditch extension consists of a 
trapezoidal channel with a 50 to 60-foot bottom width and varying side slopes. In addition to the 
Bessie Heights Drainage Ditch extension, improvement and extension of the BH Road Ditch were 
evaluated.  The optimum design for the BH Road Ditch, which draws additional run-off from 
residential areas and currently discharges to the vegetated marsh, involves extending the existing 
BH Road Ditch to the proposed Bessie Heights Drainage Ditch Extension.  The proposed BH 
Road Ditch extension is a trapezoidal channel with a 20-foot bottom width and 3:1 side slopes, 
approximately 3’ deep routed from the current termination of the BH Road Ditch to meet the 
proposed Bessie Heights Drainage Ditch extension west of the power line corridor.  

With a full understanding of the impacts of the proposed Bessie Heights Drainage Ditch extension, 
additional improvements were considered on the existing Bessie Heights Drainage Ditch 
upstream from the proposed extension to the FM 1442 bridge crossing. The channel 
improvements from FM 1442 to the proposed ditch extension would expand the existing Bessie 
Heights Drainage Ditch to a trapezoidal channel with a 40-foot bottom width and 3:1 side slopes. 
For this evaluation, the Bessie Heights Drainage Ditch extension and the BH Road Ditch remain 
the same size and geometry as previously described for the base project in the previous 
paragraph. 

While the Bessie Heights Drainage Ditch extension provides significant benefits in the form of 
reduced water surface elevations at each level of storm evaluated, when coupled with 
improvements to the existing Bessie Heights Drainage Ditch from FM 1442 to the proposed 
extension, the upstream benefits are further increased without adverse impacts to any of the 
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nearby residential properties. 

The best combined scenario for the ditch system resulted in the following configurations: 

Ditch/Location Bottom Width Flowline Elevation 
through TPWD Property 

Side Slopes 

BH Road Ditch 20’ -1.5’ 3:1 

Bessie Heights Ditch,             
FM 1442 to Relief Ditch 

40’ -2’ 3:1 

Bessie Heights Ditch Extension, 
EAST of power line corridor 

50’ -2’ to -2.5’ 3:1 

Bessie Heights Ditch Extension, 
WEST of power line corridor 

60’ -2.5’ to -3’ 4:1 

 

As the drainage outfalls progress further into the marsh area, flatter side slopes are necessary to 
accommodate slope stability in the soft, saturated soils conditions. 

As shown in the maps on following pages, the above-described ditch improvements result in the 
following water surface elevation reductions within the area of interest: 

Storm Event Annual Exceedance Probability 
(Statistical Return Interval) 

Anticipated Water Surface Reductions 
depending on location (see maps) 

10%  (10 year) ~3” to >6” reduction 

4%  (25 year) ~3” to >6” reduction 

2%  (50 year) ~3” to >6” reduction 

1%  (100 year) ~3” to >6” reduction 
 

The following tables show the comparison of water surface elevations for the alternatives.  The 
locations where the comparisons are made is shown in the Bessie Heights Cross Section Data 
exhibit. 

Improved Bessie Heights Ditch Between FM 1442 and Proposed Extension 

Annual 
Exceedance 
Probability 

With Existing  
Conditions 

With Ditch Extension 
and Improvements 
South of FM 1442 

WSE Change  
from Existing to 

Proposed 
Conditions 

 Evaluated 
Storm 

WSE 
(Feet) 

WSE 
(Feet) Change in WSE  

10% (10-yr) 6.09 5.39 -0.70’ (-8.4”) 
4% (25-yr) 6.51 5.89 -0.62’ (-7.4”) 
2% (50-yr) 6.82 6.25 -0.57’ (-6.8”) 

1% (100-yr) 7.12 6.58 -0.54’ (-6.5”) 
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Existing Bessie Heights Ditch South of Proposed Extension  
(no excavation)  

Annual 
Exceedance 
Probability 

With Existing  
Conditions 

With Ditch Extension 
and Improvements 
South of FM 1442 

WSE Change  
from Existing to 

Proposed 
Conditions 

  Evaluated 
Storm 

WSE 
(Feet)  

WSE 
(Feet) Change in WSE  

10% (10-yr) 5.30 4.65 -0.65’ (-7.8”) 
4% (25-yr) 5.62 5.04 -0.58’ (-7.0”) 
2% (50-yr) 5.85 5.32 -0.53’ (-6.4”) 

1% (100-yr) 6.08 5.57 -0.51’ (-6.1”) 
 

Proposed Bessie Heights Ditch Extension,  
between Improved Section of Bessie Heights Ditch and BH Road Ditch  

Annual 
Exceedance 
Probability 

With Existing  
Conditions 

With Ditch Extension 
and Improvements 
South of FM 1442 

WSE Change  
from Existing to 

Proposed 
Conditions 

   Evaluated 
Storm 

WSE 
(Feet)  

WSE 
(Feet) Change in WSE 

10% (10-yr) 5.51 4.75 -0.76’ (-9.1”) 
4% (25-yr) 5.86 5.18 -0.68’ (-8.2”) 
2% (50-yr) 6.12 5.48 -0.64’ (-7.7”) 

1% (100-yr) 6.37 5.76 -0.61’ (-7.3”) 
 

BH Road Ditch  
near Proposed Bessie Heights Ditch Extension 

Annual 
Exceedance 
Probability 

With Existing  
Conditions 

With Ditch Extension 
and Improvements 
South of FM 1442 

WSE Change  
from Existing to 

Proposed 
Conditions 

  Evaluated 
Storm  

WSE 
(Feet)  

WSE 
(Feet) Change in WSE  

10% (10-yr) 3.97 3.52 -0.45’ (-5.4”) 
4% (25-yr) 4.15 3.86 -0.29’ (-3.5”) 
2% (50-yr) 4.30 4.07 -0.23’ (-2.8”) 

1% (100-yr) 4.46 4.26 -0.20’ (-2.4”) 
 

As shown in the above tables, the proposed improvements provide a reduction in water surface 
elevation (WSE) for all storm frequencies.  The overall extent of the reductions can be seen in the 
attached Water Surface Comparison exhibits. 
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If you have any questions or need any additional information, please do not hesitate to contact 
me at dpilcher@lja.com or at 409.284.8581. 
 

 

 

Sincerely, 

 

Dawn Pilcher, PE         29 November 2021 
Sr. Project Manager 
 

 

ATTACTMENTS: 

Vicinity Map  
Bessie Heights Cross Section Locations  
10-YR WSE Comparison   
25-YR WSE Comparison   
50-YR WSE Comparison   
100-YR WSE Comparison   
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1 COASTAL STORM RISK MANAGEMENT 

1.1 PURPOSE 

The purpose of this appendix is to describe the economic methodology, its associated assumptions, 
and the use of economic and engineering tools used to assess, evaluate, and recommend a plan for 
the Sabine Pass to Galveston Bay, Texas Coastal Storm Risk Management and Ecosystem 
Restoration Feasibility Study.  

1.2 INITIAL SCREENING OF ALTERNATIVES  

Prior to the Alternatives Milestone Meeting, development of an initial array of alternatives from a 
wide range of measures for three regions covering six counties along the Texas Gulf Coast that 
would address coastal storm risk management and ecosystem restoration.  The initial study was 
scoped during a planning charrette in August 2012 to comply with SMART Planning guidelines.  
Following the first Alternatives Milestone Meeting (AMM) in July 2013, a determination was 
made that a study encompassing the three-region, six-county area could not be done within the 
constraints of SMART Planning.  Options were developed in order to minimize risk as much as 
possible and while still adhering to the basic tenets of SMART Planning.  The Galveston District 
developed an option for completing a study of low to moderate risk that would cost $4.4 million 
and would drop the Galveston region concentrating instead on the Brazoria and Sabine regions.  
The study also dropped any ecosystem restoration measures and would only analyze CSRM 
alternatives in Brazoria, Jefferson, and Orange Counties.  
 
The initial array of alternatives can be found in Appendix B – Plan Formulation. The final array 
of alternatives is shown in Table 1-1.  This array was agreed to in the Alternatives Milestone 
Meeting (AMM) that occurred on April 9, 2014.  This final array of alternative plans does not 
include alternatives in Galveston Bay region, nor does it include Ecosystem Restoration (ER) 
measures. Instead, those potential actions are to be included in future interim feasibility studies, 
including the ongoing Coastal Texas study. Appendix B further describes the formulation process 
that produced this final array.  
 

Table 1-1.  Sabine Pass to Galveston Bay, TX - Final Array of Alternatives 
Alternative 

Number 
Alt Name / Description 

No Action No Action or Future Without Project (FWOP) 
S5 Sabine Inland Barrier  CSRM Focus (Neches Gate/Sabine Levees/Hurricane Flood Protection) 

S11 Sabine Nonstructural Alternative/ Buyouts and Lone Star-type Conservation Plan 
B2 Brazoria Coastal Barrier CSRM Focus  (revised) 
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Alternative 
Number 

Alt Name / Description 

B5 Brazoria Nonstructural Alternative/ Buyouts and Lone Star-type Conservation Plan 
 
An IPR was conducted on May 30, 2014, to discuss the results in the analysis supporting whether 
the Neches Gate should be dropped from further consideration.  As a result of the decision to drop 
the Neches Gate and as means of clarifying the nomenclature for the final array, alternatives in the 
final array were renamed.   The Sabine Inland Barrier Alternative has been split into two parts, one 
addressing the new levee system in Orange and Jefferson Counties, and the other addressing 
improvements to the existing Port Arthur hurricane flood protection (HFP).  The Brazoria Coastal 
Barrier Coastal Storm Risk Management (CSRM) Focus has been renamed after its primary 
component – Freeport and Vicinity CSRM.  Non-structural plans will be evaluated for both 
Brazoria and Sabine regions.  
 

• Orange-Jefferson Coastal Storm Risk Management (CSRM) 
• Freeport and Vicinity CSRM 
• Port Arthur and Vicinity CSRM 
• Brazoria and Sabine Non-Structural 

1.3 REACH DETERMINATION 

The determination of reaches for the initial array of alternatives was based on the original 
designation of the three regions with measures and the subsequent alternatives being assigned to 
the appropriate region.  Following the approval of the exemption from SMART Planning and the 
successful concurrence of the final array of alternatives following the April 2014 AMM, reaches 
were developed for the areas according to the final array of alternatives.  This was required since 
a different methodology would be employed for the optimization of any new proposed 
levees/floodwalls and for improvements to any of the existing hurricane flood protection systems 
(HFP).  While the initial screening of alternatives used HEC-FIA with 1 % annual chance 
exceedance (ACE) depth grids in conjunction with HAZUS-MH data to determine without and 
with-project economic damages, the analysis for evaluating the final array would incorporate a 
risk-based analysis in compliance with ER-1105-2-101.  The following describes the reaches that 
were established for evaluating the final array. 

1.3.1 Orange-Jefferson CSRM 

The initial configuration of new levees was based on alignments from the Orange County Flood 
Protection Planning Study (Orange Report), completed in 2012.  Refinement of the alignments 
was made in some areas to increase potential benefits, reduce costs, and reduce potential 
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environmental impacts, and to protect critical infrastructure.  Without-project storm surge values 
were used to optimize levee heights and further refinement of the alignment for identification of 
the National Economic Development (NED) Plan and TSP.  As part of the identification of the 
NED and TSP, analysis was conducted to determine levee sections that are incrementally justified.  
Alternatives analysis was based on utilizing the without-project surge elevations and frequencies.  
Without-project storm surge and waves were based on previous work by FEMA and revised to 
current joint probability method – optimum sampling (JPM-OS) methods to the appropriate ACE 
values.  Figure 1-1 displays the initial configuration to be evaluated for these new levees at 
Jefferson and Orange Counties following the exclusion of the Neches Gate from further 
consideration.  The system was set up with three major components based on their location.  The 
following lists the major features. 
 

• Orange 1 – 3 
• Jefferson Main 
• Beaumont A – C 

 
The Orange component runs along the north side of the Neches River and was divided into three 
sections; Orange 1 on the western end that primarily protects Rose City, Orange 2 which begins 
just east of Rose City and ends roughly halfway between Rose City and Bridge City, and Orange 
3 which encompasses the remainder of the Orange County component.  Orange 1 consists of 
approximately 27,000 linear feet (LF) of levee and 16,500 LF of floodwall (total of 8.2 miles).  
Orange 2 consists of approximately 34,600 LF of levee (6.6 miles), while Orange 3 consists of a 
combination of 113,600 LF of levee and 29,800 LF of floodwall (total of 27 miles).  
 
The Jefferson Main component consists of approximately 41,700 LF of levee and 16,200 LF of 
floodwall (11 miles).  Beaumont A is combination of 3,100 LF of levee and 200 LF of floodwall 
(0.6 mile).  Beaumont B is 2,500 LF of levee (0.5 mile) and Beaumont C is 6,800 LF of levee (1.3 
mile).  

1.3.2 Port Arthur and Vicinity CSRM 

The draft findings of the Semi-Quantitative Risk Assessment (SQRA) for the Freeport system (to 
be discussed next) were applied to the plan formulation for the Port Arthur because one has not 
yet been done for this system.  For the Port Arthur system, the detailed description of the needs is 
similar to what will be presented in the Freeport HFPS section.  However, the Port Arthur system 
is different because there are no known deferred maintenance issues for the Port Arthur system at 
this time. 
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Figure 1-1.  Configuration of the Orange-Jefferson CSRM 
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The formulation of alternatives for the Port Arthur and Vicinity CSRM began with defining 
reaches for the system.  These were based on the failure locations identified by the levee safety 
program in the absence of a SQRA.  Figure 1-2 displays the Port Arthur HFPS failure locations.  
These locations were included in formulation where improvements would positively impact the 
system’s capacity for protection.  The following lists the reaches at Port Arthur.  
 

• Port Arthur 8feet-10feet I-Wall 
• Port Arthur Closure Structure 
• Port Arthur I-Wall Near Valero 
• Port Arthur I-Wall Near Tank Farm 

1.3.3 Freeport and Vicinity CSRM 

The draft findings of the SQRA for the Freeport system show vulnerabilities primarily associated 
with floodwall and levee overtopping.  Other performance issues identified during the SQRA were 
the result of deferred local sponsor maintenance, or alterations that local industrial stakeholders 
have constructed over time.  Floodwall performance issues, at locations where the originally 
constructed floodwall is still in place and has been operated and maintained in an acceptable 
manner, are being evaluated to include stability and resiliency.  Levee reaches that are non-uniform 
in height or otherwise susceptible to concentrated overtopping erosion during an event are being 
evaluated for raising or armoring to reduce the likelihood of breach.  
 
The formulation of alternatives for the Freeport and Vicinity CSRM began with defining reaches 
for the system.  These were based on the failure locations identified in the SQRA (Figure 1-3).  
These locations were then narrowed during formulation to those locations where improvements 
would positively impact the system’s capacity for protection and to reduce any redundancies.  For 
example, improvements to the Dow Barge Canal would negate any failures at the Dow Turning 
Basin.  The following is the resulting list of reaches at the Freeport and Vicinity CSRM.  
 

• Dow Barge Canal 
• East Storm Levee 
• Freeport Dock 
• Old River at Dow Thumb 
• Oyster Creek Levee 
• South Storm Levee 
• Tide Gate I-Wall 
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Figure 1-2.  Port Arthur and Vicinity CSRM  
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Figure 1-3.  Freeport and Vicinity CSRM  
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2 HEC-FDA ANALYSIS 

Note: Sections 2.1 to 2.8 describes the HEC-FDA ANALYSIS used for alternative development, 
formulation, and evaluation processes that led to the identification of the TSP. The information 
contained herein was presented in the Sept 11, 2015 DIFR-EIS that was released for public review. 
Changes to the TSP have occurred since that public review which are briefly described explained 
in Section 2.9. The changes to the TSP resulted in the Recommended Plan presented in this final 
section. 

2.1 ENGINEERING INPUTS  

2.1.1 Stage-Probability Relationships 

Water surface profiles representing stage-probability functions were imported into HEC-FDA 
utilizing data from Advanced Circulation model (ADCIRC) points for without-project storm surge 
and waves.  This sub-set of 62 total storms (based on previous FEMA work and revised by ERDC 
using subject matter expertise for storms having the most effect on stage-frequency) was used in 
the revised to current JPM-OS simulation technique for the appropriate ACE values analysis.  
Mean water level, wave height and wave period responses were defined for each of the modeled 
return periods.  In the absence of a Hydrologic Engineering Centers River Analysis System (HEC-
RAS) stationing scheme which would also use a stage-discharge function, those ADCIRC points 
falling closest to the location of the levee/floodwall footprint were used to develop average ACE 
values for the seven events modeled by ERDC.  For the existing Port Arthur and Freeport HFP 
systems, ADCIRC points representing average still water levels closest to the failure locations 
were used to quantify damages.  An equivalent record length (15 years) for each study reach was 
used to generate a stage-probability relationship with uncertainty for the without-project and the 
with-project alternatives through the use of graphical analysis based on the appropriate gage data. 
A sensitivity analysis on the 0.1 percent modeled points found a consistent one standard deviation 
difference of 2.1 feet for the Freeport Region and 2.0 feet difference for the Sabine region. 
Stage/probability functions entered into HEC-FDA using the fifteen year period of record found 
the average difference for one standard deviation to be 1.64 for Jefferson, 1.8 feet for Orange, and 
2.17 feet for Port Arthur. The average difference for Freeport was 3.18 feet. Increasing the period 
of record resulted in actual increases in the difference between the stated stage and the subsequent 
one standard deviation. Based on the fact that the storms ERDC used for modeling all occurred 
within the historical period of the last fifteen years and considering the results from analyzing the 
variation between data modeled by ERDC and what was entered into HEC-FDA, the fifteen year 
period of record is appropriate. The model used the eight stage-probability events together with 
the equivalent record length to define the full range of the stage-probability or stage-probability 
functions by interpolating between the data points.  Values for the 0.999 and 0.5 percent ACE were 
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set at 0.25 and 1.0 feet respectively in order to make HEC-FDA operational.  Table 2-1 lists these 
values used for each region.  The ADCIRC points for the Orange-Jefferson CSRM are shown in 
Figure 2-1.  Points for the Port Arthur CSRM are shown in Figure 2-2 and the ADCIRC points for 
the Freeport CSRM are in Figure 2-3. 
 
Still water levels were used to compare the economic efficiency of the alternatives.  Once the 
recommended plan is determined, wave run-up and overtopping will be analyzed at specific system 
locations in conjunction with any necessary interior drainage analysis. The horizontal and vertical 
datums used in the engineering inputs are referenced to North American Datum (NAD) of 1983.   
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Table 2-1.  Average Still Water Elevations at HEC-FDA Index Point 
Orange-Jefferson         

Exceedance Probability/Reach 
0.1 

ACE 
0.05 
ACE 

0.02 
ACE 

0.01 
ACE 

0.005 
ACE  

0.002 
ACE 

0.001 
ACE 

Orange 1 3.62 5.05 6.69 7.76 8.66 9.66 10.35 
Orange 2 3.6 5.36 7.24 8.52 9.6 10.77 11.57 
Orange 3 2.78 4.25 6.11 7.51 8.64 9.81 10.57 

Beaumont A 2.92 4.26 6 7.25 8.47 9.73 10.51 
Beaumont B  2.71 3.88 5.62 6.86 7.94 9.07 10.34 
Beaumont C 3.55 5.1 6.85 8.02 9 10.1 10.85 

Jefferson Main 3.08 4.63 6.31 7.49 8.47 9.51 10.22         
Port Arthur         

Exceedance Probability/Reach 
0.1 

ACE 
0.05 
ACE 

0.02 
ACE 

0.01 
ACE 

0.005 
ACE  

0.002 
ACE 

0.001 
ACE 

8ft-10ft I-Wall 2.85 4.31 6.98 9.25 10.94 12.68 13.81 
Closure Structure 3.45 5.01 6.9 8.2 9.3 10.46 11.2 

I-Wall Near Valero 3.87 5.97 8.47 10.47 12.61 14.77 16.08 
I-Wall Near Tank Farm 3.77 5.72 8.1 9.99 12.02 14.08 15.31         

Freeport Region         

Exceedance Probability/Reach 
0.1 

ACE 
0.05 
ACE 

0.02 
ACE 

0.01 
ACE 

0.005 
ACE  

0.002 
ACE 

0.001 
ACE 

South Storm Levee 4.21 6.68 9.59 11.63 13.71 16.31 17.93 
Old River levee at Dow Thumb 4.43 7.08 10.15 12.41 14.69 17.43 18.97 

Freeport Dock 4.47 7.17 10.3 12.63 14.97 17.79 19.38 
Tide Gate 4.46 7.18 10.32 12.65 15.02 17.9 19.52 

East Storm Levee 5.08 7.81 11.05 13.38 15.55 17.99 19.5 
Dow Barge Canal 4.6 7.46 10.82 13.28 15.76 18.55 20.12 

Oyster Creek 4.44 8.49 12.21 14.63 16.62 18.77 20.19 

2.1.2 Fragility Curves 

Fragility curves (the relationship between water surface stage on the exterior side of the levee 
versus the probability of levee failure) were developed based on the use of average still water 
levels for damage estimates.  Fragility curves for the Freeport HFP system were initially developed 
as a result of the Freeport SQRA and were modified slightly due to the use of average still water 
levels for damage estimates.  A similar approach was used for the development of the curves for 
the Port Arthur system.  These curves for the Port Arthur and Freeport systems are listed in Tables 
2-2 and 2-3, respectively. These fragility curves assume that all O&M is current and will be 
accomplished before implementing the Recommended Plan..   
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Figure 2-1.  ADCIRC Points Orange-Jefferson CSRM  
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Figure 2-2.  ADCIRC Points in Port Arthur and Vicinity CSRM  

04311
Draft 



HEC-FDA Analysis 

 
13 
 

 
Figure 2-3.  ADCIRC Points in Freeport and Vicinity CSRM 
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Table 2-2.  Fragility Curves for Port Arthur and Vicinity CSRM 
Stage Tank Farm 8ft-10ft I-Wall I-Wall Near Valero Closure Structure 

14 - 0.10 - - 
14.5 - 0.28 0.10 0.20 
15 0.20 0.45 0.50 0.40 

15.5 0.35 0.63 0.70 0.60 
16 0.50 0.80 0.90 0.90 

16.5 0.90 0.90 0.92 0.95 
17 1.00 1.00 0.93 1.00 

17.5 - - 0.95 - 
18 - - 0.97 - 

18.5 - - 0.98 - 
19 - - 1.00 - 

 
Table 2-3.  Fragility Curves for Freeport and Vicinity CSRM 

Stage 
 

Dow Barge 
Canal 

East Storm 
Oyster 

Creek Levee 
Freeport 

Dock 
Tide Gate I-

Wall 
Old River at 
Dow Thumb 

10.5 - - 0.03 - 0.04 0.04 
11 - - 0.06 - 0.08 0.08 

11.5 - - 0.1 - 0.11 0.11 
12 - - 0.13 - 0.15 0.15 

12.5 - - 0.16 0.05 0.19 0.19 
13 - - 0.19 0.75 0.23 0.23 

13.5 - - 0.23 1.00 0.26 0.26 
14 - - 0.26 1.00 0.3 0.3 

14.5 - 0.08 0.29 1.00 0.34 0.34 
15 - 0.15 0.32 1.00 0.38 0.38 

15.5 - 0.23 0.35 - 0.41 0.41 
16 - 0.3 0.39 - 0.45 0.45 

16.5 - 0.38 0.42 - 0.6 0.68 
17 - 0.45 0.45 - 0.75 1.00 

17.5 - 0.54 0.68 - 1.00 - 
18 - 0.63 1.00 - - - 

18.5 - 0.72 - - - - 
19 - 0.81 - - - - 

19.5 - 1.00 - - - - 
20 - - - - - - 

20.5 0.11 - - - - - 
21 0.23 - - - - - 

21.5 0.34 - - - - - 
22 0.45 - - - - - 

22.5 0.53 - - - - - 
23 0.6 - - - - - 
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2.2 ECONOMIC INPUTS 

2.2.1 Ground Elevations 

Centroids were created for each parcel to represent the structures associated with that parcel.  
Ground elevations were derived from data processed using U.S. Geological Survey Digital 
Elevation Model (DEM) 0.05m elevation data for the appropriate Gulf Coast Counties.  These data 
were obtained from Texas Natural Resources Information System (TNRIS).  Residential structures 
in inland areas generally received a 0.5-foot floor correction (some areas were raised 1 to 1.5 feet) 
while many of the coastal areas received much higher raises as appropriate. Industrial, commercial, 
and public structures received floor corrections from 0 to 5 feet.  The point at which damages for 
many high-value industrial and commercial structures is reflected in the ground elevation making 
floor correction was necessary. These floor corrections assumptions were verified through spot 
checks utilizing Google Earth and Google Street View. The horizontal and vertical datums used in 
the economic inputs are referenced to North American Datum (NAD) of 1983 or North American 
Vertical Datum (NAVD) of 1988.   

2.2.2 Structure Inventory  

All three study areas can be described as being relatively fully developed.  As discussed under the 
study area demographics, Brazoria is expected to be the one county among the three that is 
expected to grow at a rate outpacing the State.  Orange and Jefferson Counties are expected to 
grow at rates well below that of the State of Texas.  For the purpose of this analysis, housing stock 
is assumed to remain relatively constant over the period of analysis.  Since commercial and 
industrial make up a substantial amount of the structure inventory, those developments that are 
expected to come online with a reasonable amount of certainty and in the relatively near future are 
include in the inventory.  The structure inventory was derived from data obtained from each of the 
appropriate appraisal districts for the 2015 tax appraisal year (Table 2-4).  These data were adjusted 
to reflect a replacement cost less depreciation value. Due to tax abatements and incentives given 
to large industrial developers and due to the competitive nature of the petrochemical industry in 
the region, many high-value industrial and commercial properties are not listed on the tax appraisal 
rolls.  In these instances, square footage values were developed from those properties that were 
listed on the tax rolls based on square footage values of similar structures from appraisal data.  
Therefore, a certain amount of uncertainty exists for these values in many cases, which could lead 
to an over- or underestimation of damages. Values to reflect replacement minus depreciation were 

23.5 0.68 - - - - - 
24 0.75 - - - - - 

24.5 0.83 - - - - - 
25 1.00 - - - - - 

Table 2-3, continued 
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calculated using Marshall and Swift Commercial and Residential Estimator based on information 
contained within the appraisal district data including structure type, age, square footage, building 
materials, and condition on a random selection of both residential and non-residential structures 
on the following the TSP milestone. Samples were taken for each of the residential and non-
residential damage categories based on the depth/damage function applied to the specific 
structures. These adjustments were then averaged and applied to the appropriate damage category. 
Residential structures were adjusted by 24.4 percent and non-residential structures were adjusted 
by 14.6 percent. Two separate structure files with a high degree of overlap were created for the 
system since failures would impact slightly different numbers of structures.  One structure file was 
used for a failure at the Dow Barge Canal and another for the remaining reaches.  The following 
tables and figures depict the structure files used in the damage analyses.  Parcels representing the 
structures at risk for the Orange-Jefferson CSRM are in Figure 2-4, while the parcels representing 
the structures at risk for the Port Arthur and Freeport CSRM are in Figures 2-5, 2-6, and 2-7 
respectively. 
 

Table 2-4.  Structure and Content Values of Inventoried Structures by CSRM and Type 
2015 Price and Development Levels  

Orange-Jefferson CSRM 
Orange County 

Category Name Count Structure Value Content Value Total 
Commercial 268 $109,778,000 $109,203,000 $218,981,000 
Industrial 20 $1,711,063,000 $1,711,061,000 $3,422,124,000 
Multi-Family 193 $23,828,000 $23,828,000 $47,656,000 
Mobile 699 $10,573,000 $10,573,000 $21,146,000 
Public 214 $76,324,000 $83,913,000 $160,237,000 
Vehicles 16,045 $200,448,000 $0 $200,448,000 
Single-Family 12,734 $1,038,476,000 $1,038,443,000 $2,076,919,000 
Grand Total 30,173 $3,170,490,000 $2,977,021,000 $6,147,511,000 

Jefferson County 
Category Name Count Structure Value Content Value Total 
Commercial 893 $319,062,000 $431,769,000 $750,831,000 
Industrial 22 $662,341,000 $827,820,000 $1,490,161,000 
Multi-Family 226 $186,264,000 $186,264,000 $372,528,000 
Public 140 $124,284,000 $136,882,000 $261,166,000 
Vehicles 15,954 $167,781,000 $0 $167,781,000 
Single-Family 12,662 $2,539,056,000 $2,538,915,000 $5,077,971,000 
Grand Total 29,897 $3,998,788,000 $4,121,650,000 $8,120,438,000 

 
Port Arthur and Vicinity CSRM 

Category Name Count Structure Value Content Value Total 
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Commercial 1,152 $5,190,935,000 $8,777,567,000 $13,968,502,000 
Industrial 9 $201,486,000 $338,497,000 $539,983,000 
Multi-Family 269 $69,382,000 $69,382,000 $138,764,000 
Public 452 $217,266,000 $228,574,000 $445,840,000 
Vehicles 26,431 $350,231,000 $0 $350,231,000 
Single-Family 20,977 $1,911,200,000 $1,911,068,000 $3,822,268,000 
Grand Total 43,968 $7,869,963,000 $11,325,088,000 19,265,588,000 

 
Freeport and Vicinity CSRM 

Dow Barge Canal 
Category Name Count Structure Value Content Value Total 
Commercial 903 $117,426,000 $156,275,000 $273,701,000 
Industrial 45 $5,557,849,000 $9,339,639,000 $14,897,488,000 
Multi-Family 375 $68,916,000 $69,123,000 $138,039,000 
Mobile 6 $135,000 $135,000 $270,000 
Public 207 $225,032,000 $248,092,000 $473,124,000 
Vehicles 8,832 $185,858,000 $0 $185,858,000 
Single-Family 8,826 $377,405,000 $377,572,000 $754,977,000 
Grand Total 19,194 $6,532,621,000 $10,190,836,000 $16,723,457,000 

Lower Reaches 
Category Name Count Structure Value Content Value Total 
Commercial 244 $39,019,000 $30,565,000 $69,584,000 
Industrial 5 $13,383,000 $22,406,000 $35,789,000 
Multi-Family 117 $13,168,000 $13,168,000 $26,336,000 
Public 76 $28,620,000 $29,784,000 $58,404,000 
Vehicles 2,323 $38,847,000 $0 $38,847,000 
Single-Family 1,844 $74,744,000 $74,744,000 $149,488,000 
Grand Total 4,609 $207,781,000 $170,667,000 $378,448,000 

2.2.3 Vehicle Inventory 

The number of vehicles associated with a residence was estimated based on the average number 
of vehicles per residence characteristic of the study area, and the probability of their being present 
at the time of a flood.  This value is 1.26 vehicles per residence.  Values were based on the national 
average price of new and used vehicles as reported by the U.S. Bureau of Transportation Statistics 
(BTS) prices for new vehicles.  The most recent price reported by BTS is $13,105.  Adjusting this 
value based on the percent difference in median income for each county compared to the median 
income for the U.S., the resulting value for Orange County vehicles was set at $15,411 and $13,251 
for Jefferson County.  Vehicle values for Brazoria were set at $21,044. 
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Figure 2-4.  Orange-Jefferson CSRM Structures at Risk (Parcels)  
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Figure 2-5.  Port Arthur and Vicinity CSRM Structures at Risk 
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Figure 2-6.  Freeport and Vicinity CSRM Structures at Risk – Dow Barge Canal Reach 
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Figure 2-7.  Freeport and Vicinity CSRM Structures at Risk – Remaining Reaches 
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2.2.4 Depth-Damage Functions 

Depth-damage functions were obtained from the New Orleans District from the Lower Atchafalaya 
and Morganza to the Gulf, Louisiana, Feasibility Study.  These functions reflect saltwater 
inundation for short durations.  The following table lists the functions covering the following 
structure types and also the content-to-structure value ratio (CSVR) along with the uncertainties 
associated with the structure content values and the first-floor corrections. Uncertainties assumed 
a normal distribution (with the exception of vehicles which assumes a triangular distribution) and 
were based on coefficient of variation calculations for each of the sources of uncertainty and were 
also based on historic knowledge gleaned from based studies in the region.  
 
These functions were used primarily since they addressed the incidence of inundation from 
saltwater for short durations and because these damage functions, while not derived from locally 
oriented data, were more reflective current building guidelines and potential damage estimation.  
Graphical representations for these for these functions are depicted at the end of this appendix.
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2.3 FUTURE WITHOUT-PROJECT STRUCTURE AND CONTENT 
DAMAGES 

2.3.1 Methodology Overview 

The methodology employed for this economic analysis is in accordance with current principles 
and guidelines and standard economic practices, as outlined in the Planning Guidance Notebook 
– ER 1105-2-100.  Economic analysis is conducted at a given price level using the current Federal 
discount rate and a period of analysis of 50 years.  Per the Planning Guidance Notebook, flood 
events will be expressed in probabilistic terms rather than the classic “x-Year” event.  For example, 
the 100-Year event will be called a 1 percent ACE (equivalent to the HEC-FDA term Annual 
Exceedance Probability Event).  Other equivalent probabilities can be obtained by dividing 1 by 
the year occurrence interval; the 500-year event is 1/500 = 0.2 percent ACE, and so forth. 
 
A risk-based analysis (RBA) procedure has been used to evaluate without-project flood damages 
in the study area.  Guidance for conducting RBA is included in Corps Engineering Regulation 
1105-2-101, Risk-Based Analysis for Evaluation of Hydrology/Hydraulics, Geotechnical Stability 
and Economics in Flood Damage Reduction Studies (January 3, 2006).   

The guidance specifies that the derivation of expected annual flood damage must take into account 
the uncertainty in hydrologic, hydraulic, and economic factors.  Risk and uncertainty are intrinsic 
in water resource planning and design.  They arise from measurement errors and the inherent 
variability of complex physical, social and economic situations.  Best estimates of key variables, 
factors, parameters and data components are developed, but are often based on short periods of 
record, small sample sizes, measurements subject to error, and innate residual variability in 
estimating methods.  RBA explicitly and analytically incorporates these uncertainties by defining 
key variables in terms of probability distributions, rather than single-point estimates.  The focus 
of RBA is to concentrate on the uncertainties of variables having the largest impact on study 
conclusions.   

The following are the primary sources of uncertainty for coastal storm damage analysis studies 
along with a discussion of the uncertainties associated with each of these sources. 

• Stage/Probability – Uncertainty in the stage/probability curves are addressed by utilizing 
graphical exceedance probability functions which sets confidence limits for discharges at 
each discrete exceedance probability based on the equivalent record length.  Uncertainties 
is also addressed by assigning distributions to stage-damage functions.  In the case of this 
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study, the equivalent record length is set at 15 years and the error for the stage-damage 
functions is set at 0.5 feet. 

• Geo-technical Features – Fragility curves were developed for the two existing HFPSs from 
either completed or draft SQRAs conducted by a risk cadre in accordance to ER 110-2-
1156 for various identified breach locations on each of the two systems. These curves were 
developed as part of the reevaluation of the initial SPRAs at each system. These curves 
were developed to a much higher definition than is typically done for flood-risk analysis 
in HEC-FDA. No uncertainties were assigned to the fragility curves themselves since HEC-
FDA has no way of entering any uncertainty parameters.  

• Structure Elevation – Stated earlier, USGS DEM 0.05m elevation data was obtained from 
TNRIS and used for ground elevations with the observed foundation elevations added to 
ground elevation for the first-floor elevations. Uncertainties based on calculated 
coefficients of variation produced first-floor errors ranging from 0.493 to 0.788 feet 
depending on structure type.  

• Structure and Content Values – Uncertainties for structure and content values are based on 
calculated standard deviations by structure type. These standard deviations are expressed 
in terms of percentages and range anywhere from 6.5 to almost eighteen percent for 
structure values and range from 30 to almost 195 percent for content-to-structure ratios.  

• Inundation Depth/Percent Damage – Depth/Damage functions were obtained from the New 
Orleans District and are based on a triangular probability density functions using minimum, 
maximum, and most likely estimates for the damage percentage at various stages based on 
the input from a panel of experts. These estimates were generated for the District’s Lower 
Atchafalaya and Morganza to the Gulf, Louisiana, Feasibility Study. These curves are 
displayed in the back of this appendix. 

The Army Corps of Engineers Hydrologic Engineering Center has developed software specifically 
designed for conducting risk based analysis, referred to as the HEC-FDA Program.  Version 1.2.5 
was used for this analysis with the exception of the final recommended plan which was run in 
Version 1.4.  This program applies Monte Carlo simulation process, whereby the expected value 
of damages is determined explicitly through a numerical integration technique accounting for 
uncertainty in the basic parameters described above.  For this analysis, the number of Monte Carlo 
simulations is set at 100 with the minimum and maximum number of intervals set at 20 and 30 
respectively.  Data requirements for the program include: 
 

• Structure data, including structure I.D., category (single or multi-family residential, 
commercial, industrial, and public), stream location, ground and/or first floor elevation, 
structure value and content value.  These data were developed in a Microsoft Excel 
spreadsheet and imported into the HEC-FDA program 

04311
Draft 



HEC-FDA Analysis 

 
26 
 

• Hydrologic and hydraulic data, including water surface profiles and stage/probability 
relationships   

• Depth-Damage functions  

2.3.2 Future Without-Project Condition Expected Annual Damages 

Estimates of Expected Annual Damages (EAD) under future without-project conditions were 
calculated, using the risk and uncertainty model, through integration of frequency-damage data.  
The future expected annual damages shown here are projected over the project life of 50 years.  
Table 2-6 shows a breakdown of where these damages are predicted to occur for each CSRM.  
Tables 2-7, 2-8, and 2-9 break down the number of structures by event in each reach of the three 
project areas along with the corresponding still water level for that event.  
 
For the Orange 1, Orange 2, and Orange 3 alternative reaches, significant damages start at 
approximately the 1 percent ACE; the depth of flooding at the 1 percent ACE is approximately 8 
feet.  In the Jefferson Main alternative reach, significant damages start between the 2 percent and 
1 percent ACE; the depth of flooding between the 2 percent and 1 percent ACE is approximately 
6.5 feet and 7.5 feet.  For the Beaumont A, Beaumont B and Beaumont C the significant damages 
start at the 1 percent ACE; the depth of flooding is approximately 7.5 feet.  
 
The estimated start of damages for the Port Arthur and Vicinity alternative reaches is 
approximately 15 feet, which corresponds to an estimated high probability of failure of the existing 
HFPS based on the fragility curves.  Flooding depths approximate the stage on the exterior side of 
the existing HFPS, and goes up to approximately 14 feet for the 0.1 percent ACE.  
 
The estimated start of damages for the Freeport and Vicinity alternative reaches is approximately 
15 feet, which corresponds to an estimated high probability of failure of the existing HFPS based 
on the fragility curves.  Flooding depths approximate the stage on the exterior side of the existing 
HFPS, and goes up to approximately 19 feet for the 0.1 percent ACE.  

2.4 ALTERNATIVE ANALYSIS  

2.4.1 Orange-Jefferson CSRM 

As agreed at the Alternative Milestone Meeting (AMM), future without-project (FWOP) damages 
were run with a rough order of magnitude costs to identify NED benefits.  Costs representing a 
linear foot in both length and height for both levees and floodwalls were developed.  The costs per 
linear foot of levee were estimated at $237.50 and floodwalls were estimated at $475.00.  These 
costs included contingency, engineering and design, and constriction management.  Real estate 

04311
Draft 



HEC-FDA Analysis 

 
27 
 

costs were also included with commercial and residential estimates of $100,000 per acre, industrial 
at $70,000 per acre, undeveloped land at $9,000 per acre, and marsh at $750.  Operation, 
Maintenance, Repair, Replacement and Rehabilitation 
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