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Development Board

General Project Data

Cost per Structure

Pre-Project Level-of-

Post-Project Level-of-

# of Structures in 1%

Project Name FMP Project Description: Flood Region Project Type FIUP Project Category| Project Watershed Rural Applicant Project Cost Benefit Cost Ratio ) . Annual Chance FP Project Status
Removed Service Service .
(Pre-Project)
Project will be
Construct a new detention basin with designed to the 500-
nearby channel and crossing YR event with an
Bayou Din Detention improvements in the vicinity of Bayou estimated project
Basin 053000001 |Din. Neches Detention Pond 3 Sabine Lake S 85,000,000 4.9 442,708 [Unknown useful life of 75 years. 534 Design
Project will be
Expand the Bessie Heights Drainage designed to reduce
Bessie Heights Drainage Ditch to address flooding risk to impact from the 100-
Ditch Extension Project 053000002 |[residential properties in the area. Neches Channel 2 Lower Neches S 4,250,000 0 531,250 |Unknown YR event. 139 Planning
Project will be
designed to the 500-
Conduct repairs and install YR event with an
Channel 100-A Concrete improvements to Channel 100-A located estimated project
Repair 053000003 (|within the city of Beaumont. Neches Channel 2 Sabine Lake S 39,570,866 11.21 1,978,543 [Unknown useful life of 75 years. 1622 Design
Construct levees, floodwalls, pump
stations, drainage structures, and other Project will be
Port Arthur and Vicinity flood mitigation infrastructure to reduce designed to reduce
Coastal Storm Risk adverse flood impact in the vicinity of Lower Neches, Sabine impact from the 500-
Management Project 053000004 (the city of Port Arthur. Neches Comprehensive 3 Lake S 119,900,000 4.6 163,708 |Unknown YR event. 23310 Design
Construct levees, floodwalls, pump Project will be
Orange County Coastal stations, drainage structures, and other designed to reduce
Storm Risk Management flood mitigation infrastructure to reduce Lower Neches, Lower impact from the 500-
Project 053000005 |adverse flood impact in Orange County. Neches Comprehensive 2 Sabine, Sabine Lake S 2,400,000,000 1.2 193,387 |Unknown YR event. 3872 Design
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Score 1: Severity - Pre-Project Average Depth of Flooding (100-year) Score 2: Severity - Community Need (% Population) Score 3: Flood Risk Reduction
Severity Ranking: Pre-
Average Flood Depth Projgct Averagge Communities Served Community Flood Plain Severity Ranking: # of Structures
Project Name Notes ) Score 1 . . . Notes 2 Community Need (% Score 2 Removed from 1% Notes 3 Flood Risk Reduction Score 3
(100yr) Depth of Flooding by Project Population Served Population .
Population) Annual Chance FP
(100-year)

From 100-YR depth

raster acquired 19% of structures |Reduced risk to <50%
Bayou Din Detention from HEC-RAS Baseline average <25% of project removed from 1% ACE |of structures in
Basin 1.48 models flood depth > 1ft 6 City of Beaumont 115282 1297 1% community affected 1 101 Flood Risk floodplain 4

From 100-YR depth

raster acquired 6% of structures Reduced risk to <10%
Bessie Heights Drainage from HEC-RAS Baseline average <25% of project removed from 1% ACE |of structures in
Ditch Extension Project 1.13 models flood depth > 1ft 6 City of Bridge City 9546 207 2% community affected 1 8 Flood Risk floodplain 1

From 100-YR depth

raster calculated

from WSEL raster ~1% of structures [Reduced risk to <10%
Channel 100-A Concrete acquired from HEC- |Baseline average <25% of project removed from 1% ACE |of structures in
Repair 2.67 RAS models flood depth > 2ft 8 City of Beaumont 115282 7388 6% community affected 1 10 Flood Risk floodplain 1

City of Port Arthur,
Port Arthur and Vicinity Flood depth data City of Nederland, City 14% of structures |Reduced risk to <50%
Coastal Storm Risk not available from Baseline average of Port Neches, City of 25%-50% of project removed from 1% ACE |of structures in
Management Project N/A USACE flood depth < 0.5ft 2 Groves 105922 49671 47% community affected 4 3275 Flood Risk floodplain 4
This project's extents
are split between the
Sabine and Neches

Orange County Coastal Flood depth data regions; the area in [>75% of project 5% of structures Reduced risk to <10%
Storm Risk Management not available from |Baseline average City of Bridge City, the Neches region is |community affected removed from 1% ACE |of structures in
Project N/A USACE flood depth < 0.5ft 2 Orange County 9546 6708| used for this instance. |(by population) 10 201 Flood Risk floodplain 1
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Score 4: Flood Damage Reduction

Score 5: Critical Facilities Damage Reduction

Score 6: Life and Safety

# of Structures with Post-Project Damage Flood Damage # of Critical Faciliites Reduction in Critical Adjusted Injury Risk Life and Safety
Project Name Reduced 1% Annual |Pre-Project Damage $ ! . Notes 4 . . Score 4 Removed from 1% Notes 5 tren . Score 5 : ey Notes 6 Ranking (Injury/Loss Score 6
. S Reduction Facilities Flood Risk (%) .
Chance Flood Risk Annual Chance FP of Life)
18% of structures 4
have reduced impact Reduced risk for <10%
Bayou Din Detention from 1% ACE Flood [Flood damage of critical facilities in
Basin 97 Risk reduction < 25% 2 floodplain 1 N/A
2% of structures have 0 Reduced risk for O
Bessie Heights Drainage reduced impact from |Flood damage structures in
Ditch Extension Project 3 1% ACE Flood Risk [reduction < 25% 2 floodplain 0 N/A
28% of structures 0
have reduced impact Reduced risk for 0
Channel 100-A Concrete from 1% ACE Flood [Flood damage structures in
Repair 452 Risk reduction > 25% 4 floodplain 0 N/A
71
Port Arthur and Vicinity 2% of structures have Reduced risk for <10%
Coastal Storm Risk reduced impact from [Flood damage of critical facilities in
Management Project 441 1% ACE Flood Risk [reduction < 25% 2 floodplain 1 N/A
0
Orange County Coastal 5% of structures have Reduced risk for O
Storm Risk Management reduced impact from [Flood damage structures in
Project 175 1% ACE Flood Risk [reduction < 25% 2 floodplain 0 N/A
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Score 7: Water Supply Score 8: Social Vulnerability Score 9: Nature-Based Solution
Water Supply Benefit Water Supply Yield Social Vulnerabilit % Nature Based Nature-Based
Project Name ] PPYY SourcelD WMS_ID Notes 7 p,p y Score 7 SVI Score Notes 8 ) ¥ Score 8 ) ] Notes 9 ) . Score 9
in Acre-Feet Ranking Ranking Solution by Cost Solutions Ranking

Bayou Din Detention No impact on water SVI between 0.01-0.25 <25% of the project

Basin N/A supply 0 0.21314375 (low vulnerability) 1 0 cost is nature-based 1

Bessie Heights Drainage No impact on water SVI between 0.01-0.25 <25% of the project

Ditch Extension Project N/A supply 0 0.1558259 (low vulnerability) 1 0 cost is nature-based 1
SVI between 0.5-0.75

Channel 100-A Concrete No impact on water (moderate to high <25% of the project

Repair N/A supply 0 0.72570948 vulnerability) 7 0 cost is nature-based 1

Port Arthur and Vicinity SVI between 0.5-0.75

Coastal Storm Risk No impact on water (moderate to high <25% of the project

Management Project N/A supply 0 0.57444668 vulnerability) 7 0 cost is nature-based 1

Orange County Coastal

Storm Risk Management No impact on water SVI between 0.01-0.25 <25% of the project

Project N/A supply 0 0.16443804 (low vulnerability) 1 0 cost is nature-based 1
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Score 10: Multiple Benefits Score 11: O&M Score 12: Admin, Regulatory Obstacles Score 13: Environmental Benefit
. . . . ] Administrative, .
Project Name Multlple.Be.neflts Notes 10 Multiple !Seneflt Score 10 O&M Cost (Annual) Notes 11 F)peratlons and' Score 11 Notes 12 Regulatory and Other Score 12 Notes 13 Enwr?nmen'fal Score 13
Description Ranking Maintenance Ranking ] Benefit Ranking
Obstacle Ranking
Project requires
regular, ongoing Project has a typical
operation and number of Project will deliver a
maintenance; and/or administrative, moderate level of
Annual ecosystem Project delivers O&M requirements regulatory and environmental
Bayou Din Detention services benefits of benefits in 3 wider are well defined limitations / benefits (2-3
Basin $20,673,627. benefit categories 7 15000 (Regular); 7 requirements 6 categories) 6
Project has a typical
number of
administrative, Project will deliver a
Project delivers O&M information regulatory and low level of
Bessie Heights Drainage benefits in only 1 unavailable for the limitations / environmental
Ditch Extension Project wider benefit category 1 project requirements 6 benefits (1 category) 3
Project requires
regular, ongoing Project has a typical
operation and number of Project will deliver a
maintenance; and/or administrative, moderate level of
Annual ecosystem Project delivers O&M requirements regulatory and environmental
Channel 100-A Concrete services benefits of benefits in 2 wider are well defined limitations / benefits (2-3
Repair $1,944,072. benefit categories 4 15000 (Regular); 7 requirements 6 categories) 6
Project will require
ongoing operation
and maintenance
outside of the owner’s
regular maintenance Project has a high
practices; long-term number of Project will deliver a
O&M requirements administrative, moderate level of
Port Arthur and Vicinity Project delivers are undefined; and/or regulatory and environmental
Coastal Storm Risk benefits in 2 wider high annual O&M cost limitations / benefits (2-3
Management Project benefit categories 4 195000 > 1% of project (high); 4 requirements 2 categories) 6
Project will require
ongoing operation
and maintenance
outside of the owner’s
regular maintenance Project has a high
practices; long-term number of Project will deliver a
O&M requirements administrative, moderate level of
Orange County Coastal Project delivers are undefined; and/or regulatory and environmental
Storm Risk Management benefits in 2 wider high annual O&M cost limitations / benefits (2-3
Project benefit categories 4 4565000 > 1% of project (high); 4 requirements 2 categories) 6
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Score 14: Environmental Impact Score 15: Mobility Score 16: Regional

Environmental Impact Traffic Count for LWC
8 Score 14 Notes 15 Mobility Ranking Score 15 Project Count Regional Ranking Score 16

Project Name Notes 14
J Ranking Project

Project will protect some major access routes in
floodplain and the majority (>50%) of emergency Project region has recommended
service access. Some major and many minor <10% of total projects

access routes will remain flooded, and

Bayou Din Detention Project has no adverse emergency services access may be restricted in

Basin environmental impacts 10 some areas 4 5 10
Project will protect Some major access routes in

floodplain and the majority (>50%) of emergency
service access. Some major and many minor Project region has recommended
access routes will remain flooded, and <10% of total projects

Bessie Heights Drainage Project has no adverse emergency services access may be restricted in
Ditch Extension Project environmental impacts 10 some areas 4 5 10

Project will protect some major access routes in
floodplain and the majority (>50%) of emergency Project region has recommended
service access. Some major and many minor <10% of total projects

access routes will remain flooded, and

Channel 100-A Concrete Project has no adverse emergency services access may be restricted in
Repair environmental impacts 10 some areas 4 5 10

Project region has recommended

Project will protect some major access routes in <10% of total projects

floodplain and the majority (>50%) of emergency
service access. Some major and many minor
Port Arthur and Vicinity access routes will remain flooded, and

Coastal Storm Risk Project has no adverse emergency services access may be restricted in
Management Project environmental impacts 10 some areas 4 5 10

Project region has recommended

PrOJect will protect some major access routes in <10% of total projects

floodplain and the majority (>50%) of emergency
service access. Some major and many minor
Orange County Coastal access routes will remain flooded, and

Storm Risk Management Project has no adverse emergency services access may be restricted in
Project environmental impacts 10 some areas 4 5 10
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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
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improvements. Four pipelines are anticipated to be relocated to allow the proposed drainage improvements
to be constructed.
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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

. 5.5 7.4 9.3 12.3 15 18.2 27.6
(inches)



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.
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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.




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.
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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.



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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4 May 2022

Orange County Drainage District
Attn: Mr. Don Carona
Mr. Doug Manning
8081 Old Highway 90
Orange, Texas 77630

Re:  Orange County Drainage District’s Flood Management Projects; Engineer’s Certification
Regarding No Negative Impact

To: Orange County Drainage District

Pursuant to the request of the Orange County Drainage District (the “OCDD”), I have reviewed
the projects identified below for the purpose of determining whether the design and construction
of the identified projects will create a negative impact on surrounding properties. The OCDD
projects that I have reviewed are as follows:

PROJECT SRFPG ID
*  Cow Bayou #1 Detention Pond 043000001
*  Cow Bayou #2 Detention Pond 043000002
* Terry Gully #1 Detention Pond 043000003
*  Terry Gully #2 Detention Pond 043000004
*  Terry Gully #3 Detention Pond 043000005
*  Terry Gully #4 Detention Pond 043000006
*  Cole Creek #1 Detention Pond 043000007
*  Adams Bayou #1 Detention Pond 043000008
*  Adams Bayou #2 Detention Pond 043000009
*  Adams Bayou #3 Detention Pond 043000010
*  Adams Bayou #4 Detention Pond 043000011
*  Sabine River Relief Ditch Improvement and Extension Project 043000013
*  Tiger Creek Detention Pond 043000020
* Lawrence Road Detention Pond 043000021

*  Bridge City Drainage Outfall Improvement Project 043000023



*  Bessie Heights Drainage Ditch Extension Project Not Yet Assigned

*  Elevation of Feeder Road Bridge Along IH-10 at Cole Creek Not Yet Assigned

* Installation of New Culverts along FM 1442 (Bridge City) Not Yet Assigned
at the Colonial Outfall Ditch

*  Orange County Coastal Storm Risk Management Project Not Yet Assigned

(Levee, Floodwalls and Pump Stations)

I have reviewed, and I am familiar with the Technical Guidelines issued by the Texas Water
Development Board (“TWDB”) for determining whether or not a project creates a “negative
impact”, defined to be an increase in flood risk to surrounding properties. The Technical
Guidelines further note that the increase in flood risk must be measured by the 1 percent (1%)
annual chance event assuming a given water surface elevation and peak discharge, and that a
determination of no negative impact can be established if stormwater does not increase inundation
of infrastructure such as residential and commercial buildings and structures.

As Orange County is located on the north end of Sabine Lake, at the confluence of the Neches
River and Sabine River, with no other county located downstream, projects developed to improve
drainage within the county have no negative impact on any other county. Furthermore, the OCDD
has a strict policy, as documented in its Drainage Criteria Manual and Regulations, that no
development (residential subdivision, commercial, governmental or industrial) may have an
adverse impact on the drainage of another area. This policy of no adverse impact is evaluated and
strictly enforced for all drainage improvement projects planned and constructed within Orange
County or by the OCDD.

I have evaluated all of the above-referenced projects submitted by OCDD for inclusion in the
Sabine Regional Flood Plan, and hereby certify that none of the proposed projects identified herein
will negatively impact the existing drainage conditions of any other area, as defined and described
in the TWDB Technical Guidelines.
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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

R:\Miscellaneous-NAMES\DPilcher\Projects\OCDD\Bessie Hts & Marsh Drainage Issues\Bessie Heights\TPWD Letter Report -Bessie Heights-R3 updated model.docx



Mr. Don Carona
Orange County Drainage District
Page 2 of 5

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:

TABLE 5-5: RAINFALL DATA FOR ORANGE COUNTY
NOAA Atlas 14, volume 11, Version 2, Orange, TX
Recurrence Rainfall Depth (inches) for Given Duration

Interval

(years) 5 MIN 1SMIN | 30 MIN 1HR | 2HR 3HR 6 HR 12 HR 24 HR

2 0.61 1.23 1.76 2.35 2.97 3.35 4.04 4.80 5.62

5 0.75 1.51 2.16 2.90 3.77 4.33 5.32 6.36 7.48

10 0.87 1.74 2.47 3.35 4.45 5.19 6.50 7.85 9.29

25 1.02 2.05 2.90 3.95 541 6.43 8.26 10.1 12.1

50 1.15 2.26 3.19 4.37 6.15 7.43 9.73 12.0 14.5

100 1.25 2.49 3.50 4.82 6.95 8.54 11.4 14.3 17.3

500 1.56 3.11 441 6.19 9.30 11.7 16.1 20.8 25.8

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 Side Slopes
through TPWD Property

BH Road Ditch 20’ -1.% 3:1

Bessie Heights Ditch, 40 -2 3:1

FM 1442 to Relief Ditch

Bessie Heights Ditch Extension, 50’ -2'to-2.5 3:1

EAST of power line corridor

Bessie Heights Ditch Extension, 60’ -2.5 t0 -3 4:1

WEST of power line corridor

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:

(Statistical Return Interval)

Storm Event Annual Exceedance Probability

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
. . : WSE Change

Annual With Existing With Ditch Extension from Existing to
Exceedance Conditions and Improvements Proposed
Probability South of FM 1442 PO

Conditions
Evaluated WSE WSE .

Storm (Feet) (Feet) Change in WSE
10% (10-yr) 6.09 5.39 -0.70’ (-8.4”)
4% (25-yr) 6.51 5.89 -0.62° (-7.47)
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)
. . : WSE Change

Annual With Existing With Ditch Extension from Existing to
Exceedance Conditions and Improvements Probosed
Probability South of FM 1442 PO

Conditions
Evaluated WSE WSE :

Storm (Feet) (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’ (-6.17)

Proposed Bessie Heights Ditch Extension,

between Improved Section of Bessie Heights Ditch and BH Road Ditch
. : . WSE Change

Annual With Existing With Ditch Extension from Existing to
Exceedance Conditions and Improvements Probosed
Probability South of FM 1442 PO

Conditions
Evaluated WSE WSE :

Storm (Feet) (Feet) Change in WSE
10% (10-yr) 5.51 4.75 -0.76’ (-9.17)
4% (25-yr) 5.86 5.18 -0.68’ (-8.27)
2% (50-yr) 6.12 5.48 -0.64’ (-7.77)
1% (100-yr) 6.37 5.76 -0.61" (-7. 3”)

BH Road Ditch

near Proposed Bessie Heights Ditch Extension

. : . WSE Change

LI i sing | VDI Exenson | o gt
P o Conditions P Proposed

robability South of FM 1442 Conditions
Evaluated WSE WSE .

Storm (Feet) (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° (-2.47)

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.

ooooooooooooooooooooooooooooooo

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

Sincerely, 4

Dawn Pilcher, PE
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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Benefit-Cost Calculator

V.6.0 (Build 20220513.1658 | Release Notes)

Benefit-Cost Analysis

Project Name: Channel 100-A [Jefferson County Drainage District No. 6]

\

City

\ : Leaflet | Tiles © Esri
Map BCR
Marker Mitigation Title $;zzerty Hazard Benefits (B) Costs (C) (B/Q)
A
1 Drainage Improvement @ 30.0818340; /\ DFA - Riverine § 445,896,483 § 39,783,811 .21

-94.1487680 ﬂ Flood T T :

TOTAL (SELECTED) $ 445,896,483  $39,783,811  11.21
TOTAL $ 445,896,483  $39783,811  11.21

https://bcaofficeaddin-prod.azurewebsites.net/projects?_host_Info=Excel$Win32$16.01$en-US$telemetry$isDialog$$16 1/5
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Property Title:

Drainage Improvement @ 30.0818340; -94.1487680

Property Location:

77707, Jefferson, Texas

Property Coordinates:

30.0818340, -94.1487680

Hazard Type:

Riverine Flood

Mitigation Action Type:

Drainage Improvement

Property Type:

Residential Building

Analysis Method Type:

Professional Expected Damages

Project Useful Life (years):

75

Project Cost:

$39,570,866

Number of Maintenance Years:

75  Use Default:Yes

Annual Maintenance Cost:

$15,000

Comments

Project Useful Life:

years.

Mitigation Project Cost:

Annual Maintenance Cost:

Default value for storm sewer infrastructure is 50-years with concrete lined flood control channels up to 75-

Total Project Cost worksheet is attached FEMA GO application.

Approx. $5,000 per year for mowing new concrete lined channel - to be done up to three (3) times per year.

Year of Analysis Conducted:

2020

Year Property was Built:

1950

Analysis Duration:

71 Use Default:Yes

https://bcaofficeaddin-prod.azurewebsites.net/projects?_host_Info=Excel$Win32$16.01$en-US$telemetry$isDialog$$16
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Professional Expected Damages Before Mitigation
Drainage Improvement @ 30.0818340; -94.1487680

Damages Before Mitigation:

DDF worksheet attached to FEMA GO application.

OTHER OPTIONAL DAMAGES VOLUNTEER COSTS TOTAL

Recurrence Interval (years) Damages ($) Structural Value ($) Contents Value ($) Displacement ($) Number of Volunteers Number of Days Damages ($)

10 814,461 700,469 460,951 0 1,975,881

25 20,295,455 35,526,395 5,714,282 0 61,536,132

50 67,347,485 104,661,309 18,568,842 0 190,577,636

100 130,276,898 195,322,723 39,432,846 0 365,032,467

500 248,639,357 345,973,979 83,943,258 0 678,556,594
Comments

Annualized Damages Before Mitigation
Drainage Improvement @ 30.0818340; -94.1487680

Sum Damages and Losses ($)

Annualized Recurrence Interval (years) Damages and Losses ($) Annualized Damages and Losses ($)
10 1,975,881 661,602
25 61,536,132 2,165,863
50 190,577,636 2,637,556
100 365,032,467 3,981,519
500 678,556,594 1,357,045

Sum Annualized Damages and Losses ($)

1,297,678,710

,803,585

Professional Expected Damages After Mitigation
Drainage Improvement @ 30.0818340; -94.1487680

OTHER OPTIONAL DAMAGES VOLUNTEER COSTS TOTAL
Recurrence Interval (years) Damages ($) Structural Value ($) Contents Value ($) Displacement ($) Number of Volunteers Number of Days Damages ($)
10 375,745 281,468 215,939 0 873,152
25 17,686,935 27,336,481 5,907,410 0 50,930,826
50 60,312,061 95,636,581 16,461,755 0 172,410,397
100 127,095,388 190,255,843 38,612,817 0 355,964,048
500 248,179,288 345,859,338 83,943,258 0 677,981,884

https://bcaofficeaddin-prod.azurewebsites.net/projects?_host_Info=Excel$Win32$16.01$en-US$telemetry$isDialog$$16
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Annualized Recurrence Interval (years) Damages and Losses ($) Annualized Damages and Losses ($)
10 873,152 400,117
25 50,930,826 1,874,140
50 172,410,397 2,477,335
100 355,964,048 3,930,086
500 677,981,884 1,355,896
Sum Damages and Losses ($) Sum Annualized Damages and Losses ($)
1,258,160,307 510,037,574
Total Project Area (acres): 1,950
Percentage of Green Open Space: 12.00%
Percentage of Riparian: 0.00%
Percentage of Wetlands: 0.00%
Percentage of Forests: 0.00%
Percentage of Marine Estuary: 0.00%
Expected Annual Ecosystem Services Benefits:  $1,944,072
Comments
[ ]
Percent Green Open Space:
undeveloped tracts of land
Number of Workers: 3,654
Expected Annual Social Benefits: $43,220,219

Comments

Number of Workers:

https://www.census.gov/quickfacts/fact/table/beaumontcitytexas/LND110210 in civilian labor force, total,
percent of population age 16 years+, 2015-2019

https://bcaofficeaddin-prod.azurewebsites.net/projects?_host_Info=Excel$Win32$16.01$en-US$telemetry$isDialog$$16
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Total Standard Mitigation Benefits: $402,676,264
Total Social Benefits: $43,220,219
Total Mitigation Project Benefits: $445,896,483
Total Mitigation Project Cost: $39,783,811
Benefit Cost Ratio - Standard: 10.12

Benefit Cost Ratio - Standard + Social: .21

https://bcaofficeaddin-prod.azurewebsites.net/projects?_host_Info=Excel$Win32$16.01$en-US$telemetry$isDialog$$16
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MEMORANDUM FOR RECORD

SUBJECT: HYDRAULIC DESIGN CRITERIA FOR THE INTERIOR AREA OF THE SABINE
PASS TO GALVESTON BAY ORANGE CSRM LEVEE

References
i Public Law 115-270. Section 1401 (3)3., Water Resources Development Act of 2018
ii. USACE. Chief's Report-Sabine Pass to Galveston Bay, Texas, Coastal Storm
Risk Managementand Ecosystem Restoration Study 2017
i USACE, Sabine Pass to Galveston Bay, Texas Coastal Storm Risk Management

and Ecosystem Restoration Final Integrated Feasibility Report — Environmental
Impact Statement,
May 2017

iv. TxDOT, New Rainfall Coefficients -- Including tools for estimation of intensity and
hyetographs inTexas, 2015

V. TxDOT, Hydraulic Design Manual 2019

Vi Orange County Drainage District, Drainage Criteria Manual October 6, 2020

Vii. U.S. Geological Survey, Water-Resources Investigations Report 96—-4307
USGS Regional Equations for Estimation of Peak-Streamflow Frequency for
Natural Basins in Texas, 1996

Viii. Galveston Coastal Services, Interior Drainage — Progress
Summary andObservations — 05 FEB 2021

IX. USACE Hydrologic Analysis for Interior Areas EM 1110-2-1413, 2018

X. USACE CECW-PA MEMORADUM SUBJECT: Policy Guidance Letter No. 37,
CostSharing of Interior Drainage Facilities, No Date

XI. USACE and UCF, Assessing the Potential for Compound Flooding in Parts the
Sabine And Brazoria River Basins: Joint probability analysis of high river
discharge and storm surge. No Date

1. The purpose of this memo is to establish the design criteria for the interior drainage area of
theOrange CRSM levee for the Sabine Pass to Galveston Bay Project and how results of
the performance of the design criteria will be determined and implemented.

2. The Sabine Pass to Galveston Bay Project was authorized in Section 1401 of the Water
Resources Development Act of 2018 (P.L. 115-270) (Ref. i). The authorization states that
the Sabine to Galveston Project will be carried out substantially in accordance with the
plans and subject to the conditions described in the Chief's Report (Ref ii). The Chief's
Report details the Orange CSRM plan which will build seven pump stations, 56 drainage
structures, and 32 closuregates located at road and railway crossings to mitigate interior
flooding during surge events. Twonavigable sector gates with adjacent vertical lift
floodgates for normal channel flows would be constructed in Adams and Cow Bayous to
reduce surge penetration.

3. The development of the interior drainage analysis in support of the study was summarized
in the Sabine Pass to Galveston Bay Integrated Feasibility and Environmental Analysis
Report (Ref iii). The analysis documented in the report is based on the USACE standard
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covered in Ref ix which governs Hydrologic Analysis for Interior Areas. Ref ix requires that
the minimum facilities design event be based on the local drainage system design event,
which is published by Orange County Drainage District (Ref vi). A hydrologic analysis using
the Rational Method determined the frequency-discharge values for small watersheds and
regression equations were used to determine the frequency-discharge values of large
watersheds. The rainfall intensity parameters used for the Rational Method were based on
rainfall estimates published in 2015 by TxDOT (Ref. iv). TXDOT has since updated their
Hydraulic Design Manual (Ref. v) with new parameters which are published in the current
Orange County Drainage District Design Criteria Manual and Regulation (Ref. vi). For large
watersheds, discharges were conservatively chosen based on the higher results of two
regressions equations published by TxDOT (Ref. v) and the USGS (Ref. vii).

In the Feasibility Study, drainage provided by culverts through the design levee were placed
in areas of known flow paths and sized to allow the 100-year discharge plus a 10% increase
for climate change to pass without backwater effects. No pumps were required or
anticipated for the “open gate” condition. As a result, it was assumed that there were no
interior flood impacts for low exterior, or “open gate” conditions. Under a surge conditions
or “closed gate conditions”, it was assumed that the gravity drained flood waters equivalent
to a 25-year storm behind the interior would be pumped over the levee. Pump sizes were
reduced based on a Joint Probability Analysis(JPA) on the nearby Neches River due to the
assumed non-coincident nature of riverine and costal surge events.

Due to the simplistic methods used to generate interior hydrology (Regression Equations
and Rational Method) and the assumptions on culvert performance, a more detailed
analysis was recommended for PED. There is concern that the interior drainage design will
not perform as well as in feasibility. Reasons for reduced performance for drainage could
be attributed to an increase in runoff due to application of NOAA Atlas14 precipitation
values and reduced culvertperformance due to inclusion of tailwater conditions and
frictional losses.

With any changes to the design, the hydraulic performance must meet the minimum
facility requirement stated in multiple USACE guidance documents (Refs. ix, x). Minimum
interior drainage facilities are defined as the measures required to provide interior
drainage relief such that, during low exterior stages, the local storm drainage system will
function as it did without the line-of-protection in place to accommodate the flows from the
storm water system design storm. Minimum facilities may also include higher storm water
design standards than accommodated by the local storm water system if these higher
standards are mandated by validly promulgated Federal, State or local regulations. The
current standard to which the minimum facilities is to be based on is defined in the Orange
County Drainage District Drainage Criteria Manual and Regulation (Ref. vi).
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7.

10.

Orange County Drainage District Drainage Criteria Manual has developed separate
criteria forwhat is referred to as “primary” and “secondary” drainage features. Primary
drainage facilities include open channels, bridges, culverts, and enclosed drainage
systems (i.e., open channel thathas been enclosed). Secondary drainage facilities include
storm sewer systems, roadside ditchesand associated structures, and other facilities such
as sheet flow swales, small culverts, local detention facilities, and other structures which
typically serve relatively small drainage areas, as well as lot grading and drainage
requirements.

Primary features adopt a 100-year level of protection for future primary drainage facilities.
Channels shall be designed to convey 100-year peak flow rates with a minimum freeboard
of 1 foot. These channels should also be analyzed using a 10-year design storm event to
ensure the channel has adequate capacity to accept and convey a more frequent and more
intense storm of shorter duration which could cause “flash flooding”. For open channel
studies involving FederalEmergency Management Agency (FEMA) submittals, the 10-year,
50-year, 100-year, and 500- year storm frequencies must be analyzed. Other criteria
existing beyond these critical regulationsare within the Orange County Drainage Manual.
Conversations with the local stakeholders clarified the residual flooding requirement to mean
0.0 ft rise in water surface elevation for areas inundated by the 50% CL 100-year 24-hour
storm defined in NOAA Atlas 14.

The minimum requirement does not address a surge or “closed gate” condition. However,
the intent of the feasibility design performance was to size pump stations to pass the 25-
year interiorflood over the levee. The closed condition should evaluate a design to meet this
performance goal under updated inputs (NOAA Atlas 14) and methods (computational
modeling using HEC-HMS and HEC-RAS). Ultimately, the closed condition should be
evaluated under a coincident inland flood event to a condition or event that necessitates a
“closed gate” condition, including a predicted coastal flood event. This information is
resolved by developing a JointProbability Analysis. The Joint Probability Analysis should
determine the coupled surge/interior flood conditions and assign a frequency probability to
them. A recent JPA analysis was conducted on the Adams and Cow Bayou by USACE and
UCF (Ref. xi) following the FeasibilityStudy. The analysis provided return periods for
compounding flood events. For the Cow Bayou,a relationship between the Cow Bayou
discharge gage at the Mauriceville and surge levels at Sabine Pass Tidal Gage were
developed. For Adams Bayou, due to a lack of gage data, a relationship was developed
between precipitation the weather station at Orange and surge levels at the Sabine Pass
Tidal Gage. The relationships were developed by investigated correlations in the data sets
and applying best-fit distributions and copulas. The results are shown in the Figures1 and 2.

Measures to solve residual interior flooding may include larger capacity outlets, diversion
structures, pressure conduits, excavated detention storage, ponding areas, pumping<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>