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Executive summary

As is the case for any city, past development decisions have resulted in recurring flooding in
areas of the City of Gatesville (City). Both City parks — Faunt Le Roy and Raby — are regularly
closed during flooding events, and recent development upstream of Business US 84 has
increased runoff resulting in flooding along a channel south of downtown. To establish a path
forward to mitigate flooding issues, the City applied for a grant under Category 1 of the Flood
Infrastructure Fund and retained Walker Partners to prepare a Master Drainage Plan.

The purpose of this Master Drainage Plan was multi-fold:

e Gather and record historical information regarding flooding within the 1207020109:
Coryell Creek — Leon River watershed;

e Analyze the watershed to determine the current peak discharges;
e Establish accurate digital mapping of the limits of the 100-year floodplain;

e Evaluate the adequacy and safety of existing drainage infrastructure including bridges,
culverts, channels, and other facilities/structures;

e Identify local and regional (structural and non-structural) flood mitigation projects to
provide long-term, sustainable flood protection measures;

e Recommend a Capital Improvement Program to construct new improvement projects to
protect the public against flood damage and injury, including loss of human life.

New floodplain maps were created using the latest available hydrologic software (HEC-HMS
Version 4.10) and hydraulic software (HEC-RAS Version 6.2) for land use based upon modern-
day urbanization. This one dimensional (1D) steady state floodplain analysis revealed 16
potential flood-prone areas. For each of these problem areas, both structural and non-structural
mitigation strategies were analyzed to protect public safety and property.

The non-structural mitigation strategies considered by the project team include the following:
e Property acquisition (buy-outs)
e Flood warning systems

The structural mitigation strategies considered for each identified flooding area include the
following:

e Regional detention;
e Conveyance improvements — channelization, bridge or culvert improvements
e Earthen levee improvements and parapet walls

In addition to the City of Gatesville, key stakeholders in the Master Drainage Plan include
Coryell County, the Texas Water Development Board (TWDB), the Region 8 Regional Flood
Planning Group (Region 8 RFPG), the Texas General Land Office (TXGLO) and the Waco
District of the Texas Department of Transportation (TXDOT).

ES-1
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Executive Summary

Economic analyses were conducted for the various mitigation strategies analyzed for each flood-
prone area and the “best value” solution has been recommended at each site. Since they are
proposed to be incorporated in the State Flood Plan and funded by the FIF, detailed benefit-cost
analyses were performed for the Sun Valley Neighborhood and Straws Mill Road sites. A
summary of the recommended flood mitigation solutions, along with the estimated project costs
and responsible entities, are shown in Table ES-1 below:

Table ES-1: Summary of mitigation solutions.

Flood-Prone Recommended Estimated | Responsible | BC Funding
Area Solution Cost Entity Ratio Source
FEMA Hazard
. . City of Mitigation or
East Leon Street | Acquire or raise 10 houses $1,425,405 Gatesville N/A Increased Cost of
Compliance
Construct a parapet wall to .
Leon Wastewater | ¢ 1o the ring $642,100 City of N/A | CWSRL grant
Treatment Plant Gatesville
embankment
Straws Mill Road Ra d by 5 feet City of
Low Water a'se roacway by > fee $1,021,710 |  Gatesville; 1.81 | FIF Project grant
] and enlarge culverts
Crossing Coryell County
Arrowood Lane | Replace the bridge crossing $982,192 Coryell N/A | CDBG-DR grant
County, City of
SH 36 Add 2 8’x8’ culverts $328,140 Gatesville N/A TXDOT
TXDOT and
. Replace and add culverts, . General
FM 929 crossing widen downstream channel Pt iy (.)f e TXDOT
Gatesville
Sun Valley City of .
Neighborhood Construct an earthen levee $1,594,294 Gatesville 1.38 FIF Project grant
Total Proposed Mitigation Cost $7,529,091

Gatesville identified 7 potential Flood Mitigation Projects (FMPs) as shown in Table ES-1.
Through further analysis, Gatesville narrowed the list to 2 FMPs to be funded by the Flood
Infrastructure Fund (FIF) that were fully developed and submitted on 5/12/23 to the Region 8
RFPG for inclusion in the State Flood Plan. TWDB’s list of abridged data was also provided to
describe the flood mitigation solutions at the other 4 locations. In July 2023 the Region 8 RFPG
included 6 of the 7 projects as recommended FMPs in Table 16 in Appendix 5.2 of the Amended
Region 8 Flood Plan, but they did not include the East Leon Street as a recommended Flood
Mitigation Strategy (FMS) in Table 17 in Appendix 5.3 of the Amended Region 8 Flood Plan
due to lack of local sponsorship.

ES-2
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Introduction

Chapter 1

Sound regional planning brought forth Lake Proctor and Lake Belton — flood control lakes along
the Leon River which have tamed the river for almost 70 years. Now, however, planning is
needed for the urbanized watersheds, streams, and tributaries that flow into the Leon River.
Gatesville, like most major cities, has experienced urban sprawl since the early 1960’s. The City
of Gatesville Master Drainage Plan will evaluate and develop solutions for recurring flooding.

The City of Gatesville contains portions of four major, regional watersheds, all within the Leon
River basin. Two of these watersheds, the Stillhouse Branch and the Dodd Branch converge
with the Leon River just upstream of the US Highway 84 crossing. Detailed hydraulic modeling
was performed for 28 stream miles of the Leon River, Stillhouse Branch and its tributaries and
the Dodd Branch within the municipal limits and ETJ of Gatesville, as described in Table 1-1
below and in red in Figure 1-1 on the next page, along with detailed hydrologic modeling of the
entire Coryell Creek — Leon River HUC-10 watershed (1207020109: Coryell Creek — Leon
River) approximately 46 square miles.

Table 1-1 — Hydraulic model study reach lengths.

Stream Downstream Upstream Effective | Length
Name Limit Limit Zone (miles)
. Approximately 5,900 ft. DS | confluence with
Leon River of HWY 36 Stillhouse Branch AE 132
Stillhouse Branch Confluence with Leon River Highway 36 ':E %g
Confluence with Stillhouse ]
Confluence with Stillhouse ]
CG-4 Branch Coryell City Road AE 0.2
Confluence with Stillhouse ]
Confluence with Stream
CG-5A (new) CG-5 Northern Avenue A 0.4
Confluence with Stillhouse ]
) Confluence with Leon River | i AE 1.5
CG-2 Highway 84 A 15
Confluence with Stream ]
CG-2A (new) CG-2 Highway 84 A 0.3
Dodd Branch Confluence with Leon River Highway 84 A 34
Total Length in (miles) = 28.0
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1.1 Purpose

The City of Gatesville applied for a Flood Infrastructure Fund grant from the Texas Water
Development Board and retained Walker Partners to evaluate the City of Gatesville’s major
“riverine” drainage systems and publish Gatesville’s first Master Drainage Plan. The purpose of
this flood protection planning effort is to:

1. Gather and record historical information regarding flooding within the Leon River
drainage basin, particularly flooding which jeopardizes public safety (including loss of
human life) and causes financial damage to private properties;

2. Analyze the Coryell Creek — Leon River HUC-10 watershed to determine the current
flooding conditions;

3. Update the inundation limits of the 100-year floodplain of the Leon River and its major
tributaries within the city limits of Gatesville based upon urbanization as is exists today;

4. Evaluate the adequacy and safety of existing drainage infrastructure including bridges,
culverts, channels, and other facilities / structures;

5. Identify local and regional (structural and non-structural) flood mitigation projects to
provide long-term, sustainable flood protection measures;

6. Recommend a Capital Improvement Program to maintain and manage the existing
drainage infrastructure as well as to plan and construct new improvement projects to
protect the public against flood damage and injury, including loss of human life.

1.2 Scope of work

The Gatesville Master Drainage Plan was structured to address the flooding issues that exist
within the planning area; to develop updated hydrologic and hydraulic models to evaluate
potential structural and non-structural flood protection measures; and to involve the general
public in the development of a regional flood protection plan. The scope of work is divided into
five primary tasks, as described below.

Task 1 — Field Survey

Field survey cross-sections of selected drainage channels to be used in preparing a hydraulic
model to determine water surface elevations and areas of inundation. The preliminary cross
section layout was based on an initial field reconnaissance visit. Based on this preliminary
layout, field surveys were conducted to obtain channel cross sections, establish horizontal and
vertical control datums, and obtain the physical dimensions of hydraulic and flood-control
structures. Vertical control was based upon the North American Vertical Datum of 1988
(NAVDS88). The 2018 LIDAR panels from the Texas Natural Resources Information System
were processed to prepare terrain surfaces of the drainage channels with elevation contours at 1-
foot intervals. Field survey also included surveying the finished floor elevations of up to 10
insurable structures.
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Task 2 — Hydrologic Modeling

The hydrologic model includes the entire Coryell Creek — Leon River (1207020109) HUC-10
watershed shown in Figure 1-1 below. Collect data necessary to evaluate the drainage areas and
construct a computer hydrology model. HEC-HMS (version 4.10) by the U.S. Army Corps of
Engineers (USACE) was utilized to model the 5-, 10-, 25-, 50-, 100-, and 500-year storm events.
Hydrologic analyses were based on the latest Atlas 14 rainfall data.

Task 3 — Hydraulic Analysis

Hydraulic analyses were performed for each stream segment listed in Table 1-1 above, including
surveyed cross sections and surveyed hydraulic structures, using the peak discharges computed
in Task 2 above. HEC-RAS (version 6.2) by the USACE was used to perform the hydraulic
modeling of the 20-, 10-, 4-, 2-, 1-, and 0.2-percent-annual-chance events. Hydraulic analyses
included the determination of water surface profiles for creeks and hydraulic capacities of
culverts, bridges, and other hydraulic structures as needed at selected locations. This task did not
include development of floodway hydraulic models or any modifications to regulatory floodway
boundaries. The HEC-RAS model of the Leon River provided by the Fort Worth District
USACE was incorporated by updating the peak discharge values. This task also did not include
submittal of the updated models and floodplain mapping to FEMA as a Letter of Map Revision
to update the effective FIRM maps.

Task 4 — Model Proposed Improvements

Known problem areas were identified through a regional workshop with City engineering,
maintenance, and emergency management staff. The majority of the problem areas were
identified initially in the data collection phase and through discussions with City staff. Other
problem areas were identified based on updated floodplain mapping and modeling, or from field
assessments of drainage infrastructure. Regional detention facilities to reduce the peak
discharges for downstream reaches were considered for each problem area.

Conceptual solutions were prepared for each identified problem area. Next, GIS shapefiles and a
map of the proposed planning area were prepared to show the extents of each conceptual solution
along with tabular data describing each CIP project. The conceptual solutions and CIP were
presented at Public Meeting #2 on January 24, 2023.

Task 5 — Master Drainage Plan Report

This report has been drafted to document the analysis methods used and conclusions reached
regarding potential CIP projects. Preliminary opinions of project costs; other project
prioritization factors for each project; and a recommended Capital Improvement Program are
included in this report. Two public meetings were conducted with the representatives of the
participating political subdivisions above, in an effort to solidify a regional flood protection plan.
The Draft Report was presented at Public Meeting #2 on January 24, 2023.



esv lee Master Drainage Plan — Final Report Chapter 1

Spur Capital of Texas

1.3  Study area delineation

The entire Coryell Creek — Leon River (1207020109) HUC-10 watershed is shown in Figure 1-1
below, along with the municipal boundaries of the City of Gatesville, their extra-territorial
jurisdiction and the unincorporated areas of Coryell County.

Legend

HUC 10
Major Highways

——— Hydraulic Study Streams
Gatesville ETJ
Gatesville City Limit

—
Mies

Figure 1-1: Coryell Creek — Leon River (1207020109) HUC-10 watershed

There are 4 other HUC-10 watersheds upstream of Gatesville below Lake Proctor, shown in
Figure 1-2 below, but due to long travel times it was determined that the most intense storm

events would be centered over the Coryell Creek — Leon River HUC-10.

e

4
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2.0 Data collection

Available existing reports and studies regarding the Coryell Creek — Leon River HUC-10
watershed were gathered and summarized.

2.1 Previous studies and reports

Table 2-1 lists the previous studies / reports that were reviewed as part of our data mining
efforts. These sets of data and reports span from 1981 to the present.

Table 2-1: Summary of previous studies and reports.

Date Title Author
Mar 1981 _T_L(:(zi Insurance Study — City of Gatesville, Coryell County, Ijﬁl\?j?r?ir:?sstur;;r:)cne
May 2009 | Leon WWTP Slope Protection LAN
Feb 2010 | Flood Insurance Study — Coryell County, Texas FEMA
Jan 2015 Leon River Watershed Protection Plan Benchmark Planning
May 2016 | Brazos Basin of the Texas Red River FEMA Region 6 LIDAR USGS
2020 Gatesville Comprehensive Plan Benchmark Planning
2022 Coryell County Stream Crossing Prioritization NRS

2.1.1 FEMA effective study

March 1981: FEMA Flood Insurance Study — City of
Gatesville, Coryell County, Texas

The hydrologic and hydraulic analysis for this study
represents a revision of the original analyses that were
prepared by Albert Halff Associates, Inc. for the Federal
Insurance Administration (FIA) under Contract No. H-
Tixag: GATESVILE 4648. The hydraulic analysis for the original study was
CORYELL ComNIY ; performed with HEC-2 and completed in April 1980.

,
\
D federal emergency t agency
federal insurance administration

COMMMIITY NN - 480758
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CORYELL COUNTY,
TEXAS
AND INCORPORATED AREAS

Community ~ Community
Name

CORYELL COUNTY | 1
UNINCORPORATED AREAS 1
COPPERAS COVE.GITYOF 480155  ——

EVANT, CITY OF h

GATESVILLE, CITY OF 480156
MCGREGOR, CITY OF
OGLESBY, CITY OF 480769

SCUTH MOUNTAIN, CITY OF 480317 N\

Effective February 17, 2010

Federal Emergency Management Agency
FLOOD INSURANCE STUDY NUMBER
48099CVO00A

2.1.2 Previous studies and reports

Master Drainage Plan — Final Report

Chapter 2

February 2010: FEMA Flood Insurance Study —
Coryell County and Incorporated Areas, Texas

In 2010 FEMA issued an updated Flood Insurance
Study for Coryell County and Incorporated Areas.
The effort was largely a modernization of the FIRM
maps to a digital countywide format, and the
hydrologic and hydraulic analysis for this study
remained the same as the original analyses prepared
by Albert Halff Associates, Inc. for the FIA under
Contract No. H-4648 in April 1980. For streams in
Gatesville, the floodplain boundaries of the detailed
study and some of the Zone A streams were
redelineated onto the latest available topography,
which was the USGS 7.5 minute quadrangle series
maps from 1957.

The listing of reports below is not considered to be all inclusive, but rather it is a listing of all
available reports provided by the City of Gatesville staff.

CONSTRUCTION PLANS FOR

CITY OF GATESVILLE

GATESVILLE LEON WWTP
SLOPE PROTECTION

City of -lle

Spur Capml of Texas

CITY OF GATESVILLE
110 NuRw BTH STREET
GA

SON
SANDRA SHEPHERD-CAIN

CORYELL COUNTY, TEXAS
MAY 2009

CITY MANAGER
ROGER MUMBY

May 2009: Lockwood Andrews and
Newnam Leon WWTP Slope
Protection

In May of 2009 the City of Gatesville
received emergency funding from the
USDA-NRCS to construct a sheet pile
wall to protect the bank of the Leon
River from eroding into the Leon
Wastewater Treatment Plant.
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Jan 2015: Parsons Water & Infrastructure Leon River
Watershed Protection Plan

Witershisa PrtociTel As part of their Clean Rivers program, the Brazos River

RaEEa - Authority (BRA) utilized a federal Clean Water Act §319(h)

SRS E  non-point source grant funding administered through the

: Texas State Soil Water & Conservation Board (TSSWCB) to
develop a watershed protection plan for the Leon River from
Lake Proctor downstream to Lake Belton. This was a multi-
year effort supported by local stakeholders to reduce levels
of bacteria and nutrients in the river and its tributaries. The
Leon River was placed on the Texas 303(d) list as impaired
for bacteria in 1996. A TMDL process was initiated by the
TCEQ in 2002, but they delayed adoption of the final TMDL
in 2008 until the WPP was completed.

., 2020: Benchmark Planning City of Gatesville -
Comprehensive Plan

In 2020 the City of Gatesville developed a Comprehensive
Plan to establish a cohesive vision for the future growth of
the community, to promote sound development and the
health, safety and welfare of the community. This vision
~and policy will help Gatesville preserve desired aspects of
| the city’s character, respond to changing conditions in a
coordinated manner and make wise investments with the
limited resources available. As stated in Section 4.3, “As
~evidenced by recent flood events, the hazards associated
_with flooding, especially the Leon River, can have
significant impacts on life and property, and should be
strongly considered as plans for development and public
infrastructure are developed and implemented.

2022: Natural Resource Solutions Coryell County —
"NRS Stream Crossing Prioritization - Data Compilation
and Analysis
Data Compilation and Analysis In 2022 Coryell County contracted with Natural
Pilot Project

Resources Solutions to develop a countywide data
collection and management system to collect and
June 147, 2022 organize data on county road stream crossings. The
initial project mapped and assessed 20 sites. The City
of Gatesville is continuing to coordinate with Coryell County on this effort.
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2.2 Topographic data

In 2016 the U.S. Geological Survey (USGS) acquired Light Detection
and Ranging (LiDAR) topographic data for Brazos portion the Texas
Brazos Basintx rearver | RED RiVEr FEMA Region 6 Project Area which includes the counties
FEMA RO Lidar 2010017 of Archer, Baylor, Bell, Bosque, Brown, Callahan, Coleman,

Comanche, Coryell, Dickens, Eastland, Erath, Fisher, Hamilton, Jack,
Jones, King, Knox, Lampasas, McLennan, Mills, Palo Pinto, Runnels,
Shackelford, Stephens, Stonewall, Taylor, Throckmorton, and Young.
) The Quality Assurance report by Dewberry covers data acquired
- between November 17, 2016 and May 28, 2018.

¥ Dawharry

Walker Partners reviewed the LIDAR data collected over Coryell
wommeny | COUNLY, TX in 2017 by Leading Edge Geomatics. For the Brazos

Basin Texas FEMA R6 Lidar Project, the tested RMSEz of the
classified lidar data for checkpoints in non-vegetated terrain equaled 9.6 cm compared with the
10 cm specification and the NV A of the classified lidar data computed using RMSEz x 1.9600
was equal to 18.8 cm, compared with the 19.6 cm specification. The LiDAR data was
determined to meet industry standards and guidelines to support 1-foot contours in flat open
terrain and 2-foot contours in sloped and heavily vegetated areas to the corresponding FEMA
standards.

2.3 Field survey

The study extents for each creek include the limits of the regulatory floodplain on the FEMA
FIRM maps (and beyond) from the Leon River to its headwaters. Strategic survey planning
sessions determined the optimum locations for the field surveys. A Base Map with aerial
photography as a background was created and the FEMA FIS cross-section locations were
plotted. New cross-section locations were determined and placed on the Base Map. These
sections were intended to supplement the FIS cross-sections and have a maximum spacing of 500
feet. All of the drainage and bridge structures crossing the study reaches were identified and the
appropriate number and location for upstream and downstream cross-sections were planned and
plotted on the Base Map. The field survey procedures comply with FEMA guidance.

Field survey crews were deployed to gather and collect topographic data at each creek cross-
section locations; conduct an “as-built” survey of each bridge and culvert crossing; and locate the
aerial pipeline crossings. Ground control was established on NAD 83, Texas State Plane
horizontal datum and NAVD 88 vertical datum. Both Global Positioning Systems (GPS) and
conventional survey methods were used to collect the cross-section data collected was from top-
of-creek bank to top-of-creek bank. All of the overbank portions of the cross-sections were
generated from the 2011 LIDAR data. Locations of the survey points collected are shown in
Exhibit A-1 in Appendix A.
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2.4 Historic flooding reports

Information on past flooding events in Gatesville was collected from City staff, as well as from
residents during Public Meeting #1 on June 21, 2022.

Table 2-2: Summary of recent flood events.

Date Title
Numerous businesses along Business SH 36 were forced to
1995 i
close because of flooding.
1996 House on the corner was flooded (1111 S. Lovers Lane).
March 1998 Faunt Le Roy Park flooded causing an event to relocate.
December 2007 The Leon River streambank south of the Leon WWTP eroded
to the point of threatening the WWTP.
October 2009 Flooding in both City parks (Faunt Le Roy and Raby).
February 2010 Both _Clty parks (Faunt Le Roy and Raby) closed due to
flooding.
October 2015 Hegvy flooding |mp_acted the Leon WWTP outfall and caused
major road damage in Faunt Le Roy Park.
Significant flooding rendered the Faunt Le Roy park road
October 2018 unusable, significant damages to West Leon Street, and
washed out approximately 1,000 yards of the walking trail in
Raby Park.
Water was close to coming into the house at 1107 S. Lovers
2019 Lane and around the edges. Flooding pictures from 2019
were provided.
May 2022 Buildings flooded at Kaylin Siebert Trailers on US 84.
Drainage channel parallel to Bridge Street west of Lovers
Lane becomes inundated attempting to move more
General stormwater than it is capable of.
A 6-inch water line on Shady Lane where it crosses the ditch
has repeatedly been knocked loose, and the crossing is
frequently under water.
Flooding in the area near 1501 Golf Course Road increased
General after the development along Highway 36 Loop was
constructed.
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3.0 Study methodology

Developing a current understanding of the flood risk in the Coryell Creek — Leon River HUC-10
watershed required updating the hydrology and hydraulic models of the watershed using the
current state of the practice techniques, as well as an economic analysis of the benefits and costs
of each mitigation alternative, along with an assessment of the potential environmental and
cultural impacts. The methodology used for each of these efforts is described in the sections
below.

3.1 Hydrology

Peak flow rates were calculated at key discharge points within the Coryell Creek — Leon River
HUC-10 watershed using the USACE Hydrologic Engineering Center’s Hydrologic Modeling
System (HEC-HMS), Version 4.9. HEC-HMS is a rainfall-runoff model that simulates a
watershed’s response to precipitation and computes runoff hydrographs, peak discharges, and
cumulative runoff volumes for the receiving watershed. Discharge points were established
within the Coryell Creek — Leon River HUC-10 watershed at locations where peak runoff
calculations were necessary to evaluate flooding hazards for insurable structures, as well as at
locations where significant changes in the flow regime occur. This section describes the
methods and assumptions used to calculate peak flow rates for each discharge point.

3.1.1 Drainage area delineation

Sub-basins describing the area that drains to each discharge point were delineated using the 2011
LiDAR elevation data. The more recent elevation data and higher level of detailed analysis
resulted in modifications to the watershed drainage divides, but substantial differences were not
observed. The Coryell Creek — Leon River HUC-10 watershed drains a total of 202,105 acres, or
315.7 square miles.

3.1.2 Precipitation

The hydrologic model, HEC-HMS, is a rainfall-runoff model that simulates a watershed’s
response to precipitation and computes runoff hydrographs, peak discharges, and cumulative
runoff volumes for the receiving watershed. In order to develop flood hydrographs for storm
events with various return periods, rainfall depths corresponding to the 2-, 5-, 10-, 25-, 50-, 100-,
and 500-year recurrence intervals were used.

Time incremental rainfall depths for each recurrence interval were obtained from the National
Oceanic and Atmospheric Administration (NOAA) Atlas 14, titled “Precipitation-Frequency
Atlas of the United States”, Volume 11 Version 2.0 for Texas (NOAA, 2018), and entered into
HEC-HMS as rainfall depth-duration, as shown in Table 3-1 on the next page. Because the
majority of the flood hydrograph is generated by the upper 10 square miles of drainage area, no
additional areal reduction adjustment was applied to the precipitation.

10
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Table 3-1: Depth-duration-frequency data.

Rainfall Depth (inches)
Duration Storm Return Period
2-year | 5-year | 10-year | 25-year | 50-year | 100-year | 500-year

15 Minutes 0.85 1.20 1.45 1.65 1.90 2.20 2.90
1 Hour 1.65 2.15 2.50 2.95 3.35 3.75 4.90
2 Hours 2.05 2.70 3.25 3.95 4.60 5.30 7.10
3 Hours 2.20 3.00 3.60 4.40 5.20 6.00 8.20
6 Hours 2.60 3.55 4.25 5.20 6.20 7.25 10.20
12 Hours 2.95 4.00 4.80 5.85 7.00 8.10 11.90
1 Day 3.40 4.75 5.75 7.25 8.35 9.50 12.90

Reference: “Atlas 14: Precipitation-Frequency Atlas of the United States”, Volume 11: Texas, Version 2.0, NOAA, 2018

3.1.3 Soils and land use

The Soil Conservation Service (SCS) runoff curve number procedure is an accepted method for
computing abstraction for storm rainfall, which reduces the volume of precipitation that falls on
a watershed and then becomes runoff. The rainfall in excess of the abstractions that becomes
runoff is referred to as the excess rainfall. The SCS runoff curve number method relates soil
types, antecedent soil moisture, and land use to precipitation abstractions. Local soils data were
downloaded from the SSURGO database through the U.S. Department of Agriculture’s (USDA)
Web Soil Survey online. The hydrologic soil group classification of a soil, as recorded in the
SSURGO database, estimates runoff potential and was used to determine SCS curve numbers.

Land use classifications were determined from a high level of analysis by using the latest aerial
imagery in GIS (2014 Aerial NAIP for Coryell County). Undeveloped land was assigned a land
use classification of open space, wooded, meadow, brush, or agricultural. Developed areas were
assigned a land use classification of open space in anticipation that impervious cover was going
to be assigned directly to each sub-basin in HEC-HMS, rather than being accounted for in a
general developed land use curve number. Each land use classification was assigned a base
curve number, which does not presume an average percent impervious cover, according to
guidance in the USDA TR-55, “Urban Hydrology for Small Watersheds” (NRCS,1986).

The National Land Cover Database 2011 (NLCD, 2011) was available in GIS format for Coryell
County as feature class polygons, depicting impervious cover percentages for the Coryell Creek -
Leon River HUC-10 watershed in 100 foot by 100 foot squares. These impervious cover
percentages were reviewed and compared in detail with the latest aerial imagery, and were
determined to be acceptable and generally in accordance with the current land uses.

A base curve number for each sub-basin was developed in GIS based on existing open space land
use conditions and soil types, and percent impervious cover was applied to represent developed
conditions. The runoff volumes were computed in HEC-HMS as a function of the base curve
number and impervious cover percentage. For each storm event recurrence interval, average
antecedent moisture conditions (AMC-11) were assumed.

11
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3.1.4 Time of concentration

The unit hydrograph method was used to transform the rainfall excess into a surface runoff
hydrograph. The unit hydrograph for a watershed is defined as a direct runoff hydrograph that
results from one inch of excess rainfall generated uniformly over the drainage area at a constant
rate for an effective duration (Chow, et al, 1988).

The SCS unit hydrograph method relates hydrograph characteristics to a physical characteristic
of the watershed, the basin time to peak (tp). The parameter t, is defined as the time from the
beginning of the rainfall event to the time at which the peak runoff rate is observed at the
watershed outlet. The time to peak of a basin can be estimated using the following empirical
equation:
tp =0.6 Tc

where:

Tc = Time of concentration for the watershed.

The time of concentration is defined as the time it takes for a drop of rain that falls on the most
hydraulically remote point in the watershed to contribute to the flow at the drainage basin outlet.
The time of concentration for each sub-basin was computed using 2018 LiDAR elevation data to
delineate longest flow-path lines. Each flow-path line was broken into sheet flow, shallow
concentrated flow, and channel flow due to the different characteristics of the flow in these
regimes. The Kerby-Kirpich method was used to calculate travel time for overland sheet flow,
which was limited to 300 linear feet for undeveloped surfaces and 100 linear feet for developed
areas. Shallow concentrated flow and channel flow travel time calculations utilized the velocity
method as described in the USDA National Engineering Handbook Part 630, Chapter 15.

3.1.5 Hydrologic channel routing

Routing simulates the movement of a flood-wave through a stream reach, to account for valley
storage and flow resistance within the channel and its floodplain. Routing of flood flows from
the outlet of an upstream sub-basin to the next sub-basin outlet downstream was accomplished
using the Modified Puls method in HEC-HMS using Normal Depth Storage techniques. The
Modified Puls method treats each routing reach as a storage pool with a user-specified storage-
discharge relationship, which was obtained from a concurrently developed HEC-RAS model.
The average flow velocity from the HEC-RAS model was also used to calculate the number of
routing sub-reaches by dividing the length of the routing reach by the average velocity and
rounding up to a whole number.

3.2 Hydraulics

The hydraulic analysis incorporates the peak discharge values into a hydraulic model of the
channel based on existing geometric conditions. The model output is used to delineate the
floodplains for storm events with annual exceedance probabilities (AEP) of 50%, 20%, 10%,
4%, 2%, 1%, and 0.2% (2-, 5, 10-, 25-, 50-, 100-, and 500-yr storm events respectively). This
delineation aids in determining the extents and severity of flood prone areas. The Hydrologic
Engineering Center-River Analysis System (HEC-RAS Version 6.2) computer program was used

12
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to calculate the floodplain extents and other parameters at various locations throughout the
studied channels. ESRI’s ArcGIS 10.3 was used for mapping and topographic analysis.
RASMapper was used to develop various hydraulic parameters (including the cross-sectional
geometry) inputs to HEC-RAS. RASMapper is an internal GIS extension which was designed to
manage geospatial data for use in HEC-RAS.

There are three main tributaries that comprise the Coryell Creek - Leon River HUC-10 analysis.
All reaches and tributaries are labeled in Exhibit C-2 in Appendix C.

3.2.1 Cross section development

Ground-based topographic survey data from Walker Partners were used to define the channels
geometry (including the thalweg elevation and stream centerline) at key stream locations. These
included all the bridge and culvert crossings, significant hydraulic structures and stream cross
sections at various locations throughout the study reach limits. In total 234 cross sections and 22
culvert/bridge crossings were surveyed. The topography was tied using surface coordinates
(NAD 1983 State Plane Texas Central FIPS 4203 feet). Cross sections extended one channel
width past the top of bank (or property line if in close proximity). As a general guideline,
spacing between cross sections was set to an average of 500 feet. Surveyed shots included
stream invert(s), left and right toe and top of bank among other grade break locations.

The ground survey was complemented with the 2018 USGS LiDAR points (as previously
mentioned). Surveyed cross sections were extended as necessary to fully contain the 0.2% AEP
(500-year) flows. Additional cross sections were added as necessary at locations where further
detail in channel geometry was required (these were strictly based on LiDAR information). The
ground survey topo and the LiDAR data were combined using RASMapper. A digital terrain
model (DTM) in the form of a triangulated irregular network (TIN) was created with this
information (as required by RASMapper). The TIN is a surface representation derived from
irregularly spaced points and break-line features. Each sample point of a TIN has an x, y
coordinate and a z value (elevation). The cross section data for the hydraulic model is extracted
from the TIN surface in order to define the channel and overbank areas. To accomplish this, the
user creates a series of line themes including cross section cut lines, stream centerlines, main
channel banks, and flow and flow path centerlines which are necessary to develop the required
HEC-RAS hydraulic inputs. Figure 3-2 shows a portion of the TIN surface used to create cross
sections for the hydraulic model and for floodplain delineation.

13
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The hydraulic work map in Exhibit C-1 in Appendix C reflects the cross section layout for the
study reaches as well as the contours and major intersecting structures.

3.2.2 Hydraulic structures

The hydraulic structures crossing each stream are critical to the flow conveyance and mapping of
the floodplain. Each structure can impact the tailwater or headwater condition of a hydraulic
model as well as the extents of flooding. Therefore, it was critical that good geometry was used
to better represent each structure. Geometry data for bridges and culverts were developed using
a combination of on-the-ground survey data, surveyor sketches, and ‘as-built” drawings of the
structures provided by the City. The “as-built” drawings were reviewed where available, and the
geometry of each structure was verified with the field survey and effective FIS model.
Structures included culverts, bridges, natural, and constructed weirs that are large enough to
significantly affect the hydraulics of the system. A total of 22 culvert/bridge structures were
field surveyed to define the structures dimensions and establish the opening sizes. This also
included an upstream and downstream cross section and photographs at each face of structure,
the abutment, deck, and piers dimensions and locations of bridges, as well as culvert and
headwalls’ dimensions. The roadway width and profile were also tied at its highest elevations
for at least 200 feet in each direction (from the stream crossing). This was important to identify
which structures would be overtopped and by which storm event. The roadway embankment
could also be important in defining which properties may be flooded as a result of backwaters.
Modelers also field checked the structure crossings (after the field survey) to note any
discrepancies with the field survey or record drawings and to better assimilate the actual
geometry. The visit noted major debris or blocked obstructions that would impact the hydraulic
model. Expansion and contraction coefficients were set to 0.1 and 0.3 for gradual transitions
between sections, and 0.3 and 0.5, respectively for bridge sections. The bridge modeling
approach used the greater of the energy and momentum solutions at each bridge.

14
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3.2.3 Boundary conditions

The accuracy of the hydraulic modeling results is dependent on the downstream boundary
conditions used in the model. In this study, the downstream limit of the model is located at the
Leon River, for which normal depth conditions were used for each flood frequency. A normal
depth energy slope of 0.0036 ft/ft was calculated for the downstream most reach. FEMA
requires normal depth as the starting condition for the hydraulic models and enforces the 1%
AEP water surface elevations of the receiving river on the FIS profile and floodplain mapping
only.

3.2.4 Manning’s roughness coefficients

Cowan’s Method (see Chapter 10 for Reference) was used to determine the Manning’s
roughness (n) values within the channel areas. Floodplain (overbank) n-values were determined
independently using a GIS land use polygon. Data collected during the field investigation,
coupled with aerial photographs and contours from 2011, were used for reference in determining
n values.

The Cowan’s Method specifies the n-values to be based upon the summation of various channel
characteristics. These factors are channel irregularity, variation in cross section, obstruction,
vegetation, and thalweg meandering. In general, the channel roughness coefficients varied from
0.035 (for heavily mowed and straight channels) to 0.075 (for channel areas with dense
vegetation, heavy irregularities in geometry and intense meandering). A land use polygon
shapefile was used to determine the left and right overbank n-values (floodplain). RASMapper
was used to incorporate the shapefile into the HEC-RAS model. Floodplain values were
assigned per general observed land use conditions as noted in Table 3-2 below. In general,
values varied from 0.03 for smooth surfaces to 0.09 for areas heavily wooded or residential areas
with fences. Any structures that could be subject to flooding are modeled as either a high n-
value of 0.17 or a blocked obstruction in HEC-RAS.

Table 3-2: Overbank land use Manning’s n-values.

Land Use n-value
Pond 0.01
Railroad 0.03
Roadway — paved areas 0.04
Short grass 0.04
Cultivated Fields 0.06
Brush — lightly wooded 0.07
Heavily Wooded 0.09
Residential 0.09
Buildings 0.17

Main Channel Cowan’s Method

Refer to the hydraulic work maps in Exhibit C-1 through Exhibit C-17 in Appendix C to see
the various land-use types assigned for the overbank locations.

15
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3.2.5 Ineffective flow areas

Ineffective flow areas (IFA) were added at bridge and culvert sections following a standard
contraction ratio of 1 to 1 and expansion ratio of 2 to 1. They are not set to permanent as
recommended in the HEC-RAS Technical Manual (see Chapter 10 for Reference). Ineffective
flow areas were also added in off-channel areas that store water where the active conveyance is
assumed to be zero and at locations in and around homes or buildings (set as blocked
obstructions) where the active conveyance is very limited. These locations are mainly at channel
overbanks. The IFA elevations were set to contain flows at the roadway profiles, but also allow
effective passage for overflow conditions.

3.3 Economic analysis

The potential cost effectiveness of proposed flood protection measures was evaluated by
calculating the cost of the proposed solutions and comparing it to the expected flood reduction
benefits. The flood reduction benefits were estimated by estimating the cost of repair or
restoration of property that would be damaged by various levels of flooding. Property damage
includes residences, businesses, streets and roadways, crop land and other associated
improvements, as well as the “soft costs” such as interruption of businesses. Property values
were based on property maps and appraised values from the Coryell County Appraisal District.

16
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4.0 Hydrology

The Coryell Creek - Leon River HUC-10 watershed drains a total of 202,105 acres, or 315.7
square miles.

4.1 Watershed parameters

Rainfall-runoff responses of the Coryell Creek - Leon River HUC-10 watershed to a range of
rainfall depths were calculated using HEC-HMS to determine peak discharges from each sub-
basin. The following watershed parameters were used to represent existing watershed conditions
in the HEC-HMS hydrologic model.

4.1.1 Drainage area delineation

As shown on Exhibit B-1A and Exhibit B-1B in Appendix B, the Coryell Creek - Leon River
HUC-10 drainage area was subdivided into 28 new sub-basins to calculate peak discharge rates
at points of interest along the Leon River and its tributaries. Sub-basin delineation was done by
using the 2018 USGS LiDAR elevation data. Points of interest were evenly spaced throughout
the drainage area in attempt to maintain a consistent sub-basin size, resulting in an average sub-
basin drainage area of 7,458 acres, with the smallest sub-basin at 25.6 acres and the largest at
29,182 acres.

4.1.2 Soils and land use

The USGS SSURGO database was used to obtain the soil classifications and hydrologic soil
types for each sub-basin, as illustrated in Exhibit B-2A and Exhibit B-2B in Appendix B. Soil
types in the Leon River drainage basin were categorized as predominately hydrologic soil types
D and C, with very small pockets of types A and B soils. Land use classifications were assigned
based on aerial imagery, as shown on Exhibit B-3 in Appendix B. The upper reaches of the
Leon River tributaries were categorized as mostly agricultural lands, while the remaining lower
portion of the basin is largely comprised of developed land. Land uses and soil types for each
sub-basin were processed in GIS and used to determine a base curve number. Base curve
numbers for sub-basins ranged from 61 to 77, with an average value of 72 across the entire
drainage area. Base curve numbers were entered into HEC-HMS as part of the sub-basin’s initial
abstraction parameter.

The other component to the initial abstraction parameter in HEC-HMS is the amount of
impervious cover that reduces infiltration. Percent impervious cover for each sub-basin was
calculated in GIS with use of the NLCD2011, as shown on Exhibit B-4A and Exhibit B-4B in
Appendix B. The average percent impervious cover for sub-basins in Leon River drainage area
was 5 percent with the maximum impervious cover being 2 percent for a sub-basin. These
values were entered directly into the hydrologic model for each sub-basin.
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4.1.3 Time of concentration

The time of concentration was calculated using the Kerby-Kirpich equations for sheet flow and
the velocity method was used for shallow concentrated flow and channel flow calculations. For
each sub-basin, the longest flowpath was identified and broken into runoff flow types, as shown
on Exhibit B-1A and Exhibit B-1B in Appendix B. The length of overland flow was limited to
300 feet for undeveloped areas and 100 feet for developed areas. The time of concentration
calculations are shown in Exhibit B-5 in Appendix B.

4.1.4 Hydrologic channel routing

The initial HEC-RAS model was used to develop flow and volume relationships for each routing
reach. These tables were entered into HEC-HMS using the Modified Puls routing procedure.
The average flow velocity from the HEC-RAS model was used to calculate the number of time
steps by dividing the length of the routing reach by the average velocity.

4.2 Peak flow rates

Once the peak discharges were calculated, they were input into a hydraulic model to calculate the
resulting water surface profiles. Exhibit B-6 in Appendix B contains peak discharges entered
into the hydraulic model for a steady state flooding evaluation. The resulting peak discharges
along the Leon River are shown in Table 4-1 below as the Master Drainage Plan (MDP)
discharges, along with a comparison to the FEMA FIS effective peak discharges where available.

Table 4-1: FIS peak discharge comparison — Leon River.

Drainage Area (SM) Discharge (cfs)

Description MDP FEMA FIS MDP FEMA
FIS
At Downstream Boundary of HUC-10 1,339.4 N/A 140,012 N/A
Downstream of Coryell Creek 1,302.0 N/A 125,434 N/A
Downstream of Stream CG-1 1,143.2 N/A 88,621 N/A
Downstream of Stream CG-2 1,119.0 N/A 81,349 N/A
QitVL;rS;SGgigsicﬁlszuion 08100500 labeled “Leon 1,098.2 2390 73.988 60,400
At Upstream Boundary of HUC-10 1,023.7 N/A 68,970 N/A

Lake Proctor controls runoff from the upper half of the Leon River watershed, with a published
drainage area of 1,265 square miles. Combining Lake Proctor’s watershed with the current
drainage area of 1,098.2 square miles at the USGS Gatesville gage results in 2,363.2 square
miles, which is reasonably close to FEMA'’s FIS drainage area of 2,390 square miles.

The resulting peak discharges for Stillhouse Branch are shown in Table 4-2 and peak discharges
for the other reaches studied in detail are shown in Table 4-3 below, along with a comparison to
the FEMA FIS effective peak discharges where available. Exhibit B-6 in Appendix B contains
a listing of all of the peak discharges entered into the hydraulic models.
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Table 4-2: FIS peak discharge comparison — Stillhouse Branch.

Drainage Area (SM) | Discharge (cfs)
Description MDP FEMA MDP FEMA

FIS FIS
At confluence with Leon River 9.11 9.0 20,678 13,830
Downstream of Stream CG-3 confluence 8.32 8.1 19,660 13,830
Upstream of Stream CG-3 confluence 6.45 6.6 15,515 13,630
Downstream of Stream CG-4 confluence 5.73 6.0 13,947 13,640
Downstream of Stream CG-7 confluence 2.60 N/A 6,933 N/A
Downstream of SH-36 1.45 N/A 3,715 N/A

Table 4-3: FIS peak discharge comparison — other study streams.

Drainage Area (SM) | Discharge (cfs)
Tributary Description MDP FEMA MDP FEMA
FIS FIS
Stream CG-3 At Stillhouse Branch confluence 1.58 N/A 4,426 N/A
Stream CG-5 At Stillhouse Branch confluence 0.68 N/A 1,840 N/A
Stream CG-5 Just downstream Stream CG-5A 0.60 N/A 1,707 N/A
Stream CG-5 Just downstream of SH 36 0.54 N/A 1,577 N/A
Stream CG-5A At Stream CG-5 confluence 0.06 N/A 136 N/A
Stream CG-4 At Stillhouse Branch confluence 2.53 2.2 7,212 7,690
Stream CG-4 At limit of detailed study 1.9 1.9 7,150 7,360
Stream CG-7 At Stillhouse Branch confluence 1.15 N/A 3,353 N/A
Dodd Branch At confluence with Leon River 23.1 N/A 33,900 N/A
Dodd Branch Downstream of US 84 18.6 N/A 30,472 N/A
Stream CG-2 At confluence with Leon River 4.33 4.2 8,324 10,290
Stream CG-2 Downstream of Straws Mill Road 2.67 4.0 6,670 10,130
Stream CG-2 Downstream of US 84 2.16 3.7 5,331 10,040

Table 4-4: FIS peak discharge comparison — other watersheds in HUC-10.

Drainage Area (SM) | Discharge (cfs)
Tributary Description MDP FEMA MDP FEMA

FIS FIS
Blue Branch At Leon River confluence 16.7 N/A 21,420 N/A
Four Mile Branch At Leon River confluence 25.6 N/A 28,947 N/A
Cottonwood Creek At Leon River confluence 16.5 N/A 25,886 N/A
Shoal Creek At Leon River confluence 115 N/A 16,421 N/A
Stream CG-1 At Leon River confluence N/A 3.2 N/A 9,120
Turnover Creek At Leon River confluence 12.7 N/A 22,551 N/A
Henson Creek At Leon River confluence 23.6 N/A 32,437 N/A
Flat Creek At Leon River confluence 31.0 N/A 43,412 N/A
Coryell Creek At Leon River confluence 85.0 N/A 59,721 N/A
Coryell Creek Just downstream of FM 929 394 N/A 31,357 N/A
Pew Branch At Leon River confluence 37.4 N/A 37,599 N/A

19



Gatesville

"';\'j Spur Capital of Texas

Master Drainage Plan — Final Report Chapter 5

5.0 Hydraulics and floodplain mapping

A HEC-RAS model of existing conditions was used to simulate the various storm events with the
hydraulic parameters and floodplain geometry as discussed in Chapter 3, Section 3.3.

5.1 Hydraulic model results

The hydraulic work maps in Exhibits C-1, C-12, C-13 and C-14 in Appendix C show the reach
name, cross section layout, roadway crossings, contours, bank stations, and the land use types
used to select the overbank Manning’s n-values along the Leon River. Table 5-1 compares the
MDP results with the FEMA FIS along the Leon River.

Table 5-1: FIS water surface elevation comparison — Leon River.

Study | FIS Lettered Discharge (cfs) WSEL | (feet)
Cross Section Description MDP FEMA | MDP | FEMA
Section Location FIS** FIS
147388 | A (100) 8,500 ft DS of SH 36 88,621 N/A 721.60 715.3
163180 | B (12170) At Fowler Street 81,349 N/A 728.80 723.8
175060 | C (22510) Upstream of Shoal Creek 81,349 N/A 736.65 732.3
182826 | D (30450) At Surrey Lane 73,988 N/A 742.14 738.0
204527 | E (52000) At Riverbend Lane 73,988 N/A 752.91 750.6
210722 | F (62620) At Leon WWTP 73,988 N/A 756.61 756.0
222744 | G (68450) Upstream of Dodd Branch 73,988 60,400 762.12 760.9

*Section was approximated to FIS Lettered Section, but not at exact location.
**Approximated per FIS Table 3 Discharge Location.

Overall, the MDP peak discharges are greater than the FIS peak discharges due to the urbanized

conditions in the upper areas of the watershed. With higher peak discharges, the calculated base
flood elevations are higher than the FEMA effective FIS throughout Gatesville, ranging from 0.6
feet higher at the Leon WWTP to 6.3 feet higher downstream of State Highway 36.

The hydraulic work maps in Exhibits C-5, C-6 and C-18 in Appendix C show the reach names
and land use types used to select the overbank Manning’s n-values along the Stillhouse Branch.
Table 5-2 compares the MDP results with the FEMA FIS along Stillhouse Branch.

Table 5-2: FIS water surface elevation comparison — Stillhouse Branch.

Study | FIS Lettered Discharge (cfs) WSEL (feet)
Cross Section Description MDP FEMA  MDP | FEMA
Section Location FIS** FIS
7294 A (5690) At Stillhouse WWTF 19,660 13,830 765.48 763.7
10128 B (8620) Upstream of Stream CG-3 15,515 13,630 780.90 778.6
12282 C (10550) Upstream of Stream CG-5 13,947 13,640 782.87 783.7

*Section was approximated to FIS Lettered Section, but not at exact location.

**Approximated per FIS Table 3 Discharge Location.
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Overall, the MDP peak discharges are greater than the FIS peak discharges downstream of
Stream CG-5 since many of the runoff hydrographs from each subbasin have similar peak times.
The peak discharge values in the FIS increase by less than 200 cfs for an increase in drainage
area of 3.38 square miles (9.11 to 5.73 square miles). The MDP and FIS discharges match well
upstream of Stream CG-5. The MDP discharges are more reasonable, resulting in higher water
surface elevations downstream of Stream CG-5.

The hydraulic work maps in Exhibits C-7, C-15, C-16 and C-17 in Appendix C show the reach
names and land use types used to select the overbank Manning’s n-values along the Stream CG-4
and Stream CG-2. Table 5-3 provides a comparison of the MDP results with the FEMA FIS
along Stream CG-2 and Stream CG-4.

Table 5-3: FIS water surface elevation comparison — Stream CG-2 and Stream CG-4.

Study FIS Lettered Discharge (cfs) WSEL (feet)
Cross Section Description MDP FEMA | MDP | FEMA
Section Location FIS** FIS
1987 CG-2 A (1900) DS Straws Mill Road 8,324 10,130 741.87 741.9
9015 CG-2LOS (8000) | Upstream of SH 36 6,670 10,040 810.49 810.0
1986 CG-4 A (1720) At Powell Farm Road 7,212 7,690 796.30 794.3
4485 CG-4 LOS (3850) | Upstream of FM 929 7,212 7,360 811.58 811.5

*Section was approximated to FIS Lettered Section, but not at exact location.
**Approximated per FIS Table 3 Discharge Location.

Although the MDP peak discharges are lower than the FIS peak discharges for Stream CG-4, the
resulting water surface elevations are very close. For Stream CG-4 both the peak discharges and
water surface elevations are reasonably close.

5.2 Floodplain mapping

As explained in Chapter 3 Section 3.3.1, model cross sections were created within RASMapper
from a TIN file derived from a combination of surveyed spot elevations and 2018 USGS LiDAR
data. This TIN file was also used for the delineation of existing and fully developed floodplains.
RASMapper was used to create a water surface elevation TIN from the HEC-RAS model results
and compare that TIN to the ground surface TIN to delineate the floodplain. The resulting
floodplain was reviewed and manually revised and polished within the GIS platform where
necessary.

The mapped 1% AEP floodplain from this study is referred to as the “MDP Floodplain”. A
comparison of the MDP Floodplain and FEMA effective 1% ACE (100-year) floodplains is
shown in Exhibits C-19 through C-36 in Appendix C. In these exhibits the MDP Floodplain in
purple is reasonably close to the FEMA effective floodplain in green and the MDP Floodplain is
extended further upstream for several of the streams where only Zone A approximate floodplains
are shown on the effective FIRM maps.
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6.0 Problem area evaluation

Once the inundation mapping for existing conditions was finalized, it was used to identify areas
of potential flooding during the 1% ACE event.

6.1 Problem area identification

The primary category of flood damages considered was inundation of residential and commercial
insurable structures. In some areas, the new inundation limits are wider than the FEMA'’s
current effective floodplain. Due to the potential for loss of life when cars are washed off a low
water crossing, overtopping of roadways is also a primary category. Both the depth of
overtopping and the flow velocity are available at these locations from the hydraulic models.

Evaluations of problem areas to identify potential flood risk reduction and flood mitigation
projects are consistent with “Technical Guidelines for Regional Flood Planning,” Exhibit C to
Regional Flood Planning Grant Contracts. Each feasible flood mitigation alternative evaluated
must identify and compare cost and benefits of the project. Quantification of cost includes
engineering, permitting, easement and/or property acquisition, capital cost, operation and
maintenance, and other applicable costs. Quantification of benefit of the project includes the
following items, as applicable:

1. Number of structures with reduced 100-year flood risk.*
2. Number of structures removed from 100-year flood risk.*
3. Number of structures removed from 500-year flood risk.*
4. Residential structures removed from 100-year flood risk.*
5. Estimated Population removed from 100-year flood risk.*
6. Critical facilities removed from 100-year flood risk.*

7. Number of low water crossings removed from 100-year flood risk.*

8. Estimated reduction in road closure occurrences.

9. Estimated length of roads removed from 100-year flood risk (miles).
10. Estimated farm & ranch land removed from 100-year flood risk (acres).
11. Estimated reduction in fatalities (if available).

12. Estimated reduction in injuries (if available).

13. Pre-Project Level-of-Service

14. Post-Project Level-of-Service

15. Cost/ Structure removed

16. Percent Nature-based Solution (by cost)*

17. Negative Impact (Y/N)*

18. Negative Impact Mitigation (Y/N)*

19. Social Vulnerability Index (SVI)*

20. Water Supply Benefit (Y/N)*

21. Traffic Count for Low Water Crossings

The recommended solutions must be permittable, constructable and implementable. Per TWDB
guidance in April 2023, an abridged set of data was provided for flood mitigation projects that
are not proposed to be funded by the Flood Infrastructure Fund, as indicated by the asterisks
above.
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The recommended flood risk reduction solutions must have no negative effect on neighboring
areas in accordance with statutory requirements for regional flood plans codified in Texas Water
Code §16.062(i) and (j)(2).

6.2 Dodd Branch problem areas
Flooding problems were identified in 3 areas of the Dodd Branch watershed.
6.21 01 Kalyn Siebert on US 84

The manager of Kalyn Siebert contacted City staff to discuss runoff from an adjacent area

that was flowing up against and into several of the shop and warehouse facilities. As

shown in Figure 6-1 below, the source of the flooding issue at this location is not riverine

flooding from Dodd Branch, but localized flooding from adjacent properties.
r z ; ] : N i ]

Figure 6-1: Kalyn Siebert on US 84

6.2.1.1 Structures at risk

Within the problem area boundaries on Figure 6-1, no residential or commercial
properties are inundated by the MDP Floodplain in blue.

6.2.1.2 Inundated roadways
Within the problem area boundaries in Figure 6-1, no roadways are inundated.
6.2.1.3 Potential mitigation

This location will be evaluated with the HEC-RAS 2D model in Phase 2 of the
Master Drainage Plan.
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6.2.2 02 FM 2412 crossing

FM 2412 crosses the Dodd Branch through a bridge structure that is approximately 185
feet wide. As shown in Figure 6-2 below, the MDP floodplain inundates roughly 950
feet of FM 2412. This problem area is located outside of the corporate limits of
Gatesville, in the ETJ with Coryell County.

Figure 6-2: FM 2412 at Dodd Branch
6.2.2.1 Structures at risk

Within the problem area boundaries on Figure 6-2, there are 2 residential
buildings that are close to being inundated by the MDP Floodplain in blue.

6.2.2.2 Inundated roadways

The FM 2412 bridge over Dodd Branch passes the 10-year (10% AEP) storm
event. During the 100-year (1% AEP) storm event, FM 2412 will be overtopped
by 0.5 feet flowing at a velocity of 5 fps. The TXDOT 2022 Traffic Count for
Golf Course Road is an Annual Average Daily Traffic of 1,294 vehicles.

6.2.2.3 Potential mitigation

This location will be evaluated with the HEC-RAS 2D model in Phase 2 of the
Master Drainage Plan.

24



L]
e szl le Master Drainage Plan — Final Report Chapter 6

Spur Capital of Texas
6.2.3 03 Moccasin Bend Road crossing

Moccasin Bend Road crosses the Dodd Branch through a bridge structure that is about
170 feet wide. As shown in Figure 6-2 below, the 1% ACE event inundates roughly
1,300 feet of Moccasin Bend Road. This problem area is located outside of the corporate
limits of Gatesville, in the ETJ with Coryell County.

™ ¥4

Figure 6-3: Moccasin Bend Road at Dodd Branch
6.2.3.1 Structures at risk

Within the problem area boundaries on Figure 6-2, there are 2 residential
buildings that are close to being inundated by the MDP Floodplain in blue.

6.2.3.2 Inundated roadways

The Moccasin Bend Road bridge over Dodd Branch passes the 10-year (10%
AEP) storm event. During the 100-year (1% AEP) storm event, Moccasin Bend
Road will be overtopped by 0.5 feet flowing at a velocity of 6 fps. The TXDOT
2022 Traffic Count for Moccasin Bend Road is an Annual Average Daily Traffic
of 216 vehicles.

6.2.3.3 Potential mitigation

This location will be evaluated with the HEC-RAS 2D model in Phase 2 of the
Master Drainage Plan.
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6.3 Leon River problem areas
Flooding problems were identified at 6 areas along the Leon River.
6.3.1 04 East Leon Street

Downstream of the bridge at US 84, the Leon River turns towards the west but flows in
its overbanks continue south and spread out towards the east. As shown in Figure 6-4
below, the source of the flooding issue at this location is riverine flooding from the Leon
River.

-_-.-—1'-
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Figure 6-4: East Leon Street at Leon River
6.3.1.1 Structures at risk

Within the problem area boundaries shown on Figure 6-4, there are 10 residences
within the MDP Floodplain in blue.

6.3.1.2 Inundated roadways

Within the problem area boundaries in Figure 6-4, the 1% ACE event inundates
roughly 1,800 feet of East Leon Street. The TXDOT 2022 Traffic Count for East
Leon Street is an Annual Average Daily Traffic of 122 vehicles.

6.3.1.3 Potential mitigation

This location can be mitigated with either an earthen levee system to protect the
neighborhood or by property acquisitions, as described in CIP Project 01A and
CIP Project 01B in Section 7.2.1.
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6.3.2 05 Faunt Le Roy Park

South of downtown Gatesville, the Leon River makes a sharp ‘S’ turn. Since itisa
scenic location during normal flows, Faunt Le Roy Park was developed on the peninsula
created by the turn in the river. As shown in Figure 6-5 below, the source of the flooding
issue at this location is riverine flooding from the Leon River.

Figure 6-5: Faunt Le Roy Park at Leon River
6.3.2.1 Structures at risk

Within the problem area boundaries shown on Figure 6-5, there are no residences
within the MDP Floodplain in blue.

6.3.2.2 Inundated roadways

Within the problem area boundaries in Figure 6-5, the 1% ACE event inundates
roughly 1,600 feet of the park road within Faunt Le Roy Park in blue.

6.3.2.3 Potential mitigation

The City is already working on a FEMA grant to stabilize the river banks at this
location. With a budget of $1.3 million, the City has decided it would be more
prudent to build a new park by the Fitness Center instead of stabilizing the banks.
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6.3.3 06 Leon Wastewater Treatment Plant

Located south of downtown Gatesville, the Leon Wastewater Treatment Plant treats
much of the City’s sewage. As shown in Figure 6-6 below, the existing embankment
that protects the WWTP is overtopped by the MDP Floodplain of the Leon River.

Figure 6-6: Leon Wastewater Treatment Plant at Leon River
6.3.3.1 Structures at risk

Within the problem area boundaries shown on Figure 6-6, there are no residences
within the MDP Floodplain in blue.

6.3.3.2 Inundated roadways

Within the problem area boundaries in Figure 6-6, the 1% ACE event inundates
roughly 2.98 acres of the Leon Wastewater Treatment Plant in blue.

6.3.3.3 Potential mitigation

The flooding at this location can be mitigated by raising the top of the
embankment by two feet, with stop log structures at each access point that is not
able to be raised, as described in CIP Project 02 in Section 7.2.2.
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6.3.4 07 Raby Park

South of downtown Gatesville, the Leon River makes a sharp S turn. Raby Park was
developed by the Works Progress Administration. As shown in Figure 6-7 below, the
source of the flooding issue at this location is not riverine flooding from the Leon River,
but localized flooding from adjacent properties.

Figure 6-7: Raby Park
6.3.4.1 Structures at risk

Within the problem area boundaries shown on Figure 6-7, there are no residences
within the MDP Floodplain in blue.

6.3.4.2 Inundated roadways

Within the problem area boundaries in Figure 6-7, the 1% ACE event does not
inundate any of the park road within Raby Park in blue.

6.3.4.3 Potential mitigation

This location will be evaluated with the HEC-RAS 2D model in Phase 2 of the
Master Drainage Plan.
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6.3.5 08 Shady Lane channel

Recent development upstream of Business 84 has increased flows significantly in a
channel that drains towards the west before flowing into the Leon River. Flooding along
this channel was the original concern that led the City of Gatesville to pursue this Master
Drainage Plan. As shown in Figure 6-8 below, the source of the flooding issue at this
location is not riverine flooding from the Leon River, but localized flooding along the
undersized channel from upstream properties.
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Figure 6-8: Shady Lane channel
6.3.5.1 Structures at risk

Within the problem area boundaries shown on Figure 6-8, there are no residences
within the MDP Floodplain in blue because there is no mapped floodplain along
this flooding source.

6.3.5.2 Inundated roadways

Within the problem area boundaries in Figure 6-8, since this channel has not been
studied in detail, the 1% ACE event does not inundate any of the adjacent roads
within Shady Lane Channel. The TXDOT 2022 Traffic Count for the Ludderloh
Avenue crossing is an Annual Average Daily Traffic of 1,201 vehicles.

6.3.5.3 Potential mitigation

This location will be evaluated with the HEC-RAS 2D model in Phase 2 of the
Master Drainage Plan.
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6.3.6 09 Golf Course Road and Lovers Lane

The primary flooding concern the City received during Public Meeting #1 was flooding
along Golf Course Road and Lovers Lane. As shown in Figure 6-9 below, the source of
the flooding issue at this location is not riverine flooding, but localized flooding from
upstream properties.

Figure 6-9: Golf Course Road and Lovers Lane
6.3.6.1 Structures at risk

Within the problem area boundaries shown on Figure 6-9, there are no residences
within the MDP Floodplain in blue because there is no mapped floodplain along
this flooding source.

6.3.6.2 Inundated roadways

Within the problem area boundaries in Figure 6-9, no roadways within Golf
Course Road and Lovers Lane are inundated by the MDP Floodplain in blue. The
TXDOT 2022 Traffic Count for Golf Course Road is an Annual Average Daily
Traffic of 2,117 vehicles.

6.3.6.3 Potential mitigation

This location will be evaluated with the HEC-RAS 2D model in Phase 2 of the
Master Drainage Plan.
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6.4 Stream CG-2 problem areas
Flooding problems were identified at 3 areas along Stream CG-2.
6.4.1 10 Straws Mill Road low water crossing

Straws Mill Road crosses Stream CG-2 roughly 2,900 feet upstream of its confluence
with the Leon River. As shown in Figure 6-10 below, the source of the flooding issue at
this location is riverine flooding from Stream CG-2.

Figure 6-10: Straws Mill Road low water crossing
6.4.1.1 Structures at risk

Within the problem area boundaries shown on Figure 6-10, there are no
residences within the MDP Floodplain in blue.

6.4.1.2 Inundated roadways

Within the problem area boundaries in Figure 6-10, the 1% ACE event inundates
roughly 100 feet of Straws Mill Road. During the 100-year (1% AEP) storm
event, Straws Mill Road will be overtopped by 7.6 feet flowing at a velocity of
7.2 fps. The TXDOT 2022 Traffic Count for Straws Mill Road is an Annual
Average Daily Traffic of 555 vehicles, and it is a heavily travelled shortcut to the
Gatesville ISD facilities.

6.4.1.3 Potential mitigation
The flood risk at this location can be mitigated by raising the roadway and
constructing a larger culvert, as described in CIP Project 03 in Section 7.2.3.
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6.4.2 11 SH 36 and Arrowood crossing

Upstream of SH 36 flow from Stream CG-2 overflows the banks and spreads along the

SH-36 right-of-way. Stream CG-2 overtops the Arrowood crossing and has washed it out
several times in recent years. As shown in Figure 6-11 below, the source of the flooding
issue at this location is riverine flooding from Stream CG-2.

Figure 6-11: SH 36 and Arrowood crossing
6.4.2.1 Structures at risk

Within the problem area boundaries shown on Figure 6-11, there are 4
commercial buildings and 2 residences within the MDP Floodplain in blue.

6.4.2.2 Inundated roadways

Within the problem area boundaries in Figure 6-11, the 1% ACE event inundates
roughly 1,950 feet of Arrowood Lane. TXDOT does not have a traffic count for
Arrowood Lane.

6.4.2.3 Potential mitigation

Coryell County already has a project underway to replace the Arrowood Lane
bridge using CDBG-DR mitigation funds, as described in CIP Project 04 in
Section 7.2.4. The area upstream of SH 36 will be evaluated with the HEC-RAS
2D model in Phase 2 of the Master Drainage Plan.
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6.4.3 12 At US 84 crossing

Downstream of the bridge at US 84, Stream CG-2 turns towards the west but flow in its
overbanks continues south and spreads out towards the east. As shown in Figure 6-12
below, the source of flooding at this location is riverine flooding from Stream CG-2.

Figure 6-12: At US 84 crossing
6.4.3.1 Structures at risk

Within the problem area boundaries shown on Figure 6-12, there are no
residences within the MDP Floodplain in blue.

6.4.3.2 Inundated roadways

Within the problem area boundaries in Figure 6-12, none of the US 84 Crossing
is inundated by the 1% ACE event floodplain in blue.

6.4.3.3 Potential mitigation

Although there is some inundation at this location, it does not appear to threaten
any insurable structures or overtop the roadways.
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6.5 Stillhouse Branch problem areas
Flooding problems were identified at 4 areas along Stillhouse Branch and its tributaries.
6.5.1 13 Mears Drive and 28™ Street

As it flows westward downstream of SH 36, Stream CG-3 cuts across the intersection of
Mears Drive and 28" Street. As shown in Figure 6-13 below, the flooding issue at this
location is riverine flooding from Stream CG-3.

Figure 6-13: Mears Drive and 28th Street
6.5.1.1 Structures at risk

Within the problem area boundaries shown on Figure 6-13, there is 1 residence
within the MDP Floodplain in blue.

6.5.1.2 Inundated roadways

Within the problem area boundaries in Figure 6-13, the 1% ACE event inundates
roughly 260 feet of the roadway at Mears Drive and 28th Street. TXDOT does
not have a traffic count at this location.

6.5.1.3 Potential mitigation

The flood risk at this location can be mitigated by constructing the remainder of
the roadway at the intersection at an elevated level, with storm drains to drain
interior areas.
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6.5.2 14 FM 929 crossing

As it flows to the south at FM 929, Stream CG-4 overtops the roadway and spreads out
across several blocks downstream until flow becomes collected again in the channel. As
shown in Figure 6-14 below, the source of the flooding issue at this location is riverine
flooding from Stream CG-4.

g
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Figure 6-14: FM 929 crossing
6.5.2.1 Structures at risk

Within the problem area boundaries shown on Figure 6-14, there are 19
residences within the MDP Floodplain in blue.

6.5.2.2 Inundated roadways

Within the problem area boundaries in Figure 6-14, the 1% ACE event inundates
roughly 1,500 feet of the roadway of FM 929. The TXDOT 2022 Traffic Count
for FM 929 is an Annual Average Daily Traffic of 1,469 vehicles.

6.5.2.3 Potential mitigation

This flood risk can be mitigated by increasing the number of box culverts under
FM 929 to prevent overtopping of the roadway, along with downstream channel
improvements. This solution is described as CIP Project 05 in Section 7.2.5.
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6.5.3 15 Stillhouse Wastewater Treatment Plant

Located northwest of downtown Gatesville, the Stillhouse Wastewater Treatment Plant
treats much of the sewage from the correctional facilities and surrounding neighborhoods.
As shown in Figure 6-15 below, the effective FEMA FIRM shows the southern half of
the WWTP to be inundated by the Leon River floodplain.

Figure 6-15: Stillhouse Wastewater Treatment Plant
6.5.3.1 Structures at risk

Within the problem area boundaries shown on Figure 6-15, there are no
residences within the MDP Floodplain in blue.

6.5.3.2 Inundated roadways

Within the problem area boundaries in Figure 6-15, the 1% ACE event inundates
roughly 1,300 square feet of the Stillhouse Wastewater Treatment Plant in blue.

6.5.3.3 Potential mitigation

Although the 100-year floodplain shown on the effective FIRM is halfway
through the WWTP, the 100-year inundation from the MDP floodplain is along
the south ring road, so no further improvements are necessary.
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6.5.4 16 Sun Valley neighborhood

As Stillhouse Branch flows to the south there is a large area on the right overbank
upstream of State School Road where the floodplain spreads out over a large oxbow area
and inundates several blocks of the Sun Valley neighborhood downstream. As shown in
Figure 6-16 below, the source of the flooding issue at this location is riverine flooding
from Stillhouse Branch.

Figure 6-16: Sun Valley neighborhood
6.5.4.1 Structures at risk

Within the problem area boundaries shown on Figure 6-16, there are 45
residences in the Sun Valley Neighborhood located within the MDP Floodplain in
blue.

6.5.4.2 Inundated roadways

Within the problem area boundaries in Figure 6-16, the 1% ACE event inundates
roughly 2,300 feet of roadways in the Sun Valley neighborhood. The TXDOT
2022 Traffic Count for Venus Avenue is an Annual Average Daily Traffic of 112
vehicles.

6.5.4.3 Potential mitigation

The flood risk at this location can be mitigated by improving the State School
Road crossing or by constructing an earthen levee to cut off the large ponding
area east of Stillhouse Branch, as described in CIP Project 06 in Section 7.2.6.
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6.6 Problem area evaluation summary
Evaluation results for the 16 problem areas are summarized in Table 6-1 below, along with

which problem areas were selected for further CIP project development.
Table 6-1: Problem area evaluation summary.
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7.0 Mitigation solutions

This plan offers a unique opportunity to examine and plan for regional projects to address
flooding problems on a watershed-wide basis in a systematic approach, rather than each city
constructing its own “isolated” project.

7.1  Mitigation strategies

Three structural and three non-structural mitigation strategies were considered. Structural
mitigation strategies included regional detention to reduce the peak flow rates, channel
improvements to pass existing flows at a lower water surface elevation, and bridge or culvert
improvements at locations where upstream flooding is the result of undersized roadway
crossings. Non-structural strategies included property acquisitions, flood warning systems and
strengthening regional drainage criteria.

7.1.1 Regional detention

The first structural strategy considered at each problem area was regional detention, to store the
incoming flows and release them at a safer rate. To evaluate the potential for regional detention,
a non-damaging flow was determined, such as the 2-year, 5-year or 10-year event — and the
percent flow reduction was calculated to establish the required storage volume. This volume was
then divided by the available height (embankment tie-in minus flowline) to calculate the required
open area. This was used to establish the area of open space required for detention.

7.1.2 Channel improvements

The second strategy considered at each problem area was channel improvements to increase the
conveyance capacity to reduce the water surfaces during peak flows. A non-damaging elevation
was identified — below which all of the flow is able to pass — and the additional flow area
required was calculated, along with a percent increase and/or top width required. If feasible, the
conceptual solution design was modeled with the channel improvement tool in RAS. For a given
flow depth, a trapezoidal section was applied to estimate top width, and the easement required to
determine if the channel improvements were feasible.

7.1.3 Bridge and culvert improvements

The third strategy considered at each problem area was bridge or culvert improvements to
increase the capacity of the crossing. In some areas, flooding is caused by undersized roadway
crossings, which cause flow to back up into structures upstream. The best solution that could be
achieved would be no head loss across the crossing — although the downstream impacts of the
additional flow must be evaluated as well. The difference between headwater and tailwater was
calculated and if the difference was not large enough to solve the problem this strategy was not
viable. If this strategy was selected, the solution configuration would be modeled in HEC-RAS
to verify the reduction in the upstream WSEL.
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7.1.4 Property acquisitions

The first non-structural strategy considered for each problem area was property acquisition, in
which the local jurisdiction purchases residential or commercial structures and demolishes the
buildings to return the property to an open space use that is more consistent with the floodplain.
Often property acquisitions with multiple flood insurance damage claims are accomplished with
federal or state grants, typically at a 75% federal / 25% local cost share.

7.1.5 Flood warning systems

The second non-structural strategy considered for each problem area where bridge and culvert
improvements were not feasible and overtopping of the roadway will continue to occur was
installation of a flood warning system, which is typically a pair of flashing light warning signs
that are activated by a pressure transducer sensor upstream of the roadway.

7.2 Conceptual mitigation solutions

Conceptual mitigation solutions were developed in multiple jurisdictions for 6 of the 16 problem
areas. Each area was investigated to determine which mitigation strategy should be pursued to
produce the greatest benefit at the most economical cost. The alternatives were analyzed to
determine the effectiveness of each solution. Since the Sun Valley Neighborhood Levee and
Straws Mill Road Low Water Crossing projects are proposed to be funded by the TWDB’s Flood
Infrastructure Fund, data for all 21 categories listed in Section 6.1 above.

7.2.1 01 East Leon Street

This problem area experiences riverine flooding from the Leon River, which has a very large
drainage area upstream of Gatesville. As such, no detention pond would be able to produce a
significant reduction in flows other than construction of a new flood control reservoir
immediately upstream of Gatesville.

The first mitigation option considered for this problem area was construction of an earthen levee
to protect the 10 residential properties along East Leon Street. A 150-foot long, 2-foot high
concrete floodwall is constructed along the sidewalk of US 84 with a crest at elevation 764. The
earthen levee ties into the floodwall at elevation 762 and wraps around the neighborhood for
1,700 feet until it ties back into the bluff behind 302 E. Leon Street. This alternative also
requires raising the roadway by 8 feet at East Leon Street, which includes reconstruction of 500
feet of the street. Construction of a closure system for the 32-foot wide by 8-foot high roadway
opening is an alternative to raising the roadway, but the structure would be cost prohibitive. The
interior sump area is drained by 24" RCP pipe that runs down to E. Leon Street, and along E.
Leon Street to an existing outfall channel where it discharges through a 24" flap gate into the
Leon River, as shown in Figure 7-1 below. The HEC-RAS geometry for the Leon River was
updated to reflect the proposed levee and roadway improvements (Plan P02), resulting in the
proposed floodplain in purple in Figure 7-1. A comparison of the proposed and existing water
surfaces demonstrates no negative effect, as described in Exhibit C Section 3.6 of TWDB’s state
flood planning guidance.
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Figure 7-1: East Leon Street levee alternative

As shown in Exhibit D-1A in Appendix D, the total estimated project cost is $2,360,877, or
$236,088 per protected structure. Although the earthen levee is permittable, constructible and
implementable, after preparing the cost analysis to implement the earthen levee improvements, it
was determined to be cost prohibitive and not economically feasible.

The second option considered was property acquisition. As shown in Exhibit D-1B in
Appendix D, the total estimated project cost to acquire the 10 properties is $1,425,405, or
$142,541 per acquired structure.

After considering both strategies, it was determined that the most feasible and economical option
would be for the City to assist each homeowner in obtaining a grant to raise the finished floor
elevation of their structure above the MDP 1% water surface elevation. This could be
accomplished by either leaving the houses in their current location to utilize the existing
foundation or by shifting the houses to a new location on the property and incorporating a new
foundation. However raising the houses would be improvements on private property, which are
not allowed to be paid for by public funds. As a flood mitigation strategy, the City could help
each property owner obtain a mitigation grant to elevate their structure.

In July 2023 the Region 8 RFPG did not include the East Leon Street as a recommended Flood
Mitigation Strategy in Table 17 in Appendix 5.3 of the Amended Region 8 Flood Plan due to
lack of local sponsorship.
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7.2.2 02 Leon Wastewater Treatment Plant

Located south of downtown Gatesville, the Leon Wastewater Treatment Plant (WWTP) treats
much of the City’s sewage. This WWTP is protected from riverine flooding by an earthen
embankment which completely encircles the plant that has a crest elevation at elevation 757.

The 100-year base flood elevation on the effective FIRM map is 757.09, so the WTTP is shown
on the FIRM as outside of the floodplain. However, the 1% ACE peak discharge at the USGS
stream gage at the US 84 bridge is 60,400 cfs and the new 1% ACE peak discharge calculated in
the current study is 73,988 cfs. Placing the higher discharge into the USACE’s HEC-RAS model
resulted in a 100-year water surface elevation of 757.33 feet, and FEMA currently requires an
additional 2 feet of freeboard to show protection from the 1% ACE on a FIRM map.

There are two practical ways to increase the height of the embankment — either additional
earthfill or a parapet wall. Adding earthfill requires additional area along both the river side and
inside toe which is not available. Additional earthfill also increases the earth pressures on the
sheet pile wall that protects the riverside toe, and along the landside toe it reduces the working
area of the WWTP resulting in several conflicts with existing structures. As such, the most
practical means is to add a concrete parapet wall along the top of the embankment, as an inverted
T-section with stop log structures at the driveway into the plant and the walkway to the outfall on
the river side, as shown in Figure 7-2 below. The HEC-RAS geometry for the Leon River was
updated to reflect the roadway and culvert improvements (Plan P03), resulting in the proposed
floodplain in purple in Figure 7-2. A comparison of the proposed and existing water surfaces
demonstrates no negative effect, as described in Exhibit C Section 3.6 of TWDB’s state flood
planning guidance.

= =

Proposed Parapet Wall,

concrete T section,
2' high, top at 758

Replace | Chaln Link Security.
e Fence, with posts integrated
RSN irto top of parapet wal

§ Proposed 30' Wide
Aiumlnum Stop Log Closure

-Aluminum Stop ?.og Closure
at existing walkway

Figure 7-2: Leon WWTP parapet wall

As shown in Exhibit D-2 in Appendix D, the total estimated project cost is $642,100 for the
concrete parapet wall and stop log structures. The recommended parapet wall and closure
structures are permittable, constructible and implementable. In July 2023 the Region 8 RFPG
recommended this FMP in Table 16 in Appendix 5.2 of the Amended Region 8 Flood Plan.
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7.2.3 03 Straws Mill Road low water crossing

The current crossing of Straws Mill Road at Stream CG-2 is a classic low water crossing
configuration, with steep roadway approaches in both directions and a small 24” CMP culvert to
pass low flow amounts. This problem area is located near the downstream end of the Stream
CG-2 watershed, which has a relatively large drainage area upstream. As such, no detention
pond would be able to produce a significant reduction in peak flows at this location.

The elevation of adjacent driveways usually constrains how much the roadway can be elevated.
At this location, no driveways are within the 1% ACE floodplain, but the City’s wastewater lift
station is roughly 7 feet above the existing low water crossing at elevation 748. As such, the
recommended improvement is to raise the roadway by 10 feet up to elevation 751, and construct
four 10-foot wide by 10-foot high box culverts to safely pass the 2% ACE peak flow without
overtopping the roadway, as shown in Figure 7-3 below. The HEC-RAS geometry for Stream
CG-2 was updated to reflect the roadway and culvert improvements (Plan P02), resulting in the
proposed floodplain in purple in Figure 7-3. Minor channel grading is also required to increase
the channel bottom width to accommodate the culverts. A comparison of the proposed and
existing water surfaces demonstrates no negative effect, as described in Exhibit C Section 3.6 of
TWDB’s state flood planning guidance.

Figure 7-3: Straws Mill Road low water crossing
As shown in Exhibit D-2 in Appendix D, the total estimated project cost is $1,021,710 for the
raised roadway and box culvert structures. These roadway and culvert improvements are

permittable, constructible and implementable. In July 2023 the Region 8 RFPG recommended

this FMP in Table 16 in Appendix 5.2 of the Amended Region 8 Flood Plan.
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The following assumptions were made in the Benefit Cost Analysis:

Project Useful Life: The project useful life was 30 years, which is consistent with the
standard design life for a municipal roadway.

Initial Project Cost: As described above, the total estimated project cost is $1,021,710.

Annual Maintenance Cost: Maintenance of the roadway embankments and box culverts
was estimated to be $5,000 per year.

Total Mitigation Project Cost: The initial project cost and present value of 30 years of
annual maintenance costs results in a total mitigation project cost of $1,083,755.

Flood Hazard Data: The 25-year, 50-year and 100-year water surface elevations were
taken from the RASMapper inundation results at the center of the roadway over the
culvert. Although the existing low water crossing actually overtops by 4.23 feet (51
inches) in the 5-year, 5.43 feet (65 inches) in the 10-year and 7.64 feet (92 inches) in the
100-year, the current TWDB BCA Input spreadsheet only allows a maximum
overtopping depth of 48 inches. Per TWDB direction, 48 inches was used for all 3
events, with a duration of 4 hours for the 5-year, 6 hours for the 10-year and 8 hours for
the 100-year events.

Daily Traffic: The TXDOT 2022 Traffic Count for Straws Mill Road is an Annual
Average Daily Traffic of 555 vehicles, and it is a heavily travelled shortcut to the
Gatesville ISD facilities.

Length of Detour: When the crossing is closed traffic must detour around to SH 36, a
distance of 2.69 miles that takes roughly 15 minutes.

Utility Outage Reduction: The wastewater lift station serves roughly 2,000 customers,
and would be out 2 days, 4 days and 4 days due to the 5-, 10- and 100-year events.

Before-Mitigation Damage: TWDB’s BCA Input spreadsheet was used to calculate
event damages of $324,185 for the 5-year event, $592,101 for the 10-year event and
$648,370 for the 100-year event. FEMA’s BCA Tool Version 6.0 was used to include
traffic and detour costs to calculate a total Before-Mitigation Damage of $735,266 from
the 5-year event, $809,387 from the 10-year event and $671,860 from the 100-year event.

After-Mitigation Damage: The improved crossing can safely pass the 5-year, 10-year
and 50-year events without overtopping, with $235,137 from the 100-year event, so total
After-Mitigation Damages are $235,137.

Total Standard Mitigation Benefits: FEMA’s BCA Tool Version 6.0 was used to
calculate a total Standard Mitigation Benefit of $1,956,732.

Standard Benefit Cost Ratio: 1.81 (actual BC Ratio is higher due to overtopping depth)

Social Benefits: With no affected residential or commercial structures there are no
additional social benefits.

Standard + Social Benefit Cost Ratio: 1.81
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7.2.4 04 SH 36 and Arrowood crossing

The drainage area of the Stream CG-2 watershed upstream of this location is too large for an
online detention pond to effectively reduce peak flows. Currently Arrowood Lane crosses
Stream CG-2 with a timber bridge, which Coryell County reports has washed out several times in
the past 10 years. It is the only access for 6 properties. To prevent future washouts, the timber
bridge is replaced with a 24-foot wide, 6-foot high ConSpan precast concrete arch culvert. The
existing timber bridge will remain open during construction to provide residents access to their
homes. The HEC-RAS geometry for Stream CG-2 was updated to reflect the bridge replacement
and channel improvements (Plan P03), resulting in the proposed floodplain in purple in Figure
7-4A. Although the raised roadway results in localized increases in the 1% ACE WSEL roughly
200 feet upstream of the roadway, these increases do not affect any insurable property.
Arrowood Lane runs alongside the channel a good distance in both directions, and it is not
possible to remove it from the 1% ACE floodplain without elevating the entire length of the
roadway. However the 24°x6’ arch culvert can pass the 10% ACE peak flow if channel
improvements are made downstream to the SH 36 culverts. The side slope of portions of the
channel improvements are armored to protect the roadway from future scour and erosion. A
comparison of the proposed and existing water surfaces demonstrates no negative effect, as
described in Exhibit C Section 3.6 of TWDB'’s state flood planning guidance.

| Adiust Wastewater Lines

Figure 7-4A: Arrowood Lane culvert and channel — 10% ACE

As shown in Exhibit D-4A in Appendix D, the total estimated project cost is $982,192 for the
raised roadway and box culvert structures. This project is currently being funded by a CDBG-
DR mitigation grant through Coryell County. These bridge and channel improvements are
permittable, constructible and implementable. In July 2023 the Region 8 RFPG recommended
this FMP in Table 16 in Appendix 5.2 of the Amended Region 8 Flood Plan.

\! \ i u S 0 .
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The second location is the flooding of 2 residential properties along the SH 36 frontage. At the
crossing of SH 36 and Stream CG-2, the existing 4 - 9'x8' box culverts have sufficient capacity to
pass the 100-year flows, but flow accumulates on the upstream side that floods these residential
structures. The upstream WSEL can be lowered by adding 2 additional 8'x8' box culverts under
SH 36, removing one of the two structures from the 100-year floodplain. The HEC-RAS
geometry for Stream CG-2 was updated to reflect additional box culverts (Plan P04), resulting in
the proposed floodplain in purple in Figure 7-4B. A comparison of the proposed and existing
water surfaces demonstrates no negative effect, as described in Exhibit C Section 3.6 of TWDB'’s
state flood planning guidance.
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Figure 7-4B: SH 36 culverts — 1% ACE

As shown in Exhibit D-4B in Appendix D, the total estimated project cost is $328,140 for the
raised roadway and box culvert structures. These culvert improvements must be coordinated
with TXDOT, who might require the culverts to be jacked and bored under the highway at a
higher construction cost. According to the Coryell County Appraisal District, the current market
value of the removed house in yellow is $131,650. The recommended additional culverts are
permittable, constructible and implementable. In July 2023 the Region 8 RFPG recommended
this FMP in Table 16 in Appendix 5.2 of the Amended Region 8 Flood Plan.
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7.2.5 05FM 929 crossing

At the crossing of FM 929 and Stream CG-4, the existing 4 - 8'x4' box culverts do not have
sufficient capacity to pass the 100-year flows. The roadway is very flat, and it acts like a flow
spreader distributing the overflows across 3 blocks downstream flooding 19 insurable structures
before flow can make its way back to the Stream CG-4 channel.

The FM 929 Culvert and Channel Improvements project includes replacing the existing culverts
with 4-8'x6' box culverts and the addition of 4-8'x6' box culverts under the roadway to provide
capacity to pass the 100-year event without overtopping, along with channel improvements with
a bottom width of 120 feet extending 1,300 feet downstream to lower the channel flowline by 2
feet at FM 929, increase channel capacity and lower the tailwater, as shown in Figure 7-5 below.
A linear embankment along the left channel bank prevents flow from inundating a row of 7
houses along the east side of the floodplain, and since it is not hydraulically connected it was
mapped at a backwater elevation from its hydraulic connected area 800 feet downstream. The
HEC-RAS geometry for Stream CG-4 was updated to reflect the levee improvements (Plan P02),
resulting in the proposed floodplain in purple in Figure 7-5. A comparison of the proposed and
existing water surfaces demonstrates no negative effect, as described in Exhibit C Section 3.6 of
TWDB’s state flood planning guidance.

Relocate Sewsr Lin

T —

Figure 7-5: FM 929 culverts and channel - 1% ACE

As shown in Exhibit D-5 in Appendix D, the total estimated project cost is $1,535,250 for the
box culvert structures and channel excavation. These culvert improvements must be coordinated
with TXDOT. The recommended culvert replacement and overbank improvements are
permittable, constructible and implementable. In July 2023 the Region 8 RFPG recommended
this FMP in Table 16 in Appendix 5.2 of the Amended Region 8 Flood Plan.
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7.2.6 06 Sun Valley neighborhood

Upstream of the State School Road bridge, flow in the right overbank of Stillhouse Branch
spreads out over a large agricultural area and inundates 3 blocks of houses in the Sun Valley
neighborhood, as well as several houses along State School Road. This is backwater riverine
flooding from Stillhouse Branch, which has a large drainage area upstream of Gatesville. As
such, no online detention pond would be able to produce a significant reduction in flows.

The first mitigation option considered for this problem area was construction of an earthen levee
to protect the 45 residential properties along Sun Valley Avenue, Venus Avenue and State
School Road. The west end of the earthen levee ties into natural ground at elevation 780 and it
wraps around the neighborhood for 4,000 feet to tie back into high ground at elevation 786
behind 410 State School Road. The interior sump area is drained by 24" RCP pipe that runs over
to an existing drainage ditch and underneath the levee to an existing outfall channel where it
discharges through a 24" flap gate into Stillhouse Branch, as shown in Figure 7-6, below.

e — : ! K )
Figure 7-6: Sun Valley neighborhood levee alternative

As shown in Exhibit D-6A in Appendix D, the total estimated project cost is $1,594,294, or
$35,429 per structure. The HEC-RAS geometry for Stillhouse Branch was updated to reflect the
levee improvements (Plan P02), resulting in the proposed floodplain in purple in Figure 7-6. In
July 2023 the Region 8 RFPG recommended this FMP in Table 16 in Appendix 5.2 of the
Amended Region 8 Flood Plan.
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A comparison of the proposed and existing HEC-RAS water surfaces demonstrates no negative
effect, as described in Exhibit C Section 3.6 of TWDB’s state flood planning guidance. The
recommended levee alternative is permittable, constructible and implementable.

The following assumptions were made to prepare the detailed Benefit Cost Analysis:

Project Useful Life: The project useful life was 50 years, which is consistent with the
FEMA standard design life for the project.

Initial Project Cost: As described above, the total estimated project cost is $1,594,294.

Annual Maintenance Cost: Based on standard NRCS budgets for similar earthen
embankments the annual maintenance cost was estimated to be $20,000 per year.

Total Mitigation Project Cost: The initial project cost and present value of 50 years of
annual maintenance costs results in a total mitigation project cost of $1,870,309.

Lowest Floor Elevations: The ground elevation was determined from the LIDAR at all 4
corners of each structure, and the highest ground elevation was assumed to be the Lowest
Floor Elevation for that structure.

Flood Hazard Data: The 25-year, 50-year and 100-year water surface elevations were
taken from the RASMapper inundation results at the highest corner of each structure.

Building Information: The building sizes and types were obtained from the Coryell
County Appraisal District database. An average year of construction for the subdivision
is 1980. The default analysis duration and building replacement values were applied.

Building Occupancy: Per TWDB guidance, each building was assumed to have 3
occupants, of which 2 were full-time workers.

Before-Mitigation Damage: FEMA’s BCA Tool Version 6.0 was used to calculate a total
Before-Mitigation Damage of $392,039 from the 25-year event, $2,564,615 from the 50-
year event and $5,324,919 from the 100-year event.

After-Mitigation Damage: Since the levee protects the structures from damage during
25-year, 50-year and 100-year events, the total After-Mitigation Damages were $0.

Number of Residents: Assuming 3 residents per structure, a total of 129 residents.
Number of Employed Residents: Assuming 2 of 3 residents works, a total of 86 residents.

Social Benefits: FEMA’s BCA Tool Version 6.0 was used to calculate a total Expected
Annual Social Benefit of $1,066,443.

Standard Benefit Cost Ratio: 0.81
Standard + Social Benefit Cost Ratio: 1.38

The second option considered was property acquisition of 45 residential properties along Sun
Valley Avenue, Venus Avenue and State School Road. As shown in Exhibit D-6B in Appendix
D, the total estimated project cost to acquire these 45 properties is $11,134,005, or an average of
$247,422 per acquired structure. The levee is the most cost-effective solution.
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8.0 Conclusions and recommendations

The Gatesville Master Drainage Plan is a set of structural and non-structural flood protection
measures to reduce the flooding losses in the watershed, based on updated hydrologic and
hydraulic models.

8.1 Public meetings and workshops

The jurisdictions in the watershed and the general public were involved throughout the planning
process. Several public meetings were held as the Gatesville Master Drainage Plan was
developed, a list of which is shown in Table 8-1 below.

Table 8-1: List of public meetings.

Meeting Date Description

Workshop and
Public Meeting #1

Presented scope of study and

A 2, 20722 collected drainage concerns

Present the results of the updated hydrology and
\I!)V%rlksl‘llzp a.nd 4 January 24, 2023 hydraulics, each of the 16 problem areas and the 6
ublic Meeting conceptual mitigation solutions

8.2 Ranking of solutions
Since the flood mitigation solutions are to be implemented by different funding methods and

cooperation with Coryell County and TXDOT, a formal ranking process to develop a prioritized
order in which they should be implemented is not applicable.
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8.3 Recommendations

Gatesville identified 6 potential Flood Mitigation Projects (FMPs), and then through analysis,
narrowed it to 2 FMPs to be funded by the Flood Infrastructure Fund (FIF) that were fully

developed and submitted to the Region 8 Regional Flood Planning Group for inclusion in the
State Flood Plan. The recommended flood mitigation solutions are summarized in Table 8-2

below.

Table 8-2: Summary of mitigation solutions.

Flood-Prone Recommended Estimated | Responsible | BC Funding
Area Solution Cost Entity Ratio Source
FEMA Hazard
. . City of Mitigation or
East Leon Street Acquire or raise 10 houses $1,425,405 Gatesville N/A Increased Cost of
Compliance
Construct a parapet wall to .
Leon Wastewater | = ¢t to the ring $642,100 City of N/A | CWSRL grant
Treatment Plant Gatesville
embankment
Straws Mill Road . City of
Low Water LRSI Lo LR $1,021,710 Gatesville; 1.81 | FIF Project grant
] and enlarge culverts
Crossing Coryell County
Arrowood Lane Replace the bridge crossing $982,192 Coryel.l N/A CDBG-DR grant
County, City of TXDOT
SH 36 Add 2 8°x8’ culverts $328,140 Gatesville N/A
TXDOT and
. Replace and add culverts, . General
FM 929 crossing widen downstream channel Pt iy (.)f e TXDOT
Gatesville
Sun Valley City of .
Neighborhood Construct an earthen levee $1,594,294 Gatesville 1.38 FIF Project grant
Total Proposed Mitigation Cost $7,529,091

The locations of the recommended CIP solutions are also shown on Figure 8-1 on the following
page. In July 2023 the Region 8 RFPG included 6 of the 7 projects as recommended FMPs in
Table 16 in Appendix 5.2 of the Amended Region 8 Flood Plan, but they did not include the East
Leon Street as a recommended Flood Mitigation Strategy (FMS) in Table 17 in Appendix 5.3 of
the Amended Region 8 Flood Plan due to lack of local sponsorship.
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Appendix B — Hydrology

Exhibit B-1A

Exhibit B-1B

Exhibit B-2A

Exhibit B-2B

Exhibit B-3

Exhibit B-4A
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Exhibit B-6
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Hydrologic Element

Peak Discharge (CFS)

Gatesville

L % Spur Capital of Texas
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Appendix C — Hydraulics and Floodplain Mapping

Exhibit C-1

Exhibit C-2

Exhibit C-3

Exhibit C-4

Exhibit C-5

Exhibit C-6

Exhibit C-7

Exhibit C-8

Exhibit C-9

Exhibit C-10

Exhibit C-11

Exhibit C-12

Exhibit C-13

Exhibit C-14

Exhibit C-15

Exhibit C-16

Exhibit C-17

Exhibit C-18

Exhibit C-19

Exhibit C-20

Exhibit C-21

Exhibit C-22

Hydraulic Work Map — Leon River A
Hydraulic Work Map — Dodd Branch A
Hydraulic Work Map — Dodd Branch B
Hydraulic Work Map — Dodd Branch C
Hydraulic Work Map - Stillhouse Branch A
Hydraulic Work Map - Stillhouse Branch B
Hydraulic Work Map - Stillhouse Branch C
Hydraulic Work Map — Stream CG-4
Hydraulic Work Map — Stream CG-5 A
Hydraulic Work Map — Stream CG-5 B
Hydraulic Work Map — Stream CG-3 A
Hydraulic Work Map — Stream CG-3 B
Hydraulic Work Map — Leon River B
Hydraulic Work Map — Leon River C
Hydraulic Work Map — Leon River D
Hydraulic Work Map — Stream CG-2 A
Hydraulic Work Map — Stream CG-2 B
Hydraulic Work Map — Stream CG-2 C

MDP vs. FEMA 1% Floodplain — Leon River A
MDP vs. FEMA 1% Floodplain — Dodd Branch A
MDP vs. FEMA 1% Floodplain — Dodd Branch B

MDP vs. FEMA 1% Floodplain — Dodd Branch C
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Exhibit C-23 MDP vs. FEMA 1% Floodplain — Stillhouse Branch A
Exhibit C-24 MDP vs. FEMA 1% Floodplain - Stillhouse Branch B
Exhibit C-25 MDP vs. FEMA 1% Floodplain - Stillhouse Branch C
Exhibit C-26 MDP vs. FEMA 1% Floodplain — Stream CG-4
Exhibit C-27 MDP vs. FEMA 1% Floodplain — Stream CG-5 A
Exhibit C-28 MDP vs. FEMA 1% Floodplain — Stream CG-5 B
Exhibit C-29 MDP vs. FEMA 1% Floodplain — Stream CG-3 A
Exhibit C-30 MDP vs. FEMA 1% Floodplain — Stream CG-3 B
Exhibit C-31 MDP vs. FEMA 1% Floodplain — Leon River B
Exhibit C-32 MDP vs. FEMA 1% Floodplain — Leon River C
Exhibit C-33 MDP vs. FEMA 1% Floodplain — Leon River D
Exhibit C-34 MDP vs. FEMA 1% Floodplain — Stream CG-2 A
Exhibit C-35 MDP vs. FEMA 1% Floodplain — Stream CG-2 B

Exhibit C-36 MDP vs. FEMA 1% Floodplain — Stream CG-2 C
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Exhibit D-4A

Exhibit D-4A

Exhibit D-4A

Exhibit D-4B

Exhibit D-4B

Exhibit D-5

Exhibit D-5

Exhibit D-6A

Exhibit D-6A

Exhibit D-6B

Exhibit D-6B

East Leon Street — Levee Alternative

East Leon Street — Levee Alternative OPCC
East Leon Street — Buyout Alternative

East Leon Street — Buyout Alternative OPCC
Leon Wastewater Treatment Plant

Leon Wastewater Treatment Plant OPCC
Straws Mill Road Low Water Crossing

Straws Mill Road Low Water Crossing OPCC
Arrowood Lane Culvert Replacement — 10 Year
Arrowood Lane Culvert Replacement — 100 Year
Arrowood Lane Culvert Replacement OPCC
SH 36 Culverts

SH 36 Culverts OPCC

FM 929 Culverts and Channel Improvements

FM 929 Culverts and Channel Improvements OPCC

Sun Valley Neighborhood — Levee Alternative

Sun Valley Neighborhood - Levee Alternative OPCC

Sun Valley Neighborhood — Buyout Alternative

Sun Valley Neighborhood — Buyout Alternative OPCC
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Appendix D

Project Number: JProject Name:

JFloading Source:

14

Recommended mproverments

East Legn Straet Levee Improvements

Laon River

esville

Spur Cagtal of Tecas

Location [Nearest Street Intersection)

Buyout

Channal Improvements

Levee

From;

L5 84

Detention

Structure Improvements

Orther

To:

f3
@ e

East Leon Streat

Description m‘l'.. Uinit Unit Price Total Project Description

Emnn:l-& Culvert Improvements ne East Leon Street Levee alternative includes constructon of an easrthen
bdckilization, Barricades & Incidentals (155 i L& sigsonee] 5108000 ooffeven to protect 10 residential proparties alang East Laon Stract
Lenreecater Pollution Prevention Blan 1 L5 W'ILEUI &2 ann nofcovristrearn of the US &4 bridge, the charmel of the Leon River turms

‘ fowards the west bat Faws i its owerbanks continue south and spread out
prarmeater Palluticn Prevention Flan mplemertatior | 3 - ;.:-:-,munul 00000k s the east flooding 10 insurable structures along East Lean Straet, A
|drazdcas: Seeding IEACD 5 Sl.nlill 556,500 0Of150-Tool fang, 2 faol high concrete MNoodwall i3 onstrucled slong the
F..r a2 Elanket |Green| TERAD [ 3. 00 S5, 500 oofsidewalk of US 84 at elevation Y64, The carther levee ties inte the
Ramove Existing Aoadway Includieg Concrate Curb B R . flcadhaall at elevation 7562, and wrags around the neighborhood for 1,700
Gt beer and Sidewalk 1 = '!-.l.'-.l:l.ll S17.800.00 Feet to tie back into the bluff behind 302 E. Leon Street. This altermative
e amd Stockpie Tapsail PRt 25.00] 562,777 Takalse indudes ralsing the roadway by 8 feet at East Leon Street, which
Place and Compact Earthen Embankment TEET04 Y SZE.HI]I SR30,I55 !E'I"IUUI.'!E! reconstrection of 300 feet of the streset. The inferior sump area is
Watar Litiity Adusimant 1 Lh 5]53}0_.},[.' 50000 L._-ldraired by 24" RCP pipe that runs up to £. Lean Strest, and along C. Leon
Wastewater Ltility Adjustment 2 Ei $5-_JZIILI:I]| SO0 ,Ircrwl ta an existing outfall chamnel where it discharges thravgh a 247 flap
fconcrens Encase Wastewater Utiliy 1 Fé ssoo00n]  s10,000 cofedte into the Leon River.
A" B P s 0D i fing Excavation & Backfill (=it LF guu_uul 5237, 500 00
Iristall 24" Hap Gate 1 Ed E_!_SDD.[:I:II 53, 500 00y
|E° Limi Stabilization of Existing Sub-hase Material 170 L1 L) E[II G127 460 00
| #rraed Lime 13 ™ s2an.00 53,2400
Je" Cement Treated Base 1750 ] sas.o0]  saaso00
3 AL [Crushed 'TY) 15 N i]m.uu| z
Wetal Bzam Gusrd Feres o LF zan.oaf
[Concrete Paragat ‘Wall 150 LF 150, 00

Channel & Cubvert mprovesnents Subiotal

Cantingendy (15%)

Enginessing, Surveyng, Manapemens B Inspection (%)

Land Cogzs

| sz | ac |

£20.000.00]

RO Aguisition Sesvices (6% Land Costa]

Easement &cquisition (30,50 per souare foat)

Eaf@mMent ACoquisition Services

Total Estimated Project Cost
C. P, Rank:

2-(FlGd4

42,360,877.0

CAYWP_Projects\Gatesville MDM\Reportyappendices\Exhibit D-14 East Leon Street - Levee Alternative - EDPC
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& Spur Capital of Texas

Project Number: JProject Name: |Fiooding Source: .
16 East Legn Street Buyouts Leon River mzzze
Spur Cagita] of Tes
Recommended Improvements Location (Mearest Street Intersection)
Buyout __ Channal Improvemeants _ levee From: U5 84 @‘iﬁ{lkﬂ[
_ Detention | Structure Impravements | __ Other o East Leon Street Parrners
S Est. . S
Dascription Unit | Unit Price Total Project Description
Oy,
Proparty Buyauts TheEast Leon Streat Buyouts praject includes the buyout of 10 residertia
- » properties sang East Leca Street. Dowrstream of the US B2 bridge, the
Land Costs SLEX2A.00 chanrel of the Leon River turms towards the west but flows in its cverbanks
BOW Acquisition Seryices (6% Land Costs] i o fcontinge south and spread owt Towards the east flaoding LD insurable
y ¥ T i .
Wasement Acquisition (5050 per square foot) 2000 structures slong Cast Lecn Street e sapand altermstive evaluated 1o
mitigate this flocd risk is the acgquisition of these 10 structures
Easement Acquisition Services SO0
The cost associated with the buyout of esch property incdudes the appraisal]
and closing costs, demalition and disposal of the structure Incuding
harardous materials (e g, asbestos, kead paint), restaration of the ol to
open space, ard any difference between aparais=d and fir market value of
the housa,
-
-
i)
i
= s
Channel & Cubvert Inprovements Subtotal 51 355 205,
Canlinpency (10%) 510600
Engineering, Surveying, Managermsent & Inspection (Z5%) 0.
[Total Estimated Project Cost 51,425,405.00
C.1.P, Rank: TED . Date: 11/23)22
2-Fl544 l:"‘._'l.'.l'F‘_Fmjnct\-".G:ltlewilll.-. MDOPYRepart\ Appendices\ Full\Exhibit D-1B East Leon Street - Buyout Alternative - EOPC
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Project Number: JProject Name:

JFinoding Source:

Recommended Improvements

02 Len Wastewater Treatrment Flant Farapet Wall

Location [Nearest Street Intersection)

Lacn River

esville

Spur Capatad of Texas

Buyout

Channal Improvements

From:;

Fennimore Street

—  Detention

Structure Improvements

COrther To:

£
@ Hker

5. Lutterloh Avanue

Description m‘l'.- Unit | Unit Price Total Project Description

Channel & Culvert bmprovermnents ne Leon '.l‘-'l.'.lT-P Parapet ‘Wall project includes construction of an inverted

Wkl ization, Barricades & Icidentals (LI 1 L& S5 000, oo G5 000 o7 shaped concrete parapet wall along the tap of the existing earthan

Cearmwater Pollution Presmnton Blan 1 LS E-J_dl:l:".ﬂlll &2 enn pofermbankment Lo proside an additionsl 2 feet of pratection agairst

_ - mundatian by the Leon River. To maintain the existing acoess points, the

tarmaater Pallition Prevention Plan implemertation ! = F']":"':":":"':']I SI000000 - o pat wall connects to 3 30-foot wide stap kg sruciure on the north side
|Broadcas: Seeding 1,000 5% s:.r.nl g3 000 coflol 1the plant For vehioular access and 2 10-Topt wide op log strectune on
l:...- e Blan ket |Green| 1000 oy 29,00 o5 oo cofehe south side of the plant for access to the concrete outfall channel. The
Ihmn N . o ] Reisting chain link security Tence is re-installed on posts irntegrated into the

v and Lok Exisfing Chain Link Security Feei 1,500 LF £3.00 G, B0 00
fop of the concrete garapet wall.

g and Stockpie Tapsoil 1000 5y 5. 00] 5 00000

Place Inverted T Conorebe Farapet Wall - & High, with | 500 \F 4350,00 375,000 00

sheavrs for BEnce posts

Cancrele Sep Leg Frame 1 B S]SII“.".EUI 531,000 00}

cduminum Stop Logs - 2 feet high 40 LF 52I:ﬁ.l:l]| SR 000 00y

JReiratall Chain Link Security Fenca 1500 Lr S6.00 0,000 )

Channel & Culvert Bnprovements Subsotal

Canilingency (105}

Engineering, Surveying, Management & Inspection (200}

Lard Cosas

BIW Acguisition Secvices (6% Land Costs|

Easement &cquisttion (30050 per sauare foat]

Easemunt Arquisition Services

C.I.F. Rank:

2-0r1 644

Total Estimated Project Cost 5642,100.00

0

12/%/32

CAWP_Projects\Gatesville MDPReportyAppendices\ Full\Exhibit D=2 Leon Wastewsater Treatrment Plant - EOPC
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Appendix D

Project Mumber: [Project fame:

straws Mill Road Low Water Crossing

Descrigtion gfy. | Ynit | UnitPrice Total

Recommended Improvements Location [Nearest Street Interssction)
Buyoul T Channel Imgrosements T Lewee From: Accky Bramch
— Detention —  Structure Improvements —  Other To: Watts

Praject Description

Gatesville

Walloer

Partrers

el B CLilieed® o Para it

Thi Strems Mill Road Lo Warer Crocsing onofact inclidas. raising fh razd

s bilaaton, Barricadi & i=cidantah | 15%) 1 L] SE5,000.004 sam,non pof by 10 Taart mnd ad
o cn enirter Pallabian Prisait bzn Plas 1 15 £, 40000 57,800 pof LA pecily To pass the S0-ypear el withaul Geerbippirg
[ or masaior Pol lgbion Pressend ign P s splomrasnga on: 1 s .20, 00 00Y B0, D000 Ty raised noadway ties inko the sxsting rosdway 3t Slevation 755, and
Eroadiast Siehing 2000 B 530 45 Bl includes reconstruction ot SO0 famt of the strest,
b irken Elan e (Gneen) 1000 S 55008 SR, PO
dt:::z:';-':;::‘d'iv|'l:|.-\:|-'|; FencEE Lo b 1 5F SO0 S1T, Bon.0
E'.I-D Ll 'R-IGLILI:- TopE B 51 5500 CLE 10000
Fl-r-. ared Comgack Earttes Embaskment Eadl Y 525008 5185, TS0.00
A - 10xL T Benf, Coscrete Box (Claws M incleding
I ——— (] Ly 1000 ST b 0] R
o ord Concrele Headwal | lor 4 Fa e BB z EA 535, 000,00 S0, 0.0
haresl Fagavition 200 oy 51500 53, 000,000
[ asiewater LR iy &) iniment 2 BN 5, T 00 500, 020NN
necrete Dacme ‘Wakswsber Ll Ry z 3 S5, L S L, DAL
j1° Li=e Sta belaabonnoof | watirg i h-bae Pdmera T k1 S7.00
tpdrated Lime 14 T™H SE30.00
j1° Coment Troated Nase Tl S 52 5.0
27 MM LAC, (Creabed ) 80 ™ 517000
Pt | ol Beam Guprd Fenoe L] s S0 000

Charmel B Culsert mprosemenss 5ol

Continganey (154

Erig raier i, Serrwieg ing, Wi g rrmaie? B Irsseethan (259

Land Cents ] T |

RO fegetidti o Seraicas [6% Lond Conls)

Esnatr e 1t Apy ininn | 20,50 per soquarn oot

Esiniar rru 1 AL i milnh Saeviced

ng 4 100 B cuboirts undies the rakcheiy 19 peavids

‘ot Estimated Project Cost 61,021, 710000
P, Rank: | 1ED
7-01 k44 C ",W'F'_F‘l'ﬁjhl’.ﬂ",ﬁﬂtﬁﬂ'ﬂllﬁ' BADF A epart! Appand loeshFu SExnibe 0-3 Straes Ml Baad Lo Water Crossing - EQPC
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Project Number: JProject Nama: JFlaading Source: .
044 Arrowvwespd Lane Crassing Replacemant traam CG-2 m’zﬂe
Spur Capdtad of Texas
Recommended lmprovements Lacation [Nearest Street Intersection)
Bauyout Channal Improvements Leves Erom: old Waco Road @\E{_itlk,:[
_ Detention __  Structure Improvements — Other To EM 107 I.J.l_tll‘r_i"{”&
scription ) nit it Pri ota oject c n
Descripti Qty. u Unit Price Tatal P Drescri
-
Channel & Culvert bnprovements ne Arrowood Lare Crossing Beplacement praject includes replacing the
ckilization, Barricades & Incidentals J15%) 1 L5 S-Shl:l}'}.ﬁﬂl wgs, 000 oofexisting timber hridge with a 24" © &' precast concrete arch culvers to
Seormevater Bollution Preventon Plan 1 LS W'I'-ﬂﬂl 52 200 oofProvide capacity Lo paks the 10-year event withoul avertopping and
realigning the roadway roadway.
Starmwater Polkrticn Preventon Plan imiplerertation 1 LE £330 000,00 520,000 004
|Brozadicas: Seeding E550 5y S!.HI:II 517,100 00fl The realgned roadway Lies ale the existing roadway at elevation 810, and
l:ur wx Blanket |Gresn| B0 oy 5]_[;0' 426, f cofinduces reconstruction of 500 fees of the street
Ikﬁmnw Esisting Roadwiay and Tiswher Bridge LT oy 's,'_u-_uul 58,400 00
g and Sackpie Tapsoil E550 51 25,00 SA¢, 750000
Place and Compact Earthen Embankreenst 20 [ $25.ﬂ|:|| E1, 350 000
24" x b’ Frecast Cancrete Arch Culvert Inchading
[Excavation & Eackiill 3 \F 'SS,I:I'.I".\.I':I'Il S280,000.00
Pracast Concrete Wingwals for 24 % &' Arch 2 E# BTD,I:I:I}CIJI Saa0,000 00y
Channel Excavatian 5584 Y f-'.E.L'IJI SHE, 260 00)
Wastraaber Uility Adjustment 2 Ed ‘E-E-_DDD.[:I:II S10,000 004
[Cancrete Encase Wastewater Lilitg 1 L s&mo.cul S 10100 0
|S' Ui Stabilication of Cxisting Sub-bese Materal 2 1] 5% 5‘.‘.[:I:I| 56, 58000
|Edrated Lime 12 ™ En I
JE* Cornernt Trwated Bagn 240 51 zaso0]  s23soooo] R
' MLMLAC [Crushed) DY) 14 ™ $]'.‘D.I:I:II 517 ,680.009
Matal Baam Guard Fanoe Al Lr A0 00 51,600
Channe & Culvert Bmprovements Subsotal
ComtingeEnoy (155%)
Engineening, Survoying, Managemen: B Inspoction (Z5%) §161,600
Lard Costs | o34 | ac | ssocooeo]  sizosrad

RO Arquisition Sevices (5% Land Costs|

Easement Acquisition 3050 per souane taar]

Easement A‘:Hulill":f SETVICEY

[Total Estimated Project Cost
C.. P, Rank:

2-0r1 644

12/9/22
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Spur Capital of Texas D

Praject Number: JProject Name: JFinoding Sourca: ]
4B 5H 36 Culvert Improvemants tream CG-2 zzze
5 “ugrita] of Texas
Recommended Improvements Location [Nearest Strest Intersection) s Cpita] of Teis

Buyout — Ghannel Improvements — Levee From: Old W Drive @‘iﬁilkﬂ'

— Detentlon —_ "}Trl..ll:turﬂln'lprclwml:nfs — Othier To: EM 170 ]"J'I'.-[.“-EJ.'.S

Description w'. Uinit Umit Priice Total Project Description
Emnn:l& Culvert Improvements i thee croszing of SH 36 and Stream CG-2, the existing 4 - 9'28" box culwerts
Kokl ization, Baricades & Incidentals |15%) 1 % 519_3;4}_(;0' i i cofhave sufficlent capadty to pass the 190-year flows, but fow acoumulates
trarmreater Bollution Erewenton Plan 1 L5 W'I'-ﬂﬂl &3 ann oofen the upstream side that Nacds I residertial structures, The upstrearm
WSEL can be lowered by adding 2 additanal 8'x8' box cutwerts under SH 36,
Stormrwater Pollution Prewenton Plan implermentation 1 L 5-]CI_II|D.EI:I| snmmremnvingnneaflhs Two strsctnes fram the 100-year floadplain
[grazcicass Seeding 0 5y s2.00f &0
I‘Cul’#xﬂknhﬂ |G| [a] Eid i]_[:I:II 0 1)
Iﬁﬁl'l'll'lwrli‘"l"ﬂ“ﬁ-'!ﬂl-'h\' 140 5% Ell:'.lll.ll 51,400 00
S and Stockpie Tapsoil 1] 5y Ej_[:ul 0 00
Place and Compact Earthen Emhal'l:ﬁeﬂ'. [x] Y SEE.HIJI 2000y
- Ex¥ Reint. Concrete Boo sClass 01} Inclugin _
JEscavation & Eachfill ) ’ &0 IF sl_smnnl #5000,
[reinforced Concrete Headwal for 2-8'68° RCE 1 E& BJ'I:I.I,'.I,'.I}E[II S, 000 00
Chisnnel Excaviian 0 Y 5'.5.[:"' 5300 00
Prosect Weaste Lime i E# EJD_I:I:O.EIJI 510,000 .00y
JConcrete Encase Water Utlity 1 L 510,0:1}_[:!]' 200 )
|-S' Lime Stabilication of xisting Sub-bese Materal 140 5% 5‘.‘.[:I:I| SEE0 00y
|Friraced Lime 3 ™ I | 40 00
[ ot Troated Bagn 140 5Y H'J.UUI
FHMLMLAC [Crushed ') 1= ™ 5-]'.‘D.I:I]I
Wata Baam Guard Fence 40 Lr A0 00

Channel & Cubvert Improvements Subtotal

ContingeEncy (15%)

Engineering, Survoiing, Management B Inspection (259%)

Land Costs | o [ ac | smconoof
FOW Arquisition Services 6% Land Costs|

Eagement &Lquisiicn [SO50 pef sauare faat)

Easement Acguisibon Services
[Total Estimated Project Cost 5328,140.00
C.1.P, Rank: By 13/ 32

2-01Gd44 CAWP_Projects)Gatesville MDPYReportyAppendices’ FullhExhibit D-4B 5H 36 Culvert Improvements - EQPC
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Spur Capital of Texas

ewzzle Master Drainage Plan — Final Report

Appendix D

Project Number:

JFiooding Source:

Recommended Improverments

5 FRA 929 Culvart and Channel Improvemsents

tream CG-4

.ZJ
Spur Capital of Texas
Lacation [Nearest Street Intersection)

Baryout

Channal Imgrovements

From;

Baize Drive

— Detention

Structurs Improvements

To;

f:
@i

Powell Farm Road

Description m‘l'- Uinit Unit Price Total PFroject Description
Eﬂnn:l&ﬁ.lhu:ﬂ: Improvemnents it thee crossing of Fid 925 anc Stream CG-4, the existing 4 - 8'x4’ box
whckalization, Barricades & ncidantals (L5%) 1 L5 sizaonee] 5126000 coffcubeerts do not have sufficient capacity to pass tha 100-year flows. The
Crarmwater Bolluticn Breventon Blan 1 LS W'I'-ﬂﬂl &3 a0 ool 0B cwey i very s, and it scts like & flow spreader distributing the
foverflows across 3 blodks downstream flooding 19 insurable structures
Skormwater Pollhution Preventon Plan implemerdat on 1 Lt Elﬂ_mﬂﬂl 520,000 00 b fore flow can make its way back [0 te Stream CG-4 channel
Jerozcicas: Seeding 0 5y s2.o0f £ 0o
l:...- @ Elan ket [Green| i [ [ ]_cul e ot ne Fid 928 Cubvert and Channel Impravements praject includes replacing
Ihmnw Esigting Roadway 150 iy '!-'.l:'.l:l.ll e 800000 fihe exisTing culverts with 4-B'05" box l:u.herl's anﬂ. the addition of 4-B's5'
oo culverts under the roadway bo provide capacity to pass the 100-pe=ar
g and Stockpie Tapsoil 1] 51 55,00 S0.008ewent withaout overtopping, along with channe! improvements with a
Place and Compazt Earthen Embankment 1TTo C sas.00] S8, zsocoffoottom width of 120 feet extending 1,300 feet downstream to lower the
I-Ek-:i'::: :‘:lllg:ud:'I:IE'EHW-:EINL iy Induding &0 LF ‘5!5.-1!'-!1!‘.!1' ¢38,000.00) f;:::LL?:rllm bey 2 femet ot FivA 929, increase channel capacity and loeer
[reinforced Concrete Headwal for 8-8'65 RCE 1 EA F\J'I:I,I,'.I,'.I}[‘:[II S 00 00
Channel Excaealian 15230 Y 5'.5.[:“' 5237, 300 004
Re locote Wastewaber Line i E& 55-0_IIIJ.[:I]I 550,000 .00
[Cancrete Encase Wates Uity 1 L 5:||1|:|}|}_[:|]| 510000 )
|S' Lime Stabilication of Existing Sub-bese Materal 350 5% 5‘.‘.[:I:I| 52,030 00
Jerdraed Lime 5 ™ 3aa0, 0] &1, 6RO.O0)
& Cornnit Troated Basn 0 5Y H'J.UUI
' MLMLAC [Crushed 'Y 32 ™ 5]'.‘D.I:I]|
Matal Baam Guard Fence 40 LT A0
Channel & Cubvert bmprovements Subtotal
ontingency (285}
Enginoering, Survaying, Management B Intpection (259%)
Land Costs 45 T |
RO Arguisition Services (5% Land Costs|

Eagement Sequisition [S0U50 per sauare ot

Lasement Acguisibon Services

Total Estimated Project Cost
C.1.P, Rank:

1-01644

51,535,250.00

130832

CAMWP_ProjectshGatesville MDP".Rupurf‘..ﬁ.ppmdimh'-,Full".E khibit D-5 F& 829 Cutvert and Channal Improvements - EQPC
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Appendix D

[Project Number: |Project Mame:

JFiooding Source:

Recommended Improvements

sun Valley Neighbarhood Leves Improvements

Location (Nearest Street Intersection)

tillhouse Branch

tlle

Spur Capital of Texas

Buyout

Channel Improvements

Lewee

Sun Valley Avenue

— Datention _—

Structure Improvements

Orthar

Venus Avenue

Description aty. Unit | Unit Price Tatal Project Description
Khannel & Cubvert Improvements Frie Sun Walley Meighborhaod Buyouts project indudes the buyaul ol 43
Pulchilication, Rarricades & Incidentals |55%) 1 5 545 007.00) sag ooa aofresidential properties alang Sun Valley Avenue, Venus Avenue and 51ate
kbormaaser Polluticn Preventian Blan 1 [E3 53.400,00 52 400 pofpchool Road. Upstream of the State School Road bridge, flow in the right
joverbank of Stillhowse Branch spreads oul aver a largs agricullural area
I!-il::lrn'rxa'.cr Fellution Freventian Fan Implemenzatian 1 L3 #20,000:00 $20,000.00 fand inundated 2 blocks of houses in the Sun Valley neighborbood, as well
Fmaucnl Seeding 15400 5y 52,000 530,500,000 several houses along State Schoal Road.
|C4rln Elnket (Green) 15400 Y CEREE S, 00,0
Etrin and Stackpie Tapsoi 16100 oy 55,00] A0, 500, he wast end of the earthen leves ties into natural ground at elevation
Flace and Compatt Earthen Embankmsent 17600 o £15.00) 20, 000.00) FED, and wraps around the neighbarhood for 4,000 feet 1o tie back into
T T —— ESB00 o w5.00) w18, 20000 igh grnum‘:I at e!wa!inn TaB b-ehir.ud 410 State School Raad. TI'!L* interiar
T Y e — —— o o 100 ey fsump area is drained by 24" RCP pipe that runs mter to an existing
- rainage ditch and underneath the leves to an existing outfall charnel
fiter Utility Adjustren: ! A $15,000.00 2000 here it discha rges through a 24 flapg gate inta Stillhouse Branch
i asterwater Ltility Adjustrment 0 E& 55,000.00) 0,001
jConcrete Encase 'Wasteaater Uity 0 E& 55,000, 00) 50,00
24 ROP [Cass 1) Including Excawation & Backdfill &l LF S250.008 515, 000,00
restall 24" Flap Gate i Lk £ 500000 52,500,004
Channel & Culeert bnprovements Subitotal 51,018, 024,004
Contingency [25%] 5254, 500,00
Enginnaring, Surveying, Managament & Insoaction |25%) 5254, 500,00
Land Costs | 217 | ac | saooonaof 563,400,
RO Bcquisition Sardoes |65 Laad Casts) 53,810,001
Easament Acquisition {50050 per squane foot]) 5000
Lasement Aoquizition Services

[Total Estimated Project Cost
[C.1.P. Rank: |  Teo
2-01544
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Appendix D

|Project Mumber: JProject Name: |Floading Source:
.
ER Lur Walley Mesghborhaad Buyouts stillhause Branch mzlle
5 Spur Capital of Texns
Recommended Improvements Location {Mearest Strest Intersection)
Buyout Channel Imgrovements Lavae Erom: Sun Valley Avenie @?‘i{lkﬁ;‘[
— Detention Structure Improvements Other T [TrE—— lai'tllln_e;:s
Est.
Description Unit | Unlt Price Taotal Project Dascription
Oity.
Property Buyouts The Sun Walley Neighborheas Buyauts project acluces the buyeut of 45
residential properties along Sun Valley fyenue, Yepus fvenue and State
3 2 FLE 105
Land Losty 58, F53,105.00 School Road, Upstream af the State School Road bridge, flow in the righs
B Acquisition Services (0% Land Costs) sS4t 1s0ni]over bank of Stillhouse Branch soreads out ower a large agricultural area and
Easement Acqulsition (S0.50 per square foat] 00 inundated 2 blocks of houses in the Sun Valley neighbarhood, as well as
senvaral hauses abong State School Road. The secend aliernative svaluated
Easement Acquisiion Services 20,00 o mitigate this fload risk @ the soquisitan of hese 45 structures,
Tha cost associated with the buyout of each property Includes the appraisall
ard closing costs, demslition and dispossl of the structure induding
hazardous materials {e.g. asbestas, lead pairt), restaration of the lat to
open space, and any difference between aporaised and fair marker valuse of
beer hause.
Channel & Cubvert Bnprovements Subtotal &8, 378 305.000
Cantinpency (105} G1.B5E 0 00
Engineering, Surseying, Managemsent & Inspeckion (Z5%) 000
[Total Estimated Project Cost 511,134,005.00

C.1.F. Rank:

TR

2-FlG44

: Date:

118,22
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Appendix E — Digital Data on TWDB FIF Category 1 Project
One-Drive

40021 Gatesville_Master_Drainage_Plan
01_TechnicalReport
01 Final
Final Report.pdf, Final Report.doc
02_Models
01_Hydrologic
08 40021 HECHMSVer4.9 Leon_ River Basin
02_Hydraulic
08 40021 HECRASVer6.2 Leon_River Basin
03_GIS
01 _ElevationData
02_ShpFiles
08_40021_GatesvilleMDP.gdb, utilities
03_MapsandFigures
Gatesville. MDP.mxd
04_Supporting
01 Public_Outreach
02 References
LIDAR QC Report, Leon WPP, etc.
03 USACE
Leon River RAS original
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