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EXECUTIVE SUMMARY

This Stormwater Master Plan serves to evaluate the current state of stormwater management practices and
the condition of storm drains, streams, and watersheds for the City of Kerrville. This document is intended
to provide a roadmap for implementing stormwater planning and infrastructure projects that support a more
sustainable community by providing a framework for managing stormwater, streams, and watersheds for
the next 15 to 20 years and identifying opportunities to provide sustained funding sources to complete the
identified projects.

The contents of this plan provide the following:

An overview of the city’s storm drainage network, associated dams, streams and other stormwater facilities
to provide information on how to best manage the system in the coming years. Key results from this
assessment including identifying the city’s:

e 10 major watersheds, the total drainage areas, and estimated peak flows;

e 10 major streams and providing an overview of known flood risks and documented historical floods;

e Major storm drain network of pipes, culverts, and creeks;

e Low water crossings subject to frequent overtopping and hazardous conditions;

e Dam and detention pond inventory with known hazard classifications, and identification of city-
owned dams;

e Land use development patterns and anticipated future growth;

e Existing storm drainage system needs and providing recommendations for improvements.

An evaluation of fourteen problem areas experiencing frequent flooding, erosion or other stormwater related
issues and providing proposed solutions, probable project costs, and a priority list for project
implementation.

o Probable cost to implement the 14 identified Capital Improvement Projects is estimated to be $21M.

o The top five project priority locations were identified as follows: Take it Easy Drainage Channel
Improvements, Lois Street Drainage Improvements, Hill Country Drive Drainage Improvements,
Kroc Center Outfall and Clay Street Storm Drain System Improvements, and East Main to Pinto
Trail Drainage Channel Improvements.

Recommendations for updating the city’s drainage criteria and land development codes to comply with new
and evolving stormwater regulations, pollution reduction goals and best management practices. Evaluations
and recommendations include:

e Adoption of the National Oceanic and Atmospheric Administration (NOAA) Atlas 14 precipitation
data, guidelines for development, and remapping of the FEMA regulatory floodplains;

e Updates to the City’s Code of Ordinances and Land Development Codes;

e Updates to the City’s Drainage Criteria Manual;

e Identification for opportunities to protect and enhance water quality;

o Consideration of future stormwater management programming and planning projects.

Locating funding resources to generate a consistent stream of revenue, identify opportunities for
partnerships, and identify grants that will support the implementation of selected planning and capital
improvement projects.

Provide the city with an implementation strategy and plan for completing the identified planning and
capital improvement projects.

Rev. 1-9-20
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Summary of Project Total Costs and Rankings

Ranking 1D Project Name Psré)(]) izt Estimated Project Cost

1 1 Take It Easy Drainage Channel 771 $ 2,291,913
2 J Lois St. (Woodlawn to Ox Dr.) 718 $ 189,899
3 F Hill Country at SH16 677 $ 2,429,607
Kroc Center Detention Pond

4 Gé&H Clay St. (Schreiner to SH27) 644 $ 8,967,501
5 East Main to Pinto Trail 588 $ 979,520
6 K2 Circle Avenue 587 $ 188,800
7 L Jack Drive 552 $ 2,373,793
7 M Coronado at Junction Highway 552 $ 494,195
9 E Spring St. - Erosion at Outfall 528 $ 744,073
10 K1 Harper Street 524 $ 1,808,431
11 B Park St. Low Water Crossing 413 $ 200,000
11 C First St. Low Water Crossing 413 $ 200,000
13 D Fourth St. Low Water Crossing 368 $ 200,000

Total Project Costs $ 21,067,733

Stormwater Project Planning List

Estimated
Cost
Range

Project Name Description Priority

Level

Develop a standard dam

Dam Inspection and . . . . $15,000 /
Maintenance Program Program inspection and maintenance High year
program to be completed by staff.
Restudy all significant streams
within the city and reassess
Kerrville Flood community ﬂ‘oo.d r1§k using NOAA
. Atlas 14 precipitation data,
Protection Plan Study . .
updated hydrologic modeling,
. Study updated terrain information, and High $400,000-
(Hydrologic and ’ $800,000

detailed hydraulic modeling.

Hydraulic Studies - Identify potential future projects

FEMA Streams) to be completed to mitigate
flooding and general management
of the basin.
. . Repair of concrete buttress dam
Loulge Hays Dam Design & structure due to seepage and High $1,000,000
Repairs Construction

spalling of concrete.

Update the city's drainage design
and criteria manual to reflect
current industry best practices
and projected city growth.

Stormwater Drainage
Design Manual Manual
Update

High $50,000

Rev. 1-9-20
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Project Name

Storm Drain System
Inventory and
Assessment

Data
Collection

Description

Update the city's current storm
drain system inventory in GIS
and assess the condition of
existing infrastructure including
storm drains, culverts, detention
ponds, and other drainage
facilities to identify storm drains
needing replacement.

Priority
Level

Medium

Estimated
Cost
Range

$10,000/
year

Regional Detention
Pond Study and Fee-
in-Lieu of Program

Study

Perform a study of the city's
watersheds and anticipated
growth for each basin to identify
detention needs, where regional
detention may be provided and
where mandatory detention
should be required to mitigate
adverse impacts.

Medium

$60,000

Design Review
Checklist

Manual

Develop a detailed stormwater
design review checklist to verify
proposed developments meet city
criteria and ordinance
requirements.

Medium

$5,000 -
$10,000

Stormwater Utility
Fee Study

Study

Study the potential for
implementing a city-wide
stormwater utility fee program to
generate revenue responsible for
maintaining the city's existing
storm drainage system and to
assist with the funding of capital
projects. The fee is roughly
estimated to generate $500,000 to
$1,000,000 per year.

Medium

$70,000

Flood Warning
System

Design &
Construction

Install automatic gate flood
warning systems at Quinlan
Creek, Town Creek, and other
known low water crossings.

Medium

$200,000
per location

Water Quality
Protection Plan

Study

Study to implement water quality
protection measures within the
watersheds and protect natural
riparian areas.

Medium

$80,000

Flood Complaint
Database

Data
Collection

Maintain a city complaint
database to document flooding
incidents, identified issues, and
photographs to assist with
identifying priority projects and
hot spot areas.

Low

$5,000 /
year
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INTRODUCTION

PURPOSE OF STUDY

On February 13, 2019, the City of Kerrville authorized LNV, Inc. to perform a master planning study for the
city’s storm drainage system including:

1.

6.

Review of available drainage studies, construction plans, topography, GIS inventory and other
available data pertinent to the project.

Evaluation of fourteen identified problem drainage areas, as identified by City staff and approved by
City Council.

Development of proposed solutions for each problem area (including estimations of probable project
costs) and ranking of the projects into a priority list for consideration and addition into the city’s
Capital Improvement Plan project list.

Review current drainage policy and criteria to identify where improvements may be needed and
recommend changes as appropriate.

Present a recommendations list of capital projects, planning studies and policy updates to be
completed by the City.

Provide an implementation and funding strategy for completion of the identified projects.

This Stormwater Master Plan document will serve to update the previously adopted Storm Drainage System
Study completed in 1983 by Hogan & Rasor, Inc.

The planning area is generally limited to within the city limits, as represented in Figure 1.

Figure 1 - Study Location Map

Rev. 1-9-20
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PROJECT APPROACH

For the city-wide stormwater master plan update, this study intends to evaluate the multiple components of
the city’s drainage system to identify areas of needed improvement through infrastructure planning, design,
construction, and maintenance.

The study approach begins by providing an overview and considerations to the city’s watersheds, drainage
system infrastructure, and known creek flooding issues. The report then investigates the city’s fourteen
identified problem areas to develop conceptual solutions and probable costs associated with reducing flood
damage risks, improving public safety, enhancing economic commerce and protecting the environment.
Finally, this plan evaluates the city’s current drainage policy and criteria to identify areas for potential
updates.

This plan will then provide a roadmap for implementation which includes adopting best practices for
managing future development, prioritizing and implementing identified city projects, providing a list of
potential funding sources and identifying other additional stormwater planning considerations.

Lastly, this plan is intended to serve as a living document which should include minor yearly updates to the
drainage capital improvement project list and major master plan updates every 5 to 10 years.

STUDY PRIMARY OBJECTIVES:

e Provide a plan and strategy for implementing the identified priority projects as related to capital
improvements, existing storm drainage systems, city-owned dams, floodplain management, and land
development.

e Promote cost-efficient solutions that enhance the effectiveness of allocated funds to ensure quality
services are provided to the community.

e Promote the continued maintenance and rehabilitation of city-owned drainage infrastructure.
e Protect water quality for both surface and groundwater sources.

o Preservation of riparian habitat and natural streams, creeks and river areas.

Rev. 1-9-20
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2050 COMPREHENSIVE PLAN GUIDING PRINCIPLES

The following guiding principles provided by the 2050 Comprehensive Plan have been utilized in the
development of this study.

e W1: Develop and maintain long-range water plans that prioritize infrastructure needs and identify
funding sources and take a regional approach to planning.

e W3: Address water quality challenges with proven solutions

(0]

W3.1: Examine all potential solutions to improving water quality that could be applicable to
Kerrville.

W3.4: Examine the possibility of adopting maximum impervious cover limits and enhanced
drainage design standards around/adjacent to the river to ensure water quality.

W3.6: Collaborate with UGRA and others in their efforts to reduce surface water pollutants
and debris in the river.

¢ W4: Preserve natural riparian areas

(0]

(0]

W4.1: Map current riparian areas and determine potential future impacts associated with
the potential loss of these areas and establish minimum and optimum sizes for riparian
zones.

W4.2: Pursue zoning ordinance amendments to support riparian area protection.

W4.4: Encourage the establishment of a riparian protection zone in the floodplain permitting
process to address water quality considerations.

W4.5: Consider adding water quality review to the floodplain permitting process.

W4.6: Develop standard maintenance protocols for riparian areas, including the option of
leaving the areas in a natural condition

W4.7: Restore damaged riparian areas in riverside parks.

e W7: Develop and maintain a long-range plan for stormwater/drainage management, addressing and
prioritizing infrastructure needs and identify funding sources.

(0]

W7.1: Take a holistic approach to stormwater and drainage management based on the level
of growth anticipated in the Kerrville 2050 Comprehensive Plan.

W7.2: Update the City’s floodplain ordinance to be consistent with Kerrville 2050
Comprehensive Plan.

W7.3: Explore a variety of options, including bond funding or city-wide drainage fees, to
address drainage infrastructure concerns.

W7.4: As a part of the drainage plan, focus on regional versus single-site detention.

W7.5: Consider allowing a fee-in-lieu of improvements for development of regional detention
versus onsite detention.

Rev. 1-9-20
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¢ WS8: Focus more on on-site green/bio stormwater infrastructure to support water quality and
quantity goals.

0 WB8.1: Establish reasonable guidelines or standards to encourage more green infrastructure.

(0]

W8.2: Develop drainage design standards (including “green” design options), on-site
retention requirements, and water quality standards.

o  W9: Enhance efforts aimed at water conservation, better stormwater management on private
property and measures such as rainwater harvesting and other innovative approaches to help
manage water usage.

(0]

(0]

W9.1: Provide financial or other incentives for rainwater harvesting.

W9.3: Maximize the use of surface water in the city and surrounding areas to help maintain
groundwater levels.

W9.4: Label storm drains citywide to reduce/eliminate dumping of grass clippings and other
waste.

W9.5: Implement a strong water conservation plan to include additional conservation
measures and programs.

Rev. 1-9-20
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EXISTING DRAINAGE SYSTEM

OVERVIEW

The City of Kerrville lies within Kerr County and in the Edwards Plateau geologic formation. The city is
located within the Upper Guadalupe River watershed and is directly affected by flood waters from the
Guadalupe River and the sub-watersheds associated with Town Creek, Quinlan Creek, Camp Meeting
Creek, Elm Creek, Third Creek, Second Creek, Bear Creek, Goat Creek, and an unnamed Tributary (Lime
Creek).

The geography of the region for the city is characteristic of the Texas Hill Country which includes rugged
and stony hills, steep terrain, followed by relatively flat areas. Stormwater runoff is collected in the various
creeks and ultimately discharged into the Guadalupe River. Existing topographic elevation values within the
city limits, range anywhere between 1,527 to 2,035 feet above the Mean Sea Level (MSL). In addition, a
number of small and large springs feed into surrounding creeks and function as a recognized quality of life
contributor and attraction to visitors of the area.

The City of Kerrville is within the Edwards Aquifer Contributing Zone and is contained by the Edwards-
Trinity Aquifer which serves as a primary source of drinking water for the region. Therefore, the city is
responsible for restricting development or discharges that could adversely affect the quality of water that
contributes to groundwater recharge.

The city’s drainage system includes closed-system storm drains, open channels, detention ponds, flood
control dam structures, and existing natural creeks and tributaries that drain to the Guadalupe River. Many
of the streams, creeks, and river areas in and around the city are privately owned and without maintenance
requirements. This limits the city’s ability to manage development adjacent to these areas and makes it
difficult to manage stormwater volume and quantity.

The city’s continued growth will place new strains on the existing stormwater drainage system. To deal with
this growth, this stormwater plan provides guidance for updating development criteria and ordinances for
enforcement. Additional information may be found in the Evaluation of Drainage Policy and Criteria section
of this report.

The following subsections provide a detailed summary of the city’s major watersheds, streams, storm drain
networks, dam and detention pond inventory, land use development patterns and recommended
considerations for maintaining and improving the city’s current system.

Rev. 1-9-20
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MAJOR WATERSHEDS

The City of Kerrville is located within the Upper Guadalupe River Basin and has a total contributing
drainage area of approximately 510 square miles at the Guadalupe River. Within the city limits, there are
nine major sub-watersheds with a total contributing drainage area of 90.1 square miles. These watersheds
are known to contribute to groundwater recharge and to spring flows along the various tributaries of the
Guadalupe. Among those springs are Colbath Springs of Bear Creek, Goat Springs of Goat Creek, Rapid
Springs of Town Creek, Cypress Springs, and Indian Springs. Each of these springs are part of the Glen
Rose Limestone of the Edwards Aquifer.

The city’s contributing watersheds are further identified and illustrated in Figure 2. According to FEMA’s
Flood Insurance Study (FIS) report, the hydrologic analysis utilized to derive peak flow runoff rates for
Town Creek, Quinlan Creek, Elm Creek, and Camp Meeting Creek was last studied by detailed
methodologies in 1997. In addition, Goat Creek, Third Creek, Second Creek, Bear Creek, and Unnamed
Tributary (Lime Creek) have not had any detailed analysis performed and are presently utilizing FEMA
approximate methodologies to determine peak flow.

The city’s watersheds are within the Upper Guadalupe River Authority (UGRA) which is responsible for
managing the watersheds and water resources of the Upper Guadalupe River through the protection and
management of water quantity, quality and sustainability in the Guadalupe River watershed within Kerr
County.

Identified Major Watersheds within the study area include:

Table 1 - Major Watersheds Summary for Kerrville, TX

Drainage
FEMA
Watershed Name Method of Analysis

Goat Creek Basin 1997 FEMA Approx. Methodologies 19.03 N/A N/A
Town Creek Basin 1997 HEC-1 23.32 18,210 23,730
Quinlan Creek Basin 1997 HEC-1 12.45 11,070 14,470
Third Creek Basin 1997 FEMA Approx. Methodologies 7.90 N/A N/A
Second Creek Basin 1997 FEMA Approx. Methodologies 5.37 N/A N/A
Unnamed Tributary (Lime 1997 Unknown 92,90 N/A N/A
Creek)

Elm Creek Basin 1997 HEC-1 1.27 1,996 2,560
Bear Creek Basin 1997 FEMA Approx. Methodologies 7.61 N/A N/A
Camp Meeting Creek Basin | 1997 HEC-1 10.24 10,120 12,900
Guadalupe River Basin at 1997 USGS Flood Flow Frequency

UGRA Dam Analysis 510 | 215,000 360,000

Rev. 1-9-20
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Figure 2 - Major Watersheds of Kerrville

Rev. 1-9-20
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GOAT CREEK

Goat Creek Basin has a total drainage area of 19.03 square miles with only a small portion of the watershed,
0.23 square miles, within the city limits. The watershed consists of medium intensity development at the
downstream end with impervious surfaces accounting for 50% to 79% of the total cover. North of the city
limits within Kerr County, which represents the majority of the basin area, consists of low-intensity
development, developed open space and shrubland with an estimated impervious cover of less than 20%.

TOWN CREEK

Town Creek Basin has a total drainage area of 23.32 square miles with 1.85 square miles within the city
limits, which generally consists of the area south of IH-10. The watershed consists of medium intensity and
undeveloped shrubland north of ITH-10. Town Creek and East Town Creek merge together at a fork just
north of IH-10 and runs south/southeast through the city of Kerrville and into the Guadalupe River. South of
IH-10, the watershed consists of medium to high-intensity development which include established, high
populated residential areas with an estimated impervious cover of 60% to 85%. Town Creek, within the city
limits, is known to be susceptible to flooding and is therefore sensitive to increases in impervious cover. A
series of regulating weirs / small dams and low water crossings are located along Town Creek and East
Town Creek.

QUINLAN CREEK

Quinlan Creek Basin has an overall drainage area of 12.45 square miles with 4.85 square miles within the
city limits. It is one of the largest contributing creeks in the City of Kerrville and consists of several low
water crossings susceptible to frequent overtopping. Its upstream watershed resides mostly north of IH-10
and consists of low-intensity development with an estimated impervious cover of less than 20%. The
downstream watershed, south of IH-10, is medium intensity development with an estimated impervious area
of 40% to 60%.

THIRD CREEK

Third Creek Basin contributes 7.9 square miles of catchment at the confluence with Second Creek with 2.2
square miles of basin area within the city limits which outflows into the Guadalupe River, downstream of
Kerrville. Third Creek can generally be described as a low impact watershed with the majority of the basin
being open space shrubland with an impervious area estimated to be less than 20%. The impervious area for
the lower portion of the basin is estimated to be up to 30% to 40%, some areas consisting mostly of
residential and recreational areas.

SECOND CREEK

Second Creek Basin contributes 5.37 square miles of catchment at the confluence with Third Creek, with 4%
of the drainage area within the city limits. Second Creek, located further southeast of Kerrville than Third
Creek, can be described as having very similar upstream and downstream characteristics as Third Creek.
Upstream impervious cover is estimated to be less than 20% with a downstream impervious cover estimated
to be up to 35% to 40%. Both Second Creek and Third Creek converge and discharge into the Guadalupe
River.

Rev. 1-9-20
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UNNAMED TRIBUTARY (LIME CREEK)

Unnamed Tributary Basin, also known as Lime Creek, has a total drainage area of 2.9 square miles with
0.44 square miles within the city limits. Located in the northwestern reach of Kerrville, the Unnamed
Tributary is one of the smaller watersheds that extends south of IH-10 between Goat Creek Basin and Town
Creek Basin. Consisting mostly of sparse development and open spaced shrubland, Unnamed Tributary
watershed can be described as a low-intensity development area and is estimated to have less than 20%
lmpervious cover.

ELM CREEK

Elm Creek Basin has a total drainage area of 1.27 square miles with 1.0 square mile being within the city
limits. Land use in this basin consists mostly of moderate density residential development with more
heavily developed commercial land use to the south along SH27. Future land use scenarios identified in the
2050 Comprehensive Plan indicate continued residential growth in the far north end of the basin, which will
add to the amount of impervious cover and runoff for this drainage basin.

BEAR CREEK

Bear Creek Basin has an overall drainage area of 7.61 square miles and is located outside of the city limits.
1.08 square miles of the Bear Creek Basin is within the existing Kerrville Extra Territorial Jurisdiction
(ETJ) Limits. The basin consists of large tracts of land primarily used for agricultural use or rural
residential homes. Based on the 2050 Comprehensive Plan, future land uses are projected to be similar to
existing land use conditions.

CAMP MEETING CREEK

Camp Meeting Creek Basin has an overall drainage area of 10.23 square miles, with 1.42 square miles
within the Kerrville city limits. The basin within the city limits contain the River Hills Country Club &
Subdivision. The western area of the basin is comprised mostly of large lot single family homes and
agricultural land uses. Towards the eastern parts of the basin, a denser residential pattern begins to take
shape with developed opens spaces (Riverhills Golf Course). Impervious cover for this basin is relatively
low, estimated at 20%, and is concentrated on the eastern edge of the basin. Future development along
SH16 south of Riverhills Country Club & Subdivision is anticipated.

Rev. 1-9-20
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MAJOR STREAMS

The City of Kerrville contains 10 major creeks and tributaries as identified in Table 2 and as identified by
the FEMA Flood Insurance Study (FIS) report dated March 3, 2011 (Figure 8 thru Figure 7). The principal
flood problems include overflows, flooding and overtopping of low water crossings along Quinlan Creek,
Town Creek and the Guadalupe River.

Detailed hydraulic modeling and mapping of the major streams within the city were last performed in 1997
using the U.S. Army Corps of Engineers (USACE) HEC-2 modeling software for Town Creek, Quinlan Creek,
Camp Meeting Creek, Elm Creek, and the Guadalupe River. No detailed modeling or mapping has been
conducted for Goat Creek, Third Creek, Second Creek, Unnamed Tributary Creek, and Bear Creek. Minor
revisions to the floodplain mapping were performed and issued in 2011.

Additionally, new precipitation data has been released by NOAA, as discussed in further detail in section
NOAA Atlas 14 Considerations, which is anticipated to increase the limits of the floodplain inundation
boundary for all FEMA mapped streams. To address these changes in the associated flood damages risk, it is
recommended that remapping efforts be considered and planned for in coordination with FEMA, the TWDB,
Kerr County and community stakeholders.

Table 2 - FEMA Studied Streams Summary for Kerrville, TX1

FEMA Stream Parcels Structures
Stream Name Study Map Method of Count Count
Date Effective Analysis : 100-Year 100-Year
Date ) Floodplain Floodplain
FEMA Approx.
Goat Creek 1997 2011 Methodologies 6.1 29 6
Town Creek 1997 2011 HEC-2 8.7 184 44
Quinlan Creek 1997 2011 HEC-2 7.6 282 127
. FEMA Approx.
Third Creek 1997 2011 Methodologies 6.2 39 15
FEMA Approx.
Second Creek 1997 2011 Methodologies 4.2 4 0
Unnamed Tributary FEMA Approx.
(Lime Creek) 1997 2011 Methodologies 2.7 85 2
Elm Creek 1997 2011 HEC-2 1.7 164 119
FEMA Approx.
Bear Creek 1997 2011 Methodologies 6.0 0 0
Camp Meeting Creek 1997 2011 HEC-2 4.0 80 10
Guadalupe River Basin at i i
UGRA Dam 1997 2011 HEC-2 299 197

1 Parcel and structure count only includes properties within the city limits. Calculation is estimated by using
the effective FEMA Floodplain, Kerr County Appraisal District Parcel Data, and City of Kerrville GIS
building footprints.

Rev. 1-9-20
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FEMA PREVIOUS STUDIES TIMELINE AND SUMMARY

1977:

1997:

2008:

2011:

2011:

The original Federal Insurance Administration (FIA) study was completed in July/August 1977, which covered all significant
flooding sources for the City of Kerrville and the unincorporated areas of Kerr County respectively. Hydrologic and hydraulic
analysis was performed by Turner Collie & Braden under Contract No. H-3937.

A restudy of the original 1977 FIA study was completed in September 1997. Hydrologic and hydraulic analysis was performed
by the United States Army Corps of Engineers (USACE), Fort Worth District, for the Federal Management Agency (FEMA)
under Interagency Agreement No. EMW-93-E-4115, Project Order No. 1.

0 Letter of Map Revision (LOMR) was incorporated in the restudy.

A second countywide revision was completed in August 2008. Work, completed by MAPVI, compiled existing data to convert
the previous Kerr County Federal Insurance Study (FIS) into digital format. Contract No. EMT-2002-CO-0052.

The countywide Flood Insurance Study was revised March 3, 2011, to reflect updates to the vertical datum to North American
Vertical Datum of 1988 (NAVDSS).

A Letter of Map Revision (LOMR) was issued on May 12, 2011 to remap an unnamed tributary of Town Creek, approximately
1,600 feet downstream of FM 783 (Harper Road) to approximately 830 ft upstream of FM 783 (Harper Road).

Figure 3 - FEMA National Flood Hazard Key Map
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Figure 4 - FEMA National Flood Hazard Layer
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Figure 5 - FEMA National Flood Hazard Layer
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Figure 6 -FEMA National Flood Hazard Layer
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Figure 7 - FEMA National Flood Hazard Layer
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HISTORICAL FLOODS

Table 3 shows the top 21 recorded historical flood events that occurred along the Guadalupe River near
Kerrville, TX as measured by USGS Gage 08166200 for a period of record from 1932 to 2016. Major flood
events are shown to typically occur during the warmer summer months from May thru September. Many of
the storms that develop during this time of year start with moist air that will move in from the Gulf of
Mexico. These centers of low pressure ascend the Balcones escarpment as they move north, where cool drier
air mixes with the rich atmospheric moisture and can lead to potentially heavy rainfall. Slow moving storms
are of concern due to the potential for heavy sustained flooding on local and regional levels over a period of
several days. This was the situation on August 1st thru the 4th in 1978 when the remnants of tropical storm
Amelia moved into the South-Central Texas region and brought widespread property damage and loss of life.

The historical flood of record for the upper Guadalupe River Basin, west of Kerrville, occurred from a rainfall
event that lasted from June 30 to July 2, 1932 which amounted to over 35 inches of rain in about 36 hours,
as observed at the State Fish Hatchery above Ingram (Major Texas Floods of 1932) which resulted in peak
discharges estimated at 196,000 cfs. The rainfall event documented record-breaking stages for all streams
above Kerrville and on the Guadalupe River to a point below Spring Branch. Along the streams, many
homes, resorts, camps, and other facilities were destroyed (Figures 9 thru 10).

The largest flood of record for Quinlan Creek occurred on July 5, 2002, where an accumulated rainfall of
approximately 25.0 inches to 30.0 inches was observed between July 1st through the 22nd at the headwaters
of Quinlan Creek resulting in a peak discharge estimated at 36,000 cfs. Flooding resulted in heavy damage
of property, instability of critical facilities and required a federal assessment and funding assistance
(Figures 11 thru 12). Over 23 homes were reportedly purchased and demolished, citywide infrastructure was
damaged or compromised, and emergency contracts were permitted; fiscal recovery of this storm took over
five years.

These historical flood events serve as a stark reminder of the stream power of the Guadalupe River and its
associated tributaries and highlights the importance of managing flood risk, development within the
floodplain and the need for effective early flood warning systems that serve to protect life and public safety.

Figure 8 — City of Kerrville Rain Gauge Locations
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Table 3 - Peak Recorded Flood Events on Guadalupe River at Kerrville, TX (Guadalupe Park) (Source: USGS NWIS)

Peak
Water Flow Gage Height!
Rank | Year (cfs) (ft.)
1* 1978 August 08/01/1978 240,000 40.90
2 1932 July 07/02/1932 196,000 39.00
3 1987 July 07/17/1987 141,000 37.72
4 2004 June 06/09/2004 72,700 20.53
5 2000 October 10/23/2000 55,700 17.94
6 1996 October 10/28/1996 54,400 17.73
7 1988 July 07/11/1988 45,900 28.81
8 1986 September 09/26/1986 45,800 28.80
9 2007 May 05/25/2007 39,400 15.21
10 2002 July 07/05/2002 35,900 14.56
11 2010 April 04/16/2010 30,700 13.51
12 1998 August 08/23/1998 15,700 9.81
13 1994 May 05/13/1994 14,100 9.35
14 2016 May 05/29/2016 11,100 8.38
15 1990 August 08/03/1990 10,700 8.22
16 1991 December 12/21/1991 8,710 7.49
17 2012 May 05/11/2012 4,670 5.69
18 1999 June 06/20/1999 3,320 4.87
19 1995 June 06/29/1995 3,240 4.88
20 2015 May 05/24/2015 2,810 4.61
21 1996 September 09/15/1996 2,400 4.33
*Note 1978 flood not recorded at USGS 08166200 gauge at Kerrville. Peak|
flows at Spring Branch of 158,000 cfs and 240,000 cfs at Comfort, TX.

Flood Stage Impacts

35 ft.

32 ft.

28 ft.

26 ft.

24 ft.

20 ft.
17 ft.
13 ft.

9 ft.
7 ft.

Major flooding inundates many lowest homes and businesses in Kerrville. Lowest homes and mobile homes flood above Center
Point to near Comfort. Secondary and primary roads and bridges in the flood plain are extremely dangerous. Near the USGS
1:100 year flood level.

Disastrous flooding of lowest homes and businesses in Kerrville. Numerous homes and mobile homes flood downstream above
Center Point to near Comfort. Above the USGS 1:50 year flood level.

Flow is near the level of the July 17, 1987 "Bus Tragedy" flood. Major flooding inundates lowest homes and businesses in
Kerrville. Numerous homes and mobile home parks flood above Center Point to near Comfort. Near the USGS 1:50 year flood
level.

Flow reaches the parking lot of a park just below the UGRA Dam on the left bank. Several lowest homes and buildings in
Kerrville begin flooding. Flow exceeds the USGS 1:25 year flood level.

Flow is near the USGS 1:25 year flood level. Flooding is life-threatening from the headwaters to below Comfort. Lowest homes
above Center Point to below Comfort flood.

Major flooding threatens structures near the river in Kerrville and evacuations are probable below Kerrville.
Flow reaches the first floor of a resort and restaurant upstream left bank. Near the USGS 1:10 year flood.

Flow is over the left bank. Secondary and primary roads and bridges are flooded. The swimming pool and tennis court in a
resort and restaurant upstream left bank flood. Flow is near the USGS 1:5 year flood level.

Flow is over the right bank with no significant damage.

Flow is over the right bank.

1 See “Flood Stage Impacts” for a definition of flood stage risk relationship with historical gage height data.
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Figure 9 — Guadalupe River, July 1, 1932 (Source: Kerr County Historical Commission)
Figure 10 - Guadalupe River, July 1, 1932 (Source: Kerr County Historical Commission)

Figure 11 — Property and Home Damage in Kerrville, TX after flood July 2002. Largest Flood of Record for Quinlan
Creek. (Source: City of Kerrville)

Figure 12 — Nancy Beth Drive, Kerrville TX after flood July 2002. Largest Flood of Record for Quinlan Creek. (Source:
City of Kerrville)

Rev. 1-9-20
23



City of Kerrville
Stormwater Master Plan

MAJOR STORM DRAIN NETWORK INVENTORY

The City of Kerrville’s public storm drain network consists of approximately 7,790 LF of open channels,
26,400 LF of pipes and 430 inlets maintained by the city. In addition, TxDOT owns and maintains another
3,835 LF of open channels and 16,600 LF of storm drain pipes that are within the city limits.

City staff dedicates approximately 3,000 hours yearly to drainage and rehabilitation work with
responsibilities including cleaning, grading, and erosion control for the city’s storm drainage system. In
addition, the city recently adopted a Drainage Maintenance and Rehabilitation Program to maintain and
enhance the city’s existing infrastructure.

Figure 13 illustrates the existing major storm drain network within the city as provided by the City of
Kerrville’s GIS Department and subsequently updated by LNV with any observed missing components to
the storm drainage network inventory. The inventoried drainage structures include roadside ditches,
detention ponds, storm drains, inlets, culverts, and bridges. Storm drain material consists mostly of
reinforced concrete pipe, followed by a number of corrugated metal pipes. Major storm drains generally
discharge into Town Creek, Quinlan Creek, Camp Meeting Creek and/or the Guadalupe River.

A storm drainage system capacity study was not performed as part of this plan and is recommended to be
completed as a subsequent evaluation.

Figure 13 - Kerrville Major Storm Drain Network
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LOW WATER CROSSINGS

The City of Kerrville has an estimated nineteen low water crossings within the city limits (Figure 14). These
numerous crossings were intended as a low-cost solution to provide roadway connectivity across streams
such as Quinlan Creek and Town Creek. Overtopping is a consistent occurrence caused by frequent storm
events, additionally, large storm events generate excessive overtopping restricting low water crossing usage
up to thirty minutes. Crossings are often a public safety hazard during large storm events where flood
depths can create dangerous conditions capable of sweeping away vehicles and impairing the ability for
emergency responders to access areas of the city.

The low water crossings were identified using the TNRIS Low Water Crossing inventory with additional
points added by LNV for hazardous crossings not included in the database. The duration of roadway
overtopping is brief, typically lasting less than a half hour.

Several of the problem areas identified by the city for consideration as part of this plan are located along
Quinlan Creek including First Street, Fourth Street, and Park Street. Preliminary hydraulic models were
developed utilizing FEMA effective hydrologic flows to assess the overtopping of the roadways and the
potential for roadway improvements to elevate the roadway above the 25-year or 50-year storm event.
During this iterative process, it was determined that each crossing would require a substantial bridge-class
structure and significant upstream and downstream channel improvements to mitigate the rise in the
floodway elevation. Therefore, it was determined that elevating the roadway was not practical without
evaluating the stream and watershed holistically and providing a comprehensive channel and roadway
improvement project for the length of the stream.

Figure 14 - Low Water Crossing Inventory (Source: TNRIS)
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DAM AND DETENTION POND INVENTORY

Ten dams were identified within the City of Kerrville, as illustrated in Figure 15 and Table 4, including
Nimitz Lake Dam (Kerrville Ponding Dam), Louise Hays Dam (Kerrville Lake Dam), Kroc Center Detention
Dam, Reuse Pond Dam, Lake Happy Dam, and Riverhill Lake Dam. Additional low hazard dams with
unidentified names were located on Town Creek near the City of Kerrville Sports Complex (Town Creek
Private Dam #1), Town Creek near Silver Saddle Drive (Town Creek Private Dam #2) and Quinlan Creek at
Texas Lions League (Quinlan Creek Private Dam #1). These dams serve various purposes such as flood
control, recreation, municipal and irrigation uses. A summary of identified city-owned dams is provided in
the subsequent sections.

Figure 15 - Dam and Detention Pond Inventory
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Table 4 - Dam Inventory within Kerrville, TX

Dam Storage

Purpose Owner Dam Type Ha..zard. Height | Volume
Classification
(ft.) (ac-ft)
Nimitz Lake L. . L
Dam (Kerrville TX04650 Guadalupe Irrlggt.lon/ City pf Concrete Significant 35 840 1980
. River Municipal | Kerrville | Embankment Hazard
Ponding Dam)
Flat Rock Dam TX02457 Guadalupe Recreation Kerr Concrete TBD 20 820 1956
River County Embankment
Louise Hays Guadalupe . City of Concrete
Dam N/A River Recreation Kerrville Buttress TBD 1950
Kroc Center Town Flood City of Earth .
Detention Dam TX09581 Creek Control Kerrville | Embankment High Hazard 8 36 2009
Reuse Pond Third City of Earth .
Dam TX07488 Creek Other Kerrville | Embankment High Hazard 31 291 2018
Kerrville
Lake Happy TX0s884 | Gvadalupe | po o cation | State Harth TBD 30 84 1974
Dam River . Embankment
Hospital
. . Camp Riverhill
Riverhill Lake TX04408 Meeting Irrigation Country Earth High Hazard 23 250 1967
Dam Embankment
Creek Club
Quinlan Creek Quinl
Private Dam N/A vnian Private Concrete TBD
#1 Creek
Town Creek T
Private Dam N/A own - Private Concrete TBD
#1 Creek
Town Creek T
Private Dam N/A own - Private Concrete TBD
Creek
#2
Rev. 1-9-20
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NIMITZ LAKE DAM (KERRVILLE PONDING DAM)

Nimitz Lake and Dam (Kerrville Ponding Dam) is the city’s most significant dam structure which is a
relatively small channel dam on the Guadalupe River that serves as a water supply for the City of Kerrville.
The dam was constructed in 1980 and major repairs were completed in January 1985 due to seepage
problems in the abutments and overtopping damages that resulted in the loss of a portion of the concrete cap
and significant erosion of the clay core over approximately one-third of the length of the dam. The
subsequent structural repairs and choice of roller compacted concrete have proven to hold up during
overtopping flood flows.

The dam was originally owned by the Upper Guadalupe River Authority and purchased by the City of
Kerrville in April 1998. In 2011, the city renamed the reservoir Nimitz Lake in honor of World War IT Navy
Fleet Admiral Chester W. Nimitz.

In 2015, a Volumetric Survey was performed by the TWDB for Nimitz Lake and a storage capacity of 735
acre-feet of water and a maximum allowable impoundment capacity of 840 acre-feet was determined.
Sedimentation continues to be a major concern for the upper reaches of the lake near the dam. The
conclusions of the study recommended resurveying the lake in 10 years or after a major flood event.

LOUISE HAYS DAM

Louise Hays Dam (Figure 16) is not an identified dam in the USACE National Inventory of Dams (NID) list.
The dam is estimated to have been completed in the 1950s. The dam type is a concrete buttress dam
structure that has experienced issues of seepage and concrete spalling over the years.

Figure 16 - Kerrville Flooding at Louise Hays Dam May 29, 2016 (Source: Kerrville Photo.com)
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KROC CENTER DETENTION DAM

The Kroc Center Detention Dam was constructed in 2009 as a small sized earthen flood control dam and is
classified by TCEQ as a high hazard dam due to the risk of public safety in the event of a breach. The dam’s
outlet structure (service spillway) and emergency spillway discharge into a drainage channel before being
released onto the adjacent, residential George Street. Outflow through the service spillway was designed to
discharge a maximum of 35 cfs onto the street to minimize existing downstream drainage problems. The
resulting drawdown time for the pond is estimated at 7.2 hours for the 100-year storm event.

The pond and its associated discharge of water onto George Street has remained a problem for the city and is
included as one of the city’s identified problem areas for analysis as part of this study.

REUSE POND DAM

The City of Kerrville’s Reuse Pond Dam, a 95-million-gallon pond constructed in 2018, is an earthen
embankment dam with the purpose of impounding water for consumptive use by the city. The Reuse Dam is
located at the confluence of Third Creek and Second Creek. The Reuse Pond receives flow from the nearby
City of Kerrville Waste Water Treatment Plant (WWTP) via a 24” gravity-fed reuse line and a 12” reuse
force main distributes water from the pond into the reuse distribution network.

According to the Kerrville Water Reuse Pond Design Report, a dam breach event for the reuse pond would
result in a discharge rate of 50,700 cfs. A breach of the dam during a storm event could result in inundation
to properties downstream of the dam, along Spur 100 and SH-27.
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LAND USE DEVELOPMENT PATTERNS

The City of Kerrville is projected to have steady growth over the next 30 years which will create new strains
on the city’s drainage system by impacting the volume of runoff received by local streets, storm drains, and
waterways, as well as the water quality that enters the city’s natural riparian areas and rivers.

City development has primarily occurred along the northern side of the Guadalupe River within the Elm
Creek, Quinlan Creek, and Town Creek Basins. The highest impervious cover is concentrated along
Junction Highway and Sidney Baker Street, with the majority of all basins remain generally undeveloped as
natural shrubland (Figure 17).

According to the 2050 Comprehensive Plan, the city’s growth as identified by the targeted strategic catalyst
areas is primarily located along the banks of the Guadalupe River along Town Creek near TH-10 and up the
length of Sidney Baker Sreet (SH-16) (Quinlan Creek Basin) (Figure 18).

Figure 17 - NLCD 2011 Percent Developed Imperviousness (CONUS)
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Figure 18 - City of Kerrville Future Land Use Map (Source: 2050 Comprehensive Plan)
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FUTURE LAND USE

The 2050 Comprehensive Plan identifies several Special Catalyst Areas (SCAs) throughout the city. These
SCAs contain various levels of mixed land use patterns that are appropriate for each individual area, yet
flexible enough to accommodate residential, commercial, and industrial all within the same relative location.
The SCAs with the most potential for new buildings and growth are SCA-5 (Town Creek Road/ Holdsworth
Drive.), SCA-6 (IH-10 & SH16), SCA-8 (Loop 534), SCA-10 (Hwy 173), and SCA-11 (Hwy 27).

The SCA-6 (IH-10 & SH16 Intersection) and SCA-9 (Schreiner University area) present significant
opportunity for development based on the 2050 Comprehensive Plan. This potential development will likely
increase the amount of runoff that drains to Quinlan Creek due to impervious cover needed for development.
Three of the identified problem areas (First St, Fourth St, and Park St) in this report could be impacted by
any significant residential or commercial development in SCA-6 or SCA-9.

The city can expect to see residential development within the existing city limits as well as the Extra
Territorial Jurisdiction (ETJ) in the future. Residential development is anticipated along existing road
corridors of State Highway 16 (north and south), State Highway 173 (south), and State Ranch Road 783.
The potential for residential development also exists on the land south of Spur 98 and Goat Creek Road
(north from State Highway 27 towards Interstate Highway 10). Figure 20 and Figure 21 depict an example
of changing land use and increased development in the city.

POPULATION GROWTH

The Kerrville 2050 Comprehensive Plan projects steady growth for the study area (City proper and 2-mile
ETJ) with a population estimated of 33,000 in 2015 and projected to grow to 37,866 to 45,637 people by 2050
(Figure 19). According to U.S. Census records, the average household size is 2.19 which represents to
correspondent increase in households over the next 30 years of approximately 2,222 to 5,851 households.
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Figure 19 - Kerrville 2050 Comprehensive Plan Projected Population growth
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Figure 20 - 1995 Land Use

Figure 21 - 2018 Land Development

Rev. 1-9-20
33



City of Kerrville
Stormwater Master Plan

PROBLEM AREA IDENTIFICATION

OVERVIEW

The City of Kerrville identified fourteen project areas for further investigation and development of proposed
solutions as part of this Stormwater Master Plan Report (Figure 22). Additional problem areas exist within
the city and are anticipated to be addressed in subsequent updates to this Stormwater Master Plan.

Each project area was evaluated using approximate methodologies to assess a probable improvement option
to address the stormwater concern. Detailed information regarding hydrologic and hydraulic methodologies
may be found in Appendix D — Technical Support Data. Project costs were estimated with considerations to
the costs associated with planning and design, construction, permitting, land acquisition and utility
adjustment needs and are located in Appendix B — City-Wide Drainage CIPs. The solutions and costs
presented in this report are conceptual-level and additional detailed analysis will be required for all projects
presented prior to implementation. Additionally, each of the projects was evaluated and scored based on
criteria for public safety, economics, project timing, and environmental considerations (See

PRIORITIZATION OF DRAINAGE CIP PROJECTS section for additional information.)

The fourteen problem areas evaluated by this plan consist of six in the Quinlan Creek Basin, four in the
Town Creek Basin, one in the Elm Creek Basin, one in the Unnamed Tributary (Lime Creek) Basin, and two
in the Upper Guadalupe River Basin.

Legend
() ciPProject Area

Figure 22 - Problem Areas Map
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PROJECT AREA LIST AND DESCRIPTIONS

A. EAST MAIN TO PINTO TRAIL EARTHEN CHANNEL

Primary Concerns:

Project Description:

Peak Flow Summary:

Structural flooding, erosion/channel stability

Undersized drainage channel, bank overtopping, property flooding, and erosion
stability are the main concerns in this area. The drainage pattern generally flows in
a southwesterly direction. Runoff makes its way along Tomahawk Trail and
continues across Singing Wind Road towards Pinto Trail. Runoff is then captured by
a concrete trapezoidal channel that transitions into an earthen channel at a
relatively steep slope resulting in erosion and channel stability issues. During
significant storm events, flow overtops the channel at the 90-degree bend or bypasses
the channel. Further downstream towards East Main Street, flow is known to
overtop the western bank towards Westminster Street.

Drainage Area = 83.6 acres at Pinto Trail and Tomahawk Trail (Appendix B Exhibit
A01).

Peak Flows — Ultimate Conditions Q25 = 430 cfs, Qs0 = 491 cfs, Q100 = 555 cfs.
(Appendix B Exhibit A02)

Figure 23 - Pinto Trail Project Area Map
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Figure 24 - Earthen Drainage Channel Facing Upstream

Figure 25 - Pinto Trail Channel Facing Downstream
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B. PARK STREET - LOW WATER CROSSING
Primary Concerns: Frequent roadway overtopping, flooding, public safety, limited emergency access

Project Description:  Flooding, dangerous roadway conditions and frequent roadway closures during most
rain events have been reported. Quinlan Creek at Park Street drains approximately
7,400 acres and ultimately discharges into the Guadalupe River. Quinlan Creek is
mapped as a FEMA Regulatory Zone AE Floodplain with a floodway. Park Street
Low Water Crossing consists of one - 3’ x 10’ box culvert with an estimated full flow
capacity of 282 cfs, which is less than 5% of the 5-year frequency storm event.

Peak Flow Summary: Drainage Area = 7,450 acres at Park Street low water crossing (Appendix B Exhibit
BO1)
FEMA Peak Flows — Existing Conditions Q10 = 5,750 cfs, Qs0 = 9,350 cfs, Q100 =
10,830 cfs (Appendix B Exhibit B02)

Figure 26 - Park Street Project Area Map
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Figure 27 — Park Street Facing Downstream

Figure 28 - Flooding at the Park Street Low Water Crossing — April 2019 (Source - City of Kerrville)
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C. FIRST STREET - LOW WATER CROSSING
Primary Concerns: Frequent roadway overtopping, flooding, public safety, limited emergency access

Project Description:  Flooding, dangerous roadway conditions and frequent roadway closures during most
rain events have been reported. The First Street Low Water Crossing consists of five
—24” RCPs providing a combined full flow capacity of approximately 141 cfs which is
roughly 2.5% of the 5-year frequency storm event.

Peak Flow Summary: Drainage Area = 6,930 acres at First Street Low Water Crossing (Appendix B Exhibit
Co1)
FEMA Peak Flows — Existing Conditions Q10 = 5,560 cfs, Qs0 = 8,980 cfs, Q100 =
10,400 cfs (Appendix B Exhibit C02)

Figure 29 - First Street Project Area Map
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Figure 30 — First Street Low Water Crossing

Figure 31 - Flooding at the First Street Low Water Crossing — April 2019 (Source - City of Kerrville)
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D. FOURTH STREET - LOW WATER CROSSING
Primary Concerns: Frequent roadway overtopping, flooding, public safety, limited emergency access

Project Description:  Flooding, dangerous roadway conditions and frequent roadway closures during most
rain events have been reported. Fourth Street Low Water Crossing consists of two —
24” RCPs providing a combined capacity of approximately 32 cfs which is roughly 1%
of the 5-year frequency storm event.

Peak Flow Summary: Drainage Area = 6,740 acres at Fourth Street Low Water Crossing (Appendix B
Exhibit D01)
FEMA Peak Flows — Existing Conditions Q10 = 5,110 cfs, Q50 = 8,080 cfs, Q100 = 9,350
cfs (Appendix B Exhibit D02)

Figure 32 - Fourth Street Project Area Map
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Figure 33 — Fourth Street Culvert Facing Downstream

Figure 34 - Flooding at the Fourth Street Low Water Crossing — April 2019 (Source - City of Kerrville)
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E. SPRING STREET - EROSION AT OUTFALL
Primary Concerns: Erosion/channel stability, loss of property

Project Description:  Excessive erosion at the Spring Street outfall is the main concern in this area.
Discharge from a 54” RCP is collected within a gabion mattress channel and
discharged down a steep embankment into the Guadalupe River. Soil instability has
resulted in head cutting, undermining of the soils beneath the gabion structure and
mass wasting of the stream bank. Left unprotected, the erosion is at risk of further
incising upstream.

Peak Flow Summary: Drainage Area = 34.8 acres (Appendix B Exhibit E01)

Peak Flows — Ultimate Conditions Q25 = 228 cfs, Qs0 = 260 cfs, Q100 = 294 cfs
(Appendix B Exhibit E02)

Figure 35 - Spring Street Project Area Map
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Figure 36 — Channel Erosion at Spring Street

Figure 37 — Channel Failure at Guadalupe River Bank
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F. HILL COUNTRY DRIVE AT SH 16
Primary Concerns: Roadway flooding, property damage to vehicles

Project Description:  Street and property flooding are the main issues in this area. The roadway profile is
in a sag with two - 36” CMPs located at the flowline of the roadway sag. The storm
drain is at grade resulting in frequent roadway overtopping, street closures, and
stalling of vehicles.

Peak Flow Summary: Drainage Area = 23 acres at Hill Country Drive and Sidney Baker Street (SH 16).
(Appendix B Exhibit F01)

Peak Flows — Ultimate Conditions Q25 = 184 cfs, Qs0 = 211 cfs, Q100 = 238 cfs
(Appendix B Exhibit F02)

Figure 38 - Hill Country Drive Project Area Map

Rev. 1-9-20
45



City of Kerrville
Stormwater Master Plan

Figure 39 — Hill Country Culvert at Sidney Baker Street Intersection (Upstream Side)

Figure 40 - Hill Country Drive Flooding (Source: Kerrville Daily Times)
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G. CLAY STREET (SCHREINER TO SH27):

Primary Concerns: Roadway flooding, structural flooding

Project Description: A relatively large area of runoff drains toward Clay Street, including contributing
discharge from the Kroc Center Detention Pond outfall. The runoff received exceeds
the capacity of the undersized storm drainage system which includes generally 24” or
30” CMPs. Additional flooding is experienced on Jefferson Street, Schreiner Street
and other adjacent streets with flow discharged to the south towards the Guadalupe
River or east towards Quinlan Creek.

Peak Flow Summary: Drainage Area = 188 acres (Appendix B Exhibit G01)

Peak Flows — Ultimate Conditions Q25 = 656 cfs, Qs0 = 735 cfs, Q100 = 819 cfs.
(Appendix B Exhibit G02)

Figure 41 - Clay Street Project Area Map
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Figure 42 — Stormwater Inlet at Clay Street

Figure 43 — Roadside Ditch at Clay Street
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H. KROC CENTER DETENTION POND AND SPILLWAY OUTFALL

Primary Concerns:

Project Description:

Peak Flow Summary:

Structural damages, extended duration of roadway flooding, accelerated deterioration
of roadway pavement.

Widespread street and property flooding are the main concerns in this area. Kroc
Center Detention Pond, classified by TCEQ as a High Hazard Dam, is designed to
hold runoff from a watershed area consisting of approximately 120 acres. During
large storm events, the detention pond fills up to near full capacity, resulting in a
steady extended release from the pond outfall, discharging onto George, Miller and
Hays Streets with no subsurface drainage system resulting in accelerated pavement
deterioration.

Drainage Area = 120 acres (Appendix B Exhibit HO1)
Peak Flows — Ultimate Conditions Q25 = 814 cfs, Qs0 = 930 cfs, Q100 = 1,052 cfs.
(Appendix B Exhibit H02)

Figure 44 - Kroc Center Project Area Map
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Figure 45 — Outflow Structure for Kroc Center Detention Pond

Figure 46 - Kroc Center Draining onto George Street - Looking Downstream — April 2019 (Source - City of Kerrville)
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I. TAKEIT EASY CHANNEL (SH27 TO GUADALUPE ST.)
Primary Concerns: Erosion/channel stability, loss of property, channel capacity

Project Description:  Steep channel banks have resulted in instabilities and slope failures due to the
erosive velocities in the channel. Take It Easy Channel is generally bounded from
Guadalupe Street at the downstream and extends to Junction Highway.
Approximately 320 acres of stormwater runoff drains into an open channel and into
the Take It Easy drainage channel is then captured by a 66” storm pipe that outfalls
into the Guadalupe River.

Peak Flow Summary: Drainage Area = 320 acres (Appendix B Exhibit 101)
Peak Flows — Ultimate Conditions Q25 = 920 cfs, Q50 = 1,050 cfs, Q100 = 1,180 cfs.
(Appendix B Exhibit 102)

Figure 47 - Take It Easy Channel Project Area Map
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Figure 48 — Unstable Side Slope for Take It Easy Channel

Figure 49 — Channel Profile for Take It Easy Channel Facing Downstream
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J. LOIS STREET (BETWEEN WOODLAWN AND 0X)
Primary Concerns: Structural flooding, roadway flooding, emergency access

Project Description:  Street flooding, roadway closures, property flooding, and structural flooding are the
main concerns in this area. Runoff generally drains to the south/southeast and is
captured by a shallow drainage channel with a concrete bottom and discharges across
five — 3.5’ x 5" oval CMPs into Take It Easy Channel. Due to the insufficient capacity
of the Junction Highway culverts, the shallow and relatively flat drainage channel
backs up water in the system that then spills over onto adjacent properties.

Peak Flow Summary: Drainage Area = 135 acres (Appendix B Exhibit J01)
Peak Flows — Ultimate Conditions Q25 = 613 cfs, Qs0 = 698 cfs, Q100 = 787 cfs.
(Appendix B Exhibit J02)

Figure 50 - Lois Street Project Area Map
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Figure 51 — Undersized Concrete Ditch at Lois Street

Figure 52 - Flooding at Lois Street — April 24, 2019 (Source - Residents)
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K. HARPER ST. BETWEEN CULBERSON AVE. (K1) & LEWIS AVE AND CIRCLE AVE ( K2)
Primary Concerns: Roadway flooding, slope stability erosion, sediment accumulation in roadway.

Project Description:  Problem Area K has been separated into two sub-areas referred to as K1 for Harper
Street which is associated with roadway flooding due to a relatively flat terrain with
insufficient slope to drain runoff. Problem Area K2 is associated with the runoff
received from Jackson Road draining down a steep earthen embankment towards
Circle Avenue which has resulted in excessive erosion, gully formations and sediment
washout into the roadway.

Peak Flow Summary: K1 Drainage Area = 13 acres; K2 = 23 acres (Appendix B Exhibit K01)
Peak Flows — K1 Ultimate Conditions Q25 = 66 cfs, Q50 = 75 cfs, Q100 = 85 cfs;
K2 Ultimate Conditions Q25 = 170 cfs, Qs0 = 194 cfs, Q100 = 219 cfs
(Appendix B Exhibit K02)

Figure 53 - Harper Street Project Area Map
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Figure 54 — Culberson Avenue Facing Downstream

Figure 55 — Circle Avenue Earthen Channel Erosion
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L. JACKDRIVE - UNDERSIZED INLET
Primary Concerns: Street flooding, property flooding

Project Description:  Street flooding and ponding are the main issues in this area. Approximately 27 acres
drain to Jack Drive. Overland flow generally travels in a southwesterly direction
across Jackson Road and flows towards an undersized inlet on Jack Drive with
unknown downstream connectivity. Overtopping of Jackson Road is known to
frequently occur with overland runoff travelling across multiple lots in a
southwesterly direction towards Virginia Drive and Lois Street.

Peak Flow Summary: Drainage Area = 27 acres at Jack Drive (Appendix B Exhibit L01)
Peak Flows — Ultimate Conditions Q25 = 127 cfs, Qs0 = 145 cfs, Q100 = 163 cfs.
(Appendix B Exhibit L02)

Figure 56 - Jack Drive Project Area Map
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Figure 57 — Outflow of Undersized Storm Drain at Jack Drive Facing Upstream

Figure 58 - Inadequate Inlet Capacity at Jack Drive - April 24, 2019 (Source - Residents)
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M. INTERSECTION OF CORONADO DR. AND JUNCTION HWY

Primary Concerns: Roadway flooding

Project Description:  Street flooding and ponding at the intersection is the main drainage concern in this
area. Approximately 8 acres of contributing drainage area collects at the low lying
area at the northern side of the intersection of Coronado Drive and Junction
highway, where runoff ponds due to lack of positive drainage.

Peak Flow Summary: Drainage Area = 8 acres at Coronado Drive and Junction Highway
(Appendix B Exhibit M01)
Peak Flows — Ultimate Conditions Q25 = 79 cfs, Qs0 = 90 cfs, Qo0 = 102 cfs. (Appendix
B Exhibit M02)

Figure 59 - Coronado Drive Project Area Map
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Figure 60 — Intersection of Coronado Drive and Junction Highway (Facing South)

Figure 61 — Ponding at Coronado Drive at Junction Highway Intersection (Facing Southeast)
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PROJECT POTENTIAL SOLUTIONS

Each of the fourteen selected project areas, as identified by the City of Kerrville, was evaluated using
approximate methodologies for analysis and determination of conceptual solutions. Each problem area was
then scored based on the relative severity of problem as further described by the Prioritization of Drainage
Projects section of this report. Detailed information regarding hydrologic and hydraulic methodologies may
be found in Appendix D — Technical Support Data. Project costs were estimated in 2019 dollars with
considerations to the costs associated with planning and design, construction, permitting, land acquisition
and utility adjustment needs and are located in Appendix B — City-Wide Drainage CIPs. The solutions and
costs presented in this report are at a conceptual-level and additional detailed analysis will be required for
all projects prior to implementation.

Refer to Appendix B for project summary sheets and detailed conceptual solutions exhibits.

Projects implemented in future years should consider a 6%-7% increase, per year, to the total project cost.
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A. PINTO TRAIL

The Pinto Trial conceptual design solution intends to provide flood relief to the properties adjacent to the

channel at risk of flooding and removing them from the localized 100-year floodplain for ultimate conditions.

To minimize the potential for adverse impacts downstream, it is recommended that channel improvements

extend further downstream from Main Street to Acorn Boulevard by increasing the capacity of the existing

earthen channel. Further investigations and detailed hydraulic analysis is required to further assess

channel sizing and culvert capacity.

Project assumes that Parcel 5634019, at the upstream end of the project, is owned by the City of Kerrville and

will therefore not require any land acquisition.

The project scope of work is summarized as follows:

1.

Widen the existing channel between Acorn Boulevard and East Main Street for a length of

approximately 1,320 LF of grass-lined trapezoidal channel with an 8-foot bottom width, 3.5-foot

depth and 6:1 side slope.

Widen the existing channel between East Main Street to Pinto Trail for a length of approximately

690 LF and replace with a mechanically stabilized earth (MSE) rectangular concrete segmental block

wall system with a 15-
foot bottom width, 3-foot
depth and vertical side
slopes (Figure 62).

Construct a grass-lined
trapezoidal channel from
Tomahawk Drive and
transition to the proposed
MSE rectangular
channel.

Hydro-mulch or grass
seed the proposed
earthen channels.

Refer to Appendix B Exhibit A03
for the proposed improvements

exhibit.

The total opinion of probable

engineering and construction

costs for this project is estimated
to be $0.8 to $1 million. See
Appendix B for an itemized

breakdown of quantities and

costs.

Figure 62 — Project Area Conceptual Layout
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B. PARK STREET LOW WATER CROSSING

The conceptual design solutions evaluated in this study explored opportunities to replace the low water
crossing at Park Street at Quinlan Creek with a structure that provides minimum flood protection from the
50-year storm event. Multiple iterations were considered in varying combinations that included replacement
of the existing culverts, channel widening, and capacity improvements and reprofiling the roadway. Efforts
were made in the conceptual modeling process to identify opportunities to mitigate adverse impacts
associated with the proposed improvements with respect to the FEMA Floodway and Floodplain. Each
option provided minimal benefits, were very high in cost, and at best provide conveyance capacity for up to
the 5-year storm event before overtopping. Therefore, it was determined that individual roadway culvert
replacements did not provide an adequate cost-benefit to recommend implementation. Therefore, as an
alternate to mitigate and improve public safety, it is recommended that automated flood gates be installed at
each low water crossing.

Refer to Appendix B Exhibit B0O3 for the proposed improvements exhibit showing extent of anticipated
channel and culvert improvements required for 5-year frequency storm event flood protection.

The total opinion of probable engineering and construction costs for this solution is estimated at
approximately $3.2 Million for channel and culvert capacity improvements. The recommended mitigating
solution of an Automated Flood Gate System is estimated to cost approximately $200,000. See Appendix B
for the itemized breakdown of quantities and costs.

The project scope of work for culvert and channel improvements are summarized as follows:

1. Perform a detailed hydrologic and hydraulic study of Quinlan Creek to better quantify the flood risk
conditions and evaluate alternatives to address Park Street, First Street, and Fourth Street.

2. Construct channel widening and capacity improvement through the length of the channel and
replace the culvert crossings at Park, First and Fourth Streets with bridge-class culverts that
mitigate adverse impacts to the FEMA Floodway and Floodplain.

Recommended Mitigating Solutions of work is summarized as follows:

Install a High-Water Alert Lifesaving Technology (HALT) flashing light and automated flood gate to alert
drivers of dangerous waters and encourage alternative routes.

Figure 63. Flood Detection System Automated Gate Example
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C. FIRST STREET LOW WATER CROSSING

Conceptual design was evaluated for Quinlan Creek at First Street low water crossing to alleviate existing
flooding situation and road blockage. Iterative design calculations were performed to increase the flow
carrying capacity of the culvert. Various options for improvements such as channel modification, roadway
regrading, and culvert replacement were considered. Efforts were made in the conceptual modeling process
to identify opportunities to mitigate adverse impacts associated with the proposed improvements with
respect to the FEMA Floodway and Floodplain. Each option provided minimal benefits, were very high in
cost, and at best provide conveyance capacity for up to the 5-year storm event before overtopping. Therefore,
it was determined that individual roadway culvert replacements did not provide an adequate cost-benefit to
recommend implementation. Therefore, as an alternate to mitigate and improve public safety, it is
recommended that automated flood gates be installed at each low water crossing.

The total opinion of probable engineering and construction costs for this solution is estimated at
approximately $4.9 Million for channel and culvert capacity improvements. The recommended mitigating
solution of an Automated Flood Gate System is estimated to cost approximately $200,000. See Appendix B
for the itemized breakdown of quantities and costs.

The project scope of work is summarized as follows:

1. Perform a detailed hydrologic and hydraulic study of Quinlan Creek to better quantify the flood risk
conditions and evaluate alternatives to address Park Street, First Street, and Fourth Street.

2. Construct channel widening and capacity improvement through the length of the channel and
replace the culvert crossings at Park, First and Fourth Streets with bridge-class culverts that
mitigate adverse impacts to the FEMA Floodway and Floodplain.

Recommended Mitigating Solutions of work is summarized as follows:

Install a High-Water Alert Lifesaving Technology (HALT) flashing light and automated flood gate to alert
drivers of dangerous waters and encourage alternative routes.

Figure 64 - Flood Detection System Automated Gate Example
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D. FOURTH STREET LOW WATER CROSSING

As discussed earlier, conceptual solutions for low water crossing were analyzed and cost-effective solution of
automated flood gates are recommended for optimum utilization of resources. Undersized culverts at Fourth
Street are only capable to convey 20 cfs with a roadway flooding depth of 9.38 ft for a 100-year storm.
According to the FEMA FIS study, drainage area contributes approximately 9,350 cfs at this low water
crossing and most of the flow overtops the existing roadway elevation set at 1628.5 ft. Iterative drainage
design calculations were performed to provide optimum design. Each option provided minimal benefits, were
very high in cost, and at best provide conveyance capacity for up to the 2-year storm event before
overtopping. Therefore, it was determined that individual roadway culvert replacements did not provide an
adequate cost-benefit to recommend implementation. Therefore, as an alternate to mitigate and improve
public safety, it is recommended that automated flood gates be installed at each low water crossing.
Appendix D shows the hydraulic models results.

The total opinion of probable engineering and construction costs for this solution is estimated at
approximately $1.6 Million for channel and culvert capacity improvements. The recommended mitigating
solution of an Automated Flood Gate System is estimated to cost approximately $200,000 . See Appendix B
for the itemized breakdown of quantities and costs.

The project scope of work is summarized as follows:

1. Perform a detailed hydrologic and hydraulic study of Quinlan Creek to better delineate the flood risk
conditions and evaluate alternatives to address Park Street, First Street, and Fourth Street.
2. Construct channel widening and capacity improvement through the length of the channel and

replace the culvert crossings at Park, First and Fourth Streets with bridge-class culverts that
mitigate adverse impacts to the FEMA Floodway and Floodplain.

Recommended Mitigating Solutions of work is summarized as follows:

Install a High-Water Alert Lifesaving Technology (HALT) flashing light and automated flood gate to alert
drivers of dangerous waters and encourage alternative routes.

Figure 65 - Flood Detection System Automated Gate Example
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E. SPRING STREET - EROSION AT OUTFALL

An existing 54” RCP storm drain dischages into an existing
rock-filled gabion channel that then flows down a steep drop off
plunging into the Guadalupe River. The existing gabion
mattress has failed and the earthen channel bank is at risk of
further incising upstream if left in its current condition.
Solutions for this problem involve extending the existing 54”
storm drain, regrading and compacting the earthen channel to
stabilize the erosion that has taken place, and constructing a
concrete baffled chute to convey flow down the steep channel
embankment with a stilling basin to dissipate energy before
dischaging into the Guadalupe River. No downstream adverse
impacts have been identified with this project. Further
geotechnical investigations and detailed anaylsis are required.

The project scope is summarized as follows:

A e e
S e &
Figure 66 - Baffled Chute Energy
Dissipater (Source: USBR EM-25)

1. Remove existing concrete headwall and extend the existing

54” RCP approximately 100 LF.

2. Construct new concrete headwall.

3. Construct a 20’ wide by 70’ long concrete baffled chute with 5’ high side walls, maximum
longitudinal slope of 2:1.

4, Regrade and compact significant slope failures at a 3:1 maximum slope.

5. Construct stilling basin and transition to rock rip-rap at the outfall.

The total opinion of probable engineering and construction costs for this project is estimated to be $600,000

to $750,000. See Appendix B for an itemized breakdown of quantities and costs.

Figure 67 - Conceptual Drainage Chute at Spring Street
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F. HILL COUNTRY DRIVE AT SH 16

The intersection of Hill Country Drive and Sidney Baker Street (State Highway 16) experiences frequent
property and street flooding due to Hill Country Drive’s low lying roadway condition and two — 36”
corrugated metal pipes (CMP) with inverts set at the low point in the roadway. The proposed solutions for
this project are divided into two phases. Phase 1 consists of raising the roadway profile and regrading Hill
Country Drive by approximately 11 inches while adding positive slope toward the existing two 36" CMP
pipes. Because of the limited capacity of the two existing 36” CMPs at the intersection, Phase 2 consists of
increasing the downstream pipe capacity at Hill Country Drive by replacing the two — 36” CMPs with a
trench box connected into two 6’ wide by 3’ tall box culverts from Hill Country Dr to the existing TxDOT
maintained trapezoidal channel near the intersection of Park Lane and Sidney Baker Street. The Phase 2
box culvert would increase capacity from 42 cfs to 185 cfs and will provide capacity for approximately the 25-
year frequency storm event for ultimate conditions. Phase 2 capacity improvements equal to approximately
87% of the total 50-year storm event under ultimate conditions.

Increasing the capacity of the storm drains and discharging into the channel downstream has the potential
to result in adverse impacts. Although the existing TxDOT drainage channel is believed to have adequate
capacity, further study downstream to the outfall at the Guadalupe River is recommended prior to project
final decision and construction.

The project scope is summarized as follows:

1. Raise Hill Country Drive by approximately 11 inches and regrade to establish positive drainage
toward existing storm drain system. (Phase 1)

2. Replace the existing two 36” CMP with two 6’ x 3’ box culvert from intersection to existing TxDOT
channel. (Phase 2)

3. Construct trench drain box at Hill Country Drive, just west of SH 16. (Phase 2)

The total opinion of probable engineering and construction costs for this project is estimated to be $0.25 million
for Phase 1 and $2.2 million for Phase 2, for a total of approximately $2.4 million. See Appendix B for an
itemized breakdown of quantities and costs.

Figure 68 — Hill Country Drive Conceptual Drainage Improvements (Phase 1 and 2)
Rev. 1-9-20
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G. CLAY STREET (SCHREINER TO SH27) &

H. KROC CENTER DETENTION POND AND SPILLWAY OUTFALL

The proposed design for Clay Street and the Kroc Center Detention Pond are intended to provide flood relief
downstream of the Kroc Center along George Street, Hays Street and south of McFarland Street. Proposed
improvements consist of reconfiguring and reconstructing the existing Kroc Center outlet structure to
directly discharge into a proposed storm drain system to prevent the pond from directly releasing into the
street. Clay Street drainage improvements include connecting to the Kroc Center Pond outlet and upsizing,
connecting, and extending the stormwater network with a series of storm drain inlets and reinforced
concrete box pipes extending down to the Guadalupe River. The proposed drainage improvements are
intended to provide 100-year detention at the Kroc Center with the downstream storm drain system sized to
contain 25-year flows in the pipes and 100-year within the road right-of-way. No adverse impacts have been
identified downstream. A more detailed conceptual layout is provided in Appendix B.

The project scope or work is summarized as follows:

1. Construct an outlet riser structure within the Kroc Center Detention Pond and connect outfall
directly into the proposed storm drain pipe.

2. Construct approximately 460 LF of 6’ x 4’ reinforced concrete box pipe from the Kroc Center to
George Street.

3. Construct approximately 284 LF of 6’ x 4’ reinforced concrete box pipe from Miller Street to Hays
Street.
4, Construct approximately 1,273 LF of 6’ x 4’ reinforced concrete box pipe from Hays Street to

McFarland Street.

5. Construct approximately 920 LF of 9’ x 4’ reinforced concrete box pipe from McFarland Street to Clay
Street.
6. Construct approximately 750 LF of 9’ x 4’ reinforced concrete box pipe on Clay Street between

McFarland Street and Jefferson Street.

7. Construct approximately 940 LF of 9’ x 5’ reinforced concrete box pipe from on Clay Street between
Jefferson Street and Water Street.

8. Construct approximately 220 LF of 10’ x 5’ reinforced concrete box pipe along Clay Street to outfall
at the Guadalupe River.

9. Provide a stilling basin with baffle box at the outlet structure.

10. Construct four - 20 foot on grade curb inlets along George Street.

11. Construct eight - 20 foot on grade curb inlets along Hays Street.

12. Construct one - 20 foot on grade curb inlets along McFarland Street.

13. Construct eight - 20 foot on grade curb inlets along Clay Street.

14. Reconstruct / Regrade roads along proposed storm drainage alignment to establish positive drainage

toward storm drain system.
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The total opinion of probable engineering and construction costs for this project is estimated to be $7 million
to $9 million. See Appendix B for an itemized breakdown of quantities and costs.

Figure 69 — Conceptual Storm Drainage System for Kroc Center and Clay Street.
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I. TAKEIT EASY CHANNEL (SH27 TO GUADALUPE STREET.)

Take It Easy Channel proposed improvements are intended to primarily stabilize the nearly vertical channel
bank side slopes from further erosion placing the adjacent RV park and residential neighborhood at risk and
to provide improved conveyance for the upstream drainage system from Junction Highway to Lois Street.
Implementation of the proposed design is intended to provide at a minimum, protection for the 25-year
storm event under ultimate conditions. No adverse downstream impacts have been identified.

The project scope of work is summarized as follows:

1. Tie into existing 66” CMP at Guadalupe Street and extend one 12’ x 6" RCB approximately 800 LF
upstream within Take It Easy Channel.

2. Backfill Take it Easy Channel above 12’ x 6 RCB and reconstruct a trapezoidal overflow channel and
stabilize channel with erosion control blankets.

3. Reconstruct remaining 700 LF of channel with a 3’ tall rectangular channel with 2:1 side slopes tied
to existing grade. Proposed channel geometry includes a rectangular channel constructed of a
concrete segmental mechanically stabilized earth (MSE) wall system with a 12’ bottom width, 3’
depth and 2:1 side slopes reinforced with turf reinforced matting tied into existing grade.

The total opinion of probable engineering and construction costs for this project is estimated to be $1.8 to $2.3
million. See Appendix B for an itemized breakdown of quantities and costs.

Figure 70 — Conceptual Channel Improvements at Take It Easy Channel
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J. LOIS STREET (BETWEEN WOODLAWN AND 0X)

The proposed conceptual solution evaluated is intended to address the frequent street flooding on Lois Street
and the slow draining channel between Junction Highway and Lois Street. Proposed channel improvements
are intended to effectively pass a 25-year frequency storm event under ultimate conditions. This project is
dependent on Take It Easy Channel downstream improvements occurring first, which include lowering the
channel bottom to accommodate larger box culverts at Junction Highway and increasing the channel depth
from Junction Highway to Lois Street.

The project scope of work is summarized as follows:

1. Coordinate with TxDOT to determine replacement of existing five 3.5’ x 5 Oval CMP pipes with
approximately three 6’ x 6 RCBs. In addition, lower the culvert to match the proposed flowline of
Take It Easy Channel.

2. Upsize the existing concrete channel by constructing a trapezoidal channel with an 11-foot bottom
width, 3-foot depth, and 20-foot top width, construct retaining walls along portions of limited
easement or to protect significant tress.

3. Regrade a portion of Lois Street to increase positive flow towards the improved drainage channel.

The total opinion of probable engineering and construction costs for this project is estimated to be $170,000 to
$200,000. See Appendix B for an itemized breakdown of quantities and costs. Replacement of TxDOT culverts
at Junction Highway are to be coordinated and determined and are not included in the estimate.

Figure 71 — Conceptual Channel Improvements at Lois Street
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K. HARPER STREET BETWEEN CULBERSON AVENUE AND LEWIS AVENUE (K1)

Proposed design at Harper Street is intended to relieve localized flooding and excessive ponding that occurs

throughout Harper Street. A proposed storm drain system is intended to capture up to the 25-year storm

event under ultimate conditions with discharge into Town Creek. No adverse downstream effects were

identified in this conceptual analysis; however, a detailed analysis should be completed prior to final design

and construction.

The project scope of work is summarized as follows:

I

9.

Regrade existing roadway to remove low spots on the road near Pershing Avenue intersection.
Construct four 20-foot curb inlets (on grade) along Harper Street between Culberson Avenue and
Pershing Avenue.

Construct two 10-foot curb inlets (in sag) at the intersection of Harper Street and Pershing Avenue.
Construct four 10-foot curb inlets (on grade) at the intersection of Patton Avenue and Harper Street.
Construct four 10-foot curb inlets (on grade) at the intersection of Lewis Street and Harper Street.
Construct four stormwater manholes along Harper Street at an intersection of Culberson Avenue,
Pershing Avenue, Patton Avenue, and Lewis Avenue.

Construct baffle blocks at the storm drain outfall to reduce flow velocities and dissipate energy
discharging into Town Creek.

Perform roadway asphalt mill and overlay resurfacing after installation of proposed storm drain
system.

Construct full length curb and gutter on both sides along Harper Street.

The total opinion of probable engineering and construction costs for this project is estimated to be $1.5 million
to $1.8 million. See Appendix B for an itemized breakdown of quantities and costs.

Figure 72 — Conceptual Street Drainage Improvements at Harper Street
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K. CIRCLE AVENUE DRAINAGE CHANNEL (K2)

Proposed conceptual solution is recommended to alleviate sedimentation and erosion issues at the
intersection of Culberson Ave and Circle Avenue. Vertical elevation drops 40 feet over 300 foot channel
length which results in high-velocity flow along the natural grass channel. The proposed solution will
adequately pass 25-year storm peak flow under ultimate conditions. The runoff will flow to its current
downstream flow path which has no reports of flooding issues.

The project scope of work is summarized as follows:

1. Regrade 410 SY of Jackson Road to provide gradual transition to the proposed channel.
2 Remove 242 LF of existing concrete curb along Jackson Road.

3 Construct 242 LF of concrete curb and gutter section.

4, Construct 330 LF hard armored slope drain chute with stilling basin and baffle blocks.
5 Provide curb cuts along Circle Avenue for gradual transition of channel flow.

The total opinion of probable engineering and construction costs for this project is estimated to be $190,000.
See Appendix B for an itemized breakdown of quantities and costs.

Figure 73 — Conceptual Drainage Chute at Circle Avenue
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L. JACK DRIVE - UNDERSIZED INLET

The conceptual solution is intended to relieve road and property flooding from occurring directly downstream

of Jack Drive’s existing undersized inlet. The proposed storm drain pipe system has been designed to collect

runoff for up to the 25-year storm event with excess flow conveyed by surface drainage. The proposed system

will capture runoff at Jack Drive via a 42” RCP storm drain with jack and bore construction methods for

areas where significant structures, trees and other features would be highly impacted. Additional

investigations are required prior to final design and construction. The alignment presented for the proposed

storm drain is conceptual and is subject to change during final design.

The project scope of work is summarized as follows:

1.

Regrade 8,065 SF of Jack Drive and construct roadway curbs to increase inlet interception within
the roadway. Provide 35 SY of full depth roadway repair at Virginia Drive.

Regrade 6,200 SF and provide 90 SY of full depth repair of Lois Street for improved drainage
conditions to proposed channel alignment.

Install one — 5’ X 5’ grate inlet in sag at lowest elevation at Lois Street.

Construct 1,230 LF of 42” storm pipe within the existing city owned drainage easement.
Construct 426 LF of 48” storm pipe by jack and bore between the residence of 1228 and 1230 Lois
Street within a proposed drainage easement or within existing easements. Alignment presented is
illustrated for estimating purposes only.

Regrade and construct 220 LF of earthen trapezoidal channel between Lois Street and Sunset Drive
with a 5-foot bottom width and a 4-foot depth.

The total opinion of probable engineering and construction costs for this project is estimated to be $2.4 million.
See Appendix B for an itemized breakdown of quantities and costs.

Figure 74 — Conceptual Drainage Improvements at Jack Drive
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M. INTERSECTION OF CORONADO DR. AND JUNCTION HWY

Conceptual solution is intended to alleviate street ponding and nuisance flooding at Coronado Drive north of
Junction Highway. The proposed solution has been sized to convey the 25-year storm event under ultimate
conditions by constructing a trench drain and storm pipe system to capture runoff and discharge into the
Guadalupe River. No downstream adverse effects were identified in this study.

The project scope of work is summarized as follows:

Regrade approximately 565 SY of Coronado Drive to increase inlet interception.

Construct 210 LF of concrete curb near the intersection at Coronado St and Junction Highway.
Regrade/relocate existing ditch located at the intersection to the low point on the road.

Install one — 3.5’ x 30’ trench drain at the intersection.

ouk W=

Install approximately 420 LF of 36” storm pipe along city own property by open cut and
approximately 110 LF by jack and bore under TxDOT roadway.
Construct headwall with energy dissipation such as a stilling basin with baffle block at the outlet.

N e

Provide rock riprap to provide erosion protection at the Guadalupe River.

The total opinion of probable engineering and construction costs for this project is estimated to be $495,000.
See Appendix B for an itemized breakdown of quantities and costs.

Figure 75 — Conceptual Drainage/Street Improvements at Coronado Drive
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OPINION OF PROBABLE PROJECT COSTS

An opinion of the probable project costs were developed for each study location based on the conceptual
improvements presented by this plan. Table 5 provides the summarized costs for each problem area
separated out by the following major categories: general, roadway, utilities, and drainage improvements.
Estimations are provided in 2019 dollars and a cost index adjustment should be applied for improvements
occurring into the future. Refer to Appendix B — CITY-WIDE DRAINAGE CIPs for the itemized cost
breakdowns and exhibits for the proposed conceptual solutions.

Each project total construction cost subtotal is divided into five categories: General costs include
Mobilization (11%), Insurances and Bonds (3%), Preparation of Right-of-Way (4%), Traffic Control Plan (3%),
and Storm Water Pollution Prevention Plan (SW3P) (1%). Roadway construction costs are directly related to
street maintenance and roadway construction improvements. Drainage costs are related to stormwater
structures such as pipes, culverts, and channels. Design, permitting and land acquisition costs are related to
all other elements required for the project completion. Land acquisition costs were estimated by multiplying
the current total land value by 170%. The preliminary engineering study, design, engineering and surveying
costs are based on percent construction fee curves and overall project complexity.

Project unit prices are based on 2019 average low bid prices obtained from TxDOT, Bexar County / City of
San Antonio, and recent bid tabs for similar projects. All project total costs include a 25% contingency for
unforeseen expenses. All project solutions are based on approximate methodologies and limited data and
therefore are conceptual and subject to change. Probable construction costs should be adjusted for inflation
and changing market conditions when projecting into the future.

Table 5 - Summary of Probable Project Costs

Project Design, Permitting,

ID Priority Land Acquisition | Total Project Costs!
Rank

A 5 East Main to Pinto Trail $ 111,710 $ 210| $ 22,5001 $ 565,237 | $ 104,949 | $ 979,520

B 11 Park St. Low Water Crossing $ $ - $ $ $ -8 200,000

C 11 First St. Low Water Crossing $ $ -1 $ $ $ 18 200,000

D 13 Fourth St. Low Water Crossing | $ $ - $ $ $ -8 200,000

E 9 Spring St. - Erosion at Outfall $ 83,370| $ 1% $ 438,787| $ 91,377 | $ 744,073

F1 & F2 3 Hill Country at SH16 Ph I $ 32,001 $ 123,336| $ 7,500 $ 14,625 $ 27,729 | $ 249,557

Hill Country at SH16 Ph II $ 280,803 | $ 363,424| $ 16,800| $ 896,151 $ 233,577 | $ 2,180,050

G&H | 4 Iélr;’; gﬁ‘}?gﬁ;ﬁ:tﬁ%ﬁ% $ 1,183,734 |$ 1,121,475|$ 547,000 $ 3,712,132| $ 861,570 | $ 8,967,501

1 Take It Easy Drainage Channel | $ 297,871 $ 118,320| $ $ 1,235,639 | $ 227,127 | $ 2,291,913

J 2 Lois St. (Woodlawn to Ox Dr.) $ 34,404 $ 59,721| $ 59,040 $ 37,620 | $ 28,618 | $ 189,899

K1 10 Harper Street $ 232,936 $ 332,090/ $ 179,800| $ 505,310 | $ 193,760 | $ 1,808,431

K2 6 Circle Avenue $ 23,684| $ 40,702| $ 3,900| $ 63,053 | $ 24,626 | $ 188,800

L 7 Jack Drive $ 293,948 $ 128,901 $ 68,500 $ 1,138,724 | $ 336,202 | $ 2,373,793

M 7 Coronado at Junction Highway | $ 63,372 $ 53,485| $ 24,8001 $ 209,770 | $ 54,911 | $ 494,195

Summary of Probable Cost $ 3,767,096 |$ 2,768,357 $ 1,100,540 $ 13,352,677 | $ 4,166,502 | $ 21,067,733
! Total project costs include all projected expenditures thru project completion

Notes: 2019 Dollars, assume 6% to 7% cost increase each year
Rev. 1-9-20
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PRIORITIZATION OF DRAINAGE CIP PROJECTS

A Stormwater Capital Improvement Plan (CIP) project priority list was developed for the City of Kerrville to
assist with the development of a multi-year program that aims to address the goals and objectives for city-
owned public facilities. This project list is intended to create and/or replace physical infrastructure assets
with facilities that provide improvements that reduce the risks to public safety, improve economic
development potential and enhance environmental features.

The goal of the provided project list and costs are to assist the city in the planning and budgeting process.
The project list summarizes the improvements, provides estimated costs, schedule, and identified potential
sources of funding.

The project scoring method applied has been developed to objectively assess and rank projects into a priority
list. This priority list should not be considered as the final absolute ranking nor does it represent the
expected order for implementation but instead should be utilized to assign relative priority.

Additional detailed information on the methodology and ranking system may be found in Appendix D.

PROJECT RANKING & PRIORITIZATION SUMMARY

Each proposed project has been prioritized by a scoring and ranking system to assess the city’s relative
infrastructure improvement priorities based on the identified principal categories of public safety, economic
effect, project timing and environmental impacts.

The method applied consists of first weighting each primary category against the other primary category to
develop a pairwise comparison. The pairwise comparison matrix developed is provided in Table 6 which
compares the principal categories in pairs to judge the higher priority or importance versus another
principal category. Each pairwise comparison scores importance as 3 for more important, 2 equally
important or 1 as less important.

Table 6 - Pairwise Principal Category Ranking

Criteria

Project Timing
Environment
CATEGORY
WEIGHT

.2
g
S}
[=)
o
Q

€3]

Public Safety
Economic
Project Timing
Environment

Each problem area is then scored based on sub-categories within the primary category as presented in Table
7. As an example, public safety includes scoring for risk associated with property and structural flooding,
roadway flooding, roadway emergency services access, frequency of flood damages and erosion potential. A
total weighted score can then be developed using the following formulas:

Principal Category x Sub Category Points = Total Category Score

Public Safety Total + Economic Total + Project Timing Total + Environment Total = Total Final Score
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Table 7 — Subcatego:

Ranking Descriptions

Example Project

Category / ‘ Point Project = Weighted
- Weight | Sub Categor Point Value Range Description ~Value Score | Score
Structural Flooding for 100- Low Risk (0 structures flooded) 0
year (1% AEP), estimated Moderate Risk (1-10 structures flooded) 5 5 45
(Pre-Project Conditions) High Risk (10+ structures flooded or critical facility effected) 10
. N d t i 0
Roadway Flooding for 100-Year o road overtopping
o Local road overtopping 4
(1% AEP) Collect Lovertonnt 7 7 63
(Pre-Project Conditions) ° ec' or road over Om,)mg
Arterial road overtopping 10
Roadway Emergency Services Access not impacted 0
Access for 25-year Access minimally impacted 2 9 18
(4% AEP) storm-event Alternative route required / limited access (duration 0 < x < 1 hour) 6
] (Pre-Project Conditions) No access or alternative route available (duration x > 1 hour) 10
Pubh? Safety Minimal (100-year < X) 1
(Weight 9) Frequency of Flood Damages Moderate (25-year < X < 100-year) 4 4 36
(Pre-Project Conditions) High (1-year < X < 25-year) 7
Very High (X < 1-year) 10
No erosion 0
Stable (minimal erosion) 2
Erosion / Channel Stability Unstable (risk of property loss) 6 10 90
Highly unstable (risk of structure damage or accelerated property 10
loss)
. . <10 Year (10% AEP) 1
Drainage Service 10 Year (10% AEP) - 25-Year (4% AEP) 4 10 90
(Post-Project Protection) 25 Year (4% AEP) - 100-Year (1% AEP) 6
>100-Year (1% AEP) 10
High Cost ($2 million < X) 2
Project Cost Moderate Cost ($1 million < X < $2 million) 6 6 36
Low Cost (> $1 million) 10
Unidentified funding sources 0
; Funding Source / Availabilit General Fund 4 4 24
(Eco.n(;lmlc) v Future Municipal Bonds (2020-? Bond Program) 7
ost-Share Potential (Federal or State grants, Inter-local agreements
Weight 6, Cost-Share Potential (Federal or S Inter-local ) | 10
Negative impact (reduced development and/or business potential) 0
Development/Redevelopment No significant impact (no change to development and/or business 5
Post-Project potential) 10 60
(residential and commercial) Positive impact (development potential, improved land value, sales, 10
etc.)
Significant Permitting & Mitigation 0
. Federal permitting (Section 404 IP, other) 2
P 1
ermitting Limited permitting local/state/federal (Nationwide, TCEQ WPAP) 6 0 40
Local permitting only 10
Condemnation/buy-outs may be required 1
Land/Easement Acquisition Limited easement/land acquisition needs (no impact to structures) 3 3 12
Project No additional easements or acquisition anticipated 5
Timing . . . Long Range (X > 2 years) 1
. P t Read t. t
(Weight 4) roject headiness (est. time Mid-Range (1-year < X < 2 year) 3 3 12
until completion)
Short-Range (X < 1 year) 5
Project is dependent on other upstream/downstream improvements 0
occurring before this project to mitigate flooding issues
Project Dependency PI:O!eCt is 1nde'pen'dent of any upstream/downstream improvements to 5 5 20
mitigate flooding issues
Project must be constructed before other related projects to solve 10
flooding issues in basin
Wistien @ity Tt Busie Neg::.ltiv.e,"impaf:t (WQ reduced due to increased impervious cover, etc.) | O
st No significant impact 7 7 42
Environment Positive impact (WQ enhanced with LID/BMP features) 15
(Weight 6) Riparian Impacts Post-Project Negative impacts (loss of natural riparian areas) 0
(habitat, natural waterways, No impacts (no significant change to natural riparian areas) 7 0 0
trees, wetlands, etc.) Positive impacts (preserves or creates natural riparian areas) 15
Project Ranking Score | 588
*AEP = Annual Exceedance Probability
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Total ranking scores are determined by accumulating each subcategory rank augmented by appropriate
category weight. Full ranking project scores and overall ranking values may be seen in Appendix D.

The intention of the weighting system method selected was to provide a customized quantitative and
impartial process for ranking project priorities based on specific needs and considerations. The resulting
process provides the relative project priority list as represented in Table 8

Table 8 - Prioritized Drainage CIP Project List

Project
Rankin 1D Project Name Score Estimated Project Cost
1 | Take It Easy Drainage Channel 771 3 2,291,913
2 J Lois St. (Woodlawn to Ox Dr.) 718 $ 189,899
3 F Hill Country at SH16 677 $ 2,429,607
Kroc Center Detention Pond
4 G&H Clay St. (Schreiner to SH27) 644 $ 8,967,501
5 A East Main to Pinto Trail 588 $ 979,520
6 K2 Circle Avenue 587 $ 188,800
7 L Jack Drive 552 $ 2,373,793
7 M Coronado at Junction Highway 552 $ 494,195
9 E Spring St. - Erosion at Outfall 528 3$ 744,073
10 K1 Harper Street 524 $ 1,808,431
11 B Park St. Low Water Crossing 413 $ 200,000 1
11 C First St. Low Water Crossing 413 $ 200,000 1
13 D Fourth St. Low Water Crossing 368 $ 200,000 1
Total Project Costs  $ 21,067,733
1 Alternative solution: High-Water Alert Lifesaving Technology (HALT) $200,000
2 Capital Improvement Projects G & H have been combined into one project.
Rev. 1-9-20
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EVALUATION OF DRAINAGE POLICY AND CRITERIA

NOAA ATLAS 14 CONSIDERATIONS

On September 27, 2018, the National Oceanic and Atmospheric Administration (NOAA)
Hydrometeorological Design Studies Center released an update to Texas’s rainfall frequency values, which
redefines the amount of rainfall it takes to qualify as a 100-, 500-, and 1,000-year storm event. The newly
updated data is intended to supersede the USGS Water Resources Investigations Report 98-4044 (USGS
1998) and NOAA Technical Paper No. 40 for Rainfall Frequency Atlas of the United States (TP-40 1963) and
represents the best available data for stormwater and floodplain design and analysis.

The study, published as NOAA Atlas 14, Volume 11 Precipitation-Frequency Atlas of the United States
(Atlas 14), has found that previously identified 50-year rainfall values in the City of Kerrville drainage
manual were equivalent to the 25-year rainfall estimates for Atlas 14 for the City. 24-hour precipitation
depth for the 100-year storm has increased from 9.36 inches to 12.1 inches, which shows a rise of 2.74 inches
as shown in Figure 76. Previously designed drainage structure may show hydraulic inadequacy when
compared to the new rainfall estimates.

Comparison of rainfall intensities are provided in Table 9.

Table 9 - Comparison of Rainfall Intensities (inches per hour)

25 Yr 50 Yr 100 Yr
Duration
City of City of City of
Atlas 14 Kerrville Difference Atlas 14 Kerrville Difference Atlas 14 Kerrville Difference

5-min 10.90 11.3 -0.40 12.40 12.76 -0.36 14.00 14.17 -0.17
10-min 8.73 8.82 -0.09 9.98 9.94 0.04 11.30 11.11 0.19
15-min 7.21 7.31 -0.10 8.22 8.24 -0.02 9.28 9.24 0.04
30-min 5.00 4.99 0.01 5.68 5.61 0.07 6.40 6.31 0.09
60-min 3.31 3.20 0.11 3.78 3.59 0.19 4.27 4.05 0.22
2-hr 2.16 1.97 0.19 2.51 2.21 0.30 2.89 2.5 0.39
3-hr 1.67 1.47 0.20 1.95 1.65 0.30 2.27 1.86 0.41
6-hr 1.03 0.88 0.15 1.22 0.99 0.23 1.44 1.11 0.33
12-hr 0.60 0.52 0.08 0.72 0.58 0.14 0.86 0.66 0.20
24-hr 0.35 0.31 0.04 0.42 0.35 0.07 0.50 0.39 0.11

Comparison of precipitation depth are provided in Table 10.
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Table 10 - Comparison of Precipitation Depths (inches)

25 Yr 50 Yr 100 Yr
Duration
City of City of City of
Atlas 14 Kerrville Difference Atlas 14 Kerrville Difference Atlas 14 Kerrville Difference

5-min 0.907 1.83 -0.92 1.04 2.40 -1.36 1.17 3.01 -1.84
10-min 1.46 1.11 0.35 1.66 1.46 0.20 1.88 1.84 0.04
15-min 1.8 0.77 1.03 2.06 1.00 1.06 2.32 1.27 1.05
30-min 2.5 0.36 2.14 2.84 0.47 2.37 3.2 0.59 2.61
60-min 3.31 0.15 3.16 3.78 0.19 3.59 4.27 0.24 4.03
2-hr 4.33 3.94 0.39 5.02 4.42 0.60 5.77 5.00 0.77
3-hr 5 4.41 0.59 5.87 4.95 0.92 6.82 5.58 1.24
6-hr 6.16 5.28 0.88 7.32 5.94 1.38 8.63 6.66 1.97
12-hr 7.27 6.24 1.03 8.69 6.96 1.73 10.3 7.92 2.38
24-hr 8.44 7.44 1.00 10.1 8.40 1.70 12.1 9.36 2.74

Table 11 shows the 24-hour rainfall data comparison for the City of Kerrville and 2018 Atlas 14 precipitation

estimates and Figure 76 provides a graphical comparison of rainfall frequency rain events for TP-40 versus
Atlas 14 precipitation data.

Table 11 - Comparison of 24-Hr Rainfall Data

Average 24-Hour Precipitation
Depth (Inches)

Annual Chance
of Probability

Frequency
Event

City of Kerrville Atlas 14 (2018)

500 Yr 0.2% 13.5% 17.6
100 Yr 1% 9.36 12.1
50 Yr 2% 8.40 A 101
25 Yr 4% 7.44 8.44
10 Yr 10% 6.48 6.49

5Yr 20% 5.28 5.23

2Yr 50% 3.84 3.92

* USGS Precipitation
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Figure 76 - Comparison of 24-Hr Precipitation with Atlas 14 Estimates
RECOMMENDATION:

e Adoption of Atlas 14 and updating city ordinances and drainage criteria manual to reflect best
available data.

e All plats submitted prior to amending city code with Atlas 14 values may use the rainfall data
effective at the time of submittal. However, a design check should be required to check for adverse
impacts utilizing the Atlas 14 data. If an adverse impact is determined, appropriate mitigation
should be considered as appropriate.

e Phased developments, such as residential subdivisions, should be required to bring the drainage
system into compliance based on a city determined timeline.

e Single-phased developments previously approved and currently under construction that has been
deemed out of compliance will be handled on a case by case basis to determine mitigation steps or if
an Administrative Exception will be granted.

e Floodplain remapping utilizing Atlas 14 rainfall data should occur to update the Digital Flood
Insurance Rate Maps (DFIRM) for the City of Kerrville and Kerr County. This effort to remap the
floodplains is anticipated to take approximately one year once the process is started. Therefore, a lag
period where the effective floodplain maps are not reflecting the flood risk using best available
rainfall data. During this period where Atlas 14 is adopted but remapping has not occurred, it is
recommended that plats, permits, and adverse impact analyses utilize Atlas 14 data while FEMA
CLOMR/LOMR submittals utilize previously adopted city rainfall data.

¢ Finished floor elevations (FFE) for residential and commercial buildings:

0 Prior to Atlas 14 adoption, FFE should be based on ultimate conditions base flood elevations
(BFE) using current rainfall data, plus 1 foot of freeboard.

0 After Atlas 14 adoption, FFE should be based on ultimate conditions BFE using Atlas 14
rainfall data, plus 1 foot of freeboard.
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CODE OF ORDINANCES AND DESIGN CRITERIA

The currently effective city stormwater drainage policy and criteria were reviewed to identify where
improvements may be needed and recommend changes as appropriate. This review of the municipal codes,
subdivision ordinances, and drainage design criteria is intended to provide a general list of recommendations
and the intentions of this review are not to prepare changes ready for adoption. Instead, these are to be used
as guidance and for planning future policy and criteria updates.

The detailed and itemized comments are provided in Appendix C.

MUNICIPAL CODES

The City’s Municipal Codes Section 54 Floods, and Chapter 118 Waterways were reviewed to identify
potential improvements to the codes.

The recommended changes, additions and modifications to Article II Floodplain Management Sections 31
Purpose and Methods, 32 Definitions, 33 General Provisions, 34 Administration, 35 Provisions for flood
hazard reduction, and Chapter 118 Article II City water impoundment regulations Sections 32 Definitions
with added sections for provisions for enforcement, provisions for defining allowable development within the
regulatory floodplain, and provisions for prohibited development within the regulatory floodplain.

SUBDIVISION ORDINANCES

The City’s Subdivision Ordinance was last updated in October 2008. Articles for plat approval procedure,
minimum design standards, minimum development procedures, and recommended additional sections were
reviewed for potential updates to the city ordinances.

The recommended changes provide considerations for additions and modifications to the development of
drainage facilities to protect properties from adverse impacts, additions to flood control requirements,
detention/retention, impervious cover, drainage considerations during construction, drainage improvement
responsibilities, maintenance responsibilities, and water quality improvements.

DRAINAGE DESIGN CRITERIA

The City’s Drainage Design Criteria Manual was last updated in 2013. The design criteria was reviewed for
potential updates and improvements.

The recommend changes include additions, modifications and deletions to the determination of design
discharge, time of concentration methodology and calculations, rainfall intensity updates to NOAA Atlas 14
data, unit hydrograph loss methods, street drainage requirements, channel flow, access easements,
interceptor channel requirements, maintenance considerations, bridge/culvert design frequency, freeboard
and roadway overtopping requirements, velocity protection and control devices, and detention pond
requirements.
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WATER QUALITY CONSIDERATIONS

The City of Kerrville is situated along the banks of the Guadalupe River which is fed by natural springs
emanating from the Edwards Aquifer. Groundwater from the Edwards Group is estimated to provide the
Guadalupe River watershed an average annual flow of 78,921 acre-feet or about 7 million gallons per day. In
addition, Kerr County historically has been recorded to be one of the most abundant areas with natural
springs resulting from the Edwards-Trinity Aquifers. These springs produce sparkling clean water that
feeds into the city’s creeks as it meanders through the rugged terrain and rolling hills towards the
Guadalupe River (Figure 77). As such, the importance of the water quality, groundwater recharge, and the
recreational and scenic amenities of the Guadalupe River are among the most important priorities of the city
as identified in the 2050 Comprehensive Plan.

To protect and enhance water quality, the city is challenged with determining methods for preserving
natural stream areas, reducing the impacts of impervious cover, and the associated non-point source
pollution.

The City of Kerrville is located within the Upper Guadalupe River Authority jurisdictional area which
presently provides initiatives for improving water quality in Kerr County including the construction of water
and sediment control basins designed to slow down overland flow and control the release of floodwater
downstream.

Table 12 presents the list of impaired streams as classified by the EPA and Figure 78 illustrates the U.S.
Fish and Wildlife Service Wetlands Inventory of potential riparian and wetland areas within the city.

Figure 77 - Karsted Terrain and Subsurface Aquifer Characteristics (Source: Kerr County Hydrogeology Report, 2008)
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Stream Name

Table 12 - Waterbody Impairment Report (Source: EPA)

Date
Assessed

Reported
Condition

Pollution
Categories

What’s Being Done

No TMDL Cleanup Plans;
Goat Creek N/A Unknown Unknown dlschgrg.ers regulated by
permits; no polluted runoff
control projects
Impaired for . No TMDL Cleanup Plans; no
rimar Bacteria and dischargers regulated b
Town Creek 2010 P Y other . g & y
recreation/ . permits; no polluted runoff
. . microbes .
swimming control projects
Impaired for . No TMDL Cleanup Plans;
rimar, Bacteria and dischargers regulated b
Quinlan Creek 2010 p Ty other ars g y
recreation/ . permits; polluted runoff control
. . microbes . .
swimming projects exist
No TMDL Cleanup Plans; no
Third Creek N/A Unknown Unknown dlschgrgers regulated by
permits; polluted runoff control
projects exist
No TMDL Cleanup Plans; no
Second Creek N/A Unknown Unknown dlschgrgers regulated by
permits; polluted runoff control
projects exist
Unnamed Tributary (Lime N/A Unknown Unknown N/A
Creek)
Elm Creek N/A Unknown Unknown N/A
No TMDL Cleanup Plans; no
Bear Creek N/A Unknown Unknown dlschgrgers regulated by
permits; no polluted runoff
control projects
Impaired for
aquatic life use; No TMDL Cleanup Plans; no
. primary dischargers regulated by
Camp Meeting Creek 2010 recreation/ Low oxygen permits; polluted runoff control
swimming use projects exist
good
2007 TMDL Cleanup Plan for
General use . . .
. . . No Bacteria and Other Microbes; no
Guadalupe River Basin at good; other . . .
2010 . impairment dischargers regulated by
UGRA Dam categories not .
data reported | permits; polluted runoff control
assessed . .
projects exist.
2007 TMDL Cleanup Plan for
Bacteria and Other Microbes; no
Kerrville Lake 2007 Unknown dischargers regulated by
permits; polluted runoff control
projects exist

TMDL — Total Max Daily Load
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Figure 78 - USFWS Wetlands Inventory
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RECOMMENDATIONS:

Develop a Water Quality Protection Plan to identify recommended areas for protection, identify
potential strategic retrofit solutions, water quality measures integrated into identified capital
improvement projects, and updates to the city’s land development code.

Evaluate opportunities for each multi-purpose and stormwater project at the preliminary design
phase to assess the viability of providing water quality best management practices (BMPs) and give
priority to implementing water quality improvements within identified protection zones as developed
in the Water Quality Protection Plan.

Provide municipal code requirements for protecting existing natural riparian areas with natural
channel design solutions, stream buffer requirements, and stream protection volume.

Identify areas in the city for regional detention facilities that will mitigate increases in runoff
volume and reduce the need to impact natural riparian areas downstream.

Continued monitoring and enforcement of the city’s municipal separate storm drain system (MS4)
program which is intended to provide public outreach and education, illicit discharge detection and
elimination, construction site stormwater runoff control, post-construction stormwater management
in new development and redevelopment, and pollution prevention and good housekeeping measures
for municipal operations.

Study and update land development codes to provide watershed specific water quality regulations
including such additions as fee-in-lieu of water quality, fee-in-lieu of detention, stream buffer
protection, water quality protection zones, and stream protection volume.

Implement a Water Conservation Plan and Erosion Control Plan.
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IMPLEMENTATION STRATEGY

This Stormwater Master Plan is the first city-wide planning update in more than 35 years. As such, there is
a significant amount of stormwater management policy updates, planning and capital project requirements
to address over the coming years. The Implementation Strategy presented by this plan is intended to provide
recommendations for the phasing of programs and projects to address and prioritize stormwater
management needs over the short-term and long-term up to 20 years.

STORMWATER PROGRAMS AND PLANNING

The Stormwater Master Plan serves to identify overall goals, priorities and a strategy for addressing the
city’s stormwater management needs which extends beyond identifying and completing capital improvement
projects. In addition, there are a number of identified stormwater programs and planning studies needed to
effectively address flood control, water quality, erosion, and future development that are not covered by this
plan. These program and planning items have been identified in Table 13. The projects are identified in
relative priority levels and should be addressed as resources and potential funding becomes available. Refer
to the next section, Potential Funding Sources, for funding guidance.

Table 13 - Stormwater Project Planning List

Estimated
Cost
Range

Priority
Level

Project Name Description

Dam Inspection and Develop a standard dam
. inspection and maintenance . $15,000/
Maintenance Program High
Program program to be completed by year
staff.
Restudy all significant streams
within the city and reassess
. community flood risk using
E:sfgggi:ggi NOAA Atlas 14 precipi?ation
Study data, L}pda‘ced hydrologlc.
Study modellng, updated ter}ﬂaln High $400,000-
(Hydrologic and 1nforma.t10n, and! detailed . $800,000
Hydraulic Studies - hydrat}hc modehng..Identlfy
FEMA Streams) potential future projects to be
completed to mitigate flooding
and general management of the
basin.
. . Repair of concrete buttress dam
Iéc;u;siisHays Dam C(I)?lesilrguré t?on structure due to seepage and High $1,000,000
p spalling of concrete.
Update the city's drainage
Stormwater design and criteria manual to
Drainage Design Manual reflect current industry best High $50,000
Manual Update practices and projected city
growth.
Update the city's current storm
drain system inventory in GIS
and assess the condition of
Storm Drain System existing infrastructure
Inventory and COEZ(‘:EZOD including storm drains, Medium $10£30 /
Assessment culverts, detention ponds, and y
other drainage facilities to
identify storm drains needing
replacement.
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Estimated

Project Name

Regional Detention
Pond Study and
Fee-in-Lieu of
Program

Study

Description

Perform a study of the city's
watersheds and anticipated
growth for each basin to
identify detention needs, where
regional detention may be
provided and where mandatory
detention should be required to
mitigate adverse impacts.

Priority
Level

Medium

Cost
Range

$60,000

Design Review
Checklist

Manual

Develop a detailed stormwater
design review checklist to verify
proposed developments meet
city criteria and ordinance
requirements.

Medium

$5,000 to

$10,000

Stormwater Utility
Fee Study

Study

Study the potential for
implementing a city-wide
stormwater utility fee program
to generate revenue responsible
for maintaining the city's
existing storm drainage system
and to assist with the funding
of capital projects. The fee is
roughly estimated to generate
$500,000 to $1,000,000 per
year.

Medium

$70,000

Flood Warning
System

Design &
Construction

Install automatic flood gate
warning systems at Quinlan
Creek, Town Creek, and other
known low water crossings.

Medium

$200,000
per location

Water Quality
Protection Plan

Study

Study to implement water
quality protection measures
within the watersheds and
protect natural riparian areas.

Medium

$80,000

Flood Complaint
Database

Data
Collection

Maintain a city complaint
database to document flooding
incidents, identified issues, and
photographs to assist with
identifying priority projects and
hot spot areas.

Low

$5,000 /
year
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CAPITAL IMPROVEMENT PROJECTS

The stormwater capital improvement projects presented in this report will require additional effort to plan,
design, and permit before they may be constructed. These identified priority projects and identified
conceptual-level costs are intended to be incorporated into the City’s CIP for further project development.

The management and implementation of capital projects is the responsibility of the City’s Public Works and
Engineering Departments. An outcome of this master planning process will be to provide the city with a
repeatable methodology for rating, ranking, and prioritizing stormwater capital projects.

The rating and ranking method applied to projects identified for consideration have been used to develop a
project priority list. The priority list presented in this report is not necessarily the final ranking nor does it
represent the expected order for implementation but indicates a relative priority.

The final Stormwater CIP includes the top 14 project recommendations summarized in Table 8. The top five
projects are regarded as having the highest priority.

Additionally, several factors can influence the actual implementation sequence. For example, a financial
constraint or a partnership opportunity could emerge and influence project sequencing or flood control
projects should be addressed by beginning with improving conveyance at the downstream end of a system to
reduce the backwater in the upstream reaches. The priority rankings are thus a relative guide.

Finally, because the city’s goals, resources, and issues are constantly changing, this plan is designed to be re-
evaluated each year to reaffirm or reprioritize the stormwater capital improvement project list. Additional
projects may be added and existing projects may be revised utilizing the Project Worksheet template located
in Appendix E.
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POTENTIAL FUNDING SOURCES

As part of this report’s planning effort, potential funding sources have been identified for consideration by
the City. The list presented is intended for informational purposes only and is intended to provide guidance
on where funding may be acquired through local municipal tax and user-fee funding, general obligation
bonds, revolving state and federal grants, disaster recovery grants, and inter-agency public partnerships.
Table 14 provides a storm water utility fee comparison of revenue generated per capita for comparable cities
and Table 15 summarizes the available stormwater potential funding sources by program, agency, and
annual ceiling limits.

To address the city’s stormwater management needs it is important to identify a consistent source of funding
to ensure that short-term and long-term plans can be implemented. Additionally, stormwater infrastructure
should be treated as a large-scale community asset that should be evaluated at the watershed level to
effectively manage flood control, erosion, and water quality issues.

Each of the projects identified for consideration and future funding will need to be evaluated on an annual
basis to reassess projects for implementation based upon city available funding, external funding sources,
various agencies and donations, and cost-share opportunities through interlocal agreements with the county.

Methods for implementing a steady fund for addressing the highest priority and basic maintenance needs
may be accomplished by the following:

o Stormwater Utility Fee — A fee assessed, similar to water or sewer enterprise funds, based on the
amount of stormwater a property generates which is directly related to impervious cover from such
things as buildings and parking lots. This sustainable funding mechanism is dedicated to recovering
the costs of stormwater infrastructure regulatory compliance, planning, maintenance, capital
improvements, repair, and replacement. Based on cities of similar size and revenues generated, it is
estimated that the City of Kerrville would raise approximately $800,000 per year based on revenue
per capita which would include revenue from both residential and commercial properties (Table 14).

Table 14 - Stormwater Utility Fee City Comparison

Population Revenue /
. Revenue* .

Estimate Capita
Georgetown 58,723 $ 3,377,480 $ 57.52
Keller 44,940 $ 1,474,997 $ 32.82
Lancaster 59,708 $ 1,576,407 $ 26.40
San Marcos 54,076 $ 5,800,000 $ 107.26
University Park 25,201 $ 453,052 $ 17.98
Colleyville 26,674 $ 972,082 $ 36.44
Schertz 37,938 $ 1,141,000 $ 30.08
Fredericksburg 14,014 $ 477,607 $ 34.08
Median 41,239 $ 1,307,999 $ 3345

Kerrville (Estimated) 24,292 $ 812,594 $ 3345
*2016-17 actual revenues or projected 2019 revenues

e Property Taxes/General Fund — A portion of property taxes can be transferred into the stormwater
management fund. These funds are generally subject to great competition from other worthy
municipal programs. It is common for stormwater management to take a lower priority and thus
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creates a less reliable source of funding. In addition, stormwater services typically bear no
relationship to the assessed value of the property and therefore might not be equitable.

e Bond Programs — General Obligation Bonds (GO), Revenue Bonds (RB), Certificates of Obligation
(CO) are various types of debt the city may elect to incur to fund major capital expenditures. A
voter-approved general obligation bond program such as a Capital Improvements Bond may be
chosen to meet the demand for growth and services as appropriate.

e Grants and Low-Interest Loans — Various revolving stormwater management grants are available
through the Texas Water Development Board (TWDB), Department of Housing and Urban
Development (HUD), the General Land Office (GLO), U.S. Army Corps of Engineers (USACE), and
other agencies. The potential for grant funding should be examined annually to identify matching
requirements, application due dates, and which projects should seek grant aid.

e Disaster Recovery Grant Funding — FEMA and the Texas Department of Emergency Management
(TDEM) administer grant funding as related to Disaster Declaration Proclamations which are often
declared by Governor’s or Presidential orders to provide community assistance. Inevitably, disasters
will occur, and when they do, the City should seek to apply for state and federal assistance.

o Interlocal Cooperation Agreements — The City and Kerr County are able to enter into interlocal
agreements for the purposes of cost sharing planning and construction projects that affect both
jurisdictional areas. An example of a cost-share agreement may be related to flood protection
planning for major rivers and streams that are shared by both political subdivisions.
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Source
Type

Program
Name

Table 15 - Stormwater Potential Funding Sources

Agency

Annual
Ceiling
($)

Schedule

Suggested Use of Funds / Notes

Issue general obligation bonds issued with the
approval of the electorate for capital improvement
City issued and general public improvements for use to fund
Local bond financing COK TBD TBD the design and construction of the project including
Stormwater Revenue Bonds and General
Obligation Bonds.
A portion of property taxes can be transferred into
Local General Fund COK TBD Annual the stormwater management fund. These funds are
generally subject to great competition from other
worthy municipal programs.
A fee assessed, similar to water or sewer enterprise
Stormwater Est. funds, based on the amount of stormwater a
Local Utility Fee COK $500k to Annual property generates which is directly related to
y $1M impervious cover from such things as buildings and
parking lots.
Sales Tax for
Local Drainage and COK g‘;’go 000 TBD Propose to transfer sales tax revenue to a special
Water Quality / eal,r tax/drainage district.
Projects Y
Hazard Disaster FEMA provides funding to support cost-effective
Gov. Mitigation TDEM / Varies Declaration post-disaster projects provided on a 75/25 match in
Fed Grant Program | FEMA Required funding for mitigation projects. Benefit-Cost Ratio
(HMGP) q must be greater than 1.0.
Gov Flood Flood protection grants for flood protection
Sta t.e Protection TWDB TBD Annual planning, flood early warning systems, flood
Grant response (during or after a flood event)
Flood . e . .
Mitigation Community Flood Mitigation: Advance Assistance
Gov. Assistance TWDB/ Varies Annual $100,000; Projects a cost share up to $10,000,000;
Fed Grant Program FEMA Technical Assistance up to $50,000; Flood
(FMA) g Mitigation Planning up to $100,000.
Pre-Disaster Assists with implementing a sustained pre-disaster
Gov. Mitigation FEMA Varies Annual natural hazard mitigation program. Funding
Fed Program maximum $4 million for mitigation projects;
(PDM) $150,00 for mitigation plan updates.
Gov. ggvme?;ur;gm TDA/ $350,000 Annual Assists with housing, economic development, and
Fed Block (grant HUD ’ measures to reduce damages in future storms.
The Corps’ CAP program provides a plan, design,
Continuin and implementation for certain types of water
Gov. Authori tiei USACE $10M Annual resources projects for such things as flood control,
Fed Program (CAP) dredging, streambank and erosion protection, and
g environment. Feasibility phase is limited to
$100,000 and then a 50/50 cost-share.
Inter-local Contractual relationship entered into between two
Gov- Acreement or more local units of government and/or between a
State (ngrrville-Kerr TBD TBD TBD local unit of government and a non-profit
County) organization for the joint usage and/or development
Y of sports fields, regional parks, or other facilities
Inter-local Contractual relationship entered into between two
Gov- Acreement or more local units of government and/or between a
State (I?errville-Kerr TBD TBD TBD local unit of government and a non-profit
County) organization for the joint usage and/or development
Y of sports fields, regional parks, or other facilities
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PROPOSED STORMWATER PROJECT IMPLEMENTATION PLAN

Provided below is a generalized overview of the project development and implementation process. The
phases supported by this Stormwater Master Plan are related to Phase 1 Strategic Planning solutions.

Project Development Process

e PHASE 2/ 3: Preliminary Engineering Analysis and Report (9-18 months)

(0]

(0]

(0]

(0]

Identify detailed modeling and quantification of problems
Identify environmental permitting, land acquisition and utility adjustment needs.

Begin environmental assessment / environmental impact statement and other permits, as
necessary.

Evaluate feasible design alternatives and select the option for implementation.
Develop a construction phasing plan if the project needs to be done at different times.
Begin negotiation process, if required, for land acquisition, easements, and right-of-way.

Secure land acquisition and easement needs.

e PHASE 3/ 4: Design Phase (6-12 months)

(0]

(0]

(0]

Develop construction documents including plans, specifications, bid documents, and detailed
cost estimates.

Receive environmental and permitting clearances, as required.

Coordinate with utility providers on required utility adjustments.

e PHASE 4: Construction Phase (6-24 months per phase)

(0]

(0]

(0]

Begin construction activities.
Monitor and inspect the progress of construction.

Future Maintenance Procedure Establishment

Figure 79 - Capital Improvement Program Lifecycle Process
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Stormwater Programs and Planning Studies

Stormwater Capital Improvement Projects

Table 16 - Proposed Project Implementation Plan

Project Name

Dam Inspection and Maintenance
Program

Flood Protection Plan Study
(H&H, remapping)!

Storm Drain System Inventory and
Assessment

Regional Detention Pond Study and
Fee-in-Lieu of Program

Stormwater Drainage Criteria Manual
Update

Design Review Checklist

Estimated Total Project Cost

$15,000/'YR

$400,000 to $800,000

$10,000/YR

$60,000

$50,000
$5,000 to $10,000

Stormwater Utility Fee Study $70,000
Flood Complaint Database $5,000/'YR
Water Quality and Erosion Control

Program Study $80,000
Flood Warning System

(4 Locations) $200,000
Louise Hays Dam Structural Repairs

Phase 1 - Planning/Design $1,000,000
Phase 2 - Construction

Take it Easy Channel Improvements $2,291,900
Lois Street Drainage Improvements2 $189,900
Hill Country Drive

Phase 1 — Drainage Improvements BB
Hill Country Drive

Phase 2 - Downstream Improvements? $2,180,100
Kroc Center Detention Pond

Clay Street Drainage Improvements HEDTET
Pinto Trail Channel Improvements $979,500
Circle Avenue $188,800
Jack Drive Drainage Improvements $2,373,800
Coronado Drive Drainage $494.200
Improvements?2

Spring Street Erosion Control $744,100
Harper Street Drainage Improvements $1,808,400
Park Street Low Water Crossing $200,000
First Street Low Water Crossing $200,000
Fourth Street Low Water Crossing $200,000
TOTALS (ROUNDED) $23,400,000

* 2019 dollars; Assume 6% to 7% increase each additional year

1 Partnership opportunities with Kerr County
2 Partnership opportunities with TxDOT
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NOTES TO USERS

This map is for use in administering the National Flood Insurance Program. It does
not necessarily identify all areas subject to flooding, particularly from local drainage
sources of small size. The community map repository should be consulted for
possible updated or additional flood hazard information.

To obtain more detailed information in areas where Base Flood Elevations
(BFEs) and/or floodways have been determined, users are encouraged to consult
the Flood Profiles and Floodway Data and/or Summary of Stillwater Elevations
tables contained within the Flood Insurance Study (FIS) report that accompanies
this FIRM. Users should be aware that BFEs shown on the FIRM represent
rounded whole-foot elevations. These BFEs are intended for flood insurance rating
purposes only and should not be used as the sole source of flood elevation
information. Accordingly, flood elevation data presented in the FIS report should
be utilized in conjunction with the FIRM for purposes of construction and/or
floodplain management.

Coastal Base Flood Elevations shown on this map apply only landward of 0.0'
North American Vertical Datum of 1988 (NAVD 88). Users of this FIRM should be
aware that coastal flood elevations are also provided in the Summary of Stillwater
Elevations table in the Flood Insurance Study Report for this jurisdiction. Elevations
shown in the Summary of Stillwater Elevations table should be used for
construction, and/or floodplain management purposes when they are higher than
the elevations shown on this FIRM.

Boundaries of the floodways were computed at cross sections and interpolated
between cross sections. The floodways were based on hydraulic considerations
with regard to requirements of the National Flood Insurance Program. Floodway
widths and other pertinent floodway data are provided in the Flood Insurance Study
report for this jurisdiction.

Certain areas not in Special Flood Hazard Areas may be protected by flood
control structures. Refer to Section 2.4 "Flood Protection Measures" of the Flood
Insurance Study report for information on flood control structures in this jurisdiction.

The projection used in the preparation of this map was Texas State Plane, Zone
South Central, FIPS 4204. The horizontal datum was NAD83, GRS80 spheroid.
Differences in datum, spheroid, projection or State Plane zones used in the
production of FIRMs for adjacent jurisdictions may result in slight positional
differences in map features across jurisdiction boundaries. These differences do
not affect the accuracy of this FIRM.

Flood elevations on this map are referenced to the North American Vertical Datum
of 1988. These flood elevations must be compared to structure and ground
elevations referenced to the same vertical datum. For information regarding
conversion between the National Geodetic Vertical Datum of 1929 and the North
American Vertical Datum of 1988, visit the National Geodetic Survey website at
http://www.ngs.noaa.gov or contact the National Geodetic Survey at the following
address:

NGS Information Services

NOAA, N/NGS12

National Geodetic Survey, SSMC-3, #9202
1315 East-West Highway

Silver Spring, Maryland 20910-3282

(301) 713-3242

To obtain current elevation, description, and/or location information for bench
marks shown on this map, please contact the Information Services Branch of the
National Geodetic Survey at (301) 713-3242, or visit their website at
http://Awww.ngs.noaa.gov/.

Base map information shown on this FIRM was derived from multiple sources.
This information was compiled from the U.S. Geological Survey, 1989 and 1999,
National Geodetic Survey, 2004, and U.S. Census Bureau 2003 and 2006.
Additional information was photogrammetrically compiled at a scale of 1:3,500 from
aerial photography dated 2004.

This map reflects more detailed and up-to-date stream channel configurations
than those shown on the previous FIRM for this jurisdiction. The floodplains and
floodways that were transferred from the previous FIRM may have been adjusted
to conform to these new stream channel configurations. As a result, the Flood
Profiles and Floodway Data tables in the Flood Insurance Study report (which
contains authoritative hydraulic data) may reflect stream channel distances that
differ from what is shown on this map.

Corporate limits shown on this map are based on the best data available at the
time of publication. Because changes due to annexations or de-annexations may
have occurred after this map was published, map users should contact appropriate
community officials to verify current corporate limit locations.

Please refer to the separately printed Map Index for an overview map of the
county showing the layout of map panels; community map repository addresses;
and a Listing of Communities table containing National Flood Insurance Program
dates for each community as well as a listing of the panels on which each
community is located.

Contact the FEMA Map Service Center at 1-800-358-9616 for information on
available products associated with this FIRM. Available products may include
previously issued Letters of Map Change, a Flood Insurance Study report, and/or
digital versions of this map. The FEMA Map Service Center may also be reached
by Fax at 1-800-358-9620 and their website at http://www.msc.fema.gov/.

If you have questions about this map or questions concerning the National Flood
Insurance Program in general, please call 1- 877- FEMA MAP (1-877-336-2627) or
visit the FEMA website at http://www.fema.gov/.
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SPECIAL FLOOD HAZARD AREAS (SFHAs) SUBJECT TO
INUNDATION BY THE 1% ANNUAL CHANCE FLOOD

The 1% annual chance flood (100-year flood), also known as the base flood, is the flood
that has a 1% chance of being equaled or exceeded in any given year. The Special
Flood Hazard Area is the area subject to flooding by the 1% annual chance flood. Areas
of Special Flood Hazard include Zones A, AE, AH, AO, AR, A99, V, and VE. The Base
Flood Elevation is the water-surface elevation of the 1% annual chance flood.

ZONE A No Base Flood Elevations determined.

ZONE AE Base Flood Elevations determined.

ZONE AH Flood depths of 1 to 3 feet (usually areas of ponding); Base Flood
Elevations determined.

ZONE AO Flood depths of 1 to 3 feet (usually sheet flow on sloping terrain);
average depths determined. For areas of alluvial fan flooding, velocities
also determined.

ZONE AR Special Flood Hazard Area formerly protected from the 1% annual
chance flood by a flood control system that was subsequently
decertified. =~ Zone AR indicates that the former flood control system is
being restored to provide protection from the 1% annual chance or
greater flood.

ZONE A99 Area to be protected from 1% annual chance flood by a Federal
flood protection system under construction; no Base Flood Elevations
determined.

ZONE V Coastal flood zone with velocity hazard (wave action); no Base Flood Elevations
determined.

ZONE VE Coastal flood zone with velocity hazard (wave action); Base Flood Elevations

determined.

FLOODWAY AREAS IN ZONE AE

The floodway is the channel of a stream plus any adjacent floodplain areas that must be
kept free of encroachment so that the 1% annual chance flood can be carried without
substantial increases in flood heights.

=

OTHER FLOOD AREAS

ZONE X Areas of 0.2% annual chance flood; areas of 1% annual chance flood
with average depths of less than 1 foot or with drainage areas less than
1 square mile; and areas protected by levees from 1% annual chance
flood.
OTHER AREAS
ZONE X Areas determined to be outside the 0.2% annual chance floodplain.
ZONE D Areas in which flood hazards are undetermined, but possible.
COASTAL BARRIER RESOURCES SYSTEM (CBRS) AREAS
AR : OTHERWISE PROTECTED AREAS (OPAs)

CBRS areas and OPAs are normally located within or adjacent to Special Flood Hazard Areas.

Floodplain boundary
Floodway boundary
Zone D Boundary

CBRS and OPA Boundary

Boundary dividing Special Flood Hazard Areas of different
Base Flood Elevations, flood depths or flood velocities.

Base Flood Elevation line and value; elevation in feet*

(EL 987) Base Elood_ Elevation value where uniform within zone;
elevation in feet*

*Referenced to the North American Vertical Datum of 1988

.—“’ c, Cross section line

Transect line

Geographic coordinates referenced to the North American

97° 07" 30", 32° 22" 30" Datum of 1983 (NAD 83), Western Hemisphere

“276%0mE 1000-meter Universal Transverse Mercator grid values, zone 14
600000 FT 5000-foot grid ticks: Texas State Plane coordinate system,
zone South Central (FIPSZONE 4204), Lambert Conformal Conic Projection
Dx551o>< Bench mark (see explanation in Notes to Users section of this
FIRM panel)
o M1.5 River Mile

MAP REPOSITORIES
Refer to Map Repositories list on Map Index.
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reflect updated topographic information

For community map revision history prior to countywide mapping, refer to the Community
Map History table located in the Flood Insurance Study report for this jurisdiction.

To determine if flood insurance is available in this community, contact your insurance
agent or call the National Flood Insurance Program at 1-800-638-6620.
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NOTES TO USERS

This map is for use in administering the National Flood Insurance Program. It does
not necessarily identify all areas subject to flooding, particularly from local drainage
sources of small size. The community map repository should be consulted for
possible updated or additional flood hazard information.

To obtain more detailed information in areas where Base Flood Elevations
(BFEs) and/or floodways have been determined, users are encouraged to consult
the Flood Profiles and Floodway Data and/or Summary of Stillwater Elevations
tables contained within the Flood Insurance Study (FIS) report that accompanies
this FIRM. Users should be aware that BFEs shown on the FIRM represent
rounded whole-foot elevations. These BFEs are intended for flood insurance rating
purposes only and should not be used as the sole source of flood elevation
information. Accordingly, flood elevation data presented in the FIS report should
be utilized in conjunction with the FIRM for purposes of construction and/or
floodplain management.

Coastal Base Flood Elevations shown on this map apply only landward of 0.0'
North American Vertical Datum of 1988 (NAVD 88). Users of this FIRM should be
aware that coastal flood elevations are also provided in the Summary of Stillwater
Elevations table in the Flood Insurance Study Report for this jurisdiction. Elevations
shown in the Summary of Stillwater Elevations table should be used for
construction, and/or floodplain management purposes when they are higher than
the elevations shown on this FIRM.

Boundaries of the floodways were computed at cross sections and interpolated
between cross sections. The floodways were based on hydraulic considerations
with regard to requirements of the National Flood Insurance Program. Floodway
widths and other pertinent floodway data are provided in the Flood Insurance Study
report for this jurisdiction.

Certain areas not in Special Flood Hazard Areas may be protected by flood
control structures. Refer to Section 2.4 "Flood Protection Measures" of the Flood
Insurance Study report for information on flood control structures in this jurisdiction.

The projection used in the preparation of this map was Texas State Plane, Zone
South Central, FIPS 4204. The horizontal datum was NAD83, GRS80 spheroid.
Differences in datum, spheroid, projection or State Plane zones used in the
production of FIRMs for adjacent jurisdictions may result in slight positional
differences in map features across jurisdiction boundaries. These differences do
not affect the accuracy of this FIRM.

Flood elevations on this map are referenced to the North American Vertical Datum
of 1988. These flood elevations must be compared to structure and ground
elevations referenced to the same vertical datum. For information regarding
conversion between the National Geodetic Vertical Datum of 1929 and the North
American Vertical Datum of 1988, visit the National Geodetic Survey website at
http://www.ngs.noaa.gov or contact the National Geodetic Survey at the following
address:

NGS Information Services

NOAA, N/NGS12

National Geodetic Survey, SSMC-3, #9202
1315 East-West Highway

Silver Spring, Maryland 20910-3282

(301) 713-3242

To obtain current elevation, description, and/or location information for bench
marks shown on this map, please contact the Information Services Branch of the
National Geodetic Survey at (301) 713-3242, or visit their website at
http://Awww.ngs.noaa.gov/.

Base map information shown on this FIRM was derived from multiple sources.
This information was compiled from the U.S. Geological Survey, 1989 and 1999,
National Geodetic Survey, 2004, and U.S. Census Bureau 2003 and 2006.
Additional information was photogrammetrically compiled at a scale of 1:3,500 from
aerial photography dated 2004.

This map reflects more detailed and up-to-date stream channel configurations
than those shown on the previous FIRM for this jurisdiction. The floodplains and
floodways that were transferred from the previous FIRM may have been adjusted
to conform to these new stream channel configurations. As a result, the Flood
Profiles and Floodway Data tables in the Flood Insurance Study report (which
contains authoritative hydraulic data) may reflect stream channel distances that
differ from what is shown on this map.

Corporate limits shown on this map are based on the best data available at the
time of publication. Because changes due to annexations or de-annexations may
have occurred after this map was published, map users should contact appropriate
community officials to verify current corporate limit locations.

Please refer to the separately printed Map Index for an overview map of the
county showing the layout of map panels; community map repository addresses;
and a Listing of Communities table containing National Flood Insurance Program
dates for each community as well as a listing of the panels on which each
community is located.

Contact the FEMA Map Service Center at 1-800-358-9616 for information on
available products associated with this FIRM. Available products may include
previously issued Letters of Map Change, a Flood Insurance Study report, and/or
digital versions of this map. The FEMA Map Service Center may also be reached
by Fax at 1-800-358-9620 and their website at http://www.msc.fema.gov/.

If you have questions about this map or questions concerning the National Flood
Insurance Program in general, please call 1- 877- FEMA MAP (1-877-336-2627) or
visit the FEMA website at http://www.fema.gov/.
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LEGEND

SPECIAL FLOOD HAZARD AREAS (SFHAs) SUBJECT TO
INUNDATION BY THE 1% ANNUAL CHANCE FLOOD

The 1% annual chance flood (100-year flood), also known as the base flood, is the flood
that has a 1% chance of being equaled or exceeded in any given year. The Special
Flood Hazard Area is the area subject to flooding by the 1% annual chance flood. Areas
of Special Flood Hazard include Zones A, AE, AH, AO, AR, A99, V, and VE. The Base
Flood Elevation is the water-surface elevation of the 1% annual chance flood.

ZONE A

ZONE AE
ZONE AH
ZONE AO

ZONE AR

ZONE A99

ZONE V

ZONE VE

No Base Flood Elevations determined.
Base Flood Elevations determined.

Flood depths of 1 to 3 feet (usually areas of ponding); Base Flood
Elevations determined.

Flood depths of 1 to 3 feet (usually sheet flow on sloping terrain);
average depths determined. For areas of alluvial fan flooding, velocities
also determined.

Special Flood Hazard Area formerly protected from the 1% annual
chance flood by a flood control system that was subsequently
decertified. =~ Zone AR indicates that the former flood control system is
being restored to provide protection from the 1% annual chance or
greater flood.

Area to be protected from 1% annual chance flood by a Federal
flood protection system under construction; no Base Flood Elevations
determined.

Coastal flood zone with velocity hazard (wave action); no Base Flood Elevations

determined.

Coastal flood zone with velocity hazard (wave action); Base Flood Elevations
determined.

FLOODWAY AREAS IN ZONE AE

The floodway is the channel of a stream plus any adjacent floodplain areas that must be
kept free of encroachment so that the 1% annual chance flood can be carried without
substantial increases in flood heights.

=

ZONE X

ZONE X
ZONE D

NN N
N

OTHER FLOOD AREAS

Areas of 0.2% annual chance flood; areas of 1% annual chance flood
with average depths of less than 1 foot or with drainage areas less than
1 square mile; and areas protected by levees from 1% annual chance
flood.

OTHER AREAS

Areas determined to be outside the 0.2% annual chance floodplain.
Areas in which flood hazards are undetermined, but possible.

COASTAL BARRIER RESOURCES SYSTEM (CBRS) AREAS

OTHERWISE PROTECTED AREAS (OPAs)

CBRS areas and OPAs are normally located within or adjacent to Special Flood Hazard Areas.

Floodplain boundary

Floodway boundary
Zone D Boundary
CBRS and OPA Boundary

Boundary dividing Special Flood Hazard Areas of different
Base Flood Elevations, flood depths or flood velocities.

P 513 s Base Flood Elevation line and value; elevation in feet*

(EL 987)

Base Flood Elevation value where uniform within zone;
elevation in feet*

*Referenced to the North American Vertical Datum of 1988

.—“’ o Cross section line

- —@ Transect line

Geographic coordinates referenced to the North American

97° 07" 30", 32° 22" 30" Datum of 1983 (NAD 83), Western Hemisphere

“276%0mE 1000-meter Universal Transverse Mercator grid values, zone 14
600000 FT 5000-foot grid ticks: Texas State Plane coordinate system,
zone South Central (FIPSZONE 4204), Lambert Conformal Conic Projection
Dx551o>< Bench mark (see explanation in Notes to Users section of this
FIRM panel)
o M1.5 River Mile

MAP REPOSITORIES
Refer to Map Repositories list on Map Index.

EFFECTIVE DATE OF COUNTYWIDE FLOOD
INSURANCE RATE MAP PANEL
JULY 19, 2000

EFFECTIVE DATE(S) OF REVISION(S) TO THIS PANEL

March 3, 2011 - to update corporate limits, to change Base Flood Elevations and Special
Flood Hazard Areas, to update map format, to update roads and road names, and to
reflect updated topographic information

For community map revision history prior to countywide mapping, refer to the Community
Map History table located in the Flood Insurance Study report for this jurisdiction.

To determine if flood insurance is available in this community, contact your insurance
agent or call the National Flood Insurance Program at 1-800-638-6620.
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NOTES TO USERS

This map is for use in administering the National Flood Insurance Program. It does

LEGEND

o : ) . ! . ZONE A SPECIAL FLOOD HAZARD AREAS (SFHAs) SUBJECT TO
not necessarily identify all areas subject to flooding, particularly from local drainage INUNDATION BY THE 1% ANNUAL CHANCE FLOOD
sources of small size. The community map repository should be consulted for 1930000 FT 1935000 FT 1940000 FT 1945000 FT The 1% annual chance flood (100-year flood), also known as the base flood, is the flood
. " . . ' " ' " ° - f )
possible updated or additional flood hazard information. o |99°"O7 30 JOINS PANEL 0300 99° 03' 45 o that has a 1% chance of being é,qualed or exceeded in any given year. The Special
30°07' 30 30° 07' 30 Flood Hazard Area is the area subject to flooding by the 1% annual chance flood. Areas
To obtain more detailed information in areas where Base Flood Elevations of Special Flood Hazard include Zones A, AE, AH, AO, AR, A99, V, and VE. The Base
(BFEs) and/or roodways have been determined, users are encouraged to consult Flood Elevation is the water-surface elevation of the 1% annual chance flood.
the Flood Profiles and Floodway Data and/or Summary of Stillwater Elevations ZONE A No Base Flood Elevations determined.
tables contained within the Flood Insurance Study (FIS) report that accompanies ZONE AE Base Flood Elevations determined.
this FIRM. Users should be aware that BFEs shown on the FIRM represent ZONE AH Flood depths of 1 to 3 feet (usually areas of ponding); Base Flood
rounded whole-foot elevations. These BFEs are intended for flood insurance rating POWER PLANT RD Elevations determined.
purposes only and should not be used as the sole source of flood elevation ZONE AO Flood depths of 1 to 3 feet (usually sheet flow on sloping terrain);
information. Accordingly, flood elevation data presented in the FIS report should average depths determined. For areas of alluvial fan flooding, velocities
be utilized in conjunction with the FIRM for purposes of construction and/or also determined.
foodpiin managerent 13955000 FT e s i i s o s B
decertified. = Zone AR indicates that the former flood control system is
Coastal Base Flood Elevations shown on this map apply only landward of 0.0' being restored to provide protection from the 1% annual ch);nce or
North American Vertical Datum of 1988 (NAVD 88). Users of this FIRM should be L 333000mp greater flood.
aware that coastal flood elevations are also provided in the Summary of Stillwater ZONE A99 Area to be protected from 1% annual chance flood by a Federal
Elevations table in the Flood Insurance Study Report for this jurisdiction. Elevations flood protection system under construction; no Base Flood Elevations
shown in the Summary of Stillwater Elevations table should be used for determined.
construction, and/or floodplain management purposes when they are higher than Wolf Creek ZONE V Coastal flood zone with velocity hazard (wave action); no Base Flood Elevations
the elevations shown on this FIRM. determined.
B . . . ZONE VE Coastal flood zone with velocity hazard (wave action); Base Flood Elevations
oundaries of the floodways were computed at cross sections and interpolated determined.
between cross sections. The floodways were based on hydraulic considerations
with regard to requirements of the National Flood Insurance Program. Floodway FLOODWAY AREAS IN ZONE AE
widths and other pertinent floodway data are provided in the Flood Insurance Study The floodway is the channel of a stream plus any adjacent floodplain areas that must be
report for this jurisdiction. . Kerr COllllty kept free of encroachment so that the 1% annual chance flood can be carried without
Certain areas not in Special Flood Hazard Areas may be protected by flood Kerr County Unincorporated Areas substantial increases in flood heights:
control structures. Refer to Section 2.4 "Flood Protection Measures" of the Flood Unincorporated Areas 480419 |:| OTHER FLOOD AREAS
Insurance Study report for information on flood control structures in this jurisdiction.
480419 ZONE X Areas of 0.2% annual chance flood; areas of 1% annual chance flood
The projection used in the preparat_ion of this map was Texas State Plane, ane 1474 ?Itr;qjggaﬁilgepatzz (;frceI:sss ptrr;igctledfot?; ?gvgeltsh f(rjg?rgna(i;;o a;i?']iallesihgr]niz
South Central, FIPS 4204. The horizontal datum was NAD83, GRS80 spheroid. N flood.
Differences in datum, spheroid, projection or State Plane zones used in the
production of FIRMs for adjacent jurisdictions may result in slight positional 334 . 000m OTHER AREAS
differences in map features across jurisdiction boundaries. These differences do — 31 N ZONE X Areas determined to be outside the 0.2% annual chance floodplain.
not affect the accuracy of this FIRM. ZONE D Areas in which flood hazards are undetermined, but possible.
Flood elevations on this map are referenced to the North American Vertical Datum ZONE X NORTH Loop COASTAL BARRIER RESOURCES SYSTEM (CBRS) AREAS
of 1988. These flood elevations must be compared to structure and ground \ 2
elevations referenced to the same vertical datum. For information regarding ] Los N \: OTHERWISE PROTECTED AREAS (OPAs)
conversion between the National Geodetic Vertical Datum of 1929 and the North s TCREEK o ) )
American Vertical Datum of 1988, visit the National Geodetic Survey website at 13950000 FT j<> RD CBRS areas and OPAs are normally located within or adjacent to Special Flood Hazard Areas.
http://www.ngs.noaa.gov or contact the National Geodetic Survey at the following Er‘n Floodplain boundary
address: ‘_; WILDWOOD Floodway boundary
o PASEO ENCINAL LN Zone D Boundary
NGS Information Services L S RD LOST CREEK CBRS and OPA Boundary
NOAA, N/NGS12 OOQ a RD N Boundary dividing Special Flood Hazard Areas of different
National Geodetic Survey, SSMC-3, #9202 o <Z~$ % Base Flood Elevations, flood depths or flood velocities.
1315 East-West Highway OP‘?‘@\ é)v % s 513 S Base Flood Elevation line and value; elevation in feet*
Silver Spring, Maryland 20910-3282 o2 © Q Base Flood Elevation value where uniform within zone;
(301) 713-3242 < (EL 987) elevation in feet*
*Referenced to the North American Vertical Datum of 1988
To obtain current elevation, description, and/or location information for bench Cross section line
marks shown on this map, please contact the Information Services Branch of the
National Geodetic Survey at (301) 713-3242, or visit their website at | 3335000m) @ _____ @ Transect line
http:/Awww.ngs.noaa.gov/. . ) )
6 Ao A 290 991 AN Geographic coordinates referenced to the North American
. . . . . 97°07' 30", 32° 22" 30 Datum of 1983 (NAD 83), Western Hemisphere
Base map information shown on this FIRM was derived from multiple sources. gam ) .
This information was compiled from the U.S. Geological Survey, 1989 and 1999, 6E 1000-meter Universal Transverse Mercator grid values, zone 14
National Geodetic Survey, 2004, and U.S. Census Bureau 2003 and 2006. 600000 FT 5000-foot grid ticks: Texas State Plane coordinate system,
Additional information was photogrammetrically compiled at a scale of 1:3,500 from zone South Central (FIPSZONE 4204), Lambert Conformal Conic Projection
aerial photography dated 2004. Dx551o>< EIelglslh F|;r;]anré<|)(see explanation in Notes to Users section of this
Rattlesnake Creek
This map reflects more detailed and up-to-date stream channel configurations ®M1.5 River Mile
than those shown on the previous FIRM for this jurisdiction. The floodplains and
floodways that were transferred from the previous FIRM may have been adjusted
to conform to these new stream channel configurations. As a result, the Flood STONEY BROOK RD

Profiles and Floodway Data tables in the Flood Insurance Study report (which
contains authoritative hydraulic data) may reflect stream channel distances that

) . : MAP REPOSITORIES
differ from what is shown on this map.

Refer to Map Repositories list on Map Index.
Corporate limits shown on this map are based on the best data available at the
time of publication. Because changes due to annexations or de-annexations may
have occurred after this map was published, map users should contact appropriate 13945000 FT
community officials to verify current corporate limit locations.

EFFECTIVE DATE OF COUNTYWIDE FLOOD
INSURANCE RATE MAP PANEL
JULY 19, 2000

335g000my| EFFECTIVE DATE(S) OF REVISION(S) TO THIS PANEL

March 3, 2011 - to update corporate limits, to change Base Flood Elevations and Special
Flood Hazard Areas, to update map format, to update roads and road names, and to
reflect updated topographic information

Please refer to the separately printed Map Index for an overview map of the county
showing the layout of map panels; community map repository addresses; and a
Listing of Communities table containing National Flood Insurance Program dates
for each community as well as a listing of the panels on which each community is _ o _ _ _ _
located. For con_1mun|ty map revision _h|story prior to countywide mapping, refer to t_he _Co_mn_wuplty
Map History table located in the Flood Insurance Study report for this jurisdiction.

JOINS PANEL 0460

Contact the FEMA Map Service Center at 1-800-358-9616 for information on
available products associated with this FIRM. Available products may include VCIEA\'/“VYS’RNN
previously issued Letters of Map Change, a Flood Insurance Study report, and/or

digital versions of this map. The FEMA Map Service Center may also be reached
by Fax at 1-800-358-9620 and their website at http://www.msc.fema.gov/.

To determine if flood insurance is available in this community, contact your insurance
agent or call the National Flood Insurance Program at 1-800-638-6620.
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If you have questions about this map or questions concerning the National Flood
Insurance Program in general, please call 1- 877- FEMA MAP (1-877-336-2627) or
visit the FEMA website at http://www.fema.gov/.
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