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L. INTRODUCTION

San Antonio is located in the south-central portion of Texas, approximately 150 miles from
the Gulf of Mexico and 100 miles from the geographical center of Texas. Situated in
Bexar County on the San Antonio River, the terrain to the northwest slopes upward to the
Edwards Plateau and to the southeast it slopes downward to the Guif Coastal Plains. These
two distinct geological regions are divided by the Balcones Escarpment, a critical recharge
zone for the Edwards Aquifer. The rolling hills of the area account for the range in
elevation from 500 feet MSL (feet above mean seal level) in southern San Antonio to 1000
feet MSL just below the Balcones Escarpment to over 1600 feet MSL in the upper reaches
of the San Antonio River in Bexar County. A location map of the project area is shown in

Figure I-1

The City of San Antonic has a population of over 1.1 million people. Its city limits
encompass approximately 417 square miles with an Extra Territorial Jurisdiction (ETJ) of
approximately 789 square miles covering approximately 80% of Bexar County. Within the
city's ETJ are several smaller municipalities including Alamo Heights, Terrell Hills, Olmos
Park, Castle Hills, Converse, Helotes, Hollywood Park, Leon Valley, and Shavano Park
just to name a few. Also within the city's ETJ are several military bases including Brooks

AFB, Camp Bullis, Fort Sam Houston, Kelly AFB, Lackland AFB, and Randolph AFB.

At least five major watersheds; Cibolo Creek, Leon Creek, Olmos Creek, Salado Creek,
and Medina River watersheds, and several smaller watersheds drain Bexar County from
north to south converging in the San Antonio River in southern Bexar County and northern
Wilson County. Development in these watersheds began over 200 years ago, but has been
extensive in the past 50 years or so, especially in the northern half of Bexar County. The
vast majority of the commercial and residential development outside of Loop 410 has
occurred since the late 1950's. Aenal mapping flown in the early 1960's by the Natural

Resource Conservation Service (NRCS) (formerly known as the Soil Conservation Service
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[SCS]) Soil Survey for Bexar County, shows very little development outside of Loop 410

as compared to the present.

In 1926, the first of several flood detention dams in Bexar County, the Olmos Dam, was
completed. The Olmos Dam is located just upstream of downtown San Antonio, with
Olmos Creek upstream and the San Antonio River downstream of the dam. Since then, the
NRCS in cooperation with the San Antonio River Authority has built 13 flood detention
dams in.the Salado Creek watershed. Six flood retention dams were built in the Martinez
Creek watershed and seven flood retention structures were built in the Calaveras Creek

watershed.

Since the early 1930's, several studies have been conducted on the San Antonio River,
particularly in downtown San Antonio. Many projects ensued including straightening,
widening, and deepening 31 miles of the San Antonio River and many of its tributaries.

Most recently, two massive flood control tunnels, the San Pedro Creek Tunnel (SPCT) and
the San Antonio River Tunnel (SART) were built to divert flood waters beneath downtown

San Antonio.
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In 1996, the City of San Antonio contracted with three different engineering firms to
develop complete Master Drainage Plans for three of the major watersheds in Bexar
County; Leon Creek, Salado Creek , and Olmos Creek. Each study revised and updated
the hydrological and hydraulic models for that particular watershed and sub-watersheds.

Flooding problems were identified in several areas and over $100 million in potential flood
mitigation projects were identified in these watersheds and are discussed in Sections III

and IV of this Plan.

The City of San Antonio has participated in the Federal Emergency Management Agency's
(FEMA) National Flood Insurance Program (NFIP) since 1983. The latest Flood Insurance
Study (FIS) by FEMA is dated February 16, 1996. This study incorporated all studies and
mapping revisions up to that date. FEMA is planning to update their maps to include all of

the recent watershed studies and mapping revisions approved since 1996.

Even though the City of San Antonio, Bexar County and other agencies have recently
studied some of the major watersheds, identified needed projects throughout the county,
and implemented some of the more crtical flood control projects, an overall flood
mitigation plan for the study area has not been developed. The City of San Antonio is
presenting this plan to the Texas Water Development Board (TWDB) as a tool to identify
and codify all existing flood hazards and technically feasible flood mitigation activities
within its jurisdiction and to provide a comprehensive strategy for implementing these

activities.

The preparation process for this flood mitigation plan is discussed in Section II of this
report. This section describes the City's efforts to attain input from the public and other
organizations and municipalities affected by the plan and the incorporation of previous

studies into this plan.
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An Evaluation of Existing Hazards is presented in Section III. Descriptions of existing
flood hazards as identified from several sources are given. Flood hazard areas are grouped
by watershed and listed in Appendix A. Their locations are shown on the map in

Appendix B.

The goals of this Flood Mitigation Plan are discussed in Section IV. Evaluations of the
City's existing Flood Plain Management Program and potential mitigation alternatives are
found in Sections V and VI, respectively. Potential mitigation projects are grouped by

watershed and listed in Appendix C. Their locations are shown on the map in Appendix D.

An Action Plan to implement the recommended flood mitigation activities is included in
Section VII of this report. Potential projects were assessed to determine their feasibility

and funding options.

Section VIII discusses the action taken by the City of San Antonio to present this plan to
interested residents, businesses, organizations, and communities affected by it. Feedback
from these groups was then incorporated into the plan. The final plan was then reviewed

and adopted by the City Council of San Antonio.

Finally, a formal process by which the progress of the Mitigation Plan is measured and

how changes to the Plan can be made is outlined in Section 1X.
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PUBLIC WORKS - STORM WATER UTILITY

Program Information

The Storm Water Utility of Public Works, which is funded by the Storm Water Fee,
consists of the following Divisions:
Storm Water Operations Division
¢ Vegetation Control - Mowing [ Herbicide Applications / Tree Maintenance
+ River Maintenance - Channel De-silting / Lake Dredging
+ Street Cleaning - Street Sweeping / Graffiti Removal / Event Cleanups
¢ Tunnel Maintenance - Operating and Maintenance of Tunnels and Dams
¢ Storm Water Administration - Direction and Planning
Storm Water Engineering Division
¢ Design Engineering - Master Planning; Development Review; and
CIP/MPO/special projects reviews.
+ Engineering management of Regional Flood Control Facilities

+ Floodplain management

The Storm Water Utility performs various tasks associated with the City's National
Pollution Discharge Elimination System (NPDES) permit. Other divisions of Public Works
and SAWS also help with NPDES permit compliance. Storm Water Engineering, in
addition to design and review of public and private drainage facility plans leads master
planning for drainage issues. This includes implementing regional flood control facilities,
storm water detention systems and floodplain administration. Construction and
maintenance of regional flood control facilities are activities associated with the Regional

Storm Water Management Program.

Goals & Objectives

To perform the functions of planning & coordination, implementation, development, and

management of the City's infrastructure system of lakes, streams, basins, dams and storm
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water systems in a responsive manner with a focus on quality, customer needs and the

effective protection of public investment in the City's infrastructure.

Storm Water Ulility:

o Consider finance strategies and affordability of options as addressed and
recommended in the City of San Antonio Watershed Studies for improved
performance of San Antonio’s storm water infrastructure.

e Review the organization of the Storm Water Ultility to maximize efficiency and
customer service.

¢ Continue to execute tasks associated with compliance of the City’s NPDES
permit and the accounting methods for those activities.

e FEducate the public on storm water issues as they relate to the total drainage
system and individual watersheds.

Storm Water Operations:

Continue the dredging program, which alleviates problems in the City of San
Antonio's lakes and ponds by removing silt and debris.

Provide for the protection of our environment by incorporating tree
preservation/mitigation, reduced herbicide use, seeding of low maintenance ground
cover and wildflowers.

Take corrective course of action to ensure the reliability and functionality of the
existing High Water Detection System and the Early Flood Warning System
through system upgrades.

Maintain City storm water facilities to ensure optimum capacity.

Remove pollutants from City streets with an aggressive street cleaning program.

Storm Water Engineering:

Review and evaluate the Regional Storm Water Management Program and
associated fee structure.

Implement the Storm Water Compliance for Construction Activity Ordinance.
Continue implementation and enforcement of all drainage ordinances for the
protection of the floodplain and the orderly development of the vegetation and

natural facilities within 1t.
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~ Director, Public Works
~ (Floodplain Administrator)

.Assistant Director, Public Works

~ Storm Water Utility Manager "
(NPDES Permit Administrator)

Storm Water Operations Division ,, Storm Water Engineering Division

Figure I-2
STORM WATER UTILITY
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. PLAN PREPARATION PROCESS

In the wake of the devastating flood of October 1998, the City of San Antonio pushed
forward to develop a comprehensive plan to implement technically feasible flood mitigation
projects in order to minimize or avoid similar devastation in the future. Several divisions of
the Public Works Department have been involved in the Plan Preparation process, including
Capital Program, Drainage Engineering, Drainage Operations, Traffic Engineering, and the
Streets Division. The Planning and Neighborhood Action Departments have also
contributed. The Drainage Engineering, Drainage Operations, and Traffic Engineering
Divisions have provided information on the City's needs for flood mitigation projects while
the City of San Antonio Planning Department has provided information on the land use and

development patterns in the various watershed.

The Drainage Regulation Review Committee made up of nine people representing
neighborhood and environmental groups, developers and engineers, and elected city
officials, was critical to the Watershed Planning process. They reviewed three major
watershed studies on Leon Creek, Salado Creek, and Olmos Creek and recommended major
revisions to the City's Drainage Regulations. These were adopted by the City Council
between 1996 and 1997, and the revised 100-year flood plains were established as City
policy. Each watershed plan identified several flood mitigation projects for the watersheds.
The City held meetings with other municipalities and organizations and the public for their
input. The Master Drainage Plan for each watershed was then presented to the City Council

of San Antonio for their approval.

In addition to these Master Drainage Plans, the City of San Antonio decided to develop a
comprehensive plan for the remainder of its jurisdiction. To do this, the City met with
Bexar County Public Works to discuss the incorporation of their Bexar County Flood
Analysis Report prepared by the San Antonio River Authority (SARA) into the Regional
Flood Mitigation Plan. This report analyzed the effects of the October 1998 flood on Bexar

County and many of its flood control structures. Requests for input from all municipalities
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within Bexar County were mailed out. Their responses were then incorporated into the
report. The Bexar County Flood Analysis Report identified several flood problem areas and
potential flood mitigation projects, which have been incorporated into this Plan. A copy of

the Bexar County Flood Analysis Report can be found in Appendix E.

Several municipalities other than the City of San Antonio and Bexar County will be
affected by this Plan. Implementation of the Plan will be a group effort by all
municipalities with jurisdiction in the specific areas covered by the Plan. The City of San
Antonio Public Works Department will, however, take the lead in planning and

implementing the Plan.
In addition to the public notifications and meetings conducted as part of the Master

Drainage Plans, several other meetings were held with other municipalities and the public

and are discussed further in Section VIII of this report.
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HI. EVALUATION OF EXISTING HAZARDS

One of the first steps in mitigating flood hazards is to identify existing problem areas.

Many hydrologic and hydraulic studies have been performed on creeks and rivers within
the City of San Antonio, its extra-territorial jurisdiction and suburban cities. Also, Bexar
County and the San Antonio River Authority have prepared numerous engineering studies,
reports, and recommendations. From these studies, many potential flood problem areas
were identified. Many of the problem areas are at street crossings including low water
crossings and undersized bridges and culverts. However, the major concern is the over 600
structures which are located in the 100-year flood plain and were flooded during the
October 1998 Flood. Areas of localized flooding due to inadequate drainage systems,
eventhough not in a designated flood plain, have also been identified and included in this

plan.

Flood hazard areas have been grouped by watershed and are listed in Appendix A with a
brief description of each problem area. Each of the ten watersheds listed include several
sub-watersheds. For example, the Leon Creek Watershed includes the Culebra Creek,
French Creek, Huebner Creek, Helotes Creek, Huesta Creek, Maverick Creek, Slick Ranch
Creek, Indian Creek and Comanche Creek sub-watersheds. Because of its complexity, the
flood hazard areas of the Upper San Antonio River Watershed are listed by its larger sub-
watersheds; Alazan Creek, Apache Creek, Martinez Creek, San Pedro Creek, Six Mile
Creek, and Zarzamora Creek. The watershed boundaries and the location of each flood
hazard area are shown on the map in Appendix B. The majority of the problem areas are
within the more developed watersheds such as the Leon Creek, Salado Creek, Upper

Olmos Creek, and the San Antonio River basins.

The City of San Antonio initiated a Flood Buyout Program in December 1998, designed to
acquire almost 300 homes located in 100-year flood plains. Bexar County has recently
done the same, mncluding over 250 homes in their efforts. Over $20 million has been

allocated for these programs.

PAPE-DAWSON ENGINEERS, INC. 8 4851\00\Word\Roporf\000210a T



CITY OF SAN ANTONIO
REGIONAL FLOOD MITIGATION PLAN

IV.  GOALS OF THE FLOOD MITIGATION PLAN

Due to its topography, dense development, rapid growth and semi-arid climate, the San
Antonio area is subject to flash flooding, even from higher probability storms than the 100-
year event. In the 1998 flood, the Salado Creek Watershed received 15-20 inches of rain in
24-hours resulting in a 250-year storm. Rains of three inches or more cause flash floods,
which result in major property damage, and sometimes, loss of life. As a result, the goal of
the Flood Mitigation Plan is to minimize loss of life and property damage and to promote
the safety and protection of the public through effective flood plain management and

aggressive implementation of identified mitigation projects.
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V. EVALUATION OF THE EXISTING FLOOD PLAIN MANAGEMENT
PROGRAM

Flood Plain Management has been a priority of the City of San Antonio since the early
1920's. Due to its diverse terrain and semi-arid climate, the City of San Antonio has
always been subject to flash flooding which historically resulted in devastating loss of life
and property. The City's existing flood plain management program is comprised of several

components, which are managed by the Public Works Department and discussed below.

The City of San Antonio has participated in FEMA's National Flood Insurance Program
(NIPF) since 1983. FEMA's most recent Flood Insurance Study (FIS) of the San Antonio
area is dated February 16, 1996 and incorporates all studies and mapping revisions
submitted to FEMA since 1983. All flood studies and mapping revisions submitted to
FEMA have been reviewed by the City of San Antonio Public Works Department for
compliance with the City's flood plain development regulations. The City's Director of
Public Works has been designated by FEMA as the Flood Plain Administrator for the San

Antonio area.

The City of San Antonio Unified Development Code (UDC) (Chapter 35 of the City Code)
addresses the City's flood plain development regulations. Any development that occurs in
its jurisdiction must comply with the City's UDC, and must be approved by the Public
Works Department before it can be considered for platting or building permits. Ordinance
No. 86711 (see Appendix J) amended the UDC effective October 20, 1997. This ordinance
adopted the drainage regulations developed by the Drainage Regulation Review
Committee. The Committee developed significant revisions to the UDC to provide for the
safe and environmentally sensitive conveyance of stormwater, including the requirement
that new development provide for onsite detention of stormwater or contribute to the
funding of regional stormwater detention facilities. The regulations also protect natural
flood plains, limit fill in flood plains, and establish a Regional Stormwater Management

Program.
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As previously mentioned, in 1994 the City of San Antonio commissioned drainage studies
of three major watersheds; the Leon Creek, Salado Creek, and the Olmos Creek
watersheds. From these three watershed studies, the City of San Antonio Public Works
Department developed a Master Drainage Plan. This plan identified several flood problem
areas throughout the three watersheds and evaluated potential mitigation projects for each
problem area. Each of the watershed studies were submitted to FEMA for their review

and incorporation onto their Flood Insurance Rate Maps (FIRM).

According to the Emergency Operations Plan for the City of San Antonio (see
Appendix M), the City of San Antonio has the responsibility of providing for the health,
welfare, and safety of its citizens in the event of a disaster or emergency crisis. For this
reason, the San Antonio Emergency Management Office was established to address
emergency situations requiring the coordination of several different agencies. The
Emergency Management Plan deals with four phases of emergency management including
mitigation, preparation, response, and recovery. The plan defines who, what, when, where,
and how to mitigate, prepare for, respond to, and recover from the effects of natural
disasters, technological accidents, national emergencies, acts of war, or other major

incidents. The City's drainage program is part of the overall Emergency Operations Plan.

Other aspects of the existing Flood Plain Management Program for the City of San
Antonio include project identification and implementation, drainage operations and
maintenance, enforcement of flood plain regulations, and development of flood plains for
parks and recreational use. The City's Public Works Department is responsible for
identifying flood hazard areas through flood plain studies and citizen complaints,
developing plans to mitigate these flood hazards, and then implementing these plans and
constructing flood mitigation projects. A good example of the City's efforts to identify and

implement flood mitigation plans was their response to the flood of October 1998. Almost
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300 flood damaged properties totaling over $13 million were considered for purchase by

the City for their 1998 Buyout Program.

The City of San Antonio's Drainage Operations Section is responsible for maintaining the
existing storm drainage infrastructure within the City of San Antonio. These
responsibilities include the control of vegetation in city drainage easements, the
maintenance and cleaning of the City's underground storm sewer systems and open
channels, street cleaning, and the operation and maintenance of the Olmos Dam and the

San Antonio River and San Pedro Creek tunnels.

The City of San Antonio is responsible for the enforcement of its flood plain regulations
and actively pursues violators of these regulations. Violators are usually identified through
citizen complaints, city inspectors noticing the violation in progress, review of
topographic maps and aerial photography, or from flood plain studies. Violators who do
not comply with the flood plain regulations after notification from the City are subject to

criminal and/or civil prosecution in the justice system.

The City of San Antonio Public Works Department is working in conjunction with the
Parks and Recreation Department to obtain flood prone property for park and recreational
development. A linear park plan along the flood plains of the Leon Creek, Salado Creek,
and San Antonio River has been developed to safeguard the flood plains while providing

flood control and recreational amenities.
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VI. EVALUATION OF POTENTIAL MITIGATION ALTERNATIVES

Most of the existing flood hazards within the planning area have been identified, and the
goals of the Flood Mitigation Plan have been defined. From the various studies conducted
throughout the planning area, from the City of San Antonio Public Works Department and
from several other sources, a potential flood mitigation project has been identified for each
flood hazard area. These potential mitigation projects are listed in Appendix C. As with
the list of flood hazard areas in Appendix "A", the list of potential mitigation projects is
divided into the ten major watersheds within the planning area with the Upper San Antonio
River Watershed further divided into its larger sub-watersheds. A brief description and
estimated cost of each project is given and their locations are shown on the map in

Appendix D.
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VII. ACTION PLAN

A list of potential flood mitigation projects was developed in the previous section. It is
now critical to evaluate all potential mitigation alternatives and find funding for the highest
priority projects immediately. Projects from the City of San Antonio Master Plan Project
List and Bond Projects List have already been evaluated by the Public Works Department
for necessity and cost effectiveness and are, therefore, included in the recommended
project list. In addition, projects recommended in the Leon Creck, Salado Creck and
Upper Olmos Creek Watershed Master Drainage Plans have also been included in the
Action Plan. Recommendation of other potential projecis is based on their cost to
implement and their ability to effectively mitigate flood hazards. Below 1s a list of
recommended mitigation projects by watershed that will effectively meet the goals and

objectives of this Flood Mitigation Plan.

Implementation of these recommended mitigation projects will be a joint effort between
the City of San Antonio Public Works Department and the Bexar County Public Works
Department. The County Wide Citizen's Watershed Master Plan Committee will represent
the interests of the general public and local organizations when prioritizing and
implementing the flood mitigation activities. Funding for these projects will come from
many sources including local Capital Improvements Funds, TxDOT, the Texas Natural

Resource Conservation Commission, FEMA, and other local, state, and federal sources.
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LIST OF RECOMMENDED MITIGATION PROJECTS BY WATERSHED

Key L egend
# - City of San Antonio Master Plan Projects
BB - Bexar County and City of San Antonio Buy-Back Programs
BD - City of San Antonio Projects - 1999 Bond Election and Others
C - Leon Creek Watershed Master Drainage Plan Projects for Culebra Creek
CT - Bexar County Proposed Construction Projects
D,p - City of San Antonio Regional Detention and Channelization Facility Projects
F - Leon Creek Watershed Master Drainage Plan Projects for French Creek
HB - Leon Creek Watershed Master Drainage Plan Projects for Huebner Creek
HEL - Leon Creek Watershed Master Drainage Plan Projects for Helotes Creek
HUE - Leon Creek Watershed Master Drainage Projects for Huesta Creek
LC - Leon Creek Watershed Master Drainage Plan for Projects for Leon Creek
M - Leon Creek Watershed Master Drainage Plan for Projects for Maverick Creek
R - Upper Olmos Creek Master Drainage Plan Projects
SA - City of San Antonio / Bexar County / SARA Flood Control Projects - 1996
v - Salado Creek Master Drainage Plan Projects
INDEX Page
MEDINA RIVER WATERSHED ..o 16
MEDIO CREEK WATERSHED ...t 16
LEON CREEK WATERSHED .....cccociiiiiiiiiiiinciiiii st 16
UPPER SAN ANTONIO RIVER WATERSHED .......coooiiiiiiieienee 19
LOWER SAN ANTONIO RIVER WATERSHED........cccocviiiiiiiiiiinciienns 24
OLMOS CREEK WATERSHED ......ccccoiiiiiiiiiiiii et es st 24
SALADO CREEK WATERSHED ....coccooiiiiiii et eren e srene s 25
CALAVERAS CREEK WATERSHED .......cccoiiiiiiiiiieec e 28
CIBOLO CREEK WATERSHED ..ottt e 28
MARTINEZ CREEK WATERSHED ..o e 28
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LIST OF RECOMMENDED MITIGATION PROJECTS BY WATERSHED

KEY EXT DESCRIPTION ESTIMATED COST
MEDINA RIVER WATERSHED
BB-15 Shepherd - Atascosa (2 Properties, 2 w/improvements) $68,880
CT-11 Town of Macdona, complete drainage improvements with $830,000
and adjacent to town.
CT-12 Applewhite Rd. - Replace narrow bridge $840,500
CT-19 Pearsall Rd. - Increase capacity of drain culvert west of $189,591
Lucky Rd.
CT-21 Jungman Rd. - Replace lower water crossing north of $520,000
Macdona - La Coste Rd.
CT-33 O'Brien Rd. - Replace low water crossing $548,400
CT-45 Pleasanton Rd. Bridge Widening $400,000
SA-16 Median River at FM 1937 LWC replacement $1,500,000
MEDIO CREEK WATERSHED
BD-67 Hunt Lane: Demaya to U.S. 90 $2,349,534
CT-3 Geronimo Village Drainage $100,000
CT-42 Ravenfield Road Bridge/Road Construction $1,700,000
LEON CREEK WATERSHED
#251 A Callaghan East to Old Highway 90 $2,000,000
#251 B S. Callaghan Rd Commerce to 90 MPO Project $8,000,000
#252 A Channel Parallel to Old Highway 90 & Acme $8,900,000
#252 B S. Callaghan Rd. Old Highway 90 to Castrovilie
#1024 W. Villaret - Palo Alto College $843,000
#1027 Castleridge - Shady Grove to Pinn $1,100,000
#1033 Oxford Trace/Abe Lincoln $950,000
#1060 Lomax $122,000
#1061 Nickle and Dime Area Drainage (Buyouts) $4,511,000
#1062 South Ridge Park Subdivision Outfall $1,804,356
#1071 Parallel to 410 $283,000
#1079 Mountain View - Culebra/1604 $823,000
BB-17 Leon Creek Area (Plumnear Area - 33 properties) $1,381,645
BB-20 Huebner Creek (Holly Hock - 3 properties) $244,400
BB-22 Leon Creek (Somerset Rd. - 1 property) $66,340
BD-9 Guilbeau Drainage at French Creek - Provides drainage $430,000
improvements on Guilbeau Rd. at French Creek Rd.
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CITY OF SAN ANTONIO
REGIONAL FLOOD MITIGATION PLAN

KEY
BD-18

BD-26

BD-28
BD-29
BD-31
BD-34
BD-35
BD-37
BD-50
BD-77
BD-S0
C-3
C-3
C-4
C-4
C-5
C-6
C-6
C-7
C-8
C-8
C-8

CT-5

CT-13
CT-26
CT-27

CT-43
CT-47
D-1
D-2
D-3
D-5
D-6
D-7

LIST OF RECOMMENDED MITIGATION PROJECTS BY WATERSHED

EXT

v an Wl v s —ie S ve o~ v s B v« Bs g v Jo° S

DESCRIPTION ESTIMATED COST
Leon Creek Recreation Facilities and Detention Pond at $2,500,000
Loop 410
Quintana Rd. Drainage #64 Extension (Scheduled for
Construction)
Whitby at Huebner Creek $444.952
Babcock - DeZavala to Hausman $5,751,691
Holly Hock at Huebner Creek $603,030
Tezel: Timber Path to Ridge Path $1,958,975
36th Street; U.S. 90 to Gowdon Flood Mitigation $3,800,000
Abe Lincoln: Horn to Eckert $1,700,000
Dempsey: Farr to Gwanda Lee $398,123
Tezel: Ridge Path to Old Tezel $2,938,463
Hillside Acres Drainage Outfall $753,747
Culebra Creek Levee East of Galm Road $56,000
Culebra Creek Floodwall $152,000
Steubing Rd. Bridge @ Culebra Creek $442,000
Steubing Road Level $26,000
Culebra Rd. reconstruction at Loop 1604 $365,000
New Culebra Road Bridge (@ Culebra Creek $1,310,000
Purchase 7 structures in floodplain $1,155,000
Culebra Creek Channelization $143,000
Culebra Rd. Bridge @ Culebra Creek $2,039.000
Timber Path Bridge @ Culebra Creek $6,000,000
Old Grissom Rd. Bridge @ Culebra Creek $871,000
Purchase 1 structure in floodplain $120,000
Braun Rd. Bridge - replacement $469,672
Scenic Loop: replace LWC 0.4 m north of Grey Forest $230,000
Applewhite Rd. - Replace low water crossing $310,000
Zarzamora Rd. - Replace low water crossing @ $280,000
Commanche Creek
Galm Rd. Bridge/Road Construction $1,400,000
Geronimo Forest Drainage $400,000
Huesta Creek detention Pond and Park @ Leon Creek $6,250,000

Spring Creek Detention Pond

Leon Creek Detention Pond @ Whitby Street
Leon Creek Detention Pond @ Culebra Creek
Leon Creek Detention Pond @ Heath Lane
Government Canyon Detention
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CITY OF SAN ANTONIO
REGIONAL FLOOD MITIGATION PLAN

KEY
D-8
D-9
D-10
D-11
D-12
F-2
F-3
F-4
F-4
F-4
F-5
F-8
F-9
F-9
F-9
GF-1
GF-2
GF-3
GF-4
HB-1
HB-2
HB-4
HB-5
HB-3
HB-5
HB-5
HB-8

HB-10
HEL-1
HEL-3
HEL-3
HEL-3
HEL-3
HEL-6
HUE-3
LC-1

LC-2

PAPE.DAWSON ENGINEERS, INC. 18

EXT
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DESCRIPTION
Leon Creek @ Heath Lane Channalization

Huebner Creek @ Hollyhock Channelization
Culebra Creek @ Loop 1604 Channelization
Helotes Creek @ 1604 Channelization

French Creek Channalization

Hausman Bridge @ French Creek  (LW-162)
Prue Rd. Bridge @ French Creek (LW-163)
North Verde Road Bridge @ French Creek
South Verde Road Bridge @ French Creek
Purchase 11 structures in floodplain at N. Verde
Bandera Road Bridge Replacement @ French Creek
Mainland Road Bridge @ French Creek

Low Bid Lane Bridge at French Creek

Heath Lane Improvements

Clyde Dent Drive Bridge at French Creek
Scenic Loop Rd. @ Bluehill Pass

Hillside Dr. Bridge

Sherwood Trail Bridge

Hilltop Dr. Bridge

DeZavala Road Bridge (@ Huebner Creek
Cimarron Street Floodwall along Huebner Creek
Prue Rd. Bridge @ Huebner Creek (LW-26)

Lockhill Road Bridge @ Huebner Creek ~ (LW-26)
White Bonnet Bridge @ Huebner Creek (LW-27)

Lockhill Floodwall along Huebner Creek

Purchase 4 buildings in floodplain

Eckert Rd. Bridge @ Huebner Creek
(New Culvert Constructed '95)

Timber Hill Road Bridge @ Huebner Creek (LW-57)

Galm Rd. Bridge @ Helotes Creek
Leslie Rd. Bridge @ Helotes Creek (LW106.1)

Leslie Rd. Bridge @ Helotes Creek (LW106.1 LW 106.2)

Leslie Rd. Bridge @ Helotes Creek
Purchase 7 structures in floodplain
Helotes Creek Channel Improvements
Hausman Rd. Bridge @ Huesta Creek
Hausman Rd. Level (Prevents Split Flow)
Levee on Leon Creek, south of Hausman

LIST OF RECOMMENDED MITIGATION PROJECTS BY WATERSHED
ESTIMATED COST

$1,334,000
$597,000
$512,000
$655,000
$751,000
$1,200,000
$254,000
$254,000
$142,000
$64,000
$139,000
$1,000,000
$500,000
$500,000
$500,000
$609,000
$100,000
$493,000
-$288,000
$288,000
$172,000
$423,000
$457,000

$£528,000
$513,000
$352,000
$363,000
$363,000
$1,260,000
$1,400,000
$315,000
$26,000
$31,000
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CITY OF SAN ANTONIO
REGIONAL FLOOD MITIGATION PLAN

KEY
LC-4
LC-5
LC-6
LC-7
LC-8
LC-10
LC-12
1C-14
LC-15
LC-16
LC-17
LV-1
LVv-2
Lv-3
LV-4

S-21
S-25
SA-13
TX-4
TX-12

LIST OF RECOMMENDED MITIGATION PROJECTS BY WATERSHED

EXT

>

QW

DESCRIPTION
Eckert Rd. Bridge @ Leon Creek

Timber Creek Estates, Leon Creek Channelization
Heath lane Reconstruction

Grissom Rd. Bridge @ Leon Creek

Levee on Leon Creek, south of Grissom Rd.

Ingram Road Bridge @ Leon Creek (LW-58)
Rebuild Culebra Road Bridge @ Leon Creek

West Commerce St. Bridge @ Leon Creek  (LW-106)
Pinn Road Bridge @ Leon Creek (LW-107)
Brownleaf Floodwall along Leon Creek

Rodriguez park Signs and Flood Gates

Huebner Creek Channelization

Bandera Rd. Bridge Channelization @ Huebner Creek
Huebner Creek Channelization - Bandera Rd. to Evers Rd.
Evers Rd. @ Huebner Creek Replacement of Culvert
Babcock Rd. Bridge @ Maverick Creek

Babcock Rd. Bridge @ Maverick Creek

Babcock Rd.. Bridge @ Maverick Creek

Babcock Rd. Bridge @ Maverick Creek

Babcock Rd. Level

Babcock Rd. Level

UTSA Blvd. Bridge @ Maverick Creek

Hausman Road Bridge at Maverick Creek

Leon Creek - Relocations

Leon Creek - Keitha to Hwy. 90 west Channelization
Culebra Creek study - Helotes Creek to French
FM-471 - Leon Creek Area Drainage

FM-471 at Leon Creek Removal Gravel Washoff

UPPER SAN ANTONIO RIVER WATERSHED
Alazan Creek Watershed

#71

N

Overbrook - Sunshine Dr. to Balcones

#71 Z&K Wilson - South of Woodlawn

#98 A Culebra Road - Goodrich to Hamilton
#1019 Roberts St. NW 19 to Alazan Creek
#1028 De Chantel Area

#1040 St. Cloud

PAPE-DAWSON ENGINEERS, INC. 19

ESTIMATED COST

$£590,000
$4,340,000
$219,000
$1,273,000
$26,000
$1,813,000
$2,713,000
$2,617,000
$989,000
$720,000
$50,000
$615,000
$1,000,000
$6,780,000
$766,000
$301,000
$301,000
$301,000
$301,000
$92,000
$36,000
$448,000
$239,000
$3,247,000
$4,745,000
$50,000
$176,100
$180,000

$8,910,000
$2,000,000
$450,000
$391,000
$1,800,000
$354,000
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CITY OF SAN ANTONIO
REGIONAL FLOOD MITIGATION PLAN

KEY
#16

#24
#29
#34
#39
#39
#39
#52
#54
#55
#56
#56
#63
#66
#69
#88
#91
#149
#150
#150
#150
#150
#202
#1020
#1035
#1039
#1041
#1045
#1046
#1049
#1056
#1058
AH-1
AH-2
AH-3

AH-4
AH-5

LIST OF RECOMMENDED MITIGATION PROJECTS BY WATERSHED

EXT
ALT

<

Addit

> >

w

DESCRIPTION
W Nueva /S. Alamo

Conrad St.

Camden - Jones to Newall

E. Mulberry

Zarzamora

El Jardin

36th Street @ Hwy. 90

Fair/Pine

Greer Storm Drain Project

Gever St. Drainage

Lennon Court - Clark Ave. to IH 37

S Presa to San Antonio River Qutfall
W. Hart/S. Flores/Octavia (Octavia #63)
East Sayers - Pleasanton to S. Flores
Mayfield/Boswell/Dickson

Olmos Creek-Olmos Dam to Hildebrand
N. New Braunfels

Del Alamo - Jefferson / W. Martin / SA River
Brooklyn-Ave. B to Austin St.

Austin St. - Hackberry to Ave. B

Lamar - Hackberry to Austin St.

Brunet - Cherry to Live Oak

E.White - Mission to Roosevelt

Adele - Drexel Rd. to Fair Ave

E Magnolia - Main to Carleton
Hawthome - Flores

Clay Street Drainage

W. Kirk - Neimeyer to Carolyn

Main Ave. / Old Guilbeau / San Antonio River

Simms Area Drainage

McCullough at N. St. Mary's

Mission Road Area - Package 3

N. New Braunfels Street Drainage Channel

Channel Inlet @ N. New Braunfels and Redwood
Austin Hwy. street Drainage Channel (N. New Braunfels to

Broadway)

Drainage Channel From Terrell Hills to Alamo Heights
Broadway Street Drainage thru Alamo Heights

PAPE.DAWSON ENGINEERS, INC. 21

ESTIMATED COST

$14,405,000
$12,742,375
$200,000
$1,200,000
$8,100,000
$1,081,421
$1,303,868

$1,400,000
$5,400,000
$1,500,000
$1,500,000
$6,000,000
$2,000,000
$1,095,652
$3,000,000
$12,300,000
$15,755,900
$5,632,000
$2,090,000
$2,625,000
$2,400,000
$2,535,000
$365,000
$2,000,000
$217,000
$180,622
$1,130,500
$403,000
$4,300,000
$602,500
$1,400,000

$12,000,000

$1,000,000
$2,000,000

$1,000,000

$15,000,000
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CITY OF SAN ANTONIO
REGIONAL FLOOD MITIGATION PLAN

KEY
#1048

#1052
#1074
BD-52
BD-68
BD-84
BD-86
BD-87
SA-1

LIST OF RECOMMENDED MITIGATION PROJECTS BY WATERSHED

EXT

DESCRIPTION
Placid Dr. Drainage

Proj #71-A & B Channel Restoration
Ligustrum Drainage

Durango: San Marcos to Navidad

Las Moras - Street and Drainage

Waverly Phase II: Emroy to Glenmore

Wilson: Woodlawn to Waverly

Woodlawn Ave: San Antonio to Lake
Detention Facility near Spencer Lane and [H-10

Apache Creek Watershed

#57
#58
#1054
BD-21
TX-1

A
BZ

Woodlawn/Camino Santa Maria, Overhill
Quill

Zarzamora - Guadalupe to Apache Creek
Dell Street Drainage (100 Block) (#58 BX)
24th Street - Commerce to Culebra

Martinez Creek Watershed

#85
#B6
#303
#1055

BB-23
BB-28
BD-55
BD-78
BD-80

A

Buckeye/ Edgebrook

Vance Jackson/Freiling

Brazos and Arbor

Craig, French, Ashby, Martinez Creek

Channel Modifications for Martinez Creek, Phase |
Channel Modifications for Martinez Creek, Phase I1
Channel Modifications for Martinez Creek, Phase I1I
Martinez Creek Phase [

Martinez Creek Phase 11

Elsmere: Michigan to Capitol

Thorain: Buckeye to S.P. Railroad

W. French: Zarzamora to Navidad

San Antonio River Watershed

#1 A Broadway - East Hildebrand to Burr Rd.
#1 B Burr Rd.

#5 A Cunningham

#H6 E E Grayson

#8 Brackenridge

#16 E. Houston

PAPE-DAWSON ENGINEERS, INC. 20

ESTIMATED COST

$1,216,000
$1,000,000
$408,000
$1,556,841
§71,376
$445,000
$892,537
$450,000
$4,600,000

$1,500,000
$3,600,000
$687,000
$438,817
$2,440,000

$2,900,000
$3,200,000
$2,700,000

$266,000
$2,652,300
$2,066,300
$3,163,800
$4,302,154

$125,441
$327,750
$325,772

$639,000
$2,700,000
$2,302,660
$1,300,000
$1,680,000
$1,000,000
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CITY OF SAN ANTONIO
REGIONAL FLOOD MITIGATION PLAN

LIST OF RECOMMENDED MITIGATION PROJECTS BY WATERSHED

ESTIMATED COST

$14,405,000
$12,742,375
$200,000
$1,200,000
$8,100,000
$1,081,421
$1,303,868

$1,400,000
$5,400,000
$1,500,000
$1,500,000
$6,000,000
$2,000,000
$1,095,652
$3,000,000
$12,300,000
$15,755,900
$5,632,000
$2,090,000
$2,625,000
$2,400,000
$2,535,000
$365,000
$2,000,000
$217,0060
$180,622
$1,130,500
$403,000
$4,300,000
$602,500
$1,400,000

$12,000,000

$1,000,000
$2,000,000

$1,000,000

$15,000,000

KEY EXT DESCRIPTION

#16 ALT W.Nueva /S. Alamo

#24 Conrad St.

#29 Camden - Jones to Newall

#34 E. Mulberry

#39 A Zarzamora

#39 U El Jardin

#39 A% 36th Street @ Hwy. 90

#52 B Fair/Pine

#54 Greer Storm Drain Project

#55 Addit Gever St. Drainage

#56 B Lennon Court - Clark Ave. to TH 37

#56 X S Presa to San Antonio River Qutfall

#63 W. Hart/S. Flores/Octavia (Octavia #63)

#66 A East Sayers - Pleasanton to S. Flores

#69 A Mayfield/Boswell/Dickson

#88 Olmos Creek-Olmos Dam to Hildebrand

#91 N. New Braunfels

#149 Del Alamo - Jefferson / W. Martin / SA River

#150 Brooklyn-Ave. B to Austin St.

#150 A Austin St. - Hackberry to Ave. B

#150 B Lamar - Hackberry to Austin St.

#150 C Brunet - Cherry to Live Oak

#202 E.White - Mission to Roosevelt

#1020 Adele - Drexel Rd. to Fair Ave

#1035 E Magnolia - Main to Carleton

#1039 Hawthorne - Flores

#1041 Clay Street Drainage

#1045 W. Kirk - Neimeyer to Carolyn

#1046 Main Ave. / Old Guilbeau / San Antonio River

#1049 Simms Area Drainage

#1056 McCullough at N. St. Mary's

#1058 Mission Road Area - Package 3

AH-1 N. New Braunfels Street Drainage Channel

AH-2 Channel Inlet @ N. New Braunfels and Redwood

AH-3 Austin Hwy. street Drainage Channel (N. New Braunfels to
Broadway)

AH-4 Drainage Channel From Terrell Hills to Alamo Heights

AH-5 Broadway Street Drainage thru Alamo Heights
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CITY OF SAN ANTONIO
REGIONAL FLOOD MITIGATION PLAN

KEY
BB-33
BD-15
BD-16
BD-48
BD-49
BD-57
BD-61
BD-70
BD-73
COE-3
COE-4
COE-5
COE-6
CT-48
SA-4

SA-5
SA-6
SA-7
SA-8
SA-9
SA-10
SA-12
TX-3

LIST OF RECOMMENDED MITIGATION PROJECTS BY WATERSHED

EXT

DESCRIPTION
Sa River (Symphony Lane Area)

Octavia #63 Phase II

Rip-Rap #69 Phase 11

Claremont/Eleanor/Natalen, Phase IT
Claremont/Eleanor/Natalen, Phase II1

Florida: [H-37 to St. Mary's

Gevers: TH-10 to Warding

Mancke Area Streets, Phase 11

Mitchell Street - Probandt to Roosevelt

Six Mile Creek @ Sa River Drop Structure eroded

SA River @ Overflow to San Juan Ditch eroded

SA River @ San Juan Lift Station Dam tri-lock eroded
SA River tunnel inlet, trash rakes, splitter walls

Padre Boulevard Bridge widening

Major Drainage Improvements and Channel work along SA
River

SARIP - Josephine to Lexington

SARIP - Hildebrand to Josephine

SARIP - Brooklyn Street Dam

SARIP - Guenther to Lone Star

SARIP - Lone Star to San Pedro Creek

SARIP - San Pedro Creek to Espada Dam

SARIP - Espada Dam

Mitchell Street - from Probandt to SP536 (Roosevelt Ave.)

Six Mile Creek Watershed

#39
#H65
#68
#08
#68
#69
#69
#83
#83
#83
#83
#83

PAPE-DAWSON ENGINEERS, INC. 22

J

Roselawn

Wabash
Kendahia/Commercial

Clovis

Garnett

Southcross from Pleasanton to Commercial; Tupper, Nobb
Cannavan/Brunswick/Tupper
Branches of Six Mile Creek
Branches of Six Mile Creek
Branches of Six Mile Creek
Ashley / Espada, Phase 11
Oppenheimer

ESTIMATED COST

$1,271,940
$6,896,000
$10,000,000
$687,975
$800,714
$1,450,300
$644,645
$957,918
$1,463,764

$400,000
$3,250,000

$10,644,000
$1,992,000
$917,000
$1,874,000
$1,700,000
$6,905,000
$11,675,000
$1,878,228

$2,000,000
$3,825,000
$13,000,000

$1,000,000
$2,293,891
$5,750,000
$3,000,000
$3,000,000
$3,010,000
$14,261,984
$4,759,389
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CITY OF SAN ANTONIO
REGIONAL FLOOD MITIGATION PLAN

LIST OF RECOMMENDED MITIGATION PROJECTS BY WATERSHED

KEY EXT DESCRIPTION

#1001 Baker St. Drainage

#1006 Hutchins- Zarzamora to Commercial
#1009 Wilma Jean- Rockwell

#1015 Zarzamora / S. W. Military to TH 35
#1023 Brabach - Roosevelt to Six Mile Creek
#1031 Formosa - Culhin to Pleasanton

#1053 Aaron @ Commercial & Cullin to Ascot
#1066 Vestal Place - Commercial to Pleasanton
#1077 Commercial - Petaluma to TH 410

BD-2 Ansley Boulevard Dratnage #1091
BD-14 Military Ditch #65

BD-22 Escalon Street Drainage #1008

BD-25 S. Flores Drainage #70-70A Phase I1, Part 3
BD-32 Upper Six Mile Creek #83F

BD-51 Drury Lane: Escalon to Dead End
BD-64 Hilton: Clovis to W. Amber

San Pedro Creek Watershed
#35 Drainage Channel - Ripley / R.R.

#35 X San Pedro / Huisache/Mark Twain Middle School

#35 Y Hickman Extention to Fredericksburg

#46 C Baylor St.

#254 Camp/S.Alamo

#1029 Cumberland - Nogalitos to Garland

BD-10 Harris Storm Drainage

BD-40 Baylor Street - San Pedro Creek To Flores Street

BD-58 Frio City Rd.: Brazos to Zarzamora

BD-71 McKay (400 & 500 Blks)

BD-74 Mockert Street Area: (Mockert, Forest, Lambert, Klein)

TX-5 South Flores - from Alamo Street to San Pedro Creek
Utility improvements

TX-6 South Flores - from San Pedro Creek to Franciscan

Zarzamora Creek Watershed

#97 B Trailwood, Hollyridge, Colebrook

BB-26 Zarzamora Creek Area

BD-1 39th Street #58M Phase II A Street Drainage
BD-6 Culebra Drainage Project #58F (Zarzamora)

PAPE-DAWSON ENGINEERS, INC. 23

ESTIMATED COST

$1,195,000
$2,800,000
$1,500,000
$340,000
$5,505,000
$5,200,000
$214,000
$229,000
$1,720,000
$2,589,491
$1,657,572
$963,342
$2,200,000
$4,662,459
$144,552
$318,984

$2,000,000
$3,500,000
$2,000,000
$2,000,000

$962,145
$1,675,600
$1,731,687

$205,998
$2,086,272

$157,550
$1,300,000
$2,831,372

$4,477,599

$1,700,552
$584,630
$739,108
$4,394,000
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CITY OF SAN ANTONIO
REGIONAL FLOOD MITIGATION PLAN

KEY
BD-36

BD-45
BD-46

LIST OF RECOMMENDED MITIGATION PROJECTS BY WATERSHED

EXT

DESCRIPTION
39th Street #58M, Phase I1

Callaghan: Bandera to Horseshoe Bend
Callaghan: W. Horseshoe Bend to Ingram

LOWER SAN ANTONIO RIVER WATERSHED

#82 A Brooks Field Outfall

#1082 Brookside

BB-13 SA River (Rabel Area)

BB-25 SA River (Villamain Area)

BD-19 San Antonio River Improvements

COE-1 San Antonio River Pilot Channel South of 410 Erosion

COE-2 SA River Channel Erosion Downstream of Ashley Rd.

CT-4 City of Elmendorf - Complete Drainage Improvements

SA-11 SARIP - Espada Dam to Espada Mission

OLMOS CREEK WATERSHED

#73 A Barbara Dr. Dramage -McCullough

#73 B Barbara Dr. Drainage

#73 C Thames

#74 A Vidor

#74 B Belfast and Ridgecrest

#74 C Terra Alta Dr. Outfall

#74 X Lorene to Sahara

#87 E Rock Creek

#88 E Orsinger Rd. Sleepy Hollow

#1014 Nacogdoches- Broadway to New Braunfels under
construction

#1068 Shook Ave.

#1075 Lockhill Selma ~West Ave. to Blanco

#1080 Veda Mae - Shearer Hills

BD-3 Ave Maria Drainage — Underground Drainage System

BD-8 Flores/Breeden/Beacon Qutfall Phase 1T

BD-11 Howard Drainage (Wildwood to El Monte) — Reconstruct
Drainage

BD-23 Lockhill — Selma Rd. — George to Wurzbach Rd.

BD-54 El Monte: Blanco to San Pedro

BD-85 Western #74 Phase II1A

D-13 Vulcan Quarry Detention Pond
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ESTIMATED COST

$600,652
$2,900,000
$1,618,647

$11,031,969
$3,342,000

$365,438
$5,259,997

$450,000
$4,232.000

$10,811,000
$2,000,000
$2,400,000
$4,059,000
$789,000
$1,000,000
$2,002,000
$3,408,000
$3,780,000
$679,500

$250,000
$8,934,500
$4,300,000
$2,200,000
$1,051,700
$737,828

$3,500,000
$400,000
$943,993
$1,997,125
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CITY OF SAN ANTONIO
REGIONAL FLOOD MITIGATION PLAN

KEY
D-14
D-15
D-16
D-17
D-24
OP-1
R-6
SA-2
TX-2
TX-10

LIST OF RECOMMENDED MITIGATION PROJECTS BY WATERSHED

EXT

DESCRIPTION
Shavano Park Detention Pond

Lockhill Selma — George Rd. Channelization
West Branch Channelization

West Ave. @ Loop 410

Redland Detention Pond & Channelization
Shook Ave. Drainage Channel Improvements 1
Dreamland Bridge at Olmos Creek

Detention Facility on East Branch of Olmos in Shavano Pk.

Lockhill Selma Rd. - George to Whisper Path
U.S. 281 at Jones Maltsberger Repair Rip-Rap

SALADO CREEK WATERSHED

#75 A Vandiver

#75 B Cave Ln

#75 C Haskin

#75 D Kenilworth

#75 E Busby

#76 Beitel Creek

#76 C Randolph Blvd. Tributary

#77 Devonshire/Brookside

#78 Harry Wurzbach to Corinne

#89 Pershing Creek

#114 B E. Houston/Sapphire (Phase I}
#114 C Rice, W. W. White to Semlinger
#114 C W.W. White - Area Sts. (Phase II)
#152 Rittiman Qutfall

#153 Nacogdoches

#154 A Center Park East

#154 B Fratt Road

#155 Schertz / Weidner (some private development)
#203 EXT Springfield Extention (TxDOT)
#204 Rigsby

#205 Holmgreen Rd. Outfall

#2006 Jo Marie / W. W. White

#1000 Belford St. - Dublin to Utopia
#1004 Parhaven

#1005 Moana St.

#1012 Fertile Valley Farms Subdivision
PAPE-DAWSON ENGINEERS, INC., 25

ESTIMATED COST

$5,711,478

$1,100,000
$1,750,000
$2,800,000
$4,680,000

$30,000

$2,536,000
$9,428,000
$3,773,500
$8,390,200
$4,107,000
$4,249,000
$2,000,000
$10,963,300
$3,588,130
$8,344,655
$2,000,000
$9,625,000
$5,864,000
$2,000,000
$15,394,250
$138, 305
$3,343,260
$9,632,000
$10,540,000
$2,304,200
$11,662,365
$5435,660
$9,980,486
$481.214
$226,474
$2,155,350
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LIST OF RECOMMENDED MITIGATION PROJECTS BY WATERSHED

KEY EXT DESCRIPTION

#1016 Wenzel Rd. - Ridgemeadow to Topperwein
#1017 Coker Lane Stout Ext.

#1022 Braniff - Turbo to 281

#1025 Bel Meade

#1026 Coca Cola Dr. - E. Houston to E. Commerce
#1030 Emil Rd. - W.W. White to IH 10 (TxDOT)
#1034 Lindenwood

#1036 Kentwood Manor - Lorence Creek

#1037 Paso Del Norte

#1038 Stahl Road - Bell to Briarpoint

#1065 Parliament at Blanco

#1069 Earthen Channel - Patricia to Blanco

#1072 Valley Forge

#1076 Stringfellow - Southcross to Kashmuir

#1078 Chandler - W.W. White to Dead End

#1081 Peggy/Stutts

#1083 Menger Creek - Cisco Blvd. and area streets
#1084 Sams & Bernard

BB-14 Southton (1 property with improvements)

BB-18 Tributary to Salado Creek (Pipestone Dr.-Phase 1
BB-19 Beitel Creek Area (Briarglen Drive - 13 properties, Phase 1)
BB-21 Salado Creek (Wheatly Hts Area - Phase I)
BB-24 Rosillo Creek Area (McNutt - Phase )

BB-27 Salado Creek (Wheatly Heights - Phase II)
BB-29 Rosillo Creek Area (McNutt - Phase IT)

BB-31 Beitel Creek Area (Morga Area - Phase 1)
BB-32 Beitel Creek Area (Wurzbach - Phase I1)

BD-4 Blossom/Woodbury

BD-5 Busby and Flamingo Drainage

BD-12 TH-35/Gembler (Salado Creek)

BD-13 Lanark Drainage (#92A)

BD-17 James Park Development and Holbrook Road Impvtments
BD-20 Wheatly Heights buyout and Salado Creek Greenway Dev.
BD-24 Rittiman: Austin Hwy. to Harry Wurzbach
BD-30 Higgins: Nacogdoches to Stahl

BD-33 Pecan Valley: "J" Street to [H-10

BD-39 Aurelia - M.L. King to Yucca

BD-41 Bee Street - Walters to Frank

PAPE-DAWSON ENGINEERS, INC. 26

ESTIMATED COST

$1,251,250
$404,165
$745, 290
$2,088,128
$4,665,000
$2,128,750
$1,290,640
$5,963,160
$1,580,380
$1,500,000
$1,535,000
$670,400
$268,860
$396,850
$1,620,680
$2,888,760
$6,200,000
$1,789,375
$200,000
$408,600
$1,442,900
$5,597,697

$5,597,697

$3,200,000
£70,000
$660,000
$3,027,480
$910,657
$3,540,384
$1,018,893
$2,407,407
$1,200,000
$210,242
$411,000
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KEY EXT DESCRIPTION

BD-42 Belgium: Picarde to Coliseum

BD-43 Bitters: Broadway to Nacogdoches

BD-47 Cardiff: Aransas to Dead End

BD-53 Duval/Seguin: Pierce to Walters

BD-56 F Street: pecan Valley to [H-10

BD-60 G Street: Pecan Valley to dead-end

BD-63 Hi-Lions 80 Mod Phase I11 & V

BD-66 Holbrook Rd. Area Improvements

BD-69 Leonhardt: Encanta to Weidner

BD-81 W.W. White Phase I: Rigsby to Lord

BD-82 W.W. White Road Area Streets Phase II

BD-88 Carson Street: Walters to Frank

CT-24 Deer Cross Lane - Replace LWC

CT-44 Old Corpus Christi Rd. Bridge Widening

D-18 NRCS Retention pond site 15R @ McAllister Park

D-19 Beitel Creek north of Loop 410 Channalization

D-21 Perrin Beitel Channalization

D-22 Holbrook Road Channalization

S-13 Salado Creek - Rigsby to Roland (floodplain rectification)

S-18 Salado Creek - Peltz to IH-10 Floodplain Rectification

SA-14 Salado Creek Study — S. Loop 410 to E. Southcross

SA-15 Salado Creek Study — E. Southcross to Rigsby Ave.

TX-7 IH-35 West Frontage Rd: Holbrook to Walzem

TX-11 Loop 410 at Beitel Creek

TX-14 FM-2696 south of Cibolo Creek - Repair roadbed

V-2 Remove 5,000° of Weidner and 2,500 of QOld O’Conner Rd

V-8 Remove 1,800 of Ira Lee from Austin Hwy. northward to
limits of floodplain. Remove 600’ roadway connection to
Holbrook Rd. and reroute 600’ of Holbrook Rd.

V-10 Clear and Channelize 12,900’ of Salado Creek between
Wetmore & Jones Maltsberger Rd.

V-11 New multiple pipe culverts @ Jones Maltsberger and Mud
Creek

V-12 New multiple pipe culverts @ Jones Maltsberger and Elm
Creek

V-13 New bridge structure at Binz-Engleman Rd. at IH 35

V-14 New bridge structures for frontage roads at ITH 35 and
reroute Seguin Rd.

PAPE-DAWSON ENGINEERS, INC. 27

LIST OF RECOMMENDED MITIGATION PROJECTS BY WATERSHED
ESTIMATED COST

$1,702,566
$1,953,326
$666,392
$880,000
$186,419
$137,042
$5,476,000
$1,200,000
$809,391
$3,030,546
$2,740,932
$274,064
$186,325
$400,000
$4,375,000
$2,200,000
$1,100,000
$961,225
$3,240,000
$22,028,000
$75,000
$75,000
$1,177,900
$78,171

$844,750
$345,900

$20,189,400

$250,000
$400,000

$3,240,000
$3,000,000
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LIST OF RECOMMENDED MITIGATION PROJECTS BY WATERSHED

KEY EXT DESCRIPTION ESTIMATED COST
V-15 New multiple box culverts and raise 2,700° of Bulverde Rd. $500,000
V-16 New W. Avenue Bridge over Salado Creek $2,682,000
V-17 New Vicar Road Bridge along Beitel Creek $1,500,000
V-18 New Roland Bridge at Salado Creek $2,400,000
V-19 New W. Avenue Bridge at Panther Springs $250,000
CALAVERAS CREEK WATERSHED
CT-1 Foster Road Structure Replacement - (3) U.S. 87 to Sulpher
Springs Rd.
CT-32 Real Rd. - replace low water crossing 0.1 mile west of $73,834
FM 1516
CIBOLO CREEK WATERSHED
BB-1 Lyndon Drive $968,813
BB-10 Lost Meadows $165,022
BB-11 Aztec Lane $402,390
BB-12 Bolton (11 properties, 11 w/improvements) $530,236
CT-8 Blanco Rd. - replace LWC $565,000
CT-10 Smithson Valley - replace LWC $560,000
CT-14 Trainer Hale Rd. - replace LWC $430,000
CT-16 Weir Rd. - Replace LWC $425,000
CT-17 Schaeffer Rd. - replace LWC $450,000
CT-29 Oid Fredericksburg Road $460,000
CT-46 Evans Road Bridges $1,700,000
S-31 Cibolo Creek - 2.3 m down-stream of Schaeffer Rd. - $852,000
relocation and flood proofing
S-32 Cibolo Creek - 1.3 m upstream of Schaeffer Rd. - $368,000
Relocation and floodproofing
TX-14 FM 2696 south of Cibolo Creek
MARTINEZ CREEK WATERSHED
BB-9 Schaefer Road $479,776
CT-31 Glen Fair - Increase capacity of drain $127,645
TX-8 IH-10 S. Frontage Rd. @ Woman Hollering Creek - remove $14,159
and regrade channel
TX-9 IH-10 S. Frontage Rd. - repair rip-rap channel $7,774
TX-13 FM 1516 @ West Saldtrillo Creek - repair erosion and clean $23,527
culverts
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VIII. FORMAL ADOPTION OF THE FLOOD MITIGATION PLAN

In this section, the process by which this plan was reviewed by the public and other
municipalities and formally adopted by the City of San Antonio is discussed. As
previously mentioned, several meetings have been held with the public and other
communities affected by the Leon Creek, Salado Creek, and Olmos Creek Watershed
Studies and through deliberations of the Drainage Regulations Review Committee over
four years. Further, the City Council held public hearings on each Watershed Master

Drainage Plan prior to adoption.

More recently, a rough draft of the Flood Mitigation Plan was sent to all communities and
organizations, affected by the plan and listed in Table VIII-1 below. Input from these
communities and organizations was then incorporated into the Plan. The Plan was
presented to the County-Wide Citizens Watershed Masterplan Committee on October 4,
2000 for their input. The Plan was then presented to the general public during a meeting at
the City Council Chambers on November 20, 2000. With input from all meetings, the final
Plan was drafted. The final Plan was then approved and formally adopted by the City
Council of San Antonio. A list of all meetings and presentations held are listed in

Table VIII-2 below.
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TABLE VIII-1

List of Communities and Organizations Affected by the Plan

Feedback Received |

Community or Organization Name
Bexar County Yes
San Antonio River Authority No
City of Alamo Heights No
City of Balcones Heights No
City of Castle Hills No
City of China Grove No
City of Converse No
City of Elmendorf No
City of Fair Oaks Ranch No
City of Grey Forest Yes
City of Helotes No
City of Hill Country Village No
N City of Hollywood Park No
City of Kirby No
City of Leon Valley No
City of Live Qak No
City of Olmos Park No
City of Saint Hedwig No
City of Selma No
City of Schertz No
City of Shavano Park No
City of Somerset No
City of Terrell Hills No
City of Universal City No
City of Windcrest No

PAPE-DAWSON ENGINEERS, INC. 30
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Community or Organization Name Feedback Received
Natural Resources Conservation Services, USDA No
San Antonio Water System No
Bexar Metropolitan Water District No
Texas Department of Transportation Yes
United States Geological Survey No
Texas Natural Resource Conservation Commission No
Brooks Air Force Base No
Kelly Air Force Base Yes
Lackland Air Force Base No
Randolph Air Force Base No
Fort Sam Houston No
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Meetings and Presentations held by the City of San Antonio

TABLE VIII-2

Date Location Entities/Organizations Represented Description
City of San Antonio Presentation of Preliminary Olmos
Apr. 10, 1995 Colony House Rust Lichliter / Jameson Engineers Creek Master Drainage Plan to the
Northside  Neighborhoods for  Organized | Public
Development
General Public
City of San Antonio Presentation of Updated Olmos
Nov. 15, 1995 Colony House Rust Lichliter / Jameson Engineers Creek Master Drainage Plan to the
Northside  Neighborhoods  for  Organized | Public
Development
General Public
City Council Presentation of Upper Olmos
Feb. 15, 1996 City of San Antonio Rust Lichliter / Jameson Engineers Creek Master Drainage Plan to
Council Chambers Public Works City Council and the General
General Public Public
City of San Antonio Final Presentation of the Olmos
May 19, 1996 Colonies North Rust Lichliter / Jameson Engineers Creek Master Drainage Plan to the
Elementary School Northside ~ Neighborhoods  for  Organized | Public.
Development
General Public
City of San Antonio Presentation of the Leon Creek
Jul. 15, 1996 John Marshall High Pape-Dawson Engineers, Inc. Master Drainage Plan to the Public
School Northside  Neighborhoods for  Organized
Development

Northwest Neighborhood Alliance
General Public

PAPE-DAWSON ENGINEERS, INC.
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—

Date Location Entities/Organizations Represented Description
City of Leon Valley Meeting to discuss Leon Creek
Jul. 16, 1996 Leon Valley City Hall | Pape-Dawson Engineers, Inc. Master Drainage Plan
City of San Antonio
City Council Presentation of Leon Creek Master
Feb. 27, 1997 City of San Antonio Pape-Dawson Engineers, Inc. Drainage Plan to City Council and
Council Chambers Public Works the General Public
General Public
City of San Antonio Presentation of the Salado Creek
Nov. 19, 1996 Carver Community Vickrey & Associates Master Drainage Plan to the Public
Center Salado Creek Open Space Corridor and Nature
Trail Study Group
General Public
City Council Presentation of Salado Creek
Apr. 17, 1997 City of San Antonio Vickrey & Associates Master Drainage Plan to City
Council Chambers Public Works Council and the General Public
General Public

October 4, 2000

City Hall Media
Briefing Room

County Wide Citizens Watershed Master Plan
Committee

City of San Antonio Public Works

Bexar County Public Works

Presentation of rough draft of the
Regional Flood Mitigation Plan

November 20, 2000

City of San Antonio
Council Chambers

City of San Antonio Public Works
Pape-Dawson Engineers, Inc.
General Public

Presentation of Regional Flood
Mitigation Plan for further input.

December 14, 2000

City of San Antonio
Council Chambers

City Council
City of San Antonio Public Works
General Public

Final adoption of the Regional
Flood Mitigation Plan by the City
Council

PAPE-DAWSON ENGINEERS, INC.
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TABLE III - 3
City of San Antonio’s Ordinance Adopting the Regional Flood Mitigation Plan

This ordinance requested a resolution accepting the Regional Flood Mitigation Plan and
authorized the submittal of the Regional Flood Mitigation Plan to the Federal Emergency
Management Agency (FEMA) through the Texas Water Development Board (TWDB).

The submittal of the plan will allow the City to apply for pre-disaster grant funds on an
annual basis. The Regional Flood Mitigation Plan, in cooperation and coordination with
Bexar County, the San Antonio River Authority and other local municipalities in Bexar
County, establishes a comprehensive strategy for implementing technically feasible flood

mitigation projects for the City of San Antonio and its extra territorial jurisdiction.
An unofficial copy of the Ordinance, prepared for signatures, is attached. After Council

action on February 15, 2001, an official copy of the Ordinance will be submitted to FEMA
through TWDB.
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IX.

PROCEDURES TO REVIEW AND REVISE THE PLAN

No matter how accurate and complete the Plan is when it is adopted, there will inevitably

be a need to revise and update it in the future. Changes to the Plan may be required by

development within the planning area, changes in population or land use, changes in the

community's goals or priorities, or new advances in flood-mitigation knowledge, strategies,

or technologies.

Below is a step-by-step outline of the formal process by which the progress of the Plan will

be measured and how changes to the Plan will be implemented.

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

The need for an update or revision to the Plan is identified by the City of
San Antonio Public Works Department, Drainage Engineering Division, A
revision also may be proposed by any suburban municipality or other

organization that identifies the need for a revision.

The Drainage Engineering Division will then review the proposed revision
and recommend such action to the Director of Public Works for approval

and needed funding.

If a proposed revision is approved by the Director of Public Works and
funds are secured, the Public Works Department will initiate the study,
employ consultants, conduct the study, and make recommendations to the
City Council for adoption. Once adopted, the new mitigation projects will

be incorporated in to the Plan.

If additional funding is required to implement revisions to the Plan, the
revisions are presented to the City Council of San Antonio for their
approval. The public will be invited to express their concerns and opinions

on any proposed revisions to the Plan, prior to Council action.

Funding will be sought to implement the revised plan.
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APPENDIX A

List of Flood Hazard Areas
| by Watershed
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APPENDIX A
LIST OF FLOOD HAZARD AREAS BY WATERSHED

Map Symbol Key Legend

& LW - City of San Antonio Low Water Crossings
/111 CSA - City of San Antonio High Water Areas
u FL - October 1998 Flood Problem Areas Identified by Various Sources
. AH - Alamo Heights Problem Areas
- BC - Bexar County Emergency Management Department Records
‘::] OR - Bexar County Low Water Crossings - Water Over Road
E:] RC - Bexar County Low Water Crossings - Road Closure
N GF - Grey Forest Problem Areas
A LV - Leon Valley Problem Areas
° OP - Olmos Park Problem Areas
<:> TxDOT - Texas Department of Transportation Road Closures and High Water
Areas
- UC - Universal City Problem Areas
I WC - Windcrest Problem Areas
INDEX
Page
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APPENDIX A
LIST OF FLOOD HAZARD AREAS BY WATERSHED

KEY ID DESCRIPTION
MEDINA RIVER WATERSHED

BC 4 10305 Moursand Ave.

BC 7 12515 Fisher Road flooding

BC 12 FM 1937 @ Medina River

BC 15 Applewhite Rd @ Medina River

BC 16 Cagnon Rd. @ Medina River

BC 17 Junman Rd. @ Medina River

BC 18 Grossenbacher Rd. @ Medina River
CSA 2 Hwy.90/West Grosenbacher (barricades for high water)
CSA 210 12000 Pleasanton Rd (high water)
CSA 211 Commercial/410 (high water)

OR 1-1 Shepherd Rd @ Tributary to Live Qak Creek
OR 1-2 Shepherd Rd. @ Live Oak Creek

OR 1-3 Keller Rd. @ Pole Cat Creek

OR 1-4 Wisdom Rd. @ Tributary at Medina Irr.
OR 1-5 Macdona Rd. @ Live Oak Slough

- OR 1-6 Macdona Rd. @ Live Oak Slough

OR 1-7 Sherwood (@ Tributary to Pole Cat Creek
OR 1-8 IH 35 @ Live Oak Slough

OR 1-9 Quintana Rd. @ Live Oak Creek

OR 1-10 Pleasanton Rd. (@ Tributary to Gallinas St.
OR 1-11 Pleasanton Rd. @ Tributary to Gallinas St.
OR 1-14  Mathis Circle @ Tributary to Gallinas St.
OR 1-15 Mathis Circle (@ Tributary to Galinas St.
OR 1-16  Neal Rd. @ Tributary to Medina River
OR 1-17  Jett Rd. @ Tributary to Galvan Creek

OR 1-18  Jett Rd. @ Tributary to Galvan Creek

OR 1-19 Jett Rd. @ Tributary to Galvan Creek

OR 1-20 Senior Rd. (@ Tributary to Elm Creek

OR 1-21 Prairie @ Tributary to Elm Creek Rd.

OR 1-24 Jarratt @ Elm Creek

OR 1-25 Finley Lane @ Elm Creek

OR 1-26 Macdona (@ Medina River

OR 1-29 Watson Rd. (@ Tributary to Leon Creek
OR 1-35 Briggs Rd. (@ Tributary to Elm Creek

OR 1-36 Shepherd Rd. @ Live Oak Creek

OR 1-37 Applewhite Rd. @ Tributary to Medina River
OR 1-38  McCoy Rd. @ Tributary to Elm Creek
OR 1-40  Trumbo Rd.(@ Tributary 50 Gallinas St.
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KEY 1D DESCRIPTION
RC 1-42 Bradley Rd. @ Elm Creek
RC 1-43 Pearsal Rd. @ Elm Creek
RC 1-44  Evans Rd. @ Elm Creek
RC 1-45 Shepherd Rd. @ Elm Creek
RC 1-46  Kinney Rd. @ Elm Creek
RC 1-47  Beuton City Rd. @ Eim Creek
RC 1-48 O'Brien Rd. @ Pole Cat Creek
RC 1-49 Hollywood Rd. @ Pole Cat Creek
RC 1-53 Kinney Rd. @ Live Oak Slough
RC 1-54  Edwards Dr. @ Live Oak Slough
RC 1-55 Beauton City Rd. @ Post Oak Creek
RC 1-56 South Evans Rd. @ Post Oak Creek
RC 1-57  Applewhite Rd., @ Medina River
OR 2-1 Junman @ Sherer
OR 2-2 Gross & Bacher Rd. @ Medio Creek
RC 2-41 Gagnon Rd. (@ Medina River
RC 2-42  Gagnon Rd. @ Pole Cat Creek
RC 2-43 Montgomery Rd. @ Medina River
RC 2-44  Gross @ Medina River
RC 2-45 Junman (@ Medina River
TxDOT 16 [H-35 @ Elm Creek (road closed due to high water)
TxDOT 51 SH 16 (@ medina River (both main lanes closed due to washing out)
MEDIO CREEK WATERSHED
BC 1 2575 Horal Rd. and Demya St. (flooding)
BC 19 Potranco Rd. @ Medina River
CSA 8 Hakaft/Victoria Crossing (barricades for high water)
CSA 19 610 Sawtooth (drainage ditch problem)
CSA 25 Ellison/Dugas (requested barricades)
CSA 46 Ray Ellison/Adams Hills (high water)
CSA 74 Covel/Ray Ellison (high water)
FL 14 Freeport Business Ctr. (local flooding)
LW 117 Ray Ellison @ Old Valley Hi (Medio Tributary)
LW 118 Ray Ellison @ 300' N of Medina Base (Medio Tributary)
LW 119 Ray Ellison @ Hidden Valley (Medio Tributary)
LW 120 Covel & Medio Creek (Medio)
LW 161 Horal Dr. @ Revlon (Medio Tributary)
OR 2-3 Horal Rd @ Tributary to Medio Creek

APPENDIX A

LIST OF FLOOD HAZARD AREAS BY WATERSHED
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APPENDIX A

LIST OF FLOOD HAZARD AREAS BY WATERSHED

KEY 1D DESCRIPTION

OR 2-28 Talley Rd @

OR 2-29  Cartwright Tr. @ Tributary to Medio Creek

OR 2-30  Talley Rd. @ Tributary to Medio Creek

OR 2-31 Talley Rd. @ Tributary to Medio Creek

OR 2-32 Talley Rd. @ Medio Creek

RC 2-39 Ranch Field @ Medio Creek

RC 2-40 Gagnon Rd @ Medina River

LEON CREEK WATERSHED

BC 2 12000 Somerset Rd (flooding)

BC 5 Hwy. 16 @ Applewhite Rd.

BC 6 Hwy. 16 @ So. Zarzamora Rd.

BC 8 Plummer Rd. Trailer Park

BC 13 Cassin Rd. @ IH 35

BC 14 Somerset Rd. @ Loop 410

BC 24 8355 Pearsall Rd.

BC 25 16251 Bandera Rd.

BC 27 19215, 19226, 19602 Scenic Loop Rd. in Grey Forest
BC 30 5896 Old Camp Bullis Rd.

BC 31 8617 Flintrock Rd.

CSA 1 Prue / Old Prue Road (barricades for high water)
CSA 3 Gilbeau/Brickwood (barricades for high water)
CSA 4 Marbach/Pinn Rd./Military (barricades for high water)
CSA 5 6646 Tezel (complete washout)

CSA 6 Hwy. 151/Potranco/Ritchland (barricades for high water)
CSA 7 Marbach/410 (barricades for high water)

CSA 11 Babcock/ Prue Road (barricades for high water)
CSA 12 Ingram / Micro (barricades for high water)

CSA 13 7411 Shipery Elementary (drainage ditch clogged)
CSA 14 Heath / Lowbid (barricades for high water)

CSA 15 Guilbeau / Wickershau (barricades for high water)
CSA 16 Hwy. 151/410 (barricades for high water)
CSA 17 1604/Chase Hill
CSA 18 70007 Forest Moss (drainage ditch problem)
CSA 21 6185 & 6100 Hollyhock (barricades for high water)
CSA 23 Culebra /Pipers Lane (high water)

CSA 24 Ridge Run/Texel (high water)

CSA 26 Timber Hill/Wurzbach (road closed)
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APPENDIX A
LIST OF FLOOD HAZARD AREAS BY WATERSHED

KEY ID DESCRIPTION
CSA 28 Grissom/Culebra/Old Grissom (high water)
CSA 31 Ingram / Leon Creek (high water)
CSA 33 Hausman / Babcock (high water)
CSA 35 Chasehill / Babeock (high water)
CSA 40 Hausman / Huntsman (high water)
CSA 43 2814 Village Pkwy (high water)
CSA 44 9031 Wellesley Manor (high water)
CSA 50 Westlawn / 2100 Pinn (high water)
CSA 53 Bandera / Old Prue Road (high water)
CSA 57 Babcock / Dezavala (high water)
CSA 68 Babcock/Glidden/Nickle/Dime (road closed, evacuated by FD)
CSA 81 Valleybrook/Timberhill (high water)
CSA 84 Ingram/Potranco (road closed)
CSA 85 Pinn/Brownleaf (road closed)
CSA 86 Old Grissom/Grissom/Grissom/Timberpath (road closed)
CSA 91 Braun/Lesley (water over road)
CSA 92 Rodriguez Park/Hwy. 90 (road closed)
CSA 93 Avril Ave./Elmer (road closed)
CSA 99 Health / Grissom (high water)
CSA 131 Somerset/Owasso (complete washout)
CSA 145 Prue Rd./Southwell (drainage clogged)
CSA 147 Mission/Military/Napier (road closed)
CSA 164 Springtime/Babcock (road closed)
CSA 179 Old Hwy. 90/Acme Rd. (road closed)
CSA 198 Culebra/Cliftbriar (high water)
CSA 200 Prue at Leon Creek (high water)
CSA 201 Babcock / Spring Rain (high water)
CSA 202 Quintana/Cassin (high water)
CSA 209 Old Hwy. 90/Gena/Rodriguez (road closed)
CSA 213 6600 Tezel (high water)
CSA 214 Westfield/Hwy. 90 (high water)
CSA 215 Somerset/Cassin (high water, FD called to rescue)
CSA 221 9000 Sumerset Rd. (high water)
CSA 225 11090 Alexander Hamilton Dr. (drain clogged up)
CSA 229 Southweli/Verbana (high water road closed)
CSA 231 Barron St. & Whitney Rd. (high water road closed)
FL 6 Lazy Acres Mobile Home Parl
GF 1 Requa Rd. (low water bridge damaged)
GF 2 Hillside Dr. (low water crossing)
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S
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3.1

[

59.1
60
106
107
109
110
111
112
112.1
112.2

DESCRIPTION

Sherwood Trail (low water crossing)

Hilltop Dr. (low water bridge)

Scenic Loop Road at Blue Hill Pass (water over road)

El Verde Rd (homes flooding)

Jeff Loop Rd. (homes flooding)

Bandera Rd. (businesses flooding)

Cherry Leaf St. (homes flooding)

Hausman Rd., 200' east of Babcock (Maverick)

Hausman Rd @ Roadrunner (Maverick Tributary)

Old Fredericksburg Rd., north of 1604 (Leon)

Hausman Rd., 4800' West of IH-10 (Leon)

Danvers Between Glidden & Dime (Huesta)\

Hausman Rd, 4500' east of Loop 1604 (Huesta)

Babcock Rd., 100' north of Nickle (Huesta)

Babcock Rd., 500" south of Nickle (Huesta)

Babcock Rd., 2300' south of Nickle (Maverick)\

Babcock Rd., 2700' south of Nickle (L.eon)

Prue Rd., 1600 east of Babcock Road (Huebner Creek)
Lockhill, 250" east of White Bonnett (Huebner Creek)
White Bonnett, south of Lockhill (Huebner Creek)
Hollyhock, 600" west of Babcock (Huebner Creek)
Whitney Rd., 200" north of Wellesley Manor (Huebner Creek)
Huebner Rd. 400" west of Floyd Curl (Huebner Creek)
Babcock Rd, 1000' south of Huebner (Huebner Creek)
Wurzbach, 750' south of Seveille (Huebner Tributary)
Wurzbach, 2000" north of Timbermill (Huebner Tributary)
Timbermill, north of Wurzbach (Huebner Creek)

Ingram, 23500' east of Mabe (Leon Creeck)

Timberpath, 500" southeast of Grissom (Culebra Creek)
Easterling, south of Culebra (Culebra Tributary)

0Old Grissom Rd.,500' south of Culebra (Culebra Creek)
W. Commerce between Pinn & Military (Leon Creek)
Pinn Rd, 2500' south of W. Commerce (LL.eon Creek)

2000 Block Pinn Rd. (Leon Tributary)

Arvil between Keitha & Elmer (Leon Creek)

Rodriguez and Leon Creek (Leon Creek)

Military and West Briar (Leon Tributary)

Harness Ln, 300' north of Marbach Rd. (SW Research Tributary)
Meadow Way, 300' north of Marbach Rd. (SW Research Tributary)
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LW
Lw
LW
LW
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LW
LW
LW
LW
LW
LW
LW
LW
LW
LW
Lw
LW
LW
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APPENDIX A

LIST OF FLOOD HAZARD AREAS BY WATERSHED

ID
113
114
115
116
121
122
123
124
125

125.1
138
160

160.1

160.2
162

162.1

162.2
163
2-4
2-5
2-6
2-7
2-8
2-9

2-10

2-11

2-12

2-13

2-14

2-16

2-17

2-18

2-19

2-20

2-21

2-22

2-27

1-41
1-50

DESCRIPTION

Martinique between (Barbados & Andros (Leon Tributary)
Tallahassee between Barbados & Andros (Leon Tributary)
Westfield between Barbados & Andros (Leon Tributary)
Biscayne between Barbados & Andros (Leon Tributary)
Whitewood, north of Medina Base (Leon Creek)

Fedora between Dempsey & Clegg (Indian Tributary)

Hill burm between Dempsey & Clegg (Indian Tributary)
Gavllan between Dempsey & Clegg (Indian Tributary)
Hayden between Dempsey & Clegg (Indian Tributary)
War Cloud, 350" east of Running Horse (Indian Creek)
Mauermann & Commanche Creek (Commanche Creek)
Braun Rd., 1300" northeast of FM 1604 (Helotes Tributary)
Leslie Rd., 1300' southeast of Braun Rd. (Helotes Creek)
Leslie Rd., 1300' southeast of Braun Rd. (Helotes Creek)
Hausman Rd., 4700' north of Bandera (French)

Hausman Rd., 3900' north of Bandera (French)

Hausman Rd., 5200' north of Bandera (French)

Prue Rd., 1500' north of Bandera Rd. (French)

Toutant Beauregard Road (@ Pecan Creek

Toutant Beauregard Road @ Tributary to Pecan Creek
Toutant Beauregard Road @ Pecan Creek

Old Fredericksburg Road @ Tributary to Cibolo Creek
Boerne Stage Road @ Tributary to Leon Creek

Scenic Loop Rd. @ Tributary to Leon Creek

Scenic Loop Rd. @ Tributary to Helotes Creek

Babcock Rd., @ Tributary to Lee Creek

O1d Fredericksburg Road @ Tributary to Leon Creek

O1d Fredericksburg Road /SPRR (@ Tributary to Leon Creek
Boerne Stage Road @ Leon Creek

Wickwilde @ Tributary to Culebra Creek

Beverly Hills @ Tributary to Culebra Creek

Sunset Blvd. (@ Tributary to Culebra Creek

Galm Rd. @ Tributary to Culebra Creek

Galm Rd. @ Tributary to Culebra Creek

Galm Rd. @ Tributary to Culebra Creek

Shaenfield @ Tributary to Culebra Creek

Talley Rd @

Maurman Rd. @ Commanche Creek

Applewhite Rd. (@ Commanche Creek
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APPENDIX A
LIST OF FLOOD HAZARD AREAS BY WATERSHED

KEY ID DESCRIPTION

RC 1-51 So. Zarzamora (@ Commanche Creek

RC 1-52 Maurman Rd. @ Commanche Creek

RC 2-23 Leslie Rd. @ Helotes Creek

RC 2-24 Leslie Rd. @ Helotes Creek

RC 2-25 Leslie Rd. (@ Helotes Creek

RC 2-26 Old Tezel Rd @ Tributary to Culebra Creek
RC 2-35 Scenic Loop Rd. @ Tributary to Helotes Creek
RC 2-36 Scenic Loop Rd. @ Tributary to Helotes Creek
RC 2-37 Babcock Road @ Tributary to Huesta Creek
RC 2-38  Babcoak Road @ Tributary to Huesta Creek

TxDOT 15 IH 35 @ Leon Creek (water over roadway)

TxDOT 22 IH-10 at Leon Creek (All lanes closed at 1:00 pm, approximately 4'
of water over the mainlanes.)

TxDOT 23 US 90 @ Leon Creek (water over roadway)

TxDOT 47 SH 16 @ Huebner Creek (water over road)

TxDOT 48 SH-16 at Leon Creek - Outside lanes only closed as a precaution
due to severe flooding a the bridge abutments.

UPPER SAN ANTONIO RIVER WATERSHED
Alazan Creek Watershed

CSA 39 Mc Neel / Overbrook {alarm, high water)
CSA 90 1414 Culebra {manhole cover off)
CSA 100 Wilson / Woodlawn (high water)
CSA 104 Huisach/Morning Glory/Wocedlawn (high water, road closed)
CSA 107 Lombrano /Goodrich (high water)
CSA 113 St. Cloud / Morning Glory (road closed)
CSA 187 Buena Vista / Smith (open manhole)
CSA 225 1100 Alexander Hamilton Dr. (drainage clogged up)

FL 31 St. Cloud St.

FL 33 Woodlawn Lake Dam (repair damaged spillway)

FL 34 Laddle St. (reconstruct channel floors and walls @ Babcock)
LW 71 Danvile & Overbrook

LW 72 Spencer Ln. east of Balcones

LW 73 McNeel & Overbrook

Apache Creek Watershed

CSA 48 2000 Waverly / Bandera (high water)
CSA 116 36th / Freeman (high water
CSA 121 NW 24th / Martin (high water)
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APPENDIX A
LIST OF FLOOD HAZARD AREAS BY WATERSHED

KEY ID DESCRIPTION
LW 67.1 W. Quill Dr. @ Oakwood Dr,
LW 164 Dell Pl & Freeman

Martinez Creek Watershed

CSA 36 Culebra/IH 10
CSA 52 119 Ruiz (high water)
CSA 63 Storywood / Denecle (high water)
CSA 119 Fulten / Capitol (high water)
CSA 123 San Anglo /Capitol (high water)
CSA 136 Westwood / Breeden (high water)
FL 1 Martinez Creek Area - IH 10 to Alazon Creek

San Antonio River Watershed

AH 1 110 to 518 Austin Hwy. (businesses flooded)

AH 2 4600 to 5424 Broadway (businesses flooded)

AH 3 110 Chichester St. (businesses flooded)

AH 4 131 to 302 Patterson St. (homes flooded)

AH 6 306 to 325 Eaton St. (homes flooded)

AH 7 100 Grandview St. (home flooded)

AH 8 216 Arcadia Ave (apartments flooded)

AH 9 136 to 209 Grove St. (apartments flooded)

AH 12 353 to 376 Bluebonnet (homes flooded)

AH 13 353 to 355 Redwood (homes flooded)

AH 14 5701 to 715 New Braunfels/328 to 340 Montclair (homes flooded)
AH 15 210 to 220 Routt (homes flooded)

CSA 51 Underpass Rd. / St. Mary's/ Roosevelt (high water)

CSA 55 McCullough /Magnolia (high water)

CSA 64 N. Alamo / Grayson / - Josephine /Broadway (high water)
CSA 65 North Cherry / Sherman (high water)

CSA 70 Fair Ave. /Palmetto (high water)

CSA 78 S. Flores / Military (high water)

CSA 83 Mulberry /Brackenridge/River Rd. (clogged drain, high water)
CSA 87 Montana / IH-37 / Cherry (high water)

CSA 94 Geevers / Southcross (high water)

CSA 96 1600 Pyron (high water)

CSA 97 River Rd. / E. Woodlawn (road closed)

CSA 103 2600 Hackberry (high water)

CSA 120 36th /Thompson (high water)

CSA 124 300 Jennings / Marian (high water)
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CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
FL
FL
FL
FL
FL
LW
LW
LW
LW
LW
LW
Lw
LW
TxDOT
TxDOT
TxDOT

APPENDIX A

LIST OF FLOOD HAZARD AREAS BY WATERSHED

ID
128
130
132
134
137
138
141
142
147
149
150
161
163
177
191
194
199
203
204
206
224
226
230

28

50

56

63

83

75
126
127
128
129
146
147
149

9
10
12

DESCRIPTION

Bellview / Queen Ann (high water)

Elm / Houston (high water)

Keats / Packard (high water)

Prado / Borday (high water)

St. Mary's / Josephine (high water )

Mission / Southeross (high water)

Alamo / Main (drainage clogged)

939 Steves (drainage clogged)

Mission / Military / Napier (road closed)

0Old Corpus Christi Hwy. / Napier (road closed)
Stonewall / Pleasanton (road closed )

Probant / La Capella (road closed)

St. Mary's / Brooklyn / Baltimore (road closed)
Benita / Mission / Roosevelt (manhole overflowing)
Funston / New Braunfeis (high water)

New Braunfels / Hot Welis (high water)

701 Austin Hwy. (missing manhole cover)

River Walk behind Hilton (high water)

White /Roosevelt (high water)

Pyron / White (high water)

Boyer / Presa to Hoefgen (washout)

Josephine / River (dam wall down)

Broadway / Funston (clogged drain inlet)
Espada Park (repair washed out channel)
Broadway 50-50 Restaurant

St. Peter, the Prince of Apostles Catholic Church
River Rd.

Symphony LA.

E. Mulberry @ San Antonio River

Mission Parkway under Southcross

Southcross & Box Elder

Mission Parkway, south of Napier

Mission Parkway @ San Antonio River
Hiawatha , east of Nopal

Nopal, north of Fair

S. New Braunfels @ Koehler Ct.

IH 35 @ Pine St. (water over road)

IH 35 @ exit ramp to IH 37 S (roadway under water)
IH 35 @ exit ramps to U.S. 90 (roadway under water)
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TxDOT
TxDOT
TxDOT
TxDOT
TxDOT
TxDOT

APPENDIX A

LIST OF FLOOD HAZARD AREAS BY WATERSHED

ID
13
14
20
34
46
50

DESCRIPTION

[H 35 @ Theo Ave (southbound frontage road closed)

TH 35 @ Keats Ave. (northbound and southbound lanes closed)

[H 10 (@ Probant Ave. (water over road covered entire intersection)
US 281 @ Josephine St. intersection (road closed)

Spur 371- Gen. Hudnel @ Frio City Rd. (road closed)

IH 37, 1000' south of Southcross (road closed)

Six Mile Creek Watershed

CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
LW
LW
LW
LW
LW
TxDOT

54
56
69
73
75
109
127
139
140
156
158
168
169
181
218
227
132
133
134
135
137
45

4700 Barlite (high water)

Wabash / Mayfield (high water)

Rockwell / Ansley (high water)

1034 Peabody (high water)

103 Dexter ¢high water)

Ashley / Stinson (high water)

300 W. Ansley (high water)

1406 Beverly Ann (drainage clogged)

Mayfield /Somerset (drainage clogged)
Hutchins / IH 35 (road closed, high water)
Cupples /Roselawn (car under water)
Ashley/Roosevelt (road closed for damaged bridge)
Zarzamora /IH 35 (road closed for high water)
Forsen /Rodrick (gravel washed out completely)
Gillette Blvd & Escalon Ave. (high water)
Schrader Rd / Rigsby (washout)

Petaluma between Ludtke & Garnett

Petaluma , 2900' west of Bascum

Rockwell & Ansley

Ansley between Ludtke and Garnett

Gillette & Escalon

Spur 536 ORoosevelt Ave. @ Six-Mile Creek (road closed)

San Pedro Creek Watershed

CSA
CSA
CSA
CSA
CSA
CSA
CSA

58

112
118
125
146
165
190

San Pedro /West Kings Hwy (high water)
Ashley / Blanco / Flores (high water)

Santa Rosa / Nueva (high water)

Noglitos / S. Flores (high water)

139 Elsmer (drainage clogged)

3008 S. Flores (shoulder collapsed)

Hazel / Trinity (mud on street, street caving in)
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FL
FL
FL

FL
LW
TxDOT
TxDOT

APPENDIX A

LIST OF FLOOD HAZARD AREAS BY WATERSHED

D
2
7

20

23
108
11
21

DESCRIPTION

IH 35 Lower Level - Brooklyn Ave to N. Flores

Mulberry St. near Twain Middle School

San Antonio River Tunnel Inlet (replace footing, headwall, washout
near sidewalk)

San Antonio River (repair damaged retaining wall near Pecan St.)
Laurel & Harpe (San Pedro)

TH 35 @ lower level of S. Flores to St. Mary's St. (road closed)

IH 10 @ Cincinnati to Colorado (road closed)

Zarzamora Creek Watershed

CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
FL
Fl
LV
LW
LW
LW
LW
LW
LW
LW
LW
LW
LW
LW
LW
TxDOT

30
32
37
38
66
188
195
197
32
62

33
61
62
63
64
65
66
67
68
69
70
70.1
29

El Centro/ Culebra (high water)

Laven / Culebra (high water, closed)

Bandera / Callaghan (high water)

3900 Callaghan / Farragott (high water)

Callaghan /Woodside / Timco (high water)
Callaghan Bet / Old Callaghan/Culebra (high water)
36th / Commerce / Hwy. 90 (high water)

Laven / Rubidoux (high water)

Postwood Spillway (repair damaged concrete @) Callaghan)
5200 Roubidoux in Western Park Subd.

NW Industrial (business flooded)

Medical Dr., 200" west of Wurzbach

Parkway, 500' east of Callaghan

Callaghan Rd., 100" east of Woodside

Silvercrest between Woodside & Horseshoe
Silvercrest, 100" northwest of Majestic

Oak Knoll, 500" east of E. Horseshoe Bend

Oak Knoll between Horseshoe Bend & Majestic

E. Horseshoe Bend & Oakwood

Majestic between Oaknoll & Horseshoe Bend
Callaghan Rd between Faragut & Sloan

Callaghan Rd. & Hemphill

Laven, South of Culebra

LP 410 @ Zarzamora Creek (water covered road, but passable)
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APPENDIX A

LIST OF FLOOD HAZARD AREAS BY WATERSHED

KEY ib DESCRIPTION
LOWER SAN ANTONIO RIVER WATERSHED
CSA 144 Goliad / Military
CSA 228 Shane / Villamain (high water)
FL 29 Ashley Rd. @ Cemi Creek (extend headwall and repair washout)
LW 151 Mission Parkway between Military and Ansley (San Antonio River)
LW 152 Old Corpus Christi Hwy. South of Henderson (San Antonio River
Tributary)
LW 158 Shane, east of Bobby Allen (San Antonio River Tributary)
LW 158.1  Nancy Carole Way, 500' west of Southton (San Antonio River
Tributary)
LW 159 Southton Rd., 4700' west of IH 37 (San Antonio River Tributary)
OR 1-12 Goth Rd. @ Tributary to Blue Wing Lake
OR 1-13 Espanda Rd. @ Tributary to San Antonio River
OR 1-33 Lamm Rd @ Tributary to San Antonio River
OR 1-34  Preist Rd. @ Tributary to San Antonio River
OR 4-1 Heuze Rd. @ Tributary to San Antonio River
OR 4-2 Blue Wing Rd @ Tributary to San Antonio River
TxDOT 36 IH 37 (@ San Antonio River (frontage road and turnaround)
OLMOS CREEK WATERSHED
AH 5 214 Crescent St. (home flooded)
AH 10 50 to 102 Alamo Hts. Blvd, (homes flooded)
AH 11 141 W. Fairoaks (home flooded)
BC 20 Huebner Rd.@ NW Military Hwy
CSA 9 Lockhill Selma/Wurzbach (barricades for high water)
CSA 10 Lockhill Selma / Dreamland (barricades for high water)
CSA 20 4027 Sleepy Hollow (barricades for high water)
CSA 22 [H 10/ Wurzbach (requested barricades for high water)
CSA 27 4229 Flent Hill (drainage problems)
CSA 34 Vance Jackson / Meadows (high water)
CSA 47 Elm Creek / Wurzbach (high water)
CSA 77 Basin /McCullough/ Jackson-Keller (high water)
CSA 80 US 281/ Olmos (clogged drain, high water)
CSA 111 Basse /McCullough/ San Pedro (road closed)
CSA 114 Basse to railroad / U.S. 281 (road closed)
CSA 122 Basse / Blanco (high water)
CSA 126 Fresno / Blanco / San Pedro (high water)
CSA 129 Thorain/ McCullough (road closed)
CSA 183 Vance Jackson / Huebner (high water)
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APPENDIX A
LIST OF FLOOD HAZARD AREAS BY WATERSHED

KEY ID DESCRIPTION
CSA 184 Rock Creek Run / Callaghan (high water)
CSA 185 Lockhill Selma / George (high water)
CSA 186 Vance Jackson / Sinsonte (high water)
CSA 189 900 Contour (high water)
CSA 219 Jones Maltsberger / Oblate (high water)
CSA 220 241 E. Nottingham P (high water)
FL 3 US 281 N. and Basse Road
FL 21 Jackson-Keller @ Rock Creek (reconstruct concrete channel)
FL 35 Thames St and Warwick (reconstruct channel wall)
FL 36 Springwood & McCullough (reconstruct channel wall)
FL 38 Shadywood (reconstruct channel wall and floor)
FL 39 Thames & Langdon (reconstruct channel floor)
LW 10 George Rd., west of NW Military (E. Olmos)
LW 34 Sleepy Hollow (@ Sunburst (W. Olmos)
LW 35 Orsinger Rd., 250" west of Sleepy Hollow (W. Olmos)
LW 36 Vance Jackson @ Orsinger Rd. (W. Olmos Tributary)
LW 37 Vance Jackson south of Treehill (W. Olmos Tributary)
LW 38 George Rd., east of Lockhill Selma (E. Olmos Tributary)
LW 39 Lockhill Selma 500" north of Wurzbach (E. Olmos)
LW 40 Lockhill Selma, 400" north of Whisper Path (E. Olmos Tributary)
LW 41 Vance Jackson, 200' south of Scenic (W. Olmos Tributary)
LW 42 Dreamland, south of railroad crossing (Olmos)
LW 42.1 Algerita Dr., 1000' northwest of Vance Jackson (Olmos Tributary)
LW 43 Lockhill Selma, south of Belair (Olmos Tributary)
LW 48 McCullough, north of Wolf Rd. (Olmos Tributary)
LW 49 Wolf (@ Plymouth (Olmos Tributary)
LW 51 Halm, east of Jones Maltsberger (Oimos Tributary)
LW 52 Jackson Keller , south of South Sea (Olmos Tributary)
LW 53 McCullough @ Barbara (Olmos Tributary)
LW 54 McCullough, 600' south of Jackson Keller (Olmos)
LW 74 Devine, 400' north of Dick Frederick (Olmos)
oP 1 1045 Shook Ave. (condos flooded)

TxDOT 28 Lp 410 and West Ave @ Olmos Creek Intersection (intersection
completely closed)

TxDOT 33 US 281, north of Basse Rd to 1 mile south of Basse Rd.(lanes
closed)
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APPENDIX A

LIST OF FLOOD HAZARD AREAS BY WATERSHED

DESCRIPTION

SALADO CREEK WATERSHED

KEY ID
BC 9
BC 21
CSA 29
CSA 41
CSA 42
CSA 45
CSA 49
CSA 59
CSA 60
CSA 61
CSA 62
CSA 71
CSA 72
CSA 76
CSA 79
CSA 82
CSA 88
CSA 89
CSA 95
CSA 98
CSA 101
CSA 102
CSA 105
CSA 106
CSA 108
CSA 110
CSA 115
CSA 117
CSA 133
CSA 135
CSA 143
CSA 148
CSA 151
CSA 152
CSA 153
CSA 154
CSA 155
CSA 157

Bulverde Rd. between Jones Maltsberger and Rittiman
Loop 1604 N. at Judson Road

1323 Rainsong (drainage problems)

West Ave. / Bitters (high water)

Henderson Pass / Lorence Cr. (high water alarm)
West Ave. Nakoma (high water)

North East Entrance / Bitters (high water)

13003 Feather Ridge (high water)

Creekview / Currency (closed)

Director / Creekview (closed)

Old Seguin Rd. / Salado Creek (high water, closed)
Austin Hwy. : Harry Wurzbach (high water)

Stone Oak Parkway /Evans (wall down})

E. North Loop (road closed)

San Pedro / 281/ Brookhollow (clogged drain)
West Ave / Rhapsody (road closed)

Perin Beitel / Walzem (high water)

Starcrest / Budding (high water)

Jones Maltsberger / Saldo Creek (high water)
Higgins / Stahl (high water)

Pecan Valley /Southcross (high water)

Springhill (high water)

1300 Rittiman (high water)

Bright Sun / Sun Shadow (high water)

15415 Heimer (high water)

Jones Maltsberger / Burning Trail (high water)
Pop Gun / Houston (high water)

Blanco & Old Blanco (high water)

Holbrook / Houston (high water)

Rittiman / Allegro (high water)

3600 block Roland (drainage clogged)

Rio Grande / Hines (road closed)

East Salado Creek /Rigsby (road closed)

13131 Brook Garden (drainage overflowing)
Gembler / Coliseurn / W W White (road closed)
Brookertee / F Street (road closed, high water)
Blanco / Bitters (exposed hole with gas line inside)
Houston & Commerce / Salado Creek (road closed)
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CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL

FL

APPENDIX A

LIST OF FLOOD HAZARD AREAS BY WATERSHED

DESCRIPTION

Pecan Valley / H Street (road closed, high water)

F Street / E Street / H Street / Lone Creek / Advance (road closed)
Hine / Martin Luther King (road ciosed)

Rigsby / Pecan Valley (road closed)

410 / Sulphur Spring (road closed for high water)
Coliseum / E. Houston (road closed for high water)

3635 Belgium (road closed for high water)

Houston / IH 410 (road closed for high water)

Military / WW White / 37 (road closed for high water)
834 Morning View (road closed for high water)

Wetmore / Wurzbach Parkway (road closed for high water)
Southcross / Pecan Valley / WW White (road closed for high water)
190 Grobe (road closed for high water)

Pecan Valley / PLaydale (road closed for high water)
Benz Engleman / Seguin (high water)

Holbrook /Ira Lee (high water)

Leonhardt / Encarta (high water

4000 Rittiman ¢high water)

Jones Maltsberger / Nakoma (high water)

Stone Oak Parkway / 281 to 1604 (high water)

Stahl / Wetmore (high water)

Overland Dr. & Ashland Dr. (high water)

Brooksdale Dr. & Ashland Dr. (high water)

Stahl Rd. & Jung Rd. (high water, cave in)

Schrader Rd / Rigsby (washout)

232 Blakeley Dr. (debris on road)

Rice Rd. / Salado Creek (debris on road)

3900 Eisenhauer Road - Savannah Ridge Apartments
4000 Briar Glen - Village North Subdivision

Salado Creek - Willow Springs area

Salado Creek - Wheatley Heights area

Salado Creek - MacArthur park

Salado Creek (@ Beitel Creek - Perrin Beitel area

Salado Creek - Holbrook area

Salado Creek @ Rigsby

Panther Springs Creek (reconstruct riprap, walls, footing)

Sherman St and No. Walters (reconstructed concrete floor and
walls)
Larry St. and creek (reconstruct drainage bank on west side of
bridge)
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KEY
FL
FL
FL
FL

FL

FL
FL
FL
FL
FL
FL
FL
FL
FL

LW
LW
LW
LW
LW
LW
LW

LW
LW
LW
LW
LW
LW
LW
LW
Lw
LW
Lw
LW

LW

LW
LW

APPENDIX A

LIST OF FLOOD HAZARD AREAS BY WATERSHED

ID
26
27
30
37

40

41
42
43
44
45
46
47
48
49

11
12.1
12.2
12.3

13

14

15

16
17
18
19
20
21
22
221
23
24
24.1
24.2

44

45
45.1

DESCRIPTION

Sherman St. (reconstruct concrete wall, north of Walter)
Crestway St and Randolph Blvd (reconstruct washed out culvert)
Amanda Street (reconstruct damaged channel walls)

Cherry Blossom and Orchid Blossom (reconstruct channel walls
and floor)

Stone Oak Parkway (reconstruct channel between Evan s Road and
U.S. 281)

Webbles and Walzem (repair channel Walls and floor)

Cavewood (reconstruct retaining walls})

E. Country Circle (reconstruct damaged channel floor and walls)
0Old O'Connor Rd. (reconstruct ditch at Lookout Road)

Perrin Beitel (reconstruct concrete channel at Loop 410)
Weidner Rd. (repair ditch line near Randolph)

Bromley Place (reconstruct channel walls ad floor at Higgins)
Ira Lee and Austin Highway (repair washed away railing)

Perrin Beitel (repatr channel walls and erosion from 410 to Salado
Creek)
Old Blanco Rd., north of Voelcker (Salado Creek)

Paso Del Norte, 700" west of San Pedro (Lorence Tributary)
Encino Grande, south of Paso Del Norte (Lorence Tributary)

Rio Bravo @ Rio Seco (Lorence Tributary)

West Ave., south of Interpark (Salado Tributary)

Sugarcrest between Parkston & Happy Hollow (Lorence Tributary)

Copperhill between Parkstone & Happy Hollow (Lorence
Tributary)
Ledgestone @ Mount Joy (Lorence Tributary)

Springhill between Pipestone & Mt. Everest (Lorence)
Jones Maltsberger, south of Redland (Mud Creek)
Henderson Pass, south of Moss Briar (Lorence)

Stahl Rd., 2100' east of Wetmore Rd. (Mud Tributary)
Stahl Rd., north of Bell (Mud Tributary)

Stahl Rd., south of Jung (Mud Tributary)

Jung Rd., @ Stahl Rd. (Mud Tributary)

Judson Rd., 400" east of Nacogdoches (Beitel Tributary)
Judson Rd., @ Lookout Rd. (Beitel Tributary)

Lookout Rd. 100" northeast of Judson Rd (Beitel Tributary)
Lookout Rd., 200" southeast of Toperwein (Beitel Tributary)

West Ave., north of Loop Rd. (Salado Tributary)

West Ave., north of Loop Rd. (Salado Tributary)
W. North Loop Rd., 1300" east of West Ave. (Salado Tributary)
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APPENDIX A

LIST OF FLOOD HAZARD AREAS BY WATERSHED

1D
46
47
76
77
78
79
80

81
82
83
84

85
86
87
88
89
90
91
92
93
94
95
96
97
97.1
98
99
100
102
103
104
105
139
141
144
145
148
150

DESCRIPTION

North Loop, 150" southeast of North Loop Rd. (Salado)
Maltsberger Lane, 925' east of San Pedro (Salado)
Starcrest, 600" west of NE Entrance (Lorence)

Starcrest , 580" east of NE entrance (Mud Creek)

Bitters Rd., 2600' west of NE entrance (Salado Creek)

NE Entrance Rd., 1000' south of Starcrest (Salado Creek)
Bitters Rd., 75' west of NE Entrance Rd. (Salado Tributary)

NE Entrance Rd., 500' north of Bitters (Salado Tributary)
Cheever between Tesor & Tee Cee (Salado Tributary)
Nacogdoches Rd. @ Bulverde (Salado Tributary)

Nacogdoches Rd., 750' south of Old Perrin Beitel Rd (Salado
Tributary)
O'Connor Rd, north of Lookout Rd. (Beitel Tributary)

Leonhardt, 500" south of Encante (Beitel Tributary)
Leonhardt, 400' east of Encante (Beitel Tributary)

Weidner Rd, south of Leonhardt (Beitel Tributary)

Schertz, 1000’ west of Martin Luther King Crossing (Beitel )
Schertz, west of Weidner Rd. @ railroad crossing (Beitel Tributary)
Weidner Rd., 500" north of Schertz (Bell Tributary)

Weidner Rd., 50; east of Grand Park (Beitel Tributary)
Eaglecrest, West of Weidner (Beitel Tributary)

Cave Lane between Dundee & Kennilworth (Salado Tributary)
Vandiver & [rvington (Salado Tributary)

Vicar, 100' t of Pertin Beitel (Beitel Tributary)

Austin Hwy. @ Ira Lee (Salado Creek)

Ira Lee, north of Austin Hwy. (Salado Creek)

Dell Oak @ Ashland (Walzem)

Overland and Lakeshore (Walzem)

Blakeley, 450" west of Vandiver (Salado Tributary)
Rittiman, 3000' west of Castle Cross (Rosillo Creek)

Gibbs Spraw} @ Rosillo Creek (Rosillo Creek)

Old Seguin Rd. @ Salado Creek (Salado Creek)

Creekview, west of Currency (Pershing)

Kingkrest, east of Longleaf (Salado Tributary)

Quinta (@ Vista (Salado Tributary)

Roland @ Arrid (Salado Creek)

Roland, west of Therron (Salado Creck)

Sinclair @ Rosillo Creek (Rosillo Creek)

Pecan Valley Dr. @ Dollar Hide (Salado Creek)
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OR

OR
OR
OR
OR
OR
OR
OR
OR
RC
RC
TxDOT

TxDOT

TxDOT

TxDOT

TxDOT

TxDOT

TxDOT

APPENDIX A

LIST OF FLOOD HAZARD AREAS BY WATERSHED

ID
153
3-5
3-6
3-7
3-8
3-9
3-10
3-11
3-12
3-13
4-11
3-22
3-23

31

DESCRIPTION

WW White at Rosillo Creek (Rosillo Creek)
Evans Rd. @ Tributary to Elm Waterhole Creek

Evans Rd. @ Tributary to Elm Waterhole Creek

Evans Rd. @ Tributary to ElIm Waterhole Creek
Judson Rd @ Elm Creek

Classen Rd. @ Tributary to Elm Waterhole Creek
Bulverde Rd. @ Elm Waterhole Creek

Bulverde Rd. @ Tributary to Elm Waterhole Creek
Jones Maltsberger @ Elm Creek

Bulverde Rd. @ Tributary to Elm Waterhole Creek
Goliad Rd @ Salado Creek

Menger Dr @ Tributary to Elm Waterhole Creek
Evans Rd. @ Flm Waterhole Creek

TH-35 at Ramps, north of Starlight Terrace (southbound lanes and
frontage road had several inches of water; at its highest level the
water was 12" deep and approx. 300' wide; road was never closed;
traffic using the inside shoulder; flooding occurs occasionally,
(inlets may be "slotted drain" type).

IH 35 at Fratt Interchange Connector to LP 410 West (SB to WB)
(connector closed at 2:00 p.m. on Oct. 17, due to 4' of water over
the road; reopened at 8:00 a.m. on Oct. 18; approximately 250" of
roadway was under water, this is the first time this section of road
had to be closed.

[H 35 from Walzem to Eisenhauer (mainlanes were covered with
approx. 16" of water for a length of 400'; traffic using the inside
shoulder; this is the first time where water covered these roads.

IH 35 south of Binz-Engleman (southbound mainlanes were
covered with abut 12" of water, although still passable with traffic
using the inside shoulder, first time occurrence.

IH 35 at Salado Creek (north and south frontage roads closed at
11:00 a.m. on Oct. 17, due to water over the roads; reopened Oct.
19, at 11:00 a.m., at its highest point water was 12'-15' deep; its
usually takes a 8-10" rain to cause problems at this location.

IH 35 north of Coliseum Rd (northbound and southbound mainlanes
and frontage roads were under 12" of water for a short period of
time although still passable, first time occurrence.

US 281 North of Evans Rd. {(mainlanes at this location under
approximately 5 feet of water at various times on Oct 17 and 18;
first time occurrence)
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TxDOT
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APPENDIX A

LIST OF FLOOD HAZARD AREAS BY WATERSHED

ID
24

25

26

27

30

32

35

39

44

49

DESCRIPTION

LP 410 at Fratt Interchange (both connectors at IH 35 South and IH
35 North closed at 1:00 p.m. on Oct. 17 due to water over road,;
open at 10:00 a.m. on Oct. 18; water was 10’ deep and 800' across;
this was the first time these lanes had to be closed.

LP 410 at Perrin Beitel (westbound frontage road closed for the first
time; water was approximately 6' deep and 300" wide.

P 410 at Salado Creek (all lanes closed at 6:00 p.m. on Oct 17 due
to 3" of water over the roads; first time occurrence for the mainlanes
at this location; width of water course was 1500'; mainlanes opened
to traffic at 9:00 p.m. on the same day.)

LP 410 from Nacogdoches to Broadway (all lanes between
Nacogdoches Rd. and Broadway Ave. were closed for several hours
during the afternoon of Oct. 17 due to water over the roads; water
was 3' deep and 300' wide at it peak; water has been over the roads
before, but still passable.

LP 410 at Salado Creek (on Southeast LP 410, 1000' north of this
location all lanes were closed for several hours at various times on
Oct 17. and Oct. 18 ; mainlanes closed for the first time Oct. 17 for
3 hours (6:00 p.m. to 9:00 p.m.

US 281 at Salado Creek (all lanes closed from 2:00 to 3:00 p.m. on
Oct. 17 due to water over the road; first time occurrence)

IH 37 at LP 410 (Westbound access road closed at 7:00 p.m. on Oct
17 due to water over the road; open at 6:00 p.m. on Oct. 18; first
time occurrence

LP 1604 at Bulverde Road (water covered only the intersection;
depth of water was 12" in all directions for 200' but passable; first
time occurrence at this location)

SPUR 368 (Austin Hwy) at Salado Creek (all lanes had to be closed
due to 3' of water over the road; width of water course was 1000";
first time this road had to be closed.

FM 2696 (Blanco Rd.) at Bitters Rd. (road closed at 7:00 a.m. on
Oct. 17 due to 3'+ of water over the road; width of water course
2000;' road opened at 10:00 p.m. on the same day; first time
occurrence)

Perrin Beitel Creek (drainage channel floods)

Drainage channel that runs from the 700 block of Crestway Drive to
the 4800 block of Walzem Road (water fills channel and then
crosses the roads during heavy rains)'

Drainage that runs underground and aboveground from the
intersection of Crestway Drive and Eaglecrest Blvd to Montgomery
Road (asphalt washed away and destroyed an underground drain
pipe system).
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APPENDIX A
LIST OF FLOOD HAZARD AREAS BY WATERSHED

KEY ID DESCRIPTION
CALAVERAS CREEK WATERSHED
CSA 167 1300 Foster Rd. (road closed)
LW 154 Sulphur Springs , east of Lodi (Calaveras Tributary)
LW 155 Sulphur Springs, west of Lodi (Calaveras Tributary)
LW 156 Sulphur Springs between Foster & Gardner (Calaveras Tributary)
LW 157 Sulphur Springs , east of Beck (Hondo)
OR 4-3 Cassiano (@ Tributary to Calaveras Lake
OR 4-4 So. Foster Rd. @ Tributary to Calaveras Lake
OR 4-5 Burshard Rd. @ Tributary to Calaveras Lake
OR 4-6 Burshard Rd. (@ Tributary to Calaveras Lake
OR 4-7 So. Foster Rd. (@ Calaveras Creek
OR 4-9 Zigmont Rd. @ Chupaderas Creek
OR 4-10 Real Rd. @ Chupaderas Creek
RC 4-13 Kierkner Rd @ Chupaderas Creek
RC 4-14  Kierkner Rd (@ Chupaderas Creck
RC 4-15 Triple Free @ Tributary to Calaveras Creek
RC 4-16 Macaway @ Tributary to Dry Hole Creek

CIBOLO CREEK WATERSHED

BC 26 Lakewood Acres (homes flooded)

BC 29 4357 Wind Valley

BC 32 6870 FM 1863

BC 33 Lakewood Acres (homes flooded)

OR 3-3 John Peterson Blvd. @ Cibolo Creek

OR 3-14  E. Borgfield Dr. @ Mud Creek

OR 3-15 S. Glenrose Rd. @ Tributary to Mud Creek
OR 3-16 Specht Rd. @ Tributary to Cibolo Creek
OR 4-8 Lavernia Rd. @ Dry Hollow Creek

RC 2-33 Boerne Stage Rd. @ Cibolo Creek

RC 2-34  Old Fredericksburg Rd @ Cibolo Creek
RC 3-17  Blanco Rd. @ Cibolo Creek

RC 3-18 Lower Seguin Rd. @ Cibolo Creek

RC 3-19 W. Schaeffer Rd @ Cibolo Creek

RC 3-21 Lookout Rd @ Selma Creek

RC 3-24  Smithson Valley @ Cibolo Creek

RC 3-25  E. Ramblewood Street @ Cibolo Creek Tributary
RC 3-26  Bulverde Rd. @ Cibolo Creek

RC 3-27  Obst Rd. @ Cibolo Creek
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APPENDIX A
LIST OF FLOOD HAZARD AREAS BY WATERSHED

KEY ID DESCRIPTION
RC 4-21 Ullrich Rd. @ Tributary to Cibolo Creek
RC 4-23  Bexar Bowling @ Cibolo Creek
TxDOT 1 IH 35 @ Cibolo Creek (bridge closed)
TxDOT 2 IH 35 (@ Retama Park (bridge closed)

TxDOT 17 IH 10 @ Cibolo Creek (main lanes closed and frontage road closed)
TxDOT 37 LP 1604, west of [H 35 (main lanes closed)

TxDOT 38 LP 1604, Lookout Rd (road closed)

TxDOT 40 FM 78 @ Cibolo Creek (water over bridge, road closed)

TxDOT 41 FM 2252 @ Cibolo Creek (road closed)

TxDOT 42 FM 2252, 1.5 miles north of LP 1604 (road closed)

MARTINEZ CREEK WATERSHED

BC 11 FM 78 and Foster Rd.

BC 22 LP 1604 S. @ IH 10 East

BC 23 FM 1518 @ St. Hedwig Rd.
CSA 196 Gibbs Sprawl / railroad tracks (high water)
LW 101 Gibbs Sprawl , 700’ northeast of Castlecross (Rittiman Creek)
OR 3-1 Trainer Hale (@ Woman Hollering Creek

OR 3-2 Lower Seguin @ Tributary to Salitrillo Creek
OR 3-4 Walzem Rd. near Martinez Creek

RC 3-20 Hwy 78 @ Salitrillo Creek

RC 4-12 Pfeil Rd (@ Salitrillo Creek

RC 4-17  Abbott Rd @ Salitrillo Creek

RC 4-18  Abbott Rd @ Woman Hollering Creek

RC 4-19 Abbott Rd @ Woman Hollering Creek

RC 4-20 Miller Rd @ Woman Hollering Creek

RC 4-22  New Berline (@ Woman Hollering Creek

TxDOT 18 IH 10 (@ Woman Hollering Creek
TxDOT 19 IH 10 @ Graytown Rd.
TxDOT 43 FM 1976 (@ Walzem Rd.

ucC 1 Kitty Hawk Rd. @ Salitrillo Creek

4851\00\Word\Report0002 14al
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APPENDIX C
LIST OF POTENTIAL MITIGATION PROJECTS

BY WATERSHED
Key Legend
# - City of San Antonio Master Plan Projects
AH - Alamo Heights Drainage Projects
BB - Bexar County and City of San Antonio Buy-Back Programs
BD - City of San Antonio Projects - 1999 Bond Election and Others
BM - Bexar Metropolitan Water District Drainage Projects
C - Leon Creek Watershed Master Drainage Plan Projects for Culebra Creek
CH - 1989 Bexar County Watershed Study
COE - Corps of Engineers Proposed Construction Projects
CT - Bexar County Proposed Construction Projects
D,p - City of San Antonio Regional Detention and Channelization Facility Projects
F - Leon Creek Watershed Master Drainage Plan Projects for French Creek
GF - Grey Forest Drainage Projects
HB - Leon Creek Watershed Master Drainage Plan Projects for Huebner Creek
HEL - Leon Creek Watershed Master Drainage Plan Projects for Helotes Creek
HUE - Leon Creek Watershed Master Drainage Projects for Huesta Creek
LC - Leon Creek Watershed Master Drainage Plan for Projects for Leon Creek
LV - Leon Valley Drainage Projects
M - Leon Creek Watershed Master Drainage Plan for Projects for Maverick Creek
OP - Olmos Park Drainage Projects
- Upper Olmos Creek Master Drainage Plan Projects
S - SARA / Bexar County Contract - Project List
SA - City of San Antonio / Bexar County / SARA Flood Control Projects - 1996
TX - Texas Department of Transportation Projects
uc - Universal City Drainage Projects
\Y - Satado Creek Master Drainage Plan Projects
INDEX Page
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OLMOS CREEK WATERSHED ........coooiiiiiiiiiiiii it s et 10
SALADO CREEK WATERSHED ....oooviiiiiii e 11
CALAVERAS CREEK WATERSHED ..o 14
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KEY

APPENDIX C

LIST OF POTENTIAL MITIGATION PROJECTS

EXT

BY WATERSHED

DESCRIPTION

MEDINA RIVER WATERSHED

BB-15 Shepherd - Atascosa (2 Properties, 2 w/improvements)

BM-2 Medina River Cleanup and Development

CT-2 Keller Rd. @ Polecat Creek

CT-6 Cagon Rd. - Replace low water crossing 10 m north of
Macdona - La Coste Rd.

CT-7 Cagon Rd. - Replace LWC 0.7 m north of Macdona -
La Coste Rd.

CT-11 Town of Macdona, complete drainage improvements
with and adjacent to town.

CT-12 Applewhite Rd. - Replace narrow bridge

CT-15 Hollowell Rd. - Replace LWC 0.2 m south of
Macdona - L.a Coste Rd.

CT-19 Pearsall Rd. - Increase capacity of drain culvert west
of Lucky Rd.

CT-20 Kinney Rd. - Replace LWC 0.3 m north of
Pearsall Rd.

CT-21 Jungman Rd. - Replace lower water crossing north of
Macdona - La Coste Rd.

CT-23 Fisher Rd. - Increase capacity of drain culvert 0.4 m
west of Somerset

CT-25 Gross Lane - Replace LWC 0.3 m east of Mechlar Rd.

CT-33 O'Brien Rd. - Replace low water crossing

CT-40 Quintana Rd. - Replace LWC 0.1 m east of Trawailer

CT-41 Jackal Rd. - Replace low water crossing 0.3 m south
of Benton City Rd.

CT-45 Pleasanton Rd. Bridge Widening

SA-16 Median River at FM 1937 LWC replacement

MEDIO CREEK WATERSHED

BD-67 Hunt Lane: Demaya to U.S. 90

BM-1 Medio Creek Channalization

CT-3 Geronimo Village Drainage

CT-42 Ravenfield Road Bridge/Road Construction

LEON CREEK WATERSHED

#251 A Callaghan East to Old Highway 90

#251 B S. Callaghan Rd Commerce to 90 MPO Project

#252 A Channel Parallel to Old Highway 90 & Acme

#252 B S. Callaghan Rd. Old Highway 90 to Castroville

#1024 W. Villaret - Palo Alto College

20f 15

ESTIMATED COST

$68,880
$5,366,234
$7.400,000
$4,350,000

$320,000
£830,000

$840,500
$550,000

$189,591
$424,858
$520,000

$98,419

$550,000
$548,400
$424.858
$525,000

$400,000
$1,500,000

$2,349,534
$5,813,396

$100,000
$1,700,000

$2,000,000
$8,000,000
$8,900,000

$843,000



KEY
#1027

#1033
#1060
#1061

#1062
#1071

#1079
BB-17
BB-20
BB-22
BB-30
BB-34
BD-9

BD-18

BD-26

BD-28
BD-29
BD-31
BD-34
BD-35
BD-37
BD-50
BD-77
BD-90

C-3
C-4
C-4
C-5
C-6
C-6

C-8
C-8
C-8
C-8
CT-3
CT-13
CT-18

APPENDIX C

LIST OF POTENTIAL MITIGATION PROJECTS
BY WATERSHED

EXT DESCRIPTION
Castleridge - Shady Grove to Pinn
Oxford Trace/Abe Lincoln
Lomax
Nickle and Dime Area Drainage (Buyouts)
South Ridge Park Subdivision Qutfall
Parallel to 410
Mountain View - Culebra/1604
Leon Creek Area (Plumnear Area - 33 properties)
Huebner Creek (Holly Hock - 3 properties)
Leon Creek (Somerset Rd. - 1 property)
Leon Creek (Edwards-Schlundt Rd.)
Valley View Trailer Park
Guilbeau Drainage at French Creek - Provides
drainage improvements on Guilbeau Rd. at French
Creek Rd.
Leon Creek Recreation Facilities and Detention Pond
at Loop 410
Quintana Rd. Drainage #64 Extension

Whitby at Huebner Creek

Babcock - DeZavala to Hausman

Holly Hock at Huebner Creek

Tezel: Timber Path to Ridge Path

36th Street; U.S. 90 to Gowdon Flood Mitigation
Abe Lincoln: Horn to Eckert

Dempsey: Farr to Gwanda Lee

Tezel: Ridge Path to Old Tezel

Hillside Acres Drainage Qutfall

Culebra Creek Levee East of Galm Road
Culebra Creek Floodwall

Steubing Rd. Bridge (@ Culebra Creek
Steubing Road Level

Culebra Rd. reconstruction at Loop 1604
New Culebra Road Bridge @ Culebra Creek
Purchase 7 structures in floodplain

Culebra Creek Channelization

Culebra Rd. Bridge @ Culebra Creek
Timber Path Bridge @ Culebra Creek

Old Grissom Rd. Bridge @ Culebra Creek
Purchase 1 structure in floodplain

Braun Rd. Bridge - replacement

Scenic Loop: replace LWC 0.4 m north of Grey Forest
Talley Rd. - Construct drain & Road

mOoO@>>T>0EP>T>
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ESTIMATED COST

$1,100,000
$950,000
$122,000
$4,511,000
$1,804,356
$283,000
$823,000
$1,381,645
$244.400
$66,340

$430,000

$2,500,000

(Scheduled for
Construction)

$444,952
$5,751,691
$603,030
$1,958,975
$3,800,000
$1,700,000
$398,123
$2,938,463
$753,747
$56,000
$152,000
$442,000
$26,000
$365,000
$1,310,000
$1,155,000
$143,000
$2,039,000
$6,000,000
$871,000
$120,000
$469,672
$230,000
$1,650,000



KEY
CT-26
CT-27

CT-43
CT-47
D-1
D-2
D-3
D-5

D-7
D-8
D-9
D-10
D-11
D-12

F-9

GF-1

GF-2
GF-3

GF-4
HB-1
HB-2
HB-4
HB-5
HB-5
HB-5
HB-5
HB-8

HB-10
HEL-1
HEL-3

LIST OF POTENTIAL MITIGATION PROJECTS

EXT

>

QWP > 0E >
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APPENDIX C

BY WATERSHED

DESCRIPTION

Applewhite Rd. - Replace low water crossing
Zarzamora Rd. - Replace low water crossing @
Commanche Creck

Galm Rd. Bridge/Road Construction

Geronimo Forest Drainage

Huesta Creek detention Pond and Park @ Leon Creek

Spring Creek Detention Pond
Leon Creek Detention Pond @ Whitby Street
Leon Creek Detention Pond (@ Culebra Creek
Leon Creek Detention Pond (@ Heath Lane
Government Canyon Detention
Leon Creek @ Heath Lane Channalization
Huebner Creek @ Hollyhock Channelization
Culebra Creek @ Loop 1604 Channelization
Helotes Creek (@ 1604 Channelization
French Creek Channalization
Hausman Bridge @ French Creek  (LW-162)
Prue Rd. Bridge @ French Creek (LW-163)
North Verde Road Bridge @ French Creek
South Verde Road Bridge @ French Creck
Purchase 11 structures in floodplain at N. Verde
Bandera Road Bridge Replacement @ French Creek
Mainland Road Bridge @ French Creek
Low Bid Lane Bridge at French Creek
Heath Lane Improvements
Clyde Dent Drive Bridge at French Creek
Scenic Loop Rd. @ Bluehill Pass
Hillside Dr. Bridge
Sherwood Trail Bridge
Hilltop Dr. Bridge
DeZavala Road Bridge @ Huebner Creek
Cimarron Street Floodwall along Huebner Creek
Prue Rd. Bridge @ Huebner Creek (LW-26)
Lockhill Road Bridge @ Huebner Creek (LW-26)
White Bonnet Bridge @ Huebner Creek (LW-27)
Lockhill Floodwall along Huebner Creek
Purchase 4 buildings in floodplain
Eckert Rd. Bridge @ Huebner Creek

(New Culvert Constructed '95)

Timber Hill Road Bridge @ Huebner Creek (LW-57)

Galm Rd. Bridge @ Helotes Creek
Leslie Rd. Bridge @ Helotes Creek (LW106.1)

4 of 15

ESTIMATED COST

$310,000
$280,000

$1,400,000
$400,000
$6,250,000

$1,334,000
$597,000
$512,000
$655,000
$751,000
$1,200,000
$254,000
$254,000
$142,000
$64,000
$139,000
$1,000,000
$500,000
$500,000
$500,000
$609,000
$100,000
$493,000
$288,000
$288.000
$172,000
$423,000
$457,000

$928,000
$513,000
$352,000



KEY
HEL-3

HEL-3
HEL-3
HEL-6
HUE-3
LC-1
LC-2
LC-4
LC-5
LC-6
LC-7
LC-8
LC-10
LC-12
LC-14
LC-15
LC-16
LC-17
Lv-1
LV-2
LV-3

LV-4

APPENDIX C

LIST OF POTENTIAL MITIGATION PROJECTS

EXT

o Owe

BY WATERSHED

DESCRIPTION

Leslie Rd. Bridge @ Helotes Creek (LW106.1 LW
106.2)

Leslie Rd. Bridge @ Helotes Creek

Purchase 7 structures in floodplain

Helotes Creek Channel Improvements

Hausman Rd. Bridge (@ Huesta Creek

Hausman Rd. Level (Prevents Split Flow)

Levee on Leon Creek, south of Hausman

Eckert Rd. Bridge @ Leon Creek

Timber Creek Estates, [.eon Creek Channelization
Heath lane Reconstruction

Grissom Rd. Bridge @ Leon Creek

Levee on Leon Creek, south of Grissom Rd.

Ingram Road Bridge @ Leon Creck (LW-58)
Rebuild Culebra Road Bridge @ Leon Creek

West Commerce St. Bridge @ Leon Creek (LW-106)
Pinn Road Bridge @ Leon Creek  (LW-107)
Brownleaf Floodwall along Leon Creek

Rodriguez park Signs and Flood Gates

Huebner Creek Channelization

Bandera Rd. Bridge Channelization @ Huebner Creek

Huebner Creek Channelization - Bandera Rd. to Evers
Rd.

Evers Rd. @ Huebner Creek Replacement of Culvert
Babcock Rd. Bridge (@ Maverick Creek

Babcock Rd. Bridge @ Maverick Creek

Babcock Rd.. Bridge (@ Maverick Creek

Babcock Rd. Bridge @ Maverick Creek

Babcock Rd. Level

Babcock Rd. Level

UTSA Blvd. Bridge @ Maverick Creek

Hausman Road Bridge at Maverick Creek

Leon Creek - Relocations

Leon Creek - SA Corporate Limits to 2000' DS New
[aredo Hwy. Channel Rectification

Leon Creek - Moray Rd. to SA Corporate Limits —
Floodplain Rectification

Leon Creek - TH-10 to Moray Rd. Floodplain
Rectification

Leon Creek - Keitha to Hwy. 90 west Channelization

Leon Creek - Old Camp Bullis Rd. to SPRR -
Relocation & floodproof
Leon Creek - SPRR to IH-10 South Bend Frontage
Rd.

Sof 15

ESTIMATED COST

$363.000

$363,000
$1,260,000
$1,400,000
$315,000
$26,000
$31,000
$590,000
$4,340,000
$219,000
$1,273,000
$26,000
$1,813,000
$2,713,000
$2,617,000
$989,000
$720,000
$50,000
$615,000
$1,000,000
$6,780,000

$766,000
$301,000
$301,000
$301,000
$301,000
$92,000
$36,000
$448,000
$239,000
$3,247,000
$2,697,000

$24,891,000
$17,944,000

$4,745,000
$1,020,000

$1,020,000
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S-28
S5-29

SA-13
TX-4
TX-12

APPENDIX C

LIST OF POTENTIAL MITIGATION PROJECTS

EXT

BY WATERSHED

DESCRIPTION

Leon Creek - Raymond Russel Park

Leon Creek — IH 10 Southbound Frontage Road to
Boerne Stage Road — Relocate & Floodproofing
Culebra Creek study - Helotes Creek to French
FM-471 - Leon Creek Area Drainage

FM-471 at Leon Creek Removal Gravel Washoff

UPPER SAN ANTONIO RIVER WATERSHED
Alazan Creek Watershed

#71 N Overbrook - Sunshine Dr. to Balcones

#71 7&K Wilson - South of Woodlawn

#98 A Culebra Road - Goodrich to Hamilton

#1019 Roberts St. NW 19 to Alazan Creek

#1028 De Chantel Area

#1040 St. Cloud

#1048 Placid Dr. Drainage

#1052 Proj #71-A & B Channel Restoration

#1074 Ligustrum Drainage

BD-52 Durango: San Marcos to Navidad

BD-68 Las Moras - Street and Drainage

BD-84 Waverly Phase II: Emroy to Glenmore

BD-86 Wilson: Woodlawn to Waverly

BD-87 Woodlawn Ave: San Antonio to Lake

SA-1 Detention Facility near Spencer Lane and IH-10
Apache Creek Watershed

#57 A Woodlawn/Camino Santa Maria, Overhill

#58 BZ Quill

#1054 Zarzamora - Guadalupe to Apache Creek

BD-21 Dell Street Drainage (100 Block) (#58 BX)

TX-1 24th Street - Commerce to Culebra

Martinez Creek Watershed

#85
#86
#303
#1055

BB-23
BB-28

A

Buckeye/ Edgebrook

Vance Jackson/Freiling

Brazos and Arbor

Craig, French, Ashby, Martinez Creek

Channel Modifications for Martinez Creek, Phase [
Channel Modifications for Martinez Creek, Phase I1
Channel Modifications for Martinez Creek, Phase I1I
Martinez Creek Phase [

Martinez Creek Phase 11

60f15

ESTIMATED COST

$6,169,000
$635,000

$50,000
$176,100
$180,000

$8.910,000
$2,000,000
$450,000
$391,000
$1,800,000
$354,000
$1,216,000
$1.000,000
$408,000
$1,556,841
$71,376
$445,000
$892,537
$450,000
$4,600,000

$1,500,000
$3.,600,000
$687,000
$438,817
$2,440,000

$2,900,000
$3,200,000
$2,700,000

$266,000
$2,652,300
$2,066,300
$3,163,800
$4,302,154



KEY

BD-55
BD-78
BD-80

LIST OF POTENTIAL MITIGATION PROJECTS

EXT

APPENDIX C

BY WATERSHED

DESCRIPTION
Elsmere: Michigan to Capitol

Thorain: Buckeye to S.P. Railroad
W. French: Zarzamora to Navidad

San Antonio River Watershed

#1

#1

#5

#6

#8
#16
#16
#24
#29
#34
#39
#39
#39
#52
#54
#55
#56
#56
#63
#66
#69
#88
#91
#149
#150
#150
#150
#150
#202
#1020
#1035
#1039
#1041
#1045
#1046
#1049
#1056

oW

ALT

W< C P>

Addit

(@Rve i

Broadway - East Hildebrand to Burr Rd.
Burr Rd.

Cunningham

E Grayson

Brackenridge

E. Houston

W.Nueva /S. Alamo

Conrad St.

Camden - Jones to Newall

E. Mulberry

Zarzamora

El Jardin

36th Street @ Hwy. 90

Fair/Pine

Greer Storm Drain Project

Gever St. Drainage

Lennon Court - Clark Ave. to TH 37

S Presa to San Antonio River Qutfall
W. Hart/S. Flores/Octavia (Octavia #63)
East Sayers - Pleasanton to S. Flores
Mayfield/Boswell/Dickson

Olmos Creek-Olmos Dam to Hildebrand
N. New Braunfels

Del Alamo - Jefferson / W. Martin / SA River
Brooklyn-Ave. B to Austin St.

Austin St. - Hackberry to Ave. B

Lamar - Hackberry to Austin St.

Brunet - Cherry to Live Oak

E.White - Mission to Roosevelt

Adele - Drexel Rd. to Fair Ave

E Magnolia - Main to Carleton
Hawthorne - Flores

Clay Street Drainage

W. Kirk - Neimeyer to Carolyn

Main Ave. / Old Guilbeau / San Antonio River
Simms Area Drainage

Mc Cullough at N. St. Mary's

7of 15

ESTIMATED COST

$125,441
$327,750
$325,772

$639,000
$2,700,000
$2,302,660
$1,300,000
$1,680,000
$1,000,000
$14,405,000
$12,742,375
$200,000
$1,200,000
$8,100,000
$1,081,421
$1,303,368

$1,400,000
$5,400,000
$1,500,000
$1,500,000
$6,000,000
$2,000,000
$1,095,652
$3,000,000
$12,300,000
$15,755,900
$5,632,000
$2,090,000
$2,625,000
$2,400,000
$2,535,000
$365,000
$2,000,000
$217,000
$180,622
$1,130,500
$403,000
$4,300,000
$602,500



KEY
#1058

AH-1
AH-2
AH-3

AH-4

AH-5
BB-33
BD-15
BD-16
BD-48
BD-49
BD-57
BD-61
BD-70
BD-73
COE-3
COE-4
COE-5
COE-6
CT-48
S-9
SA-4

SA-5
SA-6
SA-7
SA-8
SA-9
SA-10
SA-12
SA-17
TX-3

APPENDIX C

LIST OF POTENTIAL MITIGATION PROJECTS

EXT

BY WATERSHED

DESCRIPTION
Mission Road Area - Package 3

N. New Braunfels Street Drainage Channel
Channel Inlet @ N. New Braunfels and Redwood
Austin Hwy. street Drainage Channel (N, New
Braunfels to Broadway)

Drainage Channel From Terrell Hills to Alamo
Heights

Broadway Street Drainage thru Alamo Heights
Sa River (Symphony Lane Area)

Octavia #63 Phase 11

Rip-Rap #69 Phase 11
Claremont/Eleanor/Natalen, Phase 11
Claremont/Eleanor/Natalen, Phase III

Florida: IH-37 to St. Mary's

Gevers: [H-10 to Warding

Mancke Area Streets, Phase 11

Mitchell Street - Probandt to Roosevelt

Six Mile Creek @ Sa River Drop Structure eroded
SA River @ Overflow to San Juan Ditch eroded

SA River @ San Juan Lift Station Dam tri-lock eroded

SA River tunnel inlet, trash rakes, splitter walls
Padre Boulevard Bridge widening

Gate #2 Brackenridge Park

Major Drainage Improvements and Channel work
along SA River

SARIP - Josephine to Lexington

SARIP - Hildebrand to Josephine

SARIP - Brooklyn Street Dam

SARIP - Guenther to Lone Star

SARIP - Lone Star to San Pedro Creek

SARIP - San Pedro Creek to Espada Dam

SARIP - Espada Dam

Pyron Rd. @ Old SA River LWC replacement
Mitchell Street - from Probandt to SP536 (Roosevelt
Ave.)

Six Mile Creek Watershed

#39
#65
#68
#68
#68

J

D
RipRap
A

D

Roselawn

Wabash
Kendalia/Commercial
Clovis

Garnett

8of I5

ESTIMATED COST
$1,400,000
$12,000,000
$1,000,000
$2,000,000

$1,000,000

$15,000,000
$1,271,940
$6,896,000
$10,000,000
$687,975
$800,714
$1,450,300
$644,645
$957,918
$1,463,764

$400,000
$493,000
$3,250,000

$10,644,000
$1,992,000
$917,000
$1,874,000
$1,700,000
$6,905,000
$11,675,000

$1,878,228

$2,000,000
$3,825,000
$13,000,000

$1,000,000



KEY
#69

#69
#83
#83
#83
#83
#83
#1001
#1006
#1009
#1015
#1023
#1031
#1053
#1066
#1077
BD-2
BD-14
BD-22
BD-25
BD-32
BD-51
BD-64

APPENDIX C

LIST OF POTENTIAL MITIGATION PROJECTS

EXT
RPRAP2G

RPRAP2ZD

A
B
C
X
XE

BY WATERSHED

DESCRIPTION
Southcross from Pleasanton to Commercial; Tupper,
Nobb

Cannavam/Brunswick/Tupper

Branches of Six Mile Creek

Branches of Six Mile Creek

Branches of Six Mile Creek

Ashley / Espada, Phase 11

Oppenheimer

Baker St. Drainage

Hutchins- Zarzamora to Commercial
Wilma Jean- Rockwell

Zarzamora / S. W. Military to IH 35
Brabach - Roosevelt to Six Mile Creek
Formosa - Cullin to Pleasanton

Aaron (@ Commerical & Cullin to Ascot
Vestal Place - Commercial to Pleasanton
Comimercial - Petaluma to IH 410
Ansley Boulevard Drainage #1091
Military Ditch #65

Escalon Street Drainage #1008

S. Flores Drainage #70-70A Phase I1, Part 3
Upper Six Mile Creek #83F

Drury Lane: Escalon to Dead End
Hilton: Clovis to W. Amber

San Pedro Creek Watershed

#35
#35
#35
#46
#254
#1029
BD-10
BD-40
BD-58
BD-71
BD-74

TX-5

TX-6

X
Y
C

Drainage Channel - Ripley / R.R.

San Pedro / Huisache/Mark Twain Middle School
Hickman Extention to Fredericksburg

Baylor St.

Camp/S.Alamo

Cumberland - Nogalitos to Garland

Harris Storm Drainage

Baylor Street - San Pedro Creek To Flores Street
Frio City Rd.: Brazos to Zarzamora

McKay (400 & 500 Blks)

Mockert Street Area: {Mockert, Forest, Lambert,
Klein)

South Flores - from Alamo Street to San Pedro Creek
Utility improvements

South Flores - from San Pedro Creek to Franciscan

9of 15

ESTIMATED COST

$2,293,891

$5,750,000
$3,000,000
$3,000,000
$3.010,000
$14,261,984
$4,759,389
§1,195,000
$2,800,000
$1,500,000
$340,000
$5,505,000

$214,000
$229,000
$1,720,000
$2,589,491
$1,657,572
$963,342
$2,200,000
$4.662,459

$318,984

$2,000,000
$3,500,000
$2,000,000
$2,000,000

$962,145
$1,675,600
$1,731,687

$205,998
$2,086,272

$157,550
$1,300,000

$2,831,372

$4,477,599



KEY

APPENDIX C

LIST OF POTENTIAL MITIGATION PROJECTS

EXT

BY WATERSHED

DESCRIPTION

Zarzamora Creek Watershed

#97
BB-26
BD-1
BD-6
BD-36
BD-45
BD-46

B

Trailwood, Hollyridge, Colebrook
Zarzamora Creek Area

39™ Street #58M Phase 11 A Street Drainage
Culebra Drainage Project #58F (Zarzamora)
39" Street #58M, Phase I

Callaghan: Bandera to Horseshoe Bend
Callaghan: W. Horseshoe Bend to Ingram

LOWER SAN ANTONIO RIVER WATERSHED

#82 A Brooks Field Qutfall

#1082 Brookside

BB-13 SA River (Rabel Area)

BB-25 SA River (Villamain Area)

BD-19 San Antonio River Improvements

COE-1 San Antonio River Pilot Channel South of 410 Erosion

COE-2 SA River Channel Erosion Downstream of Ashley Rd.

CT-4 City of Elmendorf - Complete Drainage Improvements

CT-38 Blue Wing Road - Replace LWC

SA-11 SARIP - Espada Dam to Espada Mission

OLMOS CREEK WATERSHED

#73 A Barbara Dr. Drainage -McCullough

#73 B Barbara Dr. Drainage

#73 C Thames

#74 A Vidor

#74 B Belfast and Ridgecrest

#74 C Terra Alta Dr. Outfall

#74 X Lorene to Sahara

#87 E Rock Creek

#88 E Orsinger Rd. Sleepy Hollow

#1014 Nacogdoches- Broadway to New Braunfels under
construction

#1068 Shook Ave.

#1075 Lockhill Selma -West Ave. to Blanco

#1080 Veda Mae - Shearer Hills

BD-3 Ave Maria Drainage — Underground Drainage System

BD-8 Flores/Breeden/Beacon Outfall Phase 11

BD-11 Howard Drainage (Wildwood to El Monte) —

Reconstruct Drainage

10 of 15

ESTIMATED COST

$1,700,552
$584,630
$739,108
$4,394,000
$600,652
$2,900,000
$1,618,647

$11,031,969
$3,342,000

$365,438
$5,259,997

$450,000
$203,559
$4,232,000

$10,811,000
$2,000,000
$2,400,000
$4,059,000
$789,000
$1,000,000
$2,002,000
$3,408,000
$3,780,000
$679,500

$250,000
$8.934,500
$4.300,000
$2,200,000
$1,051,700
$737,828




KEY
BD-23
BD-54
BD-85
D-13
D-14
D-15
D-16
D-17
D-24
OP-1
R-5
R-6
SA-2

TX-2
TX-10

APPENDIX C

LIST OF POTENTIAL MITIGATION PROJECTS

EXT

SALADO CREEK WATERSHED

#75
#75
#75
#75
#75
#76
#76
#7117
#78
#89
#114
#114
#114
#152
#153
#154
#154
#155
#203
#204
#205
#2006
#1000
#1004

] el o @ Rlv =

OO0 w

EXT

BY WATERSHED
DESCRIPTION ESTIMATED COST
Lockhill — Selma Rd. — George to Wurzbach Rd. $3,500,000
El Monte: Blanco to San Pedro $400,000
Western #74 Phase IIIA $943,993
Vulcan Quarry Detention Pond $1,997,125
Shavano Park Detention Pond $5,711,478
Lockhill Selma — George Rd. Channelization
West Branch Channelization
West Ave. @ Loop 410
Redland Detention Pond & Channelization
Shook Ave. Drainage Channel Improvements 1 $1,100,000
Channel Clearing — East Olmos north Loop 410 $221,778
Dreanland Bridge at Olmos Creek $1,750,000
Detention Facility on East Branch of Olmos in $2,800,000
Shavano Park
Lockhill Selma Rd. - George to Whisper Path $4,680,000
U.S. 281 at Jones Maltsberger Repair Rip-Rap $30,000
Vandiver $2,536,000
Cave Ln $9,428,000
Haskin $3,773,500
Kenilworth $8.390,200
Busby $4,107,000
Beitel Creek $4,249.000
Randoiph Blvd. Tributary $2,000,000
Devonshir/Brookside $10,963,300
Harry Wurzbach to Corinne $3,588,130
Pershing Creek $8,344,655
E. Houston/Sapphire (Phase II) $2,000,000
Rice, W. W. White to Semlinger $9,625,000
W.W. White - Area Sts. (Phase IT) $5,864,000
Rittiman Outfall $2,000,000
Nacogdoches $15,394,250
Center Park East $138, 305
Fratt Road $3,343,260
Schertz / Weidner (some private development) $9,632,000
Springfield Extention (TxDOT) $10,540,000
Rigsby $2,304,200
Holmgreen Rd. Outfall $11,662,365
Jo Marie / W. W. White $5435,660
Belford St. - Dublin to Utopia $9,980,486
Parhaven $481,214
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#1005

#1012
#1016
#1017
#1022
#1025
#1026
#1030
#1034
#1036
#1037
#1038
#1065
#1069
#1072
#1076
#1078
#1081
#1083
#1084
BB-14
BB-18
BB-19

BB-21
BB-24
BB-27
BB-29
BB-31
BB-32
BD-4

BD-5

BD-12
BD-13
BD-17

BD-20

BD-24
BD-30
BD-33
BD-39
BD>-41

APPENDIX C

LIST OF POTENTIAL MITIGATION PROJECTS

EXT

BY WATERSHED

DESCRIPTION
Moana St.

Fertile Valley Farms Subdivision

Wenzel Rd. - Ridgemeadow to Topperwein
Coker Lane Stout Ext.

Braniff - Turbo to 281

Bel Meade

Coca Cola Dr. - E. Houston to E. Commerce
Emil Rd. - W.W. White to IH 10 (TxDOT)
Lindenwood

Kentwood Manor - Lorence Creek

Paso Del Norte

Stahl Road - Bell to Briarpoint

Parliament at Blanco

Earthen Channel - Patricia to Blanco

Valley Forge

Stringfellow - Southcross to Kashmuir
Chandler - W.W. White to Dead End
Peggy/Stutts

Menger Creek - Cisco Blvd & area streets
Sams & Bernard

Southton( 1 property with improvements)
Tributary to Salado Creek (Pipestone Dr.-Phase |
Beitel Creek Area (Briarglen Drive - 13 properties -
Phase I)

Salado Creek (Wheatly Hts Area - Phase 1)
Rosillo Creek Area (McNutt - Phase I)
Salado Creek (Wheatly Heights - Phase II)
Rosillo Creek Area (McNutt - Phase 1)
Beitel Creek Area (Morga Area - Phase 1)
Beitel Creek Area (Wurzbach - Phase 1])
Blossom/Woodbury

Busby and Flamingo Drainage
IH-35/Gembler (Salado Creek)

Lanark Drainage (#92A)

James Park Development and Holbrook Road
Improvements

Wheatly Heights buyout and Salado Creek Greenway
Development

Rittiman: Austin Hwy. to Harry Wurzbach
Higgins: Nacogdoches to Stahl

Pecan Valley: "J" Street to IH-10

Aurelia - M.L. King to Yucca

Bee Street - Walters to Frank

12 0of 15

ESTIMATED COST

$226,474
$2,155,350
$1,251,250
$404,165
$745, 290
$2,088,128
$4,665,000
$2,128,750
$1,290,640
$5,963,160
$1,580,380
$1,500,000
$1,535,000
$670,400
$268,860
$396,850
$1,620,680
$2,888,760
$6,200,000
$1,789,375
$200,000
$408.600
$1,442,900

$5,597,697

$5,597,697

$3,200,000
$70,000
$660,000
$3,027,480
$910,657

$3,540,384

$1,018,893
$2.407,407
$1,200,000
$210,242
$411,000



KEY
BD-42
BD-43
BD-47
BD-53
BD-56
BD-60
BD-63
BD-66
BD-69
BD-81
BD-§2
BD-88
CT-24
CT-37
CT-44
D-18
D-19
D-21
D-22
S-11
S-12
S-13

S-14

S-15
S-18
5-20
SA-14
SA-15
TX-7
TX-11
TX-14

V-8

APPENDIX C

LIST OF POTENTIAL MITIGATION PROJECTS

EXT

BY WATERSHED

DESCRIPTION
Belgium: Picarde to Coliseum

Bitters: Broadway to Nacogdoches

Cardiff: Aransas to Dead End

Duval/Seguin: Pierce to Walters

F Street: pecan Valley to IH-10

G Street: Pecan Valley to dead-end

Hi-Lions 80 Mod Phase IIl & V

Holbrook Rd. Area Improvements

Leonhardt: Encanta to Weidner

W.W. White Phase I: Rigsby to Lord

W.W. White Road Area Streets Phase 11

Carson Street: Walters to Frank

Deer Cross Lane - Replace LWC

Menger Rd. - replace LWC

0Old Corpus Christi Rd. Bridge Widening

NRCS Retention pond site 15R @ McAllister Park
Beitel Creek north of Loop 410 Channalization
Perrin Beitel Channalization

Holbrook Road Channalization

Salado Creek - R.R. Bridge Replacement

Salado Creek - Channel Rectification

Salado Creek - Rigsby to Roland (floodplain
rectification)

Salado Creek - Downstream of "I" Street Park to
Rigsby Floodplain Rectification

Salado Creek - "J" Street Park Channel Rectification
Salado Creek - Peltz to IH-10 Floodplain Rectification
Salado Creek - Eisenhauer Rd. to Ft. Sam Houston
Salado Creek Study — S. Loop 410 to E. Southcross
Salado Creek Study — E. Southcross to Rigsby Ave.
[H-35 West Frontage Rd: Holbrook to Walzem
Loop 410 at Beitel Creek

FM-2696 south of Cibolo Creek - Repair roadbed
Remove 5,000° of Weidner and 2,500 of Old
O’Conner Roads

Remove 1,800° of Ira Lee from Austin Hwy.
northward to limits of floodplain. Remove 600’
roadway connection to Holbrook Rd. and reroute 600’
of Holbrook Rd.

Clear and Channelize 12,900° ofSalado Creek between
Wetmore & Jones Maltsberger Rd.

New multiple pipe culverts (@ Jones Maltsberger and
Mud Creek

13 0f 15

ESTIMATED COST

$1,702,566
$1,953,326
$666,392
$880,000
$186,419
$137,042
$5,476,000
$1,200,000
$809,391
$3,030,546
$2,740,932
$274,064
$186,325
$280,000
$400,000
$4,375,000
$2,200,000
$1,100,000
$961,225
$1,001,000
$1,609,000
$3,240,000

$6,883,000

$2,949,000
$22,028,000
$42,484,000
$75,000
$75,000
$1,177,900
$78,171

$844,750

$345,900

$20,189,400

$250,000
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V-12

V-13
V-14

V-15

V-16
V-17
V-18
V-19

APPENDIX C

LIST OF POTENTIAL MITIGATION PROJECTS

EXT

BY WATERSHED

DESCRIPTION

New multiple pipe culverts @ Jones Maltsberger and
Elm Creek

New bridge structure at Binz-Engleman Rd. at IH 35
New bridge structures for frontage roads at [H 35 and
reroute Seguin Rd.

New multiple box culverts and raise 2,700° of
Bulverde Rd.

New W. Avenue Bridge over Salado Creek

New Vicar Road Bridge along Beitel Creek

New Roland Bridge at Salado Creek

New W. Avenue Bridge at Panther Springs

CALAVERAS CREEK WATERSHED

CT-1 Foster Road Structure Replacement - (3) U.S. 87 to
Sulpher Springs Rd.

CT-22 Gardner Rd. - Increase capacity of drain culvert 0.6 m
south of Sulphur Springs Rd.

CT-32 Real Rd. - replace low water crossing 0.1 m west of
FM 1516

CT-39 Zigmont Rd. - replace low water crossing 0.1 m south
of Macaway Rd.

CIBOLO CREEK WATERSHED

BB-1 Lyndon Drive

BB-10 Lost Meadows

BB-11 Aztec Lane

BB-12 Bolton (11 properties, 11 w/improvements)

CT-8 Blanco Rd. - replace LWC

CT-9 Bulverde Rd. - replace LWC

CT-10 Smithson Valley - replace LWC

CT-14 Trainer Hale Rd. - replace LWC

CT-16 Weir Rd. - Replace LWC

CT-17 Shaeffer Rd. - replace LWC

CT-28 Specht Rd. - replace LWC

CT-29 Old Fredericksburg Road

CT-35 Uhlrich Road - 0.3 m north of New Berlin Road

CT-46 Evans Road Bridges

S-31 Cibolo Creek - 2.3 m down-stream of Schaeffer Rd. -
relocation and flood proofing

S-32 Cibolo Creek - 1.3 m upstream of Schaeffer Rd. -

Relocation and floodproofing
14 of 15

ESTIMATED COST
$400,000

$3,240,000
$3,000,000

$500,000

$2,682,000
$1,500,000
$2,400,000

$250,000

$68.145
$73,834

$139,188

$968,813
$165,022
$402,390
$530,236
$565,000
$575,000
$560,000
$430,000
$425,000
$450,000
$450,000
$460,000
$185,000
$1,700,000
$852,000

$368,000



APPENDIX C
LIST OF POTENTIAL MITIGATION PROJECTS

BY WATERSHED
KEY . EXT DESCRIPTION ESTIMATED COST
TX-14 FM 2696 south of Cibolo Creek

MARTINEZ CREEK WATERSHED

BB-9 Schaefer Road $479,776

CT-31 Glen Fair - Increase capacity of drain $127,645

CT-34 New Berlin Road - replace LWC $180,000

CT-36 Abbott Road - replace LWC $145,000

TX-8 IH-10 S. Frontage Rd. @ Woman Hollering Creek - $14,159
remove and regrade channel

TX-9 IH-10 S. Frontage Rd. - repair rip-rap channel $7,774

TX-13 FM 1516 (@ West Saldtrillo Creek - repair erosion and $23,527
clean culverts

UC-1 Kitty Hawk Road @ Salatrillo Creek LWC $500,000
replacement

485 1\00\Word\Reports\000215a2
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(2) Large Scale Maps located in the
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Flood Control Projects — 1996 Texas
Department of Transportation Projects
Universal City Drainage Projects Plan
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BEXAR COUNTY FLOOD ANALYSIS REPORT
DECEMBER 1, 1999

SECTION 1
EXECUTIVE SUMMARY

The flood of October 1998 devastated certain areas in Bexar County and south central Texas., As
a result of this flood the San Antonio River Authorty (SARA) was asked to prepare a report that
analyzes the flood and presents ideas on potential flood mitigation projects that can protect the
community during future floods. SARA is a political subdivision of the State of Texas created in
1937 whose jurisdiction includes Bexar, Kamnes, Wilson and Goliad Counties. SARA’s legislative
authority includes flood control. Over the years SARA has developed many flood control projects
in Bexar County and has on file a vast resource of information that was considered during the
analysis. This flood analysis report also involved collection and analysis of information from many
sources.

Highlights of the information collected during the study are included in Volume II of this report. This
information includes past studies and investigations, discussed in detail in Section 2 of this report, and
information from Bexar County, the City of San Antonio, other cities in Bexar County, and from
newspapers and television stations. Information was also gathered from the United States Geological
Survey, Federal Emergency Management Agency, the Natural Resources Conservation Service,
National Weather Service and the Bexar Metropolitan Water District.

A general description of the October 1998 flood is included in Section 3 of this report. This section
includes a meteorological summary of the event. The summary describes the meteorological
conditions that created the storm and points out that even though this was an extraordinary flood
event it was not necessarily unusual for South Texas. Color isohyetal maps for the 1921, 1946, and
1998 floods are included in Section 19. These maps illustrate the amount and location of rainfall for
three of the biggest storms observed in Bexar County over the last one hundred years.

A Probability Frequency Analysis is presented in Section 3. The history of flooding in Bexar County
and South Central Texas is again discussed. This analysis indicates that flood frequency values varied
for the San Antonio River and its tributary creeks across the county and ranged from a 25-year flood
to a 500-year flood.

Summaries of the performance of the Olmos Dam and the Salado, Calaveras and Martinez Dams
during the October 1998 flood are included in Section 3. These detention dams all proved to be very
valuable in controlling floodwater during this flood event. The Olmos Dam reached its highest
recorded level and stored an estimated 11,500 acre feet of stormwater. The Salado Dams detained
floodwater flow in the Salado Creek upper watershed area and stored an estimated 32,000 acre feet
of stormwater. Despite this, the Wheatley Heights area along Salado Creek received massive
amounts of floodwater from areas downstream of the detention dams and experienced devastating
flooding. Currently under construction the Salado Dam 15R is the last dam in the Salado Creek
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watershed. The completion of this dam will provide additional flood control for the Salado Creek
watershed. With 15R complete, the Salado Creek flood elevation during the October 1998 flood
would have been reduced at Loop 410 by approximately five (5) feet.

The San Antonio Channel Improvement Project (SACIP) which was constructed by the U.S. Army
Corps of Engineers performed well. It did receive erosion damage during the flood but floodwaters
for the most part were contained within the banks of the river channel. An area along Martinez Creek
and the Symphony Lane neighborhood along the San Antonio River did flood however.

The San Antonio River Tunnel and the San Pedro Creek Tunnel both performed admirably to divert
flood flows beneath downtown San Antonio. These tunnels prevented millions of dollars in damage
from occurring downtown and probably saved an unknown number of lives. Besides the tremendous
reduction in flood hazards and damage, these two tunnels have dramatically improved the potential
for downtown development and have proved their value as an asset to Bexar County as a whole.

In the evaluation of potential flood projects, a project priority matrix analysis was developed and is
presented in Section 4. Weighted values were assigned to seven performance objectives. The
performance objectives include: Hazard, Damage, Fiscal, Environmental, Legal, Development and
Recreation in order of the greatest to least weighted value. The weighted evaluation values were
discussed with Bexar County staff. Each potential project’s objective was then rated on a scale of
one to 10 to determine its individual relative rating.

The potential flood control projects are identified in Section 5 of this report. Projects are divided into
two groups. Those with an identified funding source and those without. The projects with an
identified funding source were not analyzed in the priority matrix analysis. These projects are
indicated by green labeling on the project maps. The projects that did not have an identified funding
source were analyzed in the priority matrix analysis. The analysis of the unfunded projects classified
them into two categories. The categories are 1) “Projects Identified For Further Study” which are
indicated by red labeling and 2) “Other Projects” which are identified by orange labeling.

After analyzing the projects in the priority matrix analysis, they were listed in order of highest to
lowest ratings. Projects with a rating of 240 points or greater were identified as those which might
warrant further study. Those with a rating of less than 240 points were placed in the “Other Projects”
category. The projects which were identified for further study have been separated into five major
watershed areas. This allows the flood control needs of the entire county to be considered on a
balanced watershed to watershed basis. The total estimated cost for the “Projects Identified For
Further Study” is $149,225 000. The “Other Projects” total estimated cost is $186,882,000.

The database established in this Bexar County Flood Analysis Report provides an excellent basis for
further analysis and can easily adapt for future revisions or additions. The emphasis of the report was
to gather as much information as possible and present the information in a format that can help define
projects for future development. The projects identified in Section 5 should be studied in further




detail to define immediate and apparent needs. Also, an early flood warning system for the entire
county should be considered for further study.



detail to define immediate and apparent needs. Also, an early flood wamning system for the entire
county should be considered for further study.




SECTION 2
SUMMARY OF PAST STUDIES
AND INVESTIGATIONS

Bexar County and the City of San Antonio have suffered 15 major floods since 1819. The flood of
1913 prompted the City of San Antonio to commission a flood study by the firm of Metcalf and Eddy.
This study warned of the potential for additional catastrophic flood damage. The study recommended
the construction of Olmos Dam and channelization of the San Antonio River through downtown.
This study was completed in 1920. The Flood of 1921 proved Metcalf and Eddy correct, 51 lives
were lost and $5.45 million dollars (1921 dollars) worth of damage was suffered in the City of San
Antonio. Olmos Dam was completed in 1926 at a cost of $1.5 million dollars. Through the next
several years, the Works Progress Administration (WPA) and the City of San Antonio worked on the
recommendations of Metcaif and Eddy and spent $3.05 miilion dollars channelizing, straightening,
enlarging and deepening the San Antonio River and its tributaries in the heart of San Antonio. The
work straightened the river by constructing seven cutoff channels and effectively shortening the river
by almost 9,000 feet.

The next major study of the San Antonio River was conducted by the United States Army Corps of

Engineers. This study was begun in 1938 but World War II delayed its completion. The flood of
1946 cost six lives and $2.6 million dollars in damage. The preliminary Army Corps of Engineers
Flood Control Examination in 1946 and the Army Corps of Engineers Survey of the San Antonio
River were completed in 1950. In 1954, the Congress of the United States approved the 1946 Army
Corps of Engineers report and the “San Antonio Channel Improvement Project” (SACIP) was
underway. This project approved the widening, straightening and deepening of 31 miles of the San
Antonio River and its tributaries within the San Antonio Metropolitan Area.

The need for soil conservation and flood control in areas outside of the San Antonio River watershed
resulted in the preparation of other studies. As a result the National Resource Conservation Service
(NRCS), formerly the Soil Conservation Service (SCS) studied the Salado Creek, Calaveras Creek
and Martinez Creek watersheds. The NRCS built 13 Flood Retention Dams on the Salado Creek
watershed with one final dam under construction at this time in McAllister Park. Six flood retention
dams were built in the Martinez Creek watershed and seven flood retention structures were built in
the Calaveras Creek watershed.

In 1988 Bexar County and the Texas Water Development Board commissioned a study to develop
a flood protection plan for segments of Cibolo, Leon and Salado Creeks. The consulting engineering
firm of CH2M-Hill was hired in 1989 to accomplish this study. The study area encompassed Cibolo
Creek (25 miles long) from the Guadalupe County line to the corporate limits of Universal City, Leon
Creek (3 miles long) from the Corporate limits of San Antonio to Quintana Road, Leon Creek (13
miles long) from the corporate limits of San Antonio to the end of the reach, and Salado Creek (3
miles long) from the San Antonio River to the Corporate limits of San Antonio. These creek reaches
were identified in the Corps of Engineers Section 22 Study of High Flood Hazard Areas of the
unincorporated areas of Bexar County dated September 1986. The study identified high life-safety
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hazard areas along Salado Creek, Cibolo Creek and Leon Creek. The study prioritized these project
areas and laid out implementation priorities. This study recommended channelization, replacing low
water crossing, widening a Southern Pacific Railroad Bridge, relocating homes and businesses out
of flood plains and the instaliation of signs and railroad type gates at low water crossings.

In 1990, Bexar County and the San Antonio River Authority entered into an Amendatory Contract
that required SARA to carry out further and additional flood control programs and projects. In
preparation for the contract, SARA, the City of San Antonio and Bexar County identified thirty two
(32) projects for consideration. Of these 32, several very important projects were approved for
development. Two of these projects in particular, the San Antonio River Tunnel and the San Pedro
Creek Tunnel, helped prevent the Flood of 1998 from flooding the downtown business district of San
Antonio. The 32 project list included floodplain rectification, relocations, channelization, two flood
tunnels, repairing flood gates and a Bexar County Flood Analysis.

In 1996, the City of San Antonio contracted with Pape-Dawson, Inc. to develop a Master Drainage
Pian for the Leon Creek Basin and its major tributaries from U.S. Highway 90 to the north of Loop
1604. Altogether, 58.4 miles of floodplains were included in the study. The studyidentified 70 areas
(318 structures) that would be inundated by a storm of 100-year magnitude. The study identified
multiple projects such as: 46 roadway/bridge projects, four flood walls, six levees, seven buyout areas
(32 properties), four channel improvement projects (removing 264 structures and two roadways from
the 100-year floodplain) and a public park. This study also identified eight “ Fringe Projects” (30
structures) consisting of five levees, two buyouts (12 properties) and one flood wall. The Leon Creek
Master Drainage Plan also includes five regional detention facilities and four retention/recharge
facilities. Several of these projects are included in a City of San Antonio bond issue and the Bexar
County Infrastructure Improvements Program.

Also in 1996, the City of San Antonio contracted Rust Lichliter/Jameson to complete an Upper
Olmos Creek Watershed Drainage Master Plan. Olmos Creek was studied from Loop 410 at West
Avenue to its upper reaches north of Loop 1604 including approximately 11 miles of creeks. The
study identified six projects for implementation including detention facilities, channel rectification,
channel improvements and a bridge. Only one of these projects has been included as a City of San
Antonio bond project.

The City of San Antonio, Bexar County and the San Antonio River Authority Cooperative Flood
Prevention Program identified two detention projects, channel stabilization and drainage
improvements along the San Antonio River in 1996. The river related projects have been identified
for partial funding by a City of San Antonio bond issue. These projects will be considered for Bexar
County funding on a project by project basis.

The City of San Antonio contracted Vickrey and Associates, Inc. to complete a Salado Creek
Watershed Drainage Master Plan in 1996. The study includes the analysis of 55 miles of Salado
Creek and its major tributaries. The study limits start at the southeast Loop 410 crossing of Salado
Creek and extend upstream along Salado Creek and its tributaries to well beyond Loop 1604 on the
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north side of Bexar County. Included in this watershed are 13 existing NRCS/SARA flood detention
dams in the Upper Salado Creek watershed. This study determined that there were 169 houses, 10
apartment buildings, 65 commercial structures, 23 recreational structures and 68 structures classified
as barns or sheds within the 100-year floodplain. Identified in this study are nine proposed Mitigation
Projects that are floodwater detention projects, channelization projects, re-routing of roadways to
remove them from the floodplain, and a levee. There were also 12 homes and five commercial
buildings proposed for acquisition. Nine bridge and culvert projects were also proposed. Numerous
projects listed in this study have been funded for design and construction through various sources.

The City of San Antonio has several dozen small floodplain studies done by various engineers for
developers, landowners and others. These small floodpiain studies are submitted to the Federal
Emergency Management Agency (FEMA) for review. Most of these studies do not require revisions
to the Flood Insurance Rate Maps. These studies were not considered as part of this Flood Analysis

Report.

The latest Flood Insurance study by the Federal Emergency Management Agency (FEMA) is dated
in early 1996. FEMA will soon be considering revisions to its maps to include the tunnels’ effect on
the floodplain as well as other drainage improvements done since 1996. FEMA produces the Flood
Insurance Rate Maps (FIRM) as a means for various agencies to regulate building in flood prone
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SECTION 3
GENERAL DESCRIPTION OF THE OCTOBER 1998 FLOOD

SECTION 3(a)
METEOROLOGICAL

General History of Flooding in South Central Texas:

Considering the widespread. devastating, record flooding of October 17, 1998, one might think that
this was the biggest flood in South Texas history. There were 18 floods of record associated with
the 1998 flood in the San Antonio, Guadalupe and Colorado River systems. To say this was

unprecedented flooding would be to underestimate the devastating floods that occur ail too regularly
in south Texas and all over Texas.

Regarding property, livestock, building, and roadway damage; this flood certainly belongs in the same
class as a number of storms. Numerous shorter duration storms have produced near or over 24
inches in rainfall in 12 hours including Tropical Storm Amelia on August 2, 1978, Tropical Storm
Claudette on July 24, 1979, a storm at Odem on October 19, 1984, a storm at D’Hanis on May 31,

1935, a storm at Mountain Home (State Fish Hatchery) on July 2, 1932, and a storm at Thrali on
June 9 through 10, 1921,

South Texas history is peppered with comparable floods as described by the following:

A flood from June 27 through 30, 1899 produced 34 inches of rain at Hearne with over six

inches of rain from northwest of Hamilton to the Guif of Mexico. Turnersville near Gatesville
measured 24 inches of rain.

From December 1 through 5, 1913 a widespread area of heavy rainfall from Dallas to Liberty
to Uvalde to San Saba caused the Colorado, San Barnard and Brazos Rivers to merge from
below Interstate Highway 10 to the Gulf. The significance of the merging floodwater was
reflected in a crest of 61.2 feet in the Brazos River at Richmond on December 10, 1913.

An area from Mountain Home to Uvalde was devastated by horrendous flooding on July 2,
1932. A state fish hatchery below Mountain Home on the Johnson Creek drainage measured

35.56 inches of rain in 15 hours. This produced a crest at Hunt on the Guadalupe River of
36.6 feet.

Hurricane Beulah wandered around the Texas mid and lower coastal plain on September 20

and 21, 1967, before dying over the Sierra Madre Oriental range in Northern Mexico near

Monterrey. This system produced four centers over 30 inches, and 11 centers over 20 inches
over the descrbed area.

Widespread flooding in 1935 produced a crest of 50 feet and flow of 481,000 cfs on the
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Colorado River at Austin. This put over ten feet of water in downtown Austin businesses.

Heavy rain and devastating flooding extended from El Dorado to Brady to George West to
Del Rio.

The 1935 flooding was followed the next year by widespread flooding with a 30 inch center
northwest of San Angelo from September 13 through 18, 1936. Heavy rain extended from

Sterling City to Coleman to Ozona. The drainage produced a crest of 31.40 feet on the
Colorado River at Austin.

A storm during the day on June 24, 1948 caused rainfall with centers of 24 inches above
Carta Valley in Edwards County, 28 inches north of Del Rio in Val Verde County and 36
inches west of Bracketviile in Kinney County. This event produced devastating flooding in
local streams and down the Rio Grande River.

The 1948 flooding paled in comparison to the remnants of Hurricane Alice which produced
two 35 inch centers northwest of Del Rio in the Pecos River drainage (Tom Everett Ranch)
and the Devils River drainage (Vic Pierce Ranch). Flow of 1,000,050 cfs was estimated at

the Pandale gage in the Pecos River and 1,140,000 cfs was measured in the Rio Grande River
at Del Rio.

The remnants of Tropical Storm Amelia produced 48 inches of rain in a 52 hour pes |

ending 7:00 a.m. August 2, 1978 just northwest of Medina in the Rocky Creek drainage or
the Medina River.

The remnants of Tropical Storm Claudette produced 42 inches of rain in 19 hours three miles
northwest of Alvin beginning at noon July 24, 1979 with a storm total of 45 inches.

OnMay 31, 1935 a stalled upper low produced 21.83 inches in two hours and 45 minutes at
D’Hanis as documented by Mr. Jarboe with the San Antonio Weather Bureau office.

On October 19, 1984 two observers in Odem, Texas measured 24.0 and 25.5 inches
respectively of rain in three hours and 45 minutes. This was documented in a survey by the
Corpus Christi and the Southern Region National Weather Service offices.

The above presentation is by no means a complete discussion of historical flooding. The discussion
is to point out that a flood of the October 17 through 18, 1998 magnitude, although widespread and

devastating, happens all too often in South Texas. This flood is by no means unprecedented over
South Texas.

It is important to note that the mistakes developers put in the floodplain, Mother Nature periodically
sweeps clean with heart wrenching results to mostly innocent home and business owners. Ifthere can
be a good side to this flood, it happened during the daylight hours. If the flooding in any of S==
Antonio, New Braunfels, Seguin, Gonzales, or Cuero had happened during the early morning hc
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the loss of life couid have very possibly been in the hundreds.

As an example of what could have happened. the flood of September 9 and 10, 1921 put 12 feet of
water through downtown San Antonio; drowned 51 persons in San Antonio; drowned 87 peopie near
Taylor; and 93 in Williamson County. The 231 total fatalities made this the deadliest flood in Texas
history. The flood was the remnants of a hurricane which made landfall south of Brownsvilie
September 6 and produced the deadly rainfall during the late evening hours through early moming
hours of September 9 and 10, 1921. The December 1913 flood resulted in 180 drownings.

Meteorology of the October 17 through 18, 1998 Flood:

Hurricanes Madeline in the Eastern Pacific near the tip of Baja and Lester in the Eastern Pacific south
of Madeline near Acapuico coupled with a long wave over the Western United States (a closed low
near the 4 corners area) sent very deep water vapor across Mexico through Texas into the
Central/Northern Plains to the Great Lakes region. Another long wave east of the above area

extending from the North Atlantic to the Yucatan Peninsula confined the water vapor piume to the
above band.

A strong low level jet stream flowed from the Guif of Mexico across the Texas mid coastal bend into
Bexar County the morning of October 17, 1998. There was upper level difluence over South Central
Texas. By 6:00 a.m. the area of western Bexar County extending northward to Kendall County
began to experience explosive lift and rainfall. A band from near Spring Branch to near Lacoste had

received four to six inches of rain and by 8:00 a.m.six to ten inches. By the late morning hours, this
area would see up to 14 to 15 inches of rain.

Then, an outflow boundary pushed eastward into the prevailing low level, extremely moisture rich
flow. The recording rain gauge at Wimberley showed the heavy rainfall beginning there at 8:00 a.m..
It continued to rain throughout the day and the area had received over 12 inches by 11:30 p.m.

By late morning hours, the heavy rain had extended to Hays and Travis Counties. The heavy rainfall

fell in the Blanco River drainage, the Pedernales River drainage beiow Johnson City, and proceeded
to the Onion Creek drainage above Driftwood downstream.

Comal and Guadalupe Counties received generally nine to twelve inches from late morning to early
evening on October 17, 1998.

By mid day on October 18, the tropical plume and heavy rainfall shifted southeastward to the upper
Texas Coastal Plain and extended into Louisiana.

Cibolo Creek Flooding:

At Selma, the gauge flooded at 22 feet with the flood stage at 17 feet. At Schertz, there was crest
well above the 26 foot crest of June 22, 1997 with the flood stage at 13 feet. At 13 feet, mobile
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homes were floating like boats and moved downstream until they hit something permanent. There
were groups of mobile homes against any permanent obstruction such as a grove of trees. Kens
Trading Post located southwest of Highway 78 and Cibolo Creek is nothing but a memory. The
building broke apart and floated downstream. Farther upstream in the floodplain another community
of mobile homes, permanent homes, and RV’s were completely destroyed and moved downstream
until they encountered an obstruction. Many homes above the city park and upstream ofthe Highway
78 bridge flooded again as they did in June 1997. The railroad bridge trestle had water just to the

tracks. Flow did not go over the top shouiders beside the tracks but got just to the shoulders a foot
beiow the top of the bridge.

Downstream near La Vernia, sheet flow surged over the floodplain in an area well over a mile wide
and up to six feet deep. Many homes flooded in this area. One lady was rescued by helicopter and
fell from the basket from treetop level. She fell back into the water and was severely injured with
reported damage to her spine. La Vernia volunteer firemen performed rescues in fire trucks where
they could and commandeered a couple of high powered boats. The boats were destroyed in the
rescue attempts. The Diamond Shamrock service station, a day care center, and a hardware store in
La Vernia were flooded. A fire truck stalled in La Vernia near the Diamond Shamrock station for
hours. The firemen themselves were rescued.

Downstream below Sutherland Springs, Highway 87 was flooded with several feet of water for miles.
Debris dams in the trees beside the highway were testimony to remnants of houses, boats, cars
items that flowed across the road.

At Falis City the creek crested at 39.9 feet with the flood stage at 20 feet. There was very heavy loss
of livestock.

Salado Creek Flooding:

The upper USGS gaging station at NE Loop 410 flooded rising through 21.1 feet with the flood stage
at 12 feet. Flow was over the railings of Loop 410 at Salado Creek. A prominent restaurant
upstream in the Los Patios Shopping Center had four feet of water in it. It had never flooded before.
All the businesses in the very nice shopping center had several feet of water in them. One business,
that had never previously flooded, floated a few inches downstream and crumpled the edge of the
roof in some trees. A greenhouse that had flooded a few times before was completely destroyed.

The KOA campground downstream near Gembler Road flooded horribly. RV trailers and permanent
log cabins were scattered about over most of the campground. The administration office had five feet
of water in it and flow was well over Gembler Road. Many homes in the floodplain were flooded
severely. Numerous homes flooded in any given section of the length and breadth of the Salado
Creek floodplain from below NE Loop 410 to the San Antonio River confluence. The SE Loop 13
gage flooded rising above 32.0 feet with the flood stage at 18 feet. The Wheatley Heights area near
Southcross Boulevard and Pecan Valley Drive was devastated with many houses destroyed or

severely damaged.
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Olmos Creek Flooding:

At Dresden Drive, numerous homes flooded above Loop 410 near Lockhill Selma Street. There were
auto fatalities in this area as often accompany floods of this magnitude. The McAllister Freeway
flooded above Olmos Dam. The bottom of the pool is at elevation 680. The freeway begins flooding
at elevation 713 and water goes through the Olmos Dam emergency spillway at elevation 728. The
freeway had about eleven feet of water over it and was flooded for several days.

San Antonio River Flooding:

Olmos Creek becomes the San Antonio River just below Olmos Dam where it merges with spring
flow. Two new flood tunnels on the San Antonio River and San Pedro Creek saved downtown San
Antonio and homes and businesses below Brackenridge Golf Course to the old Lone Star Brewery
from very serious flooding. At Loop 410 in southern San Antonio, the river crested at 36.2 feet with
the flood stage at 20 feet. Several homes just below Loop 410 along the east bank had near 10 feet

of water over the slabs. Flooding also occurred in several homes in the Symphony Lane
neighborhood.

At Elmendorf, the river crested at 64.6 feet with the flood stage at 35 feet. Flow escaped the deep
canyon of the channei and flowed over the very flat floodplain; severely flooding a house on the bank.
A few houses flooded at Floresville but residential flooding was not neariy as severe as in other areas.

Near Falls City the gage flooded early in the event and five homes flooded in the southwest section
of Falls City.

The San Antonio gage at Highway 281 crested at 49.5 feet with the flood stage at 16 feet. The new
Dos Rios wastewater treatment plant had floodwater near the plant site.

Medina River Flooding;:

There was moderate lowiand flooding along the Medina River above Lacoste to above the San
Antonio rain gage at Highway 281.
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1998 OCTOBER FLOOD IN CENTRAL TEXAS

GENERAL INFORMATION
ESTIMATED
GAUGE PEAK
HEIGHT | DISCHARGE SIGNIFICANCE OF
STATION NAME TIME DATE (FT) (cfs) PEAK
SAN ANTONIO RIVER
Alamo Street 10:15am | 10-17-88 10.81 1,916
3:45pm | 10-17-98 12.44 3,011
? ? 16.03 6,100 Max discharge 15,300
400 am | 10-18-88 10.72 1,857 cfs 9-10-21
Mitcheil Street 10:15 am | 10-17-98 11.08 8,700 Flows estimated
4:00 pm 10-17-98 13.34 12,100
3:45 am 10-18-98 2.40
Loop 410 South 200 pm | 10-17-88 29 48,352
4:00pm | 10-17-88 38 83,522
4:15 pm 10-17-98 36+ 65,000+ 7 feet higher than
545pm | 10-17-98 36+ 65,000+ previous highest peak
4:30am { 10-18-98 K} 53,538 -
Eimendorf, Texas 1:30am | 10-18-98 54 .85 40,723
12:15 am | 10-19-98 64.20 75,000 2 times the previous
4:15pm | 10-19-98 54.91 40,894 largest discharge
Falls City, Texas 12:30 pm | 10-19-98 20.61 23,841
2.45 pm 10-20-98 33 70,000 1.5 times the previous
4:15am | 10-22-98 21.00 25,000 largest discharge
Galiad, Texas 230 pm | 10-21-98 48.58 51,360
200 pm | 10-22-98 52.87 55,000 Second highest peak
10:45 pm | 10-23-98 48.98 53,872
SALADO CREEK
Wilderness Trail 8:00 am | 10-17-98 12.75 ?
1:15am | 10-18-88 13.55 ?
Loop 410 North 230 pm | 10-17-98 15.73 28,774
(Upper Station) 3:45 pm 10-17-88 22 .40 68,000 2.4 times the previous
largest discharge
Loop 13 7:45pm | 10-17-98 28.78 13,011 7
{Lower Station) 9:15pm | 10.17-88 zo; ? At least 2 times the
10:45 am | 10-19-98 15.00 2,168 previous largest
discharge
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ESTIMATED

GAUGE PEAK
HEIGHT | DISCHARGE SIGNIFICANCE OF
STATION NAME TIME DATE (FT) (cfs) PEAK
Leon Creek 4:00 pm | 10-17-88 2527 30,008 ?
atiH 35 5:00 om | 10-17-98 26.04 7 6 feet higher than the
B:45am | 10-18-98 28.52 26,000 previous highest peak
Medina River 5:00am | 10-18-88 37.98 28,955 3rd highest peak
at San Antonio 520 pm | 10-18-98 48.45 30,000 ?
Ciboio Creek 11:45 pm | 10-18-98 35.38 33,304
Near Falls City 7:00 am 10-19-68 39.87 ? Greater than 100-year
3:30am | 10-20-98 35.43 33,444 peak discharge

Information ang data based on U.S.G.S. Data.




SECTION 3(b)
PROBABILITY FREQUENCY ANALYSIS

The October 17 through 18, 1998 flood was just one of a number of significant floods that have
occurred in the Bexar County community over the years. It is the consideration of past flood events
through statistical analysis that forms the basis for probability frequency analysis. It is through such
an analysis that the “100-year flood” runoff rate can be established. Although the 100-year flood is
statistically predicted to occur only once in a 100-year period, that does not mean that it won’t occur
or even be exceeded a number of times over an extended period of time. In theory the 100-year flood
has a 1% chance of occurrence in any one year.

To understand the significance of the October 1998 flood a review of past floods along the San
Antonio River is necessary. As Bexar County has developed along the San Antonio River, flooding
has periodically devastated the community. Flooding of the river was a recognized hazard as early
as the flood in 1724 which resuited in the relocation of Mission San Antonio de Valero (the Alamo
Mission) to a safer site. Old Spanish records indicate that the flood of 1819 was another particularly
destructive flood. Following a cloud burst on Olmos Creek, records indicate that the 1819 flood flow
estimated at 30,000 cubic feet per second (cfs) destroyed many homes along the San Antonio River.
In March 1865, a somewhat smaller flood event that was estimated at 7,000 cfs also caused
destruction in the downtown area. Floods in 1880 and 1899 again approached flood flow—f
approximately 7,000 cfs. There were two floods in 1913, one of which approached a flow of ¢
cfs. In 1921, 51 lives were lost and approximately $5.45 million in damages resulted from a major
flood of 15,000 cfs during a cloud burst over Olimos Creek. Another significant flood estimated at
6,000 cfs occurred in 1946. This flood paralyzed the downtown business section of the city. The
flood of October 1998 produced an estimated flood flow of 13,500 cfs at the Mitchell Street United
States Geological Service (USGS) Gage.

The south central area of Texas is very susceptible to extreme rainfall amounts. Climate and
physiography are the controlling factors that increase the potential for the extreme precipitation. The
Baicones Escarpment (the Hill Country) separates the limestone terrain of the Edwards Plateau from
the gently sloping terrain of the Coastal Plains. Because the topography changes abruptly, this region
i3 ideal for lift-convective thunderstorms. Moisture-laden air masses along the established tropical
gulf upper atmosphere jet stream have produced some astonishing amounts of rainfall. In D’Hanis,
some 30 miles west of San Antonio, 22 inches of rain fell in 2 hours and 45 minutes in May 1935.
East of Austin in Thrall 32 inches of rain fell in 12 hours on September 9, 1921.

During the storm of October 1998 rainfall amounts varied from 10 inches as a base throughout the
community and reached levels of 19 inches in certain areas of Bexar County (see Section 19 - Rainfall
Isohyetal Maps). By definition, a 10-inch rain over a 24 hour period qualifies as a 100-year event,
but a rainfall of 19-inches is a record setting occurrence and tends toward a 500-year flood.

Data from the USGS regarding flood volumes and flow rates at various locations in the area clr—"
indicates that the 1998 storm set a new record in the Salado Creek watershed. The rainfallamc .
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produced flows that far exceeded any previously recorded flood flow since 1961. In fact, the
stormwater discharge in Salado Creek was 2.4 times greater than the previous highest discharge in
history, according to the data recorded at the USGS gaging station upstream of Austin Highway.
The data indicates that floodwater flow measured 66,000 cfs in Salado Creek during the peak period
of the storm. The Salado Creek watershed study adopted by the City of San Antonio in 1997
predicted a 100-year flood flow of 57,946 cfs and a 500-year discharge rate of 73,634 cfs. Based

upon the gaging station information and the watershed study predictions, this storm exceeded the
100-year flood estimate flow rates.

The flood flow in Olmos Creek resulted in the “third highest peak” in history. Even though the creek
flows were slightly less than the 1991 and 1993 storms, the water levels indicated a 100-year flood.
The water level in Olmos Dam reached its highest reading over the period of record which began in
1927 when the dam was completed. At an elevation of 723.61, the flood was just 4.39 feet from the
top of the dam and 2.52 feet lower than the predicted 100-year flood elevation.

In analyzing the flood of 1998 it is interesting to note how the rain fell during the duration of the
storm. National Weather Service gaging information just to the east ofthe San Antonio Internationai
Airport indicated that it began raining before 7:00 a.m. on the morning of October 17, 1998. A totai
of 3.1 inches of rain had accumulated by 10:30 a.m. Another intense period of rainfall occurred from
1:00 p.m. to 4:00 p.m. during which time 7.0 inches of rain fell. A third period of rainfall fell between
12:15 a.m. and 5:15 a.m. during the early moming hours of October 18, 1998. Approximately 4.7
inches of rain fell during this period. This produced three peaks in river flow at the USGS gaging
station at South Loop 410. At 2:00 p.m. on October 18, 1998, a flow rate of 46,352 cfs was
observed. Later in the afternoon at 4:15 p.m. over 60,000 cfs was observed. Early in the moming
at 4:30 a.m. on October 18, 1998, a flow rate of 53,539 cfs was observed. In the main channel of
the San Antonio River it is estimated that a 40-year event passed with the first surge followed by a

60-year event associated the second surge. The last surge approached a 50-year event in flow
amount.

The engineering firm of Pape-Dawson, Inc. did an extensive analysis of the Leon Creek watershed
for the storm of October 17 through 18, 1998. The study concentrated on the frequency analysis of
the storm event. The most consistent frequency analysis was obtained by using the total storm
pattern actual accumulation. This produced a return frequency value of approximately 33-years on
the Upper Leon Creek and a value of 296-years at Highway 90 West. The study also indicated that
Huebner Creek had a return frequency value of 160-years for the total storm pattern. The flood stage
in Leon Creek was six (6) feet higher than the previously recorded high water mark. This mark also
exceeded a 100-year flood level in sections of the Leon Creek south of Kelly Air Force Base.

In examining the 1998 storm it is interesting to note that return frequency estimations vary from area
to area. Actual amounts of rainfall and how the rainfall occurred over time are key factors in the
analysis. The condition of the river or creek channei is another important factor. The Flood of 1998
produced flows in excess of a 40-year event over multiple surges along the San Antonio River and
flows estimated near a 500-year event along Salado Creek. In the western portion of Bexar County
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the flood was less significant and may have been on the order of a 25-year event because of reduced
rainfali amounts spread out over a 24-hour period of time. In southern and eastern Bexar County the
flood was devastating along Salado and Cibolo Creeks.
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SECTION 3(c)
OLMOS DAM PERFORMANCE

As San Antonio has developed along the San Antonio River, flooding has periodically devastated the
community. The flood of 1913 was particularly devastating and the City of San Antonio pressed for
a solution to the flooding probiem. In 1920, the firm of Metcalf and Eddy published a comprehensive
engineering study titled “Report to City of San Antonio, Texas Upon Flood Prevention”. The report
was 346 pages, and included a detailed description of the flood problem and a comprehensive

discussion on engineering analysis and solutions. It also firmly established alternatives for flood
control. '

The Metcaif and Eddy report included a number of interesting solutions, one of which was the
consideration of a floodwater detention reservoir on Olmos Creek. The report describes detention
as not being a “new principle”, but having been applied at least as early as the year 1711 when the
Pina and LaRoche Dams in France were built on the Loire River. The concept however was new to

Texas and with the completion of Olmos Dam in 1927, it became the first of its kind of such
magnitude in the state.

Olmos Dam, as part of the river flood control system, was built in 1925 to 1927 at a cost of $1.5
million. The 1,941 foot long concrete structure was founded on a limestone formation with a height
of 54 feet and includes six sluice gates to control flood water releases. The structure was first put
to the test in 1946 and greatly reduced the flood impact to downtown San Antonio. Because the
original dam had a roadway crossing its top and studies indicated that there was the likelihood of
overtopping in an extreme event which could lead to faiiure, it was reconstructed in the late 1970s.
The roadway was relocated and Olmos Dam now has a 1,152 foot “ogee” spillway section. The
reconstruction of Olmos Dam cost approximately $10 million.

Olmos Dam was again put to the test in October 1998. During a 24 hour period of time on October
17 and 18, 1998; eleven to sixteen inches of rainfall fell in the Upper Olmos Creek watershed. The
rainfall runoff from the event filled the dam to a depth of 45.27 feet and was within 4.39 feet from
actually overtopping the structure. It is estimated that 11,500 acre feet of floodwater was stored in
the floodwater detention reservoir upstream of the structure. Approximately 75% of the structures
floodwater storage capacity was utilized during the flood.

The October 1998 event was the flood of record for Olmos Dam. In its 71 year history never had
a storm produced more stormwater runoff. The 1946 flood event resulted in a floodwater depth of
38.04 feet at the dam. The 1998 flood exceeded that depth by 7.23 feet. In reviewing the
engineering computations done to support the modifications to Olmos Dam, the October 1998 flood
came within 2.52 feet of the elevation predicted for the 100-year flood. These computations assumed

all gates closed with no releases from the structure. During the 1998 flood gates were open and
floodwaters were safely passed downstream.

Olmos Dam performed wonderfully. At the height of the flood it was structurally sound while
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effectively storing floodwaters and safely passing those floodwaters downstream. Some questions
arose regarding the rate of release of floodwater from the structure. There was a concern regarding
downstream flooding being aggravated by releases from stored floodwater. There was even a

proposition that the floodwater releases from Olmos Dam were aggravating flooding along Salado
Creek.

Olmos Dam stored an estimated 11,500 acre feet of stormwater during the October 1998 flood.
Without the dam this amount of floodwater would have quickly passed downstream and would have
caused higher floodwater elevations in all areas along the river to the south. It was the storage of
floodwater and controlied reiease of flow, at rates less than what would have been produced by the
flood without the dam, that helped protect downtown and areas along the river to Loop 410 and
further south from flooding. Storage of floodwater did cause problems upstream of the dam
however. Floodwater backed up behind Olmos Dam and onto Highway 281 during the flood and
shut down the highway for a period time.

Floodwaters released from Olmos Dam were confined to and flowed down the San Antonio River.
Because of the difference in the ground surface elevations between the San Antonio River and Salado
Creek watershed divide, floodwater released from Olmos Dam did not flow to Salado Creek. It is
physically impossible for floodwater releases from Qlmos Dam to enter Salado Creek. Olmos Dam
in no way contributed to, or aggravated the flooding situation on Salado Creek. -
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SECTION 3(d)
TUNNELS PERFORMANCE

Downtown San Antonio is protected by two flood control tunnels; the San Pedro Creek Tunnel
(SPCT) which was finished in 1993 and the San Antonio River Tunnei (SART) finished in 1998. The
tunnels are part of the San Antonio Channel Improvement Project authorized by United States
Congress in 1954. The U.S. Army Corps of Engineers is the project federal sponsor and the San
Antonio River Authonty is the local sponsor. Locai funding comes from Bexar County and
completed facilities are operated by the City of San Antonio.

The SART is a massive flood control tunnei designed to protect downtown San Antonio from
flooding that originates upstream of Josephine Street. This is accomplished by diverting a major
portion of a storm event into the inlet facilities iocated at Josephine Street and the San Antonio River.
Flood waters travel in a 24-foot diameter tunnel beneath downtown San Antonio and are released
safely into the niver from the tunnel outlet located at Lone Star Boulevard.

The SART has mechanical equipment at the outlet site to dewater the tunnel for inspection and
maintenance activities. A tunnel recirculation system is included to recirculate tunnel waters
continuaily in order to prevent water quality degradation in the tunnel and in the San Antonio River
in the downtown area. To further enhance water quality, water features at the inlet and outlet sites
are included to provide additional aeration to the recirculated water.

Both tunneis were put to the test during the October 17 through 18, 1998 flood. The watersheds
upstream of the tunnel inlet structures received from 14 to 16 inches of rain over a 24 hour period
oftime. During the flood event, floodwaters were contained within the channels of San Pedro Creek
and the San Antonio River in the immediate downtown area. During the 1998 flood downtown was
protected by the combined effects of the floodwater reduction capabilities of Olmos Dam and the
SPCT and SART. In contrast, the 1921 flood devastated downtown San Antonio.

In addition to protecting the downtown area from flooding the SART also prevented flooding along
the river from the Interstate Highway 35 area to Lexington Avenue north of downtown. The King
William Neighborhood area from Nueva Street to South Alamo Street was also protected by the
SART. South of Downtown, in the area from South Alamo Street to Lone Star Boulevard,
floodwaters were confined to the river channel. There were two areas that did experience flooding
near the tunnel inlet. In the immediate vicinity of Josephine Street there was localized flooding.

Flooding also occurred adjacent to the river from Josephine Street south to Interstate Highway 35
at Newell Street.

The actual flow rate through the tunnei was estimated by analyzing United States Geological Survey
(USGS) flood flow information for the Alamo Street and Mitchell Street gages. The USGS indicated
that the estimated flow at the Mitchell Street gage was 13,500 cubic feet per second (cfs) at a
floodwater depth of 12.43 feet. The flow at the Alamo Street gage was estimated to be 6,610 cfs at
a 16.50 foot depth. Because the Alamo Street gage is upstream of the outlet and the Mitchell Street
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gage is located downstream, an estimate of the tunnel flow was established by taking the difference
between the two flows. Considering a flow rate of 490 cfs from an interceding drainage area, the flow
rate in the SART was estimated to be 6,400 cfs during the flood. Using the high water mark at the
tunnel inlet, the tunnel could have accepted 7,000 cfs. Therefore, it is estimated that the tunnel was
about 90% efficient in conveying floodwater.

Because of the severity of the flood the SART did experience structural damage and operationai
problems during the flood. The trash racks at the tunnel inlet were overwhelmed by the size,
character and amount of trash that washed to them during the flood. Logs, boards and tree limbs
lodged in the drive mechanisms for the trash racks rendering most of them inoperable. But despite
this problem, the SART was still estimated at being 90% efficient. Baffel walls at the throat of the
inlet structure were also damaged. Erosion on the west bank of the river just north of Josephine
Street was evident. At the inlet the recirculation pump vauit flooded out. The only damage
experienced at the SART outlet was to the tunnel dewatering pump. The damage experienced is
considered minor when compared to the benefits derived by the flood protection the tunnel provided.

With the floodwater diversion into the SPCT, the area along San Pedro Creek from just south of
Interstate Highway 35 was protected from flooding ail the way to the tunnel outlet at Guadalupe
Street. There was localized neighborhood flooding north of the tunnel inlet. There was also evidence
that the mechanical trash rack system was overwhelmed by the amount and type of debris that washed
to the inlet during the flood.
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SECTION 3(e)
SAN ANTONIO CHANNEL IMPROVEMENT PROJECT PERFORMANCE

In September of 1946, San Antonio experienced a severe flood. As a resuit of the flood the U.S.
Army Corps of Engineers (COE) resumed their comprehensive study of the flood problems in Bexar
County originally authorized by United States Congress under the Rivers and Harbors Act of 1938.
The preliminary flood control examination was completed in 1946 and the survey of the river
completed in 1950. The entire study went before Congress in 1954 for consideration and approval.
The COE study, titled the “San Antonio Channel Improvement Project” (SACIP) was approved by
Congress in September 1954. The project called for deepening, widening and straightening 31 miles
of the San Antonio River and its tributanies within the San Antonio metropolitan area.

Government funding for COE projects requires a local agency or group to act as the local sponsor.
The sponsor’s responsibilities includes partial funding and obtaining all necessary rights-of-way,
reiocation of all utilities, construction of required bridges, in-channel dams and other project features.
The San Antonio River authority is the project local sponsor. Funding for the project comes from
the Bexar County flood control tax and the City of San Antonio is responsible for the long term
operation and maintenance for most areas of the project.

The flood of October 1998 tested the SACIP’s ability to successfully convey floodwater. The SACIP
provides flood protection for the San Antonio River, San Pedro Creek, Martinez Creek, Alazan Creek
and Apache Creek. The SACIP project limits along the San Antonio River runs from Hildebrand
Avenue to downstream of South Loop 410 on the south side of San Antonio.

The most northern reach of the project along the San Antonio River from Hildebrand Avenue to the
tunnel inlet site at McAllister Freeway has not been completed. This final reach has been studied by
the COE, but more study is needed. The COE proposal is to construct an open trapezoidal channel
that ties to the river near the Tree House exhibit at the Witte Museum and then runs just west of
Avenue B where it ties into the Catalpa Pershing Drainage Project. Once the COE study is complete
it will be reviewed locally. The project will be modified to meet the community’s needs based on
public participation and involvement. During the October 1998 flood, this reach of the SACIP saw
damage to the San Antonio Zoo, Witte Museum and the River Road neighborhood. The river in

Brackenridge Park experienced erosion problems. Without Olmos Dam this area would have been
devastated by the flood.

The reach of river from Josephine Street to Lone Star Boulevard is protected by the San Antonio
River Tunnei. During the October 1998 flood localized flooding was experienced along the river
from the tunnel inlet at Josephine Street south to Neweil Street near Interstate Highway 35. The
flood was of such magnitude that the amount of floodwater that flowed past the tunnel inlet was in
excess of the amount predicted during design. This, combined with floodwater coming down streets
and flowing into the river from iocal drainage systems, caused flooding. Despite the localized
flooding, if it were not for the floodwater storage capability of Olmos Dam and the tunnel’s ability
to direct floodwater beneath downtown, this reach of the river would have received floodwater far
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beyond that experienced.

Floodwaters were confined within the banks of the river from the Newell Street and the Interstate
Highway 35 area through Lexington Avenue. Businesses and residents were protected from flooding.
Visual inspection of the river after the flood revealed areas of significant erosion. Near the Rex
Apartments along the west bank of the niver erosion problems were observed. South of Brooklyn
Avenue the lower banks of the river showed significant signs of erosion. The foundation of the
Hopps House at the Museum of Art showed signs of erosion. The foundation of the Five Points

Sheraton Hotel, just north of Lexington Avenue, also experienced problems caused by floodwater
erosion.

The channel along the River Walk from Lexington Avenue to Houston Street also experienced
problems during the flood of 1998. The unstable condition of the lower channel walls was worsened
by erosive floodwater. There were lower wall failures just north of Lexington Avenue on the east
bank, just south of Lexington Avenue on the west bank and a wall and sidewalk section failed just
south of Pecan Street on the east bank of the river. The cracks and structural problems in the upper
walls appeared to have been aggravated by the flood. Although the businesses and residents residing
near the river were protected during the flood, problems could have resulted if there would have been
any major channel failure during the event. The river was flowing at bank full. With any failure that

hampers the river’s ability to convey floodwater comes additional risk to the development residing,
adjacent to the river.

The highly developed River Loop area downtown was protected from the flood. It was a
combination of a number of flood control features that protected this area from flooding. First, the
“Great Bend Cutoff” that was constructed in 1929 isolated this area from the main river channel.
Second, floodwaters were detained by Olmos Dam which offered additional protection. Third, the
San Antonio River Tunnel directed floodwater beneath the city offering additional protection. All
of these features allowed the City of San Antonio Parks Department to operate the flood isolation
gates known as Gate 3 and Gate 4 in a manner to prevent flooding in the River Loop area.

The area of the SACIP experiencing the least problem during the flood was from Houston Street
through Alamo Street and on to the tunnel outlet at Lone Star Boulevard. The flood control
channelization done by the COE from Nueva Street to Lone Star Boulevard along with the flood
protection offered by the tunnel protected this area during the flood. Residences and businesses along
this reach of the river were protected from the flood. Some erosion damage was noted in the river

channel. An especially bad area of erosion was observed along the east bank of the river just south
of Alamo Street.

Floodwaters were confined to the flood control channel of the river from Lone Star Boulevard to the
river’s confluence with San Pedro Creek. Again, business and residents were protected by the flood
control features of the SACIP. The river flowed at bank full during the flood and some erosion
damage was noted in the channel. —_
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South of the confluence with San Pedro Creek, the amount of floodwater flow in the nver
significantly increased. This was caused by the fact that the amount of area draining from San Pedro
Creek is about three times larger than the area draining from the river. For the most part, the reach
of river from San pedro Creek south to South Loop 410 saw floodwaters contained within the fiood
control channel. A major exception was witnessed in the Symphony Lane Neighborhood. This low
lying area adjacent to an old bend in the river did experience flooding and severai houses flooded.
Throughout this reach there were areas of extensive erosion damage in the flood controi channet.
Bank erosion was observed downstream of Ashley Road and upstream of San Juan Dam. Erosion
at the rock riprap apron for the Six Mile Creek drop structure was aiso observed. These areas are
proposed for emergency repairs by the COE. Damage was also observed in the tri-lock block erosion
protection system in the channel at the San Juan Dam Lift Station.

The area of river from South Loop 410 to the beginning of the SACIP is in an area of transition from
the flood control channel to the natural river section. During the flood the river was out of its banks
and flooding along Viilamain Road was experienced. Two residents along the east bank of the river
flooded. There was extensive erosion in the lower river channel which is proposed for emergency
repairs by the COE. Sidewalks and other features of the Mission Trails Project installed in the river
channel were also damaged during the flood.

The SACIP includes flood control improvements to San Pedro Creek from Myrtle Street near San
Pedro Park to its confluence with the San Antonio River. The San Pedro Creek Tunnel is part of this
project. From Ashby Street to Myrtle Street and past San Pedro Park to the Five Points area box
culverts in Flores Street offered flood protection. In this area that has historically flooded, the flood
control project protected the neighborhood and adjacent businesses. The area from Five Points to
Poplar Street was also protected from flooding.

The creek enters box culverts constructed by the Texas Department of Transportation at Popiar
Street. Culverts extend to the San Pedro Creek Tunnel Inlet at Quincy Street. The magnitude of the
October flood did cause neighborhood flooding in this reach of the creek. Just north of the tunnei
inlet the Finesiiver Art Complex did receive flood damage.

From the San Pedro Creek Tunnel Inlet at Quincy Street to the outlet at Guadalupe Street the tunnel
protected the area from flooding. Floodwaters were diverted into the tunnel and traveled beneath this
section of downtown. Areas that have historically flooded were protected. The 1946 flood was
particularly devastating to this area of the city.

From the tunnel outlet to San Pedro Creek’s confluence with the San Antonio River the SACIP again

performed well. Residents and businesses were protected from flooding. Areas of erosion were
observed in the channel bottom.

The SACIP includes improvements to Martinez Creek from Wildwood Drive, Sherwood Lane and
Hildebrand Avenue to the north through the creek’s confluence with Alazan Creek. For the most
part, the SACIP offered protection during the flood event. However, numerous residents aiong
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Martinez Creek from Huisache Street to Perez Street did experience substantial flooding during the
October 1998 flood. Additional flood control improvements are being investigated by the City of San
Antonio and the city is also considering a floodplain buyout program to remove residents from the
floodplain. Flooding in this area is aggravated by the fact that the SACIP design was based on fiood
flows of the 1946 flood of record which are lower than the 100-year flood.

From Woodlawn Lake through the confluence with San Pedro Creek the SACIP includes fiood

control improvements to Alazan Creek. During the 1998 flood this area was offered significant
protection by the project.

The SACIP also covers Apache Creek from N. General McMullen Drive through Elmendorf Lake
and to the confluence with San Pedro Creek. This area also witnessed significant flood protection

by the SACIP during the flood. The new labyrinth weir dam built at 19th Street safely passed
floodwaters during the flood.
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SECTION 3(f)
SALADO, CALAVERAS AND MARTINEZ CREEKS
FLOODWATER DETENTION DAMS PERFORMANCE

General Project History and Character of Watersheds:

The Salado Creek, Martinez Creek and Calaveras Creek watersheds are iocated in the northern and
eastern portions of Bexar County. Over the years there has been the need for soil conservation and
flood control in these watersheds. As a resuit the Naturai Resources Conservation Service (NRCS),
formerly known as the Soil Conservation Service (SCS), has studied these watersheds in detail.
Under the authority of Pubiic Law 83-566 the NRCS has built 13 flood detention dams on the Salado
Creek watershed, with one final dam under construction in McAllister Park. Six flood detention dams

were built in the Martinez Creek watershed and seven detention structures were buiit in the Calaveras
Creek watershed.

The drainage areas of these watersheds are in mostly rural settings. However, as the area grows the
watersheds are becoming urbanized. In areas that have yet to be developed, the drainage area of
Salado Creek is predominately rangeland while Martinez and Calaveras Creeks are cropland.

Although all of the watersheds provide flood protection for agricultural lands, Salado Creek primarily
provides flood protection for developed urban areas.

The Martinez and Calaveras Creek watersheds are predominately located inthe Blackland Praine with
clay soils. These soils are moderately to slowly permeable. The upper two-thirds of the Salado
Creek watershed is located in the Edwards Plateau with rocky, limestone soils. The lower reaches
of the watershed are located in the Blackland Prairie.

Flood Event of October 1998:

During the spring of 1998, this area of Bexar County was experiencing a period of below average
rainfall. Some areas had received rainfall in late summer and early fall but soil conditions were
generally dry when the Qctober 17 through 18, 1998 storm began. Most grain crops had been
harvested. Farmers had pianted or were planting winter small grains. Pastures were in good to fair

condition. All of the flood controt detention dams were well maintained with all structures in good
condition.

An isohyetal map of the October 1998 storm was developed by the National Weather Service (see
Section 19 - Rainfall Isohyetal Maps). This map was based on official and unofficial rain gages and
bucket surveys. The isohyetal lines on the map represent the best estimates of rainfall totals. Some
differences in actual rainfall may exist because rainfall amounts may have been very heavy over smail

areas due to isolated squall lines. The storm was not a generalized homogenous system that moved
evenly across the area,

The storm was centered in the New Braunfels and San Marcos areas with these areas receiving the

3-19



greatest rainfall. Rainfail in these areas totaled from 18 to 31 inches with rain failing at a rate of two

to three inches per hour for prolonged periods. The amount of rain was the greatest total rainfail
recorded in this area since record keeping began in 1885.

Floodwater Detention Structures Performance:

Floodwater detention structures detain floodwater for a period of time and release it at a slower rate
thus reducing downstream flooding. During the October 1998 storm, the floodwater detention
structures functioned as designed and the emergency spillways protected the dams against

overtopping and sudden breach type failures. All of the floodwater detention structures studied in
detail reduced the peak inflow rate by 50% or more.

During the flood of October 1998, 15 ofthe 26 Salado, Martinez and Calaveras floodwater detention
structures experienced emergency spillway flows with pool leveis at two structures exceeding three
feet above the spillway crest. Erosion occurred in three of the 15 spiliways that flowed.

Where spillway erosion occurred it did not impair the integrity of the dam or floodwater detention
function; and the structures could withstand another similar storm without loss of integrity or
function. The depth of flow over the emergency spillway along with the floodwater storage capacity
at the spillway crest elevation were established for the floodwater detention structures. ‘_‘
In the Salado Creek watershed, erosion occurred in the rock spillways of Sites 5, 8 and 9. The larg....
eroded volumes occurred at Site 5, then Site 9, followed by Site 8. At Site S, erosion pockets
(maximum depth of six feet) occurred in the softer limestone rock of the spillway exit. Most of the
erosion at Site 8 occurred downstream of a street crossing the spillway perpendicular to the flow.
This street discontinuity probably increased erosion downstream, but may have acted as a barrier to
iessen upstream erosion. '

Thirteen floodwater detention structures in the Salado Creek watershed provide flood protection for
areas downstream. An additional structure, Site 15 Revised, is under construction and will complete
the watershed project. These structures are all located in the upper reaches of the watershed,
upstream of the Loop 410 bridge on Salado Creek. The thirteen completed structures control
approximately forty percent of the Salado Creek drainage area. Nearly all of the area controlled is

undeveioped or open space. The remainder of the drainage area downstream protected by the project
is urban and developed.

Two of the largest previous recorded storms in the upper Salado Creek watershed occurred in the
1990's, The Salado Creek storm flows for these events were recorded by a USGS stream gage at the
Loop 410 bridge. The estimated flow for the April 4 through 5, 1991 storm at this location was
16,000 cfs at a gage depth of 12.5 feet. The largest storm flow recorded previously in the watershed
occurred on May 5 through 6, 1993. The estimated flow for this storm was 29,000 cfs at a gage depth
of 17 feet. The October 17 through 18, 1998 storm was a more intense storm. Isolated areas in the
upper reaches of the watershed recorded greater than 20 inches of rainfall.
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This storm produced greater flows at the Loop 410 gage than previously recorded. The gage
malfunctioned when it became submerged but manuai field measurements were made. The gage was
later brought back online to record the remaining storm flows. The peak flow at this location was
estimated to be 66,000 cfs at a gage depth of 224 feet (approximately 707 feet msi).

An existing TR20 model was used by the NRCS to simulate the discharges and water surface
elevations of this storm. High water elevations were surveyed at each of the Salado Creek sites. The
stream gage at the Loop 410 bridge was also used as a reference. Antecedent Moisture Condition
1I was assumed to set the runoff curve numbers of the watershed. Two situations were modeled.
The first used the storm rainfall. This model simulated a discharge of 42,251 cfs at the Loop 410
bridge. Although this discharge is lower than the USGS estimated peak flow at this location, many
of the calculated water surface elevations are near the observed elevations.

To determine the benefits of the floodwater detention structures, the NRCS used a second model.
This model simuiated the storm discharges and water surface elevations with no floodwater detention
structures installed and current conditions with the actual storm rainfall on the watershed. This model
indicated that the water surface eievation at the Loop 410 bridge may have been five feet higher if
the floodwater detention structures had not been installed. Property damage would have been
millions of dollars greater and the potential for loss of life would have increased.

Many conditions can influence these models including rating tables, cross section locations, runoff
curve numbers, etc. Also, the rainfall was more intense in the eastern part of the watershed near
Beitel Creek, which is uncontrolled. An unnamed tributary that flows from the Longhomn Quarry at
Shorts Corner flows into Salado Creek immediately upstream of the Loop 410 bridge. Beitel Creek
flows into Salado Creek immediately downstream of the Loop 410 bridge. This confluence of
multiple streams could have influenced the peak flow aggravating flooding downstream.
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October 1998 Flood

Information on flow through

SARA operated SCS dams
Floodwater Storage
Emergency Depth of Flow Capacity at Spillway
Spillway Over Crest Elevation
Creek Site Discharge Spillway (Ac Feet)
Salado 1 no -6.03' 4,189
2 no -4.75' 2,293
4 yes 1.58 1,982
5 yes 2.1¢ 3,293
6 yes 3.52 1,490
7 no 0.00' 2,340
8 yes 4.01' 4,178
9 yes 413 1,026
10 no -3.33° 1,846
11 no -0.85' 2,596
12 yes 0.53' 4,875 .
13a no -0.78' 1,441
13b no -5.49' 1,093
15 not built
Total 32,642
Martinez 1 yes +2' 2,295
2 yes +2' 718
3 yes +3' 1,059
4 yes +2! 853
5 yes +2' 1,030
6a yes +2.64' 2,970
Total 6,807
Calaveras 3 no -2 2,542
5 no -1 633.6
6 yes +1’ 3,820
7 yes +1' 1,309.5
8 yes +2' 1,187.3
9 no -3 538.4
10 no -1.36¢' 2,126.2
Total 12,157

Note: (-) indicates water level below spillway
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SECTION 3(g)
PROBLEM AREAS

Medina River Watershed:

The Medina River watershed in Bexar County is sparsely popuiated and rural. There are many low
water crossings that cross the river and its tributaries. These crossings flood often, and residents of
the area are accustom to finding detour routes during storm events. The Medina River watershed
received an average of 11 inches of rainfail during the October 1998 storms, with a minimum of seven
inches to the southwest and up to 13 inches towards San Antonio. The Interstate Highway 35
frontage roads at Elm Creek were closed by the Texas Department of Transportation for the first time
due to water over the road and a small section of roadway was washed out. The Medina River
watershed area did not sustain substantial damage during the flood. This area had more extensive
flooding in July of 1990. Although few flood control improvements have been done in the Medina
watershed, most of the development is located outside of the floodplains.

Medio Creeck Watershed:

The Medio Creek watershed in Bexar County is typically rural with subdivisions located throughout.
The Medio Creek watershed received from 12 to 13.5 inches of rainfall during the October 1998
storm. This area was also flooded during the July 1990 storm more extensively than during the
October 1998 storm. Many of the low water crossings were inundated by floodwater, however there
was little damage reported.

Upper Leon Creck Watershed:

The Upper Leon Creek watershed is moderately popuiated and residential to the south and transitions
to a rural setting in the north. This area received from eight to 14 inches of rainfall during the 1998
flood from north to south, respectively. The main lanes of Interstate Highway 10 at Leon Creek near
Fiesta Texas were closed for the first time and covered by four feet of water. The State Highway 16
outside tanes at Leon Creek were closed due to severe scour at the bridge abutments. Numerous low
water crossings were closed. There were evacuations along Leon and Huesta Creeks. The Nickel and
Dime Area was severely damaged and is an identified buyout area by the City of San Antonio.

Lower Leon Creek Watershed:

The Lower Leon Creek watershed is heavily populated to the north with heavy industry and Kelly
Air Force Base located near the center, and the extreme southern watershed is rural. The rainfall for
the Lower Leon Creek area averaged 13 inches, with a minimum of 12 inches and greater than 14
inches in the central section. This storm closed the main lanes of Interstate Highway 35 and Highway
90 at Leon Creek for the first time, with four to five feet of water flowing over the roads. Along
Huebner Creek, the Hollyhock/Whitby areas were damaged severely, and the area is proposed for a
floodplain buyout. Along Leon Creek just north of Interstate Highway 35, the Plumnear area was
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severely damaged and is also a proposed buyout area. Property along Leon Creek just south of
Interstate Highway 35 along Somerset Road is a proposed buyout area.

Culebra Creek Watershed:

The Culebra Creek watershed is highly populated in the south and transitions quickiy to a rural setting
in the west and north. Rainfall varied from eight to 14 inches from north to south. Due to high water
on Scenic Loop Road, the Grey Forest area was isolated during the flood. Grey Forest also sustained
damage from high water and has applied to FEMA for heilp. Farm to Market Road 471 (Culebra
Road) was closed along Culebra Creek, and the Timber Path Road crossing at Culebra Creek had

approximately 13 feet of water over the road. Despite these problems little damage was reported
from this area.

San Antonio River Watershed:

The central section of the San Antonio River watershed contains the downtown business district, and
is surrounded by highly developed, commercialized areas and many historic neighborhoods. Sparsely
populated rural farmiand islocated to the far south where the San Antonio River exits Bexar County.
Rainfall ranged from eight inches to the far south to greater than 16 inches near downtown San
Antonio. The Texas Department of Transportation reported approximately ten areas on Interstate
Highway 35, Interstate Highway 37, Loop 410, Highway 281 and Spurs 536 and 371 that w ™
closed for the first time due to high water. Alamo Heights along Broadway Street, North Nu

Braunfels Avenue and the Austin Highway was flooded severely with numerous cars washed away.
Many homes and businesses were damaged by the floodwaters from Martinez Creek and Zarzamora
Creek near Interstate Highway 10 East and are included in buyout plans by the City of San Antonio.
For the most part, the improved channels of the SACIP worked as designed. In one area the
floodwater in the channel was higher than an old river loop cut off at Symphony Lane which caused
flooding problems. The new tunnels worked as designed, and with minor changes to the inlet trash

rack system, could be even more effective. Flooding was evident immediately upstream of both
tunnel inlet structures.

Olmos Creek Watershed:

The Olmos Creek watershed is primarily urban residential and along the major thoroughfares is highly
commercialized and business oriented. The Olmos Creek watershed received from 12 inches to 16
inches of rainfall during the October 1998 flood. Olmos Dam successfully contained the storm.
Highway 281 through Olmos Basin near the Quarry was closed for over three days until the water

levels receded. The frontage road of Loop 410 at West Avenue was closed by five feet of water.
There were several rescues at different locations in the basin.

Lower Salado Creek Watershed:

The Lower Salado Creek watershed is almost entirely urbanized and residential. Rainfall amor -
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for this watershed varied from 13 inches in the south to 17 inches in the north and east. Interstate
Highway 35, Loop 410 and Austin Highwayv were closed for the first time due to floodwater in these
areas. Salado Creek severely flooded the Wheatiey Heights area. Numerous high water rescues
occurred in the area and there were several vehicle related deaths. The neighborhoods along Beitel
Creek were severely damaged, three areas are included in the Phase I buyout plan by the City of San
Antonio. Without the upstream NRCS floodwater detention dams controlling approximately 40%
of the drainage area the damage along Beitel and Salado Creeks would have been catastrophic.

Upper Salado Creek Watershed:

The Upper Salado Creek watershed is primarily urbanized and residential. Rainfall amounts varied
from nine to 18 inches toward the eastern part of the watershed. Highway 281 was closed for the
first time with up to five feet of water over the road. There are 13 NRCS floodwater detention dams
in this watershed which helped reduce flooding. There were numerous low water crossings that
flooded as well as an unusual amount of street flooding.

Calaveras Creek Watershed:

The Calaveras Creek watershed is primarily rural with scattered urban development. Calaveras Lake
is located in the watershed but is a constant level lake that did not detain any floodwater. The area
received rainfall amounts of 11 to 17 inches. There were several low water crossings that flooded.

There are also seven NRCS floodwater detention dams in this watershed which helped reduce
flooding.

Cibolo Creek Watershed:

The Cibolo Creek watershed received rainfall amounts which varied from seven to 20 inches. The
watershed is split by the county line and rainfall outside the county to the north and east contributed
to the flooding problems within Bexar County. There were several neighborhoods that flooded
during the Qctober 1998 flood. InLakewood Acres, 130 homes sustained major damage. The area

is proposed for floodplain buyout. Interstate Highway 10 East was closed at the Cibolo Creek with
water over the road.

Martinez Creek Watershed:

The Martinez Creek watershed received 16 to 18 inches of rainfall. It is typically rural with
residential areas in the upper portion of the watershed. It contains six NRCS floodwater detention
dams. Even though they detained approximately 6,800 acre feet of floodwater, they all had several

feet of floodwater through their emergency spillways. Interstate Highway 10 and numerous low
water crossings were ciosed.
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SECTION 4
PROJECT PRIORITY ANALYSIS

Projects in this study were anaiyzed considering both the tangible (reduction in flood damages) and
intangible benefits of each project. The performance of each project was evaluated for its ability to
satisfy certain county and community objectives. These objectives have been ciassified and prioritized
as follows:

1.

2.

6.

7.

Reduce flood hazard to human life (Hazard).

Reduce flood damages to public and private property (Damage).

Provide sound fiscal guidelines and funding for project implementation (Fiscal).

Improve stormwater quality and mitigate other environmental effects (Environmentatl).
Provide sound legal, and administrative guidelines for project implementation (Legal).
Enhance property values and encourage quality neighborhood development (Development).

Increase recreational opportunities and open space (Recreation).

For purposes of this analysis, these objectives are defined and quantified as follows:

1.

Hazard - The reduction of hazards pertains to human iife, injury, and related health hazards
because of floods. Hazards to humans are high where roadways are overtopped and
velocities are high. The ability of each project to reduce potential hazards at the project
locations is measured by the reduction in high hazard areas. A ranking of 10 would indicate
the best reduction in high hazard areas and a ranking of 1 the lowest reduction.

Damage - The reduction in flood damages to public and private properties is estimated in this
analysis. The ability of each project to reduce flood damages is estimated with the project in
place. Operation and maintenance issues are considered as well. A high ranking is best.

Fiscal - Fiscal implications include the magnitude of capital investment required to impiement
each project and considers the potential benefits of the project.

Environmental - Each project is evaluated for its effect on stormwater quality and other
environmental concerns including the effect of channelization without the opportunity for
remediation. Environmental issues are evaluated according 1o the type of drainage facilities
recommended for each project and are subjectively rated on a scale of I to 10, where 1 is
poor performance and 10 is excellent performance.
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5. Legal - Each project is evaluated in terms of its legal, fiscal, and administrative implications.
The legal implications of each project are estimated by how well the project may avoid
potential litigious situations, such as acquisition of residential structures. Administrative
issues relate to dealing with public opinion, organization/personnel, and support systems.
Each project is evaiuated for how well these issues can be managed. Legal and administrative
implications are subjectively rated on a scale of 1 to 10, where 1 is poor performance and 10
18 excellent performance.

6. Development - Each project is evaluated for its ability to enhance property values and its
effect on the quality of neighborhood development. These real estate issues are subjectively
ranked on a scale of 1 to 10, where 1 is poor performance and 10 is excellent performance.

7. Recreation - Each project is evaluated for its effect on open space and recreational
opportunities. The project’s effectiveness for creating recreationai facilities is based on the
cumulative area of open space and is subjectively rated on a scale of 1 to 10, where 1 is poor
performance and 10 is excellent performance.

In order to rank the importance of comparative factors, relative weights have been assigned to each
of the above criteria based on professional judgement. A larger weight indicates a higher importance.
Therefore, a project objective with a high weight will contribute toward a greater proportion of the
total scope than will a lower weighted objective. Table 4-1 shows the numerical weight assigne ~

each objective.

Table 4-1
Project Objective Weights
1. Hazard 10
2.  Damage 9
3. Fiscal 8
4. Environmental 5
5. Legal 4
6. Development 3
7.  Recreation 2

A matrix to compare the relative scope of each project is shown in Section 4. The total score of
each project sums up the product of the ranks and weights of each project’s objectives. The
rankings are relative to each other.
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Based on the matrix analysis and the project comparison discussion, the projects shown in Section
S include projects identified for further study.
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B BEXAR COUNTY FLOOD ANALYSIS REPORT
PROJECT BCORING MATRIX
DECEMBER 1. 1990

PROJECT ESTIMATED | _Hazard/10 Damage® Fiscal8 | Environment8 Development’s | Recreation2 | TOTAL
IDKEY DESCRIPTION COST Rank | Score | Rank | Score | Rank | Score | Rank | Score | Bank SCORE
BEJAR COUNTY CONST. PROJECTS Score | Bak | Roors | Rank | Beote _
CT-2 |Keker Road Structures $300000{ 5 50 2 18 5 40 3 15 7 28 3 8 2 4 | 184
CT-4 |Chty of Eimendorf Drainage Improvements $450000( 8 80 s 72 s 64 8 30 ? 26 5 15 2 4 |2
CT-8 [Cagnon Road Low Water Croasing Replace $4,350000( 8 80 4 38 3 24 8 30 s 2 3 ) 2 4 | 215
CT-7 [Cagnon Road Low Watr Croasing Repiace $320000( 8 80 4 36 5 40 8 30 s 2 3 ) 2 4 | 2m
CT-8 {Bisnco Road Low Water Crossing Replace ssesp00| o 90 4 36 6 4 8 30 s 2 5 15 2 4 | 255
CT-9 |Bulverde Rosd Low Water Crossing Replace s575000| 7 70 4 3 4 32 ) 20 3 2 4 12 | 2 | 4 | 216
CT-10 |Smitheon Valiey Low Water Crosaing Repiace $560000| © 80 4 38 8 4 8 ) 8 32 5 15 2 4 | 258
C1-11 |McDona Drainage improvements $830000| 9 90 7 63 8 4 5 25 5 20 8 18 2 4 | 288
CT-12 |Applewhite Rosd Low Water Crossing Repiace $308448| 9 80 ) 54 7 58 8 30 s 2 3 8 2 4 | 215
CT-13 |Scenic Loop Road Low Water Crossing Replace $230000f @ 80 s 54 8 84 8 20 8 22 8 | 18 2 | 4 |20
CT-14 |Trainer-Hale Low Water Crossing Replace $430000| o 90 4 38 5 40 8 30 s 32 3 8 2 4 | 24
CT-15 |Holowsll Road Low Water Crossing Repiace $ss0000| 8 80 4 38 5 40 8 30 . 2 3 9 2 4 | 2
CT-18 [Weir Rosd Low Waier Crossing Replace §425000] @ 90 4 3 5 40 8 30 3 3z 3 ) 2 4 | 2u
CT-17 |Schaeffer Road Low Water Crossing Replace 3450000} © 90 4 3 5 40 8 0 s 2 3 9 2 4 | 24
CT-18 [Talley Road Low Waker Crossing Replace $1.650000| 7 70 4 3 3 24 s 25 1 28 3 9 2 4 | 198
CT-19 |Pearsall Road Low Water Crossing Replace J100501| 8 80 4 % 7 56 s 30 ) 32 3 3 2 4 | 247
CT1-20 [Kenney Rosd Low Water Crossing Replace s424058| o 80 4 3 5 0 8 30 ] 32 3 ] 2 4 | 23
CT-21 |Jungman Road Low Water Crossing Replace §520000| ® 60 4 3 5 40 8 20 ] 2 3 9 2 4 | 241
CT-22 |Gardner Rosd Low Waler Crossing Replace ses145| 6 80 4 36 s 84 ] 30 s 2 3 9 2 4 | 235
C1-23 |Fischer Road Low Water Crossing Replace $e8 19| 5 50 3 27 8 I 8 20 2 32 3 9 2 4 | 200
CT-24 [Deer Croas Road Low Wake Crossing Replace $188325| 9 60 4 3 [ 84 ) %0 8 2 3 0 2 4 | 285
CT-25 |Gross Lane Low Water Crosaing Repiace $ss0000( 8 80 4 » 5 40 8 20 s 32 3 9 2 4 | 231
CT-28 [Applewhise Road Low Water Crossing Replace s840500| @ 90 4 38 5 40 8 30 s 32 3 8 2 4 | 24
CT-27 Zarzamors Rosd Low Water Crossing Replace 200000 @ 90 4 3% 8 4 s 30 ] 32 3 9 2 4 | 248
CT-28 [Specht Road Low Water C Replace g430000| 80 4 38 5 40 s 30 8 32 3 9 2 | 4 |2
CT-29 |Od Frederickaburg Rd. Low Water Coss Replece s400000| @ 90 4 38 ) pr s 30 s 2 3 0 2 4 | 249
CT-30 [0id Frio City Road Low Watsr Crossing Repisce $308337| 90 4 36 s @ 8 30 3 32 3 8 2 4 | 20
CT-31 [Glen Fair Road Low Water Crossing Replace $127845| 8 00 4 38 ? 58 8 30 ] 32 3 8 2 4 | 28
CT-32 |Real Rosd Low Water Crossing Repiace $73834) 7 70 4 38 ) 84 8 30 ] 2 3 9 2 4 | 2
CT-33 |0'Brien Road Low Water Crossing Replsce 3548.400| ® 80 4 38 8 48 8 30 8 2 3 9 2 | 4 |2
CT-34 |New Beriin Road Low Water Crossing Replace $180000| 8 80 4 38 8 8 8 30 8 32 3 9 2 4 | 2
CT-35 lUnirich Road Low Waler Croasing Replace $185000| 8 80 4 38 8 ) 8 30 s 32 3 9 2 4 | 28
CT-38 [Abbott Reod Low Water Crossing Replace 3$145000| 8 80 4 38 8 “ 8 20 '] 2 a 8 2 4 | 208
CT-37 |Menger Rosd Low Water Crossing Replace $260000| @ 80 4 3 5 40 8 30 1 2 ) 9 2 4 | 23
CT-38 [Biue Wing Roed Low Wamr Crossing Repiace $203558| 7 70 4 3% 5 40 ] 30 8 2 3 ? 2 4 an
CT1-39 |Zigmont Rosd Low Water Crossing Replace §139.168| 8 80 4 36 ) 48 6 30 s 2 3 ® 2 4 | 2%
CT-40 |Quintana Road Low Water Crossing Replaca 424858 8 80 4 8 5 40 8 30 8 32 3 3 2 4 | 2
G1-41 |Jackel Road Low Water Crossing Replace §525000| 7 10 4 38 5 40 6 30 8 2 3 9 2 | _a |21




BEXAR COUNTY FLOOD ANALYSIS REPORT

PROJECT SCORING MATRIX
DECEMBER 1. 1999
PROJECT ESTMATED | HazardM0 Damage/® Fiscal® Environment Legalié Development/S | Recreation/2 TOTAL
DESCRIPTION COST | Rank | Score | Rank | Score | Rank | Score | Rank [ score | Rank [ core [ Rank [ Score [ Rank SCORE
CITY OF S8AN ANTONIO PROJECTS
Aba Lincoin-Street and Drsinage $250,000 4 40 5 45 -1 40 8 30 8 24 4 12 4 8 199
Auirelia - Strest and Drainage $210.242 4 40 5 45 -1 40 [} 30 .} 24 4 12 4 8 199
Cardiff - Strest and Drainage $860,392 5 50 S 45 4 32 .} 30 8 24 4 12 4 8 201
Dempesy - Street and Drainage 3396123 5 50 5 45 4 a2 8 30 ] 24 4 12 4 8 209
Durango - Street and Drainage $1.556,841 4 40 5 45 4 32 8 30 8 24 4 12 4 8 191
El Monbe - Strest and Drainage $400,000 4 40 5 45 S 40 [} 30 8 24 4 12 4 8 169
Hilton - Strest and Drainage $318.084 4 40 5 45 - 40 8 30 [} 24 4 12 4 8 199
Las Moras - Strest and Dreinage $71,378 4 40 4 a3 8 48 [} 30 8 24 4 12 4 8 198
W. French - Street and Dralnage $325,772 5 50 5 45 5 40 8 30 8 24 4 12 4 8 209
WW White Road Ph. i - sm-ndnw $2,740,932 5 50 5 45 4 32 8 30 8 24 4 12 4 8 201
Waverly Ph. il - Strest and Drainage . $445,000 4 40 5 45 5 4Q 8 30 8 24 4 12 4 8 199
Wilson - Street and Drainage $882.537 5 50 5 45 5 40 8 30 8 24 4 12 4 8 209




BEXAR COUNTY FLOOD ANALYSIS REPORT

PROJECT PROJECT BCORING MATRIX

DECEMBER 1, 1000
PROJECT ESTWATED Hazard0 Fiscal8 Environment/S Legalis Davelopment’3| Recreation/2 | TOTAL
tlﬂm RESCRPTION cosyT | | Rank | $corg | | SCORE|
CSA REGIONAL DETENTION PROJECTS
D1 [HUESTA CREEK DETENTION POND - @ Leon Creek $6.250000| 7 70 9 81 5 40 8 3 3 12 8 18 7 14 285
D2 |SPRING CREEK DETENTION POND - @ Leon Creek 7 10 ) ] 5 40 [} ki) 3 12 8 18 7 14 205
D3 [LEON CREEK DETENTION POND - @ Whitby Street 4 10 ] a 5 40 8 30 3 12 8 18 T 14 2685
D5 |LEON CREEK DETENTION POND - @ Culebra Creek L 70 ) a 5 40 8 30 3 12 8 18 7 14 285
D8 |LEONCREEK DETENTION POND - g Heath Strest 7 70 ] 81 S5 40 [} 30 3 12 8 18 7 14 285
D-7 IGOVERNMENT CANYON DETENTION POND 7 70 9 .1} 5 40 - 25 2 8 8 16 ] 18 260
D8 |LEON CREEK @ HEATH ROAD - Channeiizstion 8 80 9 81 5 40 3 15 4 18 7 21 7 14 287
D@ |HUEBNER CREEK @ HOLLYHOCK - Channelizstion 9 - 1] 8 L]] 5 40 3 15 4 18 8 18 8 12 2n
D-10 |CLLEBRA CREEK @ LOOP 1804 - Channelizetion -] 80 8 72 5 40 3 15 4 18 - 1§ -] 12 250
D-11 [HELOTES CREEK @ LOOP 1804 - Channelization 8 00 9 a 5 40 3 15 3 12 8 18 7 14 270
D-12 [FRENCH CREEK CHANNELIZATION $1,334000] 8 80 8 n 5 40 3 15 3 12 5 15 8 12 246
D-13 VULCAN QUARRY DETENTION POND $1.907.125 9 80 '] 81 8 48 8 30 5 20 7 29 8 18 308
D-14 |SHAVANO PARK DETENTION POND $5711,478;: 9 90 9 1] 5 40 5 25 3 12 8 18 5 18 282
D-15 |LOCKHILL-SELMA - George Road Channelization 10 100 9 ] 5 40 3 15 4 16 5 15 8 12 279
D-18 |WEST BRANCH CHANNELIZATION 9 80 9 a1 5 40 3 15 4 18 5 15 8 12 269
D17 |WEST AVENUE @ LOOP 410 MPROVEMENTS 10 100 10 90 4 2 3 15 3 12 8 18 8 12 279
D-18 INRCS RETENTION POND - Sile 15R McAllister Park $4,735000| 10 100 '] 81 -] 43 [} 30 8 24 7 21 8 16 320
D-19 |BEITEL CREEK North of Loop 410 Channelization $2,200000| 10 100 10 ] 4 32 3 15 8 24 8 18 4 a 287
D-21 [PERRIN-BEITEL CHANNELIZATION $1,100000] @ 90 9 1] 8 48 3 15 8 24 4 12 5 10 280
D-22 |HOLBROOK ROAD CHANNELIZATION $800,000 9 90 9 81 7 58 3 15 4 [} S 15 5 10 283
D-24 'REL'I.MD DETENTION POND & CHANNELIZATION 7 10 9 a 5 40 [ o) 3 12 (-] 18 7 t4 285
CSA /| SARA AREA WIDE FLOOD CONTROL PROJECTS - 1968 -
§A-1 [Spencer Lane st H 10 Detention Pond $4,600000| 7 70 ] at -] 40 5 25 3 12 8 18 7 14 260
8A-2 |Shavano Park Delention Pond $2,800000] ¢ 90 9 81 7 58 5 25 3 12 8 18 8 1 | 288




BEXAR COUNTY FLOOD ANALYSIS REPORT
PROJECT SCORING MATRIX
DECEMBER 1, 1050
PROJECT ESTMATED | Hazard/t0 | Da Flscal® Environments “ Dev 3] Recreation2 | TOTAL
1990 SARA / BEXAR CO. CONTRACT - PROJECT LIST]
§9 [Gate #2 Brackenridge Pari $423,000| 1 10 2 18 5 40 5 25 8 2 1 3 8 186 | 144
$-11 [Saiado Ck. ipstream of Southion Rd, Bridge Replec. $1.001000| 5 50 2 18 1 (] 3 15 2 8 7 21 2 4 124
8-12 [Salada Ck. Channel Reciification, Southion i H410 $1,000000| 5 50 2 18 2 16 1 5 2 s 8 24 8 12 | 133
5-13 [Salado Ck. Floodpiain Rectification, Comanche Park $8885000| 8 60 7 83 4 32 5 % [ 32 5 15 10 [ 20 | 247
$-14 |Salado Ck. Floodplain Rectiication, *J° o Rigaby $8883000] 10 | 100 | 3 27 5 40 4 20 3 12 5 15 8 12 | 228
5-15 [Ssiado Creek - “J* Street Park - Channel Recificaion $2049000{ 6 80 5 a5 5 « 4 20 ) 2 5 15 8 18 | 228
$-18 |Saiado Ck. Floodpiain Rectificstion, Pletz Pk. o #H10 | $22,026000( 8 80 s 72 5 © 4 20 3 12 7 21 a 18 | 261
$-20 {Salado Ck Floodpisin Rectification, Elsenhauer o Ft Sa| $42,.484000| & 80 s 72 1 ° 4 20 3 12 8 18 8 16 | 228
§-21 |Leon Ck Relocations, Laredo Hwy 1o Quintana Rd. $3247000| 4 40 8 54 7 56 7 ' 8 2 8 18 8 16 | 251
$-22 |Leon Ck. Channel Rectification, City limits & New Laredol  $2,897,000| 6 80 8 54 5 40 3 15 3 12 7 2 7 14 | 218
§-23 |Leon Ck. Floodpiain Rectification, Moray Rd. fo clty kmits] $24,891,000 & 50 5 45 1 8 3 15 2 8 s 24 7 14 | 164
$-24 |Leon Ck Floodplain Recification, [H 10 to Morsy Rd. | $17,844000| 5 50 8 54 1 s 3 15 2 8 8 18 ) 18 | 17
§-25 [Leon Ck. Channeization, Keitha % Hwy 90 West $4.745000] 10 | 100 | & 7 5 40 3 15 4 18 7 21 ) 18 | 282
$-26 JLeon Ck. Reloc. / Floodproofing, Camp Butlis Rd. o H 1|  $1,020000] 5 50 s 54 ] 40 3 15 5 20 2 6 2 4 189
§-27 |Leon Ck. Reloc. / Floodproofing. S P.R R. 1o IH 10F $1.020000! 5 50 [ 54 5 ) 3 15 5 20 2 8 2 4 189
$-28 [Leon Creek - Reymond Russel Park $6.169,000] 6 00 7 63 3 24 4 20 7 28 ) 18 9 18 | 231
§-29 (Leon Ck. Reloc. / Floodproofing, H 10 Frontsge # Bosm|  $635000| 5 50 6 54 s © 3 15 5 20 2 6 2 4 189
§-30 |Martinez Creek - Alazan Creek k Culebra 36851000 © 90 9 81 (] " 5 25 7 28 [} 18 4 s 206
§-31 [Cibolo Ck. Reloc. / Fioodproofing, st Gcheefler Rosd $852000 @ 80 ) 81 8 84 3 15 5 20 3 8 2 4 283
§-32 |Clbolo Ck. Reloc. / Floodproofing, Schaefler Rd. 0o FM 7|  $388000| 8 80 9 81 8 84 3 18 5 20 3 9 2 4 283




BEXAR COUNTY FLOOD ANALYSIS REPORT
PROJECT SCORING MATRIX
PROJECT ESTWATED | Hazard/t0 Fiscal® Environment's|  Lagai4 v$| Recreation2 |TOTAL
PESCRIPTION m&@m | corg |  Score | Rank | Score | Rank | Score | Rank | SCORE
BEXAR COUNTY PROJECT LIST FROM STUDEES )
RS [Channel Clearing - on the East Olmos Cresk noth of Lod  $221.778 60 | s 6 | 4 | 4 2 | 3 12 7 | 2 9 18 | 223
R4 _{Dreamiand Bridge - Dresmiand and Oimos Creek $20876625| § 0 | 5 | 4 5 | 40 [ 8 | 32 |3 9 2 | 4 |20
V-2 |Wekdner Rosd siong Beitel Cresk, Old O'Conner Road 3844750 9 0o [ 9 [ e 7 | s8 | 4 20 [ 6 [ 24 | 8 18 7 14 | 303
V8 [Holbrook Reroute at Austin Highway $34s900( @ 0 |7 | e 8 [ 84 | s 5 | 6 | 24 | 5 15 7 14 | 285
VIO [Salado Creek Rectification - Wetmore 10 Jones-Malisber | $20,100,400{ 8 B0 | 5 [ 45 2 18 | 3 15 | 6 [ 24 | 8 24 8 18 | 200
V11 [Mud Cresk at Jones-Maltsberper Culvert Replace $250000( @ 00 | 4 | 3 7 | s | &8 0 | 8 2 | 3 9 2 4 | 257
V12 _|Eim Creek st Jones-Maktsberger Culvert Replacement $400,000| 8 0 ) 4 | 3 7_| 58 | 8 0 | 8 | 2 | 3 8 2 4| 257
V13 Salsdo Creek st Binz Engleman Bridge $3240.000] & 00 | 4 |38 | 4 | 32 | & 0 | 8 [24 | 3 8 2 4 | 215
V14 [Salado Creek at IH-35 Frontage Roads Bridges $3.000000( 8 0 | 4 | 38 4 2 | 8 6 | 8 | 2 |3 8 2 4 | 223
ViS5 [Eim Creek st Bulverde Road Culvert Repiscement 3500000 8 0 | 4 | 3 s | w0 | o 0 [ 8 |32 |23 9 2 4 | 2n
V18 [Salada Creek at West Avenus Bridge s28s2000[ 10 (100 | 4 | 28 5 | 4«0 | 6 |3 | s 2 | 3 8 2 4 | 25
V17 _|Beltsl Creek st Vicar Rosd Bridge $1.500000| 9 0 | 4 | 2 4 R | s % | 8 | 32 | 3 8_| 2 | 4 |23
V18 [Salado Creek at Roland $2,400000{ ¢ o | 4 [ 2 4 22 [ 6 [3 |8 |32 |23 9 2 4 | 23
V19 _|Panther Springs Cresk st West Avenue $250000] 10 | 100 | 4 | 36 8 @ | s 0_| 8 2 | 3 8 2 | 4 | 28
LC-1 [Hausman Road Leves (Prevents spiit flow) 326000 9 w | 9 | & |10 |8 | s 0 | 5 |20} 5 15 5 10 | 326
LC-4 [Ebert Rosd Bridge st Leon Creek 3500000 8 0 | 4« (38 | 5 |« | &8 0 | 8 | 32 | 3 ® 2 4 | 2m
LC-7 (Grissom Roed Bridge st Leon Cresk s$1273000( 9 o | 4 | 2 8 s | % | 8 |32 |3 9 2 4 | 240
LC-10 [ingram Roed Eridge st Leon Creek $1813000f 10 (100 | 4 | %8 [ 5 | 4 | & 0 | & [ 2 |3 8 2 4 | 251
LE-12A/Rebulid Culebra Road Bridge st Leon Creek $2.713000| 8 80 | 4 | 3 3 [ 24 | & | %0 | @ 2 | 3 ) 2 | 4| 218
LC-14 [West Commerce Strest Bridge et Leon Creek $2617000| 8 0o | 4 | 2 3 |24 | s 0 | s [ 32 |3 ® 2 4 | 215
LC-15A|Pinn Roed Bridge st Leon Creek 3$900,000{ 8 0 | 4 | 3 4 2 | s o [ 8 [32 |2 8 2 a | 2
LC-18A/Browniea Floodwall slong Leon Creek $720000( 8 g0 | 7 | e 3 24 {2 15 [ 8 | 24 | 4 12 2 4 | 222
LC-17 |Rodriguez Park Signe and Flood Gates $50000{ 10 {100 | & | s¢ [ 10 | 80 | & 0 | 8 | 2 |3 ) 8 © o lars |
HEL-1 {Galm Road Bridge st Helotes Creek $513000| & 60 | 4 | s [ [ 6 |3 |8 | 2 |23 8 2 4 | 23
HEL-3AlL saiie Road Bridge at Helotes Creek $352000{ 8 00 | 4« | 3 5 | 40 | s %0 | 8 | 32 |23 8 2 4 | 2
HEL-38]1 eske Rosd Bridge st Heloles Creek $363.000{ 8 00 | 4« [ 38 | 5 |4 | s 0 | & |32 |3 9 2 4 |2
HEL-3C|Luske Road Bridge at Heloles Creek $362,000( 8 00 | 4 [ 38 | 5 |40 [ & 0 | 8 [ 2 |23 8 2 4 |2
HEL-8 |Helotes Cresk Channel impravements $1,400000] 6 0 | 8 | & 8 {64 | 3 15 | 5 |20 |7 |2 & 12 ] 303




BEXAR COUNTY FLOOD ANALYSIS REPORT

PRCOJECT SCORING MATRIX
PROJECT ESTIMATED | Hezerd0 | Da Fiscal Environment®|  |egali4 Development3| Recreation2 | TOTAL
DESCRIPTION cOsT Rank | Score | Rank [ Score | Rank | Score | Rank | Score | Rank | Score | Rank | Score | Rank | Score |SCORE
C-4A [Stusbing Road Bridge st Cuiebra Creek $442000{ 8 80 4 38 5 © | & | 3 32 3 9 2 4 | 23
C-4B [Stusbing Road Leves $26000| © 80 8 72 [ 10 | 80 ; 8 30 5 20 5 15 5 10 | 317
C-8A_|New Culsbra Rosd Bridge at Culebrs Cresk $1.310000| 9 90 4 38 5 © [ s | 2 8 2 3 ) 2 4 | 241
C-7A [Culebra Creek Channelization $143000| 8 80 | 8 7 7 58 4 20 5 20 8 18 5 10 | 278
C-8A [Culebra Road Bridge at Culebra Creek $2038.000f 10 | 100 | 4 38 4 32 8 | 3 8 32 3 9 2 4 |23
C-88 (Timber Path Bridge ar Culebra Creek 817000 o 80 4 38 5 40 8 30 8 a2 3 ® 2 4 | 2n
C-8C |Oid Grissom Road Bridge at Culebrs Creek $871000| 9 90 4 38 5 0 | s 30 8 32 3 9 2 4| 24
M-1A [Baboock Road Bridge at Maverick Creek $301000( 8 80 | 4 38 5 0 [ 6 |3 |8 32 3 9 2 4 | 23
M-1B [Baboock Road Bridge st Maverick Creek $301000| 8 80 4 38 5 0 | 8 30 8 32 3 9 2 4 | 23
M-1D |Baboock Road Bridge at Maverick Creek $301000] 8 80 4 38 5 40 8 30 8 32 3 9 2 4| 23
M-2 [Baboock Road Leves $92000; 10 [ 100 | @ 81 8 7 6 30 5 20 [ 5 15 5 10 | 328
M-3 |Babcock Road Leves $38000) 10 | 100 | 9 81 8 17 8 30 5 20 5 15 5 10 | 328
M-4_(Babcock Road Bridge at Maverick Creek $448000| 9 90 4 38 8 84 8 30 8 32 3 9 2 4 | 285 |
HB-1 [DeZavala Roed Bridge st Husbner Creek $800000| © 80 4 38 6 48 8 30 8 32 3 8 2 4 | 240
HB-2 [Cimeron Sirest Floodwall along Heubner Creek $100,000| 8 0 | 9 81 8 n ‘ 20 | 8 24 8 18 2 4 | 209
HB-4 |Prue Road Bridge at Husbner Cresk $403000] 9 0 | 4 38 5 4 6 30 8 32 3 8 2 4 | 241
HB-5A [Lockiii Road Bridge st Huasbner Crask $283000| 8 80 4 % 5 0 | 8 30 8 32 3 9 2 4 | 2%
HB-58 [White Bonnet Bridge at Huebner Cresk $208000( 8 80 4 38 5 40 | 6 30 8 32 3 9 2 4 | 25t
HB-5C [Lockhill Fioodwadl along Husbrer Creek $172000| 9 90 7 63 5 4 3 15 8 24 6 18 2 4 | 254
HB-8 |Eckert Rosd Bridge st Husbner Creek $457000| 8 80 4 3% 4 2 s | % 8 32 3 9 2 4 {2
HB-10 |Timber Hitl Road Bridge st Husbner Cresk $628000| 8 %0 4 3 5 ©_ | e | 3 8 32 3 9 2 4| 24
F-2A [Heusman Road Bridge at French Creek $507,000 8 86 | 4 36 5 4 6 0 | 32 3 g 2 4 | 231
F-3 [Prus Road Bridge st French Creek $512000| 8 80 4 38 5 40 8 0 | 8 32 3 8 2 4 | 23
F-4A_[North Verde Road Bridge at French Creek $655000| © 80 4 38 4 32 8 30 8 32 3 8 2 4 | 233
F-48 |South Verde Road Bridge at French Creek $751000| 80 4 36 4 32 68 | 30 [ & 2 3 8 2 4 | 233
F-5A |Bandera Road Bridge Repiacement st French Creek $1,564000| 10 | 100 | 4 38 5 0 | 6 30 8 32 3 8 2 4 | 251
F-8A |Mainland Road Bridge st French Cresk $254000| 8 80 4 36 5 @ | 8 | % 8 2 3 9 2 4 | 231
}



BEXAR COUNTY FLOOD ANALYSIS REPORT
PROJECT SCORING MATRIX
DECEMBER 1, 1990

PROJECT ESTMATED Hazard/10 Flscal® Environments 4 Development/| Recrestion/2 | TOTAL

RESPONSES FROM CITIES

ALAMO HEIGHTS -
AH-1 |North New Braunfels strest drainage $12.000000] 10 | 100 | @ ) ) “ 8 20 [ 24 5 15 4 6 | 306
AH-2 |Channel inet at North New Braunfels $1,000000| 9 80 (] 72 7 56 (] 30 ] 24 5 15 3 6 | 2
AH3 [Austin Highway strest drainege $2,000000| @ 80 9 &1 7 56 8 2 8 24 3 18 4 8 | 307
AH-4 |Drainage channet rom Terrslt Hils o Alame Heights $1,000000| @ 80 8 72 7 56 5 2 s 20 s 18 3 8 | 207
AH-S BtD.dlelinddrlll!l $15,000000] 10 100 10 80 ] 48 8 a0 a 24 7 21 3 8 Ny

BEXAR METROPOLITAN WATER DISTRICT -
BM-1 lM‘db Cresk Channeiization $5,013,206 5 50 5 45 3 24 4 20 8 32 8 18 S 10 199
BM-2 |Medina River Cieanup and Development $5368234] 5 50 4 36 3 24 8 % 4 18 5 15 | 8 18| 187

GREY FOREST _
GF-1 Is«m Loop Road @ Heloles Creek $1.000000] @ 7 P ) a | 6 2 3 2 4 12 2 s | 218 |
GF-2 [Grey Forest Road @ Helotes Creek 3300000 8 920 7 & ] 48 8 2 8 2 4 12 2 « | 28

LEON VALLEY o
LV-1 |Husbner Cresk Chenneiization ) 90 9 ) . 84 4 20 3 12 7 21 8 18 | 304
LV-2 [Banders Roed Bridge Channelization @ Husbner Creek |  $815000] © 80 s 54 Y 7] s % s n 6 18 3 6 | 02
LV-3 [Huebner Cresk Channelzation $6.780000| @ 90 5 45 3 4 5 25 4 16 7 21 8 16 | 261
LV-4_[Evers Road @ Huebner Cresk s768000 10 | 100 | @ 54 # 72 8 2 s 2 s 18 3 s | a2

s

OLMOS PARK s _
OP-1 [Shook Avenus drainage chennel Improvements [ s1000000] & [ s0 [ 5 [ as [ 8 [ e | 8 | 0 [ 8 [32 [ e [1e [ a [ e [a5

UNIVERSAL CITY o
UG [Kitty Hawk Rosd st SaiebilloBridge Replacement | $500000] 8 | o0 | 4 | 38 | 8 | 4 [ 6 [ % [ & | 3 | 3 [ e | 2 | 4 ] 209




SECTION 5
IDENTIFICATION OF PROJECTS

Potential flood control projects were identified through many sources. Some projects were identified
by past studies and investigations and are detailed in Section 2 of this report. Other projects were
identified by SARA, Bexar County, the City of San Antonio, and other municipalities or
organizations. The need for many of the projects was reinforced by the October 1998 Flood.

The identified projects have been separated into three categories. The first category is defined as
“Projects with an Identified Funding Source”. These projects are indicated by green labeling on the
maps presented in this section. The second category is “Projects Identified for Further Study” as
indicated by red labeling. These projects have been selected in the Priority Analysis in Section 4 as
having a high need for further study. The third category is “Other Projects” as indicated by orange
labeling on the maps. As decisions are made on what projects should be further investigated, some
may come from the list of “Other Projects”.

The projects that did not have an identified funding source were rated in the prionity matrix analysis
in Section 4. There are 92 projects with a rating of 240 points or greater which are identified as
those which might be considered for further study. There are 65 projects with a rating of less than
240 points which are placed in the “Other Projects” category. The selection of the 240 point project
separation criteria is based on categorizing the projects with the highest potential for overall benefit.
Even though a project may have made the “Other Projects” category, it may possess positive features
that were not evaluated in the matrix analysis. Further investigation of that project may be warranted.

In a large comprehensive study such as this, not all pertinent information can be gathered or
evaiuated. Attempts were made to identify potential projects in Bexar County, however some
projects may have been overiooked. Requests for information were sent to many entities. Some did
not respond that may have potentially beneficial projects.

There are several types of flood control methods that define projects for further study. These inciude
channelization, detention facilities, dams, levees and bridge construction. For the most part, buyouts
or buyback programs have an identified funding source and are either in progress or currently waiting
for funding approval from FEMA. It is suggested that an early flood warning system be investigated.
A county wide early flood warning system could be an invaluable tool in a comprehensive flood
mitigation plan. Modern technology has made early warning systems more effective and feasible.
Such a system not only collects data on rainfall amounts and water levels at key locations but can be
expanded to assist in other functions such as water quality monitoring.

5-1



Index of Abbreviations and Symbols

f__>__ City of San Antonio Road Closure and High Water List from Radio Logs
i Bexar County Low Water Crossings

() Texas Department of Transportation Roag Closures - Oct. 17-18, 1998 Fiood
LW City of San Antonio Low Water Crossings

S SARA / Bexar County Contract - Project List

BB Bexar County and City of San Antonic Property Buy-Back Programs

CT Bexar Bounty Proposed Construction Projects

BD City of San Antonio Projects - 1998 Bond Election and Others

COE Corps of Engineers Proposed Construction Projecis

D City of San Antonio Regional Detention and Channelization Facility Projects
FL 1998 Flood Problem Areas Identified By Various Sources

SA  City of San Antonio / Bexar County / SARA Flood Control Projects - 1996
Respon rom Area LHtilitie icipalilies Regardi

Flood Control Needs

AH Alamo Heights OP Oimos Park

BC Bexar County UC Universal City

GF Grey Forest WC City of Windcrest

LV  Leon Valley BM  Bexar Metropolitan Water District
Previous Studies

Vv 1997 CSA Salado Creek Study BY Vickrey

CH 1989 Bexar County Watershed Study By CH2M-Hill

LC 1996 CSA Leon Creek Study By Pape-Dawson

R

1996 CSA Upper Olmos Creek Study By Rust-Lichliter




BEXAR COUNTY FLOOD ANALYSIS REPORT

DECEMBER 1, 1999
PROPOSED PROJECTS SUMMARY

PROJECTS IDENTIFIED OTHER

WATERSHED FOR FURTHER STUDY PROJECTS
(RED) (ORANGE)

MEDINA RIVER $4,202,7786 $18,722,765
7 Projecis 11 Projects

LEON CREEK $40.687,500 $71,041,123
43 Projects 31 Projects
SAN ANTONIO RIVER $57,260,0682 $5,4368,180
18 Projects 13 Projects

SALADO CREEK $42,858,975 $89,646,986
15 Projects 15 Projects
CIBOLO CREEK $4.237,645 $2,035,000
9 Projects 8 Projects

TOTAL PROJECTS $149,224 958 $186,882,034
92 Projects 76 Projects




PROJECT LISTING

PROJECTS WITH IDENTIFIED FUNDING SOURCE
MEDINA RIVER WATERSHED

(GREEN)
CONSTRUCTION PROJECTS:

Bexar County Proposed Construction Projects

Key Description

CT-3 Geronimo Village Drainage ($100,000)

CT-42 Ravenfield Road Bridge / Road Construction ($1,700,000)
CT-45 PLEASANTON ROAD BRIDGE WIDENING ($400,000)
City of San Antonio 1999 Bond Election Projects

Key Description

BD-67 Hunt Lane: Demya to US 90 ($2,349,534)
RELOCATION PROJECTS:

Key Description

Southern Bexar County:
BB-15 Shepard - Atascosa (2 Properties, 2 w/ improvements) ($68,880)




BEXAR COUNTY FLOOD ANALYSIS REPORT

DECEMBER 1, 1990

MEDINA RIVER WATERSHED

PROJECTS IDENTIFIED FOR FURTHER STUDY (Red)

| PROJECT | ESTIMATED | TOTAL

'ID KEY DESCRIPTION ! COST SCORE
CT-12 | Applewhite Road Low Water Crossing Repla $308,448 | 275
CT-11 | McDona Drainage Improvements $830,000 | 268
CT-30 IOl Frio City Road Low Water Crossing Repl $3086,337 249
CT-33 | O'Brien Road Low Water Crossing Replace $548 400 249
SA-16 |Medina River at FM 1937 LWC replacement (| $1,500,000 249
CT-19 | Pearsall Road Low Water Crossing Replace $189,591 247
CT-21 | Jungman Road Low Water Crossing Replac $520,000 241

| TOTAL $4.202.776
OTHER PROJECTS (Orange)

PROJECT ESTIMATED | TOTAL

ID KEY DESCRIPTION COST SCORE
CT-7 | Cagnon Road Low Water Crossing Replace $320,000 231
CT-15 | Holowell Road Low Water Crossing Replace $550,000 231
CT-20 | Kenney Road Low Water Crossing Replace $424 858 231
CT-25 | Gross Lane Low Water Crossing Replace $550,000 231
. CT-40 | Quintana Road Low Water Crossing Replac $424 858 231
1 CT-41 | Jackel Road Low Water Crossing Replace $525,000 | 221
! CT-6 | Cagnon Road Low Water Crossing Replace| $4,350,000 215
CT-23 | Fischer Road Low Water Crossing Replace $98,.419 200
BM-1 | Medio Creek Channelization $5,813,396 199
BM-2 | Medina River Cleanup and Development $5,366,234 187
CT-2 | Kelier Road Structures $300,000 164

TOTAL

$18,722,765




PROJECT LISTING

PROJECTS WITH IDENTIFIED FUNDING SOURCE
LEON CREEK WATERSHED

(GREEN)

CONSTRUCTION PROJECTS:
Bexar County Proposed Construction Projects

Key Description

CT-5 BRAUN ROAD BRIDGE - Replacement of narrow bridge 0.7m West of Loop 1604
($469,672)

CT-43 GALM ROAD BRIDGE / ROAD CONSTRUCTION ($1,400,000)

CT-47 GERONIMO FOREST DRAINAGE ($400,000)

City of San Antonio 1999 Bond Election Projects

Key Description

BD-7 Hillside Acres Area Drainage Qutfall- Constructs drainage improvements and
reconstructs streets as necessary. ($848,559)

BD-9 Guilbeau Drainage at French Creek - Provides drainage improvements on Guilbeau Rd.
at French Creek. ($430,000)

BD-18 Leon Creek Recreation Facilities and Detention Pond at Loop 410 / Culebra - Acquires

land for a detention pond along Leon Creek, constructs a detention pond and provides
outdoor recreation facilities. ($2,500,000)

BD-26 Quintana Road Drainage #64 Extension (Scheduled for Construction)
BD-28 Whitby at Huebner Creek ($444,952)

BD-29 Babcock: DeZavala to Hausman ($5,751,891)

BD-31 Hollyhock at Huebner Creek ($603,030)

BD-34 Tezel: Timber Path to Ridge Path ($1,958,975)

BD-35 38th Street: US 80 to Growdon ($3,505,028)

BD-77 Tezel: Ridge Path to Old Tezel ($2,938,483)

Texas Department of Transportation Projects

Key Description

TX-4 FM-471 - Leon Creek Area - Drainage. ($176,100)

TX-12 FM-471 at Leon Creek - Remove gravel wash off. ($180,000)

RELOCATION PROJECTS:

Bexar County Property Buy-Back Program

Key Description

PHASE | (Approximately 60% Complete)

BB-17 Leon Creek Area (Plumnear Area -33 Properties) ($1,381,645)
BB-20 Huebner Creek (Hollyhock Area -3 Properties) ($244,400)

BB-22 Leon Creek (Somerset Road -1 Property) ($68,340)



BEXAR COUNTY FLOOD ANALYSIS REPORT

DECEMBER 1. 1996
LEON CREEK WATERSHED

PROJECTS IDENTIFIED FOR FURTHER STUDY (Red)

PROJECT ESTIMATED | TOTAL
1D KEY DESCRIPTION COST SCORE
. M-2 |Babcock Road Levee $92,000 328

M-3 |Babcock Road Levee $36,000 328

. LC-1 |Hausman Road Levee (Prevents split flow) $26,000 326
| C-4B |Stuebing Road Levee $26,000| 317
LC-17 |Rodriguez Park Signs and Fiood Gates $50,000 315
LV-4 [Evers Road @ Huebner Creek $766,000 312

| HB-2 |Cimarron Street Floodwall along Heubner Crel $100,000 309
. LV-1 |Huebner Creek Channelization 304
[ SA-13 |Culebra Creek Study - Helotes Creek to Fren $50,000 304
i HEL-6 |Helotes Creek Channel Improvements $1,400,000 303
LV-2 |Bandera Road Bridge Channelization at Hueb! $615,000 302
CT-13 [Scenic Loop Road Low Water Crossing Repi $230,000 292
5-25 [Leon Ck. Channelization, Keitha to Hwy 90 Wl  $4,745,000 282
GF-1 Scenic Loop Road @ Helotes Creek $1.000,000 279
GF-2 |Grey Forest Road @ Helotes Creek $300,000 279
C-7A Culebra Creek Channelization $143,000 276
D-9 |Huebner Creek @ Hollyhock - Channeiization 272
D-11 |Helotes Creek @ Loop 1604 - Channaelization 270

' D-8 iLeon Creek @ Heath Road - Channelization 267
D-1  Huesta Creek Detention Pond - Leon Creek $6,250,000 265
D-2 Spring Creek Detention Pond - Leon Creek 265
D-3 |Leon Creek Detention Pond - Whitby Street 265
D-5 |Leon Creek Detention Pond - Culebra Creek 265
D-6 |Leon Creek Detention Pond - Heath Street 265
M-4 |Babcock Road Bridge at Maverick Creek $448,000 285
LV-3 [Huebner Creek Channelization $6,780,000 261
D-7 |Govemment Canyon Detention Pond 260
HB-5C |Lockhill Floodwall along Huebner Creek $172,000 254
F-5A |Bandera Road Bridge Replacement at Frenchi  $1,584,000 251
LC-10 |Ingram Road Bridge at Leon Creek $1,813,000 251
S-21 |Leon Ck. Relocations, Laredo Hwy to Quintan| $3,247,000 251
D-10 (Culebra Creek @ Loop 1604 - Channelization 250
CT-27 |Zarzamora Road Low Water Crossing Replac $280,000 249
HB-1 DeZavala Road Bridge at Huebner Creek $609,000 249




BEXAR COUNTY FLdOD ANALYSIS REPORT

DECEMBER 1. 1906

LEON CREEK WATERSHED

PROJECTS IDENTIFIED FOR FURTHER STUDY (Red)

! PROJECT

' | ESTIMATED | TOTAL
' ID KEY DESCRIPTION | COST | SCORE
. LC-7 Grissom Road Bridge at Leon Creek | $1,273,000 249 '
| D-12 |French Creek Channelization $1,334000| 246
i C-8A |Culebra Road Bridge at Culebra Creek $2,039,000| 243
. C-8A |New Culebra Road Bridge at Culebra Creek $1,310,000 241
| C-8B |Timber Path Bridge ar Culebra Creek $817,000 241
| C-8C [Old Grissom Road Bridge at Culebra Creek s871,000 241 |
- CT-26 |Applewhite Road Low Water Crossing Replac $840,500| 241 :
' HB<4 |Prue Road Bridge at Huebner Creek | 54930001 241
' HB-10 [Timber Hill Road Bridge at Huebner Creek | $828.000! 241
TOTAL $40,667,500
OTHER PROJECTS (Orange)
PROJECT ESTIMATED TOTAL
ID KEY DESCRIPTION COST SCORE |
F4A [North Verde Road Bridge at French Creek $655000| 233 |
F-4B |South Verde Road Bridge at French Creek 1 $751,000 233 :
. C-4A |Stuebing Road Bridge at Culebra Creek E $442,000 | 231
. F-2A Hausman Road Bridge at French Creek $597,000 | 231 |
F-3 |Prue Road Bridge at French Creek $512,000 231 |
F-8A |Mainland Road Bridge at French Creek $254 000 231 :
HB-5A |Lockhill Road Bridge at Huebner Creek $288,000 231
HB-5B {White Bonnet Bridge at Huebner Creek $288,000 231
HEL-1 |Galm Road Bridge at Helotes Creek $513,000 231
HEL-3A |Leslie Road Bridge at Helotes Creek $352,000 231
HEL-3B |Leslie Road Bridge at Helotes Creek $363,000 231
HEL-3C |Leslie Road Bridge at Helotes Creek $363,000 231
LC4 |Ebert Road Bridge at Leon Creek $580,000 231
M-1A |Babcock Road Bridge at Maverick Creek $301,000 231
M-1B |Babcock Road Bridge at Maverick Creek $301,000 231
M-1D (Babcock Road Bridge at Maverick Craek $301,000 231
S-28 |Leon Creek - Raymond Russell Park $6,169,000 231
HB-8 |Eckert Road Bridge at Huebner Creek $457,000| 223
LC-15A |Pinn Road Bridge at Leon Creek $989,000 223
LC-16A |Brownleaf Floodwall along Leon Creek $720,000 222




BEXAR COUNTY FLOOD ANALYSIS REPORT

DECEMBER 1, 1998

LEON CREEK WATERSHED
OTHER PROJECTS (Orange)
5 PROJECT ESTIMATED | TOTAL
i ID KEY DESCRIPTION i COST SCORE
| S-22 |Leon Ck. Channel Rectification, City limits to | $2,697,000| 216
LC-12A |Rebuild Culebra Road Bridge at Leon Creek $2,713,000 215
LC-14 \West Commerce Street Bridge at Leon Creek| $2,617,000 215
BD-50 \Dempsey - Street and Drainage $398,123 20t
BD-37 /Abe Lincoin-Street and Drainage $250,000 199
CT-18 Talley Road Low Water Crossing Replace $1,650,000 196
' S§-26 Leon Ck. Reloc. / Fioodproofing, Camp Bullis | $1,020,000 | 189
S-27 |Leon Ck. Reloc. / Floodproofing, S.P.R.R.tol} $1,020,000/ 189
S-28 |Leon Ck. Reloc. / Ficodproofing, IH 10 Fronta $635,000 189
S-24 |Leon Ck. Floodplain Rectification, IH 10 to Mo $17,944,000 171
S-23 |Leon Ck. Floodplain Rectification, Moray Rd. | $24,891,000 164

TOTAL

$71,041,123




PROJECT LISTING
PROJECTS WITH IDENTIFIED FUNDING SOURCE
SAN ANTONIO RIVER WATERSHED
(GREEN)

CONSTRUCTION PROJECTS:
Bexar County Proposed Construction Projects

Key
CT-1

CT-48

Description
FOSTER ROAD STRUCTURE REPLACEMENT - (3) U.S.-87 to New Sulphur Springs
Road

PADRE BOULEVARD BRIDGE WIDENING ($400,000)

City of San Antonio 1999 Bond Election Projects

Key
BD-1

BD-2
BD-3

BD-6

BD-8

BD-10

BD-11
BD-14

BD-15

BD-16

BD-19

BD-21
BD-22

BD-23
BD-25
BD-27
BD-32
BD-36
BD-40

Description

39" Street #58M Phase il A - Street and drainage construction in area bounded by

Commerce, 39" Street, Phase Street and Acme Street. ($739,108)

Ansley Boulevard Drainage #1091 - Provides for street reconstruction and drainage.

Funded for design, right-of-way acquisition and partial construction, ($2,589,491)

Ave Maria Drainage - Street reconstruction, underground drainage system, and

Constructs a concrete channel at Jackson -Keller south to the 300 block of Ave. Maria

($2,200,000)

Culebra Drainage Project #58F (Zarzamora) - Improves drainage to Zarzamora Creek

Between Culebra and Commerce. ($4,394,000)

Flores/Breeden/Beacon Outfall Phase |l (Phase | from ‘94 Bond Program) - Provides a

drainage outfall line along San Pedro Ave. From Olmos Creek to Basse Rd., along Basse

Rd. From San Pedro to Breeden, and along Breeden from Basse Rd. To Lamanda.

($1,051,700)

Harris Storm Drainage (Alvarez, Glass, Cass, Halstead) - Design and reconstruction of

Alvarez, Glass and Cass streets from Haistead to Nogalitos and Halstead from IH-10to

Glass. ($1,731,687)

Howard Drainage (Wildwood to El Monte) - Reconstructs Howard with curb, sidewalks,

driveway approaches and necessary drainage. ($737,828)

Military Ditch #85 - improves Six Mile Creek from Wabash across Military to Zarzamora.
($1,657,572)

Octavia #83 Phase il - Street drainage improvements from Galdston on the nosth, S.

Flores on the east, Chalmers and Keopke on the south and IH-35 on the west.

($3,475,801)

Rip Rap #69 Phase |l C - Improves drainage to compiement Community Development

Block Grant-funded projects bordered by Commercial, W. Geraild, Pleasanton and

Canavan. ($3,000,000)

San Antonio River Improvements - Provides funding to assist Bexar County and the San

Antonio River Authority to make flood control improvements along the San Antonio River

from Brackenridge Park to Mission Espada including the Brooklyn Dam. ($5,258,887)

Dell Street Drainage (100 Block) ($438,817)

Escalon Street Drainage #1008 ($963,342)

Lockhill-Selma Road: George to Wurzbach Road ($3,500,000)
S. Flores Drainage #70-70A, Phase I, Part 3 (87) ($2,200,000)
Wingate / Oriental / Floyd Drainage #1050 ($1,808,181)

Upper Six Mile Creek Drainage #83F ($4,662,459)

38th Street #58M, Phase il ($600,652) ($600,652)

Baylor St. - San Pedro Ck. To Flores St. ($205,998)



BD-45
BD-46
BD-48
BD-49
BD-51
BD-55
BD-56
BD-57
BD-58
BD-61
BD-70
BD-71
BD-73
BD-74
BD-78
BD-85

Callaghan: Bandera to Horseshoe Bend ($2,900,000)
Callaghan : W. Horseshoe Bend to Ingram ($1,618,847)
Claremont/Eleanor/Natalen, Phase [l ($887,975)
Claremont/Eleanor/Natalen, Phase 11l ($800,714)

Drury Lane: Escalon to Dead End ($144,552)

Elsmere: Michigan to Capitol ($125,441)

F Street: Pecan Valley to IH 10 ($186,419)

Florida: IH37 to St. Mary’s ($1,450,300)

Frio City Road: Brazos to Zarzamora ($2,086,272)
Gevers: IH 10 to Harding ($644,645)

Mahncke Area Streets, Phase |l ($957,918)

McKay (400 & 500 Blks) ($157,550)

Mitcheli Street: Probandt to Roosevelt ($1,463,764)
Mockert Street Area: (Mockert, Forest, Lambert, Kiein) ($1,300,000)
Thorain: Buckeye to S.P. Railroad ($327,750)

Western #74 Phase [Il A ($943,093)

City of San Antonio / Bexar County Flood Control Projects - 1996

Key
SA4

SA-5
SA-6
SA-7
SA-8
SA-9
SA-10
SA-11

SA-12

Description

Major drainage improvements and channel work along the San Antonio River in the areas
of the proposed Mission Trails alignment. ($3,250,000)

San Antonic River Improvements Project - Hildebrand to Josephine (Far North)
($1,992,000)

San Antonio River Improvements Project - Josephine to Lexington (North) ($10,644,000)
San Antonio River Improvements Project - Brooklyn Street Dam (North) ($817,000)

San Antonio River Improvements Project - Guenther to Lone Star (South) ($1,874,000)
San Antonio River Improvements Project - Lone Star to San Pedro Creek (South)
($1,700,000)

San Antonio River Improvements Project - San Pedro Creek to Espada Dam (South)
($8,905,000)

San Antonio River Improvements Project - Espada Dam to Espada Mission (Far South)
($4,232,000)

San Antonio River Improvements Project - Espada Dam (South) ($11,675,000)

Texas Department of Transportation Projects

Key
T®-1

TX-6

TX-10

Description

24" Street - From Commerce to Culebra Avenue. Street and drainage construction.
($2,440,000)

Lockhill Selma Road - From George Road to Whisper Path. Street reconstruction,
widening and drainage. ($4,680,000)

Mitchell Street - from Probandt to SP536 (Roosevelt avenue) - reconstruction,
underground drainage system, widening. (3$1,878,228)

South Flores - From Alamo Street to San Pedro Creek - Reconstruct roadway with water,
sewer and gas utility improvements. ($2,831,372)

South Flores - From San Pedro Creek to Franciscan - Reconstruct roadway with water,
sewer and gas utility improvements ($4,477,599)

US-281 at Jones-Maltsberger - Repair riprap. ($30,000)




Corps of Engineers Proposed Construction Projects
Key Description

COE-1 San Antonio River Pilot Channel south of 410 erosion

COE-2 San Antonio River Channel erosion downstream of Ashley Road
COE-3 Six Mile Creek @ San Antonio River Drop Structure eroded
COE-4 San Antonio River @ overflow to San Juan Ditch eroded
COE-5 San Antonio River @ San Juan Left Station Dam tri-lock eroded
COE-6 San Antenio River Tunnel inlet, trash rakes, spiitter wails
RELOCATION PROJECTS:

City of San Antonio:

Key Description

BB-25 San Antonio River (Villamain Area - 2 Properties) ($385,438)
BB-26 Zarzamora Creek Area (Noriega Area - 18 Properties) (584,630)

BB-33 San Antonio River (Symphony Lane Area - 12 Properiies) (§1,271,940)




BEXAR COUNTY FLOOD ANALYSIS REPORT
DECEMEBER 1, 1969
SAN ANTONIO RIVER WATERSHED

| PROJECTS IDENTIFIED FOR FURTHER STUDY (Red)

| PROJECT | ESTIMATED | TOTAL

1D KEY DESCRIPTION ___COST SCORE
' AH-5 |Broadway street drainage . $15,000,000| 319
| AH-3 |Austin Highway street drainage . $2,000,000| 307
{ AH-1 |North New Brauntels street drainage $12,000,000| 306
D-13 ([Vulcan Quarry Detention Pond $1,997,125 306
’ S-30 |Martinez Creek - Alazan Creek to Culebra | $6,851,000 298
SA-2 |Shavano Park Detention Pond $2,800,000 298
! AH-2 Channel inlet at North New Braunfels $1,000,000 293
| AH-4 |Drainage channel from Terrell Hills to Alamo | $1,000,000| 287
' D-14 |Shavano Park Detention Pond | $5711.478| 282
t D-15 |Lockhil-Selma - George Road Channelization 279
D-17 |West Avenue at Loop 410 Improvements 279
QOP-1 Shook Avenue drainage channel improvemen| $1,100,000 275
CT4 [City of ElImendorf Drainage Improvements $450,000 273
D-16 [West Branch Channelization 269
D-24 |Redland Detention Pond & Channelization 265
SA-1 [Spencer Lane at |H 10 Detention Pond $4,600,000 260
R-6 |Dreamiand Bridge - Dreamiand and Olmos Cr1  $2,676,625 250
| CT-32 |Real Road Low Water Crossing Replace $73,834 245

TOTAL $57,260,062




BEXAR COUNTY FLOOD ANALYSIS REPORT
DECEMBER 1, 1900

SAN ANTONIO RIVER WATERSHED

OTHER PROJECTS (Orange)

!

i

; PROJECT ESTIMATED | TOTAL

1D KEY DESCRIPTION | _COST ' SCORE
| CT-39 Zigmont Road Low Water Crossing Replace $139,188 | 239
CT-22 /Gardner Road Low Water Crossing Replace | $68,145 235
R-5 |Channel Clearing - on the East Olmos Creek $221,778 233
CT-38 |Blue Wing Road Low Water Crossing Replac $203,559 221
SA-17 |Pyron Road at Old San Antonic River LWC re $300,000 221
BD-80 |W. French - Street and Drainage $325,772 209
BD-86 |Wilson - Street and Drainage $892 537 209
BD-54 |E! Monte - Street and Drainage ! $400,000 199
- BD-84 [Hilton - Street and Drainage | $318,984 199
| BD-84 |Waverly Ph. Il - Street and Drainage | $445000| 199
| BD-68 [Las Moras - Street and Drainage | $71,376| 198
BD-52 Durango - Street and Drainage $1,556,841 191
S-9 |Gate #2 Brackenridge Park ‘ $493,000 144

e

TOTAL $5,438,180




PROJECT LISTING
PROJECTS WITH IDENTIFI DIN URCE

SALADO CREEK WATERSHED
(GREEN)

CONSTRUCTION PROJECTS:
Bexar County Proposed Construction Projects

Key
CT-44

Description
OLD CORPUS CHRISTI ROAD BRIDGE WIDENING ($400,000)

City of San Antonio 1999 Bond Election Projects

Key
BD-4

BD-5
BD-12
BD-13

BD-17

BD-20

BD-24
BD-30
8D-33
BD-41
BD-42
BD-43
BD-53
BD-56
BD-80
BD-683
BD-66
BD-69
BD-81
BD-88

Description

Blossom/Woodbury #1007 Phase |i (Phase | from ‘94 Bond Program) - Provide a drainage
systern to relieve drainage problems on Woodbury Drive, Nacogdoches and Blossom
Lane. ($2,200,000)

Busby and Flamingo Drainage - Provides drainage improvements and adds curbs on
Busby and Flamingo ($70,000)

IH-35 / Gembler (Salado Creek) - Engineering and channel improvements for Salado
Creek from IH-35 {0 Gembler Road. ($680.000)

Lanark Drainage - Multiple box culvert, from Overiand and Lakeshore west to Lanark, to
pick up drainage from Walzem Creek. ($3,027,480)

James Park Development and Holbrook Road Improvements - Acquires property,
develops bikeways and nature trails along Holbrook Road near Salado Creek and
improves James Park. ($910,857)

Wheatley Heights Buyout and Salado Creek Greenway Development - Acquires and
develops stormwater and hike/bike facilities along Salado Creek between Martin Luther
King Park and Southside Lions Park. ($3,540,384)

Rittiman: Austin Hwy to Harry Wurzbach ($1,018,893)

Higgins: Nacogdoches to Stahl ($2,407,407)

Pecan Valley: "J" Street to IH 10 ($1,200,000)

Bee Street: Walters to Frank ($411,000)

Belgium: Picarde to Coliseum ($1,702,568)

Bitters: Broadway to Nacogdoches ($1,953,326)

Duval/Seguin: Pierce to Waiters ($880,000)

F Street: Pecan Valley to IH 10 ($188,418)

G Street: Pecan Valley to Dead End ($137,042)

Hi Lions 80 Mod Phase 1l & V ($5,476,000)

Holbrook Rd. Area Improvements Phase { ($1,200,000)

Leonhardt: Encanta to Weidner ($808,391)

W.W. White Phase I: Rigsby to Lord ($3,030,546)

Carson Street: Walters to Frank (3274 ,064)

Texas Department of Transportation Projects

Key
TX-7

TX-11
TX-14

Description
IH-35 West Frontage Road - From Holbrook to Walzem Road - Repair riprap and clean out
wash-off. ($1,177,900)

IH-410 at Beitel Creek - Repair erosion and remove debris. ($78,171)
FM-2696 South of Cibolo Creek - Repair roadbed, erosion and guardrail.



RELOCATION PROJECTS:

Bexar County Property Buy-Back Program

Key Description

BB-14 Southton (1 Property w/ improvements)

PHASE | (Approximately 60% Compiete)

BB-18 Tributary to Salado Creek (Pipestone Area -3 Properties) ($408,600)
BB-19 Beitel Creek Area (Briarglen Drive -13 Properties)
BB-21 Salado Creek (Wheatley Heights Area -145 Properties)
BB-24 Rosillo Creek Area (McNuit Area - 2 Properties)
PHASE Ii (Proposed)

BB-27 Salado Creek (Wheatley Heights Area -133 Properties)
BB-29 Rosillo Creek Area (McNuit Area - 20 Properties)
8B-31 Beitel Creek Area (Morga Area - 14 Properties)

BB-32 Beitel Creek Area (Wurzbach Area - 9 Properties)



BEXAR COUNTY FLOOD ANALYSIS REPORT

DECEMBER 1, 1680

SALADO CREEK WATERSHED

PROJECTS IDENTIFIED FOR FURTHER STUDY (Red)

-

; PROJECT ESTIMATED | TOTAL |
1D KEY DESCRIPTION COST SCORE |
D-18 |NRCS RETENTION POND - Site 15R McAllis} $4,735,000 320 }
V-2 |Weidner Road along Beitel Creek, Old O'Con $844 750 303 |
‘ V-8 iHolbrook Reroute at Austin Highway $345,900 295
i D-19 [BEITEL CREEK North of Loop 410 Channeliz] $2,200,000 287
' D-21 |PERRIN-BEITEL CHANNELIZATION $1,100,000 280
D-22 |HOLBROOK ROAD CHANNELIZATION $800,000 283
| SA-14 |Salado Creek Study - South Loop 410 to East $75,000 279
| SA-15 [Salado Creek Study - East Southcross to Rig $75.000 279 _
. CT-24 |Deer Cross Road Low Water Crossing Repla $186,325 265 ;
~ $-18 |Salado Ck. Ficodplain Rectification, Pletz Pk. | $22,028,000| 261
V19 |Panther Springs Creek at West Avenue $250,000 259
V11 |Mud Creek at Jones-Maltsberger Culvert Rep $250,000 257
V12 |Elm Creek at Jones-Maltsberger Culvert Repl $400,000 257
V16 |[Salado Creek at West Avenue Bridge $2,682,000 251
S-13 |Salado Ck. Fioodplain Rectification, Comanchi  $6,885,000 247
TOTAL $42,856,975 N




BEXAR COUNTY FLObD ANALYSIS REPORT

DECEMBER 1, 1999

SALADO CREEK WATERSHED

OTHER PROJECTS (Orange)

PROJECT ESTIMATED | TOTAL

'ID KEY DESCRIPTION COST . SCORE
V17 |Beitei Creek at Vicar Road Bridge $1,500,000 233
' V18 |Salado Creek at Roland $2,400,000 233
| CT-37 |Menger Road Low Water Crossing Replace $280,000 231
'[ V15 |Elm Creek at Bulverde Road Culvert Repiace $500,000 231
S-15 |Salado Creek - "J" Street Park - Channel Rec; $2,949,000 228
. S-14 ;Salado Ck. Fioodplain Rectification, "J" to Rig|  $6,883,000 226
} S-20 |Salado Ck. Floodplain Rectification, Eisenhau| $42,484,000( 226
© V14 |Salado Creek at IH-35 Frontage Roads Bridg $3,000,000 223
V13 |Salado Creek at Binz Engleman Bridge $3,240,000 215
 BD-47 |Cardiff - Street and Drainage $660,392| 201
BD-82 |WW White Road Ph. Ii - Street and Drainage $2,740,932 201
V10 |Salado Creek Rectification - Wetmore to Jonel $20,189,400 200
BD-39 |Aurelia - Street and Drainage $210,242 199
S-12 |Salado Ck. Channel Rectification, Southton to| $1,609,000 124
S-11_[Salado Ck. Upstream of Southton Rd, Bridge | $1,001,000 133

TOTAL

$89,646,966




PROJECT LISTING
PROJECTS WITH IDENTIFIED FUNDING SOURCE
CIBOLO CREEK WATERSHED
(GREEN)

CONSTRUCTION PROJECTS:
Bexar County Proposed Construction Projects

Key
CT-46

Description
EVANS ROAD BRIDGES / ROAD CONSTRUCTION ($1,700,000)

Texas Department of Transportation Projects

Key Description

TX-8 IH-10 South Frontage Road - At Woman Hollering Creek - Remove and regrade channel.
($14,159)

TX-9 IH-10 South Frontage Road - 0.4 miles west of Pfeil Road - Repair riprap channel.
($7,774)

TX-13 FM-1518 at West Salatrilio Creek - Repair erosion and clean culverts. ($23,527)

TX-14 FM-2698 South of Cibolo Creek - Repair roadbed, erosion and guardrail.

RELOCATION PROJECTS:

Bexar County Property Buy-Back Program

Key Description

BB-1 Lyndon Dr. (33 Properties, 22 w/ improvements) ($968,813)

BB-9 Schaefer Rd. (10 Properties, 10 w/ improvements) ($479,776)

BB-10 Lost Meadows (1 Property, no improvements) ($165,022)
Aztec/Bolton:

BB-11 Aztec Lane (17 Properties, 12 w/ improvements) ($402,390)

BB-12 Bolton (11 Properties, 11 w/ improvements) ($530,236)



BEXAR COUNTY FLOOD ANALYSIS REPORT
DECEMBER 1, 1999

CIBOLO CREEK WATERSHED

PROJECTS IDENTIFIED FOR FURTHER STUDY (Red)

| PROJECT ESTIMATED | TOTAL |

ID KEY DESCRIPTION | COST . SCORE |
S-31 [Cibolo Ck. Reloc. / Fioodproofing, at Schaeffel $852,000 283
S-32 |Cibolo Ck. Reloc. / Floodproofing, Schaeffer |  $368,000| 283
. CT-31 Glen Fair Road Low Water Crossing Replace $127,645 | 257
. CT-8 |Bianco Road Low Water Crossing Replace $565,000 255
! CT-10 |Smithson Valley Low Water Crossing Replac $580,000| 255
CT-28 |Old Fredericksburg Rd. Low Water Cross Re $460,000 249
' CT-14 {Trainer-Hale Low Water Crossing Replace $430,0001 241
CT-16 |Weir Road Low Water Crossing Replace | $425,0001 241

CT-17 :Schaeffer Road Low Water Crossing Replacei $450,000 i 241 '

TOTAL $4,237 645 |

OTHER PROJECTS (Orange)

PROJECT ESTIMATED | TOTAL
ID KEY RESCRIPTION | COST SCORE
CT-34 |New Berlin Road Low Water Crossing Replac' $180,000| 239
' CT-35 |Uhlrich Road Low Water Crossing Replace $185000| 239
CT-36 |Abbott Raod Low Water Crossing Replace | $145,000 239
UC-1 Kitty Hawk Road at Salatrillo Bridge Replace ! $500,0001 239
CT-28 |Specht Road Low Water Crossing Repiace $450,0001 231
CT-8_‘Bulverde Road Low Water Crossing Replace | $575.0001 216

TOTAL $2,035,000
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SECTION L Project Scope & Objecrives

SECTION 1. PROJECT SCOPE & OBJECTIVES

STUDY SPONSOR & ADVISORS

The Leon Creek Watershed Master Drainage Plan project was developed by the City of San
Antonio Public Works Department. This project is being funded and administered through the
same department. The Public Works Department is coordinating with the San Antonio Water
System, Bexar County, Texas Department of Transportation, CSA Planning Department, CSA
Parks and Recreation Department, Edward’s Underground Water District and other local entities
to coordinate the common interest of all parties.

A citizens advisory committee was created by San Antonio’s City Council to seek citizen input
and insure their representation in the formulation of the Drainage Master Plan. This committee is
chaired by Councilman Howard Peak and has been named the Drainage Regulation and Review
Committee. Members of this committee are listed in the Table I-1 below.

Table 1-1
DRAINAGE REGULATIONS & REVIEW COMMITTEE

Committee Member Representing
Howard Peak (Chair) City Council
Bob Ross City Council
Linda Billa Burke City Council
Ed Cross Planning Commissioner
Mike Cude Professional Engineers in Private Practice
Norm Dugas Real Estate Council
Dan Kossl Greater S.A. Homebuilders Assoc.
Mike Gonzales San Antonio River Authority
June Kachtik Open Space Advisory Board
Charlie Connors NODD
Unknown Near Westside neighborhood representative
Larry DeMartino Southeast neighborhood representative
John German CSA Department of Public Works
Ray Rendon Bexar County Department of Public Works
staff SAWS
Steve Ramsey SARA
Gayle Kipp EUWD
John Kight CSA Project Manager
I-1
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SECTION I Project Scope & Objectives

PURPOSE

The City of San Antonio has authorized this study with the intent of developing a Master
Drainage Plan for the Leon Creek Basin including the Leon Creek and its major tributaries from
U.S. Hwy 90 to north of Loop 1604. Flood plain limits based on existing conditions will be
determined for the 10, 25, 50, 100 and 500 year storm events. Ultimate development flood plain
limits will be determined for the 25 and 100 year storm events. From the existing and ultimate
development flood plain analysis, projects and watershed management practices will be
identified to reduce existing and potential flood hazards. A ten year plan to implement the
projects, identified to reduce flood hazards, will be developed and will include an estimated cost,
priority and implementation schedule.

SCOPE OF SERVICES

This project consist of developing a Master Plan for drainage improvements in the Leon Creek
Watershed in the southwest, west and northwest areas of the City of San Antonio and its ETJ.
Other tributaries to be included in the study are Huebner Creek, French Creek, Helotes Creek,
Culebra Creek, Huesta Creek and Maverick Creek. There are approximately 58.4 miles of
related flood plains included in this study.

Limits of Detailed Study

Although this study addresses the entire Leon Creek Watershed, detailed flood plain delineation,
site specific analysis and project development are limited to the segments of Leon Creek
described in Table I-2 below.

Table I-2
LIMITS OF FLOOD PLAIN DELINEATION STUDY

Creek Limits of Detailed Study Length

Leon Creek U.S. 90 to Loop 1604 17.8 miles
Culebra Creek Leon Creek to Galm Road 9.1 miles
Helotes Creek Culebra Creek to Helotes city Limits 5.7 miles
Huebner Creek Leon Creek to IH 10 8.7 miles
French Creek Leon Creek to Helotes city Limits 7.6 miles
Huesta Creek Leon Creek to fork in creek north of Loop 1604 3.8 miles
Maverick Creek Leon Creek to Heuermann Road 5.7 miles
Study Total 58.4 miles

1-2
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SECTION I Project Scope & Objectives

Specific Task

The study is divided into a preliminary phase and a design phase. The preliminary phase is a
research or discovery effort to determine what information has been developed in the past and to
generally develop background data for the design phase. After completion of the preliminary
phase, design efforts will begin to develop the detailed delineation of the existing and ultimate
development flood plain. Specific projects will be developed and included in a ten year master
drainage plan to reduce flood hazards within the Leon Creek Watershed.

During the preliminary phase, watershed maps were developed illustrating the full limits of the
Leon Creek Watershed. All available drainage studies prepared for public or private use were
identified through file searches and interviews and an index of these studies was prepared. These
studies were then analyzed to determine their usefulness for purposes of this watershed study.
This report is a summary of the preliminary phase effort.

The design phase will encompass development of a hydrologic model of Leon Creek and its
major tributaries. This model will include quantitative hydrology and hydraulic calculations for
the 10, 25, 50, 100, and 500 year storm events based on existing conditions of the watershed. In
areas where private property is found to be inundated by the 100 year rainfall event, projects will
be developed to mitigate the flooding in each location. A map depicting the existing flood plain
overlaid on the City’s Block Maps will be produced in conjunction with the study. A model will
also be developed for the 25 and 100 year storm event and overlaid on the City’s Block Maps
based on ultimate development conditions in the watershed to determine potential flood
mitigation practices or identify improvement projects to offset the effects of development and
prevent future development from creating flooding problems. Consideration will be given to
water quality issues, potential reuse and recharge projects and proposed by SAWS and other
environmental concerns. A cost estimate and ten year plan to implement the specific projects
identified in the design phase will be prepared along with project priorities.

Throughout this process, all efforts will be coordinated through the City’s designated watershed
study manager to insure that all interested parties are represented. This may include being
present at citizen group meetings and coordination meetings with other governmental agencies.
Upon completion of the study, a final report will be issued to present the results and
recommendations to the City.

I-3
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SECTION II. Discovery

SECTION II. DISCOVERY

INTRODUCTION

San Antonio is located in the south-central portion of Texas, approximately 150 miles from the
Gulf of Mexico and 100 miles from the geographical center of Texas. Situated in Bexar County
on the San Antonio River, the terrain to the northwest slopes upward to the Edwards Plateau and
to the southeast it slopes downward to the Gulf Coastal Plains. These two distinct geological
regions are divided by the Balcones Escarpment, a critical recharge zone for the Edwards aquifer.
The rolling hills of the area account for the range in elevation from 600 feet MSL (feet above
mean sea level) in southern San Antonio to 1000 feet MSL just below the Balcones Escarpment
to over 1600 feet MSL in the upper reaches of Bexar County. A location map of the project area
is shown on Figure 1-1.

Watershed Geographic Setting

The Leon Creek Watershed is located in the northwestern portion of Bexar County stretching
from the confluence of Leon Creek with the Medina River, south of Loop 410 to the southwest of
the City, to the northwest limits of Bexar County. Leon Creek’s total watershed area is 237
square miles at the Medina River. The watershed limits are shown on Figure I1-1.

The watershed area includes a portions of the cities of San Antonio, Leon Valley and Helotes.
Kelly and Lackland Air Force Bases are located in the southern portion of the watershed adjacent
to US Highway 90. Just upstream of the bases near the intersection of Commerce Street and
Loop 410 is the Southwest Research Institute. All of these facilities were developed prior to the
1960's.

Development of the Leon Creek Watershed has been extensive in the last 30 years or so. The
vast majority of the commercial and residential development outside Loop 410 has be since the
late 60's. Aerial mapping flown in the early 60's from the Soil Conservation Service, Soil survey
for Bexar County, shows very little development outside of Loop 410 . Major development since
the early 60's include: the Medical Center, the University of Texas at San Antonio and the USAA
campus. Since the early 80's the following areas have been developed: Sea World, Fiesta Texas
and The Dominion.

I1-1
LEON CREEK WATERSHED
MASTER DRAINAGE PLAN




SECTION II. Discovery

Figure 11-1
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SECTION 11 Discovery
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SECTION 1. Discovery

Leon Creek

Leon Creek originates in the northwestern portion of Bexar County. The stream flows in a
southeasterly direction to its confluence with the Medina River. Within the Leon Creek
Watershed are numerous other tributaries to the Leon Creek. Within The "Leon Creek
Watershed Drainage Mater Plan" study area, only those segments or reaches of Leon Creek and
its major tributaries shown in Table I-2 will receive specific analyses to determine the extent of
the flood plain for design storm events.

HISTORIC RAINFALL & RUNOFF

The climate of San Antonio is best described as sub-tropical: continental during the winter
months and hot during the summer. Due to its location between the semi-arid area to the west
and the heavy rainfall area to the east and southeast, the annual rainfall of approximately 30
inches per year is sufficient for the normal production of most crops. Precipitation is reasonably
distributed throughout the year, with the heaviest rains typically falling during May, in the
spring, and September, in the fall. Similar to other Texas cities, rainfall in San Antonio varies
greatly from year to year, ranging from approximately 10 inches in 1917 to approximately 50
inches in 1919. Recently, from December of 1992 To June of 1993, San Antonio received in the
neighborhood of 50 inches of rain.

Rainfall from April through September usually occurs with thunderstorms. Large amounts
falling in short periods of time create flash floods over some areas of the city. Winter
precipitation occurs as light rain or drizzle, although thunderstorms and heavy rains have
occurred in all months of the year. According to John Patton, of the National Weather Service,
the average rain for San Antonio produces 1" to 14" over a 50 square mile area and last for
approximately 60 minutes, peaking in approximately 20 minutes. There are generaily 40 to 45
of these storms each year that deposit rainfall over different parts of Bexar County.

Heavy rains over short periods of time cause flash flooding in certain sections of the city.
Perhaps the worst flood of the century occurred in 1921 when 31.8 inches of rain fell in a 24 hour
consecutive period of time'. This storm started as a hurricane along the Mexican coastline and
moved inland and northeasterly across Texas. Five to nine feet of water stood in downtown San
Antonio.

San Antonio's location on the Balcones Escarpment can be an intersection point for cold northern
air to meet the warm moist prevailing southeast breezes of the coast. Frequently this condition
results in rain, sometimes intense.

' The amount of rain officially recorded for the month of September, 1921 is 8.27 inches. The
31.8 inches of rain occurred at a non-official localized rain gage.

iI-3
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SECTION I1. Discovery

Throughout the "average" year measurable rain may be expected to fall on 80 days, with
thunderstorms accounting for 36 of these. Rainfall lasts for only a brief period of time during
the summer months as is characteristic of showers, except when the area comes under the
influence of tropical storms. Longer periods of rainfall, drizzle and fog occur during the winter
months when cool air stalls and is overrun by warm moist gulf air.

Rainfall Data

Official rainfall data was obtained from the National Climatic Weather Center in Ashville, North
Carolina. Monthly and annual rainfall for San Antonto is presented in Table II-1. Figure II-2
illustrates the annual rainfall totals from 1900 to 1990.

During our research we observed that rainfall intensities typically can vary widely between
different geographical area of the city. For example, on April 4 & 5, 1991, in Shavano Park
10.52 inches of rain was recorded in about two hours. However, small amounts of rainfall were
measured at Loop 1604/TH 10 and at Vance Jackson; both areas adjacent to Shavano Park.
Another example storm event happened on June 5, 1986 traveled from the southwest to the
northeast parts of town. Rainfall along this line varied from about 6 inches to over 9 inches in
Windcrest. Other areas of the city not directly within the path of the storm received less rain,
within the range of 4 to 5 inches.

U. S. G. S. Stream Gage Recording Station

The United States Geological Survey (USGS) maintains a stream gaging station on the Leon
Creek in the vicinity of Kelly and Lackland Air Force Bases. The station records the average
daily flow in Leon Creek. Data from the USGS recording station provide daily mean flows and
the maximum of the average daily discharge values in cubic feet per second (cfs) during each
month. This recording station does not record the instantaneous peak flow, and therefore, does
not provide any data to indicate what the peak flood flow from a storm event might have been.
Table II-2 shows the monthly summaries of these values for the last 10 years.

11I-4
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Table I1-1
SAN ANTONIO RAINFALL

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
1900 542 034 435 911 447 078 224 405 097 29 182 070 37.19
1901 041 071 054 059 247 18 379 09 420 0.12 064 0.15 16.44
1902 070 055 0.12 231 314 0.02 3585 0.00 552 254 353 251 24.79
1903 239 788 129 174 195 475 752 020 296 161 TR 082 33.11
1904 030 064 016 325 593 173 350 197 774 28 024 1.06 29.38
1905 088 162 274 6.08 4.11 6.01 282 051 1.80 1.83 263 1.5 32.59
1906 029 107 129 394 086 0.62 434 225 1.74 1.09 133 1.60 20.42
1907 080 078 188 377 464 018 268 080 111 354 679 080 27.77
1908 101 242 131 2.87 6.07 030 066 427 392 147 261 161 2852
1909 010 071 088 082 177 165 327 170 056 155 053 138 1492
1910 0.88 0.78 042 331 156 055 1.37 037 056 335 138 1.69 1622
1911 002 166 272 341 201 030 1.03 048 0.12 357 201 135 18.68
1912 028 512 18 178 149 322 127 029 147 2.74 145 276 23.73
1913 090 191 136 132 288 290 003 129 721 886 455 447 37.68
1914 009 138 083 526 559 001 002 780 224 578 324 143 33.67
1915 053 181 120 11.64 189 003 092 390 239 L11 029 157 27.28
1916 225 001 079 1.85 3385 049 453 507 378 257 214 033 27.66
1917 095 049 0.6 028 330 002 219 0.10 139 048 075 TR 10.11
1918 0.10 1.10 145 514 280 335 168 261 149 405 253 361 299
1919 378 156 139 360 306 701 788 214 761 866 156 205 5030
1920 336 027 083 109 242 283 039 226 0.15 285 295 0.16 19.56
1921 140 023 591 278 201 459 048 045 827 1.02 1.16 0.23 28.53
1922 123 126 329 546 346 392 0.10 027 097 355 098 0.10 24.59
1923 046 547 307 324 133 079 254 294 298 139 421 429 3271
1924 097 3.02 129 336 471 466 005 TR 252 052 024 231 23.65
1925 036 0.09 024 0.18 285 048 124 172 287 223 144 129 1499
1926 342 008 477 7.06 333 357 137 031 043 182 199 224 3039
1927 065 196 202 205 204 791 049 0.15 152 144 0.03 249 2275
1928 065 285 234 1.70 390 329 103 121 630 169 229 295 3020
1929 221 0.16 3.12 237 773 219 258 001 202 160 3.17 208 29.24
1930 125 094 176 220 08% 4.03 199 041 174 4.01 269 0.88 2279
1931 586 268 200 228 136 3.10 309 030 001 075 072 279 2500
1932 330 1.8 1.05 261 210 194 552 671 877 0.60 010 101 3557
1933 066 192 054 130 223 174 192 278 3.18 027 065 039 17.58
1934 488 043 205 456 165 0.18 383 088 195 0.19 2388 4.17 27.65
1935 031 1.87 231 352 1407 841 161 098 561 194 044 1.86 42.93
1936 043 040 266 277 6.13 643 268 223 407 189 217 175 33.61
1937 096 0.13 210 084 768 219 182 014 004 309 086 622 2607
1938 3.35 033 382 606 388 065 091 044 182 013 063 124 23.26
1939 208 095 065 078 322 010 212 508 195 007 099 0.839 18.83
1940 064 186 094 250 419 747 064 122 142 466 240 285 30.79
1941 214 1.86 295 456 23530 203 062 023 488 313 047 097 2634
1942 0.3 201 029 348 219 195 819 188 767 956 047 064 3846
1943 073 0.09 158 148 25 191 372 078 434 017 195 120 20.51
1944 349 168 372 094 676 164 TR 432 130 152 366 4.16 33.19
1945 297 390 273 291 124 531 119 119 300 349 135 1.18 30.46
1946 3.64 224 175 554 347 292 020 403 1578 131 186 243 4517
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Table II-1 (continued)
SAN ANTONIO RAINFALL

1947 214 029 146 030 332 031 1.00 534 0.06 019 101 150 17.32
1948 061 186 039 140 159 296 235 583 198 324 100 023 23.64
1949 291 298 227 8959 085 826 224 103 078 758 0.13 279 40.81
1950 032 143 024 342 241 1.03 160 6.15 3.02 008 0.13 0.03 19.86
1951 025 243 276 093 444 707 051 006 375 144 067 0.13 24.44
1952 081 2.0p 234 340 191 180 275 0.00 302 TR 447 3.67 26.18
1953 041 050 053 208 100 219 001 3.12 248 3.06 034 144 17.56
1954 151 003 0.03 194 146 271 125 1.05 052 198 202 020 1470
1955 145 233 140 0.14 444 2838 132 081 079 039 157 0.66 18.18
1956 0.81 0.85 027 049 3.07 027 153 394 062 123 1.13 1.10 15.3}
1957 051 253 4,19 932 822 349 073 021 11.10 471 290 092 48.83
1958 457 388 1.08 132 198 339 739 045 836 543 0.77 1.07 39.69
1959 052 250 0.13 255 243 132 148 3.05 172 511 217 152 2450
1960 0.76 122 165 208 121 270 131 596 0.76 784 130 297 29.76
1961 068 179 003 032 0.17 787 7.04 0.15 224 339 209 070 2647
1962 048 090 091 402 131 244 0.13 1.57 2.69 2.19 497 229 2390
1963 027 359 0.21 188 3.03 228 0.03 063 1.11 275 193 094 18.65
1964 340 188 173 116 1.79 488 0.02 519 415 086 481 122 3109
1965 240 643 230 197 818 242 0.08 1.65 3.13 269 091 458 36.74
1966 147 230 113 320 353 178 006 428 213 111 TR 042 2141
1967 0.18 048 218 094 222 001 212 316 11.16 200 342 138 29.25
1968 825 1.85 127 192 282 263 153 094 298 069 458 066 30.12
1969 1.76 290 236 246 461 232 036 419 132 583 102 228 3141
1970 1.i10 266 198 1.13 730 089 091 095 435 131 001 0.01 22.60
1971 004 081 004 139 152 274 105 942 475 462 274 286 31.98
1972 135 040 0.13 194 1124 286 3.13 424 140 199 237 044 31.49
1973 277 276 158 541 273 1044 691 129 13.09 485 029 Q.16 52.28
1974 136 004 094 218 428 102 128 11.14 385 409 539 143 37.00
1975  1.04 330 052 269 691 460 106 128 051 225 003 148 25.67
1976 056 0.13 120 567 580 161 539 209 379 848 246 195 39.13
1977 3.10 091 0.88 880 162 226 0.10 006 211 347 601 032 29.64
1978 0.68 176 1.71 362 245 396 143 497 886 055 491 1.09 3599
1979 407 138 355 534 198 559 738 209 084 0.11 143 286 36.62
1980 072 074 098 167 642 052 026 264 505 1.09 353 061 2423
1981 2.06 096 19 221 643 871 025 241 136 861 072 069 3637
1982 072 128 0.6%9 123 642 137 0.14 055 087 284 454 231 2296
1983 143 154 389 0.13 437 127 243 200 386 164 3.06 039 26.06
1984 187 054 191 011 376 140 TR 299 106 594 291 341 2590
1985 268 191 2385 327 247 820 580 045 480 391 393 0.00 40.27
1986 0.76 252 035 060 629 1195 005 189 283 6.58 1.83 7.11 42.76
1987 1.13 478 110 148 1285 769 121 033 224 044 253 218 3796
1988 039 092 0386 123 041 550 558 198 083 062 002 067 19.01
1989 296 029 124 255 033 396 069 048 154 581 193 036 22.14
1990 1.17 2.68 5.17 452 328 1.18 829 130 370 371 3.11 020 3831
*AVE 156 1.68 1.66 289 3.61 3.04 220 219 325 2.80 202 1.64 28.34

* For period of record shown (1900-1990).
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Figure 11-2
ANNUAL RAINFALL
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Table 11-2
USGS MONTHLY STREAM FLOWS

1985 1986 1987 1988 1989 1990 1991 1992 1993
Month Mean Max Mean Max Mean Max Mean Max Mean Max Mean Max Mean Max Mean Max Mean Max
Jan 143 72 116 29 21 60 971 12 18.1 237 536 11 281 517 116 1320 26.1 116

Feb 153 193 161 107 45% 310 12 102 593 19 94 58 237 287 355 5020 569 355
Mar 395 468 901 14 235 57 124 150 646 20 219 186 104 21 192 2630 374 192
Apr 166 64 692 13 188 36 694 15 202 471 18 283 826 1430 463 218 265 826
May 169 150 493 1040 181 1150 761 38 589 11 124 110 373 348 356 3400 96.1 356
Jun 115 1660 324 4540 824 53580 1095 100 25 361 496 46 509 804 168 1220 174 824
Jul 186 147 129 23 253 65 10.6 142 256 4.2 144 2260 232 182 174 25 29.5 144
Aug 139 69 821 21 138 19 1.7 222 1% 7.1 703 36 4.64 17 23 156 101 23
Sep 252 1i1 361 365 119 39 383 879 197 33 .04 27 71223 20 199 172 383
Oct 56 633 696 426 73 22 614 11 7.18 73 683 42 494 20 216 696

Nov 21.8 78 126 56 107 74 516 21 407 22 92 98 395 7 127 379

Dec 111 16 303 250 128 41 505 74 462 11 373 62 575 6190 746 575

Flood Events

San Antonio has experienced a number of significant floods as shown in Table II-3. This
information was gathered from newspaper articles and other sources. Consequently, the duration
of some of these rainfall events was not available. The most significant flood occurred in 1921.
Another major flood event took place in September, 1946 when over 6 inches of rain fell in an 8
hour period and more than 10 inches of rain fell during the storm. Development in the Lecon
Creek Watershed has occurred primarily since the late 50's, and consequently, little flood damage
has been documented.

Table I1-3
FLOODS OF RECORD
Date Description
September, 1921 up to 17" in two hours
May, 1937 6.21" in 8 hours
September, 1946 6.05" in 8 hours, 10.43" for the total storm event
May, 1965 6" prompting congressional action by Henry B. Gonzalez
September 23, 1969 6" downtown
August 8, 1974 4" in brief time with wet preceding conditions
June 13, 1981 3.2" in one hour at Kelly, 5" at Woodlawn Lake,
September 19, 1983 42"
June 5, 1986 9.61" reported in Windcrest
May - June, 1987 12.85" in May
June 11, 1987 7.21" in Helotes, 6.48" in 26 hours at Trailwood
May 6, 1993 7.25"
1I-8
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GOVERNING AND CONTROLLING AGENCIES

There are numerous agencies that have interest in the Leon Creek Watershed. During this project
many of these agencies and individuals were contacted to obtain information relevant to the
drainage conditions in the Leon Creek Watershed. On the following pages are summaries of the
agencies and individuals contacted, reports that were reviewed and studies that were analyzed.

Agencies Contacted

During the investigation for this project many agencies were contacted for information that could
be beneficial to completing this study. We have listed below the agencies contacted and the

individual(s) we talked with.

Table I1-4

AGENCY INTERVIEWS

Agency
City of San Antonio Drainage Department

San Antonio Water System

Person(s) Interviewed

Roy Akiona, Tom Carrasco & Mendi
Littman

Jay Aldean, Tom Fox & Chris
Powers

Bexar County Public Works Ron Pena
Edwards Underground Water District Bobby Bader
Texas Department of Transportation Julia Brown, Preston Streicher &
Judy Freisenhahn
City of Leon Valley Jim Malone
San Antonio River Authority Steve Ramsey
San Antonio Police Department Desk Officer & Human Resources
San Antonio Fire Department Lt. Jim Collins
City of San Antonio Information Services Steve Bishop
City of San Antonio Traffic Department Andy Ballard
Kelly Air Force Base William Ryan
Lackland Air Force Base Eric Staph & Gabe Gonzalez
City of San Antonio Mapping Abner Martinez
UTSA Center for Archeological Research Robert Hard & Ann Fox
City of San Antonio Department of Parks & Recreation ~ Dale Bransford
Soil Conservation Service Dale Mengers
U.S. Army Corp of Engineers Brian Rowe
11-9
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City of San Antonio Drainage Department

Drainage Assessment for the Middle Leon Creek

Drainage Engineering of the City of San Antonio Department of Public Works prepared a
Drainage Assessment for the Middle Leon Creek and Huebner Creek in October of 1993. The
area included in "Middle Leon Creek" study consisted of Huebner and Leon Creeks from
Huebner Road upstream to Loop 1604. Presented in this report are known problem areas within
the Leon and Huebner Creek area along with proposed improvements that will address these
problems. Table II-5, shown below, is a summary of these problem areas, proposed
improvements and estimated costs for construction, right-of-way and engineering.

Table 1I-5
CSA - MIDDLE LEON CREEK DRAINAGE ASSESSMENT

Problem Area Proposed Improvement Cost Estimate
p z E§ E g &
i § 2 B F 2
@ & g g = &
A e &) m
Hills & Dales Subd. Y Y Y $684,000 $16,000 $86,000
Del! Oak Subd. - Lake Breeze St. Y Y $1,026,000  $243,000 $£129,000
Hausman Rd. - W. of Babcock @ Huesta Y $492,000 NA $62,000
Creek
Hausman Rd. - E. of Babcock @ Y Y $650,000 $81,000 $82,000
Maverick Creek
Valley View Subd. - Nickle & Dime Y Y $1,154,000 $185,000 $145,000
area Phase |
Valley View Subd. - Nickle & Dime Y Y $1,963,000  $308,000 $247,000
area Phase II
Babcock Rd. crossing Huesta, Maverick Y $7,985,000 $297,000 $1,005,000
Babcock Rd. crossing Leon Creek Y Y $3,678,000  $306,000 $463,000
(East)
Babcock Rd. crossing Leon Creek Y $4,259,000  $378,000 $536,000
(West)
DeZavala Rd. - North of Babcock Y Y $85,000 $4.000 $11,000
Babcock Rd. - West of DeZavala Rd. Y Y $419,000 $42,000 $53,000
Spring Forest Drive Y $635,000 $41,000 $80,000
Prue @ Huebner Creek Y Y $743,000 $56,000 $60,000
White Bonnet at Lockhill Selma Y Y $992,000 $£112,000 $125,000
Hollyhock - West of Babcock Y Y $671,000  $143,000 $85,000
Strathaven - North of Hollyhock Y $689,000 $£63,000 $87,000
Abe Lincoln and Hollyhock Y $829,000 $23,000 $104,000
Whitby @ Huebner Creek Y Y $527,000 $59,000 $66,000
Total $27481,000 $2,098,000 $3,426,000
I1-10
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Low Water Crossings

Many locations where streets cross creeks have little or no drainage structures. This condition is
commonly known as a low water crossing. A list of low water crossings in the Leon Creek Basin
was obtained from the San Antonio Fire Department and is shown in Table II-6 below.

Table I1-6
LOW WATER CROSSINGS

_u_; 5 Location Creek 2 . Street Block #

2 5 s 2

5 2 & m

m [~
38 6 2000 block of Pinn Rd. Leon, branch 613 F7 Pinn 2000
39 6 Arvil btw Keitha & Elmer Leon, branch 614 B7
40 6 Rodriquez Leon 614 B7
41 6 Military & Westbriar Leon, branch 613 E7
42 6 Martinique btw Barbados & Andros Leon, branch 613 F7
43 6 Tallahasse btw Barbados & Andros I.eon, branch 613 F7
44 6 Westfield btw Barbados & Andros Leon, branch 613 F7
45 6 Biscayne btw Barbados & Andros Leon, branch 613 F7
68 7 W. Commerce btw Pinn & Military Leon 613 F3 W. Commerce
69 7 Pinn, 2500 s. of W. Commerce Leon 613 F4 Pinn 100 - 500
70 7,8  Timber Path, 500’ se of Grissom Culebra 57% B7 Timber Path 9000-9100
72 8 Hausman, 200" e of Babcock Huesta 513 E8 Hausman 7500
73 8 Hausman @ Roadrunner Huesta 513 F8 Hausman 7000-7100
74 8 Hausman Leon 514 A8 Hausman 6700
75 8 Old Fredericksburg, n of 1604 Leon 514 CS5 Old Fred 15800
76 8 Hausman, 4800' w of IH10 Leon 514 B7 Hausman 6000-6100
77 8 Danvers btw Glidden & Dime Huesta 513 E8 Danvers short
78 8 Babcock, 100’ n of Nickie Huesta 513 E8 Babcock 12500
79 8 Babcock, 500' s of Nickle Huesta 513 E8 Babcock to
80 8 Babcock, 2300' s of Nickle Huesta 547 EIl Babcock
81 8 Babcock, 3700 s of Nickle Leon 547 Fl Babcock 13500
89 8 Prue Rd, 1600’ e of Babcock Huebner 548 C4  6300-7000
90 8 Lockhill, 250" e of White Bonnet Huebner 548 C4  Lockhill @ White Bonnet
91 8 White Bonnet, s of Lockhill Huebner 548 C5  same
92 8 Hollyhock, 600" w of Babcock Huebner 548 B7  Hollyhock 6100-6500
93 8 Whitby, 200" n of Wetlesly Manor Huebner 548 B8  Whitby & Wellesly Manor
96 8 Hucbner, 400' s of Apple Green Huebner 548 B8  Huebner @ Wade Lane
112 7 Wurzbach, 750’ s of Seville Huebner, branch 580 BS5 Wurzbach 4700-5000
113 6,7  Timberhill, n of Wurzbach Huebner 579 F6  Timberhill 4000-4200
114 7 Ingram, 2500" ¢ of Culebra Leon 579 E7 Ingram btw Mabe &

Northwestern Dr.

115 8 Easterling, s of Culebra Culebra 578 D4  Easterling
116 8 Qld Grissom, 500' ¢ of Culebra Culebra 579 Cs Old Grissom Culebra

During a moderate storm event the roadway at the low water crossing is overtopped by the creek
flow. Fire, Police and Public Works personnel typically put up barricades at the low water
crossings to warn the public of the danger. Problems can arise when a motorist drives a vehicle
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into water that reaches the floorboard. The combination of the force of the water splashing on
the upstream side of the vehicle coupled with the vehicle's poor traction caused by the wet
conditions and the vehicle's tendency to float can push the vehicle off the road and into the creek
bottom. Many cases of motorist being stranded in a low water crossing have been documented.
The Fire Department keeps records of high water rescues. Table II-7 below is a listing of recent
rescues.

Table II-7
RECENT LOW WATER CROSSING RESCUES
Incident No. Location Date
92002144 IH 35 S @ Leon creek 1/26/92
02002151 Hwy 151 @ Pinn Rd. 1/26/92
92002149 Ingram Rd. @ Potranco 1/26/92
92002169 Ingram @ Wurzbach 1/27/92
92002141 Ingram (@ Wurzbach 1/26/92
92002757 Military Dr/Pearsall Rd. 2/4/92
92002740 Babcock/Hausman Rd. W 2/3/94
92002809 Babcock/Hausman Rd. W 214192
92005068 Babcock/Southpoint 3/3/92
92005145 Babcock 3/4/92
92005135 Babcock/Hollyhock 3/4/192
92010234 Babcock/Nickle 5/4/92
92011159 Gen. McMullen S/EB New Hwy 90 5/14/92
92011580 Hwy 151/Pinn Rd 5/19/92
92011616 Babcock/Hausman Rd W 5/20/92
92012275 Babcock/Louis Pasteur 5/27/92
92012286 Culebra Ave 5/27/92
92012294 Culebra /Loop 1604 5/27/92
92012293 Hwy 151/Loop 410 SW 5/27/92
92012289 Culebra/Laven Dr. 5727192
92012371 Leon Creek/Prue Rd 5/27/92
92013405 Hwy 151/Potranco rd 6/9/92
92028521 Babcock/Hollyhock 11/19/92
93011942 Floyd Cuzl St./Huebner Rd 5/5/93
93011841 Eckhert/John Marshall 5/5/93
93011937 Babcock, 5700 5/5/93
93011967 Eckhert/Huebner 5/5/93
93011927 Babcock, 5700 5/5/93
93015952 Gen. McMullen S/EB New Hwy 90 6/12/93
93029135 Babcock, 2626 10/5/93
1I-12
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An example of a typical low water crossing incident was found in the March 4™ and 5", 1992
issue of the San Antonio Express News. Excerpts from those two issues are shown below.

"Violent thunderstorms with occasional hail and winds of more than 50 mph bore down from the
west late Tuesday night, March 3 d and early Wednesday, March 4, 1992. The storm dumped
an average of 3 inches of rain across the city. Soon after the first storm began, low water
crossings flooded across the Northwest Side, keeping police and firefighters hopping to respond
to reports of trapped cars. In San Antonio, 26 calls for vehicles trapped in water were reported.

Among the locations where vehicles were reported trapped in high waters were the intersections
of Callaghan Road below Interstate 10, Interstate 410 at Bandera Road, Babcock and Vance
Jackson roads, Babcock and Huebner Roads, Hillcrest and Midcrest Drives, the 300 block of
Cherry Ridge, and at Dreamland Drive and Vance Jackson Road.

Jian Ke, a student at the University of Texas at San Antonio, had to be rescued about noon
Wednesday, March 4, when his car was pushed off Babcock Road into Leon Creek. The water
floated his vehicle off the road and lodged it between a couple of trees. Firefighters had a
difficult time getting fo him because the water, about 5 feet deep, was moving fast and his
electric windows would not open. A rear window had to be smashed to free the man. The rescue
took about 45 minutes. Fire Caption Dennis O'Neill said: "He's lucky to be alive. If the car
would have turned over, he would have been gone".

San Antonio Water System
Reuse Plan

SAWS has developed a water plan for the City of San Antonio that has many elements. The
reuse of treated effluent from the City's wastewater treatment plants for non-potable uses could
be a significant source of water that now is not appreciably used by the City.

Integral to the reuse program will be a need for storage facilities for seasonal and temporary
storage. There could be locations within the Leon Creek Watershed that could serve a dual
purpose of detention for flood abatement and storage for reuse water. Again, the amount of flood
abatement achieved depends on the storage capacity of the impoundment facility. If a facility is
to be shared with reuse storage, determination of a balance of storage capacity for reuse and
flood abatement would be critical.

Water Quality

Although water quality is not a direct charge of this report, we did discover information on this
subject. The Environmental Management staff at Kelly Air Force Base has and is developing
extensive baseline data on water quality in the Leon Creek as it crosses their base. When
complete, this information will be very useful for the SAWS stormwater department.
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The SAWS stormwater department is also developing water quality data through a contract with
the USGS.

Edwards Underground Water District

Recharge

The Edwards Underground Water District has sponsored a study to investigate recharge
enhancement in the San Antonio and Guadalupe River Basins. In this study three potential
recharge site were identified in the Leon Creek Watershed. These three location are:

I. Culebra Creek Govemment Canyon
2. Helotes Creek North of Helotes
3. Leon Creek Near IH10 Loop 1604 interchange

These locations were identified during the phase 1 study in a general manner. A fourth site
located along Helotes Creek in the Vulcan Materials Quarry has been discussed as a potential
recharge site since the study was released. During the on-going phase 2 study, field surveys of
the potential recharge enhancement sites will be performed. The site evaluations should be
completed by the end of 1994.

Recharge enhancement impoundment facilities may also assist in flood abatement by detaining a
portion of the watershed runoff. The amount of flood abatement achieved depends on the storage
capacity of the impoundment facility.

EXISTING REPORTS AND STUDIES

During this project, numerous agencies and individuals were contacted to obtain information
relevant to the drainage conditions in the Leon Creek Watershed. On the following pages are
summaries of the agencies and individuals contacted, reports that were reviewed and studies that
were analyzed. The following paragraphs contain a synopsis of the information we collected
from these interviews, reports and studies. Table 1I-8 below is an index of drainage reports
sponsored by Public Agencies.
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Table II-8
EXISTING DRAINAGE REPORTS

Report Author Date
Flood Insurance Study FEMA July 2, 1991
Flood Plain Information, Leon Creek Corp of Engineers  April, 1971

Flood Plain Information, Huebner Creek  Corp of Engineers  June, 1973
Issues & Impacts of Stormwater

Drainage, Bexar County, TX UTSA Summer, 1993
The Edwards Aquifer; S.A. mandates
for Water Quality Protection SAWS April 1, 1994
Drainage Assessment for the middle
Leon Creek & Huebner Creek CSA QOctober 1, 1993
Recharge Enhancement Study,
Guadalupe - San Antonio River Basins HDR Summer, 1993
Lake Travis Non-point source Pollution
Control Ordinance LCRA January 1, 1991
Hydrologic Data for Urban Studies in
San Antonio, TX metro area USGS May, 1976
Hydrologic Data for Urban Studies in
San Antonio, TX metro area USGS February, 1982
Flood Protection Plan for Portions of
Salado, Cibolo & Leon Creeks CH2MHill August, 1989
Soil Survey, Bexar County Texas SCS 1962

Review of Reports

In reviewing the existing reports and studies we where interested in information that would be
relevant for use in this study. Below is a description of the relevant portions of the reports.

Flood Insurance Study

This study includes a complete analysis of the Leon Creek. The water surface profiles for
the design storm events have been used to define the floodplain limits. Although this
study gave a complete picture of the Leon Creek, the base survey information of the
existing ground contours was based on course data.

The study was performed in the late 70's. Portions of the study have been updated by
private developers who modified the existing creek system to accommodate their
developments. The resulting 1991 update of this report is a mosaic of the original
analysis along with a number of updates.
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Flood Plain Information, Leon Creek and Huebner Creek(2 separate reports)

Both of these reports provide the same types of historical information for the respective
creeks. Information presented includes: Background information, flood information
(past, current and future) and guidelines and suggestions for floodplain management.

Issues & Impacts of Stormwater Drainage, Bexar County, TX
A product of the Environmental Sciences and Engineering Programs at the University of

Texas at San Antonio, "the intent of this study is to develop a clear definition of the
nature and extent of existing drainage problem"

The Edwards Aguifer; San Antonio Mandates for Water Quality Protection

This SAWS report presents regulatory requirements, organizational programming and
potential activities. These items consist of:

Regulatory Requirements
The Unified Development Code
Stormwater
Water Code

Organizational Programming
Texas Natural Resource conservation Commission rules & regulations
Technical Improvements
Emergency Measures

Potential Activities
Future Studies

Drainage Assessment for the Middle Leon Creek & Huebner Creek
This assessment presents known problem areas, projected projects to solve these problem
areas and projects that are all ready funded to solve problem area.

Recharge Enhancement Study, Guadalupe - San Antonio River Basins

The Edwards Underground Water District sponsored this study to find potential recharge
enhancement projects. Three potential recharge enhancement sites were listed in this
report. The recharge dams may also assist in flood abatement.

Lake Travis Non-point Source Pollution Control Ordinance
This manual provides developers with guidance on the LCRA review requirements and
procedures. Also outlined are best management practices to meet the LCRA standards.

Hydrologic Data for Urban Studies in San Antonio, TX metro area
Presented in these reports is a compilation of hydrologic data for various water years.
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Flood Protection Plan for Portions of Salado, Cibolo & Leon Creeks

This report was sponsored by the Bexar County Public Works with a matching grant from
the Texas Water Development Board. The purpose of this report was to develop a flood
protection plan for segments of the Leon, Cibolo and Salado Creeks.

Review of Existing Studies

The studies generally were engineering backwater analyses of stretches of a particular creek.
These studies where mostly calculations with very little text and were completed to support
floodplain improvements or development activities.

The methodology used in the reviewed studies varied. Studies performed from the early 80's on
were performed on a computer system, typically using HEC Il (the industry standard backwater
stream analysis program). Prior to the early 80's, some studies were performed on computer,
some by hand and some a combination of both. Most of the studies are small stretches of the
creek.

Many of the studies had historical significance in that they gave a "snapshot" of a particular
reach of a creek at a point in time. Some of the information in these studies is no longer relevant
due to changes in the development of the watershed and/or changes in the creek morphology.

In our review we found that the reports all used the same hydrologic parameters to base the
analysis on. The Rational method is used to calculate discharges for drainage area that are less
than 2000 acres. The Rational method is based upon drainage area, a cover factor and the rainfall
intensities (in inches per hour). The rainfall intensities were developed by the City's drainage
department in the early 70's. For areas large than 2000 acres a graph relating drainage area to
discharge (DA vs Q) is used. The DA vs Q graph was also developed in the early 70's by the
City's drainage department.

A listing of the existing studies reviewed is on the following page in Table II-9 and illustrated on
Figure [1-3. The index numbers shown on this table correspond to those shown on Figure I1-3.
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Table 11-9
INDEX OF EXISTING STUDIES
Index Waterway Subdivision or Project Engineer Date
1 Leon Pablo Grove, CSA landfill Jay Aldean 90
2 Leon Pablo Grove, CSA landfill Jay Aldean 72-74
3 Leon Brown Leaf PD 87
4 Leon Pin Oak MBC 73
5 Leon West Wood Park PD 69
6 Leon Hwy 151 TxDOT
7 Leon SW Research PD 85
8 Leon West Park PD 83
9 Leon Twin Creek Vickrey 72
10 Leon Ingram Square Bob Opitz 79
11 Leon Timber Creek Estates Vickrey 79
12 Leon Ingram Plaza Brown 80
13 Leon Parkwood WF Castella 85
14 Leon One North Place Bain 73
15 Leon Babcock Place early 70's
16 Leon Alamo Farmstead WF Castella 82
17 Leon French Creek Village PD 74
18 Leon Wildwood WF Castella 76-85
19  Leon Prue Road Bridge Mike Cude 91
20 Leon Quail Creek Mike Cude 84
21  Leon Heath Road CEC 87
22  Leon Fiesta Tx PD
23  Leon Dominion PD 83
24 Leon IH10 Boerne Stage Road ~ Overby Descamps
25  Culebra Pipers Meadow D R Frazier 74, 80
26  Culebra Village Brown 87
27  Culebra Great Northwest unit 2 Vickrey 77-on
28  Culebra Culebra Bridge TxDOT
29  Culebra Culebra Bridge TxDOT
30 Culebra Hidden Meadows Glen Galbraith/ Cude 83
31  Culebra Loop 1604 TxDOT
32 Helotes NW Crossing MBC 86, 87
33  Helotes New Territories MBC 78
34  Helotes Loop 1604 TxDOT
35 Helotes Hidden Meadows Glen Galbraith
36  French Quail Creek Mike Cude
37  French Wildwood
38  French Concord Mike Cude
39  French Loop 1604 TxDOT
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Table I1-9 (continued)
INDEX OF EXISTING STUDIES

Index Waterway Subdivision or Project Engineer Date
40  French N. of Loop 1604 MBI
41  French NW Bus Park Tom Flores 88
42 French Cedar Springs SEDA 87
43  Huesta Hunters Chase Rosin Kroesche 83 -86
44  Huesta North Hills Village Brown
45  Huesta N. of Loop 1604 TxDOT
46  Maverick Loop 1604 PD
47  Maverick North Hills Village Brown

NOTE: The index number corresponds to those shown on Figure 11-3.
Watershed Mapping

The Mapping Section of the City of San Antonio Department of Public Works has developed
extensive mapping of the city on the Intergraph computer system. The work performed in this
study will be in the Intergraph format and will be compatible in layers, colors and other program
parameters.

The existing files that are referenced include:

Bexar County limits

Watershed limits (developed and labeled by SAWS)
City Streets

Street names

Railroads

State and Federal Highways

Creeks

Edwards Aquifer Recharge Limits

Site Reconnaissance

During the initial site reconnaissance, all street crossings of the creeks within the detailed study
area were visited and photographs were taken. A list of these sites is shown in Table II-10 and
illustrated on Figure II-4. The site numbers shown on Table II-10 correspond to those shown on
Figure I1-4.
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Table I1-10
STREET CROSSINGS WITHIN THE DETAILED STUDY AREA

Site # Creek : Location
1 Leon Highway 90
2 Leon 0Old Highway 90 St
3 Leon Arvil Avenue
4 Leon (Proposed Crossing) Shady Grove Drive
5 Leon Pinn Road
6 Leon Highway 151
7 Leon Commerce Street
8 Leon Loop 410 NW
9 Leon Culebra Road
10 Leon Ingram Road
11 Leon Grissom Road
12 Leon Bandera Road
13 Leon Babcock
14 Leon Hausman
15 Leon UTSA BLVD.
16 Leon Loop 1604
17 Culebra Old Grissom Road
18 Culebra Timber Path
19 Culebra Culebra
20 Culebra Culebra
21 Culebra Loop 1604
22 Culebra Stuebing
23 Culebra Galm
24 French Mainland
25 French Guilbeau
26 French Bandera
27 French Prue road
28 French Hausman
29 French Loop 1604
30 French Leslie Road
31 Huebner Ingram Road
32 Huebner Timber Hill
33 Huebner Bandera
34 Huebner Evers
35 Huebner Huebner Road
36 Huebner Eckhert Road
37 Huebner Babcock
37.5 W. Huebner Eckhert Road
38 W. Huebner Hollyhock
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Table 11-10 (continued)
STREET CROSSINGS WITHIN THE DETAILED STUDY AREA

39 W. Huebner Babcock

40 W. Huebner Lockhill road
41 W. Huebner White Bonnet
42 W. Huebner Prue Road

43 Huesta Babcock

44 Huesta Danvers Road
45 Huesta Hausman

46 Huesta Loop 1604

47 Maverick UTSA Blvd.
48 Maverick Bartlett Cocke
49 Maverick Loop 1604

50 Helotes Loop 1604

51 Helotes Leslie Road
52 Helotes Leslie Road
53 Helotes Braun Road

NOTE:  The Site #s correspond to those shown on Figure 1I-4 and to the photographs in the
Appendix. There is no photograph for site #28.
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SECTION iI. Discovery

HYDROLOGIC FORECASTING ISSUES

One of the objectives of this study is to produce a drainage master plan that establishes standards
for design procedures to be followed in the future. In order to accomplish this goal, careful
attention must be given to the hydrologic modeling techniques or procedures used to develop the
detailed flood plain delineation. Therefore, it is appropriate to review the existing requirements
and practices used in San Antonio and explore the options available for use as future design
standards. This information can then be considered by the City of San Antonio and used to
develop and implement design standards for future drainage projects and development. The
procedures used to develop the detailed flood plain study included in the three watershed studies
should also satisfy the requirements established by the Corps of Engineers for the FEMA flood
study program.

The hydrologic forecasting issues addressed in this report focus on quantitative hydrology
methodologies and modeling rather than hydraulic modeling. Methods of hydraulic
computations and modeling are much more standardized and better understood by the
engineering community. The FEMA Flood Insurance Program, administered by the Corps of
Engineers, recognizes the HEC-2 Water Surface Profiles computer program as the standard tool
for calculating water surface profiles. There is no reason to consider changing the methodology
used in calculating water surface profiles except in specific cases where the hydraulic parameters
being modeled are to complex for HEC-2.

Hydrology - Existing Practice

For subdivisions and bond projects, the Rational Method is used for watershed areas up to 2,000
acres. The SCS unit and storm hydrographs with City of San Antonio hytetographs derived from
City Intensity Curves are used for watershed areas exceeding 2,000 acres. For some large
streams, the U.S. Corps of Engineers Snyder’s Synthetic unit hydrograph is used with the City’s
hytetographs to develop storm hydrographs at various points on stream. SCS routing methods
are used through existing and proposed SCS dams in the area to be consistent with the design of
these structures.

Rainfall Analysis

Rainfall values in the form of Intensity-Frequency-Duration Curves for San Antonio were first
developed in 1920 by Metcaf & Eddy Consulting Engineers. Terrell Bartlett Engineers of San
Antonio updated the intensities in 1945. Robert B. Hahn, City Drainage Engineer updated the
intensities with a Gumbles Analysis from rainfall records from 1903 through 1972 in February
1973. An additional modification to this update was accomplished in 1979 to apply the results of
the NWS's Hydro35 publication to the first 2 hours of intensities of the TP-40 publication. This
modification did not update rainfall records through 1979.
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Research of rainfall data from the NWS indicates that annual rainfall has increased since records
were kept beginning in the 1885. A straight line approximation of the nine year moving average
of annual rainfall indicates a definite upward trend in total annual rainfall. Based on this
information, the rainfall intensity-frequency-duration curves for San Antonio were updated to
include the time period from 1972 to the present. Then the Hydro35 publication techniques were
used to modify the first two hours of intensities. The updated rainfall intensity curves were
submitted to the City in a separate report titled "Statistical Analysis of Rainfall Records for San
Antonio, Bexar County, Texas", dated August, 1994. More discussions with the NWS should
also be considered so that weather trends can be identified and used in the decision process for
future revisions or updates to the City's intensity curves. Another point to consider is the
regional setting of the Leon Watershed. When the watershed area is considered and not a small
area within the watershed, it becomes important to consider the inclusion of rainfall data from
other official NWS stations such as Boerne or Rio Medina.

Analysis of Runoff

Most analysis of runoff are based on a "design storm" approach with time of concentration,
frequency, runoff coefficient or infiltration rates for the various methods described above. A
history of the actual runoff from actual storm events on various watersheds have been performed
through the years by the U.S. Geological Survey from data gathered at local gaging stations and
can be obtained by interviewing people who have witnessed actual flood events. It would be
prudent to calibrate or check the hydraulic and hydrology model to actual flood events where
possible. This would provide a level of comfort to the flood forecasting effort.

Available Computer Simulation Models

The HEC-1 computer program can calculate various hydrograph models including the Clark,
Snyders, time area and SCS or the user can input his or her own hydrograph. HEC-1 is also
capable of flood routing with several methods and combining storm hydrographs. SCS Curve
Numbers can also be used with HEC-1.

The SCS TR-20 curvilinear unit hydrograph method is almost universally accepted for most
watershed analysis. The methodology used in this model allows for a very flexible and realistic
method of predicting the ratio of runoff to total rainfall by means of the SCS Curve Number
(CN) which takes into account land management or development, soil types, slopes and
vegetative cover. TR-20 will allow the user to input any rainfall distribution for hydrograph
development and rating curves for routing purposes. Flood routing is accomplished by the
modified attenuation-kinematic procedure.

SCS TR-55 is a quick method obtaining the peak flow and hydrographs for small Urbanized
Watersheds. This method is not as accurate as the TR-20 Method.

I1-25
LEON CREEK WATERSHED
MASTER DRAINAGE PLAN




SECTION I Discovery

The HEC-1 or the TR-20 computer models are the most flexible, widely recognized, and
powerful tools for estimating peak flows and volumes of storm runoff. Either of these models
would be well suited to the watersheds found in Bexar and surrounding Counties. A less
cumbersome method such as TR-55 or the Rational Formula should continue to be used for small
watersheds. These models (TR-20, HEC-1 and TR-55) work with storm volumes as well as
storm peaks. This is important since one of the flood mitigation methods that will likely become
more prevalent in San Antonio is storm runoff detention and or retention.

The three watershed study teams met regularly under the direction of the City's Project Manager
to discuss the various hydrologic forecasting methods and computer models. Each study team
calculated storm runoff for various locations in their respective watershed using all of the
methods described above. These methods and computer models were evaluated for accuracy by
checking the results against observed high water marks, gauging station data, previous hydrology
studies and against each other method to check the sensitivity of each respective method.

Once the analysis of computer models and methodology was completed, it was determined that
the SCS TR-20 methodology would be combined with the HEC-1 computer program to calculate
runoff from design rainfall events. The only variation from the TR-20 methodology was the
selection of the Muskingham Routing formula for use is routing storm hydrographs through the
watershed. )
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SECTION III. EXISTING AND ULTIMATE DEVELOPMENT CONDITIONS

INTRODUCTION

As described in the scope of work, computer models were completed to determine the design
runoff and resulting water surface elevations for existing and ultimate development conditions of
the watershed. Storm frequencies modeled were the 10, 25, 50, 100 and 500 year rainfall events
for existing conditions and the 25 and 100 year rainfall events for ultimate development
conditions. The calculated water surface elevations have been used to define accurate flood plain
- limits or boundaries that can be used by the City to update the current FEMA maps. These new
flood plain boundaries can also be used with the City’s block map database to facilitate
management of the flood plains by various City and County Agencies.

The 100 year water surface elevations calculated for existing conditions have been used to
identify flooded structures along these creeks. These flooded structures and potential mitigation
projects to remove them from the flood plain are presented in Section IV.

HYDROLOGY

Design runoff for existing and ultimate development conditions were computed using the SCS
TR-20 methods within the HEC-1 computer simulation model. Based on NWS rainfall and
storm event data, antecedent moisture condition II was used in the runoff model. Curve numbers
(CN’s) were based on soil type and slope as shown below.

Hydrologic Soil Group SCS Curve Number
A 25
B 55
C 70
D 77

The percent impervious cover was developed from typical impervious cover conditions for the
various land use categories as shown in Table [II-1. Existing and projected land use was
provided by the City of San Antonio’s Planning Department. A weighted average CN and
percent impervious cover was calculated for each sub-watershed. All of these parameters and
their application to each of the three watersheds were discussed and applied consistently by the
three study teams. Separate reports were submitted to the City to document the selection of CN
values and percent impervious cover. A calibration check was made using various gaging
stations throughout the Leon Creek watershed to verify the selection of CN values.
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Table IH-1
PERCENT IMPERVIOUS COVER
Land Use Category Average Percent Impervious Cover
Residential

1/, acre Garden or Townhouse 65 - 85%

% acre Residential Lot 38%

1, acre Residential Lot 30%

Y acre Residential Lot 25%

I acre Residential Lot 20%
Industrial 72 - 85%
Business & Commercial 85- 95%
Densely Developed (apartments) 65 - 85%
Streets, Roads & Parking Areas 98%

The SCS standard 24 hour storm distribution was used with the City’s updated rainfall intensity
values to develop the storm hydrograph. Design rainfall values were reduced for large areas
using the depth area rainfall reduction method in accordance with the SCS methodology. The
time of concentration for each sub-watershed was calculated based on an overland flow time and
a channel flow time. The lag time used for generation of storm hydrographs was calculated as
60% of the time of concentration in accordance with the methodology used.

Hydrograph routing through the watershed was accomplished using the Muskingum method in
the HEC-1 computer model. This routing method takes into account the unique characteristics of
each creek segment for which a storm hydrograph is routed downstream to the next flow
calculation point. By routing the storm hydrograph from its calculation point to the next
downstream calculation point, natural storage or detention in the creek channel is accounted for
in determination of design flows. Natural channel storage in the Leon Creek basin was found to
be insignificant. Therefore, the routing parameters or channel characteristics used for
hydrograph routing under ultimate development conditions were the same as those used under
existing conditions. The results of the hydrology model are shown in Table I11-2.
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Table II1-2
100 YEAR FREQUENCY
DISCHARGE SUMMARY SHEET
CALCULATION DRAINAGE  EXISTING ULTIMATE
CREEK POINT NO. 1L.OCATION AREA CONDITION DEVELOPMENT
(Sq.Mi)) DISCHARGE DISCHARGE
(CFS) (CFS)
French F10 Approximately 1800 L.F. downstream of FM 1560 1.48 3,853 4414
F20 Approximately 3800 L.F. downstream of FM 1604 7.46 14,447 16.921
F30 Approximately 800 L.F. downstream of Guilbeau 11.77 17,299 20,193
Road
F40 Just above junction with Leon Creek 13.87 17,899 20,799
Helotes HE10 Scenic Loop Road at Wagner Road 13.20 19,758 24,183
HE20 Approximately 1000 L.F. downstream of S.H. 16 23.93 31,173 37,824
HE30 At FM 1560 24.42 30,780 37,791
HE40 AT FM 1604 29.02 30,598 37,243
HES0 Just above junction with Culebra Creek 3331 30,352 36,784
Upper Cl0 Approximately 10,000 L.F. upstream of Galm Road 11.51 16,475 19,839
along the westernmost draw of Upper Culebra Creek
Culebra C20 Approximately 5500 L.F. upstream of Galm Road 1.45 3,335 4,003
along the center draw of Upper Culebra Creek
C30 Approximately 10,500 L.F. upstream of Galm Road 1.87 3,893 4,609

along the easternmost draw of Upper Culebra Creek

Culebra C40 At Galm Road 17.40 21,779 25511
Cs50 Approximately 7000 L.F. downstream of Galm Road 2541 28,301 32,833
C60 Approximately 2000 L.F. downstream of FM 1560 3122 31,923 36,767
Cc70 Approximately 4000 L.F. downstream of FM 1560 36.01 36,306 41,637
C80 Just below junction with Helotes Creek 72.03 56,891 67,862
C90 Approximately 4000 L F. upstream of junction with 80.50 57,303 68,173
Leon Creek
C100 Just above junction with Leon Creek 81.07 57,153 68,005
Huebner HB10 At Prue Road 2.52 5,529 6,191
HB20 Approximately 1700 L.F. downstream of Huebner 8.20 15,188 17,199
Road
HB30 Just above junction with Leon Creck 12.20 17,253 19,484
Leon L10 AtFM 1604 39.37 33,162 37,166
120 Just below junction with Maverick & Huesta Creeks 54.88 35,394 39.596
L30 Approximately 1200 L.F. downstream of Prue Road 57.97 35,618 39,782
(below junction with Leon Creek Overflow Creek)
L40 Approximately 2500 L.F. above FM 471 (below 75.1 43219 49,717
junction with French Creek)
L50 Just below junction with Culebra Creek 157.59 93,198 109.415
L60 Just below junction with Huebner Creek 170.42 97,780 114,704
L70 Just below junction with Southwest Research Creek 187.99 99,692 116,669
180 At U.S. Highway 90 West (below junction with 190.23 99,714 116,574
Southwest Research Creek)
Maverick MC20 Just above junction with Leon Creek 6.04 11,067 11,961
Huesta HU30 Just above junction with Leon Creek 5.45 10,457 11,516
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HYDRAULICS

Hydraulic calculations were completed using the Corps of Engineers HEC-2 computer program.
Cross section data input into the computer model were taken from an aerial topographic map
provided by the City. Field elevations were taken at various locations throughout the study area
to verify the elevations shown on the topographic maps. Contours on the topographic maps were
shown at two (2) foot intervals and the maps were produced at a scale of 1 inch = 200 feet. Other
input parameters such as bridges, culverts, low-water crossings and manning’s roughness
coefficient (“n” value} were determined by a combination of field reconnaissance, inspection of
aerial photographs, construction plans and past experience on projects within the watershed. A
complete set of hydraulic calculations has been submitted to the City under a separate report.

The Manning’s roughness coefficients or n values were determined in accordance with the
guidelines established by the three watershed study teams under the direction of the City’s
Project Manager. A separate report titled “Leon Creek N Value Analysis” was submitted to the
City and served as a guide for the selection of N values. Selection of the appropriate N values
were made by a combination of visual inspection of the creeks and aerial photographs. Typical
N values used in this study are as follows:

Creek Segment Characteristics Manning’s N Value
Concrete lined channel 0.015

Clean, uniform vegetated channel 0.035

Large trees with little or no underbrush or

deep flow depth over dense growth 0.050 - 0.055
Dense growth in overbank areas 0.060 - 0.090

Results of the 100 year existing condition water surface profiles indicated that the flow was
generally confined to areas defined as being within the existing flood plain. There were isolated
incidents of illegal fill encroachment into the flood plain that created wider flood plains than
previously defined and areas in which development occurred outside the influence of the City’s
Flood Plain Ordinance. Exhibits of the existing condition flood plain for the 10, 25, 50, 100 and
500 year storm event can be found in the exhibits section of this report.
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SECTION1IV. RECOMMENDED MITIGATION PROJECTS

IDENTIFICATION OF PROBLEM AREAS

As part of the task of developing the Leon Creek Master Drainage Plan, this study identifies and
prioritizes specific projects which will mitigate potential flood hazards. The project team utilized
HEC-2 floodplain models to identify 78 specific areas where the 100 year flood presents a
flooding hazard based on the existing watershed conditions. Several other potential problem
areas were initially considered, but were eliminated based on more detailed analysis or are being
addressed by TxDOT or other agency projects or programs. Exhibit MP-1 contained in the
Exhibits section of this report shows the location of each of the 78 flood mitigation projects. For
each of the problem areas a specific capital improvement project has been identified to mitigate
the potentially dangerous flooding condition.

Generally, the problem areas can be categorized into three types: inundated roadways or bridges,
areas where building structures flood, and a public park. Analysis and modeling of the
floodplain shows that the 100 year flood peak discharge increases only very slightly under
ultimate development conditions compared with that under existing conditions. Moreover, an
element of the Master Plan provides for management practices which may require developers to
take measures to accommodate their own discharge in future projects. Therefore, the project
recommendation is based on models simulating only the existing extent of development.
Appendix “B” contains Tables 1.1 - 1.7 summarizing these problem areas by streamn. Figures 1.1
- 1.7 show the problem areas located on project location maps in the Appendix.

Definition of “Base” and “Fringe” Projects

Of the 78 flooded areas identified in the Leon Creek Watershed, 70 are definitely inundated by
the 100 year flood. Projects in these areas are labeled as “base” projects and include all of the
inundated roadway/bridge areas, approximately ninety percent of the building structures, and the
park. The remaining eight sites, including the remainder of the structures, appear to be near the
edge of the 100 year floodplain and may actually be outside the limits of it. Projects mitigating
flooding of the inundated structures in these areas are labeled as “fringe” projects. Fringe
projects will require a survey of finished floor elevation to determine their actual disposition.
The fringe structures found to be in the 100 year floodplain would then be included as candidates
for mitigation projects.
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Project Selection

The criterion for the selection of sites for specific projects is that the 100 year flood presents a
potential for damage to persons or property at the site. More specifically, the peak water surface
elevation is at least as high as the pavement surface at roadways or the top of the foundations of
structures. Floodwaters even a few inches above this critical elevation present safety concerns at
low water crossings due to the possibility of a motorist being stranded within or swept away by
flood waters. The potential for loss of life at these locations is a very real concern. Any flooding
of structures presents concern for property damage and economic adversity, while more severe
cases threaten the lives of inhabitants.

The problem areas are interrelated as parts of the overall watershed system; thus, in some cases
one project may reclaim more than one problem area. Also, projects such as detention/retention
ponds could lower peak water surface elevations, potentially decreasing flooding in multiple
problem areas. Nevertheless, in the majority of cases, a single project has been selected for each
problem area. Each area has been analyzed independently to arrive at the most economical
method of solution for the specific site. Solutions for the problem areas employ several different
strategies which are described in greater detail in the following paragraphs. 78 specific projects
are recommended using selected strategies based on the characteristics of the area. Table IV-1
summarizes the recommended projects and their costs. A more detailed summary of the projects
and estimated costs is included in Table 2 in the Appendix.

Funding of the projects may be borne in large part by the citizens of San Antonio in Bexar
County. Additional funds may be sought from sources such as federal, state and local roadway
and drainage programs, other municipalities, and in some instances, private property owners.
Funding strategies are discussed in detail under a separate report entitled “Funding Strategies for
Drainage Improvements” developed for the City of San Antonio Public Works Department.
Table 3 in the Appendix gives a basic summary of how the cost of the 78 mitigation projects
might be distributed among the responsible administrative agencies.

Priority System and Cost Benefit Ratio

Each project is given a high, moderate, or low priority based its potential to reduce flooding
damages to the community. Tables 4.1a - 5.7¢ in the Appendix summarize projects by priority
for each stream in the Leon Creek Watershed. The cost benefit ratio is one indicator of a
project’s value, but this ratio must be understood and applied appropriately. The benefit
evaluation is estimated differently for roadway/bridge and structure protection projects.
Therefore, cost benefit ratios can only be compared among roadway/bridge projects or among
structure protection projects. Grouping cost benefit ratios for roadway/bridge and structure
protection projects together would not be meaningful in this study.
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TABLE IV-1
. LEON CREEK WATERSHED
RECOMMENDED PROJECTS SCENARIO

MITIGATION PROJECTS PROJECT DESCRIPTION COST

1 - PUBLIC PARK $50,000

(Signs and Gates)
46 - ROADWAYS/BRIDGES $32,758,000
70 4 - FLOODWALLS $1,320,000

BASE PROJECTS (6 - Structures)
(318 - Structures)
6 - LEVEES $427,000
(16 - Structures & 3 - Roadways)

7-BUYOUTS $4,593,000

(32 - Structures)
4 CHANNEL IMPROVEMENTS $18,390,000

(264 - Structures & 2 - Roadways)
TOTAL BASE PROJECTS COST $57,538,000
5 -LEVEES $205,000
(17 - Structures)
8

2-BUYOUTS $1,185,000

FRINGE* PROJECTS (12 - Structures)

{30 - Structures)
1 - FLOODWALL $152,000
(1 - Structure)

TOTAL FRINGE* PROJECTS COST $1,542,000
TOTAL COST OF 78 RECOMMENDED PROJECTS $59,080,000

*Fringe projects include those projects near the edge of the flood plain which require detailed survey information to determine if
they in fact are affected by the 100 year event.
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At roadways, a project’s real benefit involves public safety as well as tangible property.
Quantifying such benefits requires subjective judgment. Therefore the estimation of benefits is
based on the project’s ability to protect the public, relative to the other roadway projects in the

study. Benefits are assigned at $1 million, $1.5 million, or $2 million, depending on daily traffic
using the crossing.

For projects protecting structures, the benefit associated with each project has been quantified
based on the real value of the structures only. No evaluation has been made for the potential
inconvenience, injury or loss of life associated with the flooding of structures.

DESCRIPTION OF MITIGATION PROJECTS

This section defines and describes the different types of solutions suggested to mitigate flooding
in areas in the Leon Creek Watershed. Generally, the solutions may be grouped into two
conceptual categories. One strategy is to relocate the facility away from the reaches of
floodwaters. At roadways, this goal is accomplished through bridge improvements or through
raising the roadway and providing a culvert for cross drainage as necessary. Occasionally the
purchase and demolition of an inundated structure is the most economical means of removing
such a hazard, in lieu of constructing significant infrastructure to protect it. The second strategy
is to improve upon the capacity or direction of the floodwater conveyance. This method may
employ channel improvements, levees, or floodwalls. At roadways, the improvement of bridges
or culverts causing constrictions may accomplish the desired effect. A third strategy, which is
explored in this chapter under the heading Special Projects, is to lower the discharge, and water
surface elevation, using detention or recharge ponds.

Bridges

Among the inundated roadway/bridge areas, recommendations include 46 new or lengthened
bridges or culverts. Two TxDOT funded bridges (Projects HEL-4 and C-5A) have been omitted
from the scenario of projects because they are already programmed for construction by TxDOT.

The total estimated cost for each new bridge includes a concrete bridge structure and roadway
approaches (fill and paving). Calculations have been performed to estimate the cost of
construction for each bridge. First, the discharge and depth of flow are obtained under existing
conditions from the HEC-2 models for all bridges. A velocity of 10 feet per second is assumed
for the stream through the bridge. Dividing discharge by velocity yields an approximation of the
required area for the bridge opening. Dividing the required bridge opening area by the depth
yields an approximation of the required bridge length for a rectangular opening. Finally, adding
twice the depth accounts for assumed 2:1 abutment slopes. The resulting calculated bridge
length is increased to account for any skew to the channel, then is rounded up to the next even 10
foot interval. The bridge width is obtained by scaling the existing bridge widths from mapping
or is based on known future improvements. Multiplying the bridge width by the bridge length
yields the total bridge deck surface area. The bridge cost is estimated using a unit price of $40
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per square foot of bridge deck surface. This unit price is based on past contracts and bid
tabulations for standard pier supported, concrete bridges.

Roadway embankment cost is estimated using the roadway length, roadway width and depth of
embankment. The roadway length is determined by subtracting the calculated bridge length from
the overall floodplain width. The depth of embankment is ascertained from the mapping based
on the average amount of fill required to elevate the roadway above the floodplain. The fill
volume and area of approach pavement is then calculated and rounded up to the next even 100
cubic yard and 100 square yard intervals, respectively. Using unit prices of $8 per cubic yard for
embankment and $20 per square yard for asphalt paving, the fill and paving costs are computed.
The estimated total bridge construction cost is the sum of the bridge cost, approach paving cost
and embankment fill cost rounded up to the next even $1,000 interval.

Three of the roadway/bridge projects identified consist of raising the roadway to prevent
inundation of the roadway during the 100 year storm. All three projects require construction of a
cross drain culvert as a part of the solution. The culvert size and cost is estimated similarly to
that described for bridges, with the same unit price of $40 per square foot of deck surface.
Project cost for raising the roadway is estimated similarly to that described for approaches to
bridges.

The 46 base roadway/bridge projects recommended to provide safe passage on roadways during
the 100 year storm range in project costs from $64,000 to $2,713,000. The total cost of the
roadway/bridge improvements was estimated at $32,758,000. Federal, state, and local roadway
and drainage funds could potentially be applied toward this total. In fact, 7 of these projects are
already listed on the MPO Long Range Plan. Two additional projects are partially funded under
the City’s Capital Improvement Plan through the 1994 bond program. Thus, funding amounting
to over $3,000,000 is already programmed. The remaining projects potentially could be included
in these established roadway improvement programs.

Levees

A levee may best be defined as an earthen dam used to divert a channel without retaining the
flows. Levees are best suited for those areas with wide, flat overbanks. They are not practical in
areas with steep banks due to the large amount of fill required. Floodwalls are best suited for
those areas with steep banks, where levees are not practical. Levee construction is generally less
expensive than channel improvements or floodwalls if the proposed site is flat and the water
surface profile has adequate slope to allow outfall behind the levee.

Recommendations include six base levee projects which mitigate flooding at three low water
crossings and protect 16 building structures. Two of the projects (M-2 and M-3) are already
listed as roadway improvements on the MPO Long Range Plan. Since the construction of levees
is significantly less expensive than raising the roadway at these sites, consideration should be
given to redirecting those MPO funds and incorporating levees into a more efficient solution for
these two problem areas. Also identified are five additional fringe levee projects which may be
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required to protect 17 fringe structures if survey data proves these structures to be in the
floodplain.

The levee project costs include the cost of fill and stabilization. Calculations have been
performed to estimate the cost of construction for each levee. First, the length and height are
estimated based on the existing conditions using HEC-2 models. The levees start upstream of
the point where water flows to inundate a structure. They continue downstream to a point where
the drainage behind the levee can outfall based on the water surface elevation computed in the
model. The levees provide for three feet of freeboard in accordance with FEMA standards. The
width is based on three to one side slopes and a 10 foot wide top. The fill volume is calculated
and rounded up to the next even 100 cubic yard interval. The estimated area of stabilization is
rounded up to the next even one acre increment. Using unit prices of $10 per cubic yard for
embankment and $5,500 per acre for stabilization, the levee cost is computed.

The base levee projects range in cost from $26,000 to $211,000. The total cost of the six base
levee projects is estimated at $427,000. The five fringe levee projects range in cost from
$26,000 to $56,000. The total cost of the fringe levee projects is estimated at $205,000.

Floodwalls

A floodwall may best be defined as a reinforced concrete wall founded on a footing and used to
divert a channel without retaining the flows. Improved aesthetic treatments to the wall such as
construction of a top rail or colored stamped concrete is assumed in the total cost estimated.
Adequate slope in the water surface profile is required to allow the drainage behind the floodwall
to outfall.

Since floodwalls are generally more costly than levees per unit foot, they are proposed only in
areas where the ground slope is too steep for levee construction. For example, in an area where
the existing side slope is steeper than 3:1, a levee with a proposed side slope of 3:1 would not tie
back into the existing slope until it reaches the bottom of the channel.

The estimated floodwall cost includes the cost of concrete. Calculations have been performed to
estimate the cost of construction for each floodwall. First, the length and height are estimated
based on the existing conditions using HEC-2 models. The floodwalls start upstream of the point
where water flows to inundate a structure. They continue downstream to a point where the
drainage behind the floodwall can outfall based on the water surface elevation computed in the
model. The floodwalls provide for three feet of freeboard in accordance with FEMA standards.
The wall width is assumed to be 1 foot. The footing is as wide as the wall is high. The
calculated concrete volume is rounded up to the next even 10 cubic vard interval. Using a unit
price of $400 per cubic yard for concrete, the floodwall cost is computed.

Four base floodwall projects are identified to protect six structures. Individual base floodwall
project costs range from $100,000 to $720,000. Total cost of all four base floodwall projects is
estimated to be $1,320,000.
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One identified fringe floodwall project may be required to protect one fringe structure if survey
data proves this structure to be in the floodplain. The total cost of this fringe floodwall project is
estimated at $152,000.

Channel Improvements

Channel improvements are proposed in the areas where it is realistic to protect structures or
roadways from inundation, but levees or floodwalls will not suffice. Grass lined channels with
3:1 side slopes are initially sized. However, in several areas the available width is inadequate or
the velocity too high for a grass lined channel. A 2:1 side slope concrete lined channel is
proposed in these areas. Channel areas where the flowline is lowered require a concrete lined
drop structure. The concrete lined channelization projects are particularly expensive since only
full concrete channelization of the stream is considered. The potential exists in some areas to use
a relief or pilot channel rather than full concrete channelization.

The preliminary sizes of the proposed channels are based on Manning’s equation using the
existing discharge in the stream. Several sections taken at each site are used to estimate the
approximate amount of excavation required to construct the channel.

The total channelization cost includes the cost of excavation, disposal, and concrete riprap (if
required). Calculations have been performed to estimate the cost of construction for each
channel. First, the length and depth are estimated based on the existing conditions using HEC-2
models. The calculated excavation volume is rounded up to the next even 1000 cubic yard
interval. Using unit prices of $8 per cubic yard of excavation, $3 per cubic yard of disposal, and
$30 per square yard of concrete riprap, the channel cost is computed.

Recommendations include six base channelization projects to protect 264 structures and two low-
lying roadways. The base project costs range from $143,000 to $10,472,000. Project HB-9A,
for which $10,472,000 is estimated to protect 167 structures, is under the jurisdiction of the City
of Leon Valley. In addition, reimbursement of costs for Projects LC-5 and C-7A could be sought
from the property owners who placed illegal fills in these areas. The total base channelization
projects estimated cost of $18,390,000 could be substantially reduced if these other funding
sources are considered.

Purchases

Structures are threatened by the 100 year flood in nine problem areas where either it is not
reasonable to protect the structures or it would be less expensive to purchase the property than to
make improvements to protect it. The cost of purchasing structures is estimated at $75 per
square foot.
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Of these nine areas, seven are base projects containing 32 structures of various sizes. The
approximate costs of the base purchase projects range from $120,000 (for the single structure in
Project C-8E), to $1,260,000 (for the seven structures in Project HEL-3D). The total cost of the
base purchases is estimated at $4,593,000. The remaining two fringe project areas contain 12
structures of various sizes which may have to be purchased if survey data shows that they are in
the floodplain. The approximate costs of the fringe purchase projects range from $210,000 (for
the two structures in Project C-7B), to $975,000 (for the ten structures in Project C-5C). The
total cost of the fringe purchases is estimated at $1,185,000.

Additional Prejects

Project LC-17 involves installing flood warning signs and gates in Rodriquez Park to reduce the
risk of loss when the park is flooded. The estimated cost of this base project is $50,000.

SPECIAL PROJECTS

The base and fringe projects identified in this study have been selected to target specific flood-
prone sites. In addition to these point remedies, this comprehensive Master Plan also considers
five regional detention facilities and four potential retention ponds to collect and manage flows.

Locations of these five detention and four retention facilities are shown on Exhibit MP-1.
Innovative use of these water features could also provide a focal point for recreational areas, or
could be linked with other water resource management strategies, such as SAWS water reuse
plans.

Although benefit of the detention/retention pond projects is that they may significantly reduce
the number and/or magnitude of the base mitigation projects identified. These benefits are not
included in the recommended project scenario. Further detailed analysis is required to determine
the potential benefits of these ponds.

Detention Ponds

A detention pond may be described as a basin placed adjacent to a channel for the purpose of
detaining excess flows. The advantage of using such facilities is twofold: it shaves off the peak
water surface elevation at critical points along the drainage system, and it creates assets in the
form of stormwater-filled basins. These projects could possibly serve as “runoff banks” for
developers who prefer to pay an impact fee to support the projects in lieu of detaining runoff on
their own site. Regional detention facilities are very beneficial for small high density properties
where there is no practical method of detending runoff onsite. These off-channel detention
basins would begin to fill when the channel water surface elevation exceeds the level of a
spillway. The basin could be lined or unlined, depending its purpose within the overall
stormwater management strategy. For example, a drained basin could begin to discharge slowly
back into the channel immediately after the peak. This basin would be dry most of the time,
creating an ideal setting for recreational land such as athletic fields. Alternatively, a lined basin
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could be used to contain the runoff for a longer peried, allowing stormwater to be mixed with
SAWS reuse water and distributed to users. Wet or dry, the basin could be used in conjunction
with scenic parkland projects. Two of the ponds identified (Projects P-2 and P-3) are relatively
close together and could be connected with a linear park and scenic hike and bike path. All of
these detention sites are located in abandoned quarries which provides an opportunity to reclaim
these unsightly areas in an aesthetically pleasing way.

The total project cost for each pond includes the cost of land acquisition at the unit cost of $2000
per acre, excavation at $6 per cubic yard, disposal and fill at $3 per cubic yard, and concrete
riprap at $30 per square yard. Five potential detention pond projects are identified with costs
ranging from $1,334,000 to $12,230,000. The total cost of the detention pond projects is
$25,138,000. Without subsurface investigation, it is difficult to estimate the magnitude of rock
excavation. Also, disposal costs could vary depending on the actual distance to the disposal site.

Leon Creek flood profiles are shown at the back of the Appendix. The preliminary hydraulic
analysis of Leon Creek with all five detention ponds modeled shows that the water surface
elevation at the downstream reach of Leon Creek is lowered by approximately two feet. This
change does not remove any of the identified problem areas along Leon Creek, or its tributaries,
from the floodplain. However, the floodplain limits for 11 sites would be reduced significantly
enough to decrease the overall cost of the projects identified to protect or improve those sites.

These five detention ponds reduce the peak flow in Leon Creek by approximately 10,000 cfs or
roughly 10%. Ultimate development flows calculated for this study show an average increase of
approximately 15% over existing condition flows. These detention ponds would be best utilized
to offset ultimate development flow increases on a regional basis should the City of San Antonio
adopt a new flood plain ordinance that required detention. This would provide a facility that
could reduce peak flows from properties being developed that are too small for onsite detention.

Retention Ponds

A retention pond may be described as a basin placed to interrupt a channel such that all of the
channel flows are collected in the basin at that point. An outlet structure can allow for required
minimum flows to be released to the downstream channel. By retaining the flows at a certain
location, all downstream flooding problems are reduced to some extent. Retention ponds have
potential additional benefits similar to those of detention ponds. They can be an appealing way
to reclaim rock quarries and also have the potential to enhance recharging of the Edwards
Aquifer if, of course, they are located over the recharge zone.

Four retention ponds were identified during the course of this study. Three of these retention
ponds were modeled as a part of this study to gage the benefit of these retention facilities. The
preliminary hydrologic analysis of the Leon Creek watershed with all three ponds modeled
shows that only the Government Canyon and the Culebra Retention Ponds are sufficient in size
to contain the peak of the 100 year storm. The Vulcan Quarry (Helotes) Retention Pond could be
beneficial with more storage volume made available through future mining. Culebra Creek flood
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profiles are shown at the back of the appendix. With the Government Canyon and Culebra ponds
in place, the water surface elevation at the downstream reach of Culebra Creek is lowered by
approximately two feet. One other retention pond that should be considered is on Leon Creek in
the Redland Quarry. There was not enough information available at the time of this study to
assess the beneficial impact of the Redland Quarry site. Another benefit from these retention
ponds is recharge to the Edward’s Aquifer. All four of these potential retention sites are located
over the recharge zone as shown on Exhibit MP-1..

Multi-Functional Concepts

Critical to the feasibility of the detention projects is the ability for these facilities to be multi-
functional. Therefore, it is important to examine the other benefits of the five detention projects.
One of these possible detention sites (Project P-1) is already being evaluated as a multi-use
facility by the City and was not included our evaluation of multi-functional facilities. The basic
goal of the Multi-Functional Projects is to design them to have more than one specialized use
such as open space, wildlife habitat and/or recreation. There is also a need to increase the
number of recreation facilities in the Leon Creek corridor where the growth has been tremendous
over the past two decades. These types of muti-use facilities add to the variety of recreation and
open space facilities currently available in the Leon Creek corridor as well as enhance the
environmental quality and character of typical storm detention facilities.

Though each project will have its untque design, all must share common site planning goals.
Each detention facility must be visually pleasing in as many conditions as possible and must be
durable to withstand flood situations. Each site should include clear definition of hazardous
areas and provide protection from public injury. These sites must also be accessible from more
than one direction and every effort should be made to enhance natural features and materials.

Existing Recreational Facilities

The number and variety of existing recreational facilities in the Leon Creek corridor is limited.
School properties and public parks with traditional group shelters and picnic sites are the only
types of existing recreational areas. None of the recreational sites are linked with dedicated
bicycle routes or hike/bike trails in the creek corridor. The following facilities exist within one
mile east or west of Leon Creek between Highway 90 and Loop 1604

e Mateo Camargo Park [Highway 90 between Military Drive and South Callaghan
Road]

Roedriguez Park [Old Highway 90 between Military Drive and South
Callaghan Road]

Gustafson Stadium [N.W. Loop 410 between Culebra Road and Ingram Road]
O.P. Schnabel Park [Bandera Road between Old Prue Road and Braun Road]
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Proposed Multi-Functional Detention Projects

The proposed projects are distributed along a two and one half mile stretch of Leon Creek . The
ultimate program and development of each should be tailored to the type and intensity of
adjacent land use. These new projects should not duplicate nearby recreation facilities. The
designs should be in harmony with hydraulic characteristics of the adjacent creek . Exhibits of
these projects are shown in the exhibits section of this report.

Project P-2 and Project P-3

Project P-2 and Project P-3 are immediately adjacent to two well developed residential
neighborhoods. Both sites are approximately one half mile south of O.P. Schnabel Park. Project
P-2 includes approximately 140 acres. The existing topography divides the basin into two
separate areas. The north is proposed as open space for storm detention area but also includes
recreational trails and picnic facilities. Project P-3 covers approximately 140 acres. The
northern portion is proposed for storm detention and informal recreation activities such as
jogging. The 38 acres at the south are above the existing flood plain. The plan proposes that this
area be purchased as part of the mitigation project. Structured recreation activities such as
softball and soccer are proposed in this area.

Project P-5

Project P-5 is bordered by open land and a developing residential neighborhood. Project P-5
covers approximately 169 acres. Softball and multipurpose fields are proposed for the northern
third of the site. Purchase of land for these uses will be necessary. The central third of the site is
planned as storm detention and informal exercise trails. The land which composes the southern
third would be acquired to serve as open space above the flood prone area.

Project P-6

Project P-6 is the largest of the proposed Multi-Functional sites at 340 acres. There are no
residential neighborhoods in close or direct proximity. The limited access and coarse topography
make this site a good candidate as an ““ Urban Wilderness”. The basin area is proposed primarily
as nature trails and storm detention. Picnic sites are suggested for the higher elevations. It will
be necessary to purchase easements on the northeast and southwest for permanent vehicular
access or arrange for access to the site from the City owned Public Works Maintenance Yard
adjacent to the site.

Environmental Impact

Leon Creek is in one of the most rapidly developing sectors of San Antonio. Environmental
management policies and practices have not kept pace with the intensity of urban growth. Most
of the developed land along the corridor turns its back on the creek. The channel is viewed only
as convenient place to discard local runoff. Without a master plan and practical conservation
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practices, the environmental impacts on the creek will affect larger areas of the city. These
detention projects must be designed to be compatible with the ecological framework and
environmental character of Leon Creek.

Design of these facilities must consider basin scour and slope erosion while providing some
filtration of sediment laden stormwater. The filtration of stormwater may also be part of SAWS
overall storm water pollution prevention plan for the City as part of the Environmental Protection
Agency’s mandated stormwater quality program (National Pollution Discharge Elimination
System). In order to maintain the functional uses of these facilities, design consideration must be
given to controlled release of stormwater, sediment storage and removal, and cleanup of debris
deposited during extreme storm flow events.

Environmental enhancement of the Leon Creek corridor may also be achieved by the creation of
wildlife habitat within designated areas of the detention pond sites. The presence of natural
water flow and location within the flood plain of Leon Creek are factors critical to sustaining a
variety of wildlife, especially birds in an urban setting. Careful attention to reclamation of these
old quarry areas through planting with a diverse perennial native plant community and planting
species that will be compatible with succession and evolution of the creek environment will
insure a stable long term natural habitat with low maintenance cost.

Mauti-Functional Detention Pond Cost

Cost for adding the multi-use benefits to the detention ponds were estimated based on some
generalized assumptions of land use within the detention sites. Depictions of how these sites
might be developed were submitted to the City under separate cover. Estimated construction
cost include site infrastructure (slope stabilization, site grading, access roads and utilities),
facilities (paths, trails, sports fields, shelters and restrooms), emergency and security
communications and revegetation (ground cover and trees). The estimated construction cost to
enhance the detention projects with muti-functional uses are shown below:

Project Estimated Construction Cost
P-2 $ 4 million
P-3 $ 4 million
P-5 $ 8 million
P-6 $ 6 million

CONCLUSION

Table V-1 summarizes 78 recommended projects as a single scenario for the purpose of flood
mitigation in the Leon Creek watershed. In addition to the site specific projects, the Master Plan
includes five regional detention facilities and four retention/recharge facilities which have
immediate value in the role of peak flood abatement, plus multi-faceted advantages in providing

for future flexibility in the comprehensive stormwater management scheme.
M961108A1 RW/pt {3370-00)
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Executive Summary

A. Purpose

A drainage study has been performed on the Salado Creek and its major tributaries for the
City of San Antonio. The purpose of this study is to provide a sound basis for the
development of a master plan for future drainage improvements and development in this
watershed. The study was performed in three phases which included the Preliminary,
Design, and Summary Report Phases. In the Preliminary Phase existing models,
precipitation and stream gage data, recharge zone development plans, dam analyses, and
storm flow information gathered, reviewed and assembled. Meetings were held with the
various governmental agencies which are affected or have jurisdiction on Salado Creek
and its tributaries. A hydrologic model was also prepared which calculates stream flows
resulting from rainfall events. The Design Phase of the study included the preparation of
a hydraulic model which calculates water surface elevations and flow profiles. Water
surface elevations generated by the hydraulic model were used to map the flood plains. In
the Summary Report Phase of this study, various mitigation projects were identified
which could remove existing structures and developable land from the flood plain and
eliminate potentially dangerous flooded roadway crossings.

The Salado Creek Watershed contains an area of approximately one hundred ninety (190)
square miles, that was used for the hydrologic analysis. The hydraulic analysis included
55 miles of creeks. The lengths of each creek is as follows:

Creek Limits of Study Length
Salado Creek S.E. Loop 410 to N. Loop 1604 33.6 miles
Panther Springs Creek  Salado Creek to N. Loop 1604 6.0 miles
Mud Creek Salado Creek to N. Loop 1604 5.5 miles
Elm Creek Mud Creek to N. Loop 1604 1.5 miles
Elm Waterhole Creek  Elm Creek to N. Loop 1604 2.3 miles
Beitel Creek Salado Creek to O’Connor Road 6.1 miles
55 miles

The study limits started downstream of S.E. Loop 410 and extended upstream along
Salado and its tributaries to Loop 1604 on the northside of San Antonio. The
Watershed’s boundaries cross the jurisdictions of Bexar County, The City of San
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the U.S. Military facilities at Fort Sam Houston, Camp Bullis and Camp and smaller
suburban communities including Shavano Park, Hill Country Village, Hollywood Park,
Windcrest, and Terrel Hills. Within the Watershed exist thirteen (13) flood control dams.

o
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Figure 1 - "Salado Creek Watershed”

B. Preliminary Phase

Gathering data, reviewing existing hydraulic studies, and the hydrologic analyses were
tasks performed in the Preliminary Phase. The hydrologic analysis is a process where
rainfall data, ground surface conditions, various stream alignments and confluence
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rainfall data, ground surface conditions, various stream alignments and confluence
locations are studied to determine streamn flows which result from rainfall accumulations
across the watershed. Storm water runoff generated by rainfall is affected by soil type,
soil moisture conditions, vegetation, ground slope and impervious cover. Storm water
flow within the various streams is also influenced by the existing flood control retarding
dams. The Salado Creek Watershed is somewhat unique from the other major watersheds
in San Antonio in that thirteen flood control dams exist within the upper watershed which
are typically located north of Loop 1604 and within the Edwards Aquifer Recharge Zone.
This study confirms that these existing dams provide significant reductions in flooding
along the Salado Creek and its tributaries in the San Antonio area.

This drainage study also addressed the affect of current and future development within
the Salado Creek Watershed. The source for ultimate development land use projections
was the City of San Antonio, Planning Department. Information on land use indicated
that approximately thirty eight percent (38%) of the land in the Salado Creek Watershed
is vacant and available for development. The Planning Department projected
approximately eight five percent (85%) of the undeveloped land area will actually be
developed. '

Storm water flows were computed for the 10, 25, 50, 100 and 500 year frequency storms
within the Salado Creek study area for existing and ultimate development conditions. A
comparison of the storm water flows at major road crossings is shown on Table 1. This
table indicates the current Federal Emergency Management Agency (F.E.M.A) model,
existing conditions model, and ultimate conditions model flows in cubic feet per second
(cfs) for the 10, 50, and 100 year frequency storms.

Table 1 - "Comparison of Storm Water Flows"

Loop 1604 15414 | 15379 23250 | 23243 26676 | 26867
West Ave. 12200 | 16570 | 16937 | 17300 | 25001 | 25336 | 19300 | 28664 | osse2
U. S. 281 16700 | 17208 | 17622 | 24000 | 25735 | 26123 | 27000 | 29441 | 29813
Wetmore Rd 28600 | 26873 | 29435 | 41600 | 39650 | 42132 | 46600 | 45227 | 47681
Nacogdoches Rd. 28600 | 27673 | 30383 | 41600 | 40793 | 43476 | 46600 | 46528 | 49204
N.E. Loop 410 30100 | 28189 | 31178 | 44300 | 41614 | 44602 | 49100 | 47504 | 50470
Austin Hwy. 36900 | 32310 { 35875 | 54200 | 47646 | 51236 | 60500 | 54365 | 57946
Rittiman Rd. 36900 | 31029 | 34274 | s4300 | 45675 | 48935 | 61000 | 52097 | 55337
I.H.35 36900 | 21900 | 24089 | 54300 | 32147 | 34408 | 61000 | 36656 | 38922
Commerce St. 36900 | 20078 | 22123 | 54300 | 29415 | 31550 | 61000 | 33526 | 35674
Rigsby Ave. 36900 | 18247 | 20134 | 54300 | 26672 | 28661 | 61000 | 30382 | 323%4
E. Southcross Blvd. 36900 | 14139 | 15567 | 54300 | 20512 | 21986 | 61000 | 23250 | 24723
S.E. Military Or. 36900 | 14139 | 15567 | 54300 | 20512 | 21986 | 61000 | 23250 | 24723
S.E. Loop 410 36900 | 13292 | 14657 | 54300 | 19262 | 20673 | 61000 | 21822 | 23236
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C. Design Phase

The hydraulic analysis performed in the Design Phase is a process where the stream shape
or cross section and vegetated condition are considered to determine the depth of storm
water flows and the resulting flooded area that is caused by rainfall events. Roadway
crossings and other man made improvements tend to create restrictions within the stream
bed area which also may impact the depth and the conditions of storm water flow within a
stream. The cross-sections and channel slopes used in the study were based on aerial

mapping prepared for the
Leon, Upper Olmos, and
Salado . Creek watershed
studies by United Aenal
Mapping Company and
provided by the City of
San Antonio. The study
also  addressed  the
existing conditions within
the creeks related to
vegetation and  other
encroachments such as fill
materials and structures.

Previous flood study
information and stream
gage records maintained
by the United States
Geological Survey were
also reviewed and
incorporated into  the
study. Field investigation
of the wvarious creeks
within the study area was

“included in the study.

Many areas within the
floodplains  are  not
accessible because right-
of-way or easements do
not exist for access and
the  embankment areas
are densely vegetated.
The study results show
that the Salado Creek
between S.E. Loop 410
and N.E. of Loop 410
possesses a unique linear
channel storage
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Figure 2 - "Hydraulic Study Area"
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accessible because right-of-way or easements do not exist for access and the
embankment areas are densely vegetated. The study results show that the Salado Creek
between S.E. Loop 410 and N.E. of Loop 410 possesses a unique linear channel storage
condition. Linear channel storage (detention) occurs when storm water flows along the
banks and outside the banks is slowed down by dense vegetation and flatter slopes.
Existing conditions along the lower 20 miles of Salado Creek consist of wide flat stream
sections and relatively flat slopes. Storage conditions are increased within these areas by
dense vegetation growth within the floodplain areas. This linear storage provides a
significant reduction of storm water flows downstream.

- D. Summary Phase

Upon completion of the hydrologic and hydraulic models for the Salado Creek
Watershed, the floodplains for the 10, 25, 50, 100, and 500 year frequency storms were
mapped. In the Summary Phase, mitigation projects were identified for reducing and
eliminating flooding of structures and roadways.

Flood prone areas have been identified based on this study. The impact of the 100 year
frequency storm and its resultant floodplain on existing structures has been identified.
One hundred sixty nine (169) houses and ten (10) apartment buildings are located within
the floodplain. Sixty five (65) commercial and industrial type structures are also located
within the floodplain with an additional twenty three (23) structures identified as
recreational use type facilities. Another sixty eight (68) structures have been identified as
barns or sheds. Major areas of flooding for a 100 year storm event exist in the East Park
Subdivision (Wheatley Heights) south of Martin Luther King Drive. There are
approximately ninety nine (99) residential structures within this area. There are also forty
four (44) homes in the Garden Court East and Fairfield Village North Subdivisions and
Gemini Drive area. Ten (10) apartment buildings have been found to be in the floodplain
within the Renaissance Village North and Villa Apartments. Eighteen (18) commercial
and industrial buildings located in the Austin Highway Industrial Subdivision are in the
floodplain. A list of the structures located in the floodplain is provided in Chapter 5 of
the report. A field survey confirming the floor elevation of these structures has been
obtained. Thus, all structures having finished floor elevations above the floodplain are
not included in the floodplain. Numerous roadways have been identified in the
floodplain. A complete list of roadways crossing the creeks in the study is included in
Chapter 3. Roadways with low water crossings have been identified.

Ten {10) projects have been identified for mitigation of the flooding that occurs during
the 100 year storm event and nine (9) additional projects have been identified that can
eliminate existing flooded roadways. Projects developed for mitigation are listed in Table
2 with a description provided in Chapter 4 of the report. These projects will eliminate the
majority of the residential and commercial structural flooding problems that occur during
the 100 year storm event. Estimated construction costs are provided, but easement and
right-of-way cost have not been included.
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Table 2 - “Proposed Mitigation Projects”

Project Estimated
No. _ Project Description Costs
I Flood Control Dam at Site #15r $ 6,000,000%
2 Remove 5000’ of Weidner and 2500 of Old O’Connor Rds.,
Reroute 1200° of Lookout Rd and enlarge railroad bridge structure 3 844,750
3 Channelize Beitel Creek, 4000’ east of Garden Court East Subdivision
(Esm’t. Acquisition Cost Not Included) $ 1,330,737 4
4 Reroute and raise 4600’ of Holbrook Rd. to elevations equal to
25 Year Floodplain $ 961,226 !
5 Construct a 4400° long levee from MLK Blvd. to the south between Salado
Creek and East Park Subdivision (Wheatley Heights) $ 458857 1
6 Remove brush and small trees to height of 6’ along lower 20 miles
of Salado Creek (Esm’t. Acquisition cost Not Included) $ 7,418,075
7 Channelize 600’ of Beitel Creek from Vicar to Perrin Beitel and —
2000’ downstream of Perrin Beitel
(Esm’t. Acquisition Cost Not Included) $ 685,726 L
8 Remove 1900° of Ira Lee from Austin Hwy. northward to
limits of floodplain. Remove 600" roadway connection to
Holbrook Rd. and reroute 600’ of Holbrook Rd. $ 345900 !
9 Clear and channelize 5000° of Salado Creek south of Martin - L
Luther King Drive (Not Recommended) b 3,490,725++ ' e
10 Clear and channelize 12900’ of Salado Creek between Wetmore e
Road and Jones Maltsberger Road (Not Recommended) $20.189,400" o
TOTAL ESTIMATED COST . $4,627,196.00

* Cost not included in Total Estimated Cost (Federally Funded Project)
+ Cost not included in Total Estimated Cost {Project not Recommended)
++ Cost not included in Total Estimated Cost {Project not Recommended}

Several structures exist within the floodplain which appear to have no feasible or cost
effective alternative for mitigation. Those properties remaining in the floodplain are listed
in Table 3. The cost as provided are based on 1996 Bexar County Appraisal District
property tax information.

The remaining mitigation projects described in this report address existing roadway
flooding. Most of the roadways identified as being flooded have drainage structures that
are to small for the storm water flows resulting from a 100 year storm event. Only one of
the roadways, Jones Maltsberger Road, does not have any drainage structure and exists as
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a low water crossing at Mud Creek and Elm Creek. The street crossings identified for
new drainage structures are listed in-Table 4.

Table 3 “Flooded Properties''

Appraised Flood
Structhares Location Value Depth
4 Houses 236 Holbrook Rd. $56,100 6 feet
243 Holbrook Rd. $21,900 6 feet
274 Holbrook Rd. $36,200 6 feet
Holbrook Rd. $80,000 6 feet
1 Commercial Bldg 4354 Industrial Ctr $680,000 4.5 feet
1 House 12522 Maltsberger Lane $426,500 4 feet
2 Houses 2035 Cresthill Rd. $32,500 4 feet
207 Cresthill Rd. $85,200 3.5 feet
3 Buildings 11919 N. Weidner Rd. $91,000 34 feet
11609 N. Weidner Rd. $21,800 3-4 feet
11603 N. Weidner Rd. $104,300 34 feet
1 Commercial Bldg 3400 Nacogdoches Rd. - $246,700 2-3 feet
1 House 3722 Bunche Rd. $18,500 2 feet
2 Houses 12656 West Ave. $80,0600 2 feet
12678 West Ave. $30,980 2 feet
2 Houses 311 North Loop W. $56,800 2 feet
239 North Loop W. $68.200 - 2feet
TOTAL ESTIMATED COST $2,136,680
e Table 4 - “Proposed Bridge and Culvert Projects”
Project Estimated
No. Project Description ¢ Costs
1 New Brdge Structure at West Avenue and Salado Creek $ 3,567,060
2 New Multiple Box Culverts at West Avenue and
Panther Springs Creek — $ 332,500
3 New Bridge Structure at Vicar Rd. and Beitef Creek $ 1,995,000
4 2 New Bridges Structures at Roland St. $ 3,192,000
5 New Multiple Pipe Culverts at Jones Maltsberger and Mud Creek $ 332,500
) New Multiple Box Culverts at Jones Maltsberger and Elm Creek $§ 532,000
7 New Bridge Structure at Binz-Engleman Rd. £ 4,309,200
8 New Bridges Structures for Frontage Roads at [H35 and
Reroute Seguin Rd. (TxDOT) $ 3,990,000
G New Multiple Box Culverts and Raise 2700" of Bulverde Rd.
at Rediand Road £ 665.000
TOTAL ESTIMATED COST $18,915260

The selection of the mitigation projects is based upon the results of this study which
defines existing and ultimate development conditions within the watershed. Two projects
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Brush clearing within the banks of Salado Creek should be avoided. Limited clearing
along the outer banks should not have adverse effects on the linear detention benefits in
Salado Creek. Project No. 9 which includes the channelization of Salado Creek south of
Martin Luther King Drive would significantly change the aesthetics and wild life habitat
features of the natural floodway. This project has 2 much greater cost than Project No. 5
which provides the same benefits. The environmental characteristics would significantly
be changed by brush clearing or channelization of the creeks. Salado Creeks natural
conditions provide erosion and sedimentation control along with the linear detention. A
minor problem Salado Creek does have is debris that has either washed in or been
dumped. Debris such as tires, lumber, and other trash should be removed. A clean
natural Salado Creek provides an environment that is beneficial for all.

Benefit has also been gained from the Flood Control Program implemented by the
U.S.D.A. Soil Conservation Service and San Antonio River Authority. Flood water
reductions resulting from the thirteen Flood Retarding Dams has greatly reduced the
number of properties that would be adversely effected. Thus requirements for mitigation
have greatly been reduced and the cost estimated for eliminating flooding problems is less
than would be anticipated otherwise. Total estimated costs for the recommended flood
mitigation projects, flooded property, bridge and culvert projects is $25,679,135.7
Included are TXDOT costs associated with their highway system and the value of flooded
properties. With these costs deducted the total cost is reduced to $19,552,455.
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Introduction

A. Scope of Project

A study of Salado Creek and its major tributaries was authorized in April, 1994 by the
City of San Antonio. The purpose of the study is to map the floodplains and develop
projects that will mitigate the flooding identified by the study. Floodplains have been
redrawn and mapped for the 10, 25, 50, 100, and 500 year frequency storms. Mitigation
projects which can eliminate flooding problems caused by a 100 year frequency storm
have been identified in this study. These projects form the basis for the Drainage Master
Plan for the Salado Creek Watershed. These projects have been prioritized based
benefits and costs. Presented with this report, are hydrologic and hydraulic models, new
floodplain maps, and a definition of mitigation projects for a master plan.

The watershed study tasks were performed in three phases; a Preliminary Phase, Design
Phase, and Summary Phase. Research, investigation, and hydrologic modeling were
performed in the Preliminary Phase. Research efforts included gathering data on fleoding
complaints, previous flood studies, precipitation and stream flood gage records, aerial
mapping, U.S.G.S. mapping, soil characteristics, plans for culverts, bridges, and dams,
and land use information. Field investigation involved observing and photographing the
creeks, bridges and culverts. Hydrologic models were created for the drainage areas above
the Salado and Rosillo Creek confluence. Watershed subareas were networked along

Salado Creek and its tributaries. Rainfall input in the form of precipitation hydrographs

are used to compute runoff for each subarea. The runoff discharged into the creeks is
routed down the stream network using unit hydrograph techniques. Runoff hydrographs
are combined at the nodes along the network producing new hydrographs and peak
discharges at each node. The hydrologic model computed discharges for the 10, 25, 50,
100, and 500 year frequency storms.

In the Design Phase, water surface profiles were computed using the hydrologic model
storm water flows for the 10, 25, 50, 100, and 500 year frequency storms. Hydraulic
modeling of Salado Creek along with the major tributaries: Beitel Creek, Mud Creek,
Elm Creek, ElIm Waterhole Creek, and Panther Springs Creeks was performed in the
Design Phase. During the initial hydraulic analysis of the lower 20 miles of Salado Creek
it became evident that a significant reduction of storm water flow was occurring.

Reduction of the storm water flow could only be attributed to linear channel storage.

This required that the study be expanded to include a storage analysis to accommodate
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this unexpected condition. Utilizing the hydrologic and hydraulic models a storage
analysis was completed for existing conditions and ultimate development. The effect of
storage on the water surface elevations is significant and lowered 100 year flood
elevations approximately four and a half (4.5) feet in the southermn reaches of Salado
Creek. Water surface elevations derived from the hydraulic model were used to prepare
floodplain maps showing the new floodplains for the 10, 25, 50, 100, and 500 year
frequency storms under existing conditions. The new floodplains are shown on aerial
maps produced by United Aerial Mapping for the City of San Antonio. These maps
revealed the existing structures and roadways that are subject to flooding. Projects were
identified and developed which could mitigate flooding where practical. Costs were
developed for the mitigation projects and the projects prioritized for implementation
based on benefits and costs.

The Summary Report Phase was the final phase and included the preparation of this .
report, compilation of data from the Preliminary and Design Phases, development of
summary and recommendations, and presentation to the public. This Summary Report
contains details of the investigations, criteria of the project, and details of the models and
analyses. Included in the report are the appendices, research data, the model’s inputs and
summary outputs. Also provided are descriptions of the processes, results of the
modeling, mitigation projects and alternatives with recommendations and estimated
costs.

B. Salado Creek Watershgd

The Salado Creek Watershed is a drainage basin of approximately 190 square miles.
Storm runoff from the drainage basin as shown in Figure 1 is characterized by
components of surface runoff (sheet flow), street flows (shallow concentrated flow),
stream flows(channelized flows) and reservoirs(storage). These components are linked
by a stream network that is used to create a HEC-1 Model. HEC-1 is an abbreviation for
a computer program developed by.the U.S. Ammy Corps of Engineers Hydrologic

Engineering Center. This program is widely used for developing hydrologic models.

The entire watershed is subdivided into smaller drainage areas that are identified as
subareas. The Salado Creek Watershed was divided into eighty-five subareas as shown in
Figure 3. Runoff from the subareas was computed using the sheet flow, shallow
concentrated flow, and channelized flow. The computed runoff from each subarea was
discharged into channels or creeks as storm water flow. Storm water flows routed in the
stream network are combined with the runoff from adjacent subareas to compute the peak
storm water flows in the creeks.
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Figure 3 - "Salado Creek Watershed - Subareas”

1. Salado Creek and Tributaries

Salado Creek runs through eastern San Antonio and Bexar County. The Salado Creek
ends in southeastern Bexar County as a tributary to the San Antonio River. Following
Salado Creek upstream from its convergence with the San Antonio River, it travels in a
northeasterly direction for approximately two to three miles. At the location where the
Salado Creek crosses S.E. Loop 410 it turns northward and except for a slight east and
west meandering, the creek follows a northerly direction to N.E. Loop 410. Continuing
upstream, the Creek tums west to northwest prior to crossing Nacogdoches Road. From
Nacogdoches Road, Salado Creek travels in a west northwesterly direction through
northern San Antomio. After Salado Creek crosses West Avenue, it turns northward,
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traveling in a north, northwesterly direction towards Loop 1604. Upstream of Loop 1604,
Salado Creek meanders in a northwesterly direction through a portion of the lower hill
country. The upper reach of Salado Creek travels through the Leon Springs Military
Reservation, but does not reach the northern limits of Bexar County or Interstate Highway
10. Salado Creek’s upper limits and drainage area are defined by a ridge east of Interstate
Highway 10 and south of the Bexar County line. Salado Creek lies solely within Bexar
County and as shown in Figure 4 is approximately 43 miles in length.
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Figure 4 - "Salado Creek and Tributaries"

There are several tributaries that exist within the Salado Creek watershed, including
Panther Springs Creek, Lorence Creek, Mud Creek, Beitel Creek, Walzem Creek, Rosillo
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Creek, Quail Creek, and several unnamed creeks. Elm Creek and Elm Waterhole Creek

~are tributaries of Mud Creek.

Il. Drainage Basin

Salado Creek and each of its tributaries has a drainage basin. The subareas have been
identified according to the drainage basin wherein they lie. SC signifies Salado Creek
and likewise PS for Panther Springs Creek, LC for Lorence Creek, MC for Mud Creek,
EC for Elm Creek, EW for EIm Water Hole Creek, BC for Beitel Creek, WC for Walzem

Creek, and RC for Rosillo Creek. SR signifies Stahl Road because the tributary in that
drainage basin was unnarned.

Rosillo Creeks drainage basin has been included for the purpose of evaluating backwater
effects. Rosillo creek is outside the limits of the hydraulic study area, however,
backwater created at the Salado and Rosillo Creek was analyzed.

Topography

Topography within the Salado Creek Watershed varies in the upper and lower areas of the
watershed. The upper area is in the Edwards Plateau and is hilly with steeper slopes. In
this area, the Salado Creek and tributary creeks have cut steep valleys through the land
and because this area is the larger portion of the watershed it contributes a large amount
to the total stream flow. A combination of rocky and clay soils also contribute to the
larger runoff. Rock, clays, and steep slopes create nearly impervious conditions and this
reduces the effect of development and its associated impervious cover on storm water
flows. Salado Creek as it runs from West Avenue across north San Antonio to N.E. Loop
410, has a milder slope, however, the drainage basins around the creek still have steeper
slopes. The southern or lower areas of the watershed are located in the Blackland
Prairies. Slopes across the drainage basins and along the creek in the lower area south of
N.E. Loop 410 are even more mild. Elevations in the watershed range from 500 feet
above mean sea level to over 1500 feet. Upper watershed areas, having the steeper slopes,
vary in elevation from 700 feet to 1500 feet above mean sea level. This variation in
elevation occurs from N.E. Loop 410 to the upper limits of the watershed. The lower
watershed varies from 500 feet at S.E. Loop 410 to 700 feet at N.E. Loop 410.

Soils

To evaluate the rainfall and runoff relationship for the drainage basin it is necessary to
assess the characteristics of the existing soils. Data was obtained from the United States
Department of Agriculture, Soil Conservation Service now identified as U.S.D.A. Natural
Resources Conservation Service. Soil data was obtained in database files (Soil Survey
Geographic Data Base) which is the same data published in the “Soil Survey for Bexar
County, Texas”. The database contains characteristics for the various soil types located
in Bexar County. Included with the database was a digitized graphic file showing the
location of the various soils. The Salado Creek Watershed and graphic file of the soils
were overlain and the soil types within the watershed were identified. Soil types are
classified by Hydrologic Scil Groups. The four Hydrologic Soil Groups are A, B, C, and
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D. The definition or soil characteristics of the four Hydrologic Soil Groups are provided
in Table 5. A list of soil types found in the Salado Creek Watershed is provided in Table
6. The soil types within the Salado Creek Watershed were grouped according to the
Hydrologic Soil Groups and mapped accordingly as shown in Figure 5. A single small
area of Eufalia sand (Hydrologic Soil Group A) was found in the watershed. This area
was used as Hydrologic Soil Group B to simplify the computation of land use and soil

groups.

Table 5
Definition of the SCS Hydrologic Soil Groups

A These Scils have a high infiltration rate. They are chiefly deep, well
drained sands or gravels. (L.ow Runoff Potential)

B These Soils have a moderate infiltration rate when thoroughly wet.
They are moderately deep, well drained soils of moderately fine to
moderately course texture.

C These Soils have a slow infiltration rate when wet. They are soils with
a layer that impedes downward movement of water and soils of
Moderately fine to fine texture.

D These Soils have a slow infiltration rate. They are chiefly clay soils
with a high swelling potential, soils with a permanent high water
table, soils with a clay pan at or near the surface, and shallow soils
over nearly impervious material. (High Runoff Potential)

Salado Creek Watershed Study and Dminage Master Plan



2-7

Watershed & Subbasin Soundory

S0 CRGUP B
SOIL GROUP C
SQIL GROUP D

Figure 5 - "Soil Groups Within Salado Creek Watershed"
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Table 6 - ""Soil Types in Salado Creek Watershed''-

SOIL GROUP SOIL TYPE SOIL NAME
A EuC EUFAULA SAND (ALUF)
B DmC DUVAL LOAMY FINE SAND
0nB DUVAL FINE SANDY LOAM
onC DUVAL FINE SANDY LOAM
DsC2 DUVAL SOILS
Fr FRIO CLAY LOAM (SUNEV)
Go GOWEN CLAY LOAM
Gu GUILLED LAND (SUNEV)
Kab KARNES LOAM (ATCO)
KaC KARNES LOAM (ATCO)
KcC2 KARNES GLAY LOAM (ATCO)
LvA LEWISVILLE SILTY CLAY
LvB LEWISVILLE SILTY CLAY
LvC LEWISVILLE SILTY CLAY
PaA PATRICK SOILS
PaB PATRICK S50ILS
PaG PATRICK SOILS
VaA VENUS LOAM (SUNEV)
VaB VENUS LOAM (SUNEV)
VCA VENUS CLAY LOAM (SUNEV)
VcB VENUS CLAY LOAM (SUNEV)
VeC VENUS CLAY LOAM (SUNEV)
WmA WILLACY LOAM
WmB WILLACY LOAM
Za ZAVALA FINE SANDY LOAM
Zg ZAVALA AND GOWEN S0ILS
C AuB AUSTIN SILTY CLAY
AUC AUSTIN SILTY CLAY
BpG BRACKETT CLAY LOAM (WHITEW RIGHT)
BrD BAACKETT SCOILS (KERRVILLE)
BIE BRACKETT S0OILS (KERRVILLE)
BsC BRACKETT-AUSTIN COMPLEX (WHITEWRIGHT)
BIE BRACKETT-TARAANT ASSOC. (KERRVILLE}
HgD OLMOS, HILLY GRAVELLY LAND
HXB HOCKLEY LOAMY FINE SAND (WILCO)
HKC HOCKLEY LOAMY FINE SAND (WILCO)
HkC2 HOGKLEY LOAMY EINE SAND (WILCO)
LB LEMING LOAMY FINE SAND
SaB SAN ANTONIO CLAY LOAM
SaC SAN ANTONIO CLAY LOAM
SaG2 SAN ANTONIO CLAY LOAM
ScB STEPHEN SILTY CLAY
ScC STEPHEN SILTY CLAY
Tb TAARANT SOILS (EDDY)
WDbE W EBB FINE SANDY LOAM (FLORESVILLE}
WbC W EBB FINE SANDY LOAM (FLORESVILLE}
WeC2 WEBB SOILS (FLORESVILLE)
WeC3 WEBB SOILS (FLORESVILLE)
D Ca CAAWFORD CLAY [ANHALT)
Cb CRAAWFORD AND BEXAR STONY SOILS (ANHALT)
CIA CROCKETT FINE SANDY LOAM (MIGUEL)
ciB CROCKETT FINE SANDY LOAM (MIGUEL)
CkC2 CROCKETT SOILS (MIGUEL)
HnB HOUSTON CLAY (HEIDEN)
HRC2 HOUSTON CLAY (HEIDEN)
HnC3 HOUSTON CLAY (HEIDEN)
HoD3 HOUSTON-SUMTER CLAYS (HEIDEN)
HSA HOUSTON BLACK CLAY
HsB HOUSTON BLAGK GLAY
HsC HOUSTON BLACK CLAY
HIA HOUSTON BLACK CLAY (BRANYON) _
HtB HOUSTON BLACK CLAY (BRANYON)
HuB HOUSTON BLACK GAAVELLY CLAY
HuC HOUSTON BLACK GRAVELLY CLAY
HuD HOUSTON BLACK GRAVELLY CLAY
Kr KAUM COMPLEX
OrA ORELIA SANDY CLAY LOAM
o8 ORELIA SANDY CLAY LOAM
Pt FITS AND QUARRIES
TaB TARRANT ASSOC. (ECKRANT)
TaC TARRANT ASSOC. (ECKHANT)
TaD TARRANT ASSOC. (ECKRANT)
Tc TRINITY CLAY (TINN]

TRINITY AND FRIO SOILS (TINN}
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Preliminary Phase

The preliminary phase included research, investigation, and hydrologic modeling. The
tasks and efforts are detailed as follows. '

- A. Research

3-1

1. Existing Data

Research performed for this study included visiting and interviewing representatives of
various City, County, State, and Federal agencies to locate, identify, and subsequently
analyze available data on Salado Creek and its tributaries. Several tables presented in
Appendix A list the agencies.and data reviewed. Data analyzed included several previous
studies of Salado Creek including an analysis by the U.S. Army Corps of Engineers in
1969, the F.EM.A. floodplain analysis, and a watershed study completed by the U.S.
Department of Agriculture Soil Conservation Service in 1994. The methodologies,
assumed conditions, and floodway characteristics used in these studies were also
evaluated. Other hydraulic studies identified in the City of San Antonio files were for
land development projects performed by other engineering consultants.

Evaluation of the studies included review of the techniques, modeling softwares, and
objectives. The F.EM.A. floodplain analysis and studies performed for land
development were the only studies which specifically defined floodplains. Most of the
-studies reviewed were performed for analysis and simulation of previous floods and flood
control projects.

Hl. Historical Storms

The initial task required to develop the hydrologic model involved research of historical
rain fall and creek flow data. Historical data dates to the early 1900°s, but accurate
records of creek flow depths and storm water flows did not begin until the 1960’s. The
United States Geological Survey (U.S.G.S.) began installing stream gaging stations on the
creeks in Bexar County, in the 1960’s. Continuous recording gages that measure creek
flow depth and precipitation have been utilized for the past twenty six years.

Two gages have been maintained by the U.S.G.S. on Salado Creek; one at N.E. Loop 410

and the other at S.E. Military Drive. Other gaging sites were utilized in the 1970’s but
have been removed. In 1990, the City of San Antonio established an Early Flood
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Waming System which included the installation of precipitation and stream gages. A
stream gage.is maintained at Interstate Highway 10 and Salado Creek and Precipitation
gages have been installed at numerous locations within San Antonio. Other sources of
precipitation data are the U.S.G.S. and the National Weather Service (NW.5.). A
precipitation gage is maintained by the U.S.G.S. at N.E. Loop 410 and a gage is

‘maintained by the N.W.S. at the San Antonio International Airport. These agencies have

provided data from their gages that was recorded during past storms.

Stream and Watershed conditions were evaluated for each of the largest storm events
recorded in the past twenty five years. Conditions such as existing land development,
construction of dams and other structures along Salado Creek were the main criteria used
to narrow the selection of storms to those that occurred in the 1990’s. The land use data
had been updated by the City of San Antonio in 1991 and twelve flood control dams were
complete with the thirteenth dam under construction. The largest storms that have
occurred since 1990 were on April 4-5, 1991 and May 5-6, 1993. Precipitation and
stream gage data pertaining to these storms is presented in Appendix B. Descriptions of
the storms were provided by the N.-W.S. along with isohyetals of the storm rainfall totals.
The isohyetals shown in Figures 6 & 7 represent rainfall distribution patterns of the two
stormns. The rainfall data shown represents approximate rainfall totals for the duration of
the storm. The rainfall patterns are interpolated from numerous gage reports which are
scattered over the City. '

The largest rainfall totals for each storm occurred in different areas. Rainfall during the
April 4-5, 1991 storm had higher concentrations west of the watershed and produced
larger storm water flows in those areas. Although the storm was centered outside the
Salado Creek Watershed, the storm water flows produced in Salado Creek are the second
largest recorded since 1990. The largest storm water flows recorded in the Salado
Watershed occurred during the May 5-6, 1993 storm. The highest rainfall totals were in
the mid region of the watershed. Storm water flows produced in Salado Creek were
measured at the three stream gaging stations described previously. The stream gages at
Interstate Highway 10 and N.E. Loop 410 malfunctioned in May 1993 and did not record

‘the peak storm water flows in Salado Creek. A manual field measured depth of the storm

water flow at the approximate time of the peak flow was taken at N.E. Loop 410. All
three stream gaging stations shown on Figure 8 were operating in April 1991 and
recorded continuously through the storm.

Although the May 5-6, 1993 storm produced larger runoff and discharges in Salado
Creek, the recorded data was incomplete. Data recorded during the April 4-5, 1991 storm
was utilized in the HEC-1 and HEC-2 models for comparison and verification of the
models.
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Figure 6 - "Rainfall Isohyetals - April 4-5, 1991 Figure 7 - "Rainfall Isochyetals - May 5-6, 1993

B. Investigation

33

I. Floodway Conditions

Investigations included field observation of Salado Creek and its tributaries to evaluate
conditions along the creek. Observations along Salado Creek, Beitel Creek, Mud Creek,
Elm Creek, Elm Waterhole Creek, and Panther Springs Creek revealed no evidence of
maintenance. Heavy native vegetation 1s growing along the embankments and prevents
mower access. Vegetation in the upper reaches of Salado Creek, inciuding Panther
Springs Creek, Mud Creek, Elm Creek, and Elm Waterhole Creek 1s moderate to dense in
growth. The floodway of Salado Creek east of Jones Maltsberger Road contains very
dense vegetation. Very dense vegetation also exists along Mud Creek as it meanders
through McAllister Park. Lower Salado Creek has very dense vegetation with some areas
being severely overgrown. These creeks remain in a natural condition in most areas,
however, several areas have been cleared to create parks and golf courses without
modification of the actual creek structure. Photographs of existing structures and
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conditions observed are contained in Volume II, Appendix C. Fieid investigation did
identify several channelized sections within Salado Creek and it’s tributaries.
Channelization was identified along Satado Creek between Nacogdoches and Wetmore
Road. This area of Salado Creek is all that was observed that has been channelized,
except for roadway crossings. Beitel Creek upstream and downstream of N.E. Loop 410
has been channelized by the development process. Additional channelization has occurred
in the upper reach of Beitel Creek at the O'Connor Road and Nacogdoches Road
crossings. Channelization has also occurred on Mud Creek, Elm, and Elm Waterhole
Creek around Thousand QOaks and Redland QOaks Road. The channelization that has
occurred primarily consists of clearing and reshaping of the earthen channel sections. In
two locations, however, the channel has been lined with concrete. Concrete channels have
been built on Beitel Creek between Vicar Drive and N.E. Loop 410 and on Salado Creek
under the IH-35 bridge.

Fill and debris deposits within the flood plain of Salado Creek on the north side of San
Antonio International Airport were observed on properties owned by the City of San
Antonio. Fill Materials were stock piled adjacent to the floodplain at Arion Parkway and
U.S. Hwy. 281. :

Il. Structures

Field investigation revealed that a variety of drainage structures exist within the banks
and floodway of the Salado Creek and its tributaries. These structures include pipe
culverts, box culverts, bridges and dams. A list of existing structures and their locations
is provided in Table 7. These structures have been examined in the field and documented
with photographs. Available as-built plans were obtained for these structures and utilized
in the hydrologic and hydraulic analyses.

Bridges and Culverts

The majority of the bridges at road érossings that were observed were designed and
constructed by the Texas Department of Transportation. As-built plans for these bridges
were obtained from the Texas Department of Transportation and were utilized in

‘development of the hydraulic model. Culverts exist in several locations including

Interstate Highway 35, Interstate Highway 10, N.E. Loop 410, and Loop 1604. Several
other culverts are located across Salado Creek and the tributaries that were constructed by
developers or the City of San Antonio. Culvert crossings on Salado Creek flood on a
regular basis. Other small Creek culverts that flood are located at Vicar Drive on Beitel
Creek and West Avenue on Panther Springs Creek. Flooded roadway crossings are
identified by * in Table 7.

Table 7 - “Existing Structures™ ,
DOWNSTREAM  UPSTREAM

CREEK CROSSING STRUCTURE STATION STATION
Salado S.E. Loop 410 Bridge 20440 20729
S.E. Military Dr. Bridge 33188 33294
E. Southcross Bridge 43166 43308
* quand Culverts 50191 50255
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CREEK

Continue Table 7 - “Existing Structures”
DOWNSTREAM  UPSTREAM.

CROSSING
Rigsby

Rice

Martin Luther King

* MLK Park Rd.
LH. 10
Commerce St.
Houston St.
Gembler
S. Pac. RR.

*1LH.35

* Seguin Rd.
Mis-Kan-Tex R.R.

* Binz-Engleman

* W.W. White Rd.

* Rittiman Rd.

* Eisenhauer -

* Austin Hwy.

* N. Loop 410

* Nacogdoches
Mis-Pac R.R.
Wetmore Rd.

* Entrance Ave.

* Bitters Rd.

* Bitters Rd.
Jones Maltsberger
U.S.Hwy 281

* West Ave.

Vista Del Norte
Blanco Rd.

* QOld Blanco Rd.
Huebner Rd.
Loop 1604

Panther Springs * Nerth Loop Rd

Mud

*

* West Ave,
SCS Dam #7
Bitters Rd
Mission Ridge Dr
SCS Dam #6
Loop 1604
Starcrest
Buckhom
Thousand Qaks

* Jones Maltsberger
SCS Dam #10
Loop 1604

STRUCTURE
Bridge
Bridge
Bridge

Culverts
Bridge
Bridge
Bridge
Bridge
Trestle

Bridge & Culvents

Culverts
Trestle

Culverts

Culverts
Bridge
Bridge

Bridge & Culverts

Bridge & Culverts
Bridge
Bridge
Bridge

Culverts

Culverts

Culverts
Bridge
Bridge

Culverts
Bridge
Bridge

None
Bridge
Bridge

None

Culverts

Spillway
Bridge
Bridge

Spillway
Bridge

None

Culverts

Culverts
None

Spillway

Bridge

Salado Creck Watershed Study and Drainage Master Plan

STATION
54551
61634
63552
66969
69770
72015
73040
81369
86460
87081
87570
90489
92110
96242
110026
114357
115915
125239
132303
138032
138121
141965
144266
145362
151236
157091
161964
168226
170905
171621
181787
192321
433
1182
3955
11248
15658
16921
30251
1104
49950
11103
19633
20351
28182

STATION
54608
61680
63615
67031
69937
72092
73098
81444
86482
87445
87609
90507
92176
96336
110103
114620
116126
125541
132365
138061
138194
142019
144420
145424
151311
157442
162051
168291
170967

181924
192471

1272
4347
11323
15750
17234
30655

5046
11201

20776
28489
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Continue Table 7 - “Existing Structures”
DOWNSTREAM  UPSTREAM

CREEK CROSSING STRUCTURE STATION STATION
Elm Waterhole Redland Rd. Culverts 5549 5628
* Bulverde Rd None 6822
Classen Rd. Culverts 9807 9863
Loop 1604 Bridge 11091 11576
Elm Redland Rd. Culverts 3198 3320
* Jones Maltsberger None 5075
Loop 1604 Culvert 6878 7316
Beitel Perrin Beitel Bridge 2802 2870
* Vicar Dr. Culverts 3370 3416
N.E.Loop 410 Bridge 4839 5321
Mis-Pac R.R. Trestle 15592 15620
Mis-Pac R.R. Trestle 18842 18877
* Shertz Rd. Culverts - 19067 19112
* Weidner Rd. Culverts 21854 21888
O’Connor Rd. Bridge 23842 23919
* 01d O’Connor Culverts 24641 24674
* Lookout Rd. Culverts 25123 25172
Mis-Kan-Tex R.R. Bridge - 25205 25217
O’Connor Rd. Culverts 26903 26975
Nacogdoches Rd. Culverts 29895 30087

* Flooded Crossing

Floodwater Retarding Dams

Within the upper Salado Creek watershed, are thirteen (13) floodwater retarding dams
(see Figure 9). Over fifty percent of the total area within the watershed or 74,989 acres of
land is located above the dams. These dams were designed and constructed under a
Flood Control Program that resulted from the “Small Watershed Protection and Flood
‘Prevention Act, Public Law 566" passed in 1954. The Salado Creek Flood Control
Program was started in the late 1960's after being approved by Congress in 1962 and
amended in 1968 and 1971. The U.S.D.A. Natural Resources Conservation Service and
the San Antonio River Authority worked in cooperation in planning and constructing the
dams. Sixteen dams were originally planned for the Flood Control Program. In 1964 the
McAllister Park Proposed Master Land Use Plan was completed and included the
fourteenth dam (151). See Appendix F. The City of San Antonio is an additional sponsor
of this dam as owner of the site. The dam in McAllister Park is expected to cost
approximately $6,000,000. This estimate was provided by Mr. Trent Street, Design
Engineer for the U.S.D.A. Natural Resources Conservation Service.

The Salado Creek Flood Control Program (Table 8) began with the design and

construction of the first Floodwater Retarding Dam at Site No. 2. To date, thirteen (13)
dams have been completed with the thirteenth having been completed in mid 1996.

Salado Creek Watershed Study and Drainage Master Plan
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Figure 9 shows the thirteen existing dams and proposed dam in McAllister Park. The

first twelve dams were constructed at a cost of approximately $17,000,000. The

thirteenth dam at Site No. 10 cost approximately $5,000,000. The fourteenth and final
dam planned in the Salado Creek Flood Control Program at site #15r, is designated to be
constructed under the Federally Funded Program.

Other benefits have been gained from these floodwater retarding dams, including,
recharge of the Edwards Aquifer, water conservation, and erosion control. Several of the

dams were built over the recharge zone and make significant contributions to recharge of
the Edwards Aquifer.

Table 8
SALADO CREEK FLOOD CONTROL PROGRAM
Completion Drainage Area | Storage Area Dam Height
Site No. Date Acres Acre-Feet Feet

1 11-25-75 7,232 4,189 75
2 03-05-71 3,674 2,293 55
4 10-31-72 3,526 1,982 55
5 10-18-76 5,670 3,293 58
6 03-09-82 2,928 1,490 62
7 04-25-87 3,710 2,340 47
8 05-16-73 7,154 4,178 62
9 03-09-82 1,517 1,026 49
10 1996 3,061 1,846 66
11 04-07-80 4,198 2,596 65
12 06-06-74 8,128 4,875 70
13A 08-13-76 2,099 1,441 43
13B 08-22-75 1,619 1,093 46
15R Proposed 6,440 3,405 44

. Land Use

Existing Development

The City of San Antonio Planning Department provided the land use categories and
location database used in this study. Land uses included eight primary use categories
described as follows: (10) Residential, (20) Commercial, (30) Industrial, (40) Services,
(50) Open Space, (60) Agricultural, (70) Transportation, and (80) Vacant. Descriptions
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of the different land uses are presented in Appendix D. All land uses were divided and
regrouped into, seven categories according to average percentage of impervious cover.
The seven categories that resulted are dispersed residential; residential; densely developed
residential, such as apartments; business and commercial; industrial and institutional;
open space and parks; and streets, roads, and parking areas. Table 9 lists the categories,
land uses, and the average percent impervious cover used in this study. The seven
different land uses were mapped over the Salado Creek Watershed and Figure 10 presents
the resulting land uses in the Salado Creek Watershed. The areas of each land use within
the subareas and their corresponding category characteristics were used as parameters in
the HEC-1 modeling to compute runoffs. The landuses in the Salado Creek Watershed
show that 46,340 acres which is 38 percent of the land is undeveloped or open space.

Table 9 - “Land Use Categories”

AVERAGE %
CATEGORY | LAND USE IMPERVIOUS
11 Dispersed Residential 20
12 | Residential 38
13 Densely Developed (Apartments) 75
21 Business and Commercial 90
31 Industrial | 78
51 Open Space, Range Land, Parks, and Agricultural 0
71 Streets, Roads, and Parking Areas 98

Ultimate Development

.The majority of undeveloped land is in the upper watershed as shown on Figure 10. The
City of San Antonio, Planning Department provided projections for ultimate development
for the 46,340 acres of available, undeveloped land. The Development projections show
55% to be developed as residential, 5% to be developed as dense residential, 15% to be
developed as commercial, 5% to be developed as industrial, 5% to be developed as roads,
streets or parking areas, and 15% to be retained as open space or park land. In areas
within and above the Recharge Zone, residential development is projected to be dispersed
residential. All other areas below the recharge zone are projected to be residential.

C. Hydrologic Modeling

I. Theoretical Assumptions

There are certain assumptions that must be made in the application of all simulations and
models. Hydrologic modeling requires that several assumptions be made to compute
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runoff and losses. Included in a hydrologic model are initial losses and uniform losses
that are associated with rainfall. Initial and uniform losses result from infiltration,
interception, and depressions. After the initial loss of rainfall is determined, then uniform
losses of rainfall runoff are determined based upon the assumption that they occur at a
constant rate. Several variables are used to determine the initial and uniformn losses,
including soil type, slope, land use, and antecedent soil moisture condition.

During the Preliminary Phase, meetings were held with the City of San Antonio and the
Consultants performing the Olmos Creek and Leon Creek Studies to review and discuss
methodology. By.a consensus it was determined that the Soil Conservation Service
Methodology as outlined in SCS National Engineering Handbook, Section 4, Hydrology
(NEH-4) was to be used for the hydrologic model.

Therefore, the Soil Conservation Service Methods were used for establishing rainfall
runoff losses. As specified by the City of San Antonio, the initial rainfall abstraction (Ia)
in the HEC-1 runoff simulation process was determined for all events using the standard
SCS equation, which is a function of runoff curve number (CN), as follows:

Ja=0.2 * {(1000 - 10 * CN) / CN]

The hydrologic soil group and land use are combined to create a hydrologic soil - cover
complex. Runoff curve numbers have been assigned to the hydrologic soil cover
complexes by the Soil Conservation Service.

The City of San Antonio selected the CN values with agreement by all consultants so that
this study and others would be uniform. Presented below are the CN values and their
associated hydrologic soil groups.

HYDROLOGIC SOIL GROUPS A B C D

SCS RUNOFF CURVE NUMBER (CN) 25 55 70 71

"An average CN value for each subarea was calculated using the above CN values and the
area of each hydrologic soil group. Tables-10 and 11 present the weighted average CN
values for each subarea. Average CN values for existing conditions are presented in
Table 10 and Table 11 presents values obtained for ultimate development. Likewise, the
weighted average percent impervious cover for each subarea was obtained by averaging
the area by land use category and applying the average percent impervious values
presented in Table 9.

For all simulations of storm events using the HEC-1 model of the Salado Creek
Watershed, a five-minute computational time step has been used. This time step provides
sufficient temporal resolution to describe typical variations in rainfall and runoff patterns
as they have been observed within the Salado Creek Basin and is consistent with time
step requirements for the SCS unit hydrograph method. The five minute time step also
provides a convenient time frame for distributing the reported historical measured rainfall

Salado Creek Watershed Study and Drainage Master Plan




Table 10 - SCS RUNOFF CURVE NUMBERS FOR EXISTING CONDITIONS

SO TYPES] - B C D
= LANDBISE] 11 12 13 21 31 51 N 11 12 13 21 31 SiTT T 12 13 21 31 51 71
% IMPERVIOUS] ~ 20 38 75 90 78 0 98 20 38 75 50 78 0 98 20 38 75 30 78 0 98
SCS CN-! E}~ 55 55 55 55 55 55 55 70 70 70 70 70 70 -7 70 7 77 77 77 77 7 77 AVERAGE AVERAGE

SUBAREAS " 17 AREA (acres) AREA (acres) B B AREA {acres) CN % IMPERVIOUS

CSCTTT ) 219.2 i70] 1447 332.4 74 15.962

= KN 3 114.9 1.8 3325]. - ’ 28.9 6715 74 4.758

B B 1005 639.8 73 0.000

3.4 5352 - 6.2 818.5 74 0.141

0.7 1962.8 ] 1665 73 0.000

68 864.8 9.2 1288 74 0.692

25 316.4 783.8| 75 0.000

17.4 236.4 751.8] 75 0.346

160.5 567.5( 75 0.000

9178 77 0.000

3401 7 0.000

772 3374.5 11 77 2.318

42.3 R 136.2 188.6] 219.9 7486 52 4] 74 13.621

1082 301.8 s2| 24.8] 1559] 627.4 198.7 66.9 2.8] 2008] 1132 0.92 357 32 35 955 3947 66 31,926

248 138 2.1 42.3 62] 116.8 25.8 3.7 45.1 341 8l 1039 242 68 12.9] 71 42.032

B8B.5 7. 20.2 22.8 68.1 28.7 248 248 225 202 677 57.1 20.2] 3469] 1288 14.2 37 428]