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BACKGROUND

This technical memorandum is a preliminary flood damage mitigation assessment of potential flood
mitigation measures t hat may protect areas along San Pedro Creek and the San Antonio River that
exhibit potential flooding problems during a 100-year storm event where property damage or
hazardous conditions may occur. This document is intended to be a preliminary, planning level
document that identifies measures that may be candidates for floodplain mitigation projects. The
information presented is at a feasibility level only and does not constitute a full incremental flood
damage assessment analysis. The level of effort for this scope of work is commensurate with a
feasibility or preliminary design focused on regional flood protection planning for a watershed or
section of a watershed.

The project was conducted using accepted US Army Corp of Engineers (USACE) flood damage
assessment methods. The proposed flood protection measures incorporated projects proposed
from previous HDR studies such as Flood Damage Mitigation Assessment (FDMA) Phase | (April
2004) and San Antonio River Improvement Project (SARIP). The purpose of the FDMA Phase |
project was to identify and catalog areas along San Pedro Creek and the San Antonio River that
exhibit potential flooding problems during a 100-year storm event. An electronic copy of this report
is located in Section 1 of the Appendices. The FDMA Phase | and this current project were
produced as a result of a grant awarded to the San Antonio River Authority (SARA) by the Texas
Water Development Board (TWDB). A copy of the TWDB grant application is located in Section 2
of the Appendices. The SARIP included design features such as a lock and dam, channel
widening, bridge reconstruction, and bank wall construction. The SARIP is currently in the final
design phase and construction is anticipated to begin late 2006 or early 2007.

The costs associated with the candidate projects that were identified in this study were annualized
and compared to the annual avoided damaged values (benefits) from the USACE Hydrologic
Engineering Center Flood Damage Assessment (HEC-FDA) software program resulting in benefit-
cost ratios. The candidate projects were ranked using criteria based on a project score determined
from the Bexar Regional Watershed Management (BRWM) ranking matrix.

The revised study reaches are approximately five miles of San Pedro Creek from the confluence
with the San Antonio River upstream to West Laurel Street and approximately seven and a half

miles of the San Antonio River from Lonestar Avenue to the River Road neighborhood, south of
Mulberry Avenue.

SURVEY DATA

The topographical information that was used in the HEC-FDA program was aerial photogrammetric
ground elevation data provided by Geodetix, Inc and ground “windshield” surveys that were
performed by SARA staff. Geodetix, Inc. produced an AutoCAD file of ground elevation points
taken near structures that were identified by HDR as being located in the 500-year floodplain.
These ground elevations were derived by sampling existing photogrammetric ground topography
models. The AutoCAD file was used in ArcView Version 9.0 in conjunction with aerial photographs
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to determine the approximate ground elevation for each structure. This ground elevation
information was entered into the HEC-FDA structure database for each structure. The AutoCAD
files are included on the HDR CD in Section 10 of the Appendices.

SARA personnel conducted field surveys of representative properties in several of the flooded
areas that were identified in the FDMA Phase | project. The type of information that was collected
was structure type, structure photograph, structure use, foundation slab elevations, foundation type,
and the Bexar County Appraisal District (BCAD) information. From this data, HDR created a criteria
for slab thickness based on structure type for each flooded area that was applied to all similar type
structures in that specific flooded area. For example, if the SARA staff surveyed two residential
structures with slab foundations in a particular area with an average slab height of one foot, then all
residential structures with slab foundations in that area would be assigned a slab height of one foot.
The slab elevation was entered into the HEC-FDA structure database. The SARA windshield
surveys are included on a CD in Section 3 of the Appendices.

Several of the studied mitigation options involved raising or modifying existing bridges. As part of
this study, HDR structural engineers visited the study bridges and performed a visual evaluation of
the bridge type, potential for historic structure listing, and methods or related problems in regard to
modifying the bridge. This field information was used to evaluate the opinions of conceptual costs
for modifying the study reach bridges. The bridge survey information is included in Section 5 of the
Appendices.

HYDROLOGY

The base hydrologic model for the San Antonio River watershed was created through the Limited
Mapping Maintenance Project (LMMP) process undertaken for the San Antonio River and San
Pedro Creek LMMP. The model incorporates the watersheds for the San Antonio River and
tributaries to the San Antonio River including San Pedro Creek, Zarzamora Creek, Alazan Creek,
Olmos Creek, Apache Creek, Martinez Creek, and Six Mile Creek. The San Antonio River
hydrologic model was constructed using the HEC-1 modeling software. This model is included on
the LMMP CD in Section 1 of the Appendices.

HYDRAULICS

The baseline hydraulic model used for this project was the HEC-RAS model created for the San
Antonio River and San Pedro Creek LMMP. The LMMP floodplain map used for this project was
delineated by Freese and Nichols Engineering in Micro Station, converted to an ArcGIS shape file,
and projected from NAD 27 to NAD 83. At the time of this report, the floodplain delineation was in
draft form. This model is included on the LMMP CD in Section 1 of the Appendices.

The LMMP hydraulic model was modified to evaluate the impacts of various mitigation options such
as channel modification, floodwalls, detention in one location, and bridge improvements. HEC-RAS
models from the San Antonio River Improvement Project (SARIP) Museum Reach Project were
used to determine the reduction in water surface elevation through-out the Urban and Park
segments of the SARIP project. The segment of SARIP hydraulic model was imported into the
LMMP model. This model is included on the HDR CD in Section 10 of the Appendices.

FLOOD DAMAGE ANALYSIS

The flood damage analysis was performed using the risk-based analysis software HEC-FDA
Version 1.2. The software was developed to assist USACE staff in the analysis of the economic
aspect of flood damage reduction projects. The HEC-FDA flood mitigation analysis integrates
hydrologic and hydraulic data along with economic data during the flood mitigation option
evaluation. Risk-based analysis procedures are used to quantify uncertainty in discharge-
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exceedance probability, stage-discharge, and stage-damage functions and incorporate it into the
economic and engineering performance analysis of alternatives. HEC-FDA stores hydrologic and
economic data necessary for an analysis, computes expected annual damage and equivalent
annual damages and implements the risk-based analysis procedures.

Risk-based analysis incorporates a description of uncertainty in discharge-frequency, elevation-
discharge relationships in the economic and performance analyses of alternatives. The process
uses the Monte Carlo simulation, a statistical sampling-analysis method, to compute the expected
value of damage and damage reduced, while accounting for the impact of uncertainty. Risk-based
analysis thus provides an opportunity to make more informed decisions.

The HEC-FDA model consists of three different data sets that are used during the equivalent
annual damage calculations. These data sets are the geometry of the stream and damage
reaches, the water surface profile information for each mitigation option, and the property value
economic database.

The base year was set to 2004 and the study analysis year was set at 2024. The study analysis
year is described in HEC-FDA guidance documents as a most like future year that is a development
projection for a specific future year and is usually twenty to thirty years out from the base year. The
expected annual damage is assumed to be constant beyond the most likely future year. This being
said, the equivalent annual damage analysis performed by HEC-FDA for each plan is performed for
analysis period of 50 years, which will be discussed later in the report.

Geometric and Evaluation Plan Setup

The initial step in setting up the HEC-FDA model is defining the geometry of the study stream. The
study streams definition was based on the HEC-RAS LMMP model, such as San Pedro Lower, San
Antonio Mid, etc. The damage reaches that were used in the study were based on the damage
reaches that were identified in the Flood Damage Assessment Phase | Study performed by HDR.
The preliminary damage reaches were based upon the limits of the 100-yr floodplain and were
expanded as needed for this study to encompass the limits of the 500-yr floodplain. The damage
reaches are defined in the program by beginning and ending station numbers and whether the area
is located on the left, right, or both banks. These damage reaches are consistent with the previous
report designations. Table 1 lists the damage reaches used for this study.

Table 1 - HEC-FDA Damage Reaches

Damage Reach Stream
Name Reach Description Name
San Antonio River

SARO03 River Road: Armour to Anastacia SAR UP

SAR04 River Road: Craig Place to E Woodlawn SAR UP

SARO05 DS San Antonio River downstream of the tunnel inlet SAR MID

SARO05 Upper San Antonio River upstream of the tunnel inlet SAR Catalpa

SAR06 Newell to IH35 SAR MID

SAROQ7 9th Street to IH 35 SAR MID

SAR08 and SAR09 Brooklyn to IH 35 SAR MID

SAR10 Navarro to Brooklyn SAR MID

SAR11 Convent to Navarro SAR MID

SAR12 N. St. Mary's to Navarro SAR MID

SAR13 Martin to Augusta SAR MID

SAR14 Houston to Travis SAR MID

SAR15 Commerce to Houston SAR MID

SAR16 Upstream of BlueStar Art Complex SAR MID
02/15/06 BEXAR REGIONAL WATERSHED MANAGEMENT
HDR Engineering, Inc. TEXAS WATER DEVELOPMENT BOARD

Michael W. Johnson, P.E. 86668 Flood Damage Mitigation Assessment



TECHNICAL MEMORANDUM

SAR17 Downstream of Guenther Street SAR MID

SAR19 Downstream of Alamo Street SAR MID

SAR20 Downstream of BlueStar Art Complex SAR MID

San Pedro Creek

SPCO01 Between Cypress and Fredericksburg SPC Upper
SPC02 03 W. Travis to SPC Tunnel Inlet SPC Lower
SPC04 Alamo Street to upstream of Arsenal SPC Lower
SPCO05 Between RR Tracks and Alamo SPC Lower
SPC06 W. Cevallos Street SPC Lower
SPCO07 Furnish and San Marcos Streets SPC Lower
SPCO08 Between Furnish and Sonora Streets SPC Lower
SPC09 Between Nogalitos Street Bridge and Ralph Road SPC Lower
SPC10 Between S. Flores and Nogalitos Street Bridges SPC Lower
SPC11 Between S. Flores and Mockert Street SPC Lower
SPC12 Mitchell to S. Flores SPC Lower
SPC13 SPC14 Probandt to Mitchell SPC Lower

Once the streams and damage reaches were defined, a plan representing each flood mitigation
option was defined. The baseline existing conditions plan for this study was the LMMP model. For
each flood mitigation option, such as bridge improvements and channel modifications, modeled in
HEC-RAS, a HEC-FDA plan was created. Table 2 lists the names of the HEC-FDA plans.

Table 2 — HEC-FDA Plan Names

Plan Name | Plan ID

San Antonio River
Without Without project condition
SARIP SARIP
SARO05 FW Floodwall at SAR05
RiverRoad FW Floodwall for SAR03-SAR04

San Pedro Creek
Without Without project condition
SPCO01 Opt 2 Channel Improvements
SPCO01 Opt 1 Floodwall Option
SPC Opt 1 Improve Probandt Bridge
SPC Opt 2 300 ft channel Probandt to Mitchell
SPC Opt 3 SPC13 and SPC14 Floodwall
SPC Opt 4 Improve Mitchell Bridge
SPC Opt 5 Improve Probandt and W Mitchell St Bridge

SPC 250' Channel between W Mitchell and Flores Street

SPC Opt 6 Bridges
SPC OPT 7 Floodwalls in SPC14, SPC13, and SPC12 area
SPC OPT 8 Improve Probandt, Mitchell and Flores Bridges
SPC OPT 9 Floodwall in SPC04
SPC OPT10 Channel Modification in SPC04
SPC Opt 11 Detention Pond Reduced Flows
SPC OPT 12 Floodwall in SPC05
SPC OPT 13 Floodwall in SPC06
SPC OPT 14 Floodwall in SPC07
SPC OPT 15 Floodwall in SPC08
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SPC OPT 16 Floodwall in SPC09
SPC OPT 17 Floodwall in SPC10
SPC OPT 18 Floodwall in SPC 11
Flores Bridge Improve Flores Bridge

Prob_Flor_Mitch Improve Probandt, Flores, and Mitchell St. Bridges
Nogalitos Bridge Nogalitos Bridge Improvements

Furnish Bridge Improve Furnish Bridge

Pr,Mit,Flo,Nog Improve Probandt, Mitch, Flores St. and Nog Bridges
Prob-Furnish Brs Improve Probandt, Mitch, Flores St., Nog and Furn Bridges
Cevallos Bridge Improve Cevallos Bridge

Prob-Cevallos Improve Probandt to Cevallos Bridges

Prob-Nog ChMod | Channel Mods from Probandt to Nogalitos

Flor-Nog

ChanMod Flores to Nogalitos Channel Mods

Nog_to FurniChan | Nogalitos to Furnish Channel Mods
Nog_to RRChan Channel Mods from Nogalitos to RR
RR--Alamo Chan Channel Mods from RR to Alamo St

Hydrologic and Hydraulic Data Setup

For each flood mitigation plan, HEC-FDA requires a water surface profile data set that consists of
eight flood events. The storm events used for this analysis are the 2-yr, 5-yr, 10-yr, 25-yr, 50-yr,
100-yr, 250-yr, and 500-yr. For each flood mitigation option modeled in HEC-RAS, a set of water
surface profiles representing the water surface elevation along the stream is created, one for each
of the discharges of the eight flood events. This data is exported from HEC-RAS as a text file and
imported into HEC-FDA for each damage reach.

The floodwall analysis was not performed in HEC-RAS like the other flood mitigation options. HEC-
FDA has a levee option where the elevation of the floodwall is entered in a damage reach and
applied to the length of the damage reach. The baseline water surface profiles were used for a
floodwall analysis.

Discharge-exceedance probability functions with uncertainty and stage-discharge functions with
uncertainty are established at this point in the model.

Economic Database

Damage categories and structure occupancy types must be defined before the structure database
is compiled. Damage categories, such as commercial or residential, are defined to group structures
with similar characteristics, called structure occupancy types in HEC-FDA. Structure occupancy
types are subcategories of the damage category and represent different types of structures. For
example, One-Story Residential and Two-Story Residential are structure occupancy types of the
Residential damage category. The structure occupancy types that were used for this were provided
by SARA. These predefined structure occupancy types defined the depth-percent damage
functions, uncertainty associated with first floor and structure value, and content/structure ratio
uncertainty for several structure occupancy types. An electronic copy of this data is included on the
HDR CD in Section 10 of the Appendices.

The uncertainty can be defined as none (no uncertainty), normal, triangular, or log normal
probability density functions. The depth-damage functions and uncertainty parameters are unique
for each occupancy type. For the structures that were determined to be in the 500-yr floodplain, the
structure occupancy type was determined from the BCAD website. The damage categories and
occupancy types that were defined for this study are shown in Table 3.
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Table 3 - HEC-FDA Damage Categories and Structure Occupancy Types

Study Damage
Category Structure Occupancy Type HEC-FDA ID
Residential One-Story Apartment Apt_1_Story
Duplex Duplex
Two-Story Single Family Home Single Fam2story
One-Story Single Family Pier and Beam Home | Single_ Fam_PB
One-Story Single Family Slab Foundation
Home Single_Fam_Slab
Commercial Auto Repair Business Auto_Repair
Bar or Tavern Bar_Tavern
Day Care Center DayCare
Gas Station GasStation
General Office Building Gen_Office
General Retail Store Gen_Retail
Hotel Hotel
Manufacturing Facility Manufacturing
Medical Office Medical
Motel Motel
Office Building Office_Building
Combined Office and Manufacturing Facility Office_Mft_Fac
Restaurant Restaurant
Warehouse Warehouse
Govt Public Church Church
Government Owned Building Gen_Pub_Struct
School School
Post Office Building Post_Office
Radio Tower Station Radio_Tower
Government Office Building Govt_Office

HEC-FDA requires the following information for each structure: a unique identification number,
station number, bank location, structure value, ground elevation, slab height, damage category,
occupancy type, and stream reach.

Each structure that was entered into the HEC-FDA economic database was assigned a unique
alpha-numeric identification number. The San Pedro Creek structure identification numbers begin
with “SPC” and are numbered sequentially, e.g. SPC01. The San Antonio River structures were
designated with a “SAR” and numbered sequentially, e.g. SARO1.

The station number of the structure was determined using the stationing of the LMMP HEC-RAS
model. Station numbers were interpolated when needed to best describe the structure location.

A GIS analysis was performed to determine the structures that were located in the 100-yr and 500-
year floodplain. A 100-yr floodplain GIS shapefile was provided by SARA. The 500-yr floodplain
shapefile was created from Micro Station files provided by SARA. The parcel address information
was contained in a BCAD parcel shapefile. The floodplain shapefiles were used to “clip” the BCAD
parcel shapefile to determine the parcels that were located within the floodplain boundaries. The
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results from this clip were edited to remove any duplications and parcels that did not contain
structures. For instances where the structure was not completely covered by the floodplain, a
conservative approach was applied and the entire improved value of the property was maintained
as the property value for that parcel.

The land value, improved value, and structure occupancy type were determined using 2004 BCAD
data obtained from the BCAD website. The BCAD website does not provide property or land value
information on parcels that are owned by government agencies but information about structure and
lot size are often reported. For the government owned facilities, the structure occupancy type was
determined by BCAD, staff knowledge of the location, or internet research. The building area and
lot size was determined from BCAD when available or by measurements taken using ArcView. An
HDR registered architect was consulted to determine the average cost per square foot of new
construction for the structure occupancy types for the government owned structures (see Table 4).
The cost per square foot values were applied to the building areas to determine an average
property value. To determine the land value, a minimum number of three parcels, adjacent to the
parcel of interest were averaged to determine an average cost per square foot. These average
land values were applied to the area of the lot to calculate an average cost for the lot.

Table 4 — Structure Occupancy Type Cost/SF Values

Occupancy Type Cost per Square Foot

Government Office Building, 1-4

Stories $130-140
Church $100
Government Housing, 1-2 Stories $100-120
Historical Home $120
Museum $200
Day Care Center $120
Middle School, 1-2 Stories $90

The stage-damage function with uncertainty and reach stage-damage function with uncertainty is
calculated by HEC-FDA after the structure inventory has been completed.

Equivalent Annual Damage Analysis

HEC-FDA calculates the flood damage associated with each plan in average annual equivalent
terms. Equivalent damage computations can be performed for a plan after the base and most likely
future analysis years conditions have been computed. The expected annual damage for each year
in the analysis period is computed, discounted back to present value and annualized to get the
equivalent value over the analysis period. The analysis period used for this project was 50 years
and the discount rate was 5.625%.

The Monte Carlo statistical sampling method is used to derive the expected annual damage for
each damage reach in each flood mitigation analysis plan. The expected annual damage is the
mean damage obtained by integrating the damage exceedance probability curve for the damage
reach. The damage-exceedance probability function is obtained from the discharge-exceedance
probability, stage-discharge, and stage-damage functions derived from at the damage reach index
locations. The inclusion of uncertainty for these variables requires a numerical integration approach
be applied. Without uncertainty, the damage-exceedance probability curve can be obtained without
resorting to numerical simulation approaches.
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The Monte Carlo simulation is the numerical integration approach. It relies on an exceedance
probability analysis of samples of the contributing random variables obtained from the generation of
random numbers.

MITIGATION OPTIONS

Structural flood mitigation measures that can be applied to the San Antonio River or San Pedro
Creek channels fall into two general categories: peak flow reduction measures and channel
modification measures. The peak flow reduction measures include watershed land use and
impervious cover management and/or flow diversion or detention to reduce the overall flow peak
magnitude (and the corresponding water surface elevations) through the basin drainage areas.
Channel modification measures are used to lower, or contain, the base flood elevations by
increasing the flood conveyance efficiency of the significant drainage channels in a particular basin.
Channel modification can include roughness modifications (debris and vegetation removal, “n”
value reduction), modifications of the channel geometry (conveyance area, slope, cross section),
obstruction removal (bridge and other structure modifications), and the construction of additional
levees or floodwalls to contain the base flood elevations. Non-structural flood mitigation measures
include Permanent Relocation, or “buy-outs”, to reduce the number of private properties and
structures that could be damaged by flooding.

The San Antonio River and San Pedro Creek watersheds and contributing areas for this project are
urbanized. Changing the existing land use practices and impervious cover characteristics of an
urbanized watershed is impractical because of the multitude of land owners and the extremely high
costs associated with altering or limiting land use and impervious cover characteristics. Therefore,
this flood mitigation measure was not considered a viable alternative for this study and was not
included as an option in the analysis.

Flood Mitigation Measures

Several flood reduction measures are available for use in the urban setting of these study reaches
such as detention, channel roughness reduction, channel geometry modifications, bridge
modifications, floodwalls, and levees. These options were evaluated individually and in
combination. The applicability of each of these measures is discussed in the following sections.

Detention

The San Antonio River, upstream and in the areas of the study reach, has both existing detention
and diversion facilities in place. The San Antonio River Tunnel (SART) diverts flow “under” the
downtown areas of San Antonio and provides increased flood protection between the tunnel inlet
(downstream of Hwy. 281) and the tunnel outlet (downstream of the Blue Star area). Olmos Dam
provides detention for over 32 square miles of contributing area and provides flood peak attenuation
for areas downstream of the dam. Because the San Antonio River watershed is urbanized, a major
constraint when considering the application of flood mitigation measures is the difficulty in acquiring
additional right-of-way. The acquisition of additional right-of-way for the construction of flood
detention or diversion measures can involve large costs and undesirable impacts to the existing
property owners. Therefore, the placement of new detention or diversion facilities on the San
Antonio River was not considered at this level of the study.

The San Pedro Creek Tunnel (SPCT) diverts flood flows for a portion of the San Pedro Creek
watershed from Kingsbury Street to Guadalupe Street. There are no significant, existing detention
facilities on San Pedro Creek. The San Pedro Creek watershed is also heavily urbanized. No
detention options for San Pedro Creek were investigated during the previous study phase. During
this study phase, the City of San Antonio identified one potential detention site on San Pedro Creek
within the confines of a vacant lot located south of Cevallos between San Pedro Creek and
Nogalitos Street. A detention pond in this area was investigated that would have a lateral weir inlet
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with a gravity flow outlet. Total detention pond storage area would be maximized by using near
vertical wall construction for the detention pond side walls. The results of this analysis are provided
is subsequent sections of this report.

Roughness Reduction

Roughness reduction includes modifying the channel and overbank surfaces to reduce their
resistance to flow (reducing the composite Manning’s “n” value used in the HEC-RAS model).
These modifications can include a channel vegetation removal or thinning program, removal of
existing flood debris within the channel or on bridges that impedes flood flows, or by modifying the
channel surface so that it includes smoother surfaces such as grass lined channels, concrete rip-
rap, or other surface treatments that would reduce the roughness without adding undue
maintenance requirements.

Within the study reach, the San Pedro Creek channel has been modified in the past and now
presents a channel with grass lined overbanks and a pilot channel with broken rubble toe protection
along the much of its length. Other portions of San Pedro creek are contained in concrete lined
channels or fully enclosed in storm water culverts. Consequently, much of San Pedro Creek has
already been optimized in terms of its roughness characteristics and this flood mitigation measure
was generally not considered as a principal option.

The San Antonio River from Hildebrand downstream to Hwy. 281 retains much of its original plan
form with some modifications to the channel bed in the Brackenridge Park area and through the
Brackenridge Golf Course. The Catalpa-Pershing channel has been heavily modified and almost
completely lined with concrete. Downstream of Hwy 281, the river is an earthen (vegetated)
channel to Lexington Avenue. It should be noted that some portions of the river alignment in this
area have been altered by past projects. From Lexington Avenue to Nueva Street, the San Antonio
River is channelized and the majority of the channel lining is concrete (except in the River Loop
area). From Nueva Street to the SART outlet, the channel has a rubble lined pilot channel with
grass lined overbanks for the majority of its length with some portions fully concrete lined. As with
San Pedro Creek, roughness reduction was not considered as a viable option due to the previous
river improvements.

Channel Geometry Modifications

Channel geometry modifications were considered in areas of San Pedro Creek where practical. In
selected locations, improvements to the channel to increase the net conveyance area were
included as an option. The channel improvements included steepening the overbank or channel
side slopes to widen the overall channel without exceeding the limits of the current right-of-way.
The effects of the geometry modifications where included in the modified HEC-RAS models by
using the channel improvement tools with a consistent bottom width and 1:1 side slopes. Figure 1
shows a typical modified cross section. This analysis provides an efficient, feasibility level
sensitivity analysis of the channel modification effects. The channel gradient was not modified.
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Figure 1 — Typical Modified Cross Section

The SARIP Museum Reach — Urban Segment preliminary design plan includes modification of the
channel geometry from Lexington Street upstream to Josephine Street. The effects of these
improvements were considered in this analysis.

Bridge Modifications

Bridge modifications consist of modification of a bridge so that it does not impede flood flows and
raise the base flood elevations. The affects of bridge modifications in this analysis were included in
the model runs by observing the affect of completely removing a bridge to determine the overall
sensitivity of the flood elevations to this modification. Bridge modifications were analyzed both
individually and in conjunction with downstream improvements, including modifications to
downstream bridges.

Floodwalls

Floodwalls provide a viable option in areas with shallow to moderate flooding. They have the
significant advantage of requiring minimal right-of-way requirements. Low floodwalls are also cost
competitive for low depth and limited right-of-way applications when compared to other
improvement alternatives such as levees. However, floodwalls must be designed to meet FEMA
and COE standards and can impose significant costs on the project. Floodwalls were included in
the analysis for areas with shallow to moderate flooding depths. Due to the limited right-of-way
conditions for much of San Pedro Creek and limited areas of the San Antonio River, the small
footprint of floodwalls make them a viable option in these areas. Details and photographs of
floodwalls are shown in Figure 2.
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Figure 2 — Floodwall Details and Photos

Levees

Levees consist of earthen barriers to flood waters. They are typically constructed with a minimum
12 foot top width, 3:1 waterside slopes, and 2:1 landside slopes and must be designed according to
FEMA and COE guidelines. Levee construction can require a large amount of right-of-way
acquisition and materials and can be costly. Due to the constrained right-of-way of the study
reaches, levee construction was not considered as a preferred alternative.

Permanent Relocation

A non-structural project flood mitigation alternative was permanent relocations or “buy-outs”.
Permanent relocations involve the acquisition of flood-prone properties by the City or other
municipal entity in order to reduce the threat to life and safety to the general public and to remove
structures from the floodplain that would be damaged during a flood event.

For each mitigation area, permanent relocation options were compiled for two cases: properties and
structures only within the 100-year flood plain and properties and structures within the 100-year and
500-year floodplains. Parcel addresses for each of these cases were summarized and broken
down by flood damage area.
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To evaluate the economic feasibility of performing permanent relocations for each flood damage
area, the permanent relocation costs were calculated for each case using the following formula:

Permanent Relocation Cost = (Structure value X 1.14) + (Land value x 1.15)

Structure values and land values were derived from the 2004 BCAD database. Detailed cost
estimates and breakdowns for the permanent relocation costs by damage area are included in
Section 6 of the Appendices. The permanent relocation costs were annualized using a 50-year
planning period and a discount rate of 5.625%. These annualized costs were then compared
directly to the avoided damages for each specific damage area to determine a B/C ratio.

Opinions of Conceptual Cost Assumptions

In order to compare the relative cost impacts required to implement the flood mitigation measures,
opinions of conceptual costs for each analyzed flood protection element are included in this report.
The costs presented in this report are conceptual, feasibility or planning level costs. Actual
implementation and construction costs are likely to differ from the costs presented in this report
depending on the final design configuration, construction conditions, market forces, seasonal
groundwater and stream flow variations, environmental factors, and other elements that may
influence the cost of the improvements.

A conceptual cost estimate was developed for each mitigation alternative included in this report.
Conceptual quantity take-offs for each mitigation item element were performed and summarized.
Unit costs for each quantity were then applied to the quantities to arrive at conceptual construction
costs. Unit costs were taken from estimating guides, City of San Antonio unit cost data, and from
previous bid tabulations for projects with similar cost elements. To account miscellaneous
construction items and unknown cost factors, a 40% contingency item was included in each opinion
of conceptual cost.

The conceptual costs were then annualized using a 50-year planning period and a discount rate of
5.625%. The annualized conceptual costs were used to compare directly to the annualized benefits
(avoided damages) that were correspondingly calculated for each mitigation alternative.

The SARIP Museum Reach improvement costs are not included in these cost estimates as the
mitigation measures presented in this report pertain to additional measures that would either be
included in the SARIP project or constructed after the project.

San Pedro Creek

This section describes each damage reach, the number of flooded structures, causes of flooding,
and the mitigation options that analyzed.
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SPC14 - Probandt Street to S. Flores Street

This residential area is located along the right bank of the southern most portion of San Pedro
Creek (see Figure 3). The average flooding depths during the 100-year flood event in this area
range from 0.05’ to 2.35’. The floodplain spills out of the banks in two distinct low lying areas and
impacts eight structures during the 100-yr flood event and 14 structures during the 500-yr flood
event. The flooding depths during the 100-yr flood around the flooded structures range from 0.05’
to 0.84'. The flooding is caused by back water from the Probandt Street Bridge, back water due to
the confluence with the San Antonio River, and low lying pockets of land along the right bank. The
low chord of the bridge deck is at an elevation of 600.50" and the 100-year water surface elevation
is 602.77; which creates pressure flow through the bridge.

The options that were evaluated for this area were bridge improvements, floodwalls, channel
modifications, and permanent relocations. A 450’ long floodwall with a height of 5.6’ would be
required to protect the structures that are flooded by the 100-yr storm event. The channel
modification analysis included increasing the channel bottom width to 300’ beginning upstream of
Probandt Street Bridge and ending downstream of W. Mitchell Bridge.

SPC13 - Probandt Street to W. Mitchell Street

This residential area is located in the left bank of the southern most portion of San Pedro Creek
(see Figure 3). The average flooding depths during the 100-year flood event in this area range from
0.07' to 2.54’. The floodplain extends along the entire length of this reach between Probandt Street
and W. Mitchell Street flooding eight structures during the 100-yr flood event and 32 structures
during the 500-yr flood event. The flooding depths during the 100-yr flood around the flooded
structures range from 0.07’ to 2.20’. The flooding is caused by back water from the Probandt Street
Bridge, back water due to the confluence with the San Antonio River, and low lying pockets of land
along the left bank.

The options that were evaluated for this area were bridge improvements, floodwalls, channel
modifications, and permanent relocations. A 1900’ long floodwall with a height of 5.6’ would be
required to protect the structures that are flooded by the 100-yr storm event. The channel
modification analysis included increasing the channel bottom width to 300’ beginning upstream of
Probandt Street Bridge and ending downstream of W. Mitchell Bridge.
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Figure 3 — SPC13 and SPC14 Location Map
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SPC12 - E. Baylor and E. Lubbock Street Area

This area is located between W. Mitchell Street and S. Flores Street along the right bank of San
Pedro Creek (see Figure 4). The average flooding depths during the 100-year flood event in this
area range from 0.07’ to 6.25'. There are 37 structures flooded during the 100-yr flood event and
47 structures flooded during the 500-yr flood event. The structures that flooded during the 100-yr
flood are mainly residential structures along E. Baylor and E. Lubbock Streets. The 500-yr
floodplain extends further down E. Baylor, E. Lubbock, and S. Flores Streets and impacts several
commercial structures. The floodplain is wide in this area primarily due to the low elevation of the
land along the bend of the creek, though backwater from Probandt Street Bridge and W. Mitchell
Street Bridge contributes to the flooding problems. The low chord of the W. Mitchell Street Bridge
deck is at an elevation of 603’ and the 100-year water surface elevation is 607.03’.

The flood mitigation measures evaluated for this area were bridge improvements, floodwalls,
channel modifications, and permanent relocations. A 3000’ long floodwall with a height of 9.3’
would be required to protect the structures that are flooded by the 100-yr storm event. The required
height excludes the floodwall from being a practical solution. The channel modification analysis
included increasing the channel bottom width to 250’ beginning upstream of W. Mitchell Street
Bridge and ending downstream of S. Flores Street Bridge.
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Figure 4 — SPC12 Location Map
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SPC11 — Cass Street Area

This residential area is located upstream of S. Flores Street Bridge along the left bank of San Pedro
Creek (see Figure 5). The average flooding depths during the 100-year flood event in this area
range from 0.29’ to 2.54’. There are 14 structures flooded during the 100-yr flood event and 27
structures flooded during the 500-yr flood event. The floodplain impacts structures Cass, Klein, and
S. Flores Street due to the low elevation of the land, though backwater from downstream bridges
contributes to the flooding problems. The low chord of the S. Flores Street Bridge deck is at an
elevation of 610" and the 100-year water surface elevation is 613.54'.

The flood mitigation measures evaluated for this area were bridge improvements, floodwalls,
channel modifications, and permanent relocations. A 1400’ long floodwall with a height of 5.6’
would be required to protect the structures that are flooded by the 100-yr storm event. The channel
modification analysis included increasing the channel bottom width to 250’ beginning upstream of S.
Flores Street Bridge and ending downstream of Nogalitos Street Bridge.
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Figure 5 — SPC11 Location Map
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SPC10 - Halstead Street Area

This primarily residential area is located between S. Flores Street and Nogalitos Street along the
right bank of San Pedro Creek (see Figure 6). The average flooding depths during the 100-year
flood event in this area range from 0.21’ to 6.22’. There are 36 structures flooded during the 100-yr
flood event and 56 structures flooded during the 500-yr flood event. A portion of the Harris Middle
School Campus is located in the 100-yr and 500-yr floodplain. The remaining flooded structures
are residential homes located on Glass Street, Alvarez Place, Cass Street, and Halstead Street.
The flooding is caused by the low elevation of the residential area and backwater from the Probandt
Street, W. Mitchell Street, and S. Flores Street Bridges.

The flood mitigation measures evaluated for this area were bridge improvements, floodwalls,
channel modifications, and permanent relocations. A 1985’ long floodwall with a height of 9.3’
would be required to protect the structures that are flooded by the 100-yr storm event. The required
height excludes the floodwall from being a practical solution. The channel modification analysis
included increasing the channel bottom width to 250’ beginning upstream of S. Flores Street Bridge
and ending downstream of Nogalitos Street Bridge.
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Figure 6 — SPC10 Location Map
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SPCO09 — Nogalitos Street and Ralph Avenue Area

This commercial area is located directly upstream of Nogalitos Street Bridge and Ralph Avenue
along the left bank of San Pedro Creek (see Figure 7). The average flooding depths during the
100-year flood event in this area range from 0.05’ to 0.27’. There are 10 structures flooded during
the 100-yr flood event and 11 structures flooded during the 500-yr flood event. Backwater from
downstream bridges causes shallow flooding in this area. The low chord of the Nogalitos Street
bridge deck is at an elevation of 617’ and the 100-year water surface elevation is 619.66’.

The flood mitigation measures evaluated for this area were bridge improvements, floodwalls,
channel modifications, and permanent relocations. An 800’ long floodwall with a height of 3.5’
would be required to protect the structures that are flooded by the 100-yr storm event. The channel
modification analysis included increasing the channel bottom width to 250’ beginning upstream of
Nogalitos Street Bridge and ending downstream of Furnish Street Bridge.

SPC08 — IH35 and Furnish Area

This residential area is located at IH35 and Furnish Street along the left bank of San Pedro Creek
(see Figure 7). The average flooding depths during the 100-year flood event in this area range from
0.04' to 1.99'. There are 10 structures flooded during the 100-yr flood event and 81 structures
flooded during the 500-yr flood event. The flooding is caused by the low elevation of the residential
area and backwater from downstream bridges. The low chord of the Furnish Street Bridge is
619.29' and the 100-year water surface elevation is 624.64’. The bridge is under approximately
three feet of water during the 100-year flood event.

The flood mitigation measures evaluated for this area were bridge improvements, floodwalls,
channel improvements, and permanent relocations. A 500’ long floodwall with a height of five feet
would be required to protect the structures that are flooded by the 100-yr storm event. The channel
modification analysis included increasing the channel bottom width to 250’ beginning upstream of
Furnish Street Bridge and ending downstream of the railroad tracks.

SPCO07 — S. San Marcos and Furnish Street Area

This commercial area is located at IH35 and S. San Marcos along the right bank of San Pedro
Creek (see Figure 7). The average flooding depths during the 100-year flood event in this area
range from 0.87' to 1.52’. There are two structures impacted in this area during the 100-yr and 500-
yr flood event. The flooding is caused by the low elevation of the area and backwater from
downstream bridges.

The flood mitigation measures evaluated for this area were bridge improvements, floodwalls,
channel modifications, and permanent relocations. A 560’ long floodwall with a height of 4.6’ would
be required to protect the structures that are flooded by the 100-yr storm event. The channel
modification analysis included increasing the channel bottom width to 250’ beginning upstream of
Furnish Street Bridge and ending downstream of the railroad tracks.
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Figure 7 — SPC07, SPC08, and SPCO09 Location Map
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San Pedro Creek Detention

The City of San Antonio identified a vacant area adjacent to San Pedro creek that was a candidate
area for a detention facility. The intent of the detention facility was to attenuate the flood
hydrograph from watershed areas upstream of the detention facility location by providing temporary
storage of peak storm water flows. Figure 8 shows the location of the detention facility relative to
local streets and San Pedro Creek. Note in the figure that the confluence of San Pedro Creek with
Alazan creek is just downstream of the conceptual detention facility.

Figure 8 — SPC Detention Pond Location

In order to analyze the potential hydraulic benefits of a detention facility, the HEC-RAS LMMP
model was modified to include a detention facility. The facility was modeled with a lateral weir on
San Pedro Creek to capture storm water flows and a gravity drain structure to return the storm
water flows to San Pedro Creek after the flood peak had passed. The detention pond walls were
assumed to be vertical to maximize the available storage within the pond. The one-dimensional
unsteady flow capabilities of the HEC-RAS modeling package were then utilized to test different
weir lengths, weir heights, and outfall pipe sizing to see if a detention pond would provide any
effective flood protection benefits for downstream areas of San Pedro Creek. Figure 9 shows the
HEC-RAS model schematic used for the analysis.
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Figure 9 — HEC-RAS Detention Model Schematic

The optimized detention pond configuration consisted of a pond with an average floor elevation of
607 feet. The natural ground surface elevation in this area is approximately 627 feet. The floor
elevation of the pond was set 2 feet above the San Pedro Creek thalweg elevation to allow the
pond to drain by gravity only. The inflow weir was modeled as a broad crested weir 50 feet long.
The outflow structure was configured as a 4 x 4 concrete box culvert from the low point of the pond
discharging into San Pedro Creek. The outflow structure was also modeled with a flap gate to
prevent San Pedro creek flows from backing into the proposed detention pond through the outflow
pipe.

Figure 10 shows the net inflow and stage performance characteristics of the detention pond during
a 100-year flood event on San Pedro Creek. The dashed line in the figure represents the inflow in
cfs to the pond (if positive) and from the pond (if negative). The solid line represents the stage or
water level within the pond during the flood event. The figure shows that the pond fills rapidly
during a flood event and reaches it peak elevation (and storage capacity) within one to two hours.
After the peak flood flow passes, the pond then begins to slowly return flood waters to San Pedro
Creek over a period of several hours.
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Figure 10 — Detention Pond Stage and Net Inflow

Figure 11 shows the effects of the detention on the San Pedro Creek hydrograph. The line shown

with square data points represents the hydrograph upstream of the detention facility. The solid line
with no data points represents the hydrograph downstream of the detention facility and the effects

of the detention pond in regard to attenuating the peak hydrograph.
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Figure 11 — San Pedro Creek Hydrographs

The peak flow in San Pedro Creek upstream of the detention facility is approximately 6,000 cfs.

The detention facility has the effect of reducing the peak flow by approximately 1,500 cfs resulting in
a peak flow downstream of the facility of approximately 4,500 cfs. However, close inspection of the
downstream hydrograph shows a low flow point of near 100 cfs followed by a resumption of flow in
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the San Pedro Creek Channel. This was inconsistent with the expected outflow from the detention
facility. Further analysis of the flood behavior during the 100-year event revealed that this was due
to the backwater effects of the flood flows contributed to the system by Alazan Creek just
downstream of the detention facility. Figure 11 is a relative comparison of the timing and magnitude
of the San Pedro Creek hydrograph just downstream of the confluence with Alazan Creek and the
San Pedro Creek hydrograph(s) just upstream of the confluence point.
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Figure 12 — Comparison of Alazan and SPC Hydrographs

The timing of the peak downstream of the confluence coincides with the low flow point at the shown
in Figure 12. The large peak causes a backwater effect on the upstream San Pedro Creek channel
which in turn causes a temporary cessation of flows in San Pedro Creek just upstream of the
confluence as the peak from Alazan Creek is conveyed downstream of the confluence. Due to the
large contribution by Alazan creek, which is almost ten times larger than the San Pedro Creek flows
upstream of the confluence, and the hydrograph timing the proposed detention facility would have
little beneficial effect downstream of the confluence with Alazan Creek. However, the conceptual
costs and avoided damages (FDA results) for the conceptual detention facility were calculated and
are presented in this report.
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SPCO06 — IH35 and W. Cevallos Street Area

This commercial area is located at IH35 and W. Cevallos Street along the right and left banks of
San Pedro Creek (see Figure 13). The average flooding depths during the 100-year flood event in
this area range from 0.17' to 0.44’. There are two structures flooded during the 100-yr flood event
and 15 structures flooded during the 500-yr flood event. The flooding in this area is caused by the
low elevation of the commercial area, backwater from downstream bridges, and the confluence with
Apache Creek. The low chord of the W. Cevallos Street Bridge deck is at an elevation of 626.62’
and the 100-year water surface elevation is 629.44’.

The flood mitigation measures evaluated for this area were bridge improvements, floodwalls,
channel modifications, and permanent relocations. A 2150’ long floodwall with a height of 3.5’
would be required to protect the structures that are flooded by the 100-yr storm event. The channel
modification analysis included increasing the channel bottom width to 250’ beginning upstream of
the railroad tracks and ending downstream of the railroad tracks that are located upstream of W.
Cevallos.

SPCO05 - Railroad to S. Alamo Street

This commercial area is located between railroad tracks and S. Alamo Street along both the right
and left banks of San Pedro Creek (see Figure 13). The average flooding depths during the 100-
year flood event in this area range from 0.16’ to 2.93". There are eight structures flooded during the
100-yr flood event and 16 structures flooded during the 500-yr flood event. The flooding is caused
by the low elevation of the commercial area and backwater from downstream bridges.

The flood mitigation measures evaluated for this area were bridge improvements, floodwalls,
channel modifications, and permanent relocations. A 1290’ long floodwall with a height of six feet
would be required to protect the structures that are flooded by the 100-yr storm event. The channel
modification analysis included increasing the channel bottom width to 250’ beginning upstream of
the railroad tracks and ending downstream of the railroad tracks that are located upstream of S.
Alamo.
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Figure 13 — SPCO05 and SPCO06 Location Map
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SPCO04 - S. Alamo Street to El Paso

This commercial area is located between S. Alamo Street and El Paso Street along both the right
and left banks of San Pedro Creek (see Figure 14). The average flooding depths during the 100-
year flood event in this area range from 0.04’ to 4.29'. There are 17 structures flooded during the
100-yr flood event and 32 structures flooded during the 500-yr flood event. The flooding in this area
is caused by the low elevation of the commercial area, backwater from downstream bridges,
insufficient size of the existing channel, the San Pedro Creek Tunnel outlet, and the presence of the
long culvert between Camp Street and Guadalupe Street.

The flood mitigation measures evaluated for this area were bridge improvements, floodwall, channel
modifications, and permanent relocations. A 2000’ long floodwall along each bank with a height of
9.3’ would be required to protect the structures that are flooded by the 100-yr storm event. The
required height excludes the floodwall from being a practical solution. The channel modification
analysis included increasing the channel bottom width to 250’ beginning upstream of the S. Alamo
Street Bridge and ending downstream of Arsenal Street.
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Figure 14 — SPC04 Location Map
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SPCO03 - Dolorosa to W. Martin Street

This commercial area is located between Dolorosa to W. Martin Street along both the right and left
banks of San Pedro Creek (see Figure 15). The average flooding depth during the 100-year flood
event in this area is 0.57’. During the 100-yr flood event, flood waters are contained in the channel
from Dolorosa upstream to Camaron Street. South of W. Martin Street, the 100-yr floodplain spills
out of the banks briefly but does not impact any structures. During the 500-yr flood event, 13
structures are flooded between Dolorosa and W. Commerce Street and between W. Houston and
W. Salinas. The flooding of the structures in this area is due to an insufficient channel size and
backwater from the bridges. Since there were not any structures impacted during the 100-yr flood,
no physical channel modifications were evaluated. The recommended flood protection option in
this situation is to close down Camaron Street between W. Salinas and W. Martin.

SPCO02 — W. Martin Street to Kingsbury (SPC Tunnel Inlet)

This commercial area along Camaron Street at Kingsbury is located at the SPC Tunnel Inlet along
the left bank of San Pedro Creek (see Figure 15). The average flooding depth during the 100-year
flood event in this area is 0.29’. During the 100-yr flood event, street flooding occurs from the SPC
Tunnel Inlet to the intersection of Kingsbury and Camaron Street but does not impact any
structures. During the 500-yr flood event, the floodplain extends further east and north flooding five
structures. The flooding in this area is caused by the low elevation of the area along the left bank.
Since there were not any structures impacted during the 100-yr flood, no physical channel
modifications were evaluated. The recommended flood protection option in this situation is to close
down Camaron Street between N. Santa Rosa and IH35.

The draft floodplain mapping in the upper reaches of San Pedro Creek area may be revised and
therefore the floodplain extents and flood protection measures should be re-evaluated if the
floodplain extents decrease.
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Figure 15 — SPC02 and SPCO03 Location Map
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SPCO01 - IH10 to West Laurel

SPCO01 consists of a residential and commercial area located at the headwaters of San Pedro
Creek along the right and left banks of San Pedro Creek (see Figure 16). The 100-yr floodplain
extends along the east side of IH35 from Poplar Street to Fredericksburg Road. The 500-yr
floodplain is a wide floodplain that extends along the east and west side of IH35. There are 25
structures flooded during the 100-yr flood event and 47 structures flooded during the 500-yr flood
event. The average flooding depths during the 100-year flood event in this area range from 0.04’ to
2.42'. The flooding that occurs in this area is caused by a combination of backwater from the
Cypress Street and Fredericksburg Road Bridges and the undersized improved channel upstream
and downstream of Fredericksburg Road.

The flood mitigation measures evaluated for this area were floodwalls, channel modifications, and
permanent relocations. The channel maodification analysis included increasing the channel bottom
width to 60’ beginning upstream of the Cypress Street and ending downstream of Fredericksburg

Road.

The draft floodplain mapping in this area may be revised. The flood mitigation measures for SPC01
should be re-evaluated if the floodplain extents decrease.
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Figure 16 — SPCO1 Location Map
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San Antonio River

The analysis for each of the San Antonio River mitigation areas was conducted in the same manner
as the San Pedro Creek segment. The Eagleland Project encompasses the river segment from
Guenther to Lone Star Street. This project includes restoration of the river channel and will affect
the flood behavior. The elements of the Eagleland Project are not included in this analysis. The
elements of the Museum and Park Segments of the Museum Reach - San Antonio River
Improvements Project are included in this analysis. The following sections discuss the specific
flood mitigation opportunities along the study reach of the San Antonio River.

During review meetings held with the San Antonio River Authority and the City of San Antonio as
part of the project, several areas in the Upper San Antonio River study area were identified where
the draft flood mapping was suspect or had mapping issues as yet unresolved by the Corps of
Engineers, the River Authority, and the City. Due to these issues, the HDR study team was
directed not to study the SAR02, SAR01, SAR21 to SAR24, and CPD areas. In other areas, the
draft floodplain mapping error was noted and no mitigation options were identified for those areas.
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SAR20 — Constance Street Area

This area is located along both the right and left banks of the San Antonio River near Constance
Street and Barbe Street (see Figure 17). In this reach of the San Antonio River, the 100-yr storm
floodwaters appear to spill out its left bank near cross-section 215261 but no structures are
impacted. According to the contours and HEC-RAS cross section information, the nearby structure
is located on the banks at least four feet above the water surface elevation. During the 500-yr flood
event, the floodplain encroaches into two structures on the right bank near Barbe Street. The
flooding in this area is caused by the low lying pockets of land near the banks.
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Figure 17 — SAR20 Location Map
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SAR19 - S. Alamo Street and Blue Star (Left Bank)

This area is located in a commercial and residential area along the left bank of the San Antonio
River downstream of S. Alamo Street Bridge (see Figure 18). The average flooding depths during
the 100-year flood event in this area range from 2.81' to 4.82'. One structure is located in the 100-
yr and 500-yr floodplain. The flooding is caused by the low elevation of the area.

The flood mitigation measure that was considered for this area was a floodwall and permanent
relocation. A 400’ floodwall would remove the structure from the floodplain.

SAR19 is located within the project limits of the current Eagleland project. The above mitigation
element does not consider the effects that the Eagleland project may have in this segment of the
river. The Eagleland project may already provide flood benefits that will reduce flooding in this area
and, if so, would eliminate the need for any further improvements to provide flood protection.

SAR18 — S. Alamo Street and Blue Star (Right Bank)

This area is the Blue Star Art Complex parking lot located in a commercial area along the right bank
of the San Antonio River downstream of S. Alamo Street Bridge (see Figure 18). The 100-yr and
500-yr floodplain extents are currently mapped to cover this parking lot. According to the contours
and cross-sections in the area, the parking lot is approximately five feet above the 100-yr water
surface elevation. Spot elevation data obtained from Geodetix confirms that the parking has an
elevation ranging from 628.80" - 630.61’ see Figure 19. The 100-year water surface elevation at
cross-section 216946 is 624.60" and at cross-section 216700 is 624.48’ see Figure 20 and Figure.

It appears that the floodplain is not mapped correctly in this area.

SAR17 — S. Alamo Street Bridge to E. Guenther Street Bridge

This area is located in a residential and commercial area directly upstream of S. Alamo Street
Bridge along both the right and left banks of the San Antonio River (see Figure 18). No structures
are located in the 100-yr floodplain and two structures are impacted during the 500-yr flood event
along the right bank, south of E. Guenther Street.

There appears to be an inconsistency between the floodplain mapping extents and the ground
surface elevations. Spot elevations on the left bank, upstream of S. Alamo, indicate the elevations
near the outer limits of the 100-yr floodplain are 629.85’ (see Figure 22). The 100-year water
surface elevation at cross-section 217151 is 624.85' (see Figure 23). The mapped floodplain near
cross-section 217299 is not mapped to the extents of the improved channel in this area. It appears
that the floodplain is not mapped correctly in this area.

SAR16 — W. Johnson Street Bridge Area

This area is located in a residential and commercial area upstream and downstream of the E.
Johnson Street Bridge along both banks of the San Antonio River (see Figure 18). No structures
are located in the 100-yr floodplain and one structure on the left bank is clipped by the 500-yr
floodplain, south of W. Johnson Street Bridge.

There appears to be an inconsistency between the floodplain mapping extents and the ground
surface elevations. The mapped floodplain near cross-section 218374 is not mapped to the extents
of the improved channel in this area (see Figure 24). It was also noted that the top width of cross-
section 218374 is 120.61’ in the LMMP HEC-RAS model but measures 102.5’ based on the
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ArcView shapefile of the LMMP 100-yr floodplain. This is one area that is noted that the 2-ft
contours that were provided to the study team in Phase | of this project are overlapping and jumbled
(see Figure 25). It appears that the floodplain is not mapped correctly in this area.
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Figure 18 — SAR19, SAR18, SAR17, and SAR16 Location Map
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Figure 19 — SAR18 Blue Star Parking Lot Spot Elevations
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Figure 24 — SAR16 Floodplain Mapping Issues
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Figure 25 — SAR16 Floodplain Mapping Issues
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SAR15 - E. Commerce Street to E. Houston Street

This commercial area is located between E. Commerce Street to E. Houston Street along the right
bank of the San Antonio River (see Figure 26). Based on the aerial photograph, it appears that
there are structures clipped by the 100-yr floodplain downstream of E. Houston Street and
upstream of E. Commerce Street. The elevation points from Geodetix did not clarify whether or not
the structures were located in the 100 yr floodplain. The 500-yr floodplain impacts seven
structures. It is also noted that the 100-yr floodplain is not mapped to full extents of the improved
channel upstream of E. Commerce (see Figure 27). There are instances where the measured
floodplain top width does not correspond with the HEC-RAS cross-section top width. The 100-yr
top widths of cross sections 222839 and 222850 from the HEC-RAS model are 78 and 42’,
respectively. The measured top widths from the ArcView 100-yr Floodplain polygon are 50’ and
52’, respectively. There appears to be an inconsistency between the floodplain mapping extents
and the ground surface elevations.

SAR14 - E. Houston Street to E. Travis Street

This commercial area is located between E. Houston Street and E. Travis Street along the left bank
of the San Antonio River (see Figure 26). Based on the aerial photograph, it appears that one
structure is clipped by the 100-yr floodplain downstream of E. Travis Street. However, this is an
area where the cross section top width does not correspond with the measure floodplain width. The
100-yr top width of cross sections 223638 from the HEC-RAS model is 72'. The measured top
width from the ArcView 100-yr floodplain polygon is 81°. There appears to be a discrepancy in the
floodplain mapping in this area.
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Figure 26 — SAR 15 and SAR14 Location Map
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SAR13 - E. Martin Street to Augusta

This commercial area is located between E. Martin Street and Augusta along the right bank of the
San Antonio River (see Figure 28). Based on the aerial photograph, it appears that structures are
in the 100-yr floodplain upstream of Convent. However, this is an area where the cross section top
width does not correspond with the measure floodplain width. The 100-yr top width of cross
sections 224971 from the HEC-RAS model is 109.21°. The measured top width from the ArcView
100-yr floodplain polygon is 89'. There appears to be a discrepancy in the floodplain mapping in
this area.

SAR12 — Navarro Street to N. St. Mary's

This commercial area is located between Navarro and N. St. Mary’s along the right bank of the San
Antonio River (see Figure 28). The mapped 100-yr floodplain indicates impacted structures
between Navarro and N. St. Mary’s Street. However, this is an area where the cross section top
width does not correspond with the measure floodplain width. The 100-yr top width of cross
sections 225654 from the HEC-RAS model is 82.85’. The measured top width from the ArcView
100-yr floodplain polygon is 167.5". There appears to be a discrepancy in the floodplain mapping in
this area.

SAR11 — Navarro Street to Convent

This commercial area is located between Navarro and Convent along the left bank of the San
Antonio River (see Figure 28). The mapped floodplain indicates impacted structures between
Navarro and Convent. This area is located across the bank in the same area as SAR13 and
SAR14 and therefore is located in area where there may be issues related to floodplain mapping.
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Figure 28 — SAR13, SAR12, and SAR11 Location Map
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SAR10 — Richmond Avenue to Lexington Street

This commercial area is located between Richmond Avenue and Lexington Street along the left
bank of the San Antonio River (see Figure 29). The 100-yr floodplain comes out the defined
channel banks and covers the downstream abutment of Lexington Avenue. There are no structures
impacted in this area during the 100-yr storm event. However, this is an area where the cross
section top width does not correspond with the measure floodplain width. The 100-yr top width of
cross sections 226377 from the HEC-RAS model is 91'. The measured top width from the ArcView
100-yr floodplain polygon is 78'. There appears to be a discrepancy in the floodplain mapping in
this area.

02/15/06 BEXAR REGIONAL WATERSHED MANAGEMENT
HDR Engineering, Inc. TEXAS WATER DEVELOPMENT BOARD
Michael W. Johnson, P.E. 86668 Flood Damage Mitigation Assessment

57



TECHNICAL MEMORANDUM

Figure 29 — SAR10 Location Map
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SARO09 — 9th Street to W. Jones Avenue

This commercial area is located between 9th Street at Arden Grove and W. Jones Avenue along
the right bank of the San Antonio River (see Figure 30). The average flooding depths during the
100-yr storm range from 0.10’ to 5.58’. There are 17 structures impacted by the 100-yr floodplain
and 28 structures impacted by the 500-yr floodplain in this area. This is a low lying area and the
floodplain is very wide in this area.

The SARIP will remove all of the 17structures from the 100-yr floodplain. Based on the SARIP
model 100-year water surface elevations, the floodplain will encroach on an undeveloped portion of
a parcel at cross-section 229194. Currently, there are no structures on this part of the parcel.
Adjustments to the SARIP could be made during the design phase of that project to address this
area.

02/15/06 BEXAR REGIONAL WATERSHED MANAGEMENT
HDR Engineering, Inc. TEXAS WATER DEVELOPMENT BOARD
Michael W. Johnson, P.E. 86668 Flood Damage Mitigation Assessment

59



TECHNICAL MEMORANDUM

Figure 30 — SAR09 Location Map
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SAR08 — W. Jones Avenue to IH35

This commercial area is located between W. Jones Avenue to IH35 along the right bank of the San
Antonio River (see Figure 31). The average flooding depth during the 100-yr storm event in this
area is 0.97’. There is one structure impacted by the 100-yr floodplain and six structures impacted
by the 500-yr floodplain in this area. The SARIP will remove this structure from the floodplain.

SAROQ7 — 9th Street to IH35

This commercial area is located between 9th Street and IH35 along the left side of the San Antonio
River (see Figure 31). The average flooding depths during the 100-yr storm event in this area
range from 0.01'-3.11". There 29 structures impacted by the 100-yr floodplain and 36 structures
impacted by the 500-yr floodplain in this area. The low elevation and minimal topographic relief of
the area make it susceptible to flooding. The SARIP will remove 28 structures. Adjustments could
be made during the design phase of the SARIP to include construction of a low flood barrier to
protect the structure at cross-section 229194.
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Figure 31 — SAR08 and SARO7 Location Map
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SAROQ06 — IH35 to Josephine Street

This commercial area is located between Newell Street and E. Grayson Street on the left and right
banks of the San Antonio River (see Figure 32). There are four structures impacted by the 100-yr
floodplain and 79 structures impacted by the 500-yr floodplain in this area. The average flooding
depths during the 100-year flood event range from 0.03'-4.21’. The 500-yr floodplain is very wide in
this area due to lack of topographic relief in this area. The SARIP will remove the four structures
from the 100-yr floodplain.
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Figure 32 — SAR06 Location Map
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SAROQ5 — Josephine Street to US 281 (SAR Tunnel Inlet)

This commercial area is located between Josephine Street and US 281 on the left and right banks
of the San Antonio River (see Figure 33). The San Antonio River Tunnel Inlet, a
storage/warehouse building, and the DPT Laboratory complex are located in this area. During the
100-year flood event, water surface elevations in the vicinity of the tunnel inlet structure are
calculated to be approximately an elevation of 661'. The observed flood elevations during the 1998
event reached an elevation of 660.29’ at the booster pump station and 660.35" at Borden Milk.
Existing ground elevations range from approximately 660’ near the northern portion of the DPT
Labs complex to 657’ near the northern right-of-way limits for Josephine Street. The flooding depths
range from 0.40’ to 3.45’ depending on the elevation of the site and other structures located in the
area.

The flooding mechanism for this area appears to result from two effects: the tunnel backwater
elevation during the 100-year flood and surface flows from Broadway that travel under Hwy. 281
and are intercepted by Josephine Street. The intercepted flows then travel down Josephine Street
before rejoining the San Antonio River channel downstream of the tunnel inlet. A drainage channel
is also present between Hwy. 281 and the structures on the left and right bank. Backwater flows
from the tunnel inlet may also be able to contribute to the flooding by traveling up this channel and
into the commercial sites.

To protect the left bank structures in this area (DPT Labs and the Tunnel Inlet) the backwater flood
flows must be constrained to the channel so that they do not inundate the site. This would require
the modification of some of the tunnel inlet site grading and the installation of a low floodwall
between certain elements of the inlet structure, park area, and the Hwy. 281 abutments on the left
bank. The tunnel inlet facilities themselves are above the expected flood elevations while the
parking lot and park area adjacent to them are at approximately an elevation of 660’. The parking
lot elevations could be raised or a low floodwall (3’ to 4") could be constructed running from the
parking lot, north along the property line tying into the outer wall of the existing boat ramp. The
existing boat ramp walls may have to be modified to provide sufficient freeboard. A floodwall and
drainage return structure would then be constructed between the northern boat ramp wall and the
Hwy. 281 abutments to prevent flood waters from entering the existing channel and the DPT site.
The drainage return structure would have to include flap gates and provisions for positive closure
should the flap gates malfunction.

Additionally, the structures on the left bank must also be isolated from the flood flows being
captured by Josephine Street. The DPT driveway elevations along Josephine Street are at
approximately an elevation of 657’ with the site sloping up and northward to approximately an
elevation of 660’. This area presents some of the deepest flood depths for the area and presents a
challenge to providing flood protection as vehicular access must be maintained. In order to protect
the DPT Labs area, a moderate height floodwall (approximately five feet) would have to be
constructed from the Hwy. 281 overpass abutments at Josephine Street and follow the north side of
Josephine to the tunnel inlet to tie into higher ground at the tunnel inlet facility. The floodwall would
have to incorporate flood gates at the driveway entrances that would normally remain open but
could be closed during a flood.

The flooding on the right bank of SARO5 affects the traffic triangle and roadway at River Road and
the southeast portion of the warehouse facility. A floodwall in this area tied to the loading dock or
facility parking lot would isolate the lower elevation portions of these structures from the flood
waters. Consideration would have to be given vehicular or pedestrian access to the building at this
location. If access is required, flood gates or doorways would have to be included in the floodwall
design to allow access during non-flood conditions.
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Figure 33 — SARO5 Location Map
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SARO04 — River Road Area (South)

This residential area is located at E. Craig Place and River Road along the right bank of the San
Antonio River (Figure 34). The average flooding depths in this area during the 100-year flood event
range from 0.01’ to 0.07’. Two structures are impacted in this area during the 100-yr and 500-yr
storm event. The flooding in this area is due to the low elevation of the subdivision.

The flooding mitigation measures evaluated for this area were a floodwall and permanent
relocations. A 450’ long floodwall with a height of 3.5” would be required to protect the structures
that are flooded by the 100-yr storm event.

SARO03 - River Road Area (North)

This residential area is located between Armour Street and Anastacia along River Road along the
right bank of the San Antonio River (Figure 34 ). The average flooding depths during the 100-year
flood event in this area range from 0.10’ to 5.28’. There are 20 structures impacted in this area
during the 100-yr flood event and 30 structures impacted during the 500-yr flood event. The
flooding in this area is due to the low elevation of the subdivision.

The flooding mitigation measures evaluated for this area were a floodwall and permanent
relocation. A 2000’ long floodwall with a height of 8.3, in the deepest or lowest elevation areas,
would be required to protect the structures that are flooded by the 100-yr storm event. The required
height of the floodwall may have practical limitations due to viewshed obstructions and community
acceptance.
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Figure 34 — SAR04 and SARO03 Location Map
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PUBLIC OUTREACH

SARA is required to keep the public informed and involved in this planning effort while meeting the
public outreach requirements outlined in the TWDB Flood Protection Planning Grant Application.
One of SARA'’s public outreach responsibilities is to provide a vehicle for public input via agenda
items for meeting of the Watershed Improvement Advisory Committee, a citizen-based advisory
committee supporting the Regional Flood Management Program, and the Committee of Six, the
elected official steering committee supporting the Regional Flood Management Program. SARA is
also tasked with integrating the identified solutions with the San Antonio River Improvements
Project, by coordinating public presentations and comments through the San Antonio River
Oversight Committee, a committee representing stakeholders along the San Antonio River.

Throughout the course of this project, HDR staff has meet with SARA, TWDB, County, and City
staff for periodic project updates and to report preliminary findings. HDR presented the final
findings of the report to the staff mentioned above and the Management Team. Information
pertaining to these meetings is included in Section 8 of the Appendices.
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RESULTS

Flood Damage Analysis Results

The FDA program calculates the equivalent annual damages (EAD) for the project study reaches
based on the economic database and the hydraulic model compiled for the study reaches. Table 5
shows the calculated aggregate annual damages (for the study period and discount rate) for the 2
through 500-year events for the San Pedro Creek and San Antonio River study reaches.

Table 5 — Equivalent Annual Damage Break Down

Damage Category No. of Structures EAD
Commercial 106 $554,710
Residential 281 $31,220
Government 2 $585,930
San Pedro Creek Total 389 $1,171,860
Damage Category No. of Structures EAD
Commercial 129 $2,566,360
Residential 76 $258,850
Government 1 $3,260
San Antonio River Total 206 $2,828,970

As shown in the above table, the San Antonio River has fewer structures but more damages. The
majority of the structures impacted in San Pedro Creek are residential while more commercial
structures are impacted in the San Antonio River. The residential damages in San Antonio River
are higher due to deeper flooding depths; mainly in the River Road neighborhood.

Non-Structural Flood Mitigation Option Results

As mentioned previously in the report, the flooded structures were identified using a GIS spatial
database derived from BCAD data and field data that was overlaid on the floodplains. When the
ground elevation and slab elevations for these structures were input into the economic database,
there were instances in which a structure that was determined to be physically located within a
floodplain boundary, did not sustain any damages in the HEC-FDA analysis because the slab
elevation was above the flood water elevation. In these cases a permanent relocation B/C ratio
was only calculated using the HEC-FDA damages, though the cost estimates for permanent
relocation of all areas are in included in Section 6 of the Appendices.

San Pedro Creek Permanent Relocation Results

Overall, the flood damage areas in the San Pedro Creek study reach are the result of shallow
flooding. When coupled with low property and land values, this resulted in lower annual damage
values. Benefit-cost ratios for the permanent relocation options were separated into 100-yr and
500-yr options. The total damages for the 100-yr and 500-yr events were extracted from a detailed
structure HEC-FDA output table and then annualized. The B/C ratios for the San Pedro Creek
permanent relocation cases are listed by damage assessment area from highest to lowest in Table
6.
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Table 6 — San Pedro Creek Permanent Relocation B/C Ratios

Flood Mitigation Option Annualized | Annualized B/C

Benefit Cost Ratio
SPCO01 Permanent Relocation-100 yr 97,364 383,222 0.254
SPC12 Permanent Relocation-500 yr 34,924 157,280 0.222
SPCO06 Permanent Relocation-500 yr 66,087 381,142 0.173
SPC11 Permanent Relocation-500 yr 19,394 118,393 0.164
SPCO01 Permanent Relocation-500 yr 118,672 737,063 0.161
SPC13 Permanent Relocation-500 yr 15,221 117,845 0.129
SPC11 Permanent Relocation-100 yr 5,106 42,615 0.120
SPC13 Permanent Relocation-100 yr 1,488 12,930 0.115
SPC12 Permanent Relocation-100 yr 12,725 126,312 0.101
SPCO08 Permanent Relocation-100 yr 1,925 24,987 0.077
SPC14 Permanent Relocation-500 yr 3,103 40,371 0.077
SPCO07 Permanent Relocation-500 yr 12,779 173,450 0.074
SPCO09 Permanent Relocation-500 yr 1,054 15,100 0.070
SPC10 Permanent Relocation-500 yr 67,486 1,161,682 0.058
SPCO03 Permanent Relocation-500 yr 81,787 1,430,174 0.057
SPCO08 Permanent Relocation-500 yr 10,131 187,018 0.054
SPCO07 Permanent Relocation-100 yr 7,293 173,450 0.042
SPCO02 Permanent Relocation-500 yr 2,646 77,195 0.034
SPCO05 Permanent Relocation-500 yr 7,096 215,828 0.033
SPC14 Permanent Relocation-100 yr 405 14,875 0.027
SPC10 Permanent Relocation-100 yr 16,958 1,091,053 0.016
SPCO04 Permanent Relocation-500 yr 25,270 1,716,619 0.015
SPCO05 Permanent Relocation-100 yr 611 48,924 0.012
SPCO04 Permanent Relocation-100 yr 184 464,106 0.000

As shown in Table 6, none of the permanent relocation options for the San Pedro Creek study
reach had a calculated benefit-to-cost ratio above 1.0; meaning that the expected annualized
damages are less than the annualized costs to perform the permanent relocations. It should be
noted that this is a purely economic comparison and does not factor in other municipal
considerations such as the effect on emergency responders etc. that the City, County, or SARA
may wish to consider. However, these factors are considered in the priority ranking matrix
discussed later in this report.

San Antonio River Permanent Relocation Results

The flooding in the San Antonio River Watershed in also shallow flooding but the property and land
values are higher. There are also more commercial structures impacted. Benefit-cost ratios for the
permanent relocation options were separated into 100-yr and 500-yr options. The total damages
for the 100-yr and 500-yr events were extracted from a detailed structure HEC-FDA output table
and then annualized. The B/C ratios for the San Antonio River are listed from highest to lowest in
Table 7.
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Table 7 — San Antonio River Relocation B/C Ratios

Flood Mitigation Option Annualized | Annualized B/C
Benefit,$ | Cost, $ Ratio

SAR19 Permanent Relocation-500 yr 11,450 33,492 0.342
SAR19 Permanent Relocation-100 yr 7,031 33,492 0.210
SAR13 Permanent Relocation-500 yr 16,799 80,733 0.208
SARO03 Permanent Relocation-100 yr 29,064 147,879 0.197
SARO07 Permanent Relocation-500 yr 231,525 1,360,586 0.170
SARO03 Permanent Relocation-500 yr 37,254 254,995 0.146
SAR11 Permanent Relocation-500 yr 18,278 129,670 0.141
SARO06 Permanent Relocation-500 yr 109,325 1,049,375 | 0.104
SAR10 Permanent Relocation-500 yr 200,354 2,048,824 0.098
SARQ7 Permanent Relocation-100 yr 92,458 996,012 0.093
SARQ09 Permanent Relocation-500 yr 248,378 4,834,424 | 0.051
SAR20 Permanent Relocation-500 yr 1,318 37,057 0.036
SARO06 Permanent Relocation-100 yr 12,710 404,874 0.031
SAR09 Permanent Relocation-100 yr 57,275 1,855,746 0.031
SARO08 Permanent Relocation-500 yr 23,083 1,266,046 | 0.018
SARO05 Permanent Relocation-500 yr 7,736 458,976 0.017
SARO08 Permanent Relocation-100 yr 245 388,068 0.000

Table 7 shows that none of the permanent relocation options for the San Antonio River study reach
had a B/C ration above 1.0.

Structural Flood Mitigation Option Results

The following sections provide the tabulated results for the structural alternatives for the San Pedro
Creek and San Antonio River Study Areas. Again, it should be noted that this is a purely economic
comparison and does not factor in other municipal considerations such as the effect on emergency
responders etc. that the City, County, or SARA may wish to consider. However, these factors are
considered in the priority ranking matrix discussed later in this report.

San Pedro Creek Structural Option Results
Table 8 provides a comparison of the calculated B/C ratios for the San Pedro Creek flood mitigation
options. The options are sorted from highest to lowest B/C ratio.

Table 8 — San Pedro Creek Structural Options B/C Ratios

Flood Mitigation Option Annualized | Annualized | B/C
Benefit, $ Cost, $ Ratio
Floodwall SPC01 553510 67096 | 8.250
Floodwall SPC14, SPC13, SPC12 11100 94476 | 0.117
Floodwall SPCO08 1810 15755 | 0.115
Flores Street Bridge Improvement 13560 119127 | 0.114
Mitchell Street Bridge Improvement 7260 112324 | 0.065
Probandt, Mitchell, Flores, and Nogalitos Street Bridges 24970 485637 | 0.051
Probandt, Mitchell, Flores, Nogalitos, and Furnish Street
Bridges 27690 570842 | 0.049
Prob, Mitch, Flor, Nog, Furn, and Cevallos Street Bridges 28050 620163 | 0.045
Floodwall SPC14, SPC13 2350 58669 | 0.040
Mitchell to Flores Channel Modification 18590 501990 | 0.037
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Floodwall SPC04 3730 101015 | 0.037
Detention Pond 6470 262475 | 0.025
RR to Alamo Channel Modification 3330 174046 | 0.019
Probandt to Mitchell Channel Modification 9370 513810 | 0.018
Cevallos Street Bridge Improvement 620 49321 | 0.013
Nogalitos to RR Channel Modification 7470 627273 | 0.012
Floodwall SPC05 280 34455 | 0.008
Flores to Nogalitos Channel Modification 5970 825409 | 0.007
Floodwall SPC09 110 21130 | 0.005
Nogalitos to Furnish Channel Modification 2140 443936 | 0.005
Alamo to El Paso Channel Modification 1620 513257 | 0.003

As shown in the above table, all the studied options, with the exception of a floodwall at SPCO01,
have a B/C ratio less then 1.0; indicating that the majority of these projects are not economically
justifiable.

The floodwall option at SPCO1 is the only mitigation option with a B/C over 1.0. Some of the
structures in SPCO01 include a VIA facility and a hotel. Figure 16 shows this study area. Four of the
structures in this area have values ranging from $880,000 to $1,600,000 and contribute to a very
large avoided value for the avoided damages. Given that the avoided damages are so much
greater than the project costs, this area would be a good candidate for flood protection and further,
detailed study and programming.

San Antonio River Structural Option Results

Table 9 provides a comparison of the calculated B/C ratios for the San Antonio River structural
flood mitigation options. The options are sorted from highest to lowest B/C ratio.

Table 9 — San Antonio River Structural Options B/C Ratios

Flood Mitigation Option Annualized | Annualized | B/C
Benefit Cost Ratio
SARIP 175,410 156,386 1.12
Floodwall SAR05 458,976 61,000 7.5
Floodwall SAR04, SARO3 249,010 53,046 4.69

SAROS5 primarily relates to the SART inlet area and the DPT Labs facility and is shown in Figure 33.
Significant flooding in this area would produce, and has in the past, significant damages to the DPT
facility. Consequently, the calculated annualized benefits for this option are above the conceptual
annualized costs for constructing flood damage reduction improvements in this area. As noted in
the description for this option, construction of floodwall along Josephine and solving some of the
parking and/or related traffic problems will pose significant challenges.

Areas SAR03 and SARO04 are two areas of the River Road neighborhood that are inundated by the
San Antonio River during extreme flood events and are shown in Figure 34. The FDA analysis
shows that a floodwall facility in this area would be economically justifiable and would provide
tangible flood protection benefits. However, as noted earlier, the maximum height of the floodwall
would approach 8 feet and may make such a project not palatable to the residents in the area and
the City due to aesthetic and maintenance reasons.
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Priority Ranking Matrix Results

The San Antonio River Authority provided HDR with the BRWM standardized priority ranking matrix
used by SARA, the City of San Antonio, and Bexar County, to rank storm water related capital
improvement projects over a broad range of criteria; one of which includes the project B/C ration.
This matrix ranks projects on key criteria with a total maximum possible score of 135 and a
minimum possible score of zero.

Each of the mitigation options was entered into the ranking matrix for the San Pedro Creek and the
San Antonio River study reaches. Permanent relocation and structural options were included and
ranked for each study reach.

HDR has ranked the options for each study reach according to the ranking criteria; however, this
information should be used for information purposes only since each agency must evaluate the 15
parameters based on the particular needs and goals of the agencies involved. The parameters
used in the ranking matrix are described below. The complete tables and ranking matrix results
are provided in Section 7 of the Appendices.

Hydraulic/hydrologic significance or impact: Reduces flood flows and/or flood depths. These
reductions can also be measured or quantified with respect to the amount of floodplain area
reclaimed and/or the number of structures (or square footage of structures) removed from flood
zones. 1) mitigates flood damage in terms of reclaimed area, structures or infrastructure, 2) impact
can be upstream or downstream of the project area, 3) reduces flood flows, water surface
elevations and/or pollutant loadings and may increase values or encourage economic development

Public safety: Increases safety for emergency personnel and the general public. 1) Enhances
mobility for emergency responders by providing unflooded or safe access routes, especially where
none presently exist. 2) Reduces and/or removes public roadways, facilities, etc. from flood zones.

Benefit/Cost Ratio: Provides a measure of a project's benefits versus its costs. There are
guidelines developed by FEMA to aid estimating/assigning value to benefits including loss of life
and disruption to the transportation system.

Element of a comprehensive watershed plan: A project that is an integral part of a regional
comprehensive watershed master plan will be preferred to those projects that are not.

Dependency on other projects: Projects that can be completed independently of other projects or
can provide their intended benefit without another project being completed are preferable. If a
project is part of a master planned series of projects and it is correctly sequenced or phased, then it
would not be scored negatively under this ranking factor.

Mobility or effects on transportation system: Projects that eliminate or reduce the time that
roadways are inundated may reduce travel time and corresponding lost production during flood
conditions by providing unflooded access.

Sustainability or low operations & maintenance cost: Sustainability refers to the operation and
maintenance cost of a project. It can be thought of in terms of the ability of a project to remain
effective relative to its upkeep or operational cost. A nonstructural flood mitigation project such as
buyouts or open space purchases would typically require less maintenance as compared to a
channel improvement project that may require scheduled mowing and debris removal.
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Level of protection provided (i.e. 25 year, 50 year or 100 year flood): Categorize the project into
design return period as defined by the regional hydrologic standards. For example, a project
designed to accommodate the 1% (100-year) flood event would rank higher than one designed for a
4% (25-year) event.

Funding sources (leverage of participants’ available funds): If other funding sources are
available for a particular type of project or due to its location, then the primary funding agency may
be able to leverage its funds and stretch its resources.

Promote orderly development or improve economic development/redevelopment potential: If
the project provides downstream capacity for upstream development and/or reduces downstream
peak flows, it enhances economic development and provides for orderly development to occur. A
project may also accommodate redevelopment of an otherwise undevelopable area due to past
flood problems.

Beneficial neighborhood impacts: This factor should weigh in on the non-hydrologic/hydraulic
significance of a project on adjoining neighborhoods and should include the construction phase of a
project. A negative example of this might be the necessary removal of trees for a detention facility
or channelization project adjacent to a residential neighborhood that might influence this ranking
factor are aesthetics, security and objectionable construction activity.

Water quality enhancement: A measure of a project's effect on water quality either (and
preferably) as designed or through planned or easily incorporated future upgrades. For example, a
detention pond may provide settlement time for solids with no specific water quality upgrade or
design component while a channelization project may have a small water quality benefit if grass
filters can be effectively added in the future.

Time to implement or construct: Projects that need right-of-way and/or lengthy design or
construction timeframes will not be scored as favorably as those with no land acquisition
requirements and completed designs.

Permitting resistance or difficulty: Ease of permitting considering specific regulations, regulatory
resistance, timing, etc. Include archaeological issues, water rights, endangered species, TXDOT,
COE.

Environmental or habitat enhancement: A measure of a project's potential to enhance a desired
habitat and/or have a positive impact on the environment.

Potential for Recreation/Open Space/Connectivity for linear parks: A measure of the
acceptability/adaptability of a project site for recreational facilities or open space. Some projects
may be located in floodplain areas and may provide links between other parks, open space and
recreational areas.

San Pedro Creek Ranking Results

Table 10 lists the ranking matrix results for permanent relocations for the San Pedro Creek study
reach. The options are sorted from highest score to lowest score. As noted, the complete ranking
matrix and score calculations are included in Section 7 of the Appendices.
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Table 10 — San Pedro Creek Non Structural Ranking Table

Non-Structural Options Ranking
SPCO09 500yr Perm. Relocation 61
SPCO05 100yr Perm. Relocation 57
SPC14 500yr Perm. Relocation 50
SPC14 100yr Perm. Relocation 49
SPC13 100yr Perm. Relocation 49
SPC11 100yr Perm. Relocation 49
SPCO09 100yr Perm. Relocation 49
SPCO08 100yr Perm. Relocation 49
SPCO06 100yr Perm. Relocation 49
SPC10 100yr Perm. Relocation 45
SPCO04 100yr Perm. Relocation 39
SPC13 500yr Perm. Relocation 37
SPC12 500yr Perm. Relocation 37
SPC11 500yr Perm. Relocation 37
SPC10 500yr Perm. Relocation 37
SPCO08 500yr Perm. Relocation 37
SPCO07 500yr Perm. Relocation 37
SPCO06 500yr Perm. Relocation 37
SPCO05 500yr Perm. Relocation 37
SPCO04 500yr Perm. Relocation 37
SPCO03 500yr Perm. Relocation 37
SPCO02 500yr Perm. Relocation 37
SPCO01 500yr Perm. Relocation 37
SPC12 100yr Perm. Relocation 37
SPCO07 100yr Perm. Relocation 37
SPCO01 100yr Perm. Relocation 37

Table 11 lists the ranking matrix scores from highest to lowest for the San Pedro Creek study reach
structural options.

Table 11 — San Pedro Creek Structural Options Ranking Table

Structural Options Ranking

Probandt to Mitchell Channel Modification 49

Mitchell to Flores Channel Modification 49

Alamo to Guadalupe Channel Modification 49

Probandt to Nogalitos Channel Modification 49

Flores to Nogalitos Channel Modification 49

Nogalitos to Furnish Channel Modification 49

Nogalitos to RR Channel Modification 49

RR to Alamo Channel Modification 48

Cypress to Fredericksburg Channel Modification 48

Detention Pond 35

SPC14 & SPC13 Floodwall 28

SPC14, SPC13 & SPC12 Floodwall 28

SPC11 Floodwall 28
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SPC14, SPC13 & SPC12 Floodwall 28
SPC11 Floodwall 28
SPC10 Floodwall 28
SPCO09 Floodwall 28
SPCO08 Floodwall 28
SPCO07 Floodwall 28
SPCO06 Floodwall 28
SPCO05 Floodwall 28
SPC04 Floodwall 28
SPCO01 Floodwall 28
Probandt Bridge Improvement 28
Mitchell Bridge Improvement 24
Probandt and Mitchell Bridge Improvements 24
Probandt, Mitchell & Flores Bridge Improvements 24
Flores Bridge Improvement 24
Nogalitos Bridge Improvement 24
Furnish Bridge Improvement 24
Probandt, Mitchell, Flores, & Nogalitos Bridge Improvement 24
Probandt, Mitchell, Flores, Nogalitos & Furnish Bridge Improvements 24
Cevallos Bridge Improvement 24
Probandt, Mitchell, Flores, Nogalitos, Furnish & Cevallos Bridge 24
Improvements

San Antonio River Ranking Results

Table 12 lists the ranking matrix results for permanent relocations for the San Antonio River study
reach. Table 13 lists the viable structural options studied for the San Antonio River study area. The
options are sorted from highest score to lowest score. As noted, the complete ranking matrix and

score calculations are included in Section 7 of the Appendices.

Table 12 — San Antonio River Non Structural Ranking Table

Non-Structural Options Ranking

SAR20 500yr Perm. Relocation 42
SAR13 500yr Perm. Relocation 42
SAR10 500yr Perm. Relocation 42
SARO08 500yr Perm. Relocation 42
SARO06 500yr Perm. Relocation 42
SARO03 500yr Perm. Relocation 42
SAR13 100yr Perm. Relocation 42
SAR10 100yr Perm. Relocation 42
SARO08 100yr Perm. Relocation 42
SARO06 100yr Perm. Relocation 42
SAR19 500yr Perm. Relocation 30
SAR11 500yr Perm. Relocation 30
SARO09 500yr Perm. Relocation 30
SARO07 500yr Perm. Relocation 30
SARO05 500yr Perm. Relocation 30
SAR19 100yr Perm. Relocation 30
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SAR11 100yr Perm. Relocation 30
SARO09 100yr Perm. Relocation 30
SARO07 100yr Perm. Relocation 30
SARO03 100yr Perm. Relocation 30

Table 13 — San Antonio River Structural Ranking Table

Structural Options Ranking
SARIP 79
SARO05 Floodwall 42
SAR04, SAR03 Floodwall 42

The SARIP project is ranked according to the elements, including flood control aspects,
environmental benefits, and recreational opportunities, that are included in the complete project
vision for the Urban Reach, Museum Segment.

RECOMMENDATIONS

This study has examined several candidate flood mitigation projects using accepted FDA
techniques and the BWRM ranking matrix. This methodology provides for a clear, unbiased
evaluation of the economic practicality for each project. The use of the ranking matrix also provides
for a ordered prioritization of each of the studied projects. This information will be useful for
regional flood protection planning in terms of project identification, justification, and the need for
further studies of candidate projects.

The results of this study show that there are several areas in San Pedro Creek and the San Antonio
River that are experience flooding and are candidates for several types of mitigation options.
However, the economic study (FDA study) of these options shows that very few of them are
economically justifiable and provide B/C ratios above 1.0. Due to the fact that most of the study
areas already have the benefit of previous flood mitigation projects (such as the existing San Pedro
Creek channel and the San Antonio River tunnel), the existing flooding in the majority of the study
areas is very shallow and does not generate annualized benefits (avoided damages) greater than
the annualized costs to protect these areas.

It should be noted that this study was conducted using the LMMP models and the existing, available
hydrology and hydraulics information. The ongoing DFIRM projects are in the process of updating
the current hydrology and portions of the LMMP model. This study also used the draft floodplain
maps as these were the best information available at the time and the final maps were still under
review. lItis anticipated that these maps will be finalized in the near future. If these updates, when
completed, significantly change the input hydrology to this study or floodplain mapping than it may
be beneficial to re-visit these study results in the future by incorporating new hydrologic, hydraulic,
or floodplain mapping information.

In spite of these facts, some of the studied mitigation options do exhibit a B/C ratio greater than
one. Additionally, this study also highlights some other opportunities for further investigation or
regional flood planning. The recommendations and/or observations for each study reach are
provided as follows:

San Pedro Creek

e The floodwall mitigation alternative for San Pedro Creek mitigation alternative SPCO1 has a
B/C ratio greater than 1.0 and appears economically justifiable. This conceptual alternative
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should be studied in more detail and potentially be included in regional flood mitigation
efforts.

e The analysis of the San Pedro Creek Detention option showed that Alazan Creek has a
significant impact on San Pedro Creek and areas downstream of its confluence with San
Pedro Creek. A further study of potential mitigation options on Alazan Creek, including
opportunities for regional detention, should be conducted to determine if there are any viable
mitigations options available on Alazan Creek.

e The draft floodplain mapping in the upper reaches of San Pedro Creek area may be revised
and therefore the floodplain extents and flood protection measures should be re-evaluated if
the floodplain extents decrease. This may impact SPCO01 and SPCO02.

e The results shown in the ranking matrix should be evaluated in detail by SARA, the City of
San Antonio, and Bexar County to update the criteria and ranking score with the benefit of
their institutional knowledge to determine if some mitigation options might be acceptable
candidates for inclusion in the regional flood mitigation plan.

San Antonio River

e The flood mitigation measure explored for area SARO5 (DPT Labs area) appears to provide
justifiable flood protection benefits using the FDA criteria. A more detailed examination of
the potential flood protection benefits in his area could be considered in light of flood
insurance impacts, damages to a locally important business, public safety, and municipal
concerns.

o The floodwall mitigation measure considered for areas SAR03 and SAR04 appear to
provide a B/C ratio greater than 1.0. A detailed study of this option should be conducted
and is suggested to include a presentation or dialog with the River Road Neighborhood and
the City of San Antonio as to the practical acceptability of the proposed flood measure as it
relates to aesthetics, traffic safety, maintenance, and public access to Brackenridge Park.

e The floodplain mapping of several areas of the San Antonio River showed some
discrepancies between the hydraulic model output and the floodplain mapping extents. This
is particularly evident is areas such as SAR16 through SAR20. It was difficult for the study
team to evaluation mitigation options in these areas due to the mapping discrepancies.

e The results shown in the ranking matrix should be evaluated in detail by SARA, the City of
San Antonio, and Bexar County to update the criteria and ranking score with the benefit of
their institutional knowledge to determine if some mitigation options might be acceptable
candidates for inclusion in the regional flood mitigation plan.
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FLOOD DAMAGE MITIGATION ASSESSMENT
Prepared For: San Antonio River Authority 4/26/04
Reviewed by: Mike Johnson, P.E.

Prepared by: Troy Dorman, P.E., Ph.D., LeeAnne Lutz, EIT

INTRODUCTION

This technical memorandum is a preliminary flood damage mitigation assessment of areas along San
Pedro Creek and the San Antonio River that exhibit potential flooding problems during a 100-year
event where property damage or hazardous conditions may occur. This document is intended to be a
preliminary, planning level document that identifies areas within the study reaches that may be
candidates for floodplain mitigation projects. The information presented is at a feasibility level only
and does not constitute a full incremental flood damage assessment analysis.

The study reaches are approximately 5 miles of San Pedro Creek from the confiuence with the San
Antonio River upstream to West Laurel Street, approximately 7.5 miles of the San Antonio River from
the confluence with San Pedro Creek upstream to Hildebrand Avenue, and the Catalpa-Pershing
Channel from the confluence with the San Antonio River to Funston Avenue.

REFERENCE DATA

The base hydrologic mode! for the San Antonio River watershed was created through the Limited
Mapping Maintenance Project {(LMMP) process undertaken for the San Antonio River and San Pedro
Creek LMMP. The model incorporates the watershed for the San Antonio River and tributaries to the
San Antonio River including San Pedro Creek, Zarzamora Creek, Alazan Creek, Olmos Creek,
Apache Creek, Martinez Creek, Six Mile Creek, and the Catalpa-Pershing Channel (Unit 8-5-2). The
San Antonio River hydrologic modet was constructed using the HEC-HMS and GEO-HMS modeling
package. This hydraulic model was modified in this study to characterize the impacts of various flood
mitigation options.

The LMMP floodplain map used for this project was delineated by Freese and Nichols Engineering in
Micro Station, converted to an ArcGIS shape file, and projected from NAD 27 to NAD 83. At the time
of this report, the floodplain delineation was in draft form.

HEC-RAS models from the San Antonio River Improvement Project (SARIP) Museum Reach Project
were used to determine the reduction in water surface elevation through out the Urban and Park
segments of the SARIP project.

The improved property and land values for the flooded structures were determined using 2001 Bexar
County Appraisal District (BCAD) parcel data. The ground elevation data was obtained from the
topographic information used for the LMMP model. The City of San Antonio’s 2003 color aerial
photography was used as a background reference file.
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ANALYSIS METHODOLOGY

The draft LMMP floodplain mapping was reviewed and areas that indicated flooding conditions during
a 100-year recurrence event where property damage or hazardous conditions appeared were
identified and cataloged. Each cataloged area, or Flood Damage Assessment Area (FDAA), was
assigned an alpha-numeric designation starting at the first upstream area of each reach. Flooding
areas along San Pedro Creek are labeled SPC with a 2 digit number (e.g. SPCO1), the areas along
the San Antonio River are labeled SAR with a 2 digit number {e.g. SAR01), and the areas along the
Catalpa Pershing Ditch are labeled CPD with a 2 digit number (e.g. CPD01).

The number of flooded parcels and structures in each FDAA were identified and a total Estimated
Flooded Improved Property Value was calculated for each area using the 2001 BCAD parcel data.
Only parcels that contained structures where included in the Estimated Flooded Improved Property
Value summations. The BCAD parcel data does not include improved property and land values for
parcels belonging to the City of San Antonio, San Antonio River Authority, and other governmental
entities. In these instances, an average value per square foot of structure was determined from
surrounding structures and applied to the government structures. This method of assessing the
improved property values is an estimate by approximate methods and should only be used for
comparison purposes for this particular study.

In each FDAA, the centroid of each flooded parcel was determined so that the average ground
elevation per parcel and 100-year water surface elevation per parcel could be estimated. These
elevations were used to calculate an estimated 100-year flooding depth per parcel.

The probable cause of flooding for each area was evaluated and flood mitigation measures that
would potentially reduce or eliminate flooding were identified and modeled in HEC-RAS individually
and in various combinations. The affects of each flood mitigation measure were evaluated for both
beneficial and adverse flooding impacts. Any flood mitigation measure that resulted in an increased
water surface elevation or other undesired affects upstream, downstream, or in the improvernent area
ceased to be considered as a viable option. Individual and combinations of flood mitigation options
were modeled, starting at the most downstrear FDAA of each reach until all structures were
removed. This approach resulted in the creation and analysis of approximately 90 HEC-RAS runs.
The Flood Mitigation Measures are described below and the specific measures that were considered
for each area are discussed in the FDAA summaries later in the report. Comparison tables for some
of the HEC-RAS model runs along San Pedro Creek are included in Appendix A.

SAN PEDRO CREEK CHARACTERISTICS

San Pedro Creek is located in north central San Antonio and flows southeast to its confluence with
the San Antonio River. San Pedro Creek flows in improved earthen channels, concrete-lined
channels, and below grade in concrete culverts through out commercial and residential areas.
Commercial and residential development crowd the banks except for an 18-acre plot of land located
at the confluence with Alazan Creek.

Table 1 summarizes general location descriptions, left and right bank locations (looking downstream),
and distance to the confluence of San Pedro Creek and San Antonio River for the San Pedro Creek
FDAAs. Table 2 summarizes the land use, number of flooded parcels and structures, the estimated
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flooded improved property value, and the estimated flooding depths per parcel for each San Pedro

Creek FDAA.
Table 1 ~ Flood Damage Assessment Areas for San Pedro Creek
Left Right Distance from
FDAA Description Bank | Bank | Conflusnce (miles)
SPC01 | [H10 to W. Laurel X X 4.45
SPCO02 | Camaron Street, at Kingsbury (SPC Tunnel Inlet) X 3.69
SPC03 | Camaron Street, north of W. Salinas X 3.50
SPC04 | S. Alamo Street to El Paso X X 2.30
SPC05 | Railroad to S Alamo Street X 2.16
SPC06 ] IH35 and W. Cevallos Area X 2.06
SPC07 | S. San Marcos and Furnish Area X 1.57
SPCO08 i IH35 and Furnish Area X 1.57
SPCO09 | Nogalitos Street and Ralph Avenue Area X 1.39
SPC10 | Halstead Street Area X 0.93
SPC11 | Cass Sireet Area X 0.93
SPC12 | E. Baylor and E. Lubbock Street Area X 0.49
SPC13 | Probandt Strest to W. Mitchell Street X 0.14
SPC14 | Probandt Street to S. Flores Street X 0.14

Table 2 — San Pedro Creek Flooded Property Values

Estimated
Estimated Flooding
Flooded Flooded Flooded Improved Depths per
FDAA Land Use Parcels | Structures Property Value parcel{it)
SPCO01 | Residential/Commsrcial 45 32 $ 1,499,500 0.05-2.42
SPCO2 Street 0 0 - 0.29
SPCO3 Street 0 0 - 0.57
SPC04 Commercial 38 28 $ 9,211,000 0.04-4.29
SPCO5 Commercial 14 9 $ 69,900 0.16-2.93
SPCO06 Commercial 2 2 $ 86,300 0.17-0.44
SPCO7 Commercial 2 1 $ 970,500 0.87-1.52
SPC08 Residential 21 13 $ 171,000 0.04-1.99
SPC0O9 Commercial 2 11 $ 65,700 0.05-0.27
SPC10 Residential 42 57 $ 674,500 0.21-6.22
SPC11 Residential 23 17 $ 298,400 0.29-2.54
SpPCi12 Residential 45 45 $ 778,500 0.07-8.25
SPC13 Residential 27 ) $ 92,300 0.18-2.54
SPC14 Residential 14 6 $ 115,000 0.10-2.35
Total 275 228 $ 14,100,000

SAN ANTONIO RIVER CHARACTERISTICS

The study reach for the San Antonio River runs from the confluence with San Pedro Creek upstream
for approximately 7.5 miles to Hildebrand Avenue. This segment of the San Antonio River is heavily
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urbanized and includes portions that have been totally contained within concrete lined channels (e.g.
Nueva Street upstream to Lexington Street). Land uses along the river include commercial,
institutional, and residential areas with some open areas at some locations. These open areas are
anticipated to be developed in the near future.

Table 3 summarizes the general location descriptions, left and right bank locations {looking
downstream), and distance to the confluence of San Pedro Creek and San Antonio River for the San
Antonio River FDAAs. Table 4 summarizes the land use, number of flooded parcels and structures,
the estimated flooded improved property vaiue, and the estimated flooding depths per parcel for each
San Antonio River FDAA.

Table 3 - Flood Damage Assessment Areas for San Antonio River

Left Right Distance from
FDAA | Description Bank | Bank | Confluence (miles)
SARO1 | Broadway to Hildebrand Avenue X 7.07
SARQ2 | Zoo Area X X 6.56
SAR03 | River Road Area (North) X 5.69
SAR04 | River Road Area (South) X 5.55
SARQS5 | Josephine Street to US 281 (SAR Tunnel Inlet) X X 5.20
SAR06 | Newell Street to E. Grayson Street X X 4.86
SAR07 | 9" Street io 1H35 X 4.29
SARO08 | W. Jones Avenus to IH35 X 4.53
SAR09 | 9" Street to W. Jones Avenue X 4.22
SAR10 | Richmond Avenue to Lexington Street X 3.81
SAR11 | Navarro Street to Convent X 3.58
SAR12 | Navarro Strest to N. St. Mary's X 3.70
SAR13 | E. Martin Strest to Augusta X 3.55
SAR14 | E. Houston Sireet to E. Travis Street X 3.29
SAR15 | E. Commerce Strest to E. Houston Street X 3.17
SAR16 | W. Johnson Street Bridge X 2.32
SAR17 | S. Alamo Street Bridge X 2.08
SAR18 | S. Alamo Street and Blue Star-Right Bank X 2.02
SAR19 | S. Alamo Street and Blue Star-Left Bank X 2.00
SAR20 : Constance Sireet Area X 1.74
SAR21 | Roosevelt Park (SAR Tunnel Outiet) X 0.80
SAR22 | Railroad upstream of Steves Avenus X 0.74
SAR23 | W. Mitchell Street to IH10 X 0.42
SAR24 | E. Mitchell Street to IH10 X 0.35
Table 4 — San Antonio River Flooded Property Values
Estimated
Estimated Flooding
Flooded Flooded | Flooded Improved Depths
FDAA Land Use Parcels | Structures Property Value per parcel(ft)
SAR01 | Commercial/Recreational 11 17 $ 14,000,000* 0.47-3.81
SARD2 Recreational 1 23 $ 2,500,000 0.36
SAR03 Residegntial 28 24 $ 1,300,000 0.10-5.28
SARQ4 Residential 2 2 $ 51,900 0.01-0.07
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SARO05 Commercial 3 2 $ 3,174,700 0.40-3.45
SARDS Commercial 7 12 $ 1,062,900 0.03-8.08
SAR07 Commercial 41 25 $ 600,200 0.01-3.11
SAR08 Commercial 2 1 $ 300,000 0.97
SAROS Commercial 37 16 $ 1,575,960 0.10-5.58
SAR10 | ROW/Strest/Commercial 1 0 - 1.57
SAR11 Commercial 5 0 - 0.87-6.88
SAR12 Commercial 3 8] - 2.67-5.87
SAR13 Commercial 4 0 - 1.80-4.35
SAR14 Commercial 1 0 - 5.28
SAR15 Commergial 5 0 - 0.38-3.12
SAR16 Residential 1 0 - -
SAR17 Residential 2 0 - 3.07-6.84
SAR18 Commercial 1 0 - -
SAR19 Residential 5 1 $ 701,830 2.81-4.82
SAR20 Residential 1 0 - 525
SAR21 | Commercial/Recreational 12 13 $ 661,000" 0.21-8.86
SAR22 Commercial 1 1 $ 20,800 2.35-4.10
SAR23 Commercial 28 14 $ 177,700 0.10-3.61
SAR24 Commercial 1 0 - 1.26
204 151 $ 20,528,880

* Estimated values

Table 5 summarizes the general location descriptions, left and right bank locations {looking
downstreamy}, and the distance to the confluence of San Pedro Creek and the San Antonio River for
the Catalpa-Pershing Ditch FDAAs. Table 6 summarized the land use, number of flooded parcels
and structures, the estimated flooded improved property value, and estimated flooding depths per

parcel for each Catalpa-Pershing FDAA.

Table 5§ — Flood Damage Assessment Areas for Catalpa-Pershing Ditch

Left Right Distance from
FDAA Description Bank | Bank | Confluence (miles)
CPDO1 | E. Mulberry Avenue and Broadway Area X 0.80
CPDQ2 | Millrace Bridge to Lions Park X 0.3
CPDO03 | Golf Course X 0.32
Table 6 — Catalpa-Pershing Ditch Flooded Property Values
Estimated
Estimated Flooded Flooding
Flooded | Flooded | Improved Property Depths
FDAA Land Use Parcels | Structures Value per parcel(ft)
CPDQ1 | Commercial/Residential 53 52 $ 2,911,210 2.83
CPD02 | Commercial/Recreational 18 34 $ 1,705,800 0.13-1.57
CPDO03 Recreational 1 2 $ 300,000* 4.11
72 88 $4,617,110.00

* Estimated Value
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FLooD MITIGATION MEASURES

Structural flood mitigation measures that can be applied to the San Antonio River or San Pedro Creek
channels fall into two general categories: peak flow reduction measures and channet modification
measures. The peak flow reduction measures include watershed land use and impervious cover
management and/or flow diversion or detention to reduce the overall flow peak magnitude (and the
corresponding water surface elevations) through the basin drainage areas. Channel modification
measures are used to lower, or contain, the base flood elevations by increasing the flood conveyance
efficiency of the significant drainage channels in a particular basin. Channel modification can include
roughness modifications {debris and vegetation removal, “n” value reduction), modifications of the
channe! geometry {conveyance area, sfope, cross section), obstruction removal {bridge and other
structure modifications), and the construction of additional levees or floodwalls to contain the base
flood elevations. Non-structural flood mitigation measures inciude flood-prone property acquisition, or
“huy-outs”, to reduce the number of private properties and structures that could be damaged by
flooding.

The San Antonio River and San Pedro Creek watersheds and contributing areas for this project are
urbanized. Changing the existing land use practices and impervious cover characteristics of an
urbanized watershed is impractical because of the muititude of land owners and the extremely high
costs associated with altering or limiting land use and impervious cover characteristics. Therefore,
this flood mitigation measure was not considered a viable alternative for this study and was not
included as an option in the analysis.

The San Antonio River, upstream and in the areas of the study reach, has both existing detention and
diversion facilities in place. The San Antonio River Tunnel (SART) diverts flow “under” the downtown
areas of San Antonio and provides increased flood protection between the tunnel inlet (downstream
of Hwy. 281) and the tunnel outlet (downstream of the Blue Star area). Olmos Dam provides
detention for over 32 square miles of contributing area and provides flood peak attenuation for areas
downstream of the dam. The San Pedro Creek Tunnel (SPCT) diverts flood flows for a portion of the
San Pedro Creek watershed from Kingsbury Street to Guadalupe Street. There are no significant,
existing detention facilities on San Pedro Creek.

Because these areas are urbanized, a major constraint when considering the application of flood
mitigation measures is the difficulty in acquiring additional right-of-way. The acquisition of additional
right-of-way for the construction of flood detention or diversion measures can involve large costs and
undesirable impacts to the existing property owners. Therefore, the ptacement of new detention or
diversion facilities was not considered at this level of the study. However, the potential for new
diversion or detention facilities may be considered in subsequent feasibility analyses.

Several options for channel modification measures are available for use the urban setting of these
study reaches. These options were evaluated individually and in combination. The applicability of
each of these measures is discussed in the following sections.

Roughness Reduction

Roughness reduction includes modifying the channel and overbank surfaces to reduce their
resistance to flow (reducing the composite Manning’s “n* value used in the HEC-RAS model). These
modifications can include a channel vegetation removal or thinning program, removal of existing flood
debris within the channel or on bridges that impedes flood flows, or by modifying the channel surface
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so that it includes smoother surfaces such as grass lined channels, concrete rip-rap, or other surface
treatments that would reduce the roughness without adding undue maintenance requirements.

Within the study reach, the San Pedro Creek channel has been modified in the past and now
presents a channel with grass lined overbanks and a pilot channel with broken rubble toe protection
along the much of its length. Other portions of San Pedro creek are contained in concrete lined
channels or fully enclosed in storm water culverts. Consequently, much of San Pedro Creek has
already been optimized in terms of its roughness characteristics and this flood mitigation measure
was generally not considered as a principal option.

The San Antonio River from Hildebrand downstream to Hwy. 281 retains much of its original plan
form with some modifications to the channel bed in the Brackenridge Park area and through the
Brackenridge Golf Course. The Catalpa-Pershing channel has been heavily modified and almost
completely lined with concrete. Downstream of Hwy 281, the river is an earthen (vegetated) channel
to Lexington Avenue. It should be noted that some portions of the river alignment in this area have
been altered by past projects. From Lexington Avenue to Nueva Street, the San Antonio River is
channelized and the majority of the channel lining is concrete (except in the River Loop area). From
Nueva Street to the SART outlet, the channel has a rubble lined pilot channel with grass lined
overbanks for the majority of its length with some portions fully concrete lined. As with San Pedro
Creek, roughness reduction was not considered as a viable option due to the previous river
improvements.

Channel Geometry Modifications

Channel geometry modifications were considered in areas of San Pedro Creek where practical. In
selected locations, improvements to the channel to increase the net conveyance area were included
as an option. The channel improvements included steepening the overbank or channel side slopes to
widen the overall channel without exceeding the limits of the current right-of-way. The effects of the
geometry modifications where included in the modified HEC-RAS models by using the channel
improvement tools with a consistent bottom width and 1:1 side slopes. This analysis provides an
efficient, feasibility level sensitivity analysis of the channel modification effects. The channel gradient
was not modified.

The SARIP Museumn Reach — Urban Segment preliminary design plan includes modification of the
channel geometry from Lexington Street upstream to Josephine Street. The effects of these
improvements were considered in this analysis.

Bridge Modifications

Bridge modifications consist of modification of a bridge so that it does not impede flood flows and
raise the base flood elevations. The affects of bridge modifications in this analysis were included in
the model runs by observing the affect of completety removing a bridge to determine the overall
sensitivity of the flood elevations to this modification. Bridge modifications were analyzed both
individually and in conjunction with downstream improvements, including modifications to
downstream bridges.

Floodwalls

Floodwalls provide a viable option in areas with shallow to moderate flooding. They have the
significant advantage of requiring minima right-of-way requirements. Low floodwalls are alsc cost
competitive for low depth and limited right-of-way applications when compared to other improvement
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alternatives such as levees. However, floodwalls must be designed to meet FEMA and COE
standards and can impose significant costs on the project. Floodwalls were included in the analysis
for areas with shallow to moderate flooding depths. Due to the limited right-of-way conditions for
much of San Pedro Creek and limited areas of the San Antonio River, the smail footprint of floodwalls
make them a viable option in these areas.

LLevees

Levees consist of earthen barriers to flood waters. They are typically constructed with a minimum 12
foot top width, 3:1 waterside slopes, and 2:1 landside slopes and must be designed according to
FEMA and COE guidelines. Levee construction can require a large amount of right-of-way
acquisition and materials and can be costly. Due to the constrained right-of-way of the study
reaches, levee construction was not considered as a preferred alternative.

OPINIONS OF PROBABLE COST ASSUMPTIONS

In order to compare the relative cost impacts required to implement the flood mitigation measures,
opinions of probable costs for each anatyzed flood protection element are included in this report. The
costs presented in this report are preliminary, feasibility or planning level costs. Actual
implementation and construction costs are likely to differ from the costs presented in this report
depending on the final design configuration, construction conditions, seasonal groundwater and
stream fiow variations, environmental factors, and other elements that may influence the cost of the
improvements.

To compile the opinions of probable costs, planning level unit costs were developed for each flood
improvement measure. These costs are listed in Table 7.

Table 7 — Unit Costs

Flood Improvement [tem Unit Unit Cost
Bridge Replacement SF of Deck Area, sf $75.00/ sf
Historic Bridge Replacement SF of Deck Area, sf $120.00 / sf
Levees (0-8 1) LF of Levee{ 0 -8 ft), If $190.00 / if
Floodwalls LF of Floodwalt { 0 — 6 ft), [f $400.00/ I
Channel Improvements CY of Excavation, cy $25.00/cy
{including erosion protection

and slope stabilization)

The SARIP Museum Reach improvement costs are not included in these cost estimates as the
mitigation measures presented in this report pertain to additional measures that would either be
inciuded in the SARIP project or constructed after the project.

A relative comparison of the cost effectiveness of each proposed Flood Mitigation Measure was

determined by comparing the Flooded Improved Property Value to the cost of the recommended
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Flood Mitigation Measure for each area. If the Flood Mitigation Measure cost was greater than the
Flooded Improved Property Value, the mitigation project was not considered as a practical option.

Note that the cost comparison provides a relative measure of the practicality of the specific flood
mitigation measure. To fully evaluate a particular flood mitigation measure, an incremental flood
damage analysis must be performed. In addition, this analysis does not consider additional benefits
that may be included in a flood protection project such as recreation or ecological restoration.

MiTIGATION AREAS

The following sections describe the analysis of each mitigation area for San Pedro Creek and the San
Antonio River {from the confluence with San Pedro Creek to Hildebrand). The figures presented for
each mitigation area show the areas outside the main channel only. These mitigation areas are
shown with blue shading. The actual floodplain extents are not shown. The mitigation areas are not
shown as part of the floodplain for clarity and should not be interpreted as the entire extent of the
draft floodplain limits in that specific area. Additionally, schematic representations of the mitigation
options, such as channel improvements, levees, bridge modifications, etc. are shown on the figures
for each mitigation area.

SAN PEDRO CREEK

A bridge sensitivity analysis was performed on San Pedro Creek to determine the backwater effects
of the bridges on the 100-year water surface elevation. Various combinations of bridge
improvements were modeled and the number of structures removed in each FDAA is summarized in
Table 8. The bridge improvements, both in combinations and singularly, were then included in the
analysis of each specitic FDAA. Other mitigation measures, such as floodwalls or channel
improvements, were also analyzed in terms of their affects for each area. The following sections
describe the mitigation options identified for each FDAA.
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SPC14 — Probandt Street to S. Flores Street

This residential area is located in the southern most portion of the reach along the right bank of San
Pedro Creek (see Figure 1). The average flooding depths in this area range from 0.05' to 2.35". The
floodplain spills out of the banks in 3 distinct areas and impacts 6 structures along E. Franciscan
Street. The flooding depths around the flooded structures range from 0.05' to 0.84". The flooding is
caused by back water from the Probandt Street Bridge. The low chord of the bridge deck is at an
elevation of 600.50" and the 100-year water surface elevation is 602.77". This creates pressure flow
through the bridge.

The options evaluated for this area were bridge improvements, floodwalls, channel modifications, and
buyouts. Improving Probandt Street Bridge will remove all the structures from the floodpiain. A 450
floodwall would be required to remove the 6 structures along E. Franciscan Street from floodplain. A
fioodwall will have negligible effects on the water surface in this portion of the reach. Channel
modifications starting upstream of Probandt Street Bridge and ending downstream of W. Mitchell
Bridge will remove all structures from the floodplain. The approximate 2001 improved property value
of the B structures in this area is approximately $114,980. Table 9 summarizes the flood mitigation
measures considered and the associated costs,

Table 9 — SPC14 Flood Mitigation Measures and Costs

Estimated Damages
Structures Estimated Avoided

Flood Mitigation Measure Removed Project Cost {Improved Value)
Improve Probandt St. Bridge 6 $ 1,121,400 |$ 114,880
450' Floodwall 6 $ 180,000 |$ 114,980
Channel Modifications 6 $ 8,410,125 |3 114,980
Buyout 8 $ 156,370 | § 114,880
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SPC13 - Probandt Street to W. Mitchell Street

This residential area is located in the southern most portion of the reach along the left bank of San
Pedro Creek (see Figure 1). The average flooding depths in this area range from 0.07’ fo 2.54",
There are 6 structures impacted along Flato Street, in the upper portion of the FDAA. The floodplain
is not contained within its banks from Probandt Street to just downstream of W. Mitchell Street. The
flooding depths around the flooded structures range from 0.07" to 2.20". The flooding in this area is
caused by Probandt Street Bridge as discussed above.

The options evaluated for this area were bridge improvements, floodwalls, channel modifications, and
buyouts. improving Probandt Street Bridge wilt remove all the structures from the floodpiain. A 600
floodwall would be required to remove the 6 structures along Flato Street from floodplain. Channel
modifications starting upstream of Probandt Street Bridge and ending downstream of W, Mitchell
Street Bridge would remove all structures from the floodplain. A floodwall will have negligible effects
on the water surface in this portion of the reach. The approximate 2001 improved property vatue of
the 6 structures in this area is approximately $92,830. Table 10 summarizes the flood mitigation
measures considered and the associated costs.

Table 10 — SPC13 Flood Mitigation Measures and Costs

Estimated Damages
Structures Estimated Avoided

Flood Mitigation Measure Removed Project Cost {improved Value)
Probandt St Bridge Improvement 6 $ 1,121,400 | $ 92,830
600" Floodwall 6 $ 240,000 | $ 92,830
Channel Modifications B8 $ 8,410,125 | % 92,830
Buyout 6 $ 134,520 | § 92,830
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SPC12 - E. Baylor and E. Lubbock Street Area

This residential area is located between IH10 and S. Flores Street along the right bank of San Pedro
Creek (see Figure 2). The average flooding depths in this area range from 0.07' to 6.25'. There are
45 flooded structures along E. Baylor and E. Lubbock Streets. The floodplain spreads out and
becomes very wide in this area. The fiooding is primarily caused by the low elevation of the
residential area, though backwater from Probandt Street Bridge and W. Mitchell Street Bridge
contributes to the flooding problems. The low chord of the W. Mitchell Street Bridge deck is at an
elevation of 603’ and the 100-year water surface elevation is 607.03".

The flood mitigation measures evaluated for this area were bridge improvements, fioodwalls, channet
modifications, and buyouts. Table 11 summarizes the flood mitigation measures and costs.

Table 11 - SPC12 Flood Mitigation Measures and Costs

Estimated Damages
Structures Estimated Avoided
Flood Mitigation Measure Removed Project Cost (Improved Value)

Option A:
Improve Probandt St Bridge 18 $ 1,121,400
Buyout 27 $ 636,000

Total 45 $ 1,757,400 |$ 778,500
Option B:
Improve W. Mitchell St Bridge 18 $ 1,125,000
Buyout 27 $ 636,000

Total 45 $ 1,592,100 |$ 778,500
Option C:
improve Probandt St Bridge 59 $ 1,121,400
Improve W. Mitchell St Bridge $ 1,125,000
Buyout 16 $ 376,700

Total 45 $ 2,623,100 3% 778,500
Option D: Channel Modifications 45 $ 6,127,800 |$ 778,500
Option E: 1100' Floodwall 45 $ 440,000 i$ 778,500
Option F: Buyout 45 $ 1,059470 |$ 778,500
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SPC11 - Cass Street Area

This residential area is located upstream of S. Flores Street Bridge along the left bank of San Pedro
Creek (see Figure 3). The average flooding depths in this area range from 0.29’ 1o 2.54". There are
17 flooded structures along Cass Street. The flooding is caused by back water from downstream
bridges. The low chord of the S. Flores Street Bridge deck is at an elevation of 610" and the 100-year
water surface elevation is 613.54’.

The flood mitigation measures evaluated for this area were bridge improvements, floodwalis, channel
modifications, and buyouts. Table 12 summarizes the flood mitigation measures considered and the

project costs.

Table 12 - SPC11 Flood Mitigation Measures and Costs

Estimated Damages
Structures Estimated Avoided
Flood Mitigation Measure Removed Project Cost (Improved Value)

Option A
Improve Probandt St Bridge 4 $ 1,121,400
Improve W. Mitchell St Bridge $ 1,125,000
Buyout 13 $ 295,000

Total 17 $ 2541400 1% 298,400
Option B:
Improve S. Flores St Bridge 7 $ 1,012,500
Buyout 10 $ 227,000

Total 17 $ 1,239,500 (% 298,400
Option C:
Improve Probandt St Bridge $ 1,121,400
Improve W. Mitchell St Bridge 16 $ 1,125,000
Improve S. Flores St Bridge $ 1,012,500
Buyout 1 $ 22,700

Total 17 $ 2246400 |$ 298,400
Option D: Channel Modifications 17 $ 5,210,825 [$ 298,400
Option E: Floodwall 17 $ 330,000 | $ 288,400
Option F: Buyout 17 $ 384,600 |$ 298,400
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SPC10 — Haistead Street Area

This residential area is located between S. Flores Street and Nogalitos Street along the right bank of
San Pedro Creek {see Figure 4). The average flooding depths in this area range from 0.21'to 6.22".
There are 57 flooded structures in this area. Four of the flooded structures are located on the Harris
Middle School campus and the remaining residential structures are located on Glass Street, Alvarez
Place, Cass Street, and Haistead Street. The flooding is caused by the low elevation of the
residential area and backwater from the Probandt Street, W. Mitchell Street, and S. Flores Street
Bridges.

The flood mitigation measures evaluated for this area were bridge improvements, floodwalls, channel
modifications, and buyouts. Table 13 summarizes the flood mitigation measures considered and the

project costs.

Table 13 — SPC10 Flood Mitigation Measures and Costs

Estimated Damages
Structures Estimated Avoided
Flood Mitigation Measure Removed Project Cost {Improved Value)

Option A
Improve Probandt St Bridge $ 1,121,400
Improve W. Mitchell St Bridge 24 $ 1,125,000
improve S. Flores St Bridge $ 1,012,500
Buyout 33 3 508,000

Total 57 $ 3,767,900 |$ 674,500
Option B:
Improve Probandt St Bridge 8 $ 1,121,400
Improve W. Mitchell St Bridge $ 1,125,000
Buyout 49 3 755,000

Total 57 $ 3,001,400 |$ 674,500
Option C:
Improve S. Flores St Bridge 20 $ 1,012,500
Buyout 37 3 570,000

Total 57 $ 1,582,500 |8 674,500
Option D: Channel Modifications 57 $ 5210825 1% 674,500
Option D: 2000’ Floodwall 57 $ B0O,000 {$ 674,500
Option E: Buyout 57 $ 2,019,325|% 1,100,000
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SPC09 - Nogalitos Street and Ralph Avenue Area

This commercial area is located directly upstream of Nogalitos Street Bridge and Ralph Avenue along
the left bank of San Pedro Creek (see Figure 5). The average flcoding depths in this area range from
0.05’ to 0.27°. There are 11 flooded structures in this area. Backwater from downsiream bridges
causes shallow flooding in this area. The low chord of the Nogalitos Street bridge deck is at an
elevation of 617’ and the 100-year water sutface elevation is 619.66°.

The flood mitigation measures evaluated for this area were bridge improvements, floodwalls, channel
modifications, and buyouts. Due to the shallow flooding in this area, improving any of the
downstream bridges individually will remove all 11 structures from the fioodplain. The bridges
downstream of this area are Probandt Street, W. Mitchell Street, S. Flores Street, and Nogalitos
Street. A 640 floodwall would remove all structures from the floodplain. The approximate 2001
improved property value of the 11 structures in this area is approximately $65,700. Table 14
summarizes the flood mitigation measures considered and the asscciated costs.

Table 14 — SPC09 Flood Mitigaltion Measures and Cosls

Estimated Damages
Structures Estimated Avoided
Flood Mitigation Measure Removed Project Cost (improved Valug)

Option A:
Probandt St Bridge Improvement 11 $ 112140013 65,700
Option B:
W. Mitchell St Bridge
improvement 11 $ 1,125,000 % 65,700
Option C:
S. Flores St Bridge Improvement 11 $ 1,012,500|% 65,700
Option D:
Nogalitos Bridge Improvement i1 $ 1,125,000|% 65,700
Option E:
640' Floodwall 11 $ 256,000 | $ 65,700
Option F:
Channel Modifications 11 $ 2565950 1% 65,700
Option G:
Buyout 11 $ 150,100 | % 65,700
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SPC08 ~ IH35 and Furnish Area

This residential area is located at IH35 and Furnish Street along the left bank of San Pedro Creek
{see Figure 5). The average flooding depths in this area range from 0.04’ to 1.99". There are 13
flooded structures in this area. The flooding is caused by the low elevation of the residential area and
backwater from downstream bridges. The low chord of the Furnish Street Bridge is 619.29" and the
100-year water surface elevation is 624.64’. The bridge is under approximatety 3 feet of water during
the 100-year flood event.

The flood mitigation measures evaluated for this area were bridge improvements, floodwalls, channe!
improvements, and buyouts. Table 15 summarizes the flood mitigation measures considered and the
associated costs.

Table 15 — SPC08 Flood Mitigation Measures and Costs

Estimated Damages
Structures Estimated Avoided
Flood Mitigation Measure Removed Project Cost (Improved Value)

QOption A:
Furnish St. Bridge Improvement 5 $ 1,912,500
Buyout 8 structures 8 $ 143,000

Total 13 $ 2055500 |§ 171,000
Option B:
Probandt St. Bridge improvement $ 1,121,400
W. Mitchell St. Bridge Improv. 13 $ 1,125,000
S. Flores St Bridge Improvement $ 1,012,500
Nogalitos Bridge Improvement $ 1,125,000

Total 13 $ 4,383,900 |$ 171,000
Option C: 500' Floodwall 13 $ 200,000 |$ 171,000
Option D: Channel Modifications 13 $ 049,950 | $ 171,000
Option D: Buyout 13 $ 231,000 {$ 171,000
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SPCO07 — S. San Marcos and Furnish Street Area

This commercial area is located at IH35 and S. San Marcos along the right bank of San Pedro Creek
(see Figure 5). The average flooding depths in this area range from 0.87’to 1.52". There are 2
structures impacted in this area. The flooding is caused by backwater from downstream bridges.
The low chord of the Furnish Street Bridge is 619.29' and the 100-year water surface elevation is
624.64’. The bridge is under approximately 3 feet of water during the 100-year flood event.

The flood mitigation measures evaluated for this area were bridge improvements, floodwalls, channel
modifications, and buyouts. Bridge improvements to Probandt Street, W. Mitchell Street, and
Nogalitos Street Bridges removed 1 structure from the floodplain. Improving the Furnish Street
Bridge removed both structures from the floodplain. A 550° floodwall would remove all structures
from the floodplain. Channel modifications in this portion of the reach would remove both structures
from the floodplain. The approximate 2001 improved property value of the 2 structures in this area is
approximately $970,500. Table 16 summarizes the flood mitigation measures considered and costs.

Table 16 - SPCO07 Flood Mitigation Measures and Costs

Estimated Damages
Structures Estimated Avoided

Fiood Mitigation Measure Removed Project Cost (Improved Value)
Furnish Street Bridge Improvement 2 $ 1,912,500 |$ 970,500
550" Floodwall 2 $ 220,000 |$ 970,500
Channel Modifications 2 % 949,950 | § 970,500
Buyout 2 $ 1,537,900 1% 870,500
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SPCO06 — IH35 and W. Cevallos Street Area

This commercial area is located at IH35 and W. Cevallos Street along the right bank of San Pedro
Creek (see Figure 6). The average flooding depths in this area range from 0.17" to 0.44". There are 2
structures flooded in this area due to the elevation the commercial area and backwater from
downstream bridges. The low chord of the W. Cevallos Street Bridge deck is at an elevation of
626.62' and the 100-year water surface elevation is 629.44".

The flood mitigation measures evaluated for this area were bridge improvements, floodwalls, channel
modifications, and buyouts. Improving Probandt Street, W. Mitchell Street, S. Flores Street, Nogalitos
Street and Furnish Street Bridges removes both structures from the floodplain. Another bridge
improvement option is to improve only the W. Cevalios Bridge which will remove both structures from
the floodplain. A 240’ floodwall would remove all structures from the floodplain. Channel
modifications in this portion of the reach would remove all structures from the floodplain. The
approximate 2001 improved property value of the 2 structures in this area Is approximately $86,300.
Table 17 summarizes the flood mitigation measures considered and costs.

Table 17 — SPC06 Flood Mitigation Measures and Costs

Estimated Damages
Structures Estimated Avoided

Flood Mitigation Measure Removed Project Cost {Improved Value)
Option A:
Probandt 5t. Bridge Improvement $ 1,121,400
W. Mitchell St. Bridge Improvement $ 1,125,000
S. Flores St Bridge Improvement 2 $ 1,012,500
Nogalitos Bridge Improvement $ 1,125,000
Furnish St. Bridge Improvement $ 1,912,500

Total 2 $ 6,296,400 | $ 86,300

Option B:
W. Cevalios St Bridge Improvement 2 $ 712,500 |$ 86,300
Option C: 240’ Floodwall 2 $ 96,000 | $ 86,300
Option D: Channel Modifications 2 $ 1,955625]% 86,300
Option E: Buyout 2 $ 305,500 i$ 86,300
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SPCO05 - Railroad to S. Alamo Street
This commercial area is located between railroad tracks and S. Alamo Street along the right bank of
San Pedro Creek (see Figure 8). The average flooding depths in this area range from 0.16' to 2.93',
There are 9 flooded structures in this area. The flooding is caused by the low elevation of the

commercial area and backwater from downstream bridges.

The flood mitigation measures evaluated for this area were bridge improvements, floodwalls, channel
modifications, and buyouts. Table 18 summarizes the flood mitigation measures considered and the

associated costs.

Table 18 — SPCO05 Flood Mitigation Measures and Costs

Estimated Damages

Structures Estimated Avoided
Flood Mitigation Measure Removed | Project Cost {Improved Value)
Option A:
Probandt St Bridge Improvement $ 1,121,400
W. Mitchell St Bridge Improvement $ 1,125,000
S Flores St Bridge Improvement 5 $ 1,012,500
Nogalitos St Bridge Improvement $ 1,125,000
Furnish St Bridge Improvement $ 1,912,500
W Cevallos St Bridge Improvement $ 712,500
Buyout 3 $ 65,100
Total 9 $ 7,074,000 |$ 69,900
Option B: 550' Floodwall 9 $ 220,000 | $ 69,900
Option C: Channel Modifications 9 $ 1,436,925 |$ 69,900
Option D: Buyout 9 $ 195,300 | § 69,900
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SPC04 - S. Alamo Street to El Paso

This commercial area is [ocated between S. Alamo Street and El Paso Street along both the right and
left banks of San Pedro Creek (see Figure 7). The average flooding depths in this area range from
0.04' to 4.29". There are 28 flooded structures in this area. The flooding is caused by the low
elevation of the commercial area, backwater from downstream bridges, size of the existing channel,
and the presence of the long culvert between Camp Street and Guadalupe Street.

The flood mitigation measures evaluated for this area were bridge improvements, floodwall, channel
modifications, and buyouts. At this point in the reach, any benefits from downstream bridge
improvements are no longer noticed in SPC04. Improving bridges within the SPC04 reach does not
provide any significant water surface elevation reduction. Table 19 summarizes the flood mitigation
measures considered and estimated project costs.

Table 19 — SPC04 Flood Mitigation Measures and Cosls

Estimated Damages
Structures Estimated Avoided
Flood Mitigation Measure Removed | Project Cost {Improved Value)
4300 Floodwall 28 $ 1,750,000($% 2,800,000
Channel Modifications 28 $ 5,200,000]$% 2,800,000
Buyout 28 $ 4114600 |8 2,800,000
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SPC03 — Camaron Street, north of W. Salinas

This commercial area along Camaron Street, north of W. Safinas is located along the left bank of San
Pedro Creek (see Figure 8). The average flooding depth in this area is 0.57'. The flooding in this
area occurs on Camaron Street and does not impact any structures. A 230’ floodwall would contain
the flood waters within its banks (see Table 20). The recommended option is to close the street
during heavy rain events.

Table 20 - SPCO03 Flood Mitigation Measures and Cosls
Fiood Mitigation Options Estimated Project Cost
230" Floodwall 3 92,000

SPCO02 — Camaron Street, at Kingsbury (SPC Tunnel Inlet)

This commercial area along Camaron Street at Kingsbury is located at the SPC Tunnel Inlet along the
left bank of San Pedro Creek (see Figure 8). The average fiooding depth in this area is0.29'. The
flooding in this area occurs on Gamaron Street and does not impact any structures. A 500 floodwall
would contain the flood waters within the banks (see Table 21). The recommended option is to close
the street during heavy rain events.

Table 21 — SPC02 Flood Mitigation Measures and Cosis
Flood Mitigation Options Estimated Project Cost
Floodwall $ 200,000
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SPCO1 - IH10 to West Laurel |

SPCO1 consists of a large, primarily commercial area located at the headwaters of San Pedro Creek
batween [H10 and West Laurel along the right and left banks of San Pedro Creek (see Figure 9).
Approximately 7 of the 32 flooded structures are residential structures along Camaron Street near
IH10. The average flooding depths in this area range from 0.04' to 2.42". The flooding that occurs in
this area is caused by a combination of backwater from the Cypress Street and Fredericksburg Road
Bridges and the undersized improved channel upstream and downstream of Fredericksburg Road.

At this point in the reach, the benefits of any downstream bridge or channel improvements have
dissipated and do not reduce the water surface elevation in this area. The flood mitigation measures
evaluated for this area were floodwalls, channel modifications, and buyouts. Table 22 summarizes
the flood mitigation measures considered and project costs.

Table 22 - SPCO01 Flood Mitigation Measured and Costs

Estimated Damages
Structures| Estimated Avoided
Flood Mitigation Measure Removed | Project Cost {Improved Value)
Option A: 2660' Floodwall 32 $ 1,700,000 % 1,499,500
Option B: Channel Modifications 32 $ 307,600 |$ 1,499,500
Option C: Buyout 32 $ 2287700 (% 1,499,500

The draft floodplain mapping in this area may be revised. The flood mitigation measures for SPCO1
should be re-evaluated if the floodplain extents decrease.
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SAN ANTONIC RIVER

The analysis for each of the San Antonio River mitigation areas was conducted in the same manner
as the San Pedro Creek segment. The Eagleland Project encompasses the river segment from
Guenther to Lone Star Street. This project includes restoration of the river channel and will affect the
flood behavior. The elements of the Eagleland Project are not included in this analysis. The
elements of the Museum and Park Segments of the Museum Reach - San Antonio River
Improvements Project are included in this analysis. The following sections discuss the specific flood
mitigation opportunities along the study reach of the San Antonio River.

SAR24 - E. Mitchell Street to IH10

This commercial area is located between E. Mitchel! Street and 1410 along the left bank of the San
Antonio River (see Figure 10). The average flooding depth in this area is 1.26'. The flooding in this
area is caused by the low elevation of this portion of the parking lot and the backwater from Mitchell
Street Bridge. There are no structures in this flooded area.

The fiood mitigation measures evaluated for this area were bridge improvements and a floodwall.
improving the Mitchell Street Bridge wili reduce the flooding depth to 0.68". A 500’ floodwall would
remove the parcel from the floodplain. Improvements to the fower reach of the San Antonio River
may also reduce the water surface elevation in this area. Table 23 summarizes the flood mitigation
measures considered and estimated project costs.

Table 23 — SAR24 Flood Mitigation Measures and Costs

Estimated Damages
Structures| Estimated Avoided
Flood Mitigation Measure Removed | Project Cost (Improved Value)
Mitchell Street Bridge Improvement - $ 716,250 1% -
500" Floodwall - $ 200,000($ -

The SARIP Mission Reach project may also contain some mitigation elements that will affect this
area. At the time this report was written, the scope and impacts of the Mission Reach improvements
were not available to the evaluation team. The impacts of any Mission Reach improvements, and
associated costs, shouid be included in any refinements to this analysis.

SAR23 — W. Mitchell Street to [H10

This commercial area is located between E. Mitchell Street and IH10 along the right bank of the San
Antonio River (see Figure 10). The average flooding depths in this area range from 0.10" to 3.671°.
The floodplain is very wide and floods 14 structures in this area. The flooding is caused mainly by the
low elevation of the commerciai area.

The flood mitigation measures evaluated for this area were bridge improvements and a floodwall.
Improving the Mitchell Street Bridge did not remove any structures from the floodplain. A 570°
floodwall will remove all structures from the floodplain. The approximate 2001 improved property
value of the 14 structures in this area is approximately $177,700. Improvements to the lower reach of
the San Antonio River may also reduce the water surface in this area. Table 24 summarizes the flood
mitigation measures considered and the associated costs.
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Table 24 - SAR23 Flood Mitigation Measures and Costs

Estimated Damages
Structures,  Estimated Avoided
Flood Mitigation Measure Removed | Project Cost (improved Value)
Mitchell Street Bridge Improvement 14 $ 716,2501% 177,700
570" Floodwall 14 $ 228,000 | $ 177,700
Buyout 14 $ 251,100 § 177,700

The SARIP Mission Reach project may also contain some mitigation elements that will affect this
area. At the time this report was written, the scope and impacts of the Mission Reach improvements
were not available to the evaluation team. The impacts of any Mission Reach improvements, and
associated costs, should be included in any refinements to this analysis.
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SAR22 - Railroad Upstream of Steves Avenue

This commercial area is located upstream of the railroad tracks near Steves Avenue along the right
bank of the San Antonio River {see Figure 11). The average flooding depths in this area range from
235 to 4.10". The flooded area is a portion of a parking lot and one structure is impacted.

Comparison of the HEC-RAS top width and the width of the floodplain at mode! section 210113
shows a discrepancy of approximately 10 feet. This should be verified by comparing the flood base
elevations to detailed survey information. This parking lot area may be out of the actual floodplain.

If the floodplain mapping in this area is assumed to be correct, a floodwall was explored as a possible
mitigation option for this area. A 200’ floodwall will remove the structure from the floodplain. Table
25 summarizes the options considered and the assoclated costs. However, because the flooded
area appears to be a parking ot with one storage building, no flood mitigation may also be a practical
alternative.

Table 25 - SAR22 Flood Mitigation Measures and Costs

Estimated Damages
Structures| Estimated Avoided
Flood Mitigation Measure Removed | Project Cost (Improved Valuge)
200' Floodwall 1 $ 80,000 | $ 20,800

SAR21 - Roosevelt Park (SAR Tunnel Outlet)

This recreational and commercial area is located at Roosevelt Avenue and Mission Road along the
left bank of the San Antonio River (see Figure 11). The San Antonio River Outlet is located upstream
of Lonestar Boulevard. The average flooding depths in this area range from 0.21-8.86'. There are 13
impacted structures in this area. The flooding in this area is caused by the low elevations of the
terrain.

There is evidence of an existing berm along the left bank of the San Antonio River in the Roosevelt
Park Area. Currently, the berm does not contain the floodplain. The height of the berm was
increased and modeled. This resulted in increased water surface elevations on the right bank and
upstream. Channe! modifications within this reach had a minimal affect on reducing the water surface
elevation. The approximate 2001 improved property value of the 13 structures in this area is
$661,000.

Several contour lines in the supplied design file had fractional elevation attributes, such as 623.57.
Discrepancies were also found between the HEC-RAS model output and the floodplain mapping. For
example, at cross-section 212124, the 100-year water surface elevation in 618.61", yet the flocdplain
is mapped across a 623.57" contour and does not extend to the 618’ contour across Roosevelt Ave.
Also in the ACAD contour file, there is one contour that is at an elevation of 485’, which appears to be
an error. At cross-section 211028, the bottom of channel cross-section appears to be 22 feet too high
in the topographic file.

There appears to be an inconsistency between the floodplain mapping extents and the ground
surface elevations. Survey information for this area should be reviewed against the proposed
floodplain mapping.
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SAR20 — Constance Street Area

This small flooded area is located in a residential area along the left bank of the San Antonio River
near Constance Street {(see Figure 12). The fioodwaters appear to encroach onto the property and
according the contours and cross-section 215261, the structure is at least 4 feet above the water
surface elevation. No flood mitigation measures are recommended for this area.

SAR19 - S. Alamo Street and Blue Star (Left Bank)

This area is located in a commercial and residentiat area along the left bank of the San Antonio River
downstream of S. Alamo Street Bridge (see Figure 13). The average fiooding depths in this area
range from 2.81" to 4.82". One structure is impacted in this area. The flooding is caused by the low
elevation of the area.

The flood mitigation measure that was considered for this area was a floodwall. A 400’ floodwall
would remove the structure from the floodplain. Tabie 26 summarizes the flood mitigation measure
considered and the estimated project cost.

Table 26 - SAR19 Flood Mitigation Measures and Costs

Estimated Damages
Structures!  Estimated Avoided
Flood Mitigation Measure Removed | Project Cost {Improved Value)
400' Fioodwall 1 $ 160,000 | $ 200,000

SAR19 also falls within the project limits of the current Eagleland project. The above mitigation
element does not consider the effects that the Fagleland project may have in this segment of the
river. The Eagleland project may already provide flood benefits that wili reduce flooding in this area
and, if s0, would eliminate the need for any further improvements to provide flood protection.

SAR18 — S. Alamo Street and Blue Star (Right Bank)

This area is the Blue Star Art Complex parking lot located in a commercial area along the right bank
of the San Antonio River downstream of S. Alamo Street Bridge (see Figure 13). According to the
contours and cross-sections in the area, the parking lot is approximately 7 feet above the water
surface elevation. Like SAR19, SAR18 falls within the limits of the Eagleland Project. This project
may include features that will alleviate the flooding in this area. No flood mitigation measures are
recommended for this area at this time.

It appears that the floodplain is not mapped correctly in this area. Survey information for this area
should be reviewed against the proposed floodplain mapping.
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SAR17 - S. Alamo Stireet Bridge

This area is located in a residential area directly upstream of S. Alamo Street Bridge along the left
bank of the San Antonio River (see Figure 13). According to the coniours and cross-sections in the
area, the lot is approximately 7 feet above the water surface elevation.

There appears to be an inconsistency between the floodplain mapping extents and the ground
surface elevations. No flood mitigation measures are recommended for this area at this time. Survey
information for this area should be reviewed against the proposed floodplain mapping.

SAR16 — W. Johnson Street Bridge

This area is located in a residential area upstream of E. Johnson Street Bridge along the left bank of
the San Antonio River {see Figure 13). According to the contours and cross-sections in the area, the
fot is approximately 7 feet above the water surface elevation. No flood mitigation measures are
recommended for this area at this time.

There appears to be an inconsistency between the floodplain mapping extents and the ground
surface elevations. Survey information for this area should be reviewed against the proposed
floodplain mapping.

SAR15 - E. Commerce Street to E. Houston Street

This commercial area is located between E. Commerce Street to E. Houston Street afong the right
bank of the San Antonio River {(see Figure 14). The mapped floodplain indicates impacted structures
in this area. According to the contours and cross-sections in the area, it does not appear that
property flooding is occurring in this area. No flood mitigation measures are recommended for this
area at this time.

There appears to be an inconsistency between the floodplain mapping extents and the ground
surface elevations. Survey information for this area should be reviewed against the proposed
fioodplain mapping.

SAR14 - E. Houston Street to E. Travis Street

This commercial area is located between E. Houston Street and E. Travis Street along the left bank of
the San Antonio River (see Figure 14). The mapped floodplain indicates impacted structures in this
area. However, a comparison of the HEC-RAS top width values of the cross sections in the area to
the mapped floodplain width indicates a significant discrepancy in this area. No flood mitigation
measures are recommended for this area at this time.

There appears to be an inconsistency between the floodplain mapping extents and the ground
surface elevations. Survey information for this area should be reviewed against the proposed
floodplain mapping.
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SAR13 - E. Martin Street to Augusta

This commercial area is located between E. Martin Street and Augusta along the right bank of the
San Antonio River (see Figure 15). The mapped floodplain indicates impacted structures in upstream
of Convent. However, a comparison of the HEC-RAS top width values of the cross sections in the
area to the mapped floodplain width indicates a significant discrepancy in this area. No flood
mitigation measures are recommended for this area at this time.

There appears to be an Inconsistency between the floodplain mapping extents and the ground
surface elevations. Survey information for this area should be reviewed against the proposed
floodpiain mapping.

SAR12 - Navarro Street to N. St. Mary's

This commercial area is located between Navarro and N. St. Mary’s along the right bank of the San
Antonio River {see Figure 15). The mapped floodplain indicates impacted structures between
Navarro and N. St. Mary’s Street. However, a comparison of the HEC-RAS top width valiues of the
cross sections in the area to the mapped floodplain width indicates a significant discrepancy in this
area. No flood mitigation measures are recommended for this area at this time.

There appears to be an inconsistency between the floodplain mapping extents and the ground
surface elevations. Survey information for this area should be reviewed against the proposed
floodplain mapping.

SAR11 — Navarro Street to Convent

This commercial area is located between Navarro and Convent along the left bank of the San Antonio
River (see Figure 15). The mapped floodplain indicates impacted structures between Navarro and
Convent. However, a comparison of the HEC-RAS top width values of the cross sections in the area
to the mapped floodplain width indicates a significant discrepancy in this area. No flood mitigation
measures are recommended for this area at this time.

There appears to be an inconsistency between the floodplain mapping extents and the ground
surface elevations. Survey information for this area should be reviewed against the proposed
floodplain mapping.
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SAR10 — Richmond Avenue to Lexington Street

This commercial area is located between Richmond Avenue and Lexington Street along the left bank
of the San Antonio River {(see Figure 16). The floodplain comes out the defined channel hanks and
covers the downstream abutment of Lexington Avenue. There are no structures impacted in this
area. A comparison of the HEC-RAS top width values of the cross sections in the afea to the
mapped floodplain width indicates a significant discrepancy in this area. No flood mitigation
measures are recommended for this area at this time.

There appears to be an inconsistency between the floodplain mapping extents and the ground
surface slevations. Survey information for this area should be reviewed against the proposed
floodplain mapping.

SAR09 - 9" Street to W. Jones Avenue

This commercial area is located between 9" Street at Arden Grove and W. Jones Avenue along the
right bank of the San Antonio River (see Figure 17). The average flooding depths in this area range
from 0.10’ to 5.58' (prior to construction of the SARIP). There are 19 structures impacted in this area.
This is a low lying area and the floodplain is very wide in this area.

The SARIP will remove all structures from the floodplain. Based on the SARIP model 100-year water
surface elevations, the floodplain will encroach on an undeveloped portion of a parcel at cross-section
229194, Currently, there are no structures on this part of the parcel. Adjustments to the SARIP could
be made during the design phase of that project to address this area. The approximate 2001
improved property value of the 19 structures in this area is approximately $1,575,960.

Table 27 — SAR09 Flood Mitigation Measures and Costs

Estimated Damages
Structures| Estimated Avoided
Flood Mitigation Measure Removed | Project Cost {Improved Valug)
300" Floodwall 1 $ 120,000 $ 1,575,960

The costs for the SARIP project are not included in the above costs.
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SAR08 — W. Jones Avenue to IH35

This commercial area is located between W. Jones Avenue to IH35 along the right bank of the San
Antonio River (see Figure 18). The average flooding depth in this area is 0.97’. There is cne
impacted structure in this area located on the San Antonio Museum of Art property. The SARIP will
remove this structure from the floodplain. The approximate 2001 improved property value of the
structure is approximately $300,000.

SARO7 — 9" Street to IH35

This commercial area is located between 9™ Street and IH35 along the left side of the San Antonio
River (see Figure 18). The average flooding depth in this area is 0.01’-3.11". There are 29 impacted
structures in this area. The low elevation and minimal topographic relief of the area make it
susceptible to flooding. The SARIP will remove 28 struciures. Adjustments could be made during the
design phase of the SARIP to include construction of a low flood barrier to protect the structure at
cross-section 229194, The approximate 2001 improved property value of the structure is
approximately $600,200.

Table 28 - SARO7 Flood Mitigation Measures and Costs

Estimated Damages
Structures| Estimated Avoided
Flood Mitigation Measure Removed | Project Cost {Improved Vaiue)
200' Floodwall 1 3 80,000 |[$ 61,000

SARO6 — Newell Street to E. Grayson Street

This commercial area is located between Newell Street and E. Grayson Street on the left and right
banks of the San Antonio River (see Figure 19). There are 9 impacted structures in this area. The
average flooding depths range from 0.03’-4.21’. The SARIP will remove all structures from the
fioodplain. The approximate 2001 improved property value of the structures is approximately
$1,062,900.
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SAR05 - Josephine Street to US 281 (SAR Tunnel Inlet)

This commercial area is located between Josephine Street and US 281 on the left and right banks of
the San Antonio River (see Figure 20). The San Antonio River Tunnel Inlet, a storage/warehouse
building, and the DPT Laboratory complex are located in this area. During the 100-year flood event,
water surface elevations in the vicinity of the tunnef inlet structure are calculated to be approximately
an elevation of 661°. The observed flood elevations during the 1998 event treached an elevation of
660.29’ at the booster pump station and 660.35" at Borden Milk. Existing ground elevations range
from approximately 660" near the northern portion of the DPT Labs complex to 657" near the northemn
right-of-way limits for Josephine Street. The flooding depths range from 0.40" to 3.45" depending on
the elevation of the site and other structures located in the area.

The flooding mechanism for this area appears to result from two effects: the tunnel backwater
elevation during the 100-year flood and surface flows from Broadway that travet under Hwy. 281 and
are intercepted by Josephine Street. The intercepted fiows then travel down Josephine Street before
rejoining the San Antonio River channel downstream of the tunnel inlet. A drainage channel is also
present between Hwy. 281 and the structures on the left and right bank. Backwater flows from the
tunnel inlet may also be able to contribute to the flooding by traveling up this channel and into the
commercial sites.

To protect the left bank structures in this area (DPT Labs and the Tunnel inlet) the backwater flood
flows must be constrained to the channel so that they do not inundate the site. This would require the
modification of some of the tunnel inlet site grading and the installation of a low fioodwall between
certain elements of the inlet structure, park area, and the Hwy. 281 abutments on the left bank. The
tunnel inlet facifities themselves are above the expected flood elevations while the parking lot and
park area adjacent to them are at approximately an elevation of 660°. The parking lot elevations
could be raised or a low floodwall (3’ to 4’} could be constructed running from the parking lot, north
along the property line tying into the outer wall of the existing boat ramp. The existing boat ramp
walls may have to be modified to provide sufficient freeboard. A floodwall and drainage return
structure would then be constructed between the northern boat ramp wall and the Hwy. 281
abutments to prevent flood waters from entering the existing channel and the DPT site. The drainage
return structure would have to include flap gates and provisions for positive closure should the flap
gates matffunction.

Additionally, the structures on the left bank must also be isolated from the flood flows being captured
by Josephine Street. The DPT driveway elevations along Josephine Street are at approximately an
slevation of 657’ with the site sloping up and northward to approximately an elevation of 660". This
area presents some of the deepest flood depths for the area and presents a challenge to providing
flood protection as vehicular access must be maintained. In order to protect the DPT Labs area, a
moderate height floodwall (approximately 5 feet) would have to be constructed from the Hwy. 281
overpass abutments at Josephine Street and fotlow the north side of Josephine to the tunne! inlet to
tie into higher ground at the tunnel inlet facility. The floodwall would have to incorporate flood gates
at the driveway entrances that would normally remain open but could be closed during a flood.

The flooding on the right bank of SARO5 affects the traffic triangle and roadway at River Road and the
southeast portion of the warehouse facility. A floodwall in this area tied to the loading dock or facility
parking lot would isolate the lower elevation portions of these structures from the flood waters.
Consideration would have to be given vehicular or pedestrian access to the building at this location.

If access is required, flood gates or doorways would have to be included in the floodwall design to
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allow access during non-flood conditions. Table 29 summarizes the flood mitigation measures
considered and estimated project costs.

Table 29 — SAR05 Flood Mitigation Measures and Costs

Structures| Estimated Estimated Damages Avoided
Flood Mitigation Measure Removed| Project Cost {Improved Value)
2100’ Floodwall {Left Bank) 2 $ 840,000
Return Structures - $ 200,000
Driveway/Entryway Flood Gates - $ 500,000
Total 9 $ 1,540,000 |$ 3,174,700
The above costs include the right bank and left bank mitigation costs.
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SARO04 - River Road Area (South)

This residential area is located at E. Craig Place and River Road along the right bank of the San
Antonio River (see Figure 21). The average flooding depths in this area range from 0.01" to 0.07".
Two structures are impacted in this area. The flooding in this area is due to the low elevation of the
subdivision.

The flooding mitigation measures evaluated for this area were a floodwall and buyouts. A 350’
floodwall would remove all structures from the floodplain. The approximate 2001 improved property
value of the 2 structures in this area is approximately $51,900. Table 30 summarizes the flood
mitigation measures considered and the associated costs.

Table 30 - SAR04 Flood Mitigation Measures and Costs

Estimated Damages
Structures| Estimated Avoided
Flood Mitigation Measure Removed | Project Cost (Improved Value)
350" Floodwall 2 $ 140,000 [ $ 51,900
Buyout 2 5 62,400 | $ 51,900

SARO3 - River Road Area (North)

This residential area is located between Armour Street and Anastacia along River Road along the
right bank of the San Antonio River (see Figure 21). The average flooding depths in this area range
from 0.10’ to 5.28'. There area 26 impacted structures in this area. The flooding in this area is due to
the low elevation of the subdivision.

The flooding mitigation measures evaluated for this area were a floodwall and buyouts. A 1200°
floodwall would remove all parcels and structures from the floodplain. The approximate 2001
improved property value of the 26 structures in this area is approximately $1,300,000. Table 31
summarizes the flood mitigation measures evaluated for this area and estimated project costs.

Table 31 — SAR03 Flood Mitigation Measures and Costs

Estimated Damages
Structures;  Estimated Avoided
Flood Mitigation Measure Removed | Project Cost {(Improved Value)
1200' Floodwall 26 5 480,000 | $ 1,300,000
Buyout 26 $ 1,527,300 |$ 1,300,000
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SAR02 - Zoo Area

This recreational area is located near N. St. Mary’s and Tuleta along the left and right banks of the
San Antonio River (see Figure 21). The average flooding depth in this area is 0.36". There are 23
structures impacted in this area.

A sensitivity analysis was performed to defermine the cause of flooding in this area. The inline
structures and bridges are not contributing a significant amount backwater that would cause Zoo
flooding. Diverting 1500 cfs from the Zoo reach of the San Antonio River to the Catalpa-Pershing
Ditch would remove all the structures from the floodplain. Due to the nature of the recreaticnal area,
a floodwall was not considered a feasible option in this area. Channel modification throughout the
Zoo reach will remove all structures from the fioodplain. Table 32 summarizes the viable flood
mitigation measures for this area and estimated project costs.

Table 32 - SAR02 Flood Mitigation Measures and Costs

Estimated Damages
Structures| Estimated Avoided
Flood Mitigation Measure Removed | Project Cost {Improved Value)
Channel Modifications 33 $ 1,700,000 unknown
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SAR01 — Broadway to Hildebrand Avenue

This commercial and recreational area is located along the left bank of the San Antonio River (see
Figure 23). The average flooding depths in this area range from 0.47°-3.81°. There are 14 structures
impacted in this area.

The flooding mitigation options evaluated for this area were a floodwall, flow diversion, channel
modification, and buyouts. A 2200’ floodwall along the left bank increases water surface elevations in
the Zoo Area and upstream of Hildebrand Avenue. Diverting 1500 cfs from the San Antonic River to
the Catalpa-Pershing Ditch does not remove any structures from the floodplain. Significant channel
modifications frormn Hildebrand Avenue to Mulberry did lower the water surface elevation but did not
remove all of the structures from the floodplain. A 2000 floodwalf would still be required in addition to
the ehannel modifications. Table 33 summarizes the flood mitigation measures considered and the
gstimated project costs.

Table 33 - SAR01 Flood Mitigation Measures and Costs

Estimated Damages
Structures| Estimated Avoided
Flood Mitigation Measure Removed | Project Cost {Improved Value)
Channel Modifications 9 $ 6,403,300 -
2000’ Floodwall 5 $ 800,000 -
Total 14 $ 7,203,300 % 14,000,000

The U.S. Corps of Engineers is currently completing a GRR that studies the flood benefits for the San
Antonio River and the Catalpa-Pershing channel in this area. The results from this analysis were not
available at the time this report was compiled and are not inciuded in this analysis. The USCOE
includes a detailed, incremental flood damage analysis that should be considered when evaluating
mitigation options for this area.
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CATALPA-PERSHING DITCH

Portions of CPD03 and CPD02 are located outside the area where sufficient spatial data for ground
elevation and water surface elevation was available. During the spatial analysis to determine the
average water surface and ground elevations in these areas, reasonable values for these areas could
not be developed. The estimated flooding depths noted in these areas are based on the values
calculated in areas where sufficient topographical and water surface information was available. The
U.S. Corps of Engineers is currently completing a GRR that studies the flood benefits for the San
Antonio River and the Catalpa-Pershing channel in this area. The results from this analysis were not
available at the time this report was compiled and are not included in this analysis. The USCOE
includes a detailed, incremental flood damage analysis that should be considered when evaluating
mitigation options for this area.

CPD03 — Golf Course

This recreational area is located along the right bank of the Catalpa-Pershing Ditch (see Figure 24).
The average flooding in this area is 4.11". There are 2 impacted structures that belong to the golf
course. The flooding in this area is primarily associated with the backwater effects of the San Antonio
River Tunnet during the 100-year event. The affects of interior, or local, drainage on this area are
most likely negligible. Additionally, the draft floodplain mapping for this area may be revised and
refined. Improvements to Mill Race Bridge will not remove these structures from the floodplain.
Therefore, no mitigation measures are recommended for this area at this time.

CPDO02 — Mill Race Bridge to Lions Park

This area is a primarily commercial and recreational area located along the left bank of the Catalpa-
Pershing Ditch (see Figure 24). There are 33 commercial structures and 1 residential structure
impacted in this area. The flooding depths in this area range from 0.13'- 1.51". The flooding is
primarily caused by backwater from Mill Race Bridge. Some of the flooding may also be attributed to
interior drainage contributed from Broadway. However, for the scope of this analysis, Milt Race
Bridge is assumed to be the primary cause for flooding in this area. The flood mitigation measures
evaluated for this area were bridge improvements and buyouts. Improving Mill Race Bridge will
remove all structures from the floodplain. The approximate 2001 improved property value of the 33
structures in this area is approximately $1,705,900.

The water surface elevation upstream of Mill Race Bridge is 664.05". The contours on Broadway in
this area are at an elevation of 662’ yet the floodplain does not extend onto Broadway, south of Mill
Race Bridge. There appears to be an inconsistency between the floodplain mapping extents and the
ground surface elevations. Survey information for this area should be reviewed against the proposed
floodplain mapping.Table 34 summarizes the flood mitigation measures considered and the estimated
project costs.

Table 34 - CPD02 Flood Mitigation Measures and Costs

Estimated Damages
Structures| Estimated Avoided
Flood Mitigation Measure Removed | Project Cost (Improved Value)
Mill Race Bridge Improvement 33 $ 700,0001% 1,705,200
Buyout 33 $ 3,676,900(%$ 1,705,900
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CPDO01 - E. Mulberry Avenue and Broadway Area

This commercial and residential area is located along the left bank of the Catalpa-Pershing Ditch (see
Figure 25). There are 52 impacted structures in this area. The average flooding depth in this area is
2.83". The flooding in this area is caused by backwater from Mulberry Bridge. Some of the flooding
may aiso be attributed to interior drainage contributed from Broadway and other upstream watershed
areas. However, for the scope of this analysis, Mulberry Bridge is assumed to be the primary cause
for flooding in this area and this is reflected in the draft floodplain mapping used for this report.

The flood mitigation measures evaluated for this area were bridge improvements and buyouts.
Improving Mulberry Bridge will remove all structures from the floodplain. The approximate 2001
improved property value of the 52 structures in this area is approximately $2,911,210. Tahle 35
summarizes the flood mitigation measures considered and the associated costs.

Table 35 - CPD01 Flood Mitigation Measures and Cosis

Estimated Damages
Structures;  Estimated Avoided
Flood Mitigation Measure Removed | Project Cost {Improved Value)

Mulberry Bridge Improvement 52 $ 1,000,000 | $ 2,911,210

Buyout Structures in the Floodplain 52 $ 5,486,300 |8 2,911,210
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SUMMARY

The analysis of the flood mitigation options for each area shows that some areas are good candidates
for cost efficient flood mitigation projects while mitigation projects in other areas do not provide
enough protection to justify the costs for the project, including buyouts. The most cost effective
mitigation measures in the San Pedro Creek reach were generally flood walls or buy out programs.

The San Antonio River Improvement Project (SARIP) — Mission Reach will provide some fiood
protection measures from the confluence with San Pedro Creek upstream to Lonestar. Several flood
mitigation areas were analyzed within this segment of the river. However, none of the mitigation
alternatives had a cost lower than the avoided damages. Some discrepancies in the floodplain
mapping or topographic information supplied for the study were noted in these areas.

The Eagleland project may also include project elements that provide flood protection up to S. Alamo
Street. Very few flood mitigation areas were found in this segment. The draft flocdplain mapping
does show some candidate flood mitigation areas on the left and right bank of the Bluestar area.
However, some discrepancies were noted in the floodplain mapping when compared to the
topographic and HEC-RAS data. When considering these discrepancies, these areas may not
require flood mitigation.

Very few flooding problems where catalogued on the San Antonio River from S. Alamo to Lexington
Avenue. The existing flood control improvements appear to fimit the floodplain extents in this area.
For areas where the draft floodplain mapping does show impacts to existing structures, in this area,
discrepancies were noted between the floodplain extents, the supplied topographic information, and
the HEC-RAS model data. The floodplains in these areas may be revised after more thorough
comparison of the base flood elevations and detailed survey data can be accomplished.

The San Antonio River Improvement Project — Museum Reach, Urban Segment, when implemented,
will alleviate the majority of flooding problems from Lexington Street to Josephine Street. However, in
the SARO7 and SAROS areas, the Museum Reach project final design may need to be adjusted or
additional minor measures will need to be added to protect some structures now included in the draft
floodplain delineation.

The existing structures between Josephine Street and Hwy. 281 will require a significant project to
alleviate the shallow flooding in this area, SARO5. Floodwalls, backwater intrusion protection {return)
structures, and entrance flood gates will have to be constructed to protect this area. However, the
preliminary cost comparisons between the avoided damages and the project costs shows that this
may be a cost effective project or series of projects.

The SARIP Park Segment includes the San Antonio River from Hwy. 281 upstream to Hildebrand and
the Catalpa-Pershing channel. This area presents a significant challenge when considering flood
protection projects. This analysis indicates that there may be a cost effective option to protect a
portion of the River Road neighborhood (SARO3) in the form of a floodwall. The remaining two
mitigation areas, SAR02 and SAR01, will be expensive to protect and the avoided damages are
difficult to quantify. The USCOE GRR for this area compiled and detailed analysis of these areas.
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Finally, the modification of the Mill Race and Muiberry bridges on the Catalpa-Pershing channel will
alleviate some significant flood problems along Broadway Avenue. The preliminary analysis of these
options indicates that the costs to modify the bridges will be less than the avoided damages, making
this a cost effective option. The preliminary design for the SARIP Museum Reach — Park Segment

incorporates these modifications.
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APPENDIX A
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HEC-RAS results comparing the effects of removing individual bridges on San
Pedro Creek



River Sta Plan W.S. Elev Diff Vel Chnl
15074 4 Box MBC from Durango to Arsenal

14362 100 year 636.82 2.07
14362 Del Guadalupe 636.75 -0.07 2.09
14362 Del Camp 636.80 -0.02 2.07
14362 Del Alamo £36.81 -0.01 2.07
14362 Del Cevallos 636.81 -0.01 2.07
14362 Del Furnish 636.81 -0.1 2.07
14362 Del Nogalitos 636.82 0.00 2.07
14362 Del Flores 636.82 0.00 2.07
14362 Del Mitchell 636.82 0.00 2.07
14362 Del Probandt 636.82 0.00 2.07
14200 100 year 636.84 1.42
14200 Del Guadalupe 636.77 -0.07 1.43
14200 Del Camp 636.81 -0.03 1.42
14200 Del Alamo 636.82 -0.02 1.42
14200 Del Cevallos 636.82 -0.02 1.42
14200 Del Furnish 636.82 -0.02 1.42
14200 Del Nogalitos 636.83 -0.01 1.42
14200 Del Flores 636.83 -0.01 1.42
14200 Del Mitchell 636.84 0.00 1.42
14200 Del Probandt 6536.84 0.00 1.42
14106 100 year 636.51 4.61
14106 Del Guadalupe 636.43 -0.08 4.65
14106 Del Camp 636.48 -0.03 462
14106 Del Alamo 636.49 -0.02 4.62
14106 Del Cevalios 636.49 -0.02 4,62
14106 Del Furnish 636.49 -0.02 462
14106 Del Nogalitos 636.50 -0.01 4.61
14106 Del Flores 636.51 0.00 4.61
14106 Del Mitche'l 636.51 0.00 4.61
14106 Del Probandt 636.51 0.00 4.61
14052 100 year 635.99 7.25
14052 Del Guadalupe 635.88 -0.11 7.39
14052 Del Camp 635.96 -0.03 7.29
14052 Del Alamo 635.97 -0.02 7.28
14052 De! Cevallos 635.97 -0.02 7.27
14052 Del Furnish 635.97 -0.02 7.28
14052 Del Nogalitos 635.99 0.00 7.26
14052 Del Flores 635.99 0.00 7.25
14052 Del Mitchell 635.99 0.00 7.25
14052 Del Probandt 635.99 0.00 7.25

14013 Guadalupe Street



River Sta Plan W.S. Elev Diff Vel Chni

13973 100 year 634.59 10.79
13973 Del Camp 634,52 -0.07 10.87
13973 Del Alamo 634.52 -0.07 10.87
13973 Del Cevallos 634.54 -0.05 10.85
13973 Del Fumish 634.53 -0.06 10.85
13973 Del Nogalitos 634,57 -0.02 10.81
13973 Del Flores 634.58 -0.01 10.80
13873 Del Mitchell 634.58 -0.01 10.79
13973 Del Probandt 634.58 -0.01 10.79
13915 100 year 635.21 5.62
13915 Del Camp 635.15 -0.06 5.68
13915 Del Alamo 635.16 -0.05 5.67
13915 Del Cevallos 635.17 -0.04 5.66
13915 Del Furnish 635.17 -0.04 5.67
13915 Del Nogalitos 635.20 -0.01 5.64
13915 Del Flores 635.20 -0.01 5.83
13915 Del Mitchell 635.21 0.00 5.82
13915 Del Probandt 635.21 0.00 5.62
13700 100 year 634.97 6.41
13700 Del Camp 634.90 -0.07 6.50
13700 Del Alamo 634.90 -0.07 6.49
13700 Del Cevallos 634.92 -0.05 6.47
13700 Del Furnish 634.91 -0.06 6.48
13700 Del Nogalitos 634.95 -0.02 6.43
13700 Del Flores 634.96 -0.01 6.42
13700 Del Mitchell 634.97 0.00 6.41
13700 Del Probandt 634.97 0.00 6.41
13525 100 year 635.03 5.32
13525 Del Camp 634.97 -0.06 5.39
13525 Del Alamo 634.97 -0.06 5.38
13525 Del Cevallos 634.99 -0.04 B.37
13525 Del Furnish 634.98 -0.05 5.37
13525 Del Nogalitos 635.01 -0.02 5.34
13525 Del Fiores 635.02 -0.01 5.33
13525 Del Mitchell 635.03 0.00 532
13525 Del Probandt 635.03 0.00 5.32
13400 100 year 634.57 7.41
13400 Del Camp 634.49 -0.08 7.49
13400 Del Alamo 634.50 -0.07 7.48
13400 Del Cevallos 634.52 -0.05 7.46
13400 Del Furnish 634.51 -0.06 7.47
13400 Del Nogalitos 634.55 -0.02 7.43
13400 Del Flores 634.56 -0.01 7.42
13400 Del Mitchell B834.57 0.00 7.41

13400 Del Probandt 634.57 0.00 7.41



River Sta Plan W.S. Elev Diff Vel Chnl

13248 100 year 634.61 6.69
13248 Del Camp 634.54 -0.07 6.76
13248 Del Alamo 634.55 -0.06 6.74
13248 Del Cevallos 634.56 -0.05 68.74
13248 Del Furnish 634.56 -0.05 6.74
13248 Del Nogalitos 634.59 -0.02 6.71
13248 Del Flores 634.60 -0.01 6.70
13248 Del Mitchell 634.61 0.00 6.69
13248 Del Probandt 634.61 0.00 6.69

13129 (Long Culvert) Between Camp and Guadalupe

13010 100 year 633.68 8.20
13010 Del Camp 633.48 -0.20 9.43
13010 Del Alamo 633.50 -0.18 9.41
13010 Del Cevallos 633.54 -0.14 8.35
13010 Del Furnish 633.53 -0.15 89.37
13010 Del Nogalitos 633.62 -0.06 9.26
13010 Del Flores 633.65 -0.03 9.23
13010 Del Mitchell 633.68 0.00 9.20
13010 Del Probandt 633.68 0.00 8.20
12849 100 year 633.81 7.34
12848 Del Camp 633.61 -0.20 7.56
12849 Del Alamo 633.63 -0.18 7.53
12849 Del Cevallos 533.68 -0.13 7.48
12849 Del Furnish 633.67 -0.14 7.50
12849 Del Nogalitos 633.76 -0.05 7.40
12849 Del Flores 633.79 -0.02 7.37
12849 Del Mitchell 633.81 0.00 7.34
12849 De! Probandt 633.81 0.00 7.34
12791 100 year 633.37 8.97
12791 Del Camp 633.10 -0.27 8.34
12791 Del Alamo 633.13 -0.24 9.30
12791 Del Cevallos 633.19 -0.18 922
12791 Del Furnish 633.18 -0.19 9.24
12791 Del Nogalitos 633.30 -0.07 9.07
12791 Del Flores 633.33 -0.04 9.02
12791 Del Mitchell 633.37 0.00 8.97
12791 Del Probandt 633.37 0.00 8.97

12733 Camp Street



River Sta Plan W.S. Elev Diff Vel Chnl

12676 100 year 633.26 6.98
12676 Del Alamo 632.83 -0.43 7.35
12676 Del Cevallos 632.96 -0.30 7.24
12676 Del Furnish 632.93 -0.33 7.26
12676 Del Nogalitos 633.12 -0.14 7.09
12676 Del Flores 633.20 -0.06 7.02
12676 Del Mitchell 533.25 -0.01 5.98
12676 Del Probandt 633.25 -0.01 6.98
12600 100 year 633.00 7.43
12600 Del Alamo 632.51 -0.49 7.91
12600 Del Cevalios 632.66 -0.34 7.76
12600 Del Furnish 632.63 -0.37 7.79
12600 Del Nogalitos 632.85 -0.15 7.58
12600 Del Flores 632.94 -0.06 7.49
12600 Del Mitchell 632.99 -0.01 7.44
12600 Del Probandt 632.99 -0.01 7.44
12500 100 year 632.83 7.34
12500 De! Alamo 632.29 -0.54 7.87
12500 Del Cevallos 632.46 -0.37 7.70
12500 Del Furnish 683242 -0.41 7.74
12500 Del Nogalitos 632.66 -0.17 7.50
12500 Del Flores 632.76 -0.07 7.40
12500 Del Mitchell 632.82 -0.01 7.35
12500 Del Probandt 632.82 -0.01 7.35
12414 100 year 632.81 6.56
12414 Detl Alamo 632.28 -0.53 6.96
12414 Del Cevallos 632.44 -0.37 6.84
12414 Del Fumnish 632.41 -0.40 6.86
12414 Del Nogalitos 632.64 -0.17 6.69
12414 Del Flores 632.74 -0.07 6.61
12414 Del Mitchell 632.80 -0.01 6.57
12414 Del Probandt 632.80 -0.01 6.57

12369 S. Alamo

12325 100 year 632.14 6.92
12325 Del Cevallos 631.82 -0.32 7.19
12325 Del Furnish 631.79 -0.35 7.22
12325 Del Nogalitos 631.99 -0.15 7.04
12325 Del Flores 632.08 -0.06 6.96
12325 Del Mitchell 632.13 -0.01 6.92

12325 Del Probandt 632.13 -0.01 6.92



River Sta Plan W.S. Elev Diff Vel Chni

12279 100 year 631.78 7.81
12279 Del Cevallos 631.37 -0.41 B.27
12279 Del Furnish 631.33 -0.45 8.32
12279 Del Nogalitos 631.60 -0.18 8.00
12279 Del Flores 631.71 -0.07 7.88
12279 Del Miichell 831.77 -0.01 7.82
12279 Del Probandt 631.77 -0.01 7.82
12031 100 year 631.49 B8.77
12031 Del Cevallos 630.98 -0.51 7.34
12031 Del Furnish 630.93 -0.56 7.40
12031 Del Nogalitos 631.27 -0.22 7.01
12031 Del Flores 631.41 -0.08 6.85
12031 Del Mitchell 631.48 -0.01 6.78
12031 Del Prebandt 631.48 -0.01 6.78
11897 100 year 631.51 5.34
11897 Del Cevallos 631.01 -0.50 5.74
11897 Del Furnish 630.95 -0.56 578
11897 Del Nogalitos 631.29 -0.22 5.50
11897 Del Flores 631.43 -0.08 5.40
11897 Del Mitchell 631.50 -0.01 5.35
11897 Del Probandt 631.50 -0.01 5.35
11821 100 year 631.33 575
11821 Del Cevalios 630.82 -0.51 6.09
11821 Del Furnish 630.77 -0.56 6.13
11821 Del Nogalitos 631.11 -0.22 5.89
11821 Del Flores 631.25 -0.08 5.80
11821 Del Mitchell 631.32 -0.01 576
11821 Del Probandt 631.32 -0.01 576

11794 R.R. U/S of W. Cevallos & D/S of S. Alamo

11768 100 year 631.13 5.36
11768 Del Cevallos 630.59 -0.54 5.68
11768 Del Furnish 630.53 -0.60 572
11768 Del Nogalitos 630.90 -0.23 548
11768 Del Flores 631.04 -0.08 5.41
11768 Del Mitchell 631.11 -0.02 5.36
11768 De! Probandt 631.11 -0.02 5.36
11680 100 year 630.87 6.10
11680 Del Cevallos 630.28 -0.59 6.53
11680 Del Fumnish 630.22 -0.65 6.58
11680 Del Nogalitos 630.62 -0.25 6.28
11680 Del Flores 630.78 -0.09 6.17

11680 Del Mitchell 630.86 -0.01 6.11



River Sta Plan W.S. Elev Diff Vel Chnl
11680 Del Probandt 630.85 -0.02 8.11



River Sta Plan W.S. Elev Diff Vel Chnl

11500 100 year 630.74 5.64
11500 Dei Cevallos 830.13 -0.61 6.01
11500 Del Furnish 630.06 -0.68 8.06
11500 Dei Nogalitos 630.48 -0.26 5.79
11500 Del Flores 630.65 -0.08 5.69
11500 Del Mitchell 630.73 -0.01 5.65
11500 Del Probandt 630.73 -0.01 5.65
11300 100 year 830.46 6.07
11300 Del Cevallos 629.77 -0.69 6.55
11300 Del Furnish 629.69 -0.77 6.61
11300 Del Nogalitos 830.17 -0.29 6.27
11300 Del Flores 630.35 -0.11 6.14
11300 Del Mitchell 630.44 -0.02 8.08
11300 Del Probandt 630.44 -0.02 6.08
11189 100 year 630.43 5.41
11189 Del Cevallos 629.73 -0.70 5.84
11189 Del Furnish 629.66 -0.77 5.89
11189 Del Nogalitos 630.14 -0.29 5.59
11189 Del Flores 630.32 -0.11 5.47
11189 Del Mitchell 630.42 -0.01 5.42
11189 Del Probandt 630.42 -0.01 5.42
11160 100 year 630.46 4.98
11160 Del Cevallos 629.77 -0.69 5.36
11160 Del Furnish 629.69 -0.77 5.41
11160 Del Nogalitos 630.17 -0.29 5.14
11160 Del Flores 630.35 -0.11 5.04
11180 Del Mitchell 630.44 -0.02 4.99
11160 Del Probandt 630.44 -0.02 4.99

11130 Cevallos

11100 100 year 629.65 5.85
11100 Del Furnish 628.92 -0.73 6.11
11100 Del Nogalitos 629.37 -0.28 5.82
11100 Del Flores 629.55 -0.10 5.71
11100 Del Mitchell £629.63 -0.02 5.66
11100 Del Probandt 629.63 -0.02 5.66
11012 100 year 629.65 4.79
11012 Del Furnish £628.92 -0.73 5.16
11012 Del Nogalitos 625.38 -0.27 4.92
11012 Del Flores 629.55 -0.10 4.84
11012 Del Mitchell 629.63 -0.02 4.79

11012 Del Probandt 629.63 -0.02 4,79



River Sta Plan W.S. Elev Diff Vel Chnl

10800 100 year 629.58 4.29
10800 Del Furnish 628.84 -0.74 4,61
10800 Del Nogalitos 629.30 -0.28 4.41
10800 Del Fiores 629.48 -0.10 4.33
10800 Del Mitchell 629.57 -0.01 4.30
10800 Del Probandt 629.57 -0.01 4.30
10500 100 year 629.52 3.73
10500 Del Furnish 628.76 -0.76 3.98
10500 Del Nogalitos 629.23 -0.29 3.82
10500 Detl Flores 629.41 -0.11 3.76
10500 Del Mitchell 629.50 -0.02 3.73
10500 Del Probandt 629.50 -0.02 3.73
10200 100 year 629.50 3.02
10200 Del Furnish 628.74 -0.76 3.21
10200 Del Nogalitos 629.21 -0.29 3.09
10200 Del Flores 629.39 -0.11 3.04
10200 Del Mitchell 529.48 -0.02 3.02
10200 Del Probandt 629.48 -0.02 3.02
10022 100 year 629.51 2.39
10022 Del Furnish 628.75 -0.76 2.55
10022 Del Nogalitos 629.23 -0.28 2.45
10022 Del Flores 629.41 -0.10 2.41
10022 Del Mitchell 629.50 -0.01 2.40
10022 Del Probandt 629.50 -0.01 2.40
9900 100 year 629.53 1.84
9900 Del Furnish 628.77 -0.76 1.98
9900 Del Nogalitos 629.24 -0.29 1.89
9900 Del Flores 629.42 -0.11 1.86
9900 Del Mitchell 629.51 -0.02 1.84
9900 Del Probandt 629.51 -0.02 1.84
9500 100 year 627.37 10.56
9500 Del Furnish 626.34 -1.03 11.17
9500 Del Nogalitos 626.99 -0.38 10.78
9500 Del Flores 627.23 -0.14 10.64
9500 Del Mitchell 627.35 -0.02 10.57
9500 Del Probandt 627.35 -0.02 10.57
9395 100 year 627.21 10.43
9395 Del Fumnish 626.16 -1.05 11.02
9305 Del Nogalitos 626.82 -0.39 10.64
9395 Del Flores 627.07 -0.14 10.50
9395 Del Mitchell 627.19 -0.02 10.44

9395 Del Probandt 627.19 -0.02 10.44
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9348 100 year 627.13 10.31
9348 Del Furnish 626.04 -1.09 10.94
9348 Del Nogalitos 626.73 -0.40 10.54
9348 Del Flores 626.98 -0.15 10.39
9348 Del Mitchell 627.11 -0.02 10.33
9348 Del Probandt 627.11 -0.02 10.33

9319 So. Pacific RR

9290 100 year 626.26 10.42
9290 Del Furnish 625.00 -1.26 11.16
9290 Del Nogalitos 625.80 -0.46 10.68
9290 Del Flores 626.09 -0.17 10.51
9290 Del Mitchell 626.23 -0.03 10.43
9290 Del Probandt 626.23 -0.03 10.43
9233 100 year 625.99 10.78
9233 Del Furnish 624.68 -1.31 11.56
9233 Del Nogalitos 625.51 -0.48 11.05
9233 Del Flores 625.81 -0.18 10.88
9233 Del Mitchell 625.96 -0.03 10.79
9233 Del Probandt 625.96 -0.03 10.79
9100 100 year 625.23 11.78
9100 Del Furnish 623.68 -1.55 12.86
9100 Del Nogalitos 624.68 -0.55 12.15
9100 Del Flores 625.03 -0.20 11.91
9100 Del Mitchell 625.20 -0.03 11.80
9100 Del Probandt 625.20 -0.03 11.80
8900 100 year 625.52 8.69
8900 Del Furnish 623.93 -1.59 9.58
8900 Del Nogalitos 624.95 -0.57 9.00
8900 Del Flores 625.31 -0.21 8.80
8900 Del Mitchell 625.49 -0.03 8.71
8900 Del Probanct 625.48 -0.04 8.71
B754 100 year 624.64 10.78
8754 Del Furnish 622.55 -2.09 12.40
8754 Del Nogalitos 623.83 -0.81 11.49
8754 Del Flores 624.37 -0.27 11.00
8754 Del Mitchell 624.60 -0.04 10.81

8754 Del Probandt 624.60 -0.04 10.81
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8720 Furnish

8686 100 year 622.08 12.81
8686 Del Nogalitos 620.85 -1.23 14.43
8686 Del Flores 621.63 -0.45 13.80
8686 Dei Mitchel 622.02 -0.086 12.86
8686 Del Probandt 622.03 -0.05 12.85
8500 100 year 621.52 12.34
8500 Del Nogalitos 620.27 -1.25 13.48
8500 Del Flores 621.18 -0.34 12.63
8500 Del Mitchell 621.46 -0.06 12.39
8500 Del Probandt 621.46 -0.06 12.39
8137 100 year 620.72 11.87
8137 Del Nogalitos 619.10 -1.62 13.54
8137 Del Flores 620.26 -0.48 12.33
8137 Del Mitchet! 620.63 -0.09 11.95
8137 Del Probandt 620.64 -0.08 11.85
7963 100 year 620.13 12.24
7963 Del Nogalitos 618.57 -1.56 13.52
7963 Del Flores £619.66 -0.47 12.61
7963 Del Mitchell 620.04 -0.09 12.31
7963 Del Probandt 620.04 -0.09 12.31
7735 100 year 619.80 11.77
7735 Del Nogalitos 618.13 -1.67 13.02
7735 Del Flores 619.30 -0.50 12.13
7735 Del Mitchell 619.71 -0.09 11.84
7735 Del Probandt 619.71 -0.09 11.84
7590 100 year 619.73 11.09
7590 Del Nogalitos £618.04 -1.69 12.20
7590 Det Flores £619.23 -0.50 11.40
7590 Del Mitchell 619.64 -0.09 11.15
7590 Del Probandt 619.64 -0.09 11.14
7522 100 year 619.66 10.98
7522 Del Nogalitos 617.93 -1.73 12.11
7522 Del Flores 619.15 -0.51 11.30
7522 Del Mitchell 619.56 -0.10 11.04

7522 Del Probandt 619.57 -0.09 11.04
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7478 Nogalitos

7435 100 year 817.93 11.30
7435 Del Flores 617.35 -0.58 11.69
7435 Del Mitchell 817.82 -0.11 11.38
7435 Del Probandt 617.82 -0.11 11.38
7356 100 year 617.14 12.62
7356 De! Flores 616.43 -0.71 13.19
7356 Del Mitchel! 617.00 -0.14 12.73
7356 Del Probandt 617.01 -0.13 12.73
7100 100 year 616.72 12.21
7100 Del Flores 615.92 -0.80 12.81
7100 Detl Mitchell 616.57 -0.15 12.32
7100 Del Probandt 616.57 -0.15 12.32
6800 100 year 616.26 11.91
6800 Del Flores 615.28 -0.98 12.74
6800 Del Mitchell 616.07 -0.19 12.07
6800 Del Probandt 616.08 -0.18 12.06
6500 100 year 615.86 11.51
6500 Del Flores 614.75 -1.11 12.43
6500 Del Mitchell 615.66 -0.20 11.67
6500 Del Probandt? 615.66 -0.20 11.66
6200 100 year 615.52 11.08
6200 Del Flores 614.33 -1.19 11.95
6200 Del Mitchell 615.30 -0.22 11.24
6200 Del Probandt 615.31 -0.21 11.23
5300 100 year 615.30 10.13
5900 Det Flores 613.93 -1.37 11.20
5900 Del Mitchell 615.05 -0.25 10.32
5900 Del Probandt 615.06 -0.24 10.31
5600 100 year 614.21 11.76
5600 Del Flores 612.31 -1.80 13.42
5600 Del Mitchelt 6513.89 -0.32 12.02
5600 Del Probandt 613.91 -0.30 12.01
5300 100 year 613.92 10.95
5300 Del Flores 611.80 212 12.59
5300 Del Mitchell 613.57 -0.35 11.21

5300 Del Probandt 613.58 -0.33 11.20
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5110 100 year 613.48 11.28
5110 Del Flores 611.27 -2.21 12.84
5110 Del Mitchell 613.12 -0.36 11.53
5110 Del Probandt 613.13 -0.35 11.52
5048 100 year 613.54 10.64
5048 Del Flores 611.37 -2.17 12.02
5048 Del Mitchell 613.19 -0.35 10.85
5048 Del Probandt 613.20 -0.34 10.84
5005 Flores

4962 100 year 611.24 11.84
4962 Del Mitchel! 610.66 -0.58 12.24
4962 Del Probandt 610.70 -0.54 12.22
4876 100 year 610.71 12.59
4876 Del Mitchell 610.05 -0.66 13.09
4876 Del Probandt 610.09 -0.62 13.06
4683 100 year 610.20 12.87
4683 Del Mitchell 609.42 -0.78 13.47
4683 Del Probandt 609.47 -0.73 13.43
4402 100 year 609.07 13.93
4402 Del Mitchell 607.98 -1.09 14.87
4402 Del Probandt 608.05 -1.02 14.81
4100 100 year 609.08 11.75
4100 Del Mitchell 607.91 -1.17 12.61
4100 Del Probandt 607.99 -1.09 12.55
3800 100 year 608.56 11.96
3800 Del Mitchell 607.10 -1.46 13.13
3800 Del Probandt 607.20 -1.36 13.05
3501 100 year 608.35 10.98
3501 Del Mitchell 606.73 -1.62 12.24
3501 Del Probandt 606.85 -1.50 12.14
3260 100 year 608.42 9.34
3260 Del Mitchell 606.78 -1.64 10.41
3260 Del Probandt 606.90 -1.52 10.33
3193 100 year 608.77 6.90
3193 Del Mitchell 607.24 -1.53 7.59

3193 Del Probandt 607.35 -1.42 7.54
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2889 100 year 608.03 8.61
2889 Del Mitchell 606.22 -1.81 9.67
2889 Del Probandt 606.35 -1.68 9.58
2804 100 year 607.55 9.77
2804 Del Mitchell 605.66 -1.89 10.86
2804 Del Probandt 605.80 -1.75 10.78
2743 100 year 607.04 11.00
2743 Del Mitchel! 605.12 -1.92 12.05
2743 Del Probandt 605.26 -1.78 11.88
2707 Mitchell
2671 100 year 605.05 11.96
2671 Del Probandt 603.03 -2.02 13.34
2596 100 year 605.02 11.38
2596 Del Probandt 602.97 -2.05 12.76
2400 100 year 604.85 10.88
2400 Del Probandt 602.64 -2.21 12.41
2184 100 year 604.33 11.40
2194 Del Probandt 601.78 -2.55 13.27
2000 100 year 604.05 11.31
2000 Del Probandt 601.27 -2.78 13.31
1795 100 year 603.90 10.67
1795 Del Probandt 600.95 -2.895 12.68
1600 100 year 603.87 9.68
1600 Del Probandt 600.78 -3.09 11.70
1300 100 year 603.26 10.46
1300 Del Probandt 599.81 -3.45 12.56
1000 100 year 603.04 10.01
1000 Del Probandt 599.34 -3.70 12.14
776 100 year 602.77 10.16
776 Del Probandt 598.80 -3.97 12.43
722 100 year 602.77 9.80
722 Del Probandt 598.81 -3.96 12.02

686 Probandt



HEC-RAS results comparing the effects of removing combinations of bridges on
San Pedro Creek up to W. Cevallos
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HEC-RAS results comparing the effects of removing combinations of bridges on
San Pedro Creek up to Guadalupe



River Sta Plan Q Total W.S. Elev W.S. Diff.

17302 2nd Ped Bridge U/S of Dolorosa
17298.5* 100-LMMP 979 640.36

Delete Probandt Bridge 979 640.36 0.00
Delete Probandt and W. Mitchell Bridges 979 640.36 0.00
Delete Probandi, W. Mitchell and S. Flores Bridges 979 640.36 0.00
Delete Probandt, W. Mitchell 5. Flores, and Nogalitos Bridges 979 640.36 0.00
Dalete P, M, Flor, N,and Fur 979 640.36 0.00
Delete P, M, Flor, N, Fur, and Cev 979 640.35 -0.01
Delete P, M, Flor, N, Fur, and Camp 979 640.35 -0.01
Delete P, M, Flor, N, Fur, Camp, and MBC 979 640.35 -0.01
Delete P, M, N, Flor, Fur, Cev, A, Camp, and G 979 640.35 -0.01
Delete P, M, Flo, N, Fur, Cev, Camp, MBC, and G 979 640.35 -0.01

17254 100-LMMP 1498 638.35
Delete Probandt Bridge 1498 638.35 0.00
Delete Probandt and W. Mitchell Bridges 1498 £38.35 0.00
Delete Probandt, W. Mitchell and S. Flores Bridges 1498 638.35 0.00
Delete Probandt, W. Mitchell S. Flores, and Nogalitos Bridges 1498 638.35 0.00
Delete P, M, Flor, N,and Fur 1498 638.35 0.00
Delete P, M, Flor, N, Fur, and Cev 1498 638.35 0.00
Delete P, M, Flor, N, Fur, and Camp 1498 638.34 -0.01
Delete P, M, Flor, N, Fur, Camp, and MBC 1498 638.33 -0.02
Delete P, M, N, Flor, Fur, Cev, A, Camp, and G 1498 638.33 -0.02
Delete P, M, Flo, N, Fur, Cev, Camp, MBC, and G 1498 838.35 0.00

17237 1st Ped Bridge U/S of Dolorosa

17221 100-LMMP 1498 638.09
Delete Probandt Bridge 1498 638.09 0.00
Delete Probandt and W. Miichell Bridges 1498 638.09 0.00
Delete Probandt, W. Mitchell and S. Flores Bridges 1498 638.10 0.01
Delete Probandt, W. Mitchell S, Flores, and Nogalitos Bridges 1498 638.10 0.01
Delete P, M, Flor, N,and Fur 1498 638.09 0.00
Delete P, M, Flor, N, Fur, and Cev 1498 638.09 0.00
Delete P, M, Flor, N, Fur, and Camp 1498 638.07 -0.02
Delete P, M, Flor, N, Fur, Camp, and MBC 1498 638.04 -0.05
Delete P, M, N, Flor, Fur, Cev, A, Camp, and G 1498 638.04 -0.05
Dealete P, M, Flo, N, Fur, Cev, Camp, MBC, and G 1498 638.09 0.00

17164 Dolorosa Sireet

17117 100-LMMP 1498 638.06
Delete Probandt Bridge 1498 638.06 0.00
Delete Probandt and W. Mitchell Bridges 1498 638.06 0.00
Delete Probandt, W. Mitchell and S. Flores Bridges 1498 638.06 0.00
Delete Probandt, W. Mitchell S. Flores, and Nogalitos Bridges 1498 638.05 -0.01
Delete P, M, Flor, N,and Fur 1498 638.05 -0.01
Delete P, M, Flor, N, Fur, and Cev 1498 638.05 -0.01
Delete P, M, Flor, N, Fur, and Camp 1498 638.02 «0.04
Delete P, M, Flor, N, Fur, Camp, and MBC 1498 637.97 -0.09
Delete P, M, N, Flor, Fur, Cev, A, Camp, and G 1498 637.96 -0.10

Delete P, M, Flo, N, Fur, Cev, Camp, MBC, and G 1498 637.90 -0.16




River Sta Plan Q Total W.S. Elev W.S. Diff.

17054 100-LMMP 1498 638.57
Delete Probandt Bridge 1498 638.57 0.00
Delete Probandt and W. Mitchell Bridges 1498 638.57 0.00
Delete Probandt, W. Mitchell and S. Flores Bridges 1498 638.57 0.00
Delete Probandt, W. Miichell S. Flores, and Nogalitos Bridges 1498 638.57 0.00
Delete P, M, Flor, N,and Fur 1498 638.56 -0.01
Delete P, M, Flor, N, Fur, and Cev 1498 638.56 -0.01
Delete P, M, Flor, N, Fur, and Camp 1498 638.54 -0.03
Delste P, M, Flor, N, Fur, Camp, and MBC 1498 638.50 -0.07
Delete P, M, N, Flor, Fur, Cev, A, Camp, and G 1498 638.50 -0.07
Delete P, M, Flo, N, Fur, Cev, Camp, MBC, and G 1498 638.45 -0.12

16790 100-LMMP 1498 637.10
Delete Probandt Bridge 1498 637.10 0.00
Delete Probandt and W. Mitchell Bridges 1498 637.10 0.00
Delete Probandt, W. Mitchell and S, Flores Bridges 1498 637.10 0.00
Delete Probandt, W. Mitchell 5. Flores, and Nogalitos Bridges 1498 637.10 0.00
Delete P, M, Flor, N,and Fur 1498 637.09 -0.01
Delete P, M, Flor, N, Fur, and Cev 1498 637.08 -0.02
Delete P, M, Flor, N, Fur, and Camp 1498 637.03 -0.07
Delete P, M, Flor, N, Fur, Camp, and MBC 1498 636.93 -0.17
Delete P, M, N, Flor, Fur, Cev, A, Camp, and G 1498 636.92 -0.18
Delete P, M, Flo, N, Fur, Cev, Camp, MBC, and G 1498 636.78 -0.32

16694 Nueva Street

16653 100-LMMP 1498 £637.60
Delete Probandt Bridge 1498 637.60 0.00
Delete Probandt and W. Mitchell Bridges 1498 637.59 -0.01
Delete Probandt, W. Mitchell and 5. Fleres Bridges 1498 637.59 -0.01
Delete Probandt, W. Mitchell S. Flores, and Nogalitos Bridges 1498 637.59 -0.01
Delete P, M, Flor, N.and Fur 1498 637.58 -0.02
Deleie P, M, Flor, N, Fur, and Cev 1498 B637.58 -0.02
Delete P, M, Flor, N, Fur, and Camp 1498 637.53 -0.07
Deleie P, M, Flor, N, Fur, Camp, and MBC 1498 637.45 -0.15
Delste P, M, N, Flor, Fur, Cev, A, Camp, and 1498 637.43 -0.17
Delete P, M, Flo, N, Fur, Cev, Camp, MBC, and G 1498 637.29 -0.31

16575 100-LMMP 1498 637.68
Delete Probandt Bridge 1498 637.68 0.00
Delete Probandt and W. Mitchell Bridges 1488 £637.68 0.00
Delete Probandt, W. Mitchell and 8. Flores Bridges 1488 637.67 -0.01
Delete Probandt, W. Mitchell S. Flores, and Nogalitos Bridges 1488 637.67 -0.01
Delete P, M, Flor, N,and Fur 1498 637.66 -0.02
Delete P, M, Flor, N, Fur, and Cev 1498 637.66 -0.02
Delete P, M, Flor, N, Fur, and Camp 1498 837.62 -0.06
Delete P, M, Flor, N, Fur, Camp, and MBC 1498 637.53 -0.15
Delete P, M, N, Flor, Fur, Cev, A, Camp, and G 1498 637.52 -0.16

Delete P, M, Flo, N, Fur, Cev, Camp, MBC, and G 1498 637.38 -0.30




River Sta Plan Q Total W.S. Elev W.S. Diff.

16500 100-LMMP 1498 637.65
Delete Probandt Bridge 1498 637.65 0.00
Delete Probandt and W. Mitchell Bridges 1498 637.64 -0.01
Delete Probandt, W. Mitchell and S. Flores Bridges 1498 637.64 -0.01
Delete Probandt, W, Mitchell 8. Fiores, and Nogalitos Bridges 1498 £37.64 -0.01
Delete P, M, Flor, N,and Fur 1498 637.63 -0.02
Delete P, M, Flor, N, Fur, and Camp 1498 637.58 -0.07
Delete P, M, Flor, N, Fur, and Cev 1498 6837.63 -0.02
Delete P, M, Flor, N, Fur, Camp, and MBC 1498 637.50 -0.15
Deiste P, M, N, Flor, Fur, Cev, A, Camp, and G 1498 637.48 -0.17
Delete P, M, Flo, N, Fur, Cev, Camp, MBC, and G 1498 637.35 -0.30
16300 100-LMMP 1498 637.05
Delete Probandt Bridge 1498 637.05 0.00
Delete Probandt and W. Mitchell Bridges 1498 637.05 0.00
Delete Probandt, W. Mitchell and S. Flores Bridges 1498 837.05 0.00
Delete Probandt, W. Mitchell S. Flores, and Nogalitos Bridges 1498 837.04 -0.01
Dslete P, M, Flor, N,and Fur 1498 637.03 -0.02
Delete P, M, Flor, N, Fur, and Cev 1498 637.03 -0.02
Delete P, M, Flor, N, Fur, and Camp 1498 836.97 -0.08
Delete P, M, Flor, N, Fur, Camp, and MBC 14398 636.86 -0.19
Delete P, M, N, Flor, Fur, Cev, A, Camp, and G 1498 636.85 -0.20
Delete P, M, Flo, N, Fur, Cev, Camp, MBC, and G 1498 £536.68 -0.37
16175 100-LMMP 1498 637.11
Delete Probandt Bridge 1498 637.11 0.00
Delste Probandt and W. Mitchell Bridges 1498 837.11 0.00
Delete Probandt, W. Mitchell and S. Flores Bridges 1498 637.11 0.00
Delete Probandt, W. Mitchell S. Flores, and Nogaliios Bridges 1498 637.10 -0.01
Delete P, M, Flor, N,and Fur 1498 637.09 -0.02
Delete P, M, Fior, N, Fur, and Cev 1498 637.09 -0.02
Delete P, M, Flor, N, Fur, and Camp 1498 637.03 -0.08
Delete P, M, Flor, N, Fur, Camp, and MBC 1498 636.93 -0.18
Delete P, M, N, Flor, Fur, Cev, A, Camp, and G 1498 636.91 -0.20
Delete P, M, Fio, N, Fur, Cev, Camp, MBC, and G 1498 636.74 -0.37
16111 100-LMMP 1498 637.17
Delete Probandt Bridge 1498 637.17 0.00
Delete Probandt and W. Mitchell Bridges 1498 637.17 0.00
Delete Probandt, W. Mitchell and S. Flores Bridges 1498 637.17 0.00
Delete Probandt, W. Mitchell S. Flores, and Nogalitos Bridges 1498 637.17 0.00
Delete P, M, Flor, N,and Fur 1498 837.16 -0.01
Delete P, M, Flor, N, Fur, and Cev 1498 637.15 -0.02
Delete P, M, Flor, N, Fur, and Camp 1498 637.10 -0.07
Delete P, M, Flor, N, Fur, Camp, and MBC 1498 £636.99 -0.18
Delete P, M, N, Flor, Fur, Cev, A, Camp, and G 1498 £36.98 -0.19
Delete P, M, Flo, N, Fur, Cev, Camp, MBC, and G 1498 £36.81 -0.36

16069 Milier St. / Pedestrian Crossing




River Sta Plan Q Total W.S. Elev W.S. Diff.

16028 100-LMMP 1498 637.16
Delete Probandt Bridge 1498 637.16 0.00
Delete Probandt and W. Mitchell Bridges 1488 837.15 -0.01
Delete Probandt, W. Mitchell and S. Flores Bridges 1498 637.15 -0.01
Delete Probandt, W. Mitchell S, Flores, and Nogalitos Bridges 1488 637.15 -0.01
Delete P, M, Flor, N,and Fur 1498 637.14 ~0.02
Delete P, M, Flor, N, Fur, and Cev 1498 637.13 -0.03
Delete P, M, Flor, N, Fur, and Camp 1498 637.08 -0.08
Delete P, M, Flor, N, Fur, Camp, and MBC 1498 636.98 -0.18
Delete P, M, N, Flor, Fur, Cev, A, Camp, and G 1498 636.96 -0.20
Delete P, M, Flo, N, Fur, Cev, Camp, MBC, and G 1498 83B.79 -0.37
15800 100-LMMP 1498 637.20
Delete Probandt Bridge 1498 637.20 0.00
Delete Probandt and W. Mitchell Bridges 1498 637.20 0.00
Delete Probandt, W. Mitchell and 8. Flores Bridges 1498 637.19 -0.01
Delete Probandt, W. Mitchell S. Flores, and Nogalitos Bridges 14898 637.19 -0.01
Delete P, M, Flor, N,and Fur 1498 637.18 -0.02
Delete P, M, Flor, N, Fur, and Cev 1498 837.17 -0.03
Delete P, M, Flor, N, Fur, and Camp 1498 £637.12 -0.08
Delete P, M, Flor, N, Fur, Camp, and MBC 1498 637.02 -0.18
Delete P, M, N, Flor, Fur, Cev, A, Camp, and G 1498 637.00 -0.20
Delate P, M, Flo, N, Fur, Cev, Camp, MBC, and G 1498 636.84 -0.36
15785 100-LMMP 1498 £37.35
Delete Probandt Bridge 1498 837.35 0.00
Delete Probandt and W. Mitchell Bridges 1498 637.35 0.00
Delete Probandt, W. Mitchell and S. Flores Bridges 1498 837.35 0.00
Delete Probandt, W. Mitchell S. Flores, and Nogalitos Bridges 1498 637.34 -0.01
Delete P, M, Flor, N,and Fur - 1498 637.33 -0.02
Delete P, M, Flor, N, Fur, and Cev 1498 £637.33 -0.02
Delate P, M, Flor, N, Fur, and Camp 1498 637.28 -0.07
Delete P, M, Flor, N, Fur, Camp, and MBC 1498 637.18 -0.17
Delste P, M, N, Flor, Fur, Cev, A, Camp, and G 1498 637.16 -0.1%
Delete P, M, Flo, N, Fur, Cev, Camp, MBC, and G 1498 637.00 -0.35
15074 4 Box MBC from Durango to Arsenal
r 14362 100-L.MMP 1498 636.82
Delete Probandt Bridge 1498 £36.82 0.00
Delete Probandt and W. Mitchell Bridges 1498 636.82 0.00
Delete Probandt, W. Mitchell and 8. Flores Bridges 1488 636.82 0.00
Delete Probandt, W. Mitchell S. Flores, and Nogalitos Bridges 1498 £636.82 0.00
Delete P, M, Flor, N,and Fur 1498 6536.81 -0.01
Delete P, M, Flor, N, Fur, and Cev 1498 636.80 -0.02
Delete P, M, Flor, N, Fur, and Camp 1498 636.75 -0.07
Delete P, M, Flor, N, Fur, Camp, and MBC 1498 636.65 -0.17
Delete P, M, N, Flor, Fur, Cev, A, Camp, and G 1498 636.64 -0.18

Delete P, M, Flo, N, Fur, Cev, Camp, MBC, and G 1498 636.48 -0.34




River Sta Plan Q Total W.S. Elev W.S. Diff.

14200 100-LMMP 1498 636.84
Delete Probandt Bridge 1498 636.84 0.00
Delete Probandt and W. Mitchell Bridges 1498 £836.84 0.00
Delete Probandt, W. Mitchell and S. Flores Bridges 1498 636.83 -0.01
Delste Probandt, W. Mitchell S. Flores, and Nogalitos Bridges 1498 636.83 -0.01
Delete P, M, Flor, N,and Fur 1498 636.82 -0.02
Delete P, M, Flor, N, Fur, and Cev 1498 636.82 -0.02
Delete P, M, Flor, N, Fur, and Camp 1498 £836.77 -0.07
Delete P, M, Flor, N, Fur, Camp, and MBC 1498 £36.67 -0.17
Delete P, M, N, Flor, Fur, Cev, A, Camp, and G 1498 £36.65 -0.19
Delete P, M, Flo, N, Fur, Cev, Camp, MBC, and G 1498 £36.50 -0.34

14106 100-LMMP 5387 636.51
Delete Probandt Bridge 5387 838.51 0.00
Delete Probandt and W. Mitchell Bridges 5387 536.51 0.00
Delete Probandt, W. Mitchell and S. Flores Bridges 5387 636.51 0.00
Delete Probandt, W. Mitchell S. Fiores, and Nogalitos Bridges 5387 836.50 -0.01
Delete P, M, Flor, N,and Fur 5387 638.49 -0.02
Delate P, M, Flor, N, Fur, and Cev 5387 636,49 -0.02
Delste P, M, Flor, N, Fur, and Camp 5387 636.43 -0.08
Delete P, M, Flor, N, Fur, Camp, and MBC 5387 636.33 -0.18
Delete P, M, N, Flor, Fur, Cev, A, Camp, and G 5387 636.31 -0.20
Delste P, M, Flo, N, Fur, Cev, Camp, MBC, and G 5387 636.14 -0.37

14052 100-LMMP 5387 635.99
Delete Probandt Bridge 5387 635.99 0.00
Delete Probandt and W. Mitchell Bridges 5387 £635.99 0.00
Delete Probandt, W. Mitcheli and S. Flores Bridges 5387 635.99 0.00
Delete Probandt, W. Mitchell 8. Flores, and Nogalitos Bridges 5387 635.98 -0.01
Delete P, M, Flor, N,and Fur 5387 635.97 -0.02
Delete P, M, Flor, N, Fur, and Cev 5387 635.96 -0.03
Delete P, M, Flor, N, Fur, and Camp 5387 635.88 -0.11
Delete P, M, Flor, N, Fur, Camp, and MBC 5387 635.73 -0.26
Delete P, M, N, Flor, Fur, Cev, A, Camp, and G 5387 635.70 -0.29
Delete P, M, Flo, N, Fur, Cev, Camp, MBC, and G 5387 635.44 -0.55

14013 Guadalupe Street

13973 100-LMMP 5387 634.59
Delete Probandt Bridge 5387 634.58 -0.01
Delete Probandt and W. Mitchell Bridges 5387 634.58 -0.01
Delete Probandt, W. Mitchell and S. Flores Bridges 5387 634.58 -0.01
Delete Probandt, W. Mitchel! S. Flores, and Nogalitos Bridges 5387 634.56 -0.03
Delete P, M, Flor, N,and Fur 5387 634.53 -0.06
Delete P, M, Flor, N, Fur, and Cev 5387 634.51 -0.08
Delete P, M, Flor, N, Fur, and Camp 5387 634.32 -0.27
Delete P, M, Flor, N, Fur, Camp, and MBC 5387 633.92 -0.67

13915 100-LMMP 5387 635.21
Dslete Probandt Bridge 5387 635.21 0.00
Delete Probandt and W. Mitchell Bridges 5387 535.21 0.00
Delete Probandt, W. Mitchell and S. Flores Bridges 5387 635.20 -0.01
Delete Probandt, W. Mitchell 5. Flores, and Nogalitos Bridges 5387 635.19 -0.02
Delete P, M, Flor, N,and Fur 5387 635.16 -0.05
Delete P, M, Flor, N, Fur, and Cev 5387 635.15 -0.06
Delete P, M, Flor, N, Fur, and Camp 5387 634.98 -0.23

Delete P, M, Flor, N, Fur, Camp, and MBC 5387 634.63 -0.58




River Sta Plan Q Total W.S. Elev W.S. Diff.

13700 100-LMMP 5387 634.97
Delete Probandt Bridge 5387 £34.97 0.00
Delete Probandt and W. Mitchell Bridges 5387 £634.96 -0.01
Delete Probandt, W. Mitchell and S. Flores Bridges 5387 634.96 -0.01
Delete Probandt, W. Mitchell 8. Flores, and Nogalitos Bridges 5387 634.94 -0.03
Delete P, M, Flor, N.and Fur 5387 £634.91 -0.06
Delaete P, M, Flor, N, Fur, and Cev 5387 634.89 -0.08
Delete P, M, Flor, N, Fur, and Camp 5387 634.69 -0.28
Delete P, M, Flor, N, Fur, Camp, and MBC 5387 634.23 -0.74
13525 100-LMMP 5387 635.03
Delete Probandt Bridge 5387 635.03 0.00
Delete Probandt and W. Miichell Bridges 5387 835.03 0.00
Delete Probandt, W. Mitchell and S. Flores Bridges 5387 635.02 -0.01
Delete Probandt, W. Mitchell 8, Flores, and Nogalitos Bridges 5387 £635.01 -0.02
Delete P, M, Flor, N,and Fur 5387 634.98 -0.05
Delete P, M, Flor, N, Fur, and Cev 5387 £634.96 -0.07
Delete P, M, Flor, N, Fur, and Camp 5387 834.77 -0.26
Delete P, M, Flor, N, Fur, Camp, and MBC 5387 634.34 -0.69
13400 100-LMMP 5387 634.57
Delete Probandt Bridge 5387 634.57 0.00
Delete Probandt and W. Mitchell Bridges 5387 634.57 0.00
Delete Probandt, W. Mitchell and S. Flores Bridges 5387 634.56 -0.01
Delete Probandt, W. Mitchell S. Flores, and Nogalitos Bridges 5387 634.54 -0.03
Pelste P, M, Flor, N,and Fur 5387 634 .51 -0.06
Delete P, M, Flor, N, Fur, and Cev 5387 £634.48 -0.09
Delete P, M, Flor, N, Fur, and Camp 5387 634.26 -0.31
Delete P, M, Flor, N, Fur, Camp, and MBC 5387 833.75 -0.82
13248 100-LMMP 5387 634.61
Delete Probandt Bridge 5387 634.61 0.00
Delete Probandt and W. Mitchell Bridges 5387 634.61 0.00
Delete Probandt, W. Mitchell and S. Flores Bridges 5387 634.60 =0.01
Delete Probandt, W. Mitchell 8. Flores, and Nogalitos Bridges 5387 634.59 -0.02
Delete P, M, Flor, N,and Fur 5387 6534.55 -0.06
Delete P, M, Flor, N, Fur, and Cev ' 5387 634.53 -0.08
Delete P, M, Flor, N, Fur, and Camp 5387 634.31 -0.30
Delete P, M, Flor, N, Fur, Camp, and MBC 5387 £633.81 -0.80
13129 (Long Culvert) Between Camp and Guadalupe
13010 100-LMMP 5387 633.68
Delete Probandt Bridge 5387 633.68 0.00
Delete Probandt and W. Mitchell Bridges 5387 633.66 -0.02
Delete Probandt, W. Mitchell and 8. Flores Bridges 5387 633.65 -0.03
Delete Probandt, W. Mitchell 8. Flores, and Nogalitos Bridges 5387 633.61 -0.07
Delete P, M, Flor, N,and Fur 5387 833.51 -0.17
Delete P, M, Flor, N, Fur, and Cev 5387 633.46 -0.22

Delete P, M, Flor, N, Fur, and Camp 5387 532.84 -0.84




River Sta Plan G Total W.S. Elev W.S. Diff.

12849 100-LMMP 6022 £33.81
Delete Probandt Bridge 6022 £33.87 0.00
Delete Probandt and W. Mitchel! Bridges 8022 633.80 -0.01
Delete Probandt, W. Mitchell and S. Flores Bridges 5022 533.79 -0.02
Delete Probandt, W. Mitchell S. Ficres, and Nogalitos Bridges 68022 633.74 -0.07
Delete P, M, Flor, N,and Fur 6022 £833.65 -0.16
Delete P, M, Flor, N, Fur, and Camp 8022 632.97 -0.84
Delete P, M, Flor, N, Fur, and Cev 6022 633.60 -0.21
12791 100-LMMP 6022 633.37
Delete Probandt Bridge 6022 £33.37 0.00
Delete Probandt and W. Mitchell Bridges 6022 £633.35 -0.02
Delete Probandt, W, Mitchell and 3. Flores Bridges 6022 £33.34 -0.03
Delete Probandt, W. Mitchell S. Flores, and Nogalitos Bridges 6022 633.28 -0.09
Delete P, M, Flor, N,and Fur 8022 633.15 -0.22
Delete P, M, Flor, N, Fur, and Cev 8022 633.08 -0.29
Delete P, M, Flor, N, Fur, and Camp 6022 632.15 -1.22
12733 Camp
12676 100-LMMP 8022 633.26
Delete Probandt Bridge 6022 633.25 -0.01
Delete Probandt and W. Mitchell Bridges 6022 633.22 -0.04
Delete Probandt, W. Mitchell and S. Flores Bridges 6022 633.20 -0.06
Delete Probandt, W. Mitchell S. Flores, and Nogalitos Bridges 6022 633.08 -0.18
Delete P, M, Flor, N,and Fur 6022 632.85 -0.41
Delete P, M, Flor, N, Fur, and Cev 6022 632.74 -0.52
12600 100-LMMP 6022 £33.00
Delete Probandt Bridge 6022 632.99 -0.01
Delete Proband: and W. Mitchell Bridges 6022 632.96 -0.04
Delete Probandt, W, Mitchell and S. Flores Bridges 6022 632.93 -0.07
Delete Probandt, W. Mitchell 8. Flores, and Nogalitos Bridges 6022 632.80 -0.20
Delete P, M, Flor, N,and Fur 6022 632.54 -0.46
Delete P, M, Flor, N, Fur, and Cev 6022 632.40 -0.60
12500 100-LMMP 6022 632.83
Delete Probandt Bridge 6022 632.82 -0.01
Delete Probandt and W. Mitchell Bridges 6022 632.79 -0.04
Delete Probandt, W. Mitchell and S. Flores Bridges 6022 632.75 -0.08
Delete Probandt, W. Mitchell S. Flores, and Nogalitos Bridges 6022 632.61 -0.22
Delete P, M, Flor, N,and Fur 6022 632.32 -0.51
Delete P, M, Flor, N, Fur, and Cev 6022 632.17 -0.66
12414 100-LMMP 5022 632.81
Delete Probandt Bridge 8022 632.80 -0.01
Delete Probandt and W. Mitchell Bridges 6022 632.77 -0.04
Delete Probandt, W. Mitchell and S. Flores Bridges 6022 632.73 -0.08
Delete Probandt, W. Mitchell S. Flores, and Nogalitos Bridges 6022 6832.59 -0.22
Delete P, M, Flor, N,and Fur 6022 632.30 -0.51
Delete P, M, Flor, N, Fur, and Cev 6022 632.16 -0.65

12369 S. Alamo




River Sta Plan Q Total W.S. Elev W.S, Diff.

12325 100-LMMP 6022 632.14
Delete Probandt Bridge 6022 632.13 -0.01
Delete Probandt and W. Mitchell Bridges 6022 632.10 -0.04
Delete Probandt, W. Mitchell and S. Flores Bridges 8022 632.07 -0.07
Delete Probandt, W. Mitchell S. Flores, and Nogalitos Bridges 6022 631.95 -0.19
Delete P, M, Flor, N,and Fur 6022 631.68 -0.46
Delete P, M, Flor, N, Fur, and Cev 6022 631.49 -(.65
12279 100-LMMP 6022 631.78
Delete Probandt Bridge 6022 631.77 -0.01
Delete Probandt and W. Mitchell Bridges 6022 631.73 -0.05
Delete Probandt, W. Mitchell and S. Flores Bridges 8022 631.70 -0.08
Delete Probandt, W. Mitchell S. Flores, and Nogalitos Bridges 6022 631.55 -0.23
Delete P, M, Flor, N,and Fur 8022 631.19 -0.5%
Delete P, M, Flor, N, Fur, and Cev 6022 6530.93 -0.85
12031 100-LMMP 6022 631.49
Delete Probandt Bridge 6022 631.48 -0.01
Delete Probandt and W. Mitchell Bridges 6022 £631.44 -0.05
Delete Probandt, W. Mitchell and S. Flores Bridges 6022 631.40 -0.09
Delete Probandt, W. Mitchell S. Flores, and Nogalitos Bridges 6022 631.20 -0.29
Delete P, M, Flor, N,and Fur 6022 630.73 -0.76
Delete P, M, Flor, N, Fur, and Cev 6022 630.35 -1.14
11897 100-LMMP 6022 631.51
Delete Probandt Bridge 6022 631.50 -0.01
Delete Probandt and W. Mitchelt Bridges 6022 631.46 -0.05
Delete Probandt, W. Mitchell and S. Flores Bridges 6022 631.41 -0.10
Delete Probandt, W. Mitchell S. Flores, and Nogalitos Bridges 6022 631.23 -0.28
Delete P, M, Flor, N,and Fur 6022 630.76 -0.75
Delete P, M, Flor, N, Fur, and Cev 6022 630.39 -1.12
11821 100-LMMP 6022 631.33
Delete Probandt Bridge 6022 631.32 -0.01
Delete Probandt and W. Mitchell Bridges 68022 631.28 -0.05
Delete Probandt, W. Mitchell and 3. Flores Bridges 6022 631.24 -0.09
Delete Probandt, W. Mitchell S. Flores, and Nogalitos Bridges 6022 631.05 -0.28
Delete P, M, Flor, N,and Fur 6022 630.57 -0.76
Deiete P, M, Flor, N, Fur, and Cev 6022 630.19 -1.14
11794 R.R. U/S of W. Cevallos & D/S of S. Alamo
11768 100-LMMP 6022 631.13
Delete Probandt Bridge 6022 631.11 -0.02
Delete Probandt and W. Mitchell Bridges 6022 631.07 -0.06
Delste Probandt, W. Mitchell and S. Flores Bridges 6022 631.03 -0.10
Delste Probandt, W. Mitchell S. Flores, and Nogalitos Bridges 8022 630.83 -0.30
Delete P, M, Flor, N,and Fur 6022 630.33 -0.80
Delete P, M, Flor, N, Fur, and Cev 6022 629.93 ~1.20
11680 100-LMMP 6022 630.87
Delete Probandt Bridge 6022 630.85 -0.02
Delete Probandt and W. Mitchell Bridges 6022 630.81 -0.06
Delete Probandt, W. Mitchell and S. Flores Bridges 6022 630.76 -0.11
Delete Probandt, W. Mitchell 8. Flores, and Nogalitos Bridges 6022 630.54 -0.33
Delete P, M, Flor, N,and Fur 6022 629.99 -0.88

Delete P, M, Flor, N, Fur, and Cev 6022 629.53 -1.34




River Sta Plan Q Total W.S. Elev W.S. Diff.

11500 100-LMMP 6022 630.74
Delete Probandt Bridge 6022 830.73 -0.01
Delete Probandt and W. Mitchell Bridges 6022 £530.68 -0.06
Delete Probandt, W. Mitchell and S. Flores Bridges 6022 530.63 -0,11
Delete Probandt, W. Mitchell S. Flores, and Nogalitos Bridges 6022 830.