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10  Executive Summary

This project was undertaken to provide a valuable tool for the City of San Angelo Storm Water
Department as the staff manages a program to comply with the Phase II small Municipal Separate Storm
Sewer Systems (MS4s) general permit rules promulgated by the US Environmental Protection Agency
(USEPA) and administered in Texas by the Texas Commission on Environmental Quality (TCEQ). In
addition, the Storm Water Department is charged with administering the comprehensive storm water
ordinance adopted by the City. The primary objectives of the project included a detailed description of
the San Angelo urban watershed, definition of the water quality and hydraulic characteristics of urban
storm water, development of a predictive water quality and hydraulic model for use by the City, and
identification of a non-structural and structural control plan for use by the Storm Water Department to
mitigate storm water problems.

Phase 1 of the project included the detailed mapping of the urban watershed including the identification
of the boundaries of the multiple watershed basins and sub-basins located within the city. The City’s
GIS system, other mapping sources and extensive ground truthing were utilized to ensure that all areas
that effect storm water production within the city were included. This effort resulted in the identification
of 35 sub-basins encompassing 33,377 acres. Land uses were detailed within the sub-basins and the
areal extent and type of impervious cover reported. This work enabled the selection of potential storm
water monitoring sites and assisted in the selection of the appropriate urban storm water model to be
utilized in the project. This phase also included the preparation of specifications for permanent storm
water monitoring stations and the purchase and installation of the equipment at these ten sites.

Phase 2 involved implementation of the storm water monitoring program to collect data resulting from
rainfall events within the City. The monitoring stations automatically measured runoff flows and rainfall
amounts and collect samples for analysis. After retrieval by the UCRA staff, the samples were shipped
to the Lower Colorado River Authority Environmental Laboratory and tested for Biochemical Oxygen
Demand (BOD), Total Suspended Solids (TSS), and nutrients such as nitrogen and phosphorus. Through
October 2012, 20 storm events have been monitored. The collected data was utilized to calculate storm
event pollutant loadings at each site and to calibrate the water quality and hydraulic model being
concurrently developed.

The data collections, observations and investigations resulted in the identification of 23 potential sites
for consideration for the construction of structural controls that can serve as a “ready list” for the Storm
Water Department. In addition, the Department protocols, procedures and programs were examined as to
the development of a comprehensive non-structural and low structural storm water control program.
Utilizing an appropriate set of criteria, the 23 potential structural control sites were evaluated and seven
sites were selected as “critical sites and situations”. These sites were then submitted to the project
engineer for preparation of design development for each site including construction cost estimates.
These sites serve as a list of “shovel ready” projects for the Department and should be considered as the
highest priority for implementation.

The data analysis and investigations also resulted in the identification of two potential projects that were
clearly outside the parameters of this study, but were judged to have considerable merit in innovation
and beneficial uses of storm water. During Phase 2 monitoring, extremely large storm water flows were
measured from the Red Arroyo watershed. This prompted the project staff to investigate these yields as
a potential public supply source. As a result, Red Arroyo was determined to be a viable prospect for the
development of a public water supply source that could reliably produce in excess of 50% of the San
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e Report section 3.66 identifies two potential beneficial use projects that were judged to be beyond
the scope of this project. Both of these projects appear to have considerable merit and should be
further evaluated.

2. Because of financial, engineering and public acceptability constraints, structural controls are largely
site driven. This is particularly true of large projects. This report identifies 23 potential projects that will
mitigate storm water urban flooding and/or water quality issues.

e It is recommended that these potential projects be recognized by the Storm Water Department as
a “ready” list of potential future structural controls.

e Seven of the above projects have been subject to design development and efficiency modeling,
and six of those projects are presented in this report for implementation. As these projects are
implemented, it is recommended that the City Storm Water Department continue to provide
design development and modeling for additional projects on the list to provide for an on-going
program.

3. Serious and widespread water quality and urban flooding problems exists within the City. These
problems have been identified in the report as critical sites and situations. Several other sites appear to
be approaching critical status and will become problems with growth and development in their sub-
basins. It is apparent that non-structural and low structural control strategies alone will not adequately
mitigate these critical sites. As stated above, six projects have been subject to design development,
efficiency modeling and cost determination.

e It is recommended that the City Storm Water Department prioritize the design development
projects and proceed to seeking the means to implement the highest rated projects. In prioritizing
the projects, the criteria should consider funding opportunities, impact on water quality and
urban flooding, water conservation and beneficial use, public acceptability, and O&M costs.

4. From an impact only criteria the most urgent sites regarding water quality and urban flooding within
the City of San Angelo are as follows:

Urban Flooding — Southwest Boulevard near Loop 306. Severely inadequate storm water conduit under
street causes back-up and impoundment of storm water above crossing and frequent overtopping of
roadway. Intense storm events often result in life threatening situations and potential damage to nearby
commercial establishments.

Water Quality Impact- There is a tremendous annual loading of sediment, BOD and nutrients being
discharged to the South Concho River near the City Water Treatment Plant and Lone Wolf Bridge from
Red Arroyo. These contaminates are effecting water quality in Bell Street Reservoir, downstream water
quality, the storage capacity of the in-stream reservoir and San Angelo’s water supply system.

5. From an impact only criteria the most urgent developing problem with water quality or urban
flooding appears to be Red Arroyo at Knickerbocker Road. With growth and development in this
watershed, there appears to be a danger of overloading the storm water conduits under the road,
damming of storm flows and eventual overtopping of the roadway.

e Development within this watershed should be carefully considered by the Storm Water
Department.






The City of San Angelo and UCRA entered into a cooperative agreement to develop a storm water
monitoring and modeling program as a tool for the City’s storm water management system. The entire
urban watershed has been mapped with all sub-basins identified, including detailed land use within the
sub-basins. The mapping has been accompanied by ground verification to ensure accuracy. Automatic
storm water monitoring stations have been installed at ten critical watershed locations. At each station
during rainfall events, the volume of precipitation, its intensity, duration of rainfall and storm water
flows are recorded. Storm water samples are also automatically collected.

The UCRA retained the services of the Texas Institute of Applied Environmental Research (TIAER) at
Tarleton State University to provide hydraulic and water quality modeling for the entire urban
watershed. Using default values, the models are continually calibrated with real time monitoring data.
At the conclusion of the project, the City will possess a highly accurate model that displays existing
conditions and can predict consequent hydrologic and water quality conditions by changing parameters
such as storm intensity/duration, changes in land use, or future development within the urban area.

The cooperative agreement between the City and UCRA also requires that the UCRA develop a Master
Plan to examine and identify structural and non-structural control strategies to address both water quality
and urban flooding. The goal of the plan is to assist the City Storm Water Department in planning and
implementing control strategies to mitigate the problems identified during the monitoring and modeling
phase of the program. This document will detail the results of the monitoring, modeling and
investigative work performed during this project, identify and describe available structural and non-
structural control strategies, identify and prioritize hydraulic and water quality sites and provide design
development for seven high priority projects.

3.0 Watershed ldentification and Characterization
3.1 Criteria and Rationale for Inclusion

In preparing the overall and sub-basin watershed maps, an attempt was made to include all of the
corporate limits of the City and storm water contributing areas located outside the corporate
limits. This would account for all of the storm water contributed downstream and would allow
planners to manipulate various land uses within the model as changes occur. Sub-basin
boundaries within the map were generally derived from one-meter resolution aerial surveys. It
was discovered early in the project that recent physical alterations or obscure structures could
sometimes alter runoff patterns. These were ground verified with corrections made to the map.
Soil maps, land use maps and impervious cover layers were also added to the watershed maps.

3.2 Watershed and Sub-basin Boundaries

Figure 1 is a map of the San Angelo urban watershed and the 45 sub-basins identified within the
greater San Angelo area. Ten sub-basins were not selected for modeling due to the lack of impact
on the hydraulic or water quality characteristics of the urban watershed. The modeled areas
include 35 sub-basins with a watershed area of 33,377 acres.






33 Sub-basin Land Use
The land use and impervious area categories in the San Angelo watershed delineated in this
study are listed in Tables 1 and 2, along with the total area. Appendix B and C contain the
detailed land use and impervious area information of the 35 sub-basins selected for detailed
modeling.
Table 1: Summary of Land Use Categories for 35 Sub-Basins
Land Use Categories Area (acres)
Agriculture (Cultivated Land) 5,624.14
Agriculture (Commercial, Dairies) 36.95
Agriculture (Residential, 3-10 acres with house) 1,591.66
Commercial 912.4
Industry, Heavy 704.52
Industry, Light 395.8
Mobile Home (individual) 139.37
Mobile Home Park 49.12
Office 158.55
Parking Lot Offsite 74.16
Parks, Recreation 2,042.04
Public, Semi Public 2,846.44
Residential High Density (Apartments) 338.09
Residential Low Density 5,928.10
Residential Medium Density (Townhouses, Duplex) 250.98
Retail Personal Services 898.34
Two Single-Family on One Lot 18.55
Vacant (Undeveloped) 11,367.79
Total 33,377.01
Source: Land Use GIS Data from City of San Angelo (2010)
Table 2: Summary of Impervious Cover Categories for 35 Sub-Basins
Impervious Area Categories Area (acres)
Building Footprints 2,736.72
Non-residential 2,540.72
Pavement 3,189.14
Total 8,466.63

Source: Impervious Cover GIS Data from City Of San Angelo (2010)
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the world for urban storm water planning. The latest version of the model, SWMM
Version 5, was produced by the U.S. Environmental Protection Agency’s National Risk
Management Research Laboratory with assistance from the consulting firm of CDN, Inc.
This latest version of SWMM is being used on this project.

3.6 Summary of Data Collections and Observations
3.61 Recognized Water Quality and Urban Flooding Concerns

There are several areas in which urban flooding occurs within the City. Many are a
nuisance or minor inconvenience to motorists during storm events. However, some are
potentially life threatening or a threat to property. Major concerns are listed below:

e Southwest Blvd. near Loop 306 — Southwest Blvd. is a major feeder artery and the
area 1s often closed due to high water. Several businesses in the area have been
affected by storm water and/or are currently threatened. Numerous vehicles have
been washed off the crossing during intense events.

e College Hills Blvd. @ Red Arroyo — this street is another major artery and is
frequently closed during storm events.

e Knickerbocker Rd. @ Red Arroyo — this point has not been subject to flooding in
the past, but the capacity of the channel and the existing flood marks and flow
measurements indicate that the bridge structure could be breached in the future.

e Bell Street @ East Angelo Draw and multiple points downstream — a major traffic
artery often closed due to high water at East Angelo Draw. Multiple street
crossings and residences downstream are also threatened.

e FEast Angelo Draw - has an extremely large and diverse watershed. Numerous
street crossings, structures, residences and businesses are at risk.

e Howard Street (@ Brentwood Park — this conveyance in part utilizes and crosses
Howard Street and serves as the main channel for a drainage system. It is often
closed during storm events.

e Sulfur Draw— several street crossings including S. Monroe and Paseo de Vaca are
seriously impacted by this waterway and are often closed.

e Drainage Way area including Avenue R & Hill Street — numerous street
intersections and crossings are seriously impacted by this waterway. Historically,
vehicles and homes have been flooded in this area and streets closed.

e Area Upstream of Parkview Lake — several street intersections including Sul Ross
& Lindenwood are seriously impacted following significant storm events.

e Live Oak Street @ Evans — Live Oak Street is a major traffic artery and is
impacted by storm water.
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3.62 Summary of Storm Water Loadings

Appendix G contains the water quality data and calculated loadings measured by the
storm water monitoring system. Monitoring began on June 28, 2010 with a storm event
on that date. Data presented in Appendix G is the actual laboratory analytical results for
the parameters tested and the loadings are the analytical results as applied to the volume
of storm water measured and expressed as pounds of the pollutant tested. This number is
the approximate weight in pounds of the pollutant that passed the site during the storm.
Primarily due to the large volumes of storm water created, Red Arroyo and its tributaries
are the greatest contributors of pollutant loadings in the urban San Angelo watershed.
Red Arroyo gets its name from the red colored soils that outcrop most noticeably in the
upper watershed. This soil is in reality an outcrop of a geologic feature, the San Angelo
Formation. While published soil maps and descriptions do not list the soil type as being
highly erodible, observations indicate the opposite. The red clay present in the soil is
obvious in the red color in any runoff from the watershed and is primarily responsible for
the high TSS measured.

TSS is a good parameter to indicate total pollutant loadings since high levels of TSS are
often indicative of high organic loadings and nutrient loadings. Sample station #2
analytical results are indicative of pollutant loadings to the South Concho River, and
sample station #3 results are indicative of upstream pollutant loadings to the North
Concho River through downtown San Angelo where the water quality impairments have
been identified.

Examination of the water quality and loading data in Appendix G allows the formulation
of some important conclusions regarding storm water quality, generally and specifically,
for the urban San Angelo watershed. A review of the water quality data indicates that
several “first flush” samples were collected for a number of sites. These are the samples
collected within the first 15 minutes of a storm event, and the literature indicates that
these may contain the highest concentration of pollutants. Appendix G data substantiates
that this is indeed the case in the San Angelo watershed. Further, in smaller storms the
first flush sample will contain a higher percentage of the total BOD load than in more
intense storms. During the storm event monitored in November 2011, the total rainfall
measured was approximately 0.3 inches with a rapid onset and abrupt termination. In
realty, the entire event was all a “first flush” due to its brevity. It also followed a
significant period without rainfall. All of these factors combined to produce some
exceptionally high BOD concentrations measured in the samples collected and is a
spectacular indication of the first flush phenomena.

Continuing a review of the BOD data, several other conclusions can be made. There
appears to be remarkable continuity between sample sites in BOD values measured
during a single event, particularly if the rainfall amount and intensity is similar. Also,
BOD values appear to be higher from sub-basins with more residential development and
average BOD values are higher for events of lower total rainfall and lower intensity of
rainfall. Total loadings are, however, generally higher from the storms with larger total
rainfall amounts and of greater intensity. For reference, most wastewater discharge
permits issued by the State normally require BOD and TSS concentrations to be 20 mg/l
or less. However, the BOD and TSS values contained in Appendix G are characteristic
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Utilizing the screening criteria identified above, seven sites have been identified as
critical locations or situations. These sites have been subject to further evaluation and
design development which are fully developed in report section 6. The identification of
these sites and the reasons for inclusion are as follows:

Red Arroyo Downstream of Sherwood Way (U.S. Hwy 67) — This site is prone to
urban flooding problems and offers potential funding opportunities through an existing
grant to construct a series of dry pond/wet pond facilities that would reduce urban
flooding, reduce pollutant loadings and provide recreational opportunities.

Storm Water Drainage Upstream of Southwest Bivd. Near Loop 306 - This site
frequently experiences serious urban flooding and analytical data indicate a very heavy
pollutant load. Topographic realities dictate the need for a series of dry pond facilities
that not only reduce hydraulic peaks for flood mitigation, but also decrease pollutant
loads.

Red Arroyo Near South Chadbourne Street Bridge — This site offers a suitable
topographic area for development of a large dry pond/wet pond facility that will
substantively reduce the sediment and pollutant loading to the South Concho River. This
site also offers opportunities for beneficial use of storm water, water conservation and
recreational opportunities.

North Concho River Near 14" Street Bridge - This site potentially offers a suitable
area for development of control facilities to mitigate downstream flooding and reduce
pollutant loadings to this stream segment, which is listed for water quality impairments.
Moreover, such facilities could aesthetically improve the existing stream channel,
providing additional recreational opportunities.

Downtown North Concho River - This general area offers the potential of multiple sites
for installation of package storm water treatment units. It is assumed that these units
would be similar to the existing package unit located near the Celebration Bridge which
is extremely efficient in reducing pollutant loads. Since this stream segment is listed for
water quality concerns, this proposal is advantageous to the goals of the project.

TXDOT Property Near Baptist Memorial — This site lies below Baptist Memorial
Drainage on a tributary to East Angelo Draw. There is a possibility of additional funding
for this project. An irrigation pond with pre-sedimentation could provide water
conservation and beneficial use opportunities and reduce both pollutant loading and
hydraulic peaks on East Angelo Draw. Baptist Memorial has indicated that it is interested
in utilizing storm water for irrigation of its complex. This would be a beneficial use of
storm water by conserving a significant quantity of potable water and providing
considerable cost savings to the complex.

East Angelo Draw Near Concho River and Sports Complex — A large wet pond
located at this site could provide significant reduction in the pollutant loads discharged to
the Concho River below San Angelo. In addition, the facility could provide water
conservation and beneficial use opportunities as the impounded water could be utilized to
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Site No. 2 — Santa Fe Golf Course, Pond System and Artificial Stream — This site was
selected and concept developed to improve the aesthetics at the existing golf course and
provide treatment to the North Concho River through the segment identified as being
water quality impaired. The project would entail the development of a high volume
circulation system to pump from the river to a pond on the golf course. The pond would
be designed and constructed as a wetland treatment system with abundant aquatic plants
and morphology to maximize water treatment. Following adequate detention time, the
water would traverse the golf course through a series of artificial streams and small ponds
that ultimately discharge back to the river. Small decorative bridges would be constructed
over the streams at appropriate locations to facilitate use of the golf course.

Properly designed wetland systems are very effective in reducing nutrients, suspended
solids and oxygen demanding substances. The affected stream segment by this proposed
facility is currently listed by the TCEQ as an impaired water body and often displays
poor aesthetic conditions including prolific algac blooms. The treatment system could
reduce algae blooms, eliminate oxygen depletion by reducing diurnal oxygen minimums,
and improve water clarity. In addition, the beneficial treatment effects would be extended
downstream due to the normal stream flow.

406  Quality Assurance

Sampling, sample handling, laboratory methods and data screening have been conducted based on the
TCEQ Surface Water Quality Monitoring (SWQM) Procedures, Volume 1, RG —415, 2008. Although
this data has been used as a screening tool and will not be entered into the State Water Quality Database,
it was deemed appropriate to utilize this source as a guide for proper sampling and analytical protocols
where applicable.

4.0  Types of Structural & Non-Structural Control Strategies Considered

By definition, Best Management Practices (BMPs) are non-structural and low-structural
management alternatives. Watershed controls that reduce water pollution and hydraulic impacts include
BMPs and storage/treatment. For ease of discussion, all of these shall be referred to as structural and
non-structural control strategies.

Structural control strategies include, berms, carthwork and outlet devices or modifications to land
surface features that facilitate on-site storage and /or flow attenuation. Storage attenuates peak runoff
flows, treats runoff by physical settling or totally contains the flow through percolation/retention.
Storage/treatment options can be designed and operated as dry or wet ponds to provide sufficient
detention time to allow settling as a physical treatment method. Settling reduces suspended matter and
BOD, nutrients, heavy metals and hydrocarbons.

Other structural controls include vortex separators and biological controls. In recent years the separators
were developed to accelerate storm water settling characteristics and improve floatable debris and litter
removal. These units are very efficient, but are limited by flow capacity to small and moderate sized
storm water outfalls. In addition to treatment, suspended solid prevention options are also available and
include erosion control stabilization, runoff control and re-vegetation. In recent years, biological
controls have been developed and successfully utilized at numerous locations. These include artificial
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current practices that are in line with storm water goals and make suggestions with
methods for implementing the improvements.

Educational Materials: An informational brochure was printed as well as the
aforementioned book marks. Materials were distributed by hand and via mail. It was
discovered that smaller printed materials with less information are easier to keep up with
and more effective. Additionally, both the City of San Angelo and the UCRA have
websites with educational information and links available. A more focused look at the
websites and use of social media in terms of storm water would be beneficial to the
programs to connect those interested in local environmental issues with ways to
contribute.

School Programming: The UCRA has an extensive partnership with the San Angelo
Independent School District (SAISD) and the San Angelo Museum of Fine Arts
(SAMFA). This has provided many educational opportunities with students. As a result
of these partnerships, thousands of students come through the Water Education Center
each year with scheduled field trips and via programs like the Texas Research Institute
for Young Scholars and Camp Odyssey. It is recommended that these types of programs
and partnerships not only continue, but be expanded for the education of future
generations to come.

Community Outreach & Involvement: Storm drain marking is currently being
implemented using a group of middle school students (Aqua Squad). It is suggested that
future marking programs incorporate other community groups. A community wide river
clean up was held this past year and as a result it was suggested that two cleanup projects
be held annually, focusing on different sections of the river through town. This not only
provides aesthetic improvements but gives ownership to the community and builds
partnerships with other organizations. Outreach to local homeowners groups, churches
and others is also suggested to provide a venue for the education of other adult
populations.

Partnerships: The UCRA believes that strong partnerships, both in the public and private
sector, are vital. It is suggested that partnerships with SAMFA, SAISD and other
environmental organizations be continued. It is also suggested that partnerships with
local landscaping companies and nurseries be formed to educate these entities as to best
practices.

Establishment of an Urban Runoff Control Coordinating Agency — The City of San Angelo

currently has a functioning Storm Water Department that serves in this capacity.

City Ordinance Review/Revision - The City has adopted a storm water ordinance that includes a

fee schedule to fund the Storm Water Department. Construction and development standards and
specifications related to storm water issues are included in the ordinance It is assumed that City
staff and administration will continuously evaluate these programs and recommend changes if
required.

Enforcement of Existing Ordinances- The Storm Water Department duties include ordinance

enforcement.
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Alternatives: Develop wetland pond treatment system. Install high volume pump to circulate
water from N. Concho River through a series of wetland ponds and artificial streams, and
discharge it back to the river. The ponds and artificial streams would be integrated into the
existing golf course and feature an extensively developed aquatic plant system.

Site No. 3 — North Concho River immediately below 14" Street

Alternatives: Construction of in-channel gabion structure to create dry pond impoundment for
suspended solid removal.

Site No. 4 — Downtown North Concho River storm water inlets

Alternatives: Size and install package (Vortex Separator) treatment units to treat numerous small
volume storm water outfalls.

Site No. 5 — North Concho River, 2100 feet upstream of 14" Street

Alternatives: Construction of concrete dam for controlled release. This alternative would provide
an enhanced water environment for the adjacent park including fishing, etc. The controlled
release would provide and extend additional normal stream flow and attenuate flood flows
downstream. It is estimated that 15 to 20 acre feet of storm water temporary storage could be
provided in addition to the normal impoundment.

Site No. 6 — North Concho River, at low dams @ 29™ Street, 6™ Street and 1% Street

Alternatives: Retrofit these low dams to provide storm water storage (increase elevation) and
provide controlled release structures. This will provide and extend normal stream flow and
attenuate flood flows downstream by providing temporary storage.

Site No. 7 — Pecan Street, south of Railroad, north of 4" street. Vacant lot

Alternatives: (a) Dry pond with gabion (b) First flush sedimentation and filter bed (c) Wet pond
with dry storage capacity

Site No. 8 — 11" Street and Pecan, Vacant lot
Alternatives: (a) First flush dry pond with low gabion (b) Package treatment unit.

Site No. 9 — Two decorative impoundments (Lake A, upstream and B, downstream) located
south of the intersection of Van Buren & Greenwood

Alternatives: (a) Retrofit Lake A to include sediment storage area in upper end. (b) Install large
package treatment unit or series of smaller units above Lake A.

Site No. 10 — City owned Brentwood Park control structure
Alternatives: (a) To preserve and extend life of existing structure, construct low gabion dry pond
on park land above reservoir. (b) Install large package treatment unit upstream of reservoir.
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Site No. 19 — Red Arroyo @ College Hills Blvd.

Alternatives: (a) Construct large gabion dry pond structure above bridge to entrap contaminates
and attenuate peak flood flows. (b) Construct large wet pond with controlled release features that
allow storage of excess flood flows. Impounded water to be utilized as decorative/recreational
feature.

Site No. 20 — Red Arroyo (@ numerous points to accentuate and improve planned trail system

Alternatives: Series of small decorative impoundments designed to have no impact on flood
clevation with controlled release features and pre-sedimentation structure. The structures will
entrap contaminates and mitigate peak flood flows.

Site No. 21 — Red Arroyo @ Knickerbocker Road

Alternatives: (a) Construct large gabion dry pond structure at suitable location upstream of
bridge that encompasses all of the floodway. This structure will reduce contaminate loading and
help mitigate peak flood flows.

Site No. 22 — Parkview Lake.

Alternatives: Retrofit existing upper portion of lake to provide pre-sedimentation of suspended
solids. This provision will improve water quality within lake and allow continued use of the
structure as storm water wet pond control feature. Dredging sediment currently in the lake could
increase storage by 50%.

Site No. 23 — Sunset Lake

Alternatives: Remove accumulated slit and retrofit existing upper portion of lake to provide a
pre-sedimentation basin. This provision will improve water quality within lake and allow
continued use of the structure as storm water wet pond control feature. Dredging sediment
currently in the lake could increase storage by 75%.

6.3 Alternative Screening

The alternative structural control strategies or methods identified at each site are based on
available technologies and obvious site restrictions. In some cases a single alternative has been
identified. A list of structural control projects have been developed from the site list and
alternatives identified. The screening criterion included the following elements:

Assumed effectiveness of method to reduce pollutants and urban flooding.
Probable construction cost.

Cost of O&M.

Public acceptability.

General environmental effects.

Negative impacts on existing flood elevation.

Potential beneficial use of storm water.

Existing or potential funding opportunities for alternative.

24
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funded with assistance from Baptist Memorial. Staff and management at the facility have
recognized the potential for the project and some pre-planning has been done. Cost estimates for
this facility are $370, 000.

Site No. 15, SWSCN #7 — East Angelo Draw near the Rio Concho Sports Complex. Construct
large wet pond with controlled release structure to allow temporary storage of excess storm
water. Impounded water could be utilized as decorative impoundment, recreational opportunity
for the public and offers the potential for irrigation of the sports complex. Because of the City
owned space available, this site offers the best opportunity to address potential downstream
water quality implications with a major project. The project would also be a likely candidate for
grant funding. Cost estimates for this facility is $3,163,000

Site No. 17, SWSCN #3 — Red Arroyo @ South Chadbourne. Immediately below South
Chadbourne Bridge construct large wet pond with controlled release feature to allow temporary
storage of excess flood flows. Impounded water could be released downstream or utilized on-
site. This site is privately owned and the owner wishes to participate with the City in developing
this facility. It offers a large undeveloped area and suitable typography to provide a large
structure to control the sediment load to the South Concho River. Report section 3.66 also
describes an alternative beneficial use for this site that falls outside of the parameters of this
study. The recommended structural control facility for this site would be sized to control the total
flow from a one year frequency storm and store 190 acre feet of water. The cost of the facility is
estimated at $ 4,919,000.

Site No. 18, SWSCN #2 —~ Storm water channels upstream of Southwest Blvd. Construct a
series of low gabion structures to entrap contaminates and attenuate peak flood flows. This site
has long experienced serious urban flooding problems which are likely to worsen as additional
development occurs within the existing sub-divisions and commercial areas. Water quality
monitoring at this site indicates excessive contaminant loadings. The proposed control strategy is
a cost effective and efficient method of mitigating both problems. The typical design for these
structures has been recommended to increase storage by a factor of 1.4. Total cost for the project
is estimated at $191,000.

Site No. 20, SWSCN # 1 — Red Arroyo @ numerous points to accentuate and improve planned
trail system. Series of small decorative impoundments designed to have no impact on flood
elevation with controlled release features and pre-sedimentation structure. The structures will
entrap contaminates and mitigate peak flood flows. This ideal strategy can be constructed at
several points and will collectively impact both urban flooding and contaminate loadings while
providing aesthetic improvements to the flood channel and planned walking trails. These
impoundments may also be included in a proposed grant program to develop the trails. It is
recommended to construct four of the typical structures down the waterway and it is estimated
that the total cost would be $241,000.

6.6 Summary of Design Development Project Modeling

In the previous section, it was stated that the typical designs created during the design
development by the engineer are included in Appendix F. Following the initial hydraulic
modeling completed by TIAER, each of the sites and typical designs were examined based on
the selected design storms. As a result, recommendations were formulated that would be applied
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19 Recommendations and Conclusions

This report describes the on-going data collection and storm water modeling program that the UCRA is
currently providing to the City of San Angelo Storm Water Department. In addition, it reports the
findings to date and displays the data, observations and modeling results in detail. It also includes a
review of the non-structural Storm Water Department organization, protocols and programs with
recommendations for implementation. A list of 23 potential sites for structural controls is provided and
detailed design development provided for six high priority projects contained within that list.

As a result of the project elements described above, the following overriding conclusions regarding the
Storm Water System that presently serves the City of San Angelo have been determined. In addition,
appropriate recommendations related to the conclusions are provided.

1. The City of San Angelo has adopted a comprehensive storm water ordinance and established a Storm
Water Department and program. These form the basis for a non-structural and low structural program to
mitigate storm water problems. These are identified and reviewed within this report and it is obvious
that implementation of the ordinance and Department programs will have a positive impact on existing
and future problems. In addition, adoption of this Master Plan will provide a comprehensive guide to
mitigating existing and future critical storm water problems. In addition to the minor recommendations
stated in report section 6.1, the following recommendations are suggested to improve the storm water
program.

e The Master Plan should be updated based on a five-year schedule.

¢ The storm water monitoring and watershed modeling inputs should continue for an additional
three years under the supervision of the UCRA. This will insure program continuity and provide
for further calibration of the model and additional data for Master Plan updates.

¢ During the next three years, the UCRA and the City of San Angelo should seek funding for
structural control construction from the Texas non-point source program (319-h) and any other
funding sources. Several of the recommended BMP’s have multiple uses such as recreational,
water conservation and beneficial use and as such may qualify for other grant programs in
addition to providing water quality benefits.

e Report section 3.66 identifies two potential beneficial use projects that were judged to be beyond
the scope of this project. Both of these projects appear to have considerable merit and should be
further evaluated.

2. Because of financial, engineering and public acceptability constraints, structural controls are largely
site driven. This is particularly true of large projects. This report identifies 23 potential projects that will
mitigate storm water urban flooding and/or water quality issues.

e It is recommended that these potential projects be recognized by the Storm Water Department as
a “ready” list of future structural controls.

e Seven of the above projects have been subject to design development and efficiency modeling
and six of these projects are presented in this report for implementation. As these projects are
implemented, it is recommended that the City Storm Water Department continue to provide
design development and modeling for additional projects on the list to provide for an on-going
program.
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Tabsle E-1 Total Runoff Estimated by UCRA and TIAER at Monitoring Site 1

Events Storm Event Periods Total Mean Total Mean Peak
From To Rainfall Depth  Volume  Runoff Runoff
(in) (ft) (ft3) (cfs) (cfs)
1 7/7/2010 1:28 PM 7/7/2010 6:03PM 0.00 0.031 441E+03  0.27 0.82
2 7/7/2010 8:27 PM 7/9/2010 8:00 AM 0.00 0.292 1.70E+06 1327 117.10
3 7/9/2010 9:48 AM 7/9/2010 1:17 PM 0.00 0.036 4.09E+03  0.32 0.82
4 7/9/2010 2:53 PM  7/10/2010 10:03AM 0.00 0.346 1.57E+06  22.79  243.12
5 8/24/2010 19:15 AM  8/25/2010 11:09 AM 0.00 0356 LI3E+06 19.65 111.30
6 9/3/2010 1:29 AM 9/3/2010 16:23 PM 0.00 0.102 1.23E+05  2.30 21.83
7 9/25/2010 13:31 PM 9/26/2010 7:27 AM 0.00 0.141 2.25E+05 347 21.83
8 10/23/2010 9:30 AM  10/24/2010 9:05 AM 0.00 0.234 9.64E+05 11.31 103.91
9 1/9/2011 4:15 AM 1/9/2011 7:50 AM 0.00 0.061 1.17E+04  0.88 3.71
10 1/31/2011 23:35 PM 2/2/2011 8:00 AM 0.00 0.129 3.14E+05  2.68 26.27
11 2/6/2011 8:10 AM 2/6/2011 8:30 PM 0.00 0.037 6.16E+04 1.38 3.20
12 57272011 3:45AM 5/22011 12:10 PM 0.00 0.318 4.09E+05 13.35 27.25
13 5/20/2011 6:25AM  5/20/2011 10:55 AM 0.00 0.218 1.32E+05 8.00 42.16
14 6/21/2011 8:30 PM 6/22/2011 6:55 PM 0.00 0204 7.54E+05  9.30 71.45
15 8/11/2011 10:00 PM 8/12/2011 5:00 AM 0.00 0.013  7.25E+03 0.28 5.69
16 8/13/2011 6:00AM 8/14/2011 8:40 AM 0.00 0.519 549E+06 57.00 815.38
17 10/8/2011 11:00AM  10/9/2011 11:00 PM 0.00 0311 2.59E+06 1994 170.14
18 12/3/2011 8:00 PM 1/0/1900 12:00 AM 0.00 0.117 8.95E+05  4.13 31.44
19 1/9/2012 3:00 AM 1/9/2012 11:20 AM 0.00 0273 447E+05 1476 40.20
20 1/24/2012 8:00 PM  1/26/2012 11:00 PM 0.00 0.192 1.66E+06  9.01 5240
21 2/16/2012 11:00 PM 2/20/2012 2:00 AM 0.00 0.186  2.39E+06 8.85 92.61
22 3/8/2012 10:00 PM 3/10/2012 1:45 PM 0.00 0.150 2.13E+06  14.89  92.61
Min Event 7/7/2010 1:28PM  7/7/2010 6:03:00 PM 0.00 0.031  4.09E+03 - -
Max Event  08/13/2011 6:00 AM  08/14/2011 8:40 AM 0.00 0.519  5.49E+06 - -
Median Event - - 0.00 0.189  6.00E+05 - -
Mean Event - - 0.00 0.194  1.05E+06 - -

* No Rainfall Gage






Table E-3 Total Runoff Estimated by UCRA and TIAER at Monitoring Site 3

Storm Event Periods Total Mean Total Mean Peak
Events From To Rainfall Depth  Volume  Runoff Runoff
(in) (ft) (ft3) (cfs) (cfs)
1 6/27/2010 8:36PM 6/28/2010 5:11AM 0.35 0.093 7.68E+05 24.29 67.17
2 7/1/2010 3:44PM 7/3/2010 11:52AM 0.73 0.182 9.88E+06  62.18 171.52
3 7/9/2010 7:20AM 7/10/2010 12:23PM 0.90 0.181 6.84E+H06 6534 1,324.10
4 8/24/2010 11:20AM 8/25/2010 12:06PM 1.24 0.206 1.19E+07 133.32  573.10
5 9/7/2010 11:25 AM 9/9/2010 6:15AM 0.05 0.044 1.09E+06  7.07 19.21
6 9/24/2010 6:25 PM 9/25/2010 1:15AM 0.03 0.038 1.73E+05 6.95 22.88
7 9/25/2010 12:45PM 9/26/2010 6:15AM 0.84 0.187 4.94E+06  77.97 34391
8 10/8/2010 4:10 PM 10/11/2010 5:30: PM 0.00 0.013  3.16E+05 1.19 3.03
9 10/23/2010 9:05AM 10/24/2010 3:25AM 0.67 0.286 9.94E+06 149.97 620.95
11 5/20/2011 5:55AM 5/20/2011 11:30AM 0.13 0.112  7.20E+05 35.28 91.54
12 6/21/2011 8:15PM 6/22/2011 2:15AM 0.40 0.100 6.06E+05 28.83 74.67
13 8/13/2011 9:05 AM 8/14/2011 1:00 PM 3.18 0.559 3.98E+07 395.18 2,369.39
14 10/8/2011 12:00 PM 10/9/2011 11:55 PM 1.71 0.260 1.55E+07 119.79  432.01
15 12/2/2011 10:00 PM 12/4/2011 7:55 PM 0.33 0.030 1.27E+06  7.69 57.11
16 12/4/2011 8:00 PM 12/5/2011 §8:00 PM 0.12 0.102  2.92E+06 33.63 121.29
17 1/9/2012 5:00 AM 1/9/2012 3:35 PM 0.19 0.306 5.46E+06 142.14 29597
18 1/24/2012 6:00 PM 1/26/2012 12:35 PM 1.28 0.491 4.23E+07 275.19  599.41
Min Event 10/8/2010 4:10:00 PM  10/11/2010 5:30:00 PM 0.03 0.013  1.73E+05 - -
Max Event 8/13/2011 9:05 AM 8/14/2011 1:00 PM 3.18 0.559 4.23E+07 - -
Median Event - - 0.40 0.18  4.94E+06 - -
Mean Event - - 0.71 0.188 9.08E+06 - -







Table E-3 Total Runeff Estimated hy UCRA and TIAER at Monitoring Site 5

Storm Event Periods Total Mean Total Mean Peak
From To Rainfall Depth  Volume  Runoff Runoff
(in) (ft) (ft3) (cfs) (cfs)
1 6/27/20103:22 PM  6/28/2010 10:30 PM 0.81 0.071 2.75E+05 2.46 19.11
2 7/1/2010 6:18 AM 7/3/2010 4:37 AM 1.18 0.197 1.87E+06 11.18 99.27
3 7/4/2010 2:54 PM 7/5/2010 4:57 AM 0.09 0.098 1.50E+05 297 12.17
4 7/7/2010 2:52 AM 7/7/2010 8:32 PM 0.17 0.099 1.98E+05 3.11 18.78
5 7/10/2010 2:25 AM 7/9/2010 11:59 PM 1.57 0.208 2.07E+06 1676  383.24
6 10/23/2010 8:55 AM  10/23/2010 2:59 PM 1.53 0.293  6.94E+05 31.70 212.00
7 1/31/2011 10:40 PM 2/2/2011 2:10 AM 0.26 0.135 5.14E+05 5.51 19.84
8 5/2/2011 12:50 AM  5/2/2011 11:45 AM 0.70 0.177  2.24E+05 5.66 15.62
9 5/20/2011 5:50 AM  5/20/2011 10:25 AM 0.46 0.132 6.29E+04 3.74 22.29
10 6/21/2011 8:05PM  6/22/2011 9:35 AM 0.74 0.062  8.80E+04 1.80 38.23
11 8/11/2011 11:25PM 8/12/2011 4:00 PM 0.24 0.033  3.19E+04  0.53 3.04
12 8/13/2011 1:00 AM  8/15/2011 9:45 AM 5.01 0.206 2.81E+06 13.71  264.33
13 10/8/2011 12:00 AM  10/11/2011 6:00 AM 2.84 0.090 8.41E+05 2.99 110.90
14 11/8/2011 12:00 AM 11/8/2011 6:00 PM 0.22 0.021  2.22E+04 0.34 4.35
15 11/21/2011 12:00 PM  12/20/2011 4:45 AM 1.05 0.021  6.69E+05 0.27 10.06
16 1/24/2012 11:20 AM  1/26/2012 10:45 AM 1.97 0.098 4.44E+05  2.60 94.21
17 2/16/2012 12:00 PM 1/0/1900 12:00 AM 2.05 0.015 1.67E+05 0.10 0.88
18 3/8/2012 8:15 PM 3/10/2012 1:10 PM 0.78 0.081 2.33E+05 1.58 8.38
Min Event 7/4/2010 2:54:00 PM  7/5/2010 4:570 AM 0.09 0.098 2.22E+04 - -
Max Event 8/13/2011 1:00 AM 8/15/2011 9:45 AM 5.01 0.208 2.81E+06 - -
Median Event - - 0.80 0.132  2.54E+05 - -
Mean Event - - 1.20 0.137  6.31E+05 - -






Table E-7 Total Runoff Estimated by UCRA and TIAER at Monitoring Site 7

Storm Event Periods Total Mean Total Mean Peak
From To Rainfall Depth  Volume Runoff Runoff
(in) (ft) (ft3) (cts) (ctfs)
1 9/22/2010 3:25 PM 9/23/2010 2:30 AM 0.00 0.174 8.27E+04 10.29 91.79
2 9/24/2010 5:15 PM 9/28/2010 11:35PM 0.00 1.121  1.03E+07 140.32  911.78
3 10/23/2010 9:10 AM 10/27/2010 4:40 PM 0.00 0.742  6.56E+06  15.09 864.60
4 1/9/2011 3:00 AM 1/12/2011 10:15 AM 0.00 0.578 127E+07 44.45 177.55
5 1/17/2011 5:00 AM 1/19/2011 12:50 AM 0.00 0.507 S5.81E+06  36.73 113.07
6 1/31/2011 11:15 PM 2/1/2011 11:55 PM 0.00 1.607 1.59E+07 17837  257.78
7 2/4/2011 12:55 PM 2/7/2011 10:35 PM 0.00 0.489 8.06E+06  27.38 55.20
8 5/2/2011 3:10 AM 5/2/2011 1:45 PM 0.00 1.479 6.28E+06 163.50 273.14
9 5/20/2011 6:00 AM  5/22/2011 10:05 AM 0.00 0.600 1.01E+07  53.68 305.33
10 6/21/2011 8:35 PM 6/22/2011 5:20 PM 0.00 0.688 4.05E+06  54.17 312.60
11 8/11/2011 8:00 PM 8/16/2011 5:00 AM 0.00 1.038 5.33E+07 140.81 1,277.35
12 10/8/2011 10:00 AM  10/10/2011 10:00 AM 0.00 1.129 2.24E+07 129.68  371.89
13 11/8/2011 1:00 AM 11/92011 4:00 AM 0.00 0.399 3.06E+06 31.35 146.67
14 12/3/2011 6:00 PM 12/6/2011 5:00 PM 0.00 0.439 8.34E+06  32.59 177.21
15 1/9/2012 2:00 AM 1/9/2012 2:40 PM 0.00 1.197 6.65E+06 144.83 32278
16 1/24/2012 12:05 PM 1/29/2012 12:00 AM 0.00 0.811 3.52E+07  90.60 445.18
17 2/12/20129:00PM  2/15/2012 11:00 AM 0.00 0.307 440E+06 19.71 104.76
18 2/16/2012 9:00 PM 2/20/2012 1:25 PM 0.00 1.224  431E+07 13528 49224
19 3/8/2012 10:00 PM  3/10/2012 10:30 AM 0.00 1.208 1.71E+07 12948  362.61
Min Event 9/22/2010 3:25 PM 9/23/2010 2:30 AM 0.00 0.174 8.27E+04 - -
Max Event 8/11/2011 8:00 PM 8/16/2011 5:00 AM 0.00 1.038  5.33E+07 - -
Median Event - - 0.00 0.742  8.34E+06 - -
Mean Event - - 0.00 0.828 1.44E+07 - -

* No Rainfall Gage






Table E-8 Total Runoff Estimated by UCRA and TIAER at Monitoring Site 9

Storm Event Periods Total Mean Total Mean Peak
From To Rainfall Depth  Volume Runoff Runoff
(in) (fty (ft3) (cfs) (cfs)
1 12/28/2010 1:05 PM 2/23/2011 1:25 PM 0.40 0.113  4.27E+07 8.67 8.67
2 5/2/2011 1:50 AM 5/2/2011 12:20 PM 0.00 0.469 5.05E+06 13246  479.11
3 5/20/2011 5:50 AM 5/20/2011 4:00 PM 0.49 0.351 3.83E+06 103.80  555.43
4 6/21/2011 8:05 PM 6/22/2011 1:15 AM 0.47 0.554 337E+06 17834 54327
5 8/13/2011 9:10 AM  8/15/2011 10:05 AM 3.87 0.642 S.07E+07 287.17 3,276.40
6 10/8/2011 8:00 AM  10/10/2011 10:00 AM 2.71 0.619 4.14E+07 229.61 1,463.09
7 11/8/2011 1:00 AM 11/8/2011 4:00 PM 0.20 0.113  1.06E+06  19.52 334.32
8 12/3/2011 6:00 PM 12/5/2011 5:00 PM 0.56 0.083 1.74E+06 10.29 87.05
9 12/10/2011 7:50 PM 12/11/2011 6:00 AM 0.07 0.020 S5.37E+04 1.46 13.06
10 12/19/2011 7:00 AM 12/19/2011 7:00 PM 0.05 0.048 1.55E+05  3.57 17.25
11 12/24/2011 11:00 AM 12/24/2011 7:00 PM 0.05 0.015 2.96E+04 1.02 9.70
12 1/8/2012 11:00 PM 1/9/2012 3:10 PM 0.57 0.133  8.44E+05 1443 71.66
13 1/24/2012 8:00 PM 1/26/2012 4:00 PM 1.82 0.250 7.08E+06  44.61 229.00
14 2/12/2012 10:00 PM 2/19/2012 10:00 PM 2.20 0.070 S5.75E+06  9.50 396.50
15 3/8/2012 7:.00 PM  3/11/2012 11:00 AM 1.00 0.172 7.84E+06  33.99 454.65
Min Event 5/2/2011 1:50 AM 5/2/2011 12:20 PM 0.05 0469 2.96E+04 - -
Max Event 8/13/2011 9:10 AM  8/15/2011 10:05 AM 3.87 0.642  5.07E+07 - -
Median Event - - 0.53 0.153  3.83E+06 - -
Mean Event - - 1.00 0.253  1.14E+07 - -
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Red Arroyo Potential Public Water Supply Summary

As mentioned in Section 3.66 and elsewhere herein, UCRA personnel identified Red Arroyo near South

Chadbourne Street as a potential public water source for the City of San Angelo. A brief, factual

summary of pertinent observations, the site’s characteristics, development potential and possible ways to
move forward follows.

The UCRA, through an agreement with the City of San Angelo, has conducted an extensive storm water
data gathering program to provide the necessary inputs for the development of comprehensive storm
water model for the city. As a part of that effort, flows and water quality has been measured at 10
permanent monitoring sites located throughout the city. Large volumes of storm water flows have been
regularly measured during storm events at Monitoring Site 2, located on Red Arroyo immediately
upstream of its confluence with the South Concho River. During the time period from August 2010 to
July 2012, UCRA personnel measured over 9,700 acre feet of storm water that flowed through this site
and into the South Concho River just below San Angelo’s water intake at the water treatment plant.
These flows were generated during a period of record drought with cumulative precipitation of less than
19 inches over the entire 22 month period. By extrapolation it is estimated that under normal conditions
with average precipitation, the amount of storm water that would annually flow down Red Arroyo would
exceed 10,000 acre feet. This represents in excess of 60% of San Angelo’s typical annual usage.
Moreover, chemical analyses conducted on samples collected during storm events exhibited good
quality water.

These observations provided the impetus that led to the development of a potential project to capture
storm water and reuse it as a public water supply source. The project, as envisioned, would not only
provide a significant water supply from the standpoint of volume, but would also have ancillary benefits
as well, not the least of which would be storm water reuse, which is one of EPAs preferred methods of
storm water treatment.

A block of privately owned acreage exists that is sufficient in size for the project and which is also
optimally located.

The project would consist of a small lake, constructed in such a way as to not adversely impact the flood
zone. It would not be a dammed structure, but essentially be an excavated area. It would be located
within a few hundred yards of San Angelo’s water treatment plant and be constructed in such a manner
as to allow for the settling of suspended solids and other pollutants and provide good quality water to the
plant. It would be managed in such a way as to maintain a certain amount of free board to capture small
events for the city’s use, and in the case of large storm events, the design would spill excess storm water
back into the Red Arroyo channel and on to the South Concho River.

The project proximity to the water treatment plant would significantly contribute to low capital expense
and low operations and maintenance costs. Moreover, the fact that the water is storm water generated
from impermeable surfaces of the various developments situated on Red Arroyo’s drainage acreage, the
reliability of the supply would be exceptional and guaranteed.

Permitting is an issue that needs to be researched and vetted, however preliminary opinions from two
law firms indicate that it is a workable project for which permits would likely be approved. The first step
to fruition, is the need for a facility planning study to be undertaken by a qualified engineering firm.



