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NINE ELEMENT CROSSWALK

The Environmental Protection Agency (EPA) has identified nine key elements that are critical for achieving
improvements in water quality. These nine elements are required by the EPA to be addressed in watershed
plans funded with the incremental Clean Water Act section 319 funds. The EPA will review watershed
plans that provide the basis for section 319-funded projects.

For more information, please refer to EPA’s “Handbook for Developing Watershed Plans to Restore and
Protect Our Waters”.
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[ INTRODUCTION TO THE WATERSHED

The Watershed Approach to Planning

A watershed is a topographically-defined area of land that contributes water, nutrients, pollutants, and
sediments to a common downstream point such as a stream, river, or lake. When it rains, water moves
downbhill across the land’s surface or underground. Moving farther downhill by force of gravity, the water
converges into a progressively larger system. The U.S. Geological Survey (USGS) defines a watershed as
“the land area that drains water to a particular stream, river, or lake and can be identified by tracing a line
along the highest elevations between two areas on a map” (USGS, 2014). Watersheds are comprised of
many smaller subwatersheds or subbasins.

A watershed based approach is a flexible framework for managing water resource quality and quantity
within specified watersheds. This approach includes stakeholder involvement and management actions
supported by sound science and appropriate technology. The watershed planning process works within
this framework by using a series of cooperative, iterative steps to characterize existing conditions, identify
and prioritize problems, define management objectives, develop protection or remediation strategies, and
implement and adopt selected actions as necessary. Using a watershed approach, addresses problems in a
holistic manner and the stakeholders in the watershed are actively involved in selecting the management
strategies that will be implemented to solve those problems (EPA, 2008).

Significance of the San Marcos River and Watershed

Surface and Groundwater Connectivity

The Edward’s Aquifer is an artesian aquifer and a major source of drinking water for two million people in
central and south-central Texas. The potential for surface water and groundwater interactions throughout
the watershed are greatly increased by the karstic nature of the landscape, the number of faults and fractures,
and the direct conduits of recharge and discharge features along streambeds. Water quality in the river and
its tributaries is directly tied to water quality in the aquifer and an increase in nonpoint source pollution in
the watershed affects both surface and groundwater.

There are many pressures on the Upper San Marcos River and its source waters,
the Edwards Aquifer. Growth and associated nonpoint source pollution in the

watershed impact the quality (and quantity) of both surface and groundwater
resources. Water quality in Spring Lake and the Upper San Marcos River is
shown to decline after storm events. Pollutants are carried across the landscape
and eventually flow into the river and the tributaries that feed it.

Artesian spring water from the Edwards Aquifer emerges into Spring Lake from hundreds of spring
openings, creating one of the most productive spring-fed systems in Texas. Flows from these springs form
Spring Lake and serve as the headwaters of the Upper San Marcos River. These flows are of vital importance
to San Marcos and surrounding communities, as well as to the aquatic life in the lake and river.

7 The Meadows Center for Water and the Environment



Biodiversity

Due to the river’s high biodiversity and presence of endemic and endangered species, the United States
Fish and Wildlife Service (USFWS) designated the San Marcos Springs and Spring Lake as critical habitat.
Further, because of the potential sensitivity of the headwaters to environmental perturbation and the
limited geographic range of many of the spring-adapted organisms, several species have been federally- and
state-listed as endangered or threatened.

The San Marcos salamander (Eurycea nana), Texas wild rice (Zizania texana), the fountain darter (Etheostoma

fonticola), the Comal Springs riffle beetle (Heterelmis comalensis), and the Texas Blind Salamander
(Typhlomolge rathbuni) are all present in the headwaters or the river and are listed by USFWS as endangered
or threatened. The Guadalupe Roundnose minnow (Dionda nigrotaeniata) and the Bigclaw River Shrimp
(Macrobrachium carcinus) also occur in the headwaters and river, and have been identified by the Texas
Comprehensive Wildlife Conservation Strategy as species of “high priority” for conservation. These species
are sensitive to pollution, water temperature, and rely on suitable flows for survival.

Recreation, Tourism, Character and Culture

The San Marcos River is known for its high clarity and constant temperature, making it a popular location
for water recreation including swimming, tubing, boating, canoeing, kayaking, snorkeling, SCUBA diving,
and fishing. Thousands of tourists visit the river each year, generating millions of dollars in tax revenues and
sustaining local jobs. Ecotourism is also expanding in the area and is primarily based on river recreation.

The City of San Marcos (COSM) and surrounding areas acknowledge the influence of the unique resources
associated with the river, lake, and springs on the character and culture of the City, University, and region. The
presence of Spring Lake and the San Marcos River on the Texas State University campus provides a unique
experience for students, many of who believe that the river is a resource that needs to be protected. The title
of the City’s current comprehensive plan is Vision San Marcos: A River Runs Through Us. Environmental
resource protection is a common theme throughout community driven planning documents.

Spring Lake and the San Marcos River also play an important cultural role in the regional Native American
Community and are the feature of several sacred rituals and celebrations each year.

Population Growth

The COSM is situated in the Southeast portion of the watershed, and the river and its tributaries run
through the city, providing a source of drinking water, recreational opportunities, and miles of unique
riparian corridor habitat. Both the COSM urban sector and more rural surrounding areas are growing at
an unprecedented rate, as is the entire Central Texas region.

The San Marcos population is expected to increase by two to four percent (60,000 to 100,000 people) over
the next 20 years (San Marcos Daily Record, 2017). In ecologically and hydrologically sensitive areas of
this watershed, the effects of an increase in impervious cover can be significant. Increased impervious cover
associated with urbanization can lead to increased pollutant concentrations. In addition, the installation of
drainage systems and concrete channels can result in pollutant loadings being delivered to waterways faster
and in greater concentrations than in undeveloped areas with natural drainage systems. Urbanization has
also been shown to fragment the landscape, potentially impacting biodiversity.

The Upper San Marcos Watershed Protection Plan
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Changing Water Quality

In 2010, the Upper San Marcos River was listed on Texas Commission on Environmental Quality’s
(TCEQ) 303(d) list of impaired water bodies, for exceeding Total Dissolved Solids (TDS) water quality
standards (TCEQ, 2012). Currently, TDS meets required standards, but several other pollutants have been
identified as a concern. This Watershed Protection Plan (WPP) addresses the previously listed impairment
as well as Escherichia Coli (E. coli), nutrients, sediment, and other pollutants associated with future growth
and development.

Surface water quality standards and screening levels are set by the TCEQ. This includes standards for
the following designated uses in the Upper San Marcos River: Contact Recreation, Exceptional Aquatic
Life Use, and Aquifer Protection. However, because the Upper San Marcos River is spring fed and has
exhibited exceptional water quality in the past, Stakeholders felt that these allowable levels of pollutants
were insuficient to protect this unique river system. Therefore, the Stakeholders set target levels for chloride
(Cl-1), sulfate (SO4-2), TDS, dissolved oxygen (DO), total suspended solids (TSS), nitrogen + nitrate,
phosphorus, oil and grease, and E. coli, that are more stringent than state water quality standards and
screening levels (Table 1.1).

Watershed Description

Spring Lake and the San Marcos River (Segment 1814)

Artesian spring water from the Edwards Aquifer emerges through 200 spring openings forming Spring
Lake and the headwaters of the San Marcos River. The lake is a horseshoe-shaped water body with two
main regions: the Spring Arm to the North and the Slough Arm to the South. Most of the hydrological
inputs to Spring Lake occur from spring openings in the Spring Arm, meaning that most of the flow in the
Upper San Marcos River is comprised of groundwater. Sink Creek is the lake’s only significant surface water
tributary, and discharges into the Slough Arm of the lake (Nowlin and Schwartz, 2012).

The Upper San Marcos River (Segment 1814) is 4.5 miles long and receives periodic inputs of rainwater
from four major tributaries before joining the Blanco River. Segment 1814 is separated into four assessment
units: the lower 1.5 miles (1814_01); from that point to Interstate Highway-35 (IH-35) (1814_02); from
I-H 35 to Spring Lake (1814_03); and, the remaining portion of the segment to the headwaters (1814_04).
These combined rivers meet the Guadalupe River in Gonzalez, Texas and flow into San Antonio Bay.
Figure 1.1 shows the boundaries of the Upper San Marcos Watershed used in this watershed protection
planning process.

The Upper San Marcos Watershed

The Upper San Marcos watershed is 94.6 square miles (mi2) (60,605 acres) and is divided into four
main contributing subbasins: Sink Creek (48.26 mi2/30,906 acres), Sessom Creek (0.63 mi2/402 acres),
Purgatory Creek (36.96 mi2/23,698 acres) and Willow Creek (5.90 mi2/3,778 acres). For analyzing
pollutant trends in the watershed, these subbasins were further divided into 35 smaller subbasins, shown in
Figure 1.10 and in Appendix A, Watershed Characteristics.

Land use in the watershed is dominated by rangeland and undeveloped land although, dense urbanization
occurs in the southeastern portion of the watershed and is spreading westward along established
transportation routes. Development in the Upper San Marcos watershed is expected to increase, with rural
land uses converting to intense urban developments (Nowlin and Schwartz, 2012).

9 The Meadows Center for Water and the Environment



Small acreage agricultural/ranching lots and low density suburban development are the dominant land uses
in the rural, non-urbanized areas of the watershed. Concerns and threats in these areas include pollution
contributions from domestic and wildlife waste and fertilizers associated with agricultural operations and
residential use.

Some tributaries in the rural portion of the basin only flow during storm events and travel through primarily
open lands. The water is impounded behind several flood control dams that allow sediment and pollutants
to settle out of the water column, mitigating some level of pollutants from stormflow in some areas of the
watershed. However, pollutants in impounded water may enter the aquifer via recharge and contaminate
groundwater supplies that may reemerge as source water in Spring Lake. Future development in rural
areas may impact karst recharge features, potentially limiting infiltration of stormwater into the aquifer or
increasing the infiltration of nonpoint source pollutants into groundwater supplies.

While the subbasins of the Upper San Marcos River are largely rural, the main stem of the river lies within
the COSM. According to modeling and existing water quality data referenced within this document, this
section of the river (and its riparian areas and subbasins) was identified as the most vulnerable area of the
watershed due to its proximity to residential, commercial, and industrial land uses and transportation
corridors, as well as the heavy use for recreation. Stormflows are the primary water quality concern in
urban areas as they carry pollution from impervious cover. Increased velocity of stormflow from impervious
cover contributes to bank erosion and flooding. Recreation in the main stem of the river also exacerbates
the existing effects of urbanization through increased sedimentation, substrate and habitat damage, and
increased bank erosion. Riparian zones of the main stem and tributaries where vegetation and stream banks
are threatened by recreation access are also of concern.

prer San Marcos River Watershed .

Wimseriey

HAYS
CALOWEY

San Marcos

(o >
Q\»
z\& \
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. Purgatory Creek
Sessom Creek \“"tp."“y
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. Willow Creek ﬁ M Miles

Figure 1.1 San Marcos Study Area

Please see Appendix A, Watershed Characteristics for a more detailed description of the watershed.
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Existing Watershed-Based Management Efforts

There are many existing structural management measures or best management practices (BMPs) in the
watershed. Several flood retention structures were built in the watershed in the 1980s to reduce the amount
and frequency of runoff during severe rain events. These structures effectively limit initial runoff entering
the river, but do not eliminate downstream flooding. Reduced pulse flows to the river result in aggradation,
or deposition and accumulation of sediment in the river. The structures have also had a significant impact
on the routing of nonpoint source pollutants across the watershed and into the aquifer. Flood control
structures hold water from overland stormflows that would otherwise carry pollutants to tributaries and
the main stem of the river. Some of the pollutants and sediments settle out of the stormwater in the
flood retention structures, reducing the total pollutant and sediment levels. However, because downstream
flooding is not eliminated, these structures only reduce nonpoint source pollution on a local scale.

Because pulse flows are reduced by the presence of flood control structures, sediment that may have washed
downstream during flood events can instead accumulate upstream of the flood control structures. In an
unaltered system, sediment would be purged and washed downstream periodically, but because of the
altered flows, sediment may accumulate in tributaries. Additionally, accumulated sediment may be washed
downstream in large concentrations if flooding is significant enough to breach the flood control structures.
As flows are impounded behind detention structures, some of the water is absorbed into the soil and local
recharge features. Stormflows with high concentrations of nonpoint source pollutants can also enter the
aquifer and later emerge as surface water flows in Spring Lake or other tributaries.

Detention ponds in the watershed also impact flooding and may alter the level of pollutants entering
tributaries and the river. As with flood control structures, detention ponds slow the flow of water across the
landscape and allow sediment and other pollutants to settle out.

Non-structural management practices, including ordinances, regulations, and educational efforts in the
watershed may mitigate land based pollutants although little is known about the effectiveness of the efforts.
Currently, there are many overlapping initiatives in the watershed to reduce flooding, minimize pollution,
plan for future development, and protect water quality for endangered species. Partners in these efforts
include the COSM, Hays County, Texas State University, other agencies and numerous non-governmental
organizations (NGOs). Under the umbrella of this WPP, partners have shared data, outcomes and lessons
learned. Current and future efforts to protect water quality and minimize nonpoint source pollution
are coordinated through and captured to the extent possible in this WPP. Specifically, the watershed
protection planning process encompassed efforts, recommendations and outcomes of the Edwards Aquifer
Habitat Conservation Plan (EAHCP) based water quality protection plan (WQPP), City and University
comprehensive master planning processes, and the City’s Watershed Master Plan and land development
code (LDC) rewrite process (Code San Marcos, TX (SMTX).

The EAHCP is intended to provide assurance that suitable habitat for threatened and endangered species
will remain in both the San Marcos and Comal Springs, despite lawful water use activities within the
Edwards Aquifer region. The WQPP is being developed for the San Marcos area under the authority of the
EAHCP as a requirement that the City and University take actions that increase the likelihood of survival
and recovery of threatened and endangered species found in the Edwards Aquifer and Upper San Marcos
River ecosystems. Code SMTX is the process to update the City of San Marcos Land Development Code.
The Code contains rules for development and regulates the use of land. The Code is being revised so that
new development fits the community’s vision for the future. Although these are separate programs, the

11 The Meadows Center for Water and the Environment



goals, materials, messaging, and milestones were also harmonized with City and University Municipal
Separate Storm Sewer System (MS4) Programs.

Detailed information about existing management efforts and initiatives is provided in the Existing
Watershed-Based Management Efforts, included in the Supporting Documents section on the San Marcos
Watershed Initiative website.

Upper San Marcos WPP Stakeholder Committee

Stakeholder Committee Formation

In 2009, The Meadows Center for Water and the Environment (The Meadows Center) convened community
stakeholders, local organizations, and various agency partners in the watershed. The group was comprised
of members from the COSM, Hays County, Texas State University, the San Marcos River Foundation
(SMREF), San Marcos River Rangers, San Marcos Greenbelt Alliance (SMGA), Edwards Aquifer Research
and Data Center, the Guadalupe Blanco River Authority), the USGS, and others. Meeting through 2012,
this stakeholder group (the Upper San Marcos Coordinating Group) bridged diverse perspectives, interests,
and resources and provided input into the development of a watershed characterization and the resulting
recommendations for the management of nutrients and other identified nonpoint source pollutants in
the Spring Lake watershed. Please refer to the Spring Lake Watershed Characterization Report, Section
2.5 located in the Supporting Documents section on the San Marcos Watershed Initiative website for a
summary of the project and its results. This group provided the initial structure for the Upper San Marcos
WPP Stakeholder Committee and was expanded to include additional sectors of the community.

SAN MARCOS

Figure 1.2. SMWI Project Logo

During the formation of the San Marcos Watershed Initiative (SMWI) Stakeholder Committee, the goal
was to diversify representation and expand the geographic area to better represent the community and their
interests. For this effort, the stakeholders chose a name and logo to represent the effort and developed a
vision statement and goals, Figure 1.2.

The Upper San Marcos Watershed Protection Plan
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Committee Organization and Structure

Watershed Stakeholders created the Core Committee, the decision-making body for oversight and official
representation of all major stakeholder interests, and seven initial subcommittees, shown in Figure 1.3.
The 12-member Core Committee represents community priorities and often conducted activities via
subcommittees and stakeholder work groups. The Core Committee, with information and recommendations
from the subcommittees and stakeholder workgroups, was responsible for decisions about the direction of
this watershed planning process, as well as the final content of the plan.

Subcommittees were issue-based and members had significant interest or expertise in relevant subject
matter. Throughout the first two years of the project, approximately 50 dedicated stakeholders were
active in subcommittee activities, identifying concerns, possible sources of pollution, sources of data and
information, and potential BMPs. Committee and subcommittee members, goals, guiding principles and
the full suite of stakeholder findings gathered during the first year of stakeholder meetings can be found in
the Stakeholder Committee Information document located in the Supporting Documents section on the
SMWT website. Figure 1.4 shows the interaction between the Core Committee and the entities that guided
the watershed protection planning process.

Agriculture
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Culture

# Chair
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Figure 1.3 Stakeholder Group Communication Structure
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Figure 1.4 Stakeholder Group Structure for SMWI WPP Development
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SMWI Stakeholders’ vision is “a healthy watershed that supports a clean, clear,
and flowing San Marcos River for the future, as it was in the past.”

Stakeholder Goals
Coordinating Efforts

Stakeholders identified several high priority efforts and initiatives in the watershed that should be
coordinated with WPP efforts. The WPP was viewed as an “umbrella” that could cover water quality
and watershed protection efforts. A primary goal of the Stakeholder Committee was to incorporate the
COSM and the University's EAHCP WQPP efforts into the Plan and to align WPP efforts with other
City, County, University, and NGO initiatives to protect water quality and flow. Management measures
in this WPP include City LDC rewrites, University Master Planning, County EAHCP activities, Land
Trust initiatives and other relevant watershed protection activities. This WPP seeks to align and coordinate
education and outreach (E&QO) amongst various water quality protection programs, including the EAHCP
and the City and University MS4 programs. For additional information, see Section III, Partner Activities
and Initiatives of the Existing Watershed-Based Management Efforts document located in the Supporting
Documents section on the SMWTI website.

Protecting Flow

Because the San Marcos River is a groundwater driven system, Stakeholders identified groundwater (source
water) and spring flow protection as a goal. Management measures were included in the WPP to protect
recharge features and promote water conservation.

Protecting and Improving Water Quality

Although the purpose of this WPP is to protect the watershed from a TDS impairment, Stakeholders
identified several other water quality concerns related to increasing development including nutrients, bacteria,
and emerging contaminants (primarily oil and grease). Modeling results show that rapid urbanization in
the coming years is likely to have water quality impacts at the subbasin and watershed levels. Further, most
current nonpoint source pollution in the watershed is stormwater driven, and can impact water quality in
the exchange between surface water and groundwater. For example, polluted stormwater can infiltrate the
aquifer and later reemerge as polluted surface waters in Spring Lake. In addition, instream pollutants may
be reduced in concentration when coupled with groundwater-based spring flow.

With a few exceptions and storm related spikes in pollutants, the Upper San Marcos River consistently
has better water quality than the state’s water quality standards and screening levels. For this reason, and
because of the river’s unique groundwater driven system, Stakeholders determined that state standards and
screening levels were not adequate to maintain water quality. Stakeholders selected water quality target
levels that better reflected their desired conditions for the river and its tributaries, shown in Table 1.1.
Stakeholders used observed data and the state standards to develop their water quality targets. For example,
the average of observed TSS data for samples taken near IH-35 and the Blanco confluence is 10 milligrams
per liter (mg/L). The average TSS value in Spring Lake is 2.3 mg/L. The state standard of 5.0 mg/L is
slightly below the midpoint of these samples (6.15 mg/L) and the additional targets selected are lower than
TSS laboratory detection limit.

The Upper San Marcos Watershed Protection Plan
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The following section provides information related to:

ElementA. Identification of causes ofimpairment and pollutant sources or groups
of similar sources that need to be controlled to achieve needed load reductions.

Two water quality target regimes were selected by the Stakeholder Committee to be implemented
incrementally over time. The Target A levels include a 10% improvement over the state standard and
screening level for all parameters, with the exceptions of a 5% improvement in TDS, and a 9% improvement

in nitrogen. Target B levels include a 20% improvement over the state standard and screening level for all
parameters, with the exceptions of a 10% improvement in TDS, and an 18% improvement in nitrogen.

In summary, stakeholders assessed existing water quality measurements, modeled future conditions and
pollution ranges, and identified subwatershed vulnerabilities, including high levels of TSS contribution,
significant recharge features and endangered species habitat. These characteristics were used to select and
locate BMPs within the watershed. In addition, BMPs were selected for implementation in high traffic areas.
For example, stream stabilization activities are prioritized for early implementation to reduce sediment

loads in the Sessom Creek watershed. Land management and conservation measures are prioritized in the
Sink Creek watershed to protect water quality in the headwaters. Visible stormwater retrofits were selected

for placement near downtown and river recreation areas, such as City Park.

Table 1.1 Upper San Marcos River Water Quality Standards and Targets

Parameter Chloride

Sulfate

Nitrogen

Oil &

colony
forming

units
(CFU)/100ml
(milliliter)

E. coli

TCEQ State 50
Standard/
Screening

level/

Detection

Limits

Target A

(% change
Improvement
from
Standard/
Screening
Level) to be
Implemented
2025

Cl~ SO, 2 +Nitrate orus Grease | (Geomean)
50 400 6.0 5.0 1.95 0.69 N/A 126

45 (10%) |45 380 6.6 4.5 1.775 (9%) | 0.621 5.0% 113.4 (10%)
(10%) (5%) (10%) | (10%) (10%)
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colony
forming

units
(CFU)/100ml
(milliliter)

Target B 40 (20%) . . 1.60 (18%)
(% change (20%) (10%) | (20%) | (20%) (20%)
Improvement
from State
Standard/

101 (20%)

Screening
Level) to be
Implemented
2035

P * for base flow and average storm events
**Typical analysis detection limits are 5.0 mg/L. (Sources: TCEQ, 2012b; TCEQ, 2010)

Water Quality

Nonpoint source pollution comes from many diffuse natural and anthropogenic sources, often entrained
and transported by water (EPA, n.d. [b]). Sources of nonpoint source pollution include suspended
sediments from denuding of topsoil, fecal matter from animals, and transport of nutrient rich vegetation
debris. Urban areas are great contributors of nonpoint source pollutants from various human activities
including but not limited to fertilizer and pesticides from urban lawns, sediment from improperly managed
construction sites, oil debris from parking lots, athletic fields, and leaking septic tanks.

General Causes and Sources of Pollution
Point Sources

There are two-point sources located in the Upper San Marcos River watershed, the Texas Parks and Wildlife
A.E. Wood State Fish Hatchery and the City of San Marcos Waste Water Treatment Facility (WWTEF).
The San Marcos WWTF adheres to strict water quality regulations and has been rated superior by the State
of Texas. The wastewater treatment plant is owned by the City of San Marcos and operated by CH2M
Hill. The WPP routinely monitors the efluent to ensure compliance of the permitted efluent limits (Table
1.2) Fully-permitted conditions consistent with the TCEQ Texas Pollutant Discharge Elimination System
permit, were used for the future condition models.

All modeling activities assumed that these facilities discharge continuously at a constant rate. Historical
records of effluent flow and loading obtained from the EPA PCS database were used for the existing
condition model (Table 1.3 and Table 1.4).

Due to the karstic limestone and the interconnectivity between rainfall, surface waters, and groundwater,
the watershed and the groundwater is vulnerable to nonpoint source pollutants. Such dispersed pollutants
can be part of infiltration or surface water runoff from development, septic systems, spray and subsurface
effluent irrigation systems, spills or dumping of chemical pollutants, fertilizer applications and other
agricultural activities, including animal waste.

The Upper San Marcos Watershed Protection Plan

16



Table 1.2 City of San Marcos WWTF permitted effluent limits

Parameter Maximum Monitored
Discharge (Million Gallons per Day) 9.0 MGD Daily
TSS 5.0 mg/L Daily
DO 5.0 mg/L Daily
Carbonaceous Biochemical Oxygen Demand 5.0 mg/L Daily
Ammonia Nitrogen (NH3-N) 2.0 mg/L Daily
Total Phosphorus (TP) 1.0 mg/L Daily

Table 1.3 Historical Discharge Data from A.E. Wood State Fish Hatchery

Texas Parks and Wildlife Department A.E. WOOD Fish Hatchery

Average for available data years, 2009-2012
MGD Acre-Feet (AC-FT)/YEAR
Discharge 2.168258 | 2,428.85
mg/L Pounds (lbs)/YEAR
BOD 5.854 38,665.25
TSS 5,289 34,602.25
NH3-N 0.042 279.25
TP 0.781 no data; assume same as WWTF
Nitrate -- --
Total Nitrogen (TN) 1.000 no data; assume same as influent springs (source water)
E. coli (Most Probable Number |0 no data; assume zero because of chlorination
(MPN)/100mL)
TDS 399.0 no data; assume source water is same as springs

Table 1.4 Historical discharge data from DMRs (City of San Marcos WWTF)

City of San Marcos WWTF

Average for available data years, 2009-2012, 2014
MGD Acre-Feet (AC-FT)/YEAR
Discharge 4.7646 5341.04
mg/L Pounds (lbs)/YEAR
BOD 2.031 29501.8
TSS 1.173 17041.4
TP 0.781 11339
NH3 0.304 4419
Nitrate 7.530 -
TN 7.834 no data; assume sum of NH3+NO3
E. coli (MPN/100mL) 2.74 Geometric mean
TDS 376.0 2014 only
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SELECT Calculations of E. Coli

Although event mean concentrations (EMC) can be used to calculate instream concentrations of bacteria,
discussed in more detail below and in Appendix B, they cannot identify specific sources, (i.e. dogs, cattle,
etc.), or priority subwatersheds. The Spatially Explicit Load Enrichment Calculation Tool (SELECT) was
used above and beyond the calculations from EMCs, to further identify and quantify sources and locations
of bacterial pollution from animal sources.

The maps shown in this section can be used to prioritize the locations of BMPs to achieve the largest water
quality impacts possible. Although these maps only show bacterial sources, many BMPs proposed in this
plan will also remove other parameters of concern including nutrients, TSS, and TDS. Implementation of
BMPs in the prioritized subbasins will result in reductions of multiple parameters of concern.

White-tailed Deer

White-tailed deer are abundant throughout the Texas Hill Country and excessive numbers of deer contribute
to bacteria and nutrient loadings. The densities range from an average of 65 deer per 1000 acres (15 acres
per deer) to the highest density of 3 acres per deer (Armstrong and Young 2000). In 2006, TPWD released
a report citing the influence that the spatial configuration of suburban areas has on deer populations.
SELECT calculations for estimated current bacteria loading from deer is presented in Figure 1.5, with red
areas depicting high density areas. Previous studies have removed urban areas as potential suitable habitat;
however, high density nodes in suburban areas were identified based on the criteria listed above as well as
stakeholder observations. These high density nodes were assigned a value of 10 acres per deer. Contiguous
undeveloped areas with low impervious cover classified as either forest or grass land cover were assigned one
deer per 15 acres. These density values were derived from Armstrong and Young’s 2000 study on White-
tailed deer management in the Hill Country.

2013 Potential E.Coli Bacteria Loadings

Deer

Assumptions e

High density assigned 1 deer per 10 acres D Major Watersheds

Low density assigned 1 deer per 15 acres [ High Density Deer Population
Potential E.Coli cfu/day-mn2

2.5 x 10°8 Fecal production rate per deer per day o-1000

Calculated loadings divided by subbasin area (sq m) [ 1,001 - 5,000

5,001 - 10,000
I 10,001 - 300,000
I 300,001 - 620,000

Figure 1.5 Deer density (Armstrong and Young, 2000) in the study area and estimated current E. coli load from deer
from SELECT calculations.
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Feral Hogs

Feral hogs are a rapidly growing problem and tend to deposit their waste near or into water bodies. Further,
their rooting behavior can cause extensive erosion and siltation in water which can increase TDS and T'SS.
Due to their roaming nature, it is difficult estimate of the number of feral hogs within the study area. They
travel at night, move great distances, and populations change seasonally. They typically avoid highly dense
urban areas and prefer forested shrub land adjacent to waterways. Based on these criteria, they are likely
to stay relegated to areas outside the city limits in watersheds such as Purgatory Creek, Sink Creek, and
Willow Spring Creek.

Taylor and Hellgren (1997), suggest densities can range from 8.9 to 16.4 hogs per mi2. In the Plum Creek
watershed where there is significant feral hog activity, they estimated densities at around 12 hogs per
mi2. Although there is evidence of resident feral hog populations within the San Marcos watershed, their
numbers and range are relatively small. Therefore, high density areas were assigned 10 feral hogs per mi2
and the surrounding undeveloped, rural areas were assigned a low-density value of 0 feral hogs per mi2
per stakeholder input. Applying these density values to the modeled area there are an estimated 94 hogs
within the San Marcos Watershed. Although there is evidence of resident feral hog populations within the
San Marcos watershed, their numbers and range are relatively small. SELECT calculations for estimated
current bacteria loading from feral hogs is presented in Figure 1.6, with red areas depicting high density
areas.

2013 Potential E.Coli Bacteria Loadings

Assamptions Feral Hogs

Land Use: restricted to stream buffer in select areas D Major Watersheds
Lecations selected based on observations [ Feral Hog Population
Density of 10 hogs per sq mile Potential E.Coli cfu/day-m™2

] o-1000

[ 1,001 -5,000
I 5,001 - 10,000
I 10,001 - 300,000
B 300,001 - 620,000

£.9 % 100 Fecal production rate per day
Caleulated loadings divided by
Subbasin Area (sgm)

| Kim

Figure 1.6 Feral hog density within the study area and estimated current E. coli load from hogs from SELECT calcula-
tions.
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Dogs

When not properly disposed, pet waste can enter waterways, lower the quality of the water, and increase
pathogen levels. Pet waste contains nutrients, including nitrogen, E. coli, and other types of bacteria and
parasites that can be harmful to humans. Because the flood control structures capture most of the runoff
from rural rangeland, the most likely source of E. coli loadings in tributaries is attributed to pet waste,
primarily from dogs.

According to the American Veterinary Medical Association (AVMA, 2012), 36.5 percent of U.S. households
own dogs. Each household that has dogs own an average 1.6 dogs per household. 2010 Census block
data were used to estimate the approximate number of occupied households per subbasin. Number of
Dogs equation below calculates the approximate number of dogs per subbasin and the potential E. coli
equation below estimates the potential E. coli bacteria loadings per subbasin. The final potential loadings
are enumerated as CFU/day-m2.

Number of Dogs = (#Households) x (0.365) * 1.6
Potential E. coli = [(#Dogs) x (5 x 109 CFU/day) x (0.5)] + Area Subbasin

Current potential watershed loadings for dogs are shown in Figure 1.7.

2013 Potential E.Coli Bacteria Loadings

Assumptions Dogs

# Occupied housing units per census block (US Census 2010)

36.5% Houses own dogs (AVMA 2012) [ Major Watersheds
1.6 Dogs per house (AVMA 2012) Potential E.Coli cfu/day-m"2

1890 - 15,000
15,100 - 100,000

101,000 - 250,000
250,001 - 500,000
500,001 - 620,000

5 x 1079 Fecal production rate per dog (EPA 2001)
Calculated loadings divided by
Subbasin Area (sq m)

[ JKm

Figure 1.7 Existing E. coli load from dogs from SELECT calculations.
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In addition, future development in the watershed will increase the opportunities for water quality
impairments due to elevated pathogens, nutrients, sedimentation/siltation, organic enrichment, depressed
oxygen levels, reduced aquifer recharge, habitat alterations, and biological impairments.

Septic Tanks

Homeowners are responsible for the maintenance of their On-site Sewage Facilities (OSSFs). Septic systems
work well when functioning correctly and sited in the correct soil. However, soil type, age, design, and
lack of maintenance can contribute to OSSF failure. Septic system failure can impact the quality of ground
and surface water and often contribute bacteria, nutrients, TDS, and oil and grease pollutants within the
watershed. The estimated number of OSSF’s in the watershed is 1,545.

Estimating the percent of OSSFs which are failing involved assessing the approximate age of the system
and soil characteristics to quantify a potential septic failure rate (Suitability Rating Equation). The Hays
County OSSF shapefile contained no attribute data such as type of OSSF or installation date. Approximate
septic age was derived from Hays County Tax Appraisal District Parcel data. To estimate the soil septic rate,
each OSSF was merged with a corresponding Natural Resources Conservation Service (NRCS) Soil Survey
Geographic Database (SSURGO) class. Percent failure rate was calculated based on the approximate age
of the subdivision and the SSURGO septic drainage limitation class. According to the 2011 American
Community Survey, a service of the U.S. Census Bureau, the average number of people per household in
Hays County was 2.79.

Suitability Rating = 0.7 x Soil Rate + 0.3 x Age Rate

Figure 1.8 shows existing OSSFs within the watershed and current potential bacteria loadings.

2013 Potential E.Coli Bacteria Loadings

pssumptions OSSF
60 gallon/person/day +  OSSF
2.75 people per household (Census 2012) [ Major Watersheds

1 Million CFU/100mL Fecal Coliform Bacteria (EPA 2001) Potential E.Coli cfu/day-m"2

# of OSSF from Hays County GIS Dept. [ o-2,000

Rate of Failure: Age (HCAD 2010) I 2,001 - 4,000
and Soil Type (SSURGO) [ 4,001 - 6,000
Calculated loadings divided by [ 6,001 - 8,000

subbasin area (sq m) B = 001- 10020

| Km

Figure 1.8 Existing On-site Sewage Facilities within the San Marcos watershed (Hays County Geographical Information
Systems Data, 2013)
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Agriculture

The thin, rocky soil in the watershed makes it difficult to grow row, forage, or other types of crops. Stakeholders
and local ranchers have agreed the primary use of agriculture exempt land is for rangeland cattle. Properties
east of IH-35, downstream of Willow Springs Creek watershed also have crops and pastured cattle. Bacteria
can enter waterways from waste excreted by livestock and was considered in pollutant loadings and BMPs.

To calculate the amount of cattle, soil data from SSURGO and USDA stocking values were used to estimate
the amount of forage per acre per year that can sustain a cattle animal unit. Poor forage conditions were
used to calculate amount of available forage estimated in pounds per acre during drought conditions.
Moreover, a conservative stocking rate of 25 percent was used to calculate the number of usable acres (3800
*0.25 = 950 usable acres). Based on NRCS estimates one animal unit (mother and calf) requires 30 Ib.
of forage per day. This equates to annual amount of 10,950 Ib. per year to sustain one animal unit. These
values were assigned to each subwatershed to perform the SELECT calculations.

Current potential watershed loadings for cattle are shown in Figure 1.9.

2013 Potential E.Coli Bacteria Loadings

Assumptions cattle

Land Use: Parcels with Agriculture Exemptions E Major Watersheds
NRCS Rangeland Productivity criteria Rangeland

SURGO soil data to calculate the amount of available Potential E.Coli cfu/day-m#2

forage per acre per year for one animal unit during poor
conditions (drought) with a stocking rate of 25%

[ o0-1,000

[ 1,001-5,000
[ 5,001 - 10,000
[ 10,001 - 300,000
I 300,001 - 620,000

10 x 10710 Fecal Production Rate per Cow
Calculated loadings divided by
Subbasin Area (sg m)

JKm

Figure 1.9 Existing E. coli load from cattle from SELECT calculations
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Ground/Source Water

Water quality in streams can directly affect water quality in the aquifer because of rapid recharge through
fractures and sinkholes in streambeds. The reverse is also true where springs contribute to river flows.
Specialized and targeted monitoring will occur during the implementation of this plan to perform TDS
constituent analyses to determine the amount of TDS that is naturally occurring because of the geology of
the aquifer.

Summary of Water Quality Sources and Potential Causes

Table 1.5 summarizes parameters of concern by subbasin and their sources and potential causes. The primary
causes of increased nitrogen levels in the watershed are due to residential and commercial application of
fertilizers, OSSFs, and animal waste.

TSS levels spike when human activities disturb natural processes on otherwise undeveloped land and are
exacerbated by storm events. E. coli bacteria are naturally present in the intestines of warm blooded animals

and are attributed to OSSFs, pet waste, and wildlife.

Table 1.5 Water quality parameters, primary sources, and their potential causes

Subbasin

Parameter
Numbers

Land Use/Land Cover

Sources of Pollutant
Loads

Potential Causes

Sink Creek Watershed

1-9 TSS

Commercial, Residential,
Transportation

Anthropogenic activities where land cover
is disturbed, impervious cover and natural
processes on undeveloped land. Soil across
much of the watershed is shallow which limits
ground cover. Low base flows with periodic
high flows and flooding.

Sessom Creek Watershed

10, 11 E. coli, Nitrogen,

TSS

Commercial, Residential,
Transportation

Residential and commercial application of
fertilizer. OSSFs, animal waste, overland flow,
impervious cover, atmospheric deposition and
low flows.

City Park/Downtown

12,13 E. coli, Nitrogen,

TSS

Commercial, Residential,
Industrial, Transportation,
Undeveloped

Residential and commercial application of
fertilizer. OSSFs, animal waste, overland flow,
impervious cover, atmospheric deposition and
low flows.

Purgatory Creek Watershed

14,15 TSS

Residential, Transportation,
Crop, Range

Anthropogenic activities where land cover
is disturbed, impervious cover and natural
processes on undeveloped land. Soil across
much of the watershed is shallow which limits
ground cover. Low base flows with periodic
high flows and flooding.

16, 20, 22, | E. coli, Nitrogen,
24 TES

Commercial, Residential,
Industrial, Transportation,
Crop

Residential and commercial application of
fertilizer. OSSFs, animal waste, overland flow,
impervious cover, atmospheric deposition and
low flows.
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Subbasin Parameter Land Use/Land Cover Potential Causes

Numbers Sources of Pollutant
Loads

17 TSS Commercial, Transportation Anthropogenic activities where land cover
is disturbed, impervious cover and natural
processes on undeveloped land. Soil across
much of the watershed is shallow which limits
ground cover. Low base flows with periodic
high flows and flooding.

18, 19 TSS Commercial, Residential, Anthropogenic activities where land cover
Transportation is disturbed, impervious cover and natural
processes on undeveloped land. Soil across
much of the watershed is shallow which limits
ground cover. Low base flows with periodic
high flows and flooding.

21 TSS Transportation Anthropogenic activities where land cover
is disturbed, impervious cover and natural
processes on undeveloped land. Soil across
much of the watershed is shallow which limits
ground cover. Low base flows with periodic
high flows and flooding.

23 E. coli, TSS Commercial, Residential, Residential and Commercial application of
Industrial, Transportation Fertilizer. OSSFs, animal waste, overland flow,
impervious cover, atmospheric deposition and

low flows.
25 E. coli, Nitrogen, | Commercial, Residential, Residential and commercial application of
TSS Transportation fertilizer. OSSFs, animal waste, overland flow,
impervious cover, atmospheric deposition and

low flows.

Willow Springs Creek

26 Nitrogen, TSS Residential, Transportation Residential and commercial application of
fertilizer. OSSFs, animal waste, overland flow,
impervious cover, atmospheric deposition and

low flows.
27 E. coli, Nitrogen, | Commercial, Residential, Residential and commercial application of
TSS Transportation fertilizer. OSSFs, animal waste, overland flow,
impervious cover, atmospheric deposition and

low flows.
28 TSS Commercial, Residential, Anthropogenic activities where land cover
Industrial, Transportation is disturbed, impervious cover and natural

processes on undeveloped land. Soil across
much of the watershed is shallow which limits
ground cover. Low base flows with periodic
high flows and flooding.

29, 30 E. coli, TSS Commercial, Residential, Residential and commercial application of
Industrial, Transportation fertilizer. OSSFs, animal waste, overland flow,
impervious cover, atmospheric deposition and
low flows.
31 E. coli, Nitrogen, | Commercial, Residential, Residential and commercial application of
TSS Industrial, Transportation fertilizer. OSSFs, animal waste, overland flow,
impervious cover, atmospheric deposition and
low flows.
32 TSS Undeveloped Anthropogenic activities where land cover is

disturbed. Soil across much of the watershed
is shallow which limits ground cover. Low base
flows with periodic high flows and flooding.
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Subbasin Parameter Land Use/Land Cover Potential Causes

Numbers Sources of Pollutant
Loads
33 Nitrogen, Commercial, Residential, Residential and commercial application of
Phosphorus, Transportation, Crop fertilizer. OSSFs, animal waste, overland flow,
TSS impervious cover, atmospheric deposition and
low flows.
34 TDS Commercial, Residential, Residential and commercial application of
Transportation Crop, Range fertilizer. OSSFs, animal waste, overland flow,
impervious cover, atmospheric deposition and
low flows.
35 Nitrogen, Crop, Range, Undeveloped Residential and commercial application of
Phosphorus, fertilizer. OSSFs, animal waste, overland flow,
TDS,TSS impervious cover, atmospheric deposition and
low flows.

Subbasin Scale Water Quality Issues

The Meadows Center performed water quality modeling to assess existing land use conditions as of 2013,
future land use conditions through 2035, and identified areas and potential sources of nonpoint source
pollutants. The Hydrological Simulation Program — Fortran (HSPF) BASINS (Better Assessment Science
Integrating Point and Nonpoint Sources) 4.1 was used to perform the subbasin and watershed scale
nonpoint source analyses. BASINS 4.1 is a watershed and water quality-based assessment system developed
by the EPA, that integrates geographical information system, national watershed data, and environmental
assessment and modeling tools into one package. The HSPF model is a modeling tool within BASINS.
The HSPF model simulates the movement of water, sediment, nutrients, and pesticides on pervious and
impervious surfaces to model watershed hydrology and water quality. The HSPF model uses information
such as the time history of rainfall, temperature, and solar radiation; land surface characteristics such as
land-use patterns; and land management practices to simulate the processes that occur in a watershed. The
results of this investigation characterize the time history of the quantity and quality of runoff and the effects
of land use and impervious cover relative to existing and predicted future development patterns.

A combined modeling approach was used to estimate receiving water quality conditions at the watershed
scale. The HSPF model was used to predict hydrology patterns for each of the 35 subbasins based upon
historical rainfall, existing soils, and land use/land cover data for current and future conditions. Current
land based pollutant loadings as of 2013 and modeled loadings in 2035 for each subbasin are located by
parameter in Appendix C Subbasin Scale Water Quality Analyses.

HSPF model results were used to estimate loading to receiving streams of selected water quality constituents
based upon commonly used EMCs. To account for load reductions resulting from existing flood control
structures, pollution loads were accumulated at eleven locations near flood control structures or tributary
confluences, referred to herein as accumulation points (Figure 1.11). Instream concentrations for each
of these locations was estimated based upon HSPF flow and accumulated load at selected accumulation
points. Pollutant loading for each constituent was accumulated in a post-processing spreadsheet using mass
conservation and stream routing principals, where water and constituents in the water travel downstream.
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HSPF Modeled Subbasins

Major Watersheds
Description: et
Sink Creek fload control structures in subbasing 2, 3, and 4 ot
Purgatory Creek flood control structures in subbasins 14 and 15 I 5essom Creek
AJEWood Fish Hatchery in subbasin 32 I ity Park
COSM WWTP in subbasin 33 B oowntoun
- Purgatory Creek
| | Below Purgatory
I witlow Creek

Balow Willow Craak

[
Figure 1.10 HSPF Modeled Subbasins

Q [[] AccumAssessPoints_tdo
[[] op_pasins19k_withSubAttributes
| FloodStructures_tdo

Figure 1.11 Upper San Marcos WPP watershed boundaries, flood control structures, and accumulation points (penta-
gons).
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Conditions of receiving water quality were estimated in this project for three primary scenarios: current
condition as of 2013, future condition in 2035, and modified future condition which includes the
management measures included in the plan. Current conditions accounts for years of Hays County and
COSM compliance with the TCEQ Edwards Aquifer Rule requiring TSS removal over the recharge zone.
Differences between the current and future scenarios were used to identify what modifications (i.e.
management measures) can be applied to the future condition scenario to result in favorable receiving
water quality conditions in the future. Water quality conditions for the future scenario are presented here.
Additional information about future water quality conditions and modeled current conditions can be
found in Appendix C. Subbasin Scale Water Quality Analyses. Results and management implications for
modified future conditions in five subbasins with the most significant future development are shown in
Figures 2.2 and 2.3 and discussed in Management Measures for the Upper San Marcos Watershed, Section
I. Edwards Aquifer Measures.

At the confluence of the San Marcos and the Blanco Rivers, where water quality standards are measured for
the watershed, river flow is comprised primarily of high quality spring water. The influence of pollutants
contributed via overland flow from tributaries is diluted by the spring water and tends to be lower than
concentrations found in the intermittent tributaries. Instream concentrations were modeled for several
points in the watershed and at the confluence to estimate cumulative totals of pollutants contributed from
all subbasins. The estimated influence of existing flood control structures in the watershed were included in
this analysis to account for the structural impacts (reduction) on nonpoint source pollution.

Model results for accumulation points and at the subbasin scale are presented in Table 1.6 and Table
1.7. These tables summarize the information presented for the future water quality scenario in Appendix
C, Subbasin Scale Water Quality Analyses. This information includes required reductions in instream
concentrations at the subbasin scale (labeled as “Instream Concentration Reductions Required for
Standard/Screening”) and recommended land based load reductions to achieve water quality targets at
each accumulation point (labeled as “Load Reduction Required at Standard/Screening”). For relevance,
the subbasins are organized by the accumulation point to which they contribute. Tablel.6 shows load
reductions required from land based sources, and the difference in in-stream concentrations for nitrogen,
phosphorus, TDS, and E. coli at the subbasin scale (no reductions are recommended at accumulation
points for E. coli as bacteria exceedances typically only occur during storm events). Table 1.7 provides the
same information for TSS. State standards, screening levels and stakeholder water quality targets can be

found in Table 1.1.
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The following section provides information related to Element B. Estimate of
the load reductions required from management measures.

Table 1.6 Future Accumulation Point and Subbasin Instream Concentrations and Required Reductions for E. coli, Nitro-
gen, Phosphorus, and TDS

Subbasin Number
Parameter

NO REDUCTIONS REQUIRED for Accumulation Points 1-3
(Dam 1 - Upper Sink Creek, Dam 2 -Tributary to Sink Creek, Dam 3 - Lower Sink Creek)
NO REDUCTIONS REQUIRED for Sink Creek Watershed (Subbasins 1-9)

Accumulation Point 8 (Sessom Creek at confluence)

n/a | Nitrogen 1.63 [ - - [003 |-

Sessom Creek Subbasins

10 | E. coli 132.74 79,673.10 6.74 4,045.61 19.34 11,608.36 | 31.74 19,051.07
Nitrogen 1.64 1,509.25 --- - - 0.04 38.97

1 E. coli 140.73 43,597.86 14.73 4,564.38 | 27.33 8,467.73 39.73 12,309.12
Nitrogen 1.62 769.30 --- --- --- 0.02 10.45

Accumulation Point 7 (Spring Lake)

n/a | TDS 3860 |- [ [ 6.0 [260 |-

NO REDUCTIONS REQUIRED for Accumulation Points 10-11
(San Marcos River near IH-35, San Marcos River u/s Blanco River)

City Park/Downtown Subbasins

12 | E. coli 179.76 188,386.30 | 53.76 56,342.56 | 66.36 69,546.93 | 78.76 82,541.71
Nitrogen 1.66 2664.28 - - - 0.06 97.20
13 | E. coli 165.18 61,613.24 | 39.18 14,614.63 | 51.78 19,314.49 | 64.18 23,939.75

NO REDUCTIONS REQUIRED for Accumulation Points 4-6
(Dam 4 - Upper Purgatory Creek, Dam 5 - Lower Purgatory Creek, Purgatory Creek at confluence)
NO REDUCTIONS REQUIRED for Subbasins 14, 15, 17-19

Purgatory Creek (and below) Subbasins

16 | E. coli 104.36 144,929.62 | --- - - ~-n 3.36 4,664.02
Nitrogen 1.64 3,492.94 === === === === 0.04 91.03

20 |E.coli 111.85 58,137.60 --- --- - --- 10.85 5,640.48
Nitrogen 1.64 1,305.17 --- -—- --- - 0.04 31.94

22 | E.coli 107.88 62,083.89 - --- --- --- 6.88 3,959.07
Nitrogen 1.66 1,458.90 === === === === 0.06 49.18

23 | E.coli 139.92 83,254.68 13.92 8,280.69 | 26.52 15,778.09 | 38.92 23,156.48
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Subbasin Number
Parameter

24 | E. coli 198.75 56,837.56 72.75 20,805.28 | 85.35 24,408.51 | 97.75 27,954.55
Nitrogen 1.62 710.28 - --- --- 0.02 9.77

25 | E. coli 182.25 145,670.34 | 56.25 44,959.02 | 68.85 55,030.15 | 81.25 64,941.42
Nitrogen 1.69 2065 - - - 0.09 107.05

NO REDUCTIONS REQUIRED for Accumulation Point 9
(Willow Creek at confluence)
NO REDUCTIONS REQUIRED for Subbasins 28 and 32

Willow Springs Creek (and below) Subbasins

26 | Nitrogen 1.62 5,881.31 --- --- --- 0.02 88.41

27 | E.coli 101.09 36,952.26 | --- 0.09 32.24
Nitrogen 1.63 910.64 0.03 15.20

29 E. coli 143.32 109,717.19 17.32 13,258.12 | 29.92 22,904.03 | 42.32 32,396.83

30 |E.coli 153.00 290,620.89 | 27.00 51,279.30 | 39.60 3.53.46 52.00 98,767.71

31 | E.coli 204.39 116,523.04 | 78.39 44,689.01 | 90.99 51,872.42 | 103.39 | 58,941.80
Nitrogen 1.66 1,451.11 --- --- --- --- 0.06 54.57

33 | Nitrogen 1.81 3,786.05 0.06 126.57 3.50 440.12
Phosphorus 0.93 674.72 0.24 nc 0.30 nc 0.38 nc

34 | TDS 371.04 433,945.1 4678177 | -- 444,426.8 | 11.04 12,909.24

35 | Nitrogen 2.79 447.31 0.84 134.13 1.04 166.25 1.19 190.34
Phosphorus 0.68 109.12 0.06 9.54 0.13 20.79
TDS 637.52 102,390.00 | 23752 64,242.26 | 257.52 61,030.15 | 277.52 44,571.94

*nc = not calculated

*Instream measurements are in the following units: Nitrogen, Phosphorus, TDS =mg/L; E. coli= cfu/100mL

*Land Based Loads are in the following units: Nitrogen, Phosphorus, TDS =Ib/yr/subbasin; E. coli= billion cfu/yr/subbasin
(geomean)
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Table 1.7 Future Accumulation Point and Subbasin Instream Concentrations and Required Reductions, TSS mg/l and Ib/

yr/subbasin

Subbasin Number

Accumulation Point 1 (Dam 1 - Upper Sink Creek)

n/a [13.0 = [8.0 = [8.5 [ [9.0 =
Accumulation Point 2 (Dam 2 -Tributary to Sink Creek)

n/a [18.8 = [ 138 = [143 [ [14.8 =
Accumulation Point 3 (Dam 3 - Lower Sink Creek)

n/a [10.8 = [5.8 = [6.3 [ |68 =

Sink Creek Subbasins

1 10.10 179,982.0 5.10 116,876.5 5.60 123,187.0 6.1 129,497.60
2 10.08 13,2190.8 | 5.08 51,485.55 5.58 59,556.08 6.08 67,626.60
3 9.94 72,686.5 4.94 54,688.39 5.44 56,488.2 5.94 58,288.01
4 10.10 105,959.8 | 5.10 77,846.97 5.60 80,658.25 6.1 83,469.53
5 10.10 12,012.02 5.10 9,074.02 5.60 9,367.82 6.1 9,661.62
6 9.83 67,421.35 4.83 54,437.75 5,38 55,736.11 5.83 57,034.47
7 10.14 27,046.03 5.14 18,301.78 5.64 19,176.2 6.14 20,050.63
8 10.10 23,389.96 |5.10 19,895.58 5.60 20,245.02 6.1 20,594.46
9 10.10 7,048.41 5.10 5,994.64 5.60 6,100.02 6.1 6,205.39
Accumulation Point 8 (Sessom Creek at confluence)

n/a 61.8 - 56.8 - 57.3 - 57.8 -
Sessom Creek Subbasins

10 9.98 28,151.3 4.98 23,556.66 5.48 24,016.12 5.98 24,475.59
1 10.09 14,878.18 5.09 12,506.76 5.58) 12,743.9 6.09 12,981.05
No Reductions Required for Accumulation Points 7, 10

(Spring Lake, San Marcos River near IH35, San Marcos River u/s Blanco River)

Accumulation Point 11 (San Marcos River u/s Blanco River)

n/a 8.4 3.4 3.9 4.4

City Park/Downtown Subbasins

12 64.41 8.36 3.36 43,216.42 3.86 44,018.64 4.36 44,820.85
13 64.18 8.43 3.43 15,470.06 3.93 15,755.6 4.43 16,041.13
Accumulation Point 4 (Dam 4 - Upper Purgatory Creek)

n/a [ 136 |- | 8.6 |- [9.1 |- |96 |-
Accumulation Point 5 (Dam 5 - Lower Purgatory Creek)

n/a [ 153 |- [ 103 |- [ 10.8 |- |- |-
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Subbasin Number

Accumulation Point 6 (Purgatory Creek at confluence)

n/a 28.2 - 23.2 - 23.7 - 24.2 -
Purgatory Creek (and below) Subbasins

14 25.45 9.02 4.02 156,719.8 4.52 165,807.5 5.02 174,895.2
15 24.02 11.04 6.04 135,008.2 6.54 141,297.6 7.04 147,587.1
16 48.05 9.61 4.61 47583.12 5.1 48,646.21 5.61 49,709.31
17 36.16 8.91 3.91 27,792.3 4.41 28,77757 4.91 29,762.84
18 57.37 8.71 3.71 124,839.3 4.21 127,372.3 4.71 12,9905.2
19 54.7 8.81 3.81 35,276.2 4.31 36,023.77 4.81 36,771.33
20 56.72 8.50 3.50 18,769.36 4.00 19,167.24 4.50 19,565.13
21 63.82 8.43 3.43 5,822.07 3.93 5,930.25 4.43 6,038.43
22 58.74 8.43 3.43 21,470.87 S108 21,911.4 4.43 22,351.94
23 61.78 8.43 3.43 23,567.3 3.93 2,4022.8 4.43 24,478.29
24 67.57 8.32 3.32 12,410.11 3.82 12,629.02 4.32 12,847.93
25 65.79 8.34 3.34 33,696.58 |3.84 34,308.44 4.34 34,920.29
Accumulation Point 9 (Willow Creek at confluence)

n/a 61.1 --- 56.1 -— 56.6 --- 571 -
Willow Springs Creek (and below) Subbasins

No reduction required for Subbasin 34

26 53.79 9.24 4.24 88,623.8 4.74 90,434.08 5.24 92,244.36
27 66.16 752 2.52 13,719.72 3.02 13,999.54 3.52 14,279.37
28 61.71 8.45 3.45 15,812.85 3.95 16,117.97 4.45 16,423.08
29 68.11 8.45 3.45 34,142.7 3.95 34,728.72 4.45 35,314.74
30 56.48 9.02 4.02 73,366.9 4.52 74,820.99 5.02 76,275.07
31 65.18 8.40 3.40 23,993.97 3.90 24,430.39 4.40 24,866.81
32 2717 8.42 3.42 891.79 3.92 943.86 4.42 995.94
33 66.64 8.33 3.33 58,397.58 3.83 59,442.77 4.33 60,487.95
35 76.68 8.43 3.43 5,354.74 3.93 5,435.04 4.43 5,515.34

Note: For subbasin scale TSS instream concentrations in this table, land based loadings and load reductions required
were derived using the secondary analysis methodology based on average wet conditions.
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Figure 1.12 shows predicted subbasin scale water quality exceedances of state standards/screening levels and
water quality targets. Subbasins contributing to exceedances in water quality constituents at the identified
accumulation points in the watershed will be prioritized for the implementation of BMPs between 2017
and 2035. Both rural and urban subbasins across the watershed will be targeted for BMPs and management
activities that reduce TSS. Subbasins within the Sessom Creek watershed will be targeted for BMPs and
management activities that mitigate nitrogen and E. coli because Sessom Creek is a highly urbanized
tributary that contributes significant sediment loads into the river, which is habitat for endangered species.
Downtown/City Park area will also be targeted for BMPs and management because high use and visibility
makes it an ideal location to raise public awareness about water quality and nonpoint source pollution
through BMPs. Sink Creek was also prioritized by stakeholders for protective measures as it discharges into
the headwaters, the most ecologically sensitive portion of the river. These activities are described in detail
in the following section, Management Measures for the Upper San Marcos Watershed.

Figure 1.12 Parameters Exceeding Targets and/or Standards in the 2035 Scenario at the Subbasin Scale

Watershed Scale Water Quality Issues

Currently, occasional exceedances in TCEQ standards and screening levels occur. For examples of these
exceedances, please see Water Quality Monitoring Information: Stormwater, Baseflow Monitoring Analyses
section located in the Supporting Documents section on the SMW1I website and Appendix C Subbasin
Scale Water Quality Analyses, Current Instream Concentrations. This pollution is observed in relatively
small quantities and infrequently — typically in conjunction with storm events that produce run off. This
pollution is best managed at the subbasin scale. However, it is expected that both subbasin scale and
watershed level pollution will rise as development and land use changes continue across the watershed.

Table 1.8 summarizes predicted future water quality exceedances by parameter and accumulation point.
Exceedances are shown for state standards and screening levels as well as for more stringent instream
pollutant levels identified by stakeholders, Table 1.1. In general, only the confluences at Sessom and Willow
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Creek showed significant declines in multiple water quality parameters.

Future instream concentrations of TDS are expected to exceed Stakeholder Water Quality Target A at
Spring Lake (modeling shows that future conditions are very similar to current conditions) and Target B
in the main stem of the river (at IH-35 crossing and near the confluence with the Blanco River). Instream
TDS concentrations throughout the watershed and at the confluence are not expected to exceed TCEQ
standards in the future watershed scenario.

Model predictions for TSS show exceedances of TCEQ standards and both water quality targets in all
locations, except Spring Lake and the main stem of the river near IH-35. During storm events, many
intermittent tributaries exceed the water quality standards and the stakeholder goals for TSS (see the
Groundwater Protection Planning: Additional Watershed Scale Water Quality Analyses located in the
Supporting Documents section on the SMWI website, Accumulation points noted under Condition as
“Storm Avg”).

Nitrate-Nitrogen predictions exceed only the most stringent water quality target levels (across a range of
conditions including ambient conditions) at the Willow and Sessom Creek confluences.

Total phosphorus predictions are lower than the water quality targets and the TCEQ screening criterion
of 0.69 mg/L at all locations for both existing and future conditions. An increase in total phosphorus
is evident between current and future conditions in Willow Creek because of projected future land use
changes, and in the San Marcos River main stem because of increased point source effluent discharges. This
increase is discussed in the subbasin scale analysis.

Observed data and model outputs show that bacteria typically only exceed TCEQ standards during storm
events. During storm events, many of the intermittent tributaries exceed the water quality standards and
the target goals for E. coli bacteria (see the Groundwater Protection Planning: Additional Watershed Scale
Water Quality Analyses located in the Supporting Documents section on the SMW1I website, Accumulation
points noted under Condition as “Storm Avg”). Storm water runoff is the primary source of nonpoint
source pollution in all the tributaries.

Texas Stream Team (TST) monitoring has reported incidents of high levels of bacteria, especially at City
Park, indicating that the source(s) may be localized. Localized sources may be best managed with watershed
wide education and management activities at the subbasin scale.
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Table 1.8 Future Cumulative Instream Concentrations at Accumulation Points and Required Reductions

Accumulation Point

SeeTable 1.1 for
water quality
standards and
targets

1. Dam 1 - Upper
Sink Creek

2. Dam 2 - Tributary
to Sink Creek

3. Dam 3 - Lower
Sink Creek

4. Dam 4 - Upper
Purgatory Creek

5. Dam 5 - Lower
Purgatory Creek

6. Purgatory Creek
at confluence

7. Spring Lake

8. Sessom Creek at
confluence

9. Willow Creek at
confluence

10. San Marcos
River near IH-35
11. San Marcos
River u/s Blanco
River

Predicted Future Parameters Exceeding TCEQ Standard/Screening Level,

TDS
mg/L

Target A (2025) and/or Target B (2035) & Concentration Reductions

TDS
Reduction
Required
mg/L

TSS
mg/L

Required

TSS Reduction
Required
mg/L

Nitrate-
Nitrogen
mg/L

Nitrate-Nitrogen
Reduction
Required

mg/L

13

TCEQ=8
Target A=8.5
Target B=9

18.8

TCEQ=13.8
Target A=14.3
Target B=14.8

10.8

TCEQ=5.8
Target A=6.3
Target B=6.8

13.6

TCEQ=8.6
Target A=9.1
Target B=9.6

15.3

TCEQ=10.3
Target A=10.8
Target B=10.8

28.2

TCEQ=23.2
Target A=23.7
Target B=24.2

61.8

TCEQ=56.8
Target A=57.3
Target B=57.8

1.63

Target B=0.03

61.1

TCEQ=56.1
Target A=56.6
Target B=57.1

1.60

At maximum
forTarget B

8.4

TCEQ=3.4
Target A=3.9
Target B=4.4
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2 MANAGEMENT MEASURES FOR THE UPPER SAN MARCOS WATERSHED

The following section provides information related to:

Element B. Estimation of load reductions expected from management
strategies

Although the Upper San Marcos River was originally listed for TDS, modeling and monitoring identified
additional existing and emerging water quality issues. This WPP addresses the previously listed impairment
as well as E. coli, nutrients, sediment and other pollutants associated with future growth and development.
Stakeholders felt it was important to implement water quality targets that provide higher levels of protection
than the state standards and screening levels. To meet the protective goals, targets become more rigorous
over time. The immediate goal is to meet state standards and then improve upon them incrementally in
2025 and 2035, through the implementation of additional BMPs and the use of adaptive management.
Stakeholders elected to prioritize a wide range of management measures including ordinances, expanded use
of TCEQ Edwards Aquifer Authority (EAA) measures, stream and riparian restoration efforts, stormwater
retrofits, land conservation, education, and voluntary programs.

Table 1.8 shows the predicted future exceedances and stakeholder goals for reductions of instream
concentrations of pollutants at several key points in the watershed. The primary constituents requiring
treatment are T'SS and bacteria. Water quality modeling shows that there may not be any exceedances at
the confluence of the Upper San Marcos River with the Blanco River (where water quality parameters are
measured for the watershed). However, many of the subbasins within the watershed show increased levels
of TSS and bacteria in the future scenario. Stakeholders determined that the best course of action to protect
water quality would be to achieve load reductions at the key accumulation points in Table 1.8.

A Comprehensive Approach

The TCEQ Edwards Aquifer rules were developed to protect water quality in the Edwards Aquifer,
including its wells and springs, water sources, and upland areas draining directly to the aquifer and surface
streams. These rules, found in Title 30 Texas Administrative Code (TAC) Chapter 213, address activities
that threaten water quality and apply specifically to the contributing and recharge zones within the Edwards
Agquifer in eight counties, including those encompassed by the Upper San Marcos Watershed. BMPs to
reduce the impact of development activities on water quality in and upstream of the aquifer are required

for compliance with these rules. A technical guidance document provides detailed descriptions of available
BMPs.

The COSM, Texas State University, and Hays County are required to follow these regulations in areas of
the watershed that are designated as contributing and recharge zones to the aquifer, as seen in Figure 2.1.

In addition, optional enhanced water quality measures and BMPs were developed to provide a higher level
of water quality and to enhance the protection of threatened and endangered species and can be applied
to the watershed. The Optional Enhanced Measures for the Protection of Water Quality in the Edwards
Aquifer - Appendix A to RG-348. Step-by-step guide to activities affected by the Edwards Aquifer rules
in eight counties: Williamson, Travis, Hays, Comal, Bexar, Medina, Uvalde, and Kinney can be found in
the TCEQ Edwards Aquifer Optional Enhanced Water Quality Protection Measures in the Supporting
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Edwards Aquifer and Upper San Marcos River

Purgatory Creek
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Tributaries

|:I Watersheds
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25 125 0 2.5 Miles

Recharge Zone

Figure 2.1 Upper San Marcos Water and Edwards Aquifer Zones

Documents section on the SMWI website. The USFWS issued a concurrence that “these voluntary
enhanced water quality measures will protect endangered and candidate species from impacts due to water
quality degradation.”

Stakeholders determined that an important and economically sensible protective measure for the Upper
San Marcos River watershed would be the adoption and expansion of TCEQ Edwards Aquifer rules and
enhanced measures. The expansion would include the implementation of the enhanced measures over the
entire recharge zone, expansion of the contributing zone to all city and Extraterritorial Jurisdiction (ETT)
boundaries, expansion of stream buffer requirements over the recharge zone, river corridor, and future
development, and changing the current river corridor ordinances to mirror TCEQ enhanced rules. This has
been proposed in the latest LDC Draft (included on SMWTI website under Supporting Documents) and
is reccommended by the WQPP. Several areas for increased water quality protection measures are noted:

*  Recharge Zone — Development is required to implement water quality controls, under both TCEQ and
COSM jurisdictions.

*  Contributing Zone within the Transition Zone — A separate unit of the Edwards Aquifer south and east of
the recharge zone that drains “back” into the recharge zone. Development is not required to implement
water quality controls by either TCEQ or the COSM.

* Transition Zone — A unit of the Edwards Aquifer south and east of the recharge zone that can impact the
aquifer if recharge features are present. Development is not required to implement water quality controls
by TCEQ, and only by the COSM.

*  San Marcos River Corridor (SMRC) and “all other watersheds” — Development is required to implement
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water quality controls within the SMRC, but not in watersheds draining to critical habitat if located
outside the SMRC.

e Sessom Creek Watershed — Development is not required to implement water quality controls, but a
special regulatory district has been proposed by Code SMTX.

*  Spring Lake Watershed — There are mixed levels of protection/non-protection, as the watershed contains
portions in the recharge zone, contributing zone within the transition zone, and transition zone, plus
there is confusion as to whether the Slough Arm is part of Spring Lake or in Sink Creek (by most
accounts, it is part of Spring Lake).

The WQPP also identified all areas of concern for protection of critical habitat using only 3 designations:

e Water Quality Zone A = Recharge Zone
*  Water Quality Zone C = Contributing Zone within Transition Zone
*  Water Quality Zone T/R = Transition and River Zone

A review of expected load reductions from the adoption of the TCEQ Edwards Aquifer rules is provided in
the Future Conditions with Edwards Aquifer Management Measures Section. The BMP implementation
schedule is categorized by vulnerability (see Areas of Vulnerability Section) and watershed-wide measures.
For a full list of BMPs and adaptive measures, please see the Groundwater Protection Planning document

on the SMWI website under Supporting Documents and Appendix D Comprehensive Watershed BMPs.

Future Conditions with Edwards Aquifer Management Measures

Much of the Upper San Marcos River watershed is located within the COSM which represents an urban,
developed area. Five subbasins with the most potential for significant future development were identified
(Figures 2.2). For these subbasins, the effect of existing water quality control guidelines was evaluated when
applied to new development areas. Areas 6 (subbasin within Sink Creek watershed), 16 (subbasin within
Purgatory Creek watershed), and 18 (subbasin within Purgatory Creek watershed) are all located within the
Edwards Aquifer Recharge Zone (EARZ) or Contributing Zone (Figure 2.3); therefore, any development
will be required to construct stormwater quality capture and treatment structures. Areas 26 and 27 (both
subbasins within Willow Creek watershed) have portions of new development within those zones, but
other portions lie in the transition zone where the stormwater quality requirements do not apply. Despite
this, any development within the transition zone were treated in this analysis as if they were entirely within
the recharge zone boundary and subject to the same rules. Treating the areas within the transition zone
that are likely to be developed as if they were entirely within the recharge zone will enhance water quality
protection and improve overall instream concentrations of most pollutants.
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Figure 2.2 Map of Subbasins with Significant Future Development
Note: Bold outlines: Subbasins 6, 16, 18, 26, 27. Pink areas represent proposed development.
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Figure 2.3 Map of Subbasins with Significant Future Development with Overlay for Edwards Aquifer Zone Boundaries.
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Expected future concentrations of pollutants for these subbasins are presented in Figures 2.4 through
2.8. Future concentrations with management measures applied (“Future w/BMPs”) are based on removal
efficiencies presented in Appendix D. With increased development, TDS is expected to decrease slightly
because of conversion of cropland and rangeland into areas that generate less dissolved solids in runoff
(Figure 2.4). Stormwater treatment has a beneficial impact on TSS in the subbasins where the “Future w/
BMPs” concentrations are generally lower than the existing and future conditions (Figure 2.5). This arises
because of the replacement of natural areas with developed areas where 80% removal of TSS is required
as part of the EARZ rules. This will not be the case across the watershed, but is anticipated to hold true in
areas where TCEQ Edwards Aquifer rules and enhanced option measures are applied.

Additional mitigation efforts will be a priority in watersheds within recharge and contributing zones with
higher loadings of nitrogen and bacteria. Because nitrogen and bacteria removal are more difficult using
typical stormwater management measures, the nitrogen and E. coli concentrations are not significantly
reduced for the future conditions with BMPs (Figure 2.5 and 2.6). Concentration of total phosphorus in
the future, with management measures applied, is higher than existing conditions, but significant removal

is exhibited (Figure 2.8).
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Figure 2.4 Concentration of TDS in Selected Developing Subbasins
Note: TCEQ Standard is 400 mg/L
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Figure 2.5 Concentration of TSS in Selected Developing Subbasins
Note: TCEQ standard is 5.0 mg/L for base flow and average storm events.
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Figure 2.6 Concentration of TN in Selected Developing Subbasins
Note: TCEQ screening level is 1.95 mg/L
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Figure 2.7 Concentration of E. coli in Selected Developing Subbasins
Note: TCEQ currently recommends a geomean water quality standard for E. coli of 126 cfu/100mL in freshwater
streams.
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Figure 2.8 Concentration of Total Phosphorus in Selected Developing Subbasins
Note: TCEQ screening level is 0.69 mg/L
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Areas of Vulnerability

Modeling outputs identifying individual subbasins with water quality exceedances are presented in
Appendix C. Initial findings indicate that while urban development does increase pollution, the BMPs
currently in place, coupled with the unique hydrology in the watershed result in manageable pollutant
loads in the main stem of the river. The percentage of urban land, even with the predicted full development,
is relatively small compared to undeveloped land. Further, the tributaries only provide flow during storm
events and travel through primarily open lands. The water is then impounded behind flood control dams.
It is likely that these dams allow sediment and pollutants to settle out from the water column and curtail
the contribution of these pollutants to downstream reaches of the river.

In the more urbanized portion of the watershed, nearly the entire flow is comprised of spring water. At the
confluence with the Blanco River, where water quality standards are measured, the river flow is primarily
pristine spring water and all water quality parameters are being met during ambient conditions. However,
model outputs show exceedances in water quality standards in many subbasins in the urban portion of the
watershed. Preventing impairments at the confluence will depend upon successful pollution mitigation in
the most impaired subbasins.

The Meadows Center sought input from the SMWI subcommittees and Core Committee to determine
areas of vulnerability in the watershed. Each Subcommittee was first asked to identify concerns and threats
to water quality in the watershed based on their area of expertise. They were then asked to rank or prioritize
their identified concerns/threats within the watershed to determine the top 5 concerns or threats. These
top five lists were then compiled to determine overlapping concerns/threats, which correlated with model
outputs. Results of the stakeholders” perceived watershed vulnerabilities and general findings from water
quality modeling efforts are summarized as follows for urbanized and rural areas.

Urbanized Areas

While the subbasins of the Upper San Marcos River watershed are largely rural, the main stem of the river
lies within the COSM. This section of the river (and its riparian areas and subbasins) was identified as the
most vulnerable area of the watershed due to its proximity to residential, commercial, and industrial land
uses, and transportation corridors, as well as its use for recreation. Stormflows are the primary concern
in urban areas as they carry pollution from impervious cover associated with these land uses at increased
loadings and velocity. Increased velocity of stormflow from impervious cover contributes to bank erosion.
Recreation in the main stem exacerbates the existing effects of urbanization. Recreation brings increased
trash, increased sedimentation, substrate and habitat damage, and increased bank erosion. Riparian zones
of the main stem and tributaries where vegetation and stream banks are threatened by recreation access are
also of concern.

Rural Areas

A majority of the Upper San Marcos River watershed is largely undeveloped. Small acreage agricultural/
ranching lots and low density suburban development are the dominant land uses in the rural, non-
urbanized areas of the watershed. Concerns/threats in these areas include stormwater runoff from domestic
and wildlife waste, fertilizers associated with agriculture/ranching operations and residential applications.

Tributaries in the rural portion of the basin only provide flow during storm events and travel through
primarily open lands. The water is then impounded behind flood control dams. It is likely that these dams
allow sediment and pollutants to settle out from the water column, mitigating pollutants from stormflow
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in some areas of the watershed. However, some of these pollutants may enter the aquifer and contaminate
groundwater supplies that later reemerge as source water in Spring Lake and other spring fed systems.
Future development in rural areas may impact karst recharge features, potentially limiting infiltration of
stormwater into the aquifer or increasing the infiltration of nonpoint source pollutants into groundwater

supplies.

The following section provides information related to:

Element C. Description of the nonpoint source management measures that will
need to be implemented to achieve load reductions;

Element F Schedule for implementation of management strategies;

Element G. Description of interim, management milestones for determining
whether management strategies are being implemented; and

Element H. Set of criteria that can be used to determine whether loading
reductions are being achieved over time and substantial progress is being
made toward attaining water quality standards.

Stakeholder Identified BMPs

'The following sections catalog the BMPs and other management activities researched, selected, and approved
by the SMWI Stakeholders to mitigate current, as well as future potential water quality degradation in the
watershed above and beyond the recommended expanded LDC protections. A subset of these BMPs was
prioritized for immediate implementation, while others will be implemented over many years, as required
to mitigate nonpoint source pollution from future development and other activities in the watershed.
When possible, these suggested measures are linked to:

v" Groundwater protection strategies (see the Groundwater Protection Planning document on the
SMWI website under Supporting Documents)

v E&O components to prevent nonpoint source pollution, increase awareness of WPP activities and
increase compliance with new water quality protection regulations, ordinances and best practices
(E&O Plan, Section 3) and

v" The Monitoring Plan that will track BMP and WPP effectiveness and identify new water quality
threats as they arise (Section 3).

The BMPs and management measures outlined in this plan are coordinated to the extent possible with
EAHCP, M$S4 efforts, and with COSM and University implementation of Master Planning and other
water quality and watershed protection efforts.

Number, Type and Placement of Measures

Table 1.5 summarizes the primary types and causes of pollution by subwatershed and subbasin, as
determined by modeling and monitoring. Note that the major land uses listed as pollutant contributors
include Commercial, Residential, Industrial, and Transportation. Additional detailed information is
provided in Appendices C and D. This information, along with load reduction calculations and analysis
of water quality were used to guide the placement, type, and priority of BMP implementation in each
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subbasin. These BMPs will be used to meet state requirements and stakeholder selected targets for water
quality at each of the accumulation points in the watershed that require improvements.

Categories of Measures

Measures outlined in the following sections for immediate and future implementation include structural
BMPs, water quality protection measures for new development, retrofits for existing development, and
projects to encourage adoption of water quality protection practices. Also included are non-structural
management measures: land management strategies, preservation of undeveloped land, and information
gathering to address remaining water quality data gaps. A general summary of these measures is presented
by applicable location within the watershed:

v" Urban and suburban areas
v" Rural and undeveloped areas

V' Watershed wide

Detailed lists of BMPs and management measures are provided in Appendix D and are organized in the
following categories:

Stakeholder selected regionally appropriate measures

Low impact development (LID) and green infrastructure incentives
EAHCP WQPP measures

Additional potential water quality retrofits

Land development codes

Land conservation and management

SR NRNENENEN

Implementation Timeline and Milestones

While stakeholders recognized that water quality goals for the watershed must be long term (through 2035),
implementation of BMPs should be considered over shorter time periods. Stakeholders selected a set of
BMPs for immediate implementation (high priority in years 1-5, years 1-3 for groundwater and education/
outreach measures). Additional BMPs were selected for adaptive management and may be used to replace
initially prioritized measures, add capacity to high priority measures or expand pollution mitigation efforts
as needed. These BMPs will be implemented as part of an adaptive management cycle over time, based on
progress toward meeting milestones and water quality goals. If associated water quality concentrations are
not trending downward on an annual basis, measures for that reach or subbasin will be reviewed.

Milestones are check points to ensure that the Plan is on schedule and meeting goals. Measurable milestones
can be documented through load reductions (e.g. (for example) 5% reduction of TSS) or area of coverage
(e.g. 5,000 feet of permeable sidewalk constructed). If the milestones are not achieved, the appropriate
adaptive management will be initiated, monitored, and adjusted as needed. Continued monitoring for
water quality, groundwater, biology, and flows are necessary for the Stakeholder Committee to know if
the plan is successful at maintaining or improving water quality. The strategy developed by the committee
involves compiling existing data and newly collected data into datasets that can be analyzed to identify
water quality trends and threats (Chapter 4. Monitoring Plan). If this data does not show significant
improvements in water quality (5% improvement, at least for annual average and geomean), then adaptive
management may be triggered. Implementation progress and any implementation changes resulting from
adaptive management will be included in updates to the WPP.
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Milestones along with management measures scheduled for implementation in the first five years of
implementation are presented in the Tables 2.1 through 2.3. The potential pollution prevention, when
available, is provided as a percentage per BMP or unit as future pollution loadings are estimated and
are only as accurate as the current level of available data allows. If a BMP cannot be implemented or
monitoring shows that the desired pollution mitigation is not being achieved, stakeholders will select
adaptive measures from the comprehensive list of selected BMPs in Appendix D.

BMPs for Implementation

Through the watershed protection planning efforts, the Stakeholder Committee determined that initial
implementation activities should focus on coordinating efforts, protecting flow, and improving water
quality. This will be accomplished by increasing coordination of existing Community, City, University,
and County efforts to address threats to water quality, implementing BMPs, protecting undeveloped land
necessary for recharge and filtration of pollutants, and mitigating stormflow in urban areas (LID and green
infrastructure).

Because stakeholders chose to assess pollutant loads at the subbasin level and accumulation points, there
are multiple goals associated with pollutant reduction, as shown in Table 1.1 (future cumulative instream
concentration at accumulation points). Watershed wide targets were determined by stakeholders as shown
in Table 1.1. Measures to achieve the water quality targets are presented as urban/suburban measures,
rural and undeveloped measures, and watershed-wide measures. Additional pollution mitigation activities
include source water management and education and outreach.

These measures will be implemented over many years, beginning in years 1 through 5, with BMPs and
activities designed to reduce pollution in existing priority areas and to increase public awareness of nonpoint
source pollution. As development and subsequent pollution increase in the watershed, stakeholders will
need to assess changes in water quality and select appropriate BMPs to address pollutant loads.
Stakeholder water quality targets will be met through the implementation of the BMPs proposed in Tables
2.1 and 2.2 and adaptive management.

Urban and Suburban Measures

Table 2.1 lists the BMPs selected for implementation in urban and suburban areas in years 1-5. Other
relevant measures are presented in the watershed-wide section. Additional measures will be selected over
time to ensure that water quality targets are being met throughout the watershed.
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Table 2.1 Urban and Suburban Measures and Milestones for Implementation

Management Measure
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location if available

Applicable Area/Sub
Watershed, specific

Measured
Milestones

Implementation

Total Potential Pollutant
Prevention / Removal

Total Estimated Cost

Responsible Party

Pet waste TBD Completion of X | E. coli $4,500 City and
stations BMP Installation University
and maintenance
of stations
Extended Hopkins Channel 1 Completion of 4,300 IbsTSS | $55,000 City
Detention (Dry) (drains 10 acres) BMP Construction 6.4 IbsTP
and documented
reduction in
downstream
instream
concentrations of
TSS
Extended Hopkins Channel 2 Completion of x | 6,200 IbsTSS | $90,000 City
Detention (drains 15 acres) BMP Construction 8.5 IbsTP
and documented
reduction in
downstream
instream
concentrations of
TSS
Sediment e City Park Design in 2018, X | multiple $1,500,000 City
Removal BMP eVeramendi Park construction in EAHCP
Design and ® Bicentennial Park 2019 University
Implementation ¢ Rio Vista Park
(specific e Ramon Lucia Park Completion of
measure TBD) e Spring Lake/dam BMP construction
e Sessom Sandbar and documented
reduction in
downstream
instream
concentrations of
TSS
Rain garden City Hall Completion of 550 Ibs TSS $70,000 City
BMP Construction 1.4 IbsTP
Rain garden e City Library Parking Completion of x | TBD TBD City
Lot BMP Construction
e City Activity Center
Parking Lot
Rain garden, Meadows Center Completion of X |90 IbsTSS $20-40,000 University
engineered Parking Lot BMP Construction, 0.2 IbsTP
swale reduced TSS
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Rain garden e Alamo Neighborhood | Completion x | TBD TBD City
and Rainwater Garden of green University
Harvesting e Fire Station infrastructure -
(RWH) e Freeman Aquatic RWH with “Smart”
Biology Building controller system
and Rain Garden
Storm Drain City Park at Hutchinson | Completion of 70-80%TSS $25,000 City
Inlet System Street BMP Construction
Extended Dunbar Park Completion of x | 8,100 IbsTSS | $360,000 City
detention/ BMP Construction 40 IbsTP
vegetated and documented
channel reduction in
downstream
instream
concentrations of
TSS
Extended Veramendi Park (beside | Completion of X | 87% of all $73,000 City
Detention / Hopkins St Bridge) BMP Construction runoff
Sedimentation and documented 8.5lbs TP
Pond reduction in
downstream
instream
concentrations of
TSS
Infiltration Wastewater facility Completion of x | 93% capture $1,524,000 City
and Extended (treat 176 acres) BMP Construction efficiency
Detention Pond and documented 141 IbsTP
reduction in
downstream
instream
concentrations of
TSS
Biofiltration Veterans Memorial Completion of x | 63.8 IbsTP $319,100 City
Pond/Treatment Park (treat 86 acres, BMP Construction TSSTBD
55% impervious) and documented
reduction in
downstream
instream
concentrations of
TSS, P
Streambank Canyon Road reach of | Completion of 503 IbsTSS $150,000- City
Restoration and Sessom Creek/Reach 2 | BMP Construction (50%), 1.6 lbs 200,000 EAHCP

Stabilization
& Riparian
Restoration

(labeled Restor 9)
Windmill Tributary to
Sessom Creek (labeled
Restor 10)

and documented
reduction in
downstream
instream
concentrations of
TSS

TP (50%), 6.7
Ibs TN (50%)
250 IbsTSS
(66%), .6 Ibs
TP (66%), 3.35
Ibs TN (66%)
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Min # Needed in 5 Year

location if available

Applicable Area/Sub
Watershed, specific

Measured
Milestones

Implementation

Total Potential Pollutant
Prevention / Removal

Total Estimated Cost

Responsible Party

Repair and Sessom Creek Outfall Completion of x | TBD TBD City
Stabilize to SM River (labeled repairs
Tributary/Outfall/ Restor 1)
Retaining Wall
Sessom Creek
Retaining Wall Tributary
(labeled Restor 4)
N LBJ Sessom
Tributary, (labeled
Restor 7) in
conjunction with RPS
Espy projects 7-9
Detention Pond “Gulch” Detention Restoration 27 IbsTP, 13.9 | $500,000 University
Restoration Pond completed Ibs TP (retrofit)
and retrofit as TSSTBD
an extended (labeled Restor 8) in Retrofit completed
detention pond conjunction with RPS
Espy project 10
Turf General - As required Completed and x | TBD TBD City, Parks
Management in section 5.4.9 of implemented and Rec
System Plan the EAHCP and in Turf Management
consideration of BMPs | System Plan
5.01 and 5.06 of the
City's stormwater
management
plan, develop a
Management Plan to
minimize the potential
water quality impact
of municipal athletic
fields.
Hog Removal Feral hog trap Hogs removed TBD TBD University
installed on University
campus to reduce hog
numbers/impact
Sediment Sessom Wet Pond Sediment removal X | 253 IbsTP TBD University
Removal and (treats 476 ac) and retrofit TSS -TBD
Retrofit completed
Land Sessom watershed, Preservation x | TBD $115,000 City

Conservation

Headwater Tract

of headwater
protection
via purchase,
easement,
management
activities
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Riparian
Restoration,
Restricted River
Access Points,

Min # Needed in 5 Year

location if available

Applicable Area/Sub
Watershed, specific

Cape’s Camp and TBD

Measured
Milestones

Completion of
efforts to limit
river access points
by establishing
native riparian
areas and
promoting entry
points to the river
that minimize
erosion and
littering; signage

Implementation

Total Potential Pollutant
Prevention / Removal

TBD

Total Estimated Cost

$30,000

Responsible Party

City

Pervious
Walkways

Meadows Center
Peninsula, Americans
with Disabilities Act
Walking Paths

Removal of
impervious
surface,
replacement with
pervious material;
reduced sediment
and visible
substrate entering
lake

148 IbsTSS
0.2 IbsTP

$76,000

University

Pervious
Walkways

University Campus
TBD

Design; removal
of impervious
surface,
replacement with
pervious material

TBD,
minimum of
50 IbsTSS

TBD

University

Parking Lot
Retrofit

Meadows Center
Parking Lot

Removal of
impervious cover
and replacement
with pervious
material;

684 IbsTSS
1.8 IbsTP

$600,000

University

Parking Lot
Retrofit

TBD on campus, from
approved list

Removal of
impervious cover
and replacement
with pervious
material

TBD

TBD

University

Riparian Buffers

2 Managed
Buffer
Areas

TBD

Identify and
prioritize
locations for
implementation,
commitments
for buffer
management

N - 50%
TSS - 74%
E. coli - 30%

TBD

City, SMGA
and other

Xeriscaping/
Nativescaping

1 City, 1
University
area

Subbasins 10, 11, 12,
13, 16, 20, 22, 23, 24, 26

Establishment of
at least 2 areas
and use in new
development

Sediment —
94%

N -23%
P-97%

$10/lin. ft.
per 900 ft2.
vegetated
installation,
+ $200/

year for
maintenance

City,
University,
HOA
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Karst Feature 2 Sink Creek At least 2 x | E. coli—34% TBD, City, Other
Protection Locations properties TSS -TBD Gate feature
Measures identified as - $10,000-
beneficial to 12,000 +
protecting $100-300
water quality monthly
with measures management
implemented; fee (includes
adoption of regular
protection inspections &
measures in city mitigation for
and county codes problems)
RWH Strategies |4 Areas Subbasins 1-35 Establishment of X | 89%TSS $6/ft3 or City,
at least 4 areas on 85% Total $50,000/1 University,
City, University or Kjeldahl AC-FT Other
visible business Nitrogen
and use in new (TKN), EC
development 98% TP

*The potential pollutant prevention/removal amounts were determined via subbasin level modeling.
*The potential pollutant prevention/removal percentage is in the pollution source, not a percentage reduction in instream concentrations.
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Rural and Undeveloped Land Measures

Tables 2.3 and 2.4 list the BMPs selected for implementation in rural areas in years 1-5, as well as land
conservation activities. Although land conservation efforts are expected to be basin wide, stakeholders
identified Sink Creek as the highest priority because:

It has a high risk of future development,

* Itis a major contributor of stormwater pollution which delivers a large amount of pollutants, and

e Water from Sink Creek resurfaces in the headwaters of the San Marcos River.

(See Watershed Characterization supporting document on the San Marcos Watershed Initiative website
and Appendix B for subbasin level modeling that shows levels of pollution). Other relevant measures are

presented in the watershed-wide section.

Table 2.2 Rural Measures and Milestones for Implementation to be implemented in Years 3-5

Management

Measure

Min #
Needed,
5 Year
Period

Applicable
Area/Sub
Watershed,

specific
location if
available

Measured
Milestones

Potential
Pollutant
Prevention
/ Removal

Total
Estimated
Cost

Responsible
Party

undeveloped
land

and resources

to landowners
regarding land
management
best practices
and conservation
opportunities
*Should be
updated as City and
County programs
change

Karst Feature 1 Location | TBD, outside | At least 1 property | E. coli—34% | TBD, Gate County
Protection ETJ identified as TSS -TBD feature (coordinated
Measures beneficial to - $10,000- with City)

protecting 12,000 +

water quality $100-300

with measures monthly

implemented; management

adoption of fee

protection

measures in city

and county codes
Riparian 2 TBD, outside | Identify and N - 50% TBD County
Buffers/ Managed | ETJ prioritize locations | TSS —74%
Vegetated Buffer for implementation, | E. coli - 30%
filter strips or Areas commitments for
equivalent buffer management
Land 1 All subbasins | Development N/A $10,000 plus | City, County,
Conservation with large of a tool box to printing costs | University,
Toolbox tracts of provide information SMRE, other
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Management
Measure

Agricultural
Management
Toolbox

Min #
Needed,
5 Year
Period

Applicable
Area/Sub
Watershed,

specific
location if
available

All subbasins
with large
tracts of
undeveloped
land

Measured
Milestones

Development

of a tool box to
provide information
and new and
existing resources
to landowners
regarding
agricultural

and ranch land
management best
practices
*companion to
Land Conservation
Toolbox

Potential
Pollutant
Prevention
/ Removal

N/A

Total
Estimated
Cost

To be
determined

Responsible
Party

City, County,
University,
Texas A&M
Agrilife
Extension
Service, SMRF,
other
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Table 2.3 Land Conservation Measures and Milestones for Implementation

Responsible Party

Measured Milestones Year of
Implementation

1-2 3-5

Management Measure

Develop a strategic plan for
open space protection in the
watershed

Utilize recently completed land
conservation prioritization and
strategy studies to identify

key areas and properties for
management and conservation
and appropriate program
activities

planned for higher density

Explore mitigation options for developments in areas that are

Explore regional stormwater detention fee-in-lieu program to
fund flood mitigation projects, enhancements to the existing
dams, support land conservation

land conservation

Evaluate the creation of a Regional Stormwater Management
Program in the Upper San Marcos River watershed with the
COSM and Hays County to generate revenue from new land
development projects for flood control dam maintenance and

Finance land acquisition
through issuance of open
space bonds and/or pursuit
of land acquisition grants

Completion of City and County
bond packages (by year 5) —
coordinated with Trust for Public
Land

Application submitted forTexas
Water Development Board State
Water Implementation Fund for
Texas funding

2 Applications submitted to
foundations

2 Applications submitted for
state, federal or other sources of
funding

City (Support from
County, University,
SMGA, SMRE, Trust
for Public Land,
Save our Springs
Alliance, and other
Land conservation
orgs)

river and consider land
acquisition, building removal
and site restoration when
suitable properties become
available. (COSM Parks and
Open Space Master Plan)

land, review of Sink and Sessom
Creek as priorities

Implement fee based Financial feasibility study and City
programs to fund estimated ion potential revenue
conservation activities completed
Fee and fee-in-lieu of programs
created and revenues tied to Open
Space Master Plan objectives
Evaluate land along the Ongoing evaluation of available City with

cooperation from
SMRF and local land
trust orgs
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Management Measure

Measured Milestones

Year of
Implementation

1-2 3-5

Responsible Party

Develop strategies to Comprehensive strategies X City, County,
encourage private land developed and integrated into TPWD, The Nature
easements for riparian Open Space strategic plan, Conservancy
buffers, floodplains, and information included in landowner

recharge features (i.e. tool boxes and online resources

easement holding partner,

funding, and promotion to

landowners).

Protection of riparian areas Protection elements incorporated X City, County

throughout the watershed to
ensure that trees, vegetation,
and creek channel storage
remain intact to slow flood
velocities, provide channel
storage, and retain sediment
during floods

(Beginning creek buffer
zones at a watershed area

of 32 acres indicated that
almost 18 percent of the
watershed would be in a
buffer zone)

into City LDC and related
ordinances and County
regulations
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Watershed-wide Measures

Land Development Codes

Some BMPs and management activities are applicable throughout the entire watershed. At a high level, the
Stakeholder Committee recommended:

* Continuing the practice of requiring stormwater detention for land developmentand redevelopment
activities through the COSM and Hays and Comal counties’ ordinances and technical standards
to prevent development projects from increasing peak flow rates

e Implementing the LDC with the following components as drivers:

o Build while decreasing global eco footprint: complete, compact, walkable mixed-use
developments produce less carbon pollution

o Incentivize development where city wants it: "preferred development areas," outside
recharge area

o Keep San Marcos Clear: keep the river crystal clear, but add access to river, bicycle and
walking paths

o Not one size fits all with environmental regulations: tailor regulations to place a wider
range of options, flexibility

o Use green infrastructure: green offsets grey, plants as infrastructure, cheaper than pipes

Specific components of the LDC that the WPP recommends for adoption and that could receive support
for implementation, education/outreach, staff training, and other technical assistance include:

CODE REQUIREMENTS (SEC. 6.1.1.1 (A) (4); 6.1.4.1) for the Recharge Zone
TSS removal: change from limiting the TSS increase to no more than 20% above naturally occurring levels
to requiring an 89% reduction in increased TSS.

Stream protection volume: change from no standard to requiring the capture of runoff from the developed
area from 1.6 inches of rainfall (90th percentile storm rainfall depth) for infiltration or detainment for 48
hours.

Applicability: new development and redevelopment. For redevelopment that increases gross floor area or
improved site area by 25% or less the environmental standards shall apply to the additional floor or site
area only. For redevelopment that increases gross floor area or site area by more than 25% both the existing
building or site and the additional floor or site area must conform to the environmental standards.

CODE REQUIREMENTS (SEC. 6.1.1.1 (A) (4); 6.1.4.1) for the Transition Zone and Contributing
Zone within the Transition Zone
TSS removal: change from no standard to requiring an 80% reduction in increased TSS.

Stream protection volume: change from no standard to requiring the capture of runoff from the developed
area from 1.25 inches of rainfall (85th percentile storm rainfall depth) for infiltration or detainment for

48 hours.

Applicability: new development and redevelopment. For redevelopment that increases gross floor area or
improved site area by 25% or less the environmental standards shall apply to the additional floor or site
area only. For redevelopment that increases gross floor area or site area by more than 25% both the existing
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building or site and the additional floor or site area must conform to the environmental standards.

CODE REQUIREMENTS (SEC. 6.1.1.1 (A) (4); 6.1.4.1) For the San Marcos River Protection Zone
TSS removal: For outside the SMRC a change from no standard to requiring an 80% reduction in increased
TSS. For inside the SMRC a change from treatment with a sand filter (89% reduction efficiency) to 80%
reduction in increased TSS.

Stream protection volume: For outside the SMRC a change from no standard to requiring the capture
of runoff from the developed area from 1.25 inches of rainfall (85th percentile storm rainfall depth) for
infiltration or detainment for 48 hours. For inside the SMRC a change from requiring the capture of 0.5
inches of rainfall from the developed area to requiring the capture of 1.25 inches of rainfall (85th percentile
storm rainfall depth) from the developed area for infiltration or detainment for 48 hours.

Applicability: new development and redevelopment. For redevelopment that increases gross floor area or
improved site area by 25% the environmental standards shall apply to the additional floor or site area only.
For redevelopment that increases gross floor area or site area by more than 25% both the existing building
or site and the additional floor or site area must conform to the environmental standards.

CODE REQUIREMENTS (6.2.2.1; 6.2.2.2) Expanded Stream Water Quality and Buffer Zones

*  No administrative adjustment should be allowed for cut and fill standards in water quality or buffer
zones

e Allow the combined width of water quality and buffer zones to exceed the width of the 100-year
floodplain

*  Have the “Sub-Minor” waterway designation apply to the Transition Zone

* Encourage developers to keep waterways natural even if they are very small

* The code should not allow waterways to be filled in

e 'The proposed code should help incentivize preserving natural waterways

Stream Water Quality and Buffer Zones:

Inside EARZ: waterway type “sub-minor waterways™ has been added for waterways having a drainage area
greater than or equal to 5-acres and less than 50-acres. Sub-minor waterways shall have a minimum water
quality zone width of 25-feet on each side of the waterway centerline or equal to the limits of the 100-year
floodplain based on a fully developed watershed. A buffer zone of 25-feet in width has also been established

sub-minor waterways (Table 2.4)

Outside EARZ: waterway type “minor waterways was revised to include waterways having a drainage
area greater than or equal to 50-acres and less than 120 acres. Minor waterways have a minimum water
quality zone width of 50-feet on each side of the waterway centerline or equal to the limits of the 100-year
floodplain based on a fully developed watershed. The buffer zone is 50-feet in width for a minor waterway

(Table 2.5)
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Table 2.4 Water Quality and Buffer Zones Defined by Offset Method- Inside EARZ (from Code SMTX)

Waterway
Type

Sub-Minor
Waterways

Minor
Waterways

Intermediate
Waterways

Major
Waterways

Defining

Drainage Area

(DA)

5 <DA <50

Existing Code

Water Quality
Zone Width
Offset from

Stream
Centerline

No Requirement

Buffer Zone
Width Offset
from Water
Quality Zone

No Requirement

Revised Code

Buffer Zone
Width Offset
from Water
Quality Zone

Water Quality
Zone Width
Offset from

Stream
Centerline

acres
50 < DA < 250 50 feet 100 feet 50 feet 100 feet
acres
250 < DA <1000 | 100 feet 100 feet 100 feet 100 feet
acres
1000 acres < DA | 200 feet 100 feet 200 feet 100 feet

Table 2.5 Water Quality and Buffer Zones Defined by Offset Method- Outside EARZ (from Code SMTX)

Waterway
Type

Sub-Minor
Waterways

Minor
Waterways

Intermediate
Waterways

Major
Waterways

Defining

Drainage Area

(DA)

50 < DA <120
acres

Existing Code

Water Quality
Zone Width
Offset from

Stream
Centerline

No Requirement

Buffer Zone
Width Offset
from Water
Quality Zone

No Requirement

Revised Code

Buffer Zone
Width Offset
from Water
Quality Zone

Water Quality
Zone Width
Offset from

Stream
Centerline
50 feet

50 feet

120 < DA < 250 50 feet No Requirement | 50 feet 50 feet
acres

250 < DA <1000 | 100 feet No Requirement | 100 feet 100 feet
acres

1000 acres < DA | 200 feet No Requirement | 200 feet 100 feet
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Code Recommendations (SEC. 6.1.1.1 (A))
Example: Section 7.2.3.1 (C) (2) was added which states “Landscaping and vegetation installed as part of
a stormwater management feature may be counted towards the landscaping requirements.”

Develop Stormwater Technical Manual: Will include more detailed and up to date design standards to
meet drainage requirements. Will include more detailed design, material specification, and maintenance
requirements for LID features.

Sourcewater Protection: Although associated costs are not reported, recommended groundwater and source
water protection measures are presented in Table 2.6 for the first t Table 2.6 Ground/Source water measures
and milestones for implementation, years 1-3 hree years of implementation. Additional lower priority
measures (years 4-7) can be found in the Groundwater Protection Planning document on the SMWI
website under Supporting Documents.

The Upper San Marcos Watershed Protection Plan
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Adaptive Management - BMPs for Future Implementation

The stakeholder committee identified comprehensive strategies to protect water quality which were refined
as the stakeholder committee reviewed, voted to adopt, and prioritized BMPs for initial implementation.
It is possible that the BMPs selected for initial implementation may require changes, additions or other
updates. Not all the BMPs selected were included in the first stage of implementation but are expected to be
implemented in future years. They are included in Appendix D for future efforts and adaptive management.
Management measures in the watershed, like the MS4 and EAHCP activities, LDC changes, and water
quality regulations in the recharge zone will result in load reductions not included in this plan. Once the
new ordinances and additional water quality protection activities have been implemented, and the effects
of these efforts are better understood, adaptive management and fine tuning of implementation activities
is likely.

The Stakeholder Committee and key watershed partners will review monitoring data and this Plan to
identify if milestones are being met and BMPs are working effectively. The Stakeholder Committee will
submit an adaptive management review after the first three years of implementation.

The following section provides information related to:

Element D. Estimate of the amounts of technical and financial assistance
needed, associated costs, and/or the sources and authorities that will be relied
upon to implement this plan.

Technical and Financial Assistance
Throughout this multi-year effort, the Upper San Marcos WPP Stakeholder Committee worked

together with governmental and nongovernmental organizations to investigate potential commitments
for implementing WPP activities. Formal financial agreements will be updated as required. The funding
agreements will include the COSM, Hays County, Texas State University, and other partner’s pledges to
commit and seek additional funding required to implement the plan.

University and local government’s participation are contingent upon approved financial appropriations.
University, City, and County representatives have pledged to support and present the WPP implementation
needs to their respective bodies for approval on an annual basis.

The Stakeholder Committee and project partners will apply for additional funding to implement Plan
components in the future and will solicit technical support on an ongoing basis. Table 2.7 lists potential
funding sources and grants available for WPP implementation activities, including federal, state and private
monies. Sources of potential additional technical assistance are listed in Table 2.8.

The Upper San Marcos Watershed Protection Plan
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Table 2.7 Financial Assistance Available for WPP Implementation

Financial Assistance, Grants for WPP Implementation Activities

Program

Focus Area

Organization

Additional Information

STATE

Outdoor Recreation,

Recreation, open

http://tpwd.texas.gov/business/grants/
recreation-grants/grant-programs,

Incentives Program

and flood prevention

of Agriculture
(USDA)

TPWD .
Parks Grants spaces, and parks http://tpwd.texas.gov/business/grants/
recreation-grants/#coop
SmgIITowns http://www.texasagriculture.gov/
Environment Texas Dept. GrantsServices/RuralEconomicDevelopment/
Program, Texas D | of Agriculture RuraICommunityDeveIopmentBlockGrant(CDBG)/
Capital Fund Main veve opment, (TDA) and SmaI.ITownsEnwronrr)entaIProgram.aspx, )
infrastructure, and https://www.texasagriculture.gov/GrantsServices/
Street Improvement's green infrastructure theTexas Rur_alEconomicDeveIopment/TexasCapitaIFund/
Program, Texas Capital Department of MainStreetimprovementProgram.aspx,
Fund Infrastructure Rural Affairs https://texasagriculture.gov/GrantsServices/
Development Program RuralEconomicDevelopment/TexasCapitalFund.aspx
Reduction in ho https://www.texasagriculture.
Feral Hog Abatement 109 gov/GrantsServices/
related bacteria and TDA -
Grant Program TSS pollution TradeandBusinessDevelopment/
P FeralHogGrantProgram
FEDERAL
NRCS)/
. . . nited Stat http://www.nrcs.usda.gov/w rtal
Environmental Quality | Watershed protection i o . °S.usca.go ) ps/po a_/
Department nrcs/detail/national/programs/financial/

eqip/?cid=stelprdb1242633

Grassland Reserve
Program Farm & Ranch
Lands Protection
Program

Land and water
management and
conservation

NRCS (USDA)

http://www.nrcs.usda.gov/wps/portal/
nrcs/main/national/programs/easements/
farmranch/

Agricultural
Conservation
Easement Program

Land and water
management and
conservation

NRCS (USDA)

http://www.nrcs.usda.gov/wps/portal/
nrcs/main/tx/programs/easements/acep/

Rural Development
Program (USDA-RD)

Multiple water and

http://www.rd.usda.gov/programs-

Foundation, etc)

environmental USDA .
Enhancement services
Program* programs
OTHER

Multiple (EPA,

Environmental National https://www.epa.gov/education/
Education Grants Environmental E&O Environmental environmental-education-ee-grants,
(Public and Private) Education https://www.neefusa.org/grants,

Texas Agricultural

Land Trust
conservation easement
funding

Land conservation

Texas

Agricultural Land

Trust

http://www.txaglandtrust.org/

Various Land Trust
Organizations and
Trust for Public Land

Land and water
management and
conservation

Multiple (local,
regional, state,
and national)

http://www.texaslandtrustcouncil.org/,
http://www.landtrustalliance.org/,
https://www.tpl.org/, http://www.
texaslandconservancy.org/, http://
www.lwcfcoalition.org/, http://
hillcountryconservancy.org/, http://www.
gbrtrust.org/, www.nature.org/texas
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Financial Assistance, Grants for WPP Implementation Activities

Private, Foundation

Water quality,
watershed protection,
restoration, water
conservation, land

Funding and Grants management and b el ol -

conservation, and

implementation of

WPP activities

Water quality, Corporate

watershed protection, | partnerships,
Specific restoration, water COSM, Hays
Implementation, conservation, land County,
Management Measure | management and Guadalupe -

Funding

conservation, and
implementation of
WPP activities

Blanco River
Authority, NGOs,
and civic groups,

EAHCP

The COSM is required
to spend $150,000
annually to implement
measures in the
WQPP; EAA provides
additional funding for
water quality related
EAHCP activities and
the City will utilize
Capital Improvements
Plan and other

funds to complete
WQPP related efforts
above the minimum
$150,000

Annual funding
requirements

http://eahcp.org/
http://eahcp.org/index.php/habitat_
protection/
http://eahcp.org/index.php/document_
library_selected?c=19&c=19
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Table 2.8 Technical Assistance Abailable for WPP Implementation

Technical Assistance for WPP Implementation Activities

Organization

Focus/Management Area

National Center for Appropriate Technology, EPA, San
Antonio River Authority, Watershed Management
Group, The Meadows Center, COSM/EAHCP,

Texas State University (facilities, Environmental
Health, Safety and Risk Management), and EAHCP
Implementation Committee

Green infrastructure, LID, stormwater retrofits,
riparian buffers, and BMP installation

SMGA

Open spaces, watershed protection, and recreation

Hays County Master Naturalists, COSM/EAHCP

Riparian restoration and native planting

TCEQ Region 11

On-site sewage facility

BSEACD, EAA, and HTGCD

Groundwater-surface water management, data
collection/analysis, and groundwater management

TPWD

Wildlife related management strategies, feral hog
removal, and E&O

Texas Department of Transportation

Various

NRCS

Conservation plans and easements

Texas State Soil and Water Conservation Board
(TSSWCB)

Conservation plans, riparian buffers, and BMP
installation

Texas A&M AgrilLife Extension Service

Education and outreach for conservation plans,
riparian buffers, feral hogs, agricultural BMPs, and
E&O

Lone Star Healthy Streams Program (AgrilLife)

E&O on bacterial contamination originating from
livestock operations and feral hogs

Private Lands and Habitat Management Program and
TPWD Education and Technical Assistance Programs

Land, riparian, and habitat management

Project WILD and Project WILD Aquatic Programs

E&O

Texas Land Trust Council and other Land Trust
organizations

Land management, watershed protection, easements,
and land protection

Texas Rivers Protection Association, SMREF, Hill
Country Alliance, and TST

E&O and data collection

GBRA

E&O, data collection, and technical assistance with
data analysis

Texas Watershed Stewards and similar Texas A&M
AgriLife programs

E&O, technical assistance with BMP implementation

The Nature Conservancy

E&O; data collection; land owner assistance; land,
riparian, and habitat management activities; land and
watershed protection

Texas State University, TCEQ, and Texas Water
Resources Institute

Development of local Event Mean Concentrations

The Meadows Center

LDCs

Hays County

Tree protection strategies

The Meadows Center, TPWD, Water Casa, and
American Water Works Association (Texas Chapter
Texas Water Works Association)

Water conservation strategies

EPA, Smart Growth Network

Compact development and site-specific development

TWDB, GBRA, Federal Emergency Management
Agency, EPA

Flooding and stormwater
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The following section provides information related to:

Element E. Information and education component used to enhance

Public understanding of the plan

3. EDUCATION AND OUTREACH PLAN

Education and outreach measures were developed and compiled by the stakeholder led E&O Subcommittee,

and were approved by the stakeholder committee. The efforts and programs outlined will be used to enhance
public understanding of watershed protection activities and to encourage participation of citizens, students,
businesses, and decision makers in implementing pollution prevention measures. Additional measures and
efforts will be identified over time and it is anticipated that new partnerships will arise, bringing additional
resources to the watershed. This document provides a thorough list of planned efforts but is not exhaustive.

Education and Outreach Strategy

The Upper San Marcos WPP E&O Plan was developed by the stakeholder E&O Subcommittee.
Stakeholders, entities engaging in local watershed outreach, E&O experts, and members of the public all
contributed to this plan.

Because there are many concurrent educational efforts happening in the watershed, activities that promote
educational goals for the WPP, EAHCP, and Code SMTX were prioritized.

These efforts are likely to be funded and implemented to promote consistent, science driven messaging
across the watershed. E&O components will be aligned to the extent possible with current MS4 activities,
although efforts and funding source will be kept separate.

Education and Outreach Plan, Goals, and Target Audiences

The purpose of the E&O Plan is to define the Upper San Marcos River Community’s E&O goals and
objectives for the WPP. Plan goals and target audiences are shown in Table 3.1.

Table 3.1 E¢»O Plan Goals and Audience

E&O Plan Goals E&O Plan Target Audiences

Increase public awareness Community at large, including tourists and students

Increase community engagement Homeowners/landowners and business owners

Business owners

Educate and support decision makers

Government/Education

Educational activities and BMPs will be targeted toward audiences identified as most in need. Cost and
responsible parties for implementing E&O activities in the first three years have been identified. Some
activities have been identified for years four through ten and it is likely that, through adaptive management,
additional activities, efforts, programs, and measures will be identified and implemented. Additional
activities are described in the E&O Plan and will be developed during updates to the WPP. Measures to

be implemented in year one through ten are summarized in Table 3.2.
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Description of Activities

Events
Workshops

Half to full day workshops will focus on topics such as water quality protection, water conservation, LID,
land conservation, and BMPs for stormwater treatment. Examples include:

Xeriscaping, grow green, yard wise, urban prairies

BMP workshop for homeowner associations and apartment management
Groundwater protection strategy (land conservation, water well plugging)
Texas Watershed Steward Program

LID for homeowners

Texas Well Owner Network

Texas Stream and Riparian Education Program

Water quality monitoring

NN N N NS

Press releases, newspaper notices, and direct mailings will be used to attract interested individuals to the
workshops. The workshops will be funded through a variety of sources including the Texas A&M AgriLife
Extension Service, the TSSWCB, GBRA, and other grants.

Stakeholder Meetings

The WPP Stakeholder Committee will continue to meet quarterly during implementation. Meetings will
be announced via email and through the project website. These meetings will be open to the public and
will be an opportunity for collaboration and updates. The meetings will focus on implementation project
status updates, issues to resolve, and new ideas for collaboration. They will be hosted by non-profit/NGO
entities, using in-kind services.

Smart Growth and Nonpoint Education for Municipal Employees (NEMO) Program Workshops for
Elected Officials

Smart Growth workshops and NEMO for City, University, and County ofhicials will be used to educate
community leaders on the effect of rapid urbanization on the watershed including flooding and water
quality issues. Watershed tours will be included to raise understanding the role of using LID to reduce
runoff, stream bank erosion, and flooding. Additional information and training for municipal employees
and elected officials will be created on an as needed basis and will include regular updates regarding WPD,
WQPP, and EAHCP efforts. Information and materials will be made available to University employees

and, at a future date, a University employee training program will be developed.

Household Hazardous Waste/Bulk and Brushy Waste Drop off Days

There are existing daily drop off locations in the COSM for household hazardous wastes (HHW) and spent
pharmaceuticals and quarterly drop off locations for combined household hazardous waste, brush, and
bulky waste. These locations are well advertised in the local newspaper and COSM website. The COSM
and Hays County also hold an annual HHW event. The County operates two recycling and solid waste
fixed stations on the west side of the county in Wimberley and Driftwood. Additional efforts to encourage
proper disposal and additional “drop off days” will be added on an annual basis, depending on funding,.
Funding will also be sought to open a third station on the east side of the county near Kyle to provide
additional recycling and solid waste serviced for rural residents.
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Watershed Awareness Week

Watershed Awareness Week is a project envisioned by Texas State University and the COSM for their
second cycle of the MS4 permit (2018-2023). Initially the concept was stormwater awareness, but with
the combined efforts of the WPP and EAHCP, the event can encompass a watershed theme. The week
will include contests, pet waste demonstrations, litter cleanups, and showings of various educational
environmental films. Funding for the events will be pursued through donations, in-kind services, and
grants.

Community Cleanups

At least two community cleanups will be sponsored by GBRA, the COSM, Texas State University, and
Keep San Marcos Beautiful. The Great Texas River Cleanup held the first weekend in March attracts
private and NGO funding, hundreds of volunteers, and results in tons of waste and debris recovered from
the river and contributing watersheds. The event also develops watershed-aware leaders who return each
year to lead and train new volunteers. A second cleanup will be selected to occur in the fall to coincide
with Watershed Awareness Week. Other clean up events will be scheduled throughout the year by local
NGOs and partners.

Mermaid Festival Watershed Protection Activities Aligned with WPP and MS4 Efforts

The Mermaid Society SMTX is a grassroots community organization committed to strengthening
connectivity among like-spirited community partners in support of river guardianship, the arts, historic
preservation, and local entrepreneurship. The Mermaid Society, and its many partners and supporters,
host several events and outreach programs throughout the year, including a ball, parade, speaker series,
educational events, fairs, and symposiums. With assistance from the Meadows Center, SMRE and other
partners, the Mermaid Society will incorporate consistent messaging about watershed protection and
nonpoint source pollution into many of their activities and outreach efforts, including, but not limited
to hosting speakers, demonstrations, films, and events throughout the watershed. These messages will be
coordinated with City and University MS4 efforts and other ongoing watershed protection efforts to ensure
that a watershed wide message is shared by all WPP and community partners. This collaborative team also
is applying for grants to promote watershed protection and sustainability through the arts and education.

Printed Material and Website

Website

The Meadows Center will keep the WPP website updated and it will link to other local, state and federal
stormwater resources. Information on TST activities, LID BMPs, watershed tours, brochures, PSAs,
and volunteer outreach events will be included. The website will be funded through a variety of sources
including non-profit/ NGO entities, implementation funds from City and County resources, and grants.

Brochures

The WPP stakeholder’s workgroup will personalize the GBRA “Don’t Be Clueless about Water” brochure
to reflect the unique features of the Upper San Marcos River and its tributary creeks. It will include
information about the springs, watersheds that contribute flow to the San Marcos River, and the connection
between the urban and stream settings. Brochures may also reflect stormwater messages developed through
the City and University MS4 programs and will be available during the community cleanup events and
Watershed Awareness Week. WPP documents and existing reports, information and other sources will be
utilized to create additional brochures via a collaboration between local NGOs, City, County, Texas State
University, and the Meadows Center. Funding will be obtained from a variety of sources including the
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Texas A&M AgriLife Extension Service, the TSSWCB, GBRA, and other grants.

Bumper Stickers

Bumper stickers will be created with the Upper San Marcos River logo and specific messages such as “a
healthy watershed supports a clean, clear, and flowing San Marcos River” developed by the Stakeholders
Committee. The bumper stickers will be distributed at community cleanups and events.

LID, Green Infrastructure, and BMP Education Manual and Supporting Materials

Materials developed to support the new COSM LDCs and existing documents authored by similar cities
and nearby WPPs will be utilized to create resources for developers, home owners, and the public. These
resources will be available in print and online and can be combined with workshops, webinar curricula,
and projects highlighted in watershed tours. Technical information in the manuals can be used to guide
information presented on the website, brochures, and other educational materials. The manual and materials
will be developed as a collaborative effort between local NGOs, City, County, Texas State University, and
the Meadows Center. Funding will be obtained from a variety of sources including private monies and
grants.

Watershed Tours

A series of tours will be developed as a collaborative effort between local NGOs (SMRE Hays County
Master Naturalists and the SMGA, City, County, Texas State University, and the Meadows Center) to
highlight water quality initiatives in the watershed. Self-guided campus based tours, downtown tours,
watershed wide tours, and greenbelt tours will have downloadable information. In addition, tours will
periodically be led by volunteers as part of an outreach campaign. Funding will be obtained from a variety
of sources including private monies and grants.

Utility Bill Inserts

Watershed protection and nonpoint source pollution prevention information will be periodically included
as inserts in utility bills and other print informational resources distributed by the City. Similar inserts will
be provided to the County for any mass mailings they may have. This information and similar inserts will
also be made available in print and electronic form for University communication efforts. Utility inserts
using the same images and text as the bumper stickers will be created and may also include specific high
priority pollutant messages for pet waste, automobile leakage, and residential use of pesticides/herbicides.
Utility inserts will be prepared and included in utility bills during the month of Watershed Awareness Week
(Fall).

Online Training
Training on the following topics will be posted to the website and made available for interested citizens and
professionals needing continuing education hours for professional licenses:

Septic system workshop
Wastewater treatment facility training
Stormwater awareness for municipal operations

Fats, oils, and grease and HHW

ANENRNEN

These trainings were created by GBRA and will be updated as new information becomes available.

The Upper San Marcos Watershed Protection Plan

72



PSAs

PSA videos for stormwater awareness were made for the COSM and Texas State MS4 programs and are
available on the respective websites. Additional videos are currently being developed by the EAHCP and
Keep San Marcos Beautiful campaigns targeting good river tubing behavior and anti-littering campaigns
for river visitors. Videos also are posted for the Challenge SMTX campaign that challenges everyone
to pick up at least one piece of trash a day. All videos are paid for by in-kind services and are posted to
Facebook pages, City, and University websites and to the WPP website.

Physical Outreach Tools

Watershed Roadway Signs

If supplemental funding is available, roadway signs will be placed on roads with creek or river access
identifying the name of the creek or river and a message of “Inside Watershed Environmentally Sensitive
Area”. 'The estimated number of signs are: Purgatory Creek (6), Willow Springs Creek (7), Sessom Creek
(2), Cottonwood Creek (4), Sink Creek (2), and the Upper San Marcos River (5). The Stakeholder
Committee will work with the city and county to determine the signage requirements (size, color, style)
and placement.

Banners and Trash Can Wraps

This is an initiative of the local MS4 program for the second permit cycle (2018-2023) to hang large
banners from bridges at Hopkins and Cheatham streets where the river crosses under during the summer
tubing season. The banners would carry the tag line and logo of “What Goes Here Flows Here”. Trash
can wraps with the same message are planned (dependent of funding and approval) to further support
the campaign. The Stakeholder Committee would be sought for advice and additional support before
launching this initiative. Funding for the initiative will be through grants (other than EPA, TCEQ), and
TSSWCB) and MS4 funds. Although this initiative is separate from MS4 activities, many of the goals and

efforts are related.

Pet Waste Stations

The existing pet waste stations in public parks and greenspaces will be expanded to offer rebates for apartment
complexes and hotels to establish stations. Education efforts will be directed to those establishments
located near a creek or river. Educational materials will be developed by the COSM, Texas State University,
GBRA, and the Stakeholder Committee. Funding will be through funds sought out by the COSM and
Texas State University stormwater programs with the help of the Meadows Center and NGOs.

Watershed Model

TST and the Spring Lake Education Program provide a mobile watershed model provided by the Meadows
Center to teach about water quality and water pollution to youth groups. Students enjoy this hands-on
approach and leave with an understanding of watershed science and their role in nonpoint source pollution.
The EAHCP also owns a watershed model and can provide similar training at summer camps, parks,
outdoor events, and community cleanups. A LID watershed model would also be beneficial to educate the
community, developers, and youth about how LID works and how it can be brought into our homes and
cities. The LID model could be incorporated into the TST Spring Lake and Watershed Learning Center

and school education programs.

Kiosk
Kiosks in the city parks are provided by the EAHCP as part of the E&O efforts. The kiosks have
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interchangeable education boards to provide messages and images to support stormwater awareness,
watershed awareness, the role of the riparian zone, and land conservation for flood prevention and water
quality. Content will be determined collaboratively between the COSM, Texas State University, the
Meadows Center, GBRA, and other interested stakeholders. Funding for the design and printing of the
boards will be provided through a variety of sources including Texas A&M AgrilLife Extension Service, the
TSSWCB, GBRA, and other grants.

Educational Programs

EcoBiz or Green Business Bureau Certification

A special certification program recognizing light industrial businesses such as auto mechanic shops, car
washes, landscape companies, pesticide applicators, and others will be established in collaboration with the
COSM and the Meadows Center. The intent of the program is to promote voluntary good environmental
practices that will benefit the river as well as the business through increased recognition. The program
will set environmental standards for good housekeeping, pollution prevention, spill response, use of less
toxic chemicals, and water and energy conservation. Companies that meet the certification requirements
through an inspection process by the COSM or contracted services will be listed on the registry, publicized
in local social media and newspapers, and awarded with a prevalent sign that can be posted in the store
front. The TCEQ may offer assistance with programs such as the Clean Texas Program and Compliance
Commitment offered in the past. This project will take additional research and development.

Watershed Wise Business Campaign

An outreach program targeting local retail and service businesses in the watershed will be designed to
complement the Green Business Certification program. Businesses that choose to receive educational
information, display information about protecting water quality and participate in nonpoint source
pollution prevention audits will receive recognition (store front, online, press and media) as being Watershed
Wise. This program will be developed by year three, in conjunction with the EcoBiz or Green Business
Bureau Certification.

Watershed Education Programs for Schools and Informal Educators
Much like the watershed models described earlier, the Meadows Center and many of its partners utilize
educational programming via:

Texas Stream Team

Texas Aquatic Science Curriculum

Texas Parks and Wildlife Department

TAMU Water Education Network

USGS

NatureBridge and the National Park Service

National Oceanic and Atmospheric Administration (NOAA)

NANENENENENEN

These and other resources will be used to create a comprehensive resource library for providing youth in
the watershed with educational modules, lesson plans, activities, and materials. This library will be available
to all public and private schools, as well as home school and informal educators. It is anticipated that the
online library will be coupled with “portable classrooms” or containers with educational materials that can
be checked out by educators. Watershed partners will work with local educators, faith based leaders, and
other community education providers to ensure that training and support are available as needed to utilize
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these materials. Watershed partners will work together to leverage resources and raise funds to ensure the
continuation and success of the program, which will be coupled with the Watershed Learning Center at

Spring Lake.

Spring Lake Education Program

The Meadows Center hosts the Spring Lake Education Program which provides environmental education
to more than 120,000 visitors and community members per year, more than one quarter of which are
children and young students. The Center also supports several research, education, service, and stewardship
programs, offering environmental research, employment, internships, and other opportunities to many
undergraduate and graduate students.

Spring Lake Education Program efforts, in partnership with numerous watershed stakeholders, will utilize
Spring Lake and the adjoining 251-acre nature preserve to tailor interactive learning opportunities and
offer exploration of the diverse system that is Spring Lake and the Upper San Marcos River. In doing so,
attendees and participants will become familiar with species that rely on water, as well as the threats to water
quality and what we can do about them, including pollution prevention, and water conservation. Activities
will be developed and adapted for school age and university students, as well as industry professionals and
the public. On site educational features, structures, and modules from the watershed’s education programs
will reflect the needs and interests of the community. Existing LID, green infrastructure, and stormwater
management measures will include information tailored to watershed residents, including public and private
school curricula and University courses. Continuing education courses for environmental professionals
and local planners will also be offered. Partners will work with schools and informal education venues to
raise funds to transport students to the Learning Center for field trips, as well as to provide support in the
watershed’s classrooms. Examples of Learning Center activities include:

RWH and rain gardens

Watershed mapping tools and way-finding activities
Macroinvertebrate sampling

Water quality monitoring

Aquifer and groundwater education

Endangered species that rely on clean water

Tree and riparian plant identification

Habitat hikes

Local water sustainability issues

Art and nature

Watershed soils, climate, ecozones, and other characteristics
Rain gauges

Environmental and Spatial Technology Projects

Water quality research fundamentals

Green infrastructure and LID policy, implementation and maintenance

N N N N N N N Y N N NN

Best practices for recreation

The Spring Lake Education Program is funded in part by the EPA through the Clean Water Act (CWA)
§319(h) Nonpoint Source Program administered by the TCEQ.

Texas Stream Team and the San Marcos River Rangers
TST and its local partner, the San Marcos River Rangers (supported by SMRF) bring together community
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members, students, educators, academic researchers, environmental professionals, and both public and
private sector partners to conduct scientific research and promote environmental stewardship. The River
Rangers collect monthly water quality data at dozens of points along the river and its tributaries. TST and
the River Rangers will expand existing TST programs for monitoring riparian health and macroinvertebrate
assemblages (as measures of river and stream health) and will track trash and monofilament removal. This
data will be compiled at least annually and shared with watershed stakeholders as an educational tool.

TST is funded in part by the EPA through the CWA §319(h) Nonpoint Source Program administered by
the TCEQ.

Participation in Local and Regional Water-Based Education and Protection Events

Watershed stakeholders will participate in numerous local and regional water-based education and
protection events and will share information and materials about the watershed, current water quality
issues associated with the Upper San Marcos River and prevention of nonpoint source pollution. The level
of participation and availability of funding will depend on the type and scope of event. Examples of events

identified:

Seventy Two Degrees

Texas Water Safari and Junior Safari
Sacred Springs Powwow

Petfest

Rainwater Revival

Earth Day Events

Summer in the Park Concert and Movie Series (COSM)
Farmers and art markets

Lst Saturday birding hikes

Hill Country Water Summit

Hill Country Alliance Events

RSN N N N N N N SRR

Evaluating Effectiveness of Education & Outreach

To evaluate the effectiveness of education practices on water quality improvements, a system will be utilized
and results will be documented throughout the implementation phase. The Social Indicator Planning &
Evaluation System (SIPES) is a seven-step process that uses social indicators to help plan, implement, and
evaluate nonpoint source management projects.

This evaluation begins with a review of project plans and then guides projects through a process to collect,
analyze, and use social indicator data at the beginning and end of a nonpoint source project (Genskow
and Prokopy, 2011). The SIPES Handbook was developed by the Great Lakes Regional Social Indicators
Team with collaboration from US EPA Region 5, state water quality agencies, and numerous stakeholders
in Region 5. This Handbook outlines the following seven steps:

Review project plan;

Collect and enter pre-project survey data;
Review data and refine social outcomes;
Monitor social data throughout project;
Collect and enter additional post project data;
Collect and enter post-project survey data; and

N AN BN =

Review data and use results.
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Water quality problems have accumulated over many decades and may take decades to amend. Confirming
that awareness and attitudes are changing and behaviors are being adopted in a watershed is one way that
projects can demonstrate progress toward water quality goals. Monitoring social indicators, like monitoring
environmental indicators, will give valuable information about how well management strategies are working.

4 MONITORING PLAN

Monitoring and data collection will be undertaken during implementation of the WPP by the COSM, Texas
State University, GBRA via the Texas Clean Rivers Program (CRP), TST, and other partners. Flow/discharge
and height are captured by gauging stations operated by USGS with support from EAA. Groundwater
levels are monitored by EAA and groundwater districts (BSEACD, precincts 1 and 2, HTGDC District
5). Specialized and targeted monitoring including bacterial source tracking, TDS constituent analyses, and
biological monitoring are being performed by City, University, EAHCP, and other entities.

Monitoring efforts will be coordinated and used to track water quality conditions with the aim of better
understanding nonpoint source pollution contributions to the river over time. Available routine, continuous,
and storm event water quality monitoring data will be used to develop a baseline for tracking water quality
and WPP progress. Water quality monitoring data will be used to assess efficacy of implemented BMPs and
ordinances over time. In addition, EAA and the WPP partners spend considerable effort on monitoring
EAHCP progress via water quality and quantity metrics that can be applied to track WPP progress.
Potential future monitoring may be used to determine the origins of TDS in source water and river water.
Future monitoring may also be used to determine potential effects of stormwater pollution on source water.

The following section provides information related to:

Element I. Water quality monitoring component to evaluate effectiveness

of implementation over time

Tracking Load Reductions from Management Measures

WPP Monitoring Plan (Element I) efforts to measure the effectiveness of BMPs and management measures
will utilize the Implementation Schedule (Element F), modeled or calculated outcomes of measures
(Element B), and identified management objectives (Element C). To evaluate the effectiveness of Plan
activities, the monitoring outlined in Table 4.1. Monitoring will be coordinated by Plan partners, recorded,
and reported on the WPP website. Data will be compiled and reviewed at least semi-annually by the
Stakeholder Committee. Additional sources of data will be reviewed for quality assurance and can also
be considered. Data showing increases in pollutants will be further analyzed and used to trigger adaptive
management strategies.

Adaptive management guided by water quality analyses will determine future implementation strategies. By
tracking water quality trends and responses to both environmental factors and Plan activities, stakeholders
will be able to evaluate whether Plan implementation is successful and can determine the need for additional
actions or refocusing of existing efforts. This adaptive approach relies on frequent input of watershed
information and the comparison of current conditions to the water quality targets and goals.
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Figure 4.1 Texas Stream Team monitoring sites along the Upper San Marcos River

EAHCP
(including COSM
andTexas State
University)

Monitoring Activities

EAHCP monitoring:

- Biological monitoring (habitat and population

of covered species, macroinvertebrate rapid
bioassessment, and water quality grab samples -
CRP collected parameters)

- Annual even year sediment sampling (toxics)

- Real time monitoring data sonde in Spring Lake
(collects DO, conductivity, turbidity, temperature,
and pH at 15 min intervals)

- Annual stormwater sampling (herbicide and
pesticide compounds, atrazine in odd years, and a
full suite of parameters in even years)

- Annual passive diffusion sampling will include
adding a PPCP diffusion sampler at the most
downstream sampling site

- Annual odd year tissue sampling of pelagic, fish
apex predator, a covered benthic fish species, and
a sediment dwelling filter feeder (parameters to be
established)

- Annual stormwater sampling (test only for
Integrated Pest Management Plan chemicals in
odd years, test full suite in even years, 5 samples/
location, priority given to locations at tributary
outflows)

- Groundwater well sampling conducted through
Non-EAHCP programs at EAA

COSM

- Weekly collection of E. coli samples in key
recreation and habitat areas (Spring Lake, City
Park, Rio Vista Park, IH-35 Bridge, upstream and
downstream from the waste water plant)

- Monitoring of private wells upon request

Samples are processed in National
Environmental Laboratory
Accreditation Program (NELAP)
accredited lab.

Bacteria data can be coupled with
TST and GBRA data at overlapping
sites

COSM

MS4 — storm sewer system and BMP/site (ponds,
etc) monitoring and inspection

Texas State
University -
Environmental
Health, Safety and
Risk Management

MS4 - storm sewer system/stormwater pollution
prevention plan and BMP/site (ponds, etc)
monitoring and inspection; bi-annual dry weather
flow inspections on university outfalls

MS4 — water quality monitoring may be included in
the next permit (December 2018)

BSEACD, EAA

Well level monitoring and other groundwater
monitoring, including water quality.

USGS

Continuous monitoring of discharge at Spring Lake.

Discharge/flow and gauge height on the main stem
of the river.

Data is available on website

TPWD

Water quality, habitat, and biological monitoring
special projects as needed
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Monitoring Activities

GBRA CRP Routine (quarterly) monitoring for temperature, Data is quality assured through
Monitoring conductivity, DO, pH, nitrate/nitrite-nitrogen, TP, TCEQ, EPA and available on
TSS, turbidity, SO4 -2, CI-1, chlorophyll-a, total website

hardness, E. coli, flow, and Texas Surface Water
Quality Standards bacteria sampling at one site on NELAP accredited lab
the main stem and all parameters except flow on

the main stem just below the confluence (lower San

Marcos).
TST and San Routine (monthly and bimonthly at select Data collected is quality assured
Marcos River sites) monitoring for temperature, DO, specific through TCEQ, EPA
Rangers conductivity, TDS, pH, and total depth. E. coli,

nitrate/nitrogen, and orthophosphate/phosphorous | Data is available on website
at a portion of the sites. At least 15 sites will be
utilized in the monitoring plan.

Existing monitoring plan will be updated as needed
to collect additional data/add sites.

City of San Marcos | Daily monitoring by the WWTF include temperature, | Data available at City
WWTF and Fish conductivity, DO, pH, nitrate/nitrite-nitrogen, TR, TSS,
Hatchery E. coli, and flow

A. E.Wood Fish Hatchery discharge data is recorded
as a monthly average, along with daily TSS.

Stakeholder Coordination of monitoring activities; compilation All data will be compiled regularly
committee/ and review of results on a regular basis. and published on the WPP
workgroup (City, Identification of trends or issues for further review webpage

University, EAA) and triggers for implementation of adaptive

management strategies, including additional
monitoring activities

For bacteria and nutrients of concern, a 5-year geometric mean will be computed every 6 months. TSS and
TDS data will be averaged and compared for individual and quarterly sampling events. Water quality data
will be reviewed for each available monitoring site or group of localized sites (against available historical
data) and compared to upstream and downstream sites for changes in pollution levels. Assessments will
include pre- and post-implementation of management measures, changes in flow and climate conditions
and other relevant factors. Water quality will be aggregated for subbasins with identified exceedances or
emerging water quality issues (see Appendix C) and analyzed for changes over time and changes in response
to management measures.
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Modeled and calculated pollution reductions from implementation of structural BMPs will be compared
with available water quality data at the subbasin scale. Figure 1.11 shows that the majority of the subbasins
with exceedances are in the more urbanized, Southeastern portion of the watershed and the primary
constituents of concern are TSS, nitrogen, and bacteria. For example, Sessom Creek watershed (subbasins
10, 11) has been identified as a very high priority for reduction of TSS and erosion. If possible, data will
also be compared at the eleven accumulation points used for assessing current and future water quality
conditions in the WPP (see the Groundwater Protection Planning document on the SMWI website under
Supporting Documents). The stated goal of the stakeholder committee is to reach and maintain Targets A
and B shown in Table 1.1, which in most cases are stricter than state standards and screening levels. These
pollutant concentration targets were developed based on incremental implementation of the WPP and
assume significant accomplishment of pollutant load reductions by the end 2025 and 2035.

Management measures requiring less resources will be implemented early in the process, while
implementation of other measures will require more time, coordination, planning, and funding. Reductions
in pollutant loads are likely to be gradual and not equivalent across the watershed. Water quality targets
will serve as benchmarks of Plan progress and are a tool to facilitate decision-making for prioritizing future
implementation activities.

Subbasins or accumulation points not meeting or trending toward targeted values, “hot spots” identified
via MS4 and EAHCP, and other sources will be reviewed and additional measures will be determined to
reduce nonpoint source pollution in those areas.

Coordinating Existing and Future Monitoring Efforts

Continued monitoring of water quality (and in some cases quantity) is an important aspect of the WPP.
Project partners will coordinate all ongoing water quality monitoring in the watershed. All acquired data
will be compiled in accordance with best practices. Analyses of compiled data will be utilized to evaluate
potential and realized reductions in pollutant loads and concentrations over time from ordinance changes

and in situ BMPs (LID and GI). Details of known and potential monitoring activities are provided in Table
4.1.

Baseflow Monitoring

The Texas CRP is a partnership between the TCEQ and regional water authorities to coordinate and
conduct water quality monitoring, assessment, and stakeholder participation to improve the quality of
surface water within each river basin in Texas. GBRA is the partner responsible for administrating the CRP
in the Guadalupe River Basin, to which the Upper San Marcos River belongs. The EAHCP also utilizes
CRP data for decision making and milestone tracking,.

Water quality data collected as part of the CRP includes: water temperature, specific conductivity, DO, and
pH. Samples are collected and brought to GBRA’s NELAP accredited lab where they are analyzed for TS,
nitrates, ammonia, phosphorus, and E. coli.

There is one main stem monitoring site monitored on a quarterly basis. GBRA also monitors one location
just below the confluence of the Upper San Marcos River with the Blanco River. Additional sites may be
added as funding allows. Flow and water quality data from this site will provide insight regarding potential
nonpoint source of pollution in the lower reach of the Upper San Marcos River.
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Stormflow Monitoring

In general, ambient monitoring data are collected under baseflow conditions. However, reliable streamflow
data following storm events is required for additional hydrologic characterization and to calculate
average pollutant loads as the Plan is implemented. In addition, data on streamflow and water quality
will characterize the range and temporal variability of water quantity and quality under the full range of
natural conditions. Because water quality parameters are highly influenced by flow rates, it is important
to understand the hydrologic response of the watershed to environmental conditions to identify causes
and sources of nonpoint source pollution, and identify and implement appropriate BMPs. Any updated
modeling efforts are also dependent on accurate flow estimates to ensure the greatest possible accuracy
when evaluating potential impacts of future development. The EAA will conduct stormflow monitoring
and if it is determined that more frequent monitoring is required, the Stakeholder Committee will work
with the City and University to schedule events.

EAHCP Monitoring and Analyses

A variety of data will be collected for the EAHCP, including water quality, groundwater, toxic chemicals,
metals, biological habitat, and other types of information. This data provides a robust picture of conditions
in the river and the aquifer. Information collected is used to make management decisions related to species
protection and can be used to supplement WPP efforts, both with supplemental data and EAA completed
analyses.

MS4 Monitoring and Analyses

MS4 efforts include monitoring of BMPs which can provide information about improperly functioning
measures that may be contributing pollution, as well as environmental conditions that may contribute to
stormwater runoff and pollution.

Citizen Science Data —Texas Stream Team and San Marcos River Rangers

TST is a program at The Meadows Center and is primarily funded by a Section 319(h) grant from the EPA
through the TCEQ. The San Marcos River Rangers, with funding from the SMRF collect data for TST and
collaborate on projects related to improving or protecting water quality.

Citizen scientists who join TST are trained to collect water quality data in accordance with TST Team’s
TCEQ approved Quality Assurance Project Plan (QAPP). The parameters collected by TST and River
Ranger Citizen Scientists include: water temperature, specific conductivity, pH, DO, water clarity, and
field observations. Advanced Citizen Scientists collect nitrates, phosphates, E. coli, turbidity, and stream
flow. Sites are sampled bimonthly or monthly. The data is submitted to TST where it undergoes quality
assurance review according to TST’s QAPP. The verified data is then uploaded to the Data Viewer, an
interactive map/database that stores citizen scientists’ data for public view and reference.

TST can increase stakeholder involvement by training local stakeholders to collect water quality data.
The data can then be presented to stakeholders and the public for a better understanding of current
water quality conditions. This data also can help supplement other water quality data that is collected
in the watershed. In addition to its traditional water quality monitoring programs, TST offers aquatic
macroinvertebrate assemblage and riparian system monitoring. TST staff and citizen scientists will collect
samples in conjunction with water quality sampling and quality assure data.
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Figure 4.1 Texas Stream Team monitoring sites along the Upper San Marcos River

The Upper San Marcos Watershed Protection Plan




Well Level Data

Well level and well pressure data collected by the groundwater districts and EAA provides valuable insight
to linkages between source water and surface water. This data may help stakeholders better understand
and manage recharge features that allow pollutants carried by stormwater that enter the aquifer (later
resurfacing as surface water at the headwaters). Some of these features also may contribute significant levels
of recharge and should be managed to protect flows. Comparing this data with water quality data may help
identify future BMPs to protect flows and water quality. Well and pumping data coupled with water quality

data can also strengthen the case for community water conservation efforts.

Supplemental Surface Water Monitoring

Other monitoring activities in the watershed provide useful information and allow for more in depth
understanding of surface water quality data, especially at the subbasin or site-specific level. Additional
water quality and quantity monitoring efforts are likely to arise throughout the long-term implementation
of the Plan and may be of considerable value. Examples include:

Increased Surface Water Quality Monitoring

If it is determined that progress is not being made toward achieving water quality targets or if more data is
deemed necessary, additional sites within the watershed may be identified for monitoring (routine, storm,
or other) by partners.

Further, stakeholders may determine that there is value in testing for constituents other than those with
identified targets. Other pollutants of concern could include emerging contaminants, Pharmaceutical and
Personal Care Products (PPCPs), oil, and grease. USGS and select private companies can run analysis for
a wide variety of contaminants. GBRA can process samples for oil and grease. Presence of oil and grease
is measured as mg/L and is typically only done when there is a sewage/septic spill. Total hydrocarbon
tests could also be performed, which would test for oil and grease as well as other pollutants like gasoline.
Currently, the oil and grease levels in the watershed are too low to justify testing and sampling expenditures,
but as development in the watershed continues, the Stakeholder Committee may choose to implement oil
and grease testing.

Groundwater Quantity and Quality Monitoring

Most of the water quality data collected for the watershed is focused on surface water quality. Groundwater
quantity and quality monitoring is needed to better understand what pollution is contributed via aquifer
recharge to surface water flows in Spring Lake and the River, as well as important sources of recharge
required to maintain flows. In addition, TDS constituent analysis of groundwater will determine the
portion of TDS directly related to physical aquifer conditions and which cannot be managed with BMPs.

More information about stormwater contributions to aquifer pollution (that later emerge in surface water)
will allow WPP partners and stakeholders to determine the most appropriate BMPs and which karst features
are priorities for protection measures. Current monitoring includes well level and pressure monitoring by
groundwater districts and EAA and continued operation of the USGS stream gauges 08170500 (main
stem) and 08170000 (at the headwaters/springs). EAA performs additional groundwater monitoring that
may be used to provide additional information regarding aquifer levels and water quality of source water.
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Monitoring of BMPs

BMPs implemented early in the implementation may be monitored for effectiveness of mitigating pollution
entering the River and its tributaries. If it is determined that a BMP may not be operating effectively, the
Stakeholder Committee will work with project partners to determine what changes are needed. BMPs that
are working effectively will be presented to the community and encouraged for implementation where
appropriate across the watershed.

Monitoring of Existing and Implemented BMPs

Existing and newly installed BMPs on City, University, Hays County, and private property (and
implementation of nonstructural measures) may require monitoring to determine effectiveness. Available
data may be coupled with available pollution reduction calculation tools to estimate efficacy, as well as to
determine the required size and scope for management measures.

Bacterial Source Tracking

Monitoring for bacteria only shows the concentration present at a sample site, and provides no information
as to the source of the pollutant. Bacterial source tracking (BST) identifies sources of fecal matter allowing
targeted management strategies. Identification and assessment of sources is a key component for effective
abatement programs. Additionally, BST can provide information about potential water quality impacts
from the permitted discharges in the watershed. A project for BST may be implemented if water quality
targets are not being achieved.
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APPENDIX A: WATERSHED CRARACTERISTICS

View online at SMWIAppendixA.MeadowsWater.org
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APPENDIX B: MODELING METHODOLOGY

View online at SMWIAppendixB.MeadowsWater.org
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APPENDIX C: SUBBASIN SCALE WATER QUALITY ANALYSIS

View online at SMWIAppendixC.MeadowsWater.org
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APPENDIX D: COMPREHENSIVE WATERSHED BEST MANAGEMENT PRACTICES

View online at SMWIAppendixD.MeadowsWater.org
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