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Introduction
The Clean Rivers Program (CRP) was created by the Texas Legislature
in 1991 under the Texas Clean Rivers Act and provides the framework
and forum for managing water quality issues through a comprehensive
and holistic watershed management approach. The watershed
management approach reflects common strategies for data collection
and analyses that identify and address regional water quality issues
in river basins throughout Texas. The San Antonio River Authority
(SARA) Environmental Sciences Department is responsible for the

administration of the CRP to collect and monitor surface water data
within the San Antonio River Basin. The CRP together with additional
funding provided by SARA, the Texas Commission on Environmental
Quality (TCEQ) monitoring efforts, and in-kind services provided by
the Bandera River Authority and Ground Water District (BCRAGD)
and the City of Boerne are the primary programs for the collection and
assessment of routine water quality data in the San Antonio River Basin.

2015 Highlights
How often have you hear the old adage – “if you don’t like the weather
in Texas, just wait five minutes”. Weather can change very quickly
especially when it comes to precipitation. With the precipitation from
just one storm event, “famine” can quickly turn to “feast”. This was the
case this past 2015 Memorial Day weekend when the National Weather
Service issued a Flash Flood Watch for the Austin/San Antonio area early
Saturday morning, May 23rd, at 3:12 a.m.
According to the National Weather Service website located at http://
www.srh.noaa.gov/ewx/?n=memorial_weekend_floods_2015#NWS_
Product_and_Warning_timeline, May 2015 will go down in history as
one of the wettest months across the state of Texas. For the first two to
three weeks of the month, most locations across south-central received
well-above normal rainfall that saturated the soils. By the time Memorial
weekend arrived, much of the region was at least 2-4 inches (100-300%)
above normal. These wet antecedent conditions meant any new rain and
especially heavy rain would become runoff entering directly into rivers,
streams, and flash flood prone areas. Ingredients came together during
the Memorial weekend for several rounds of very heavy rain and severe
thunderstorms to develop (NWS, May 2015).
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In collaboration with SARA and other partners, the United States
Geological Survey (USGS) strategically positions gaging stations
throughout the San Antonio River Basin to monitor stream flow under
various conditions. Starting at noon on May 23, 2015, the USGS 08178880
gage station at the Medina River in Bandera, Texas, recorded a 46,241 ft3/s
increase in discharge (flow) and 19 foot rise in stage height (stream level)

over a twelve hour period. Prior to this storm event, in April 2015 Medina
Lake was seriously feeling the effect of the drought and was within 3.2%
of full capacity and -89.69 feet below reservoir and conservation storage
levels. In July 2015, as a result of the Memorial Day storm event, Medina
Lake was at 74.1% of full capacity and -11.79 feet below reservoir and
conservation storage levels (TWDB, Oct 7, 2015).

USGS 08178880 Discharge, Medina River at Bandera, Texas, May 23, 2015

USGS 08178880 Stage Height, Medina River at Bandera, Texas, May 23, 2015

To remain adaptable to economic and environmental changes, each
year SARA conducts a coordinated monitoring meeting (CMM) with
the TCEQ and other basin monitoring partners. According to the FY15
Coordinated Monitoring Schedule (CMS) located at https://cms.lcra.org/,
the TCEQ was collecting water quality data at 15 monitoring stations
throughout the San Antonio River Basin. During the April 14, 2015.

water quality issues, as identified in TCEQ Integrated Report, and were
dropped from the TCEQ’s FY16 monitoring schedule. To continue to
provide water quality data that was spatially and temporally sufficient
to identify water quality issues in the future, seven routine water quality
stations were assimilated into other existing TCEQ/SARA projects. With
the TCEQ’s decrease in monitoring in the Upper Cibolo Creek watershed,
the City of Boerne expressed an interest in participating in the FY16 CRP
monitoring activities beginning September 1, 2015. The collaborative
efforts between SARA and the City of Boerne allowed the City of Boerne

CMM meeting, the TCEQ announced their curtailment of monitoring
activities in the Basin. Of the 15 monitoring stations, 11 did not have
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to be a sub-participant under SARA’s CRP Quality Assurance Project
Plan (QAPP) to collect water quality samples in Upper Cibolo Creek
Watershed. The City of Boerne will collect water quality samples for
submission to SARA’s Environmental Sciences NELAC-Accredited
Laboratory for analysis. The City of Boerne expanded CRP monitoring
efforts in the Upper Cibolo Creek Watershed by collecting water quality
information at a total of three stations, including one dropped by the
TCEQ. This collaborative effort is the second cooperation of this kind
under the CRP in the San Antonio River Basin. The San Antonio River
Authority, the Bandera County River Authority and Groundwater District
(BCRAGD) and the City of Boerne continue to leverage existing funds
to maximize regional monitoring efforts in support of CRP goals and
objectives.
In the 2014 Integrated Report, there were 13 classified and 21 unclassified
stream segments (tributaries) assessed. A total of 15 impairments were
identified in the classified stream segments and a total of 14 impairments
identified in the unclassified stream segments of the San Antonio River

Lower Leon Creek Biological Monitoring upstream of the Leon Creek WWTP

Basin. Elevated levels of E. coli remain the primary water quality issue and
major cause of impairments in the San Antonio River Basin; depressed
dissolved oxygen (DO), elevated chloride, fish consumption restrictions
in the Lower Leon Creek, and fish and macroinvertebrate community
impairments were also identified. Of the 34 waterbodies assessed, 55%
of all the water quality impairments in the San Antonio River Basin
are attributed to bacteria concentrations above the primary contract
recreation standards allowed under the Texas Surface Water Quality
Standards (TSWQS). Five new impairments were added to the 2014 303(d)
List of Impaired Waterbodies, including four bacteria impairments, one
each on Escondido Creek (1901A), Cabeza Creek (1901B), Clifton Branch
(1902C) and Martinez Creek (1911I). Clifton Branch was also identified
as having a DO impairment. Escondido Creek, Cabeza Creek, Clifton
Branch and Martinez Creek were not assessed in the 2012 Integrated
Report due to either limited or inadequate data. There was one waterbody
removed from the 2014 Integrated Report: Lower Cibolo Creek, Segment
1902, is no longer considered to have an impaired fish community.
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Water Quality Monitoring Programs
Overview of 2015 Monitoring
Developing a comprehensive coordinated monitoring schedule (CMS)
that supports the various basin and statewide objectives requires intensive
planning and coordination. To coordinate the efforts and resources of
many diverse organizations while ensuring the San Antonio River Basin
monitoring programs remain effective and viable, the CMS undergoes
annual review to evaluate new cooperative efforts and any emerging
priorities.
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As the data collected is in support of the TCEQ’s Integrated Reports and
TSWQS, annual routine monitoring decisions are directed towards:
• Completing data sets where limited information indicates a water
quality standard is not supported but with a limited data set;
• Waters with known water quality impairments or concerns, or
waterbodies where a concern for are near nonattainment exists;
• Waters that have no known water quality problems or without current
water quality data.

Mating tubercles on a Central Stoneroller (Campostoma anomalum)

Prior to finalizing the CMS, SARA conducts an annual Coordinated
Monitoring Meeting (CMM), normally held in mid-spring. During
this meeting, partnering agencies discuss monitoring needs for the San
Antonio River Basin for the upcoming year. SARA would like to thank
the agencies listed below for their help over the years. Their efforts to
maximize regional monitoring sampling programs while minimizing
duplicative efforts is greatly appreciated.
• Austin and San Antonio TCEQ Offices
• The Bandera County River Authority and Groundwater District
(BCRAGD)
• United States Geological Survey (USGS)
• Guadalupe-Blanco River Authority (GBRA)
• Texas State Soil and Water Conservation Board (TSSWCB)
• The City of Boerne
• Texas Parks and Wildlife Department (TPWD)
During the April 2014 CMM, information from the 2014 Integrated
Report for Clean Water Act Sections 305(b) and 303(d), CRP partners,
and the CRP Stakeholder Environmental Advisory Committee was used
to select stations and parameters for the 2015 CMS. Stations chosen
continue to enhance the overall water quality monitoring coverage while
addressing basin priorities. Table 1 gives a big picture view of the FY15
CMS, including number of stations, parameters and water monitoring
partners in the San Antonio River Basin for the period of September 2014
through August 2015. Details of the CMS can be viewed at https://cms.
lcra.org/.

Salado Creek Watershed
Taylor Quiros (left) – FY15 SARA Summer Intern
Aline Trejo (right)–FY15 Mike Gonzales Memorial Intern
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Table 1: Segments, number of monitoring stations, parameters and monitoring partners in the San Antonio River Basin in FY2015
Collection
Entity

Number
of station

24 hour

Habitat

Benthic

Nekton

Metal in
Water

Metal in
Sediment

Upper San Antonio River

SARA

28

11

5

1

5

0

0

145

Lower San Antonio River

GBRA

1

0

0

0

0

0

0

12

SARA

10

2

2

0

2

0

0

Upper Cibolo Creek

TCEQ

2

0

0

0

0

0

Mid Cibolo Creek

TCEQ

2

2

0

0

0

0

Lower Cibolo Creek

TCEQ

2

0

0

0

0

SARA

9

3

2

0

Medina River Above Medina Lake

BCRAGD

6

0

0

0

SARA

1

1

1

Watershed

Flow

Field
Measurements

432

392

157

12

12

12

66

112

95

67

0

8

8

8

8

0

8

8

8

8

0

0

8

8

8

8

2

0

0

54

100

100

0

0

0

0

24

24

24

24

0

1

0

0

0

0

0

0

Conventionals Bacteria

Medina Lake

TCEQ

2

0

0

0

0

0

0

8

8

0

8

Medina Diversion Lake

TCEQ

1

0

0

0

0

0

0

4

4

4

4

Medina River Below Medina
Diversion Lake

TCEQ

2

0

0

0

0

0

0

8

8

8

8

SARA

8

1

1

0

1

0

0

42

42

42

42

Upper Leon Creek

TCEQ

1

0

0

0

0

0

0

2

2

2

2

Lower Leon Creek

TCEQ

2

0

0

0

0

4

4

8

8

8

8

SARA

2

2

1

0

1

0

0

4

4

6

4

Salado Creek

SARA

5

5

3

1

3

0

0

30

30

32

30

Medio Creek

TCEQ

1

0

0

0

0

0

0

2

2

2

2

SARA

1

1

1

0

1

0

0

6

6

6

6

86

28

16

2

16

4

4

439

818

757

398

TOTAL

In General: Accortding to the 2015 Coordinated Monitoring Schedule, SARA conducted bimonthly monitoring (every other month) at 63 stations, including weekly
bacterial/flow events (52s/yr) at 7 sites. TCEQ conducted quarterly monitoring at 15 stations, GBRA conducts monthly monitoring at 1 station and BCRAGD conducts
quarterly monitoring at 6 stations.
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Water Quality Terminology
The water quality conditions of the San Antonio River Watershed
discussed in this report describes water quality based on chemical and
biological data collected by the SARA, BCRAGD, GBRA, USGS, TCEQ
and their contractors. The information represents a snapshot of the
levels of bacteria, nutrients, aquatic life use, and other water quality
parameters throughout six watersheds in the San Antonio River Basin.
Prior to discussing the water quality conditions for each watershed, an
understanding of water quality parameters, TSWQS, 2014 Integrated
Report and TCEQ assessment methodology and processes are needed
to understand the complex issues involved in monitoring and assessing
water quality data.

Surface Water Quality Parameters
As the data from the CRP is used in support of TCEQ Integrated
Reports, TSWQS and stream water compliance decisions, the program
operates under a TCEQ-approved CRP QAPP. The QAPP documents
quality assurance and quality control requirements for sample collection,
laboratory analyses, and data management. Adherence to the QAPP
ensures the water quality data generated is of known and documented
quality. SARA CRP website and QAPP’s can be viewed at https://www.
sara-tx.org/environmental-science/clean-rivers-program/.
As identified in the QAPP, water quality monitoring collects
physicochemical, biological, and hydrological information from
waterbodies throughout the San Antonio River Basin. Smaller unclassified
waterbodies are also monitored to evaluate and define water quality
and to respond to perceived risk for pollution. Water quality parameters
collected under CRP are identified below.
Field Parameters are measured at the sampling station and consist
of water temperature, pH, DO, specific conductance and flow. Water
temperature, pH, DO, specific conductance measurements are collected
using multiprobe instruments. Stream flow information is obtained from
USGS gage stations or is collected instantaneously using handheld flow
meters.
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• Water Temperature affects the oxygen content of the water and is a
major factor on biological activity and growth of aquatic organisms.
Temperature fluctuations too far above or below organisms tolerance
levels may kill or make them susceptible to disease and parasites.
Some chemical compounds are also more toxic to aquatic life at higher
temperatures.
• Water pH affects the solubility of compounds and the availability of
these compounds to aquatic organisms. Example, as pH decreases the
toxicity of ammonia increases. Elevated levels of ammonia adversely
affect the growth and survival of freshwater organisms.
• Dissolved oxygen (DO) in surface water is used by all forms of aquatic
life and is used to assess the health of lakes, rivers and creeks.
• Specific Conductance, also referred to as conductivity, is a
measurement of the ability of water to pass an electrical current.
Conductivity is affected by the presence of inorganic dissolved solids
such as chloride, sulfate and sodium. Conductivity is also affected by
temperature, the warmer the water, the higher the conductivity.
• Stream Flow is an important parameter affecting water quality,
habitat and aquatic communities. Flow is also a critical component for
interpreting historical data and assessing compliance with the TSWQS.
Stream flow is affected by weather, increasing during rainstorms and
decreasing during dry periods. Hot dry summer months also decrease
flow when evaporation rates are high and shoreline vegetation is
actively growing.
24-Hour DO measures the DO concentrations over a 24-hour period
at regular intervals (e.g., every 15 minutes) and is conducted frequently
with biological and habitat assessments. Waterbodies support of the
aquatic life use designation is based on the assessment of 24-hour average
and absolute minimum criterion. Grab field DO measurements are also
compared to the average DO criterion value and a concern is identified
when this screening level is exceeded. Of the three main sources of oxygen

Nutrients are an important indicator of surface water quality because
nitrogen and phosphorus control the growth of aquatic plants. Excessive
growth of aquatic plants can cause DO concentrations to decrease
during the night to levels that may not sustain aquatic communities.
Seasonal variations in concentrations of nutrients are influenced by land
use and by natural and human factors that cause variations in stream
flow. Parameters include total phosphorus, ammonia, nitrate, and
nitrite. Although not considered nutrients, total Kjeldahl nitrogen and
chlorophyll-a are also analyzed in conjunction with nutrients to help
understand the physical characteristics of waterbodies.
• Phosphorus, under natural conditions, is the limiting nutrient for
plant growth in most fresh water streams and rivers. However, when
introduced even in modest of quantities can result in excessive
plant growth, algal blooms, low DO, and death or stress of aquatic
organisms.

introduction into the aquatic environment: direct diffusion from the
atmosphere, wind and wave action and photosynthesis, photosynthesis
by aquatic plants and phytoplankton is the most important. DO
concentrations will typically be highest in the mid- to late-afternoon
when photosynthesis rates are greatest, and will reach the lowest
concentrations just before the sun rises the next morning. This fluctuation
pattern is referred to as the “diurnal oxygen cycle”. Oxygen is depleted
by both natural functions and pollution. Factors affecting DO include
water temperature, photosynthesis and respiration by aquatic plants and
animals, breakdown of organic matter, flow and daily and seasonal cycles.
Potential causes of DO impairments include excessive nutrients and
chemicals, thermal contamination and removal of vegetation.
Lower Leon Creek Watershed
Alicia Ramsey, SARA Riparian Land Technician

• Nitrogen in surface water is composed of inorganic forms of nitrogen
such as ammonia, nitrate, and nitrite and organic nitrogen.
Decomposition of aquatic life and effluent release from wastewater
treatment plants can result in high organic nitrogen levels while
inorganic levels are enhanced by agricultural and residential runoff
(fertilizers). Although all these forms of nitrogen are present in
surface water, the unionized form of ammonia (NH3) is the most
toxic to aquatic life. Elevated levels of nitrogen can result in excessive
plant growth, algal blooms, low DO, and stress or death of aquatic
organisms. Elevated nitrite concentrations can produce “brown blood
disease” which, in fish, limits the bloods ability to transport oxygen in
fish.
• Total Kjeldahl Nitrogen (TKN) determines both the organic
and the inorganic forms of nitrogen. By subtracting the inorganic
concentrations obtained from other methods, the concentration of
organic nitrogen can be determined. The decay of excessive levels of
organic matter can affect aquatic life by lowering the available oxygen
in the water and increases water turbidity which reduces the light
available to photosynthetic organisms. Organic wastes also settle
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out on the bottom of the stream, altering the characteristics of the
substratum.
• Chlorophyll-a is a green pigment found in plants. Chlorophyll-a
measurements are used to estimate phytoplankton biomass. Levels
of chlorophyll-a in surface waters naturally fluctuate over time.
Consistently high levels are indicators of poor water quality and may
be a result of excess nutrient loading.
To assess monitoring data for Integrated Reports, the TCEQ utilizes
numeric screening levels for total phosphorus, nitrate nitrogen, ammonia
nitrogen and chlorophyll-a. On June 30, 2010, the Commission adopted
numerical nutrient criteria for 75 reservoirs in the 2010 TSWQS. On
August 20, 2014, the TCEQ sent a revised and expanded version of the
“Nutrient Criteria Development Work Plan for the State of Texas,” to
EPA for review. The draft document can be found on the TCEQ’s website
located at https://www.tceq.texas.gov/waterquality/standards/WQ_
standards_nutrient_criteria.html.

Chloride and Sulfate are inorganic anions present in surface and
wastewater. Their concentrations can vary from watershed to watershed.
As a result, specific numeric stream standards for chloride and sulfate
have been set for each classified stream segment in the basin. Under
natural conditions, chloride concentrations are relatively low; sulfates
generally occur in higher concentrations. Elevated levels of chloride and
sulfate affects the ionic composition of water which in turn can increase
the toxicity of other compounds. Both of these inorganic ions can
impact the designated uses and can come from natural and manmade
sources, such as natural mineral content of parent substrate, wastewater
discharges, agricultural runoff, and oil field activities.
Total Suspended Solids (TSS) refers to the amount of solid material
suspended in the water. It differs from turbidity in that it provides the
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Algal mat San Antonio River above Mission Road
San Antonio, Texas

Common Musk Turtle (Sternotherus odoratus)

actual weight of suspended matter. TSS can include a wide variety of
material, such as silt, decaying plant and animal matter, industrial
wastes, and sewage. High concentrations of suspended solids can
cause water quality issues for stream health and aquatic life, including
higher concentrations of bacteria, nutrients, pesticides, and metals in
waterbodies. These contaminants may bind to particles on land and be
washed into waterbodies during storm events.
E. coli bacteria are typically not harmful to humans, but their presence
is an indicator of recent fecal matter contamination which may contain
pathogens dangerous to humans. Poorly maintained or ineffective septic
systems, overflow of domestic sewage, nonpoint sources, wildlife, and
runoff from animal feedlots can elevate bacteria levels. According to the
2014 TCEQ Integrated Report, 55% of all water quality impairments in
the San Antonio River Basin are attributed to bacteria concentrations
above the primary contract recreation geometric-mean criterion of 126
cfu/100mL as allowed under the TSWQS.

Texas Surface Water Quality Standards
In the TSWQS, the TCEQ assigns designated uses for all classified
segments and defines five categories of use: aquatic life, contact recreation,
fish consumption, public water supply, and general use. Each waterbody
in the San Antonio River Basin is evaluated against its designated aquatic
life use, the contact recreation standard and general use. See Table 2 for
Site-Specific Uses and Criteria for Classified Segments in the San Antonio
River Basin. Fish consumption use and public water supply use are
assigned and assessed to specific segments within the San Antonio River
Basin. The TSWQS can be viewed at the TCEQ’s website located at https://
www.tceq.texas.gov/waterquality/standards/eq_swqs.html. The designated
uses as identified in the TSWQS are:
Aquatic Life Use: Aquatic life use is determined by DO criteria, toxic
substances in water, ambient water toxicity and sediment toxicity test
results. Numerous habitat, benthic macroinvertebrate and fish community
measurements are also assessed, provided that the minimum number of

samples are available. Each criterion is evaluated independently and an
impairment is identified when any one of the criterion is not attained.
Segments are designated in one of five categories (exceptional, high,
intermediate, limited, or minimal) for aquatic life use based upon the
results being evaluated.
Recreation Use: Recreation use is determined by the analysis of water
samples for E. coli bacteria in freshwater. Enterococci and fecal coliform
bacteria are used to assess support of the contact recreation use in tidal
water.
General Use: Water quality criteria for several constituents are established
in the TSWQS to safeguard general water quality rather than one specific
use. Parameters such as water temperature, pH, chloride, sulfate, and total
dissolved solids are the parameters protecting aquatic life, recreation,
public water supply and other beneficial uses.
Fish Consumption Use: Fish consumption use is assessed by review of
the Texas Department of State Health Service (TDSHS) published fish
tissue data, human risk assessment information, consumption advisories
and aquatic life closures. The TDSHS consumption advisories website
is located at http://www.dshs.state.tx.us/seafood/advisories-bans.aspx.
The TSWQS requires that surface waters shall not be toxic to humans
from consumption of aquatic organisms. The TDSHS website contains
information regarding fish consumption advisories and aquatic life
closures. Fish consumption use is supported in waterbodies where
the TDSHS has collected tissue data and a subsequent risk assessment
indicates that no significant risk due to consumption of pollutants over a
person’s lifetime exists.
Public Water Supply Use: Public water supply use is evaluated for surface
waterbodies that are designated in the TSWQS for public water supply
use. Human health criteria from the TSWQS are used to determine
whether the segment is supporting public water supply use. The human
health criteria are based, in part, on the primary maximum contaminant
levels adopted in the Texas Administrative Code (30 TAC §290).
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are invited to participate in the revision of current guidance and to
develop, review, and comment on new draft guidance every few years.
The advisory group includes, but is not limited to, state agencies,
environmental consultants, river authorities, environmental groups,
industry, agricultural interests and municipalities. The Guidance utilized
in preparing the 2014 TCEQ Integrated Report can be found at the TCEQ
website located at https://www.tceq.texas.gov/assets/public/waterquality/
swqm/assess/14txir/2014_guidance.pdf.

Guidance for Assessing and Reporting
Surface Water Quality in Texas
In the development of TCEQ Integrated Reports, specific assessment
methods are utilized as described in the Guidance for Assessing and
Reporting Surface Water Quality in Texas (Guidance). The Guidance is
developed by TCEQ staff with input through an advisory stakeholder
process. Individuals representing diverse organizations and interests

Table 2: Site-Specific Uses and Criteria for Classified Segments as identified in Appendix A in the TSWQS
Criteria

Uses

Segment

Segment Description

Recreation

Aquatic
Life Use

1901

Lower San Antonio River

PCR

High

1902

Lower Cibolo Creek

PCR

High

1903

Medina River Below Medina Diversion Lake

PCR

High

PCR

Medina River Above Medina Lake

Nutrient Screening Levels

Dissolved
Oxygen Dissolved 24 Hour 24 Hour
Oxygen Dissolved Dissolved
Total
Grab
E. coli
Domestic
Oxygen Oxygen
Grab
Dissolved Screening
pH
6
Water
Chloride Sulfate
Solids
Average Minimum( Average Minimum Range Temperature geomean1
o
(mg/L) (mg/L)
( C)
(CFU/100ml)
(mg/L)
(mg/L)
mg/L)
(mg/L)
(SU)
(mg/L)
Supply

Ammonia
Nitrogen
(mg/L)

Ortho
Total
Nitrate
Nitrogen Phosphorus Phosphorus Chlorophyll-a
(mg/L)
(mg/L)
(µg/L)
(mg/L)

180

140

750

5.0

3.0

5.0

3.0

6.5-9.0

32.2

126

0.33

1.95

0.37

0.69

14.1

170

275

900

5.0

3.0

5.0

3.0

6.5-9.0

32.2

126

0.33

1.95

0.37

0.69

14.1

PS /AP

120

120

700

5.0

3.0

5.0

3.0

6.5-9.0

32.2

126

0.33

1.95

0.37

0.69

14.1

High

PS/AP

80

75

350

5.0

3.0

5.0

3.0

6.5-9.0

31.1

126

0.11

0.37

0.05

0.20

5

PCR

Excellent

PS

50

150

400

6.0

4.0

6.0

4.0

6.5-9.0

31.1

126

0.33

1.95

0.37

0.69

14.1

Lower Leon Creek

PCR

High

1907

Upper Leon Creek

PCR

High

1908

Upper Cibolo Creek

PCR

High

1909

Medina Diversion Lake

PCR

High

1910

Salado Creek

PCR

High

1911

Upper San Antonio River

PCR

1912

Medio Creek

1913

Mid Cibolo Creek

1904
1905
1906

5

7

Medina Lake

4

3

120

120

700

5.0

3.0

5.0

3.0

6.5-9.0

35

126

0.33

1.95

0.37

0.69

14.1

3

55

240

550

5.0

3.0

5.0

3.0

6.5-9.0

35

126

0.33

1.95

0.37

0.69

14.1

3

50

100

600

5.0

3.0

5.0

3.0

6.5-9.0

32.2

126

0.33

1.95

0.37

0.69

14.1

3

PS/AP

50

75

400

5.0

3.0

5.0

3.0

6.5-9.0

32.2

126

0.11

0.37

0.05

0.20

26.7

PS/AP3

140

200

600

5.0

3.0

5.0

3.0

6.5-9.0

32.2

126

0.33

1.95

0.37

0.69

14.1

High

150

150

750

5.0

3.0

5.0

3.0

6.5-9.0

32.2

126

0.33

1.95

0.37

0.69

14.1

PCR

Intermediate

150

150

750

4.0

3.0

4.0

3.0

6.5-9.0

35

126

0.33

1.95

0.37

0.69

14.1

PCR

Low

150

150

750

3.0

2.0

3.0

2.0

6.5-9.0

32.2

126

0.33

1.95

0.37

0.69

14.1

1

5

PS

PS/AP
PS/AP

The indicator bacteria for freshwater is E. coli

3

For Segment 1903, the public supply designation does not apply from the confluence of the San Antonio River in Bexar County upstream to a point 2.5
Kilometers (1.5 miles) upstream of the confluence of Leon Creek.
The aquifer protection use applies to areas in the contributing, recharge and transition zones of the Edward Aquifer.

4

The critical low-flow for Segment 1905 is calculated according to §307.8(a)(2)(B) of the TSWQS

5

For Segment 1906, the public supply designation does not apply from the confluence of the Medina River in Bexar County uptream to a point 4.8
Kilometers (3 miles) upstream.

2

6

7

14

2

Temperature was coverted from oF to oC, the criteria for temperature are listed as maximum values at any site within the segment.
For Segment 1904 Medina Lake, assessment of nutrients (chlorophyll a, ammonia, nitrite plus nitrate, and TP) is based on exceedances of individual sample with screening levels.

Classified Segment
In order to manage the vast extent of surface waters in Texas, and the
ecological diversity of the state, the major rivers, lakes, and estuaries
have been subdivided and assigned tracking numbers, called classified
segments. A classified segment is a waterbody or portion of a waterbody
that is individually defined in the TSWQS. A segment is intended to
have relatively homogeneous chemical, physical, and hydrological
characteristics. A segment provides the basic unit for assigning sitespecific standards and for applying water quality management programs
of the TCEQ. Classified segments may include streams, rivers, bays,
estuaries, wetlands, lakes, or reservoirs. Classified segments are protected
by site-specific criteria as stated in the TSWQS. The classified segments
are assigned four-digit numbers. The first two digits correspond to the
major basin in which they are located. The last two digits distinguish
individual segments within the particular basin. For example, Segment
1901 is in basin 19 (San Antonio River basin) and 01 represents the Lower
San Antonio River from the confluence with the Guadalupe River in
Refugio/Victoria County to a point 600 meters downstream of FM 791 at
Mays crossing near Falls City in Karnes County.

criteria for the classified segment into which they flow, but in some cases
may be assigned specific water quality standards.

Assessment Units
Each segment and waterbody is further broken down into sub-areas
called assessment units (AU). For the purpose of TCEQ assessments, each
watershed’s impairment(s) and concern(s) for designated use support
are reported at the AU sub-area levels, which is defined as the smallest
geographic area of use support reported in the assessment. Each AU
within a segment is assigned a number such as 1901_01. A segment may
consist of more than one AU, 1901_01, 1901_02, 1901_03 and so on.
Support of criteria and uses are examined for each AU. To address water
quality regulatory activity such as permitting, standards development,
and remediation, use support information applies to the AU level. The
Integrated Report is reported at the AU level for each waterbody.

Unclassified Waterbodies (Tributaries)
Due to the great extent of waters in the state, not all bodies of water
are classified in the TSWQS. For example, when managing a classified
segment of the Lower San Antonio River, it may be necessary to examine
water quality in the tributaries that flow into that segment. Some of these
tributaries may not be part of the classified segment system. When that
happens, for management purposes, the tributary is assigned a unique
tracking number that is referred to as an unclassified waterbody. This
unclassified tributary will be designated with the number of the classified
segment in whose watershed it is located, along with a letter. Example
1901A Escondido Creek and 1901B Cabeza Creek are tributaries of the
Lower San Antonio River. Unclassified waterbodies are small and often
intermittent, typically not assigned specific water quality standards.
Unclassified waterbodies are generally assessed on the flow and the

Guadalupe Bass (Micropterus treculii)
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2014 Texas Integrated Report for Clean Water Act Sections
305(b) and 303(d)
The TCEQ, in keeping with its mission to protect the state’s natural
resources, regularly monitors the condition of the state’s surface waters
and assesses water quality. The Integrated Report for Clean Water Act,
Sections 305(b) and 303(d) is a statewide report on the status of state
surface waters and is prepared and submitted to the U.S. Environmental
Protection Agency (EPA) every two years. The 2014 Integrated Report for
Clean Water Act Sections 305(b) and 303(d), is the most recently approved
report. The TCEQ adopted the 2014 Texas 303(d) List on June 3, 2015 and
the EPA approved it on November 19, 2015. All Integrated Reports can
be viewed at the TCEQ’s website located at https://www.tceq.texas.gov/
waterquality/assessment.
To provide information on water quality status to the public, EPA and
other TCEQ programs, the Integrated Report assigns each assessed

waterbody to one of five categories. The five-part categorization of
waters (Table 3) is an important tool for water quality management
throughout the State. Within this framework, higher category numbers
correspond to the increased levels of effort required to manage water
quality. Waterbodies in Category 1 are meeting all their designated
uses, and simply require routine monitoring and preventive action.
Waterbodies identified in Category 5, also known as the 303(d) List,
represent situations where water quality criteria are not attained and
water quality management actions are needed to address the issue. For
segments in Category 5a, the TCEQ must develop a scientific allocation
called a total maximum daily load (TMDL) and an implementation plan
to implement the findings in the TMDL. Alternatively, these could also
represent situations where water quality standards revisions may be
needed in a specific area to better reflect ambient water quality conditions.
An Executive Summary for the 2014 Texas Integrated can be viewed at
the TCEQ’s website located at https://www.tceq.texas.gov/assets/public/
waterquality/swqm/assess/14txir/2014_exec_summ.pdf.

Table 3: Categories included in the Integrated Report
Category Definition
1
Attaining the water quality standard and no use is threatened
2
Attaining some of the designated uses; no use is threatened; and insufficient or no data and information are available to determine if the
remaining uses are attained or threatened.
3
Insufficient or no data and information to determine if any designated use is attained. Many of these waterbodies are intermittent streams and
small reservoirs.
4
Standard is not supported or is threatened for one or more designated uses but does not require the development of a Total Maximum Daily
Load (TMDL).
a) All TMDLs have been completed and approved by EPA.
b) Other control requirements are reasonably expected to result in the attainment of all standards.
c) Nonattainment is shown to be caused by pollution, not by pollutants and that the water quality conditions cannot be changed by the
allocation and control of pollutants through the TMDL process.
5
The waterbody does not meet applicable water quality standards or is threatened for one or more designated uses by one or more pollutants.
a) TMDLs are underway, scheduled, or will be scheduled for one or more parameters.
b) A review of the standards for one or more parameters will be conducted before a management strategy is selected, including a possible
revision to the water quality standards. Additional data or information will be collected and/or evaluated for one or more parameters before
a management strategy is selected.
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Each waterbody is assigned designated uses and criteria (or parameters)
consistent with the TSWQS and are evaluated against water quality
data for determining support or attainment of the use. If a waterbody
is meeting the assigned designated water uses it is identified as Fully
Supporting (FS). If a waterbody is Nonsupporting (NS) its designated
uses, the waterbody is referred to as “impaired”. If close to violating the
water quality standard or screening level, the waterbody is identified as a
Concern for near nonattainment of the water quality standard (CN), or as
a Concern for water quality based on screening levels (CS). No Concern
(NC) is used for parameters within screening levels or for parameters that
have limited or inadequate data but have compelling evidence of support
of the standard. A status of Not Assessed (NA) may be identified where
parameters were not assessed for the 2014 Integrated Report as a result
of limited data (LD), inadequate data (ID) or data that is temporally not
representative (TR) of conditions in the assessment area.

Total Maximum Daily Loads, Implementation Plans and
Watershed Protection Plans
Total Maximum Daily Loads (TMDLs) and their implementation plans
are developed to address segments listed in Category 5a. The TCEQ is
required to establish a TMDL for each impairment in each segment in
Category 5a. The TCEQ then develops an implementation plan to achieve
the loading allocations defined in the TMDL in cooperation with other
governing agencies. TMDLs are subject to EPA approval; implementation
plans are not.
In order to restore water quality, it is first necessary to be reasonably
certain of the sources and causes of pollution. One way to accomplish
this is to develop a scientific allocation called a TMDL. The goals of a
TMDL are to determine the maximum amount of a pollutant that a
waterbody can receive and still both attain and maintain its water quality
standards; and to allocate this allowable amount (load) to point and
nonpoint sources in the watershed. TMDLs must be submitted to the
EPA for review and approval. A TMDL is normally prepared for each

pollutant in each impaired segment. This may mean that more than
one TMDL can be developed for any one waterbody. After a TMDL is
completed, a TMDL Implementation Plan (I-Plan) is developed that
describes the regulatory and voluntary activities necessary to achieve
the pollutant reductions identified in the TMDL. Management activities
incorporate both non-regulatory and regulatory mechanisms, such as
permit effluent limits and recommendations, nonpoint source pollution
management practices, proposed revisions to stream standards, special
projects, pollution prevention, public education, and watershed-specific
rule recommendations. The best strategies for each individual watershed
are developed in cooperation with regional and local stakeholders. The
I-Plan describes these various activities, the schedule for implementing
them, and the legal authority for the regulatory measures. It also provides
reasonable assurance that the voluntary practices will be undertaken.
For instance, the plan may identify grant funds that have been secured
to implement voluntary actions. The plan also includes the measurable
results that will be achieved through the plan, along with a follow-up
monitoring plan to determine its success. The ultimate goal is always the
attainment of the water quality standard, but additional, interim results
may be evaluated to assess progress toward that goal.
The TCEQ and the Texas State Soil and Water Conservation Board
(TSSWCB) support the development and implementation of Watershed
Protection Plans (WPPs) that prevent or manage nonpoint source
pollution. WPPs are developed through local stakeholder groups,
usually with funding and technical assistance from the TCEQ and/or
the TSSWCB, along with the U.S. Environmental Protection Agency.
WPPs are similar to I-Plans in that both define actions needed to reduce
pollution and restore water quality, are developed in cooperation with
regional and local stakeholders and are based on the best available
scientific methods and tools. WPPs differ from I-Plans in that I-Plans
are remedial actions for impaired waters; WPPs may be either remedial
or preventive. Also, I-Plans are based on TMDLs; WPPs use other
environmental measures to meet goals for water quality.
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North Prong of the Medina River

Water Quality of the San Antonio River Watershed
This report utilizes the 2014 Integrated Report to describe the water
quality conditions of the San Antonio River Watershed and represents
a periodic snapshot of conditions over a 7-10 year period. The 2014
Integrated Report assessment period of record for the last seven years
is December 1, 2005 through November 30, 2012. Samples from these
seven years are evaluated when available, and if necessary, the most recent
samples collected in the preceding three years (December 1, 2002 through

Golden Orb Mussel (Quadrula aurea) *golden color shell
Asian Clam (Corbicula species) *dark shell

November 30, 2005) may also be included to meet the requirements for
minimum sample number. Included in this section is information for
each segment, including maps, sub-watershed descriptions, monitoring
stations, concerns and impairments and any actions to address water
quality issues. Details of the impairments and concerns for each
watershed, as identified in the 2014 Integrated Report, are also included in
table format at the end of each watershed section.
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Drainage Area: 544.05 square miles
Aquifers: Trinity, Edwards, Carrizo
River Segments: 1911, 1911B,
1911C, 1911D, 1911E, 1911F,
1911G, 1911H, 1911I
Cities: San Antonio, Floresville
Counties: Bexar, Karnes, Wilson
EcoRegion: East Central Texas
Plains, Texas Blackland Prairies,
Edwards Plateau
Vegetation Cover: 6.35% Deciduous
Forest, 1.18% Evergreen Forest,
3.63% Herbaceous, 0.73% Mixed
Forest, 23.65% Shrub/Scrub
Land Uses: 0.61% Barren Land,
5.99% Cultivated Crops, 3.71%
High Intensity Development, 5.4%
Medium Intensity Development,
9.73% Low Intensity Development,
11.25% Open Space, 0.16%
Emergent Herbaceous Wetlands,
24.01% Hay/Pasture, 1.59% Open
Water, 2.0% Woody Wetlands

San Antonio River Upstream of the Medina River Confluence
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Upper San Antonio River - Segment 1911
The San Antonio River essentially begins under another name – Olmos
Creek, which has its headwaters just north of Loop 1604. Just south of
Olmos Dam, the San Antonio Springs discharge at rates of 0 to 100 cubic
feet per second (cfs), depending upon the level of the Edwards Aquifer
(SAR WPP, December 2006). The riparian habitat between Olmos Dam
and Brackenridge Park is dense and includes a variety of trees and
plants such as live oak, hackberry, cedar elm, pecan, Texas oak, Texas
persimmon, lantana, and cutgrass. Just upstream of Brackenridge Park on
the grounds of Incarnate Word University, the creek becomes known as
the San Antonio River, which then flows through the heavily urbanized
downtown district of San Antonio. As the San Antonio River flows past
South Loop 410 into its rural reach, it becomes wider and deeper and

takes on the natural characteristics of South Texas streams influenced by
the geology of East Central Texas Plains. The watershed has an average
yearly rainfall of 26 to 34 inches. Base flow of the Upper San Antonio
River is artificially maintained with well water discharges from the San
Antonio Zoo and reuse water from the San Antonio Water Systems
Recycling Centers.
On July 5, 2015, San Antonio’s five Spanish colonial missions: Mission
Concepción, San Jose, San Juan, Espada, and the Alamo were inscribed as
a World Heritage Site by the United Nations Educational, Scientific and
Cultural Organization (UNESCO). The designation was confirmed at the
39th annual session of the World Heritage Convention in Bonn, Germany
by a committee made up of representatives from 21 countries. This is
the first World Heritage Site in Texas and the 23rd in the nation. The
nomination process began in 2006 at the initiation of the San Antonio
Conservation Society and included the restoration of the Missions
churches, the expansion of the San Antonio Missions National Historical
Park and the Mission Reach Ecosystem Restoration and Recreation
Project. SARA served as the project manager for the construction of the
Mission Reach, which played a role in the designation process since the
trail system serves as a connector and buffer zone to the Missions that are
located south of downtown San Antonio.
Major classified tributaries to the Upper San Antonio River include the
Medina River and Salado Creek. Unclassified waterbodies of the Upper San
Antonio River assessed in the 2014 Integrated Report include Apache Creek,
Alazan Creek, San Pedro Creek, Sixmile Creek, Picosa Creek and Martinez
Creek. As a result of insufficient data, Olmos Creek (1911A), Calaveras
Reservoir (1911F) and Braunig Reservoir (1911G) were not assessed in the
2014 Integrated Report. Details of the impairments and concerns for the
Upper San Antonio River Watershed can be seen in Table 4.
Segment 1911 – Upper San Antonio River: The Upper San Antonio
River is a classified stream segment and extends from a point 600 meters
(660 yards) downstream of FM 791 at Mays Crossing near Falls City in
Karnes County to a point 100 meters (110 yards) upstream of Hildebrand
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Avenue at San Antonio in Bexar County. According to the 2014 Integrated
Report, the Upper San Antonio River is identified as impaired for not
supporting the primary contact recreational use. Elevated levels of
bacteria impairments have been identified in several AU’s throughout the
Upper San Antonio River Watershed. A fish community impairment has
also been documented in this segment extending from just upstream of
the confluence with San Pedro Creek through Brackenridge Park. Habitat,
nitrate and total phosphorus have been listed as concerns.

Segment 1911I – Martinez Creek: Extends from the confluence of Alazan
Creek in central San Antonio upstream to the terminus at Vance Jackson
Road in north San Antonio. Martinez Creek has a concern for water
quality based on depressed levels of DO. An impairment for elevated
levels of E. coli bacteria has also been identified.

Segment 1911B – Apache Creek: Extends from the confluence with San
Pedro Creek up to just upstream of the confluence with Zarzamora Creek.
Apache Creek has concerns for water quality based on nitrate nutrient
screening levels and depressed levels of DO. An impairment for elevated
levels of E. coli bacteria has also been identified.
Segment 1911C – Alazan Creek: Extends from the confluence with
Apache Creek up to 0.4 KM (0.25 Miles) upstream of St. Cloud Road in
San Antonio, Bexar County, Texas. Alazan Creek has a concern for water
quality based on ammonia nutrient screening levels. An impairment for
elevated levels of E. coli bacteria has also been identified.
Segment 1911D – San Pedro Creek: Extends from the confluence with
segment 1911 to the upper end of the waterbody. San Pedro Creek has
concerns for water quality based on nitrate nutrient screening levels
and depressed levels of DO. An impairment for elevated levels of E. coli
bacteria has also been identified.
Segment 1911E – Sixmile Creek: Extends from the confluence with 1911
to the upper end of the waterbody. Sixmile Creek has been identified as
impaired for elevated levels of E. coli bacteria.
Segment 1911H – Picosa Creek: Extends from the confluence with
segment 1911 to the upper end of the waterbody. Picosa Creek is in
Wilson County and has been identified as impaired for not supporting
the limited aquatic life use designation. The impairment is based on DO
concentrations below the limited aquatic life criterion.

San Pedro Creek upstream of IH-10
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Activities in the Watershed
Three Total Maximum Daily Loads for Bacteria in the Upper San
Antonio Watersheds, Segments: 1910, 1910A, 1911 (I-Plan): The Upper
San Antonio River and Salado Creek were first identified as impaired
due to elevated bacteria concentrations in the 2000 Texas Water Quality
Inventory and 303(d) List (TCEQ 2000). Walzem Creek was added to the
list in 2002. The TCEQ adopted TMDLs for these segments on July 25,
2007, the EPA approved them on September 25, 2007, at which time they
became part of the State’s Water Quality Management Plan.

TCEQ Implementation Plan for Three Total Maximum Daily Loads for
Bacteria in the Upper San Antonio Watersheds, Segments: 1910, 1910A,
1911 (I-Plan): In 2013, the TCEQ and Texas AgriLife Research began
working with communities, interest groups, and local organizations to
involve stakeholders in developing a TMDL Implementation Plan (I-Plan).
The ultimate goal of the I-Plan is to meet primary contact recreation
uses in Salado Creek, Walzem Creek and the Upper San Antonio River
by reducing concentrations of E. coli bacteria in these waterbodies. The
I-Plan is a 5 year plan designed to address the regulated and unregulated
sources of pollution as identified in the TMDLs, including discharges
from wastewater treatment facilities and other institutions; discharges
from urban storm sewer systems and runoff from undeveloped lands;
wildlife deposition, pets and livestock deposition; leaking sewer
infrastructure and failing septic systems. Additional I-Plan information
can be found at the TCEQ’s website located at https://www.tceq.texas.gov/
waterquality/tmdl/34-uppersanantoniobac.html. The I-Plan is expected to
complement the Upper San Antonio River Revised Watershed Protection
Plan (WPP).
Upper San Antonio River Revised Watershed Protection Plan: In an
effort to enhance the urban reaches of the Upper San Antonio River
(Segment 1911) and improve and protect water quality, the project will
revise the original 2006 Upper San Antonio River WPP. The revised
WPP will identify and propose water quality best management practices
(BMPs) that serve to abate or control nonpoint source pollution of E.
coli bacteria, suspended sediments and excess nutrients (nitrogen and
phosphorous) in the Upper San Antonio River Watershed. The water
quality goals of the project are to develop a plan for implementation of
approved BMPs that would aid in reducing E. coli nonpoint source (NPS)
loads to the Upper San Antonio River. One objective of the partnership
between SARA and the Bexar Regional Watershed Management (BRWM)
is to have the Upper San Antonio River compliant with the State of Texas
Surface Water Quality Contact Recreation Standard, which is a geometric
mean of less than or equal to 126 E. coli organisms per 100 milliliters.
The project was completed as scheduled in 2014, and the WPP update
has been accepted by EPA, February 2015. Additional information on the
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Salado Creek Watershed
Doug Knabe, SARA Aquatic Biologist

revised WPP can be found at the TCEQ’s website located at https://www.
tceq.texas.gov/waterquality/nonpoint-source/projects/sara-wppupdate, and
at the Bexar Regional Watershed Management (BRWM) located at http://
www.bexarfloodfacts.org/watershed_protection_plan/.
The San Antonio River Improvements Project was a $358.3 million
ongoing investment by the City of San Antonio, Bexar County, San
Antonio River Authority (SARA), the U.S. Army Corps of Engineers
and the San Antonio River Foundation in flood control, amenities,
ecosystem restoration and recreational improvements along 13 miles
of the San Antonio River from Hildebrand Avenue south to Loop 410
South. San Antonio River Improvement Project (SARIP) is comprised
of four distinctive reaches: the Museum Reach, the Downtown Reach,

San Antonio River Improvements Project Mission Reach

the Eagleland Reach, and the Mission Reach. The Mission Reach was
completed in October 2013 with goals to restore native habitat and
the natural meandering of the river while developing new recreational
opportunities. Once construction of the Mission Reach was completed,
and to address the fish community impairment and concerns in the upper
reaches of the segment, additional monitoring stations and collections
events were added to the FY15 and FY16 monitoring schedules. In
addition to routine conventional water quality parameters, 24-hour DO,
flow, fish, benthic macroinvertebrates and habitat information will be
collected to monitor the health of the aquatic environment. For more
information visit the San Antonio River Improvements Project website
located at http://www.sanantonioriver.org/.
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Table 4: 2014 Texas Integrated Report: Segment 1911 -Upper San Antonio River and Tributaries

Dataset Qualifier Codes

Level of Support

AD= Adequate Data (10 or
more samples)

CS=Screening level concern
NS=Not Supporting
NA=Not Assessed
NR=Not Reported in the Integrated Report

1.95

418
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8.45
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CS

TR=Temporally Not
Representative, used with NA.

0.69
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1.20
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LD=Limited Data (less than 9,
greater than 3)
CN = Use Concern

*=Impairment Level was carried forward from a
previous assessment due to inadequate data for this
method in 2014 assessment period

5c

5c

Impairment Category
4a=All TMDLs have been completed and approved by EPA.
5a=TMDLs are underway, scheduled, or may be scheduled for one or more
parameters.

5c=Additional data and information will be collected and/or evaluated for one
or more parameters before a management strategy is selected.
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Drainage Area: 1191.82 square
miles
Aquifers: Gulf Coast, Carrizo
River Segments: 1901, 1901A,
1901B, 1901C, 1901D
Cities: Falls City, Goliad, Karnes
City, Kenedy, Poth, Runge
Counties: Guadalupe, Wilson,
Karnes, De Witt, Goliad, Victoria,
Refugio
EcoRegion: East Central Texas
Plains, Western Gulf Coastal Plain,
Texas Blackland Prairies
Vegetation Cover: 6.51% Deciduous
Forest, 0.31% Evergreen Forest,
4.66% Herbaceous, 0.36% Mixed
Forest, 32.75% Shrub/Scrub
Land Uses: 0.88% Barren Land,
5.65% Cultivated Crops, 0.03%
High Intensity Development, 0.21%
Medium Intensity Development,
1.33% Low Intensity Development,
3.12% Open Space, 0.52% Emergent
Herbaceous Wetlands, 39.61% Hay/
Pasture, 0.37 % Open Water, 3.70%
Woody Wetlands

Lower San Antonio River
Southern Pacific Railroad Bridge • Goliad, Texas
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Lower San Antonio River – Segment 1901
The Lower San Antonio River (LSAR) is 153 miles long and has a
watershed of approximately 1191.82 square miles. The LSAR flows
through Karnes and Goliad counties and forms the boundary between
Refugio and Victoria counties before reaching its confluence with
the Guadalupe River near San Antonio Bay. A very small edge of this
watershed east of the Cibolo and San Antonio River confluence is in the
Blackland Prairie ecoregion. The majority of the watershed is in the East
Central Texas Plains. This ecoregion is also known as the South Texas
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Brush Country. This region has shallow clay and sandy loam soils, which
are gently sloping to level. The predominant land use is grazing and
crop production. Originally, this area was a post oak savanna; however
mesquite, acacia and prickly pear cactus are now more common. At
the southern end of the watershed is the Western Gulf Coastal Plains.
The watershed has an average yearly rainfall of 28 to 40 inches. The
soils in this ecoregion are nearly level sands and sandy loams. Plants in
this ecoregion include: mesquite, acacia, cordgrass marshes, tallgrass

Upstream of Conquista Crossing
Lower San Antonio River Watershed

and mid-grass prairies. Although there are population centers, land
uses are predominantly agricultural and ranching. Major tributaries
to the LSAR include the Upper San Antonio River and Cibolo Creek.
Unclassified tributaries of LSAR assessed in the 2014 Integrated Report
include Escondido Creek, Cabeza Creek and Hord Creek. Details of the
impairments and concerns for the Lower San Antonio River Watershed
can be seen in Table 5.

Lower San Antonio River up to the upper end of the waterbody. No

Segment 1901 – Lower San Antonio River: The Lower San Antonio
River is a classified stream segment and starts from the confluence with
the Guadalupe River in Refugio/Victoria County to a point 600 meters
(660 yards) downstream of FM 791 at Mays crossing near Falls City in
Karnes County. According to the 2014 Integrated Report, the Lower San
Antonio River is identified as impaired for not supporting the primary
contact recreational use. Elevated levels of E. coli bacteria have been
identified in several reaches throughout the Lower San Antonio River
Watershed. A fish community impairment has also been documented in
the lower portion of the segment. Habitat, nitrate, total phosphorus and
chlorophyll-a have been listed as concerns.

USGS Concentrations of Selected Constituents in Surface-Water and

Segment 1901A – Escondido Creek: Extends from the confluence with
the Lower San Antonio River up to the upper end of the waterbody.
Escondido Creek has concerns for water quality based on nitrate and total
phosphorus nutrient screening levels; an impairment for elevated levels of
E. coli bacteria has also been identified.

are associated with hydraulic fracturing and petroleum production in

Segment 1901B – Cabeza Creek: Extends from the confluence with the
Lower San Antonio River, west of Goliad, Goliad County, up to the upper
end of the waterbody. Cabeza Creek has been identified as impaired for
elevated levels of E. coli bacteria.
Segment 1901C – Hord Creek: Extends from the confluence with the

impairments or concerns have been identified for Hord Creek.
Segment 1901D – Lost Creek: Extends from the confluence with the
Lower San Antonio River up to the upper end of the waterbody. No
impairments or concerns have been identified for Lost Creek.

Activities in the Watershed
Streambed-Sediment Samples Collected From Streams In and Near
an Area of Oil and Natural-Gas Development, South-Central Texas
Project: In response to the increased activities of the Eagle Ford Shale
play in the San Antonio River Watershed, SARA, with funding from
GBRA, initiated Phase 1 of the USGS Hydraulic Fracturing Project:
Concentrations of Selected Constituents in Surface-Water and StreambedSediment Samples Collected From Streams In and Near an Area of Oil
and Natural-Gas Development, South-Central Texas, 2011–13 Project.
The study provided baseline data at nine sampling sites throughout the
San Antonio River Basin for a broad spectrum of contaminants that
general. The final report can be viewed at the USGS website located at
http://pubs.usgs.gov/ds/836/. Phase 2 of the project, initiated in October
2014, will continue monitoring a sub-set of the original monitoring sites
to determine if any baseline changes can be detected. The study will also
estimate the change in land cover in the central portion of the Lower
San Antonio River Basin due to the conversion of rangeland to well pad
sites, new roads, and storage ponds. In addition, streambed-sediment
samples will be collected where oil and gas production is most active and
be analyzed for polyaromatic hydrocarbon (PAH) concentrations. The
project is expected to run through December 2018.
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1901 Lower San Antonio River
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Nutrient Screening Levels Nitrate
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Dataset Qualifier Codes
AD= Adequate Data (10 or
more samples)
TR=Temporally Not
Representative, used with NA
LD=Limited Data (less than 9,
greater than 3
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Level of Support
CS=Screening level concern

NS=Not Supporting
NA=Not Assessed in the Draft 2014 IR
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Table 5. 2014 Texas Integrated Report: Segment 1901 - Lower San Antonio River and Tributaries

4a

4a

5c

5c

No Impairments Identified
No Impairments Identified

Impairment Category
4a=All TMDLs have been completed and approved by EPA.

5c=Additional data and information will be collected and/or evaluated for one or
more parameters before a management strategy is selected.
*=The Impairment Level was carried forward from a previous assessment due to inadequate data or TR for this method in the 2014
assessment period

Lower San Antonio River near Runge, Texas
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Drainage Area: 263.56 square miles
Aquifers: Trinity, Edwards
River Segments: 1908
Cities: Boerne
Counties: Bandera, Bexar, Comal,
Kendall
EcoRegion: Edwards Plateau, Texas
Blackland Prairies
Vegetation Cover: 8.73% Deciduous
Forest, 37.93% Evergreen Forest,
12.51% Herbaceous, .01% Mixed
Forest, 29.48% Shrub/Scrub
Land Uses: 0.33% Barren Land,
0.22% Cultivated Crops, 0.32% High
Intensity Development,
0.82% Medium Intensity
Development, 1.79% Low Intensity
Development, 7.48% Open Space,
0.11% Hay/Pasture, 0.23% Open
Water, 0.02% Woody Wetlands

The Cibolo Preserves, Upper Cibolo Creek
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Upper Cibolo Creek – Segment 1908
The Upper Cibolo Creek Watershed covers approximately 263.56 square
miles and contains the City of Boerne and a portion of Fair Oaks Ranch.
This stream segment has intermittent flow, only the portion of the
Upper Cibolo in and around the City of Boerne is perennial. Just below
the Cibolo Nature Center in Boerne, the perennial creek disappears,
recharging into the Edwards Aquifer. Due to significant groundwater
recharge through fractures in the streambed, the lower 43 miles of this
segment is often dry. This segment is in the Edwards Plateau Ecoregion.
This region is commonly referred to as the Texas Hill Country. The

soils are generally shallow and underlain by limestone. The limestone
rock has been eroded to create the steep hills in this region. The hills
are dominated by Ashe juniper, Texas red oak, stunted live oak trees,
and sparse grasses. Rainfall on the Edwards Plateau drains rapidly into
creeks, causing flash floods within the region and downstream. The
rapid flow often causes scouring of aquatic habitat within the region.
The City of Boerne is located in the upper northeastern portion of the
watershed. Sheep and goat ranching is common in this area. This area is
becoming more populated with small hobby ranches and has experienced
an increase in residential development associated with the growth of the
City of Boerne. There are no unclassified waterbodies of the Upper Cibolo
Creek assessed in the 2014 Integrated Report. Details of the impairments
and concerns for the Upper Cibolo Creek Watershed can be seen in Table 6.
Segment 1908 – Upper Cibolo Creek: Extends from the Missouri-Pacific
Railroad Bridge west of Bracken in Comal County to a point 1.5 km (0.9
miles) upstream of the confluence of Champee Springs in Kendall County.
According to the 2014 Integrated Report, the Upper Cibolo Creek is
identified as impaired for not supporting the primary contact recreational
use due to elevated levels of E. coli bacteria; a chloride impairment has
also been identified. Depressed oxygen, total phosphorus and habitat have
been listed as concerns.

Activities in the Watershed
Cibolo Creek Watershed Segment Boundary Re-Definition Effort: The
TCEQ assesses Texas waterbodies by breaking them into hydrologically
and geographically unique segments. This segmenting of waterbodies
allows for more precise analysis of water quality and aquatic communities.
However, historic segment classifications were based on topographic maps
and other desktop methods that resulted in portions of segments having
completely separate flow regimes or no perennial connecting flow at all,
the Cibolo Creek is a perfect example. The TSWQS identify the Cibolo
Creek Watershed as having three classified segments all with perennial
flow, the Upper Cibolo Creek (Segment 1908), Mid Cibolo Creek (Segment
1913) and Lower Cibolo Creek (Segment 1902). Segment descriptions
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Cibolo Nature Center and Farm
Upper Cibolo Creek Watershed

revisions for the Upper, Mid and Lower Cibolo Creek Watershed.
TCEQ, City of Boerne and SARA Collaboration to Address
Impairments and Concerns in the Upper Cibolo Creek Watershed:
During the initial stakeholder review of the Draft 2014 Integrated
Report, SARA biologists and the City of Boerne staff discussed the
impairments, concerns, and monitoring schedule for the Upper Cibolo
Creek Watershed. Results of the discussions questioned if the bacteria
and habitat issues in 1908_02 were a result of a pollutant(s) or a result
of site-specific limitations related to the sample site location. Upon
review of data, it was determined the biological and habitat data from
the original Texas Water Quality Inventory and 303(d) listings were
from Station 12857, Cibolo Creek at IH10-US 87 Northwest of Boerne. It
was also noted that the bacterial and habitat data used in the Draft 2014
Integrated Report was qualified as being “Carried Forward” indicating
that the impairment and concern were carried forward from a previous

can be seen on the TCEQ’s website located at https://www.tceq.texas.gov/
waterquality/standards/eq_swqs.html.
SARA’s historical observations have indicated the Cibolo Creek from
the Cibolo Creek Municipal Authority (CCMA) discharge downstream
to the confluence with the San Antonio River is perennial and flows
year around. Upstream of the CCMA discharge to just downstream
of the Cibolo Preserve, southeast of Boerne, the creek is comprised of
intermittent pools and only has connectivity during high flow events.
From just downstream of the Cibolo Preserve to the upper part of the
watershed is perennial. As the existing boundary definitions do not
accurately depict the flow of the creek, SARA in collaboration with the
City of Boerne, has begun the process of gathering water quality and
flow data to assist the TCEQ in assigning more appropriate segment
boundaries and flow type classifications for the upcoming 2017 TSWQS

Station 12857 Cibolo Creek at IH10-US 87
Northwest of Boerne, Texas (1908_02)

Station 20821 downstream end of Northup Park
Boerne, Texas
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assessments due to inadequate bacteria and habitat data for the Draft 2014

Boerne requested to become a monitoring partner under SARA’s QAPP,

Integrated Report period. In February 2015, the TCEQ, City of Boerne

and beginning in September 2015 expanded CRP monitoring efforts in

and SARA conducted a field reconnaissance of the segment to determine

the Upper Cibolo Creek Watershed by collecting routine quarterly water

if Station 12857 accurately depicted the ecological health of the creek.

quality information at a total of three stations; Station 12857 Cibolo Creek

As a result of the reconnaissance, it was determined the bacteria
impairment and habitat concern are potentially related to the limited
physical habitat and the proximity of the sample site to IH10. To ensure
temporal and spatial monitoring in the Upper Cibolo Creek, the City of

at IH10-US 87 Northwest of Boerne (1908_02); Station 20821 downstream
end of the City of Boerne’s Northrup Park (1908_02); Station 15125
immediately downstream of Menger Creek Confluence (1908_01). In
2016, SARA and the TCEQ will conduct several Aquatic Life Monitoring
(ALM) events at Station 20821 Northrup Park to determine if this station
is more representative of Segment 1908_02 than at Station 12857 Cibolo
Creek at IH10-US 87 Northwest of Boerne. Data from the Northrup Park
ALM and quarterly routine monitoring conducted by the City of Boerne
will be submitted to the TCEQ for review.
319(h) Water Quality Management Plan – Upper Cibolo Creek
Watershed Partnership Sustainability: Working to address ongoing
bacteria impairments along Upper Cibolo Creek, the City of Boerne
(COB) and the Upper Cibolo Creek (UCC) Watershed Partnership
continue to implement aspects of the UCC Watershed Protection Plan.
With funding provided through a Section 319(h) Clean Water Act Grant
by the Texas Commission on Environmental Quality, the COB routinely
collects data at eight sites within the watershed as part of a long-term
water quality monitoring program. Outreach and education remains a
project focus promoted through workshops, newsletters, creek clean-up
events, school programs and social media. Currently, the greater Boerne
area is experiencing significant residential growth which is expected to
increase nonpoint sources of pollution. Watershed planners are applying
greater focus to Low Impact Development (LID) opportunities within the
watershed and are working to endorse SARA’s LID Technical Guidance
Manual as a resource for stormwater management alternatives.

38

Upper Cibolo Creek Watershed • Boerne, Texas
Ryan Bass, Resource Conservation Coordinator

1908 Upper Cibolo Creek
1908_01 General Use Dissolved Solids
General Use Nutrient Screening Levels
Dissolved Oxygen grab
Aquatic Life
screening level
1908_02 Aquatic Life Habitat
Recreation Bacteria Geomean
General Use Dissolved Solids
1908_03 General Use Dissolved Solids

Dataset Qualifier Codes
AD = Adequate Data (10 or more samples)
ID = Inadequate Data (less than 4)

*=Impairment Level was carried forward from a previous
assessment due to inadequate data for this method in 2014
assessment period

66
57

1
35

62.05
2.04

AD NS
AD CS

Dissolved Oxygen Grab

5.00

66

15

4.2

AD CS

20.00
126.00
50.00
50.00

0
1
66
66

-1
1
1

0
180
62.05
62.05

Habitat
E. coli
Chloride
Chloride

Level of Support
CS= Screening level concern
NS=Not Supporting

ID
ID
AD
AD

CS*
NS*
NS
NS

Impairment
Category

50.00
0.69

Level of Support

Chloride
Total Phosphorus

Parameter Description Criteria

Data Set Qualifier

Method

Mean of Samples
Exceeding Criteria
OR Bacteria
Geomean

Designated
Use

# of Samples
Exceeding Criteria

Seg_AU

# of Samples
Assessed

Table 6: 2014 Texas Integrated Report: Segment 1908 - Upper Cibolo Creek

Impairment Category
5c=Additional data and information will be collected and/or
evaluated for one or more parameters before a management
strategy is selected.
Chloride values for all sites within the segment are averaged. The average concentrations are then used to
determine compliance for the entire segment when compared to the criteria as stated in the TSWQS.

5c

5c
5c
5c
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Drainage Area: 43.39 square miles
Aquifers: Trinity, Edwards
River Segments: 1913
Cities: No major cities
Counties: Bexar, Comal, Guadalupe
EcoRegion: Texas Blackland Prairies,
Edwards Plateau
Vegetation Cover: 3.46% Deciduous
Forest, 6.99% Evergreen Forest,
11.7% Herbaceous, 0.1% Mixed
Forest, 10.09% Shrub/Scrub
Land Uses: 0.53% Barren Land,
11.87% Cultivated Crops, 4.61%
High Intensity Development,
12.59% Medium Intensity
Development, 13.66% Low Intensity
Development,
17.01% Open Space, 0.01%
Emergent Herbaceous Wetlands,
5.0% Hay/Pasture, 0.26% Open
Water, 2.12% Woody Wetlands
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Missouri-Pacific Railroad Bridge West of Bracken, Segment boundary between
the Upper Cibolo (left-side) and Mid Cibolo (right-side) Creek Watersheds

Mid Cibolo Creek – Segment 1913
The Mid Cibolo Creek watershed is approximately 19 miles long and
has an approximate drainage area of 43.39 square miles. Just upstream
of the Cibolo Creek Municipal Wastewater Treatment Plan to the upper
end of the segment, is located in the Edwards Aquifer Recharge Zone. As
a result, there is little or no flow in the upper reach of the creek during
the drier portions of the year. Rainfall above and in this segment drains
rapidly into the watershed, causing flash floods within the region and
downstream. The Mid Cibolo is almost entirely in the Texas Blackland
Prairie. This ecoregion is characterized by deep, dark-colored, rich clay
soils, also known as vertisol soils, which are gently sloping to level.
Vertisol soils expand and shrink with moisture, causing cracks in the
soil when it is dry. The deep, rich soils make the blackland prairie ideal
for row crops, but in the San Antonio River Basin, this area is dominated
by urbanization. Originally a tall grassland prairie, most of the original
prairie has been replaced by urbanization and agriculture. Mesquite,
blackjack and post oak trees are common. There are no unclassified
waterbodies of the Mid Cibolo Creek assessed in the 2014 Integrated
Report. Details of the impairments and concerns for the Mid Cibolo
Creek Watershed can be seen in Table 7.
Segment 1913 – Mid Cibolo Creek: Extends from a point 100 meters (110
yards) downstream of IH 10 in Bexar/Guadalupe County to the MissouriPacific Railroad Bridge west of Bracken in Comal County. According to
the 2014 Integrated Report, the Mid Cibolo Creek is identified as impaired
for not supporting the low aquatic life use designation due to depressed
levels of DO. Nitrate and total phosphorus concerns have also been
identified.

Activities in the Watershed
Cibolo Creek Watershed Segment Boundary Re-Definition Effort: The
TCEQ assesses Texas waterbodies by breaking them into hydrologically
and geographically unique segments. This segmenting of waterbodies
allows for more precise analysis of water quality and aquatic communities.
However, historic segment classifications were based on topographic
maps and other desktop methods that resulted in portions of segments
having completely separate flow regimes or no perennial connecting
flow at all; the Cibolo Creek is a perfect example. The TSWQS identify
the Cibolo Creek Watershed as having three classified segments all with
perennial flow: The Upper Cibolo Creek (Segment 1908), Mid Cibolo
Creek (Segment 1913) and Lower Cibolo Creek (Segment 1902). Segment
descriptions can be viewed on the TCEQ’s website located at https://www.
tceq.texas.gov/waterquality/standards/eq_swqs.html. SARA historical
observations have indicated the Cibolo Creek from the Cibolo Creek
Municipal Authority (CCMA) discharge downstream to the confluence
with the San Antonio River is perennial and flows year around. Upstream
of the CCMA discharge to just downstream of the Cibolo Preserve,
southeast of Boerne, the creek is comprised of intermittent pools and
only has connectivity during high flows events. From just downstream
of the Cibolo Preserve to the upper part of the watershed is perennial.
As the existing boundary definitions do not accurately depict the flow
of the creek, SARA, in collaboration with the City of Boerne, has begun
the process of gathering water quality and flow data to assist the TCEQ
in assigning more appropriate segment boundaries and flow type
classifications for the upcoming 2017 TSWQS revisions for the Upper,
Mid and Lower Cibolo Creek Watersheds.
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Mid Cibolo Creek Upstream of FM78
Schertz, Texas

1913 Mid Cibolo Creek
1913_01 General Use Nutrient Screening Levels
General Use Nutrient Screening Levels
Dissoloved Oxygen 241913_02 Aquatic Life
hour Minimum
General Use Nutrient Screening Levels
General Use Nutrient Screening Levels
1913_03

Dataset Qualifier Codes
AD = Adequate Data (10 or more samples)
LD = Limited Data (less than 9, greater than 3)

*=Impairment Level was carried forward from a previous
assessment due to inadequate data for this method in 2014
assessment period

Nitrate
1.95
Total Phosphorus
0.69
Dissoloved Oxygen 242.00
hour Minimum
Nitrate
1.95
Total Phosphorus
0.69
No Impairments Identified

Level of Support
CS= Screening level concern
NS=Not Supporting

26
25

7.93
1.63

AD CS
AD CS

4

4

0.55

LD NS*

15
14

14
14

7.75
2.39

AD CS
AD CS

Impairment
Category

30
27

Level of Support

Parameter Description Criteria

Data Set Qualifier

Method

Mean of Samples
Exceeding Criteria
OR Bacteria
Geomean

Designated
Use

# of Samples
Exceeding Criteria

Seg_AU

# of Samples
Assessed

Table 7: 2014 Texas Integrated Report: Segment 1913 -Mid Cibolo Creek

4b

Impairment Category
4b=Other pollution control requirements are reasonably
expected to result in the attainment of the water quality standard
in the near future.
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Drainage Area: 545.89 square miles
Aquifers: Edwards, Trinity, Carrizo,
Gulf Coast
River Segments: 1902, 1902A,
1902B, 1902C
Cities: La Vernia, Stockdale
Counties: Bexar, Comal, Guadalupe,
Wilson, Karnes
EcoRegion: East Central Texas
Plains, Texas Blackland Prairies
Vegetation Cover: 8.62% Deciduous
Forest, 1.2% Evergreen Forest,
6.89% Herbaceous, 0.72% Mixed
Forest, 26.52%, Shrub/Scrub
Land Uses: 0.61% Barren Land,
11.09% Cultivated Crops, 0.37%
High Intensity Development, 1.54%
Medium Intensity Development,
2.4% Low Intensity Development,
7.23% Open Space, 0.07% Emergent
Herbaceous Wetlands,
30.7% Hay/Pasture, 0.17% Open
Water, 1.85% Woody Wetlands
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Lower Cibolo Creek at Scull Crossing

Lower Cibolo Creek – Segment 1902
The approximate drainage area of the Lower Cibolo Creek is 545.89
square miles. This portion of Cibolo Creek is rural and defines the Bexar/
Guadalupe county line as it flows southeastward through the Gulf Coastal
Plains of the Central Plains Province. Base flow for the Lower Cibolo
Creek originates from spring flow southwest of the City of Schertz, Texas.
Many other springs exist throughout this segment. Springs along with
effluent from permitted municipal facilities contribute to the overall flow
within the Lower Cibolo Creek. Most portions of the Lower Cibolo Creek
are deeply entrenched and stream banks are composed of alluvial soils.
Riparian corridors are dense and wide bordered by farm and ranch lands
and provide an excellent canopy over most of the creek throughout its
length. Glides dominate the aquatic habitats throughout this segment and
are occasionally interrupted by riffles and runs. Unclassified waterbodies
of Lower Cibolo Creek assessed in the 2014 Integrated Report include
Martinez Creek, Salatrillo Creek and Clifton Branch. Details of the
impairments and concerns for the Lower Cibolo Creek Watershed can be
seen in Table 8.

Segment 1902C – Clifton Branch: Clifton Branch extends from the
confluence of Lower Cibolo Creek upstream to the headwater 0.6 miles
upstream of Wilson CR 424 north of Stockdale. Clifton Branch has been
identified as impaired for not supporting the primary contact recreational
use due to elevated levels of E. coli bacteria; a DO grab minimum
impairment has also been identified. Total phosphorus and DO grab
screening level have been listed as concerns.

Segment 1902 – Lower Cibolo Creek: Extends from the confluence with
the San Antonio River in Karnes County to a point 100 meters (110 yards)
downstream of IH 10 in Bexar/Guadalupe County. According to the 2014
Integrated Report, the Lower Cibolo Creek is identified as impaired for
not supporting the primary contact recreational use due to elevated levels
of E. coli bacteria. Nitrate, total phosphorus and fish community have
been listed as concerns.
Segment 1902A – Martinez Creek: Martinez Creek extends from the
confluence with Cibolo Creek to confluence with Salatrillo Creek.
Martinez Creek has concerns for water quality based on nitrate and total
phosphorus nutrient screening levels; a concern for near nonattainment of
the primary contact recreational use standard has also been identified.
Segment 1902B – Salatrillo Creek: Salatrillo Creek extends from the
confluence with Martinez Creek to FM 78 in Converse. Salatrillo Creek
has concerns for water quality based on nitrate, ammonia and total
phosphorus nutrient screening levels.

Chris Vaughn, SARA Aquatic Biologist
Channel catfish (Ictalurus punctatus)
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Activities in the Watershed
SARA Holistic Freshwater Mussel Project: In an effort to determine
mussel densities and species richness for the entire native mussel
community in the San Antonio River Basin, the River Authority conducts
reconnaissance surveys and mussel sample collection efforts throughout
the basin. Data collected is distributed to regulatory agencies to assist
in decision-making for listing or delisting candidate species. Sampling
locations include the San Antonio River, Cibolo Creek, Salado Creek,
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Lower Leon Creek, Salatrillo and Martinez Creeks, Lower Medina
River, Medio Creek and Westside Creeks. In FY 2015, SARA biologists
conducted reconnaissance surveys as well as quantitative and qualitative
sampling efforts on the Lower Cibolo Creek. Estimate population
parameters collected include species richness, mussel densities, variance,
population size and recruitment. See the Environmental Projects, Studies
and Efforts Section of this report for additional information on SARA’s
Holistic Freshwater Mussel Project.

Lower Cibolo Creek Watershed
Larry Larralde SARA Project Manager Holistic Freshwater Mussel Project

Lower Cibolo Creek Bacterial Source Tracking Effort: In response
to the bacterial impairments in the Lower Cibolo Creek Watershed,
SARA initiated Phase 1 of the Bacterial Source Tracking (BST) Effort.
Bacterial sampling was conducted along the main stem of the Lower
Cibolo Creek including its tributaries: Clifton Branch, Martinez Creek
and an Unnamed Tributary west of Stockdale, between December
2014-2015. Samples were filtered at SARA’s Regional Laboratory and
shipped overnight to the Texas A&M AgriLife Research Extension for
genetic identification. Results from 24 samples (250 individual bacterial

Overall 3-Way Split

colonies) were grouped in two 3-way and 7-way splits. Texas A&M
AgriLife Research Extension utilizes the BST library-dependent method
to compare the genetic fingerprint of ambient and high-flow bacteria
samples to a library of known sources of fecal contamination.
Although confidence levels associated with species classifications are
relatively low, information can serve as a guideline for what is most likely
contributing to bacterial loading in the watershed. Opossum, feral hogs,
cattle and raccoons were the most common species origins of the 32
species observed during the study.

Overall 7-Way Split

10 Most Common Species
34

22

Pets (n=21)
Unidentified (n=40)

Human

Human (n=9)

11 11

Goat

Other Livestock, Avian (n=10)

13

Coyote

Unidentified (n=40)

14

Dog

Cattle (n=14)

Clif Swallow/Sparrow

Human (n=9)

16 16

Chicken

Avian Wildlife (n=33)

17

Raccoon

Livestock & Domesticated Animals (n=65)

Cattle

Non-Avian Wildlife (n=103)

Feral Hog

Wildlife (n=136)

Opossum

18

Other Livestock, Non-Avian (n=10)
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Cibolo Creek Watershed Segment Boundary Re-Definition Effort: The
TCEQ assesses Texas waterbodies by breaking them into hydrological and
geographically unique segments. This segmenting of waterbodies allows
for more precise analysis of water quality and aquatic communities.
However, historic segment classifications were based on topographic
maps and other desktop methods that resulted in portions of segments
having completely separate flow regimes or no perennial connecting
flow at all; the Cibolo Creek is a perfect example. The TSWQS identify
the Cibolo Creek Watershed as having three classified segments all with
perennial flow, The Upper Cibolo Creek (Segment 1908), Mid Cibolo
Creek (Segment 1913) and Lower Cibolo Creek (Segment 1902). Segment
descriptions can be viewed on the TCEQ’s website located at https://www.
tceq.texas.gov/waterquality/standards/eq_swqs.html. SARA historical
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observations have indicated the Cibolo Creek from the Cibolo Creek
Municipal Authority (CCMA) discharge downstream to the confluence
with the San Antonio River is perennial and flows year around. Upstream
of the CCMA discharge to just downstream of the Cibolo Preserve,
southeast of Boerne, the creek is comprised of intermittent pools and
only has connectivity during high flows events. From just downstream
of the Cibolo Preserve to the upper part of the watershed is perennial.
As the existing boundary definitions do not accurately depict the flow of
the creek, SARA in collaboration with the City of Boerne, has begun the
process of gathering water quality and flow data to assist the TCEQ assign
more appropriate segment boundaries and flow type classification for the
upcoming 2017 TSWQS revisions for the Upper, Mid and Lower Cibolo
Creek Watershed.

Upper Cibolo Creek Watershed
Cibolo Preserves

1902 Lower Cibolo Creek
1902_01 Recreation Bacteria Geomean
1902_02 Recreation Bacteria Geomean
1902_03 Aquatic Life Fish Community
Recreation Bacteria Geomean
1902_04 General Use Nutrient Screening Levels
1902_05 General Use Nutrient Screening Levels
General Use Nutrient Screening Levels
1902A Martinez Creek
1902A_01 Recreation Bacteria Geomean
General Use Nutrient Screening Levels
1902A_02
1902A_03 Recreation Bacteria Geomean
General Use Nutrient Screening Levels
General Use Nutrient Screening Levels
1902A_04 Recreation Bacteria Geomean
General Use Nutrient Screening Levels
General Use Nutrient Screening Levels
1902B Salitrillo Creek
1902B_01 General Use Nutrient Screening Levels
General Use Nutrient Screening Levels
General Use Nutrient Screening Levels
1902C Clifton Branch
Aquatic Life Dissolved Oxygen grab
1902C_01
Use
screening level
Aquatic Life Dissolved Oxygen grab
Use
minimum
Recreation Bacteria Geomean
General Use Nutrient Screening Levels

Dataset Qualifier Codes
AD = Adequate Data (10 or more samples)
ID = Inadequate Data (less than 4)
LD = Limited Data (less than 9, greater than 3)
NR=Not Recorded in Integrated Report

198.46
162.17
NR
126.37
3.16
3.42
1.01

AD
AD
ID
AD
AD
AD
AD

E. coli
126.00
Total Phosphorus
0.69
No Impairments Identified
E. coli
126.00
Nitrate
1.95
Total Phosphorus
0.69
E. coli
126.00
Nitrate
1.95
Total Phosphorus
0.69

18
19

1
15

292.88
1.3

LD CN
AD CS

6
6
5
7
7
6

1
5
4
1
4
4

390.58
5.58
1.74
137.71
3.55
1.34

LD CN
LD CS
LD CS
LD CN
LD CS
LD CS

Nitrate
Total Phosphorus
Ammonia

1.95
0.69
0.33

68
64
68

47
62
19

4.81
2.8
0.74

AD CS
AD CS
AD CS

Dissolved Oxygen grab

5.00

19

9

2.4

AD CS

Dissolved Oxygen grab

3.00

21

6

1.77

AD NS

5c

126.00
0.69

22
26

1
9

137.93
1.2

AD NS
AD CS

5c

E. coli
Total Phosphorus

Level of Support
CS= Screening level concern
NS=Not Supporting
CN = Use Concern

126.00
126.00
NR
126.00
1.95
1.95
0.69

*=Impairment Level was carried forward
from a previous assessment due to
inadequate data for this method in 2014
assessment period

Impairment
Category

1
1
-1
11
18
26

E. coli
E. coli
Fish Community
E. coli
Nitrate
Nitrate
Total Phosphorus

Level of Support

42
200
NR
24
28
45
45

Parameter Description Criteria

Data Set Qualifier

Method

Mean of Samples
Exceeding Criteria
OR Bacteria
Geomean

Designated
Use

# of Samples
Exceeding Criteria

Seg_AU

# of Samples
Assessed

Table 8: 2014 Texas Integrated Report: Segment 1902 - Lower Cibolo Creek and Tributaries

NS 5b
NS 5b
CN*
NS* 5c
CS
CS
CS

Impairment Category
5b=review of the standards for one or more parameters will be
conducted before a management strategy is selected, including
a possible revision to the water quality standards.
5c=Additional data and information will be collected and/or
evaluated for one or more parameters before a management
strategy is selected.
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Blanco

Hays

Kerr

Unclassified Stream Segment
Stream Segment 1905

21126

Kendall

+
$
+
$
18447

Real

Comal

21125

+
$

BANDERA, CITY OF WWTP

Bandera

+
$
12832

.
$!
+
12830

13638

Medina River Watershed

+
$
Stream Segment 1905
Stream Segment 1904

12829

_
^
Guadalupe

Stream Segment 1904
Stream Segment 1909

_
^
Monitoring Stations

12825

1903_04

#
*

CRP

1903_05

"
)

CRP Systematic

1903A_01

+
$

CRP-BA

1904_01

(
!

SARA SM

1904_02

G

GBRA

1904_03

_
^

TCEQUvalde

1905_01

.
!

WW Facilities & Recycling Cntrs

1905_02

Assessment Units

18407

12824

Bexar

Medina

CASTROVILLE WWTF

1909_01

1903_02

Population Centers

#
*

12817

"
)
CITY OF LA COSTE WWTP

0
0

Frio

5

10
10

.
!
.
!

.
#
*!

12812

"
)

12813

16584

_
^

12811

DOS RIOS WATER RECYCLING CENTER

20 Miles
20

12814

#
*

APPLEWHITE RD WWTF
CITY OF SOMERSET WWTP
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MITCHELL LAKE

"
)

.
!

County Boundary

Zavala

12819

14200

.
!

1905A_01

1903_01
1903_03

Stream Segment 1909
Stream Segment 1903

_
^
_
^

40 Kilometers

.
!
(
!

¯

Wilson

Atascosa
Copyright:© 2015 DeLorme

Drainage Area: 533.87 square miles
Aquifers: Trinity, Edwards-Trinity
River Segments: 1905, 1905A
Cities: Bandera, Medina
Counties: Bandera, Kendall, Kerr
EcoRegion: Edwards Plateau
EcoRegion: East Central Texas
Plains, Texas Blackland Prairies

Vegetation Cover: 5.14% Deciduous
Forest, 0.39% Evergreen Forest,
2.05% Herbaceous, 0.01% Mixed
Forest, 38.04% Shrub/Scrub
Land Uses: 0.09% Barren Land,
0.26% Cultivated Crops, 0.02%
High Intensity Development, 0.08%
Medium Intensity Development,
0.24% Low Intensity Development,
3.23% Open Space, 0.01% Emergent
Herbaceous Wetlands, 0.25% Hay/
Pasture, 0.16% Open Water, 0.04%
Woody Wetlands

Medina River Downstream of Old English Crossing
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Medina River above Medina Lake – Segment 1905
This portion of the Medina River is rural and lies entirely within
the Edwards Plateau. Cattle, goats, and sheep are commonly grazed
throughout this region. Crop cultivation is limited to areas with alluvial
soils. The immediate banks of the Upper Medina River vary from
low, gently sloping, gravel-covered banks sparsely covered with native
vegetation to high, steep, solid layers of limestone formations. This
segment is characterized by alternating riffle, glides and pooled habitats
with wide, gentle curves and bends. Substrates consist of limestone
bedrock covered with gravel and boulders. Large cypress tree trunks are
commonly seen lying within the stream bottom. The riparian corridor
varies in width and consists of willows, cypress, pecan, and oaks. Native

grasses and forbs are common along the stream. The North Prong
Medina River, Segment 1905A, is the only unclassified segment of the
Upper Medina River assessed in the 2014 Integrated Report. Details of
the impairments and concerns for the Medina River above Medina Lake
Watershed can be seen in Table 9.
Segment 1905 – Medina River above Medina Lake: Segment 1905 extends
from a point immediately upstream of the confluence of Red Bluff Creek
in Bandera County to the confluence of the North Prong Medina River
and the West Prong Medina River in Bandera County. According to
the 2014 Integrated Report, the Medina River above Medina Lake is
not supporting the exceptional aquatic life use due to an impaired fish
community; a concern for habitat has also been identified.
Segment 1905A – North Prong Medina River: Extends from the
confluence with Segment 1905 (Medina River) up to the confluence with
Shepard Creek. There are no impairments or concerns identified for the
entire waterbody.

Activities in the Watershed
TCEQ Upper Medina River Aquatic Life Monitoring Project: During
the initial stakeholder review of the Draft 2014 Integrated Report, SARA
biologists and BCRAGD staff discussed the fish community impairment
and habitat concerns in the Upper Medina River Watershed. Results of
the discussions questioned if the impairment and concerns accurately
depicted the ecological health of the stream. Is the impaired fish
community a result of a pollutant(s) or a result of site-specific limitations
related to scouring of the streambed during high flow events? High
flow events have a tendency to scour streambed and remove instream
and riparian habitat. This comment among others Draft 2014 Integrate
Report comments were submitted to the TCEQ. After several SARA and
TCEQ discussions, TCEQ initiated the Upper Medina River Aquatic Life
Monitoring (ALM) Project. The objective of the study is to determine if
the fish community supports the designated exceptional aquatic life use
for Segment 1905 at Station 21631 on the Mayan Ranch rather than at
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Dragonfly order Odonata

station 12830 at Old English Crossing where the impairment was initially
determined in 2012. Historical TCEQ observations have indicated there
is better and more diverse habitat at the Mayan Ranch. With support
from SARA and BCRAGD, the TCEQ and Texas Parks and Wildlife will
collect fish, benthic macroinvertebrate, physical habitat data, and 24-hour
DO measurements at the Mayan Ranch site. BCRAGD and SARA will
continue to conduct routine and biological monitoring at Old English
Crossing in support of the Clean Rivers Program. Sampling for the project
will be conducted during FY2015 and may continue into FY2016. At the
end of sampling the information will be submitted and entered into the
TCEQ data base for review of the aquatic life use standard.

TCEQ Aquatic Life Monitoring for Benthic Macroinvertebrate and
Fish Communities Recovery after High Flow Events: The Medina River
watershed received record flooding in May 2015 with peak discharge
reaching approximately 46,241cfs; normal median discharge for this
location is 70 cfs. Flooding of all intensities can have impacts on fish and
benthic macroinvertebrate communities, and the impacts of a flood of this
magnitude can be catastrophic and have long lasting effects on aquatic
communities.
Benthic macroinvertebrate communities are generally believed to have a
low tolerance for scouring events, however depending on several factors,
they can be resilient in that their recovery time is very short due to short
recolonization and recruitment times (Lake, 2000). Less is known about

Aquatic Life Monitoring at Station 21631 Upper Medina River at the Mayan Ranch
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fish recovery times and several factors come in to play when determining
this, however the current procedure is to allow normal flows to persist for
one month before continuing to sample. In order to better understand
the recovery times of these organisms and to validate the current Surface
Water Quality Monitoring (SWQM) procedures for biological sampling
lag times after floods, the TCEQ developed a project to closely monitor
sites on the Medina River on a fine scale and compare these results to
historic records of like sampling efforts.

An Aquatic Life Monitoring (ALM) plan was created for the Medina
River above Medina Lake (Segment 1905) to determine the impacts the
May 2015 flood had on benthic macroinvertebrate and fish communities,
and to monitor their recovery going forward. The study area is located
in Segment 1905_01 which spans from the downstream end of 1905 to
CR 470 upstream of Bandera. Sampling for Segment 1905_01 will be
conducted at the Mayan Ranch in Bandera (TCEQ 21631). The study area
also includes Segment 1905A_01 which is the North Prong Medina River.
The North Prong Medina River is an unclassified waterbody that stretches
from the confluence with the Medina River main stem to the confluence
with Shepard Creek. Sampling for Segment 1905A_01 will be conducted
at State Highway 16 (TCEQ 18447).
According to the 2014 Texas Integrated Report, past routine biological
sampling conducted by the SARA on the North Prong Medina River
(1905A_01) has shown it to be fully supporting of its high aquatic life use
(ALU) designation for benthic macroinvertebrate and fish communities.
Past routine biological sampling conducted by SARA on AU 1905_01 has
shown it to be meeting its exceptional ALU designation with regard to
the macroinvertebrate communities; however it is currently on the 2014
303(d) list for an impaired fish community and also has a concern for
physical habitat. Because of these impairments, a different site with more
diverse habitat was selected for Segment 1905_01. Index of Biotic Integrity
(IBI) are bio-survey tools that allow scientists to collect fish and benthic
macroinvertebrate data and generate a comparable score that reflects the
health of that assemblage. The IBI scores from past biological sampling
events in Segment 1905_01 will serve as the projects baseline for which
community recovery will be compared.
For this project, fish, benthic macroinvertebrates and environmental
data such as discharge, stream velocity, area sampled and water quality
measurements were collected from March 15, 2015 to October 15, 2015.
Samples were collected and scored using the IBI tool. The IBI scores over
time will allow scientists to determine how quickly the communities as a
whole recover as well as how different groups within these communities
recover. As a result, scientists can make better management decisions as
to when it is appropriate to sample after a major flood event, to allow time

54

Medina River above Medina Lake

1905 Medina River Above Medina Lake
1905_01 Aquatic Life Fish Community
Aquatic Life Habitat
1905_02 Aquatic Life Fish Community

1905A North Prong Medina River

Dataset Qualifier Codes
AD = Adequate Data (10 or more samples)
ID = Inadequate Data (less than 4)
*=Impairment Level was carried forward from a previous
assessment due to inadequate data for this method in 2014
assessment period

Fish Community
Habitat

52.00
26.00

Fish Community

52.00

Level of Support
CS= Screening level concern
NS=Not Supporting
CN=Use Concern
NR=Not Reported in the
Integrated Report

for a full recovery, as well as not biasing the sample if it is sampled too
soon after a major flood event.
SARA and BCRAGD Collaborative Efforts to Address Impairments
and Concerns in the Upper Cibolo Creek Watershed: In 2013, the
BCRAGD entered into an Interlocal Agreement to be a sub-participant
under SARA’s CRP QAPP and collect water quality samples in Segment
1905. This was the first cooperation of this kind under the CRP in the

---

NR

1

No Impairments Identified

46.40
18.80
NR

AD NS
AD CS

Impairment
Category

6
6

Level of Support

Parameter Description Criteria

Data Set Qualifier

Method

Mean of Samples
Exceeding Criteria
OR Bacteria
Geomean

Designated
Use

# of Samples
Exceeding Criteria

Seg_AU

# of Samples
Assessed

Table 9: 2014 Texas Integrated Report: Segment 1905 - Medina River Above Medina Lake and Tributaries

5c

ID CN*

Impairment Category
5c=Additional data and information will be collected and/or
evaluated for one or more parameters before a management
strategy is selected. Concerns for nutrients have also been
identified.

San Antonio River Watershed. Through the subsequent years, BCRAGD
continues to assist with efforts to maintain and improve the water
quality in the Upper Medina River. Their assistance during the TCEQ
Upper Medina River Aquatic Life Monitoring efforts, SARA’s biological
collection events and preliminary TCEQ Integrated Report discussions
for Segment 1905 have been instrumental in the coordination of efforts
and resources of many diverse organizations while ensuring the San
Antonio River Basin monitoring programs remain effective and viable.
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Drainage Area: 99.37 square miles
Aquifers: Edwards, Trinity
River Segments: 1904
Cities: No major cities
Counties: Bandera, Medina
EcoRegion: Edwards Plateau
Vegetation Cover: 4.74% Deciduous
Forest, 6.95% Evergreen Forest,
0.19% Herbaceous, 21.64% Shrub/
Scrub
Land Uses: 0.04% Barren Land,
0.02% High Intensity Development,
0.19% Medium Intensity
Development, 0.91% Low Intensity
Development, 6.71% Open Space,
8.59% Open Water, 0.01% Woody
Wetlands
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Medina Lake North of Medina Lake Dam

referred to as the Texas Hill Country. The soils are generally shallow and underlain by limestone. The limestone rock has been ero
eep hills in this region. The hills are dominated by Ashe juniper, Texas red oak, stunted live oak trees, and sparse grasses. Rainfall
Medina Lake – Segment 1904
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reservoir created by the construction of Medina Dam and was completed
from Medina Lake Dam in Medina County to a point immediately
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Activities in the Watershed
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s in the Watershed

1904 Medina Lake
1904_01
1904_02

Impairment
Category

Level of Support

Parameter Description Criteria

Data Set Qualifier

Method

Mean of Samples
Exceeding Criteria
OR Bacteria
Geomean

Designated
Use

# of Samples
Exceeding Criteria

Seg_AU

# of Samples
Assessed

Table 10: Draft 2014 Texas Integrated Report: Assessment Results for Segment 1904 - Medina Lake

No Impairments Identified
No Impairments Identified
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Drainage Area: 15.24 square miles
Aquifers: Trinity, Edwards
River Segments: 1909
Cities: No major cities
Counties: Medina
EcoRegion: Edwards Plateau
Vegetation Cover: 6.17% Deciduous
Forest, 6.81% Evergreen Forest,
2.12% Herbaceous, 6.22% Shrub/
Scrub
Land Uses: 0.19% Barren Land,
0.02% High Intensity Development,
0.09% Medium Intensity
Development, 0.11% Low Intensity
Development, 5.56% Open Space,
2.57% Open Water, 0.14% Woody
Wetlands

58

Medina Diversion Lake

a Counties Water Improvement District No. 1. While Medina Lake has numerous parks and public access areas, Medina Diversion Lake i
ded by private property, and access to the lake is limited.
Medina Diversion Lake – Segment 1909
t 1909 – Medina Diversion Lake: Extends from Medina Diversion Dam in Medina County to Medina Lake Dam in Medina County, up
normal pool elevation of 926.5 feet (impounds Medina River). The 2014
Segment 1909, in Medina County, extends from Medina Diversion Dam
pool elevation
of 926.5 feet (impounds Medina River). The 2014 Integrated
Report does not identify any impairments or concerns for the
to Medina Lake Dam and reaches the normal pool elevation of 926.5 feet
Integrated Report does not identify any impairments or concerns for the
Diversion
Lake Medina
Watershed.
(impounds
River). This lake was built to feed a vast network of
Medina Diversion Lake Watershed.
irrigation canals. The lake is owned and managed by the Bexar-MedinaAtascosa Counties Water Improvement District No. 1. While Medina
Lake has numerous parks and public access areas, Medina Diversion Lake
is surrounded by private property, and access to the lake is limited.

ties in the Watershed

Activities in the Watershed

With the curtailment of TCEQ monitoring activities in the San Antonio
River Basin, there was no water quality monitoring conducted in the
Lakeno
Watershed
in FY2015.
This will be discussed
Segmentof
1909
– Medina
Diversion activities
Lake: Extends
Medina
Diversion
curtailment
TCEQ
monitoring
in from
the San
Antonio
RiverMedina
Basin,Diversion
there was
water quality
monitoring
conducted in
Dam in Medina County to Medina Lake Dam in Medina County, up to
during the next Coordinated Monitoring Meeting.

e
on Lake Watershed in FY2015. This will be discussed during the next Coordinated Monitoring Meeting.

1909 Medina Diversion Lake

No Impairments Identified

Impairment
Category

Level of Support

Parameter Description Criteria

Data Set Qualifier

Method

Mean of Samples
Exceeding Criteria
OR Bacteria
Geomean

Designated
Use

# of Samples
Exceeding Criteria

Seg_AU

# of Samples
Assessed

Table 11: 2014 Texas Integrated Report: Segment 1909 - Medina Diversion Lake
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the Med

Drainage Area: 463.51 square miles
Aquifers: Edwards, Trinity, Carrizo
River Segments: 1903
Cities: Castroville
Counties: Bexar, Medina, Atascosa,
Bandera
EcoRegion: Texas Blackland Prairies,
Edwards Plateau, Southern Texas
Plains, East Central Texas Plains
Vegetation Cover: 9.07% Deciduous
Forest, 13.59% Evergreen Forest,
25.3% Shrub/Scrub, 8.90%
Herbaceous, 0.58% Mixed Forest,
25.3% Shrub/Scrub
Land Uses: 0.77% Barren Land,
14.07% Cultivated Crops, 0.23%
High Intensity Development, 0.96%
Medium Intensity Development,
2.17% Low Intensity Development,
7.25% Open Space, 0.21% Emergent
Herbaceous Wetlands, 13.68% Hay/
Pasture, 0.58% Open Water, 2.64%
Woody Wetlands
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Medina River at County Road 484

Medina River below Medina Diversion Lake – Segment 1903
The approximate drainage area of the Medina River below the Medina
Diversion Lake is 463.51 square miles and it predominately rural. The
upper end of this segment flows through portions of the Edwards Plateau
as it makes its way on to the Southern Gulf Coastal Plains. Due to the
lack of deep organic soils, vegetation is limited along the stream within
the upper reaches of this segment. Major tributaries to the Lower Medina
River include Leon Creek, Geronimo Creek, and Medio Creek. Other
major contributors to the Medina River include the effluent discharge
from Dos Rios, Leon Creek and Medio Creek Water Recycling Center
Treatment Facility. The upper reach of this segment is characterized by
excellent water clarity, moderate to swift velocity, gravel and limestone
substrates, high steep limestone banks and alternating run, glide, riffle
and pooled habitats. The lower reach of this segment is influenced
by alluvial formations of the Southern Gulf Coastal Plains and the
stream habitats alternate between runs and glides. This portion of the

Medina River is characteristically deeper and more turbid. There are no
unclassified waterbodies in the watershed. Details of the impairments and
concerns for the Medina River Watershed below Medina Diversion Lake
can be seen in Table 12.
Segment 1903 – Medina River below Medina Diversion Lake: Extends
from the confluence with the San Antonio River in Bexar County to
Medina Diversion Dam in Medina County. According to the 2014
Integrated Report, the Medina River Watershed below Medina Diversion
Lake is identified as impaired for not supporting the primary contact
recreational use due to elevated levels of bacteria. Concerns for total
phosphorus, nitrate and ammonia have also been identified.

Activities in the Watershed
Until a TMDL for bacteria is initiated, SARA will continue routine
monitoring and provide quality assured data to TCEQ for assessment.

Dataset Qualifier Codes
AD = Adequate Data (10 or more samples)

Nitrate
1.95
Total Phosphorus
0.69
Ammonia
0.33
Total Phosphorus
0.69
Nitrate
1.95
E. coli
126
Nitrate
1.95
Nitrate
1.95
No Impairments Identified

Level of Support
CS= Screening level concern
NS=Not Supporting

28
25
44
44
44
39
18
81

27
23
14
32
42
1
16
38

9.85
1.2
1.06
1.34
6.8
142.1
4.02
3.15

AD
AD
AD
AD
AD
AD
AD
AD

CS
CS
CS
CS
CS
NS
CS
CS

Impairment
Category

Level of Support

1903 Medina River Below Meina Diversion Lake
1903_01 General Use Nutrient Screening Levels
General Use Nutrient Screening Levels
1903_02 General Use Nutrient Screening Levels
General Use Nutrient Screening Levels
General Use Nutrient Screening Levels
Recreation
Bacteria Geomean
1903_03 General Use Nutrient Screening Levels
1903_04 General Use Nutrient Screening Levels
1903_05

Parameter Description Criteria

Data Set Qualifier

Method

Mean of Samples
Exceeding Criteria
OR Bacteria
Geomean

Designated
Use

# of Samples
Exceeding Criteria

Seg_AU

# of Samples
Assessed

Table 12: 2014 Texas Integrated Report: Medina River Below Medina Diversion Lake

5c

Impairment Category
5c=Additional data and information will be collected and/or
evaluated for one or more parameters before a management
strategy is selected. Concerns for nutrients have also been
identified.
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Drainage Area: 60 square miles
Aquifers: Trinity, Edwards
River Segments: 1907
Cities: No major cities
Counties: Bexar
EcoRegion: Edwards Plateau, Texas
Blackland Prairies
Vegetation Cover: 6.07% Deciduous
Forest, 33.69% Evergreen Forest,
5.06% Herbaceous, 13.35% Shrub/
Scrub
Land Uses: 0.55% Barren Land,
0.12% Cultivated Crops, 2.69%
High Intensity Development, 9.20%
Medium Intensity Development,
10.83% Low Intensity Development,
18.21% Open Space, 0.03% Open
Water, 0.18% Woody Wetlands

Upper Leon Creek below Raymond Russell Park
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within the region and downstream. The rapid flow often causes scouring of aquatic habitat within the region. Ranching is common and
oming more populated with small hobby ranches. The downstream portion of this segment is in the Texas Blackland Prairie. This ecore
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vities in the Watershed

1907_01 Upper Leon Creek
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No Impairments Identified

Impairment
Category

Level of Support

Parameter Description Criteria

Data Set Qualifier

Method

Mean of Samples
Exceeding Criteria
OR Bacteria
Geomean

Designated
Use

# of Samples
Exceeding Criteria

Seg_AU

# of Samples
Assessed

Table 13: 2014 Texas Integrated Report: Segment 1907 - Upper Leon Creek

Mosquito Fern, Azolla caroliniana
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Drainage Area: 176.59 square miles
Aquifers: Trinity, Edwards, Carrizo
River Segments: 1906
Cities: Leon Valley
Counties: Bexar
EcoRegion: Texas Blackland Prairies,
Edwards Plateau
Vegetation Cover: 4.99% Deciduous
Forest, 22.43% Evergreen Forest,
5.48% Herbaceous, 0.15% Mixed
Forest, 9.49% Shrub/Scrub
Land Uses: 0.34% Barren Land,
4.61% Cultivated Crops, 5.49% High
Intensity Development, 13.24%
Medium Intensity Development,
14.23% Low Intensity Development,
15.82% Open Space, 0.01%
Emergent Herbaceous Wetlands,
1.68% Hay/Pasture, 0.12% Open
Water, 1.91% Woody Wetlands
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Lower Leon Creek Upstream of
Leon Creek Waste Water Treatment Plant

Lower Leon Creek – Segment 1906
The Lower Leon Creek has a total continuous length of 32 miles and
drains approximate 176.59 square miles. Flow in the upper two-thirds
of this segment pass through heavily urbanized portions of west and
southwest San Antonio in Bexar County, including the main portion of
Kelly USA, formerly Kelly Air Force Base. The lower one-third continues
to flow in a general southwest direction through rural farm and ranch
land. The portion of this segment between State Highway 16 to Highway
151 lies within the Edwards Recharge Zone and is dry except during times
of heavy precipitation. The Balcones Escarpment bisects Bexar County
from the west to northeast; bottom substrates along portions of Leon
Creek that cross the Edwards Recharge formation consist of boulders,
cobble, gravel and flat limestone bedrock scarred by cracks and fissures.
Where alluvial substrates have accumulated, sycamores, willows and
oak trees have established themselves. Below Highway 151, a noticeable
change in habitat features occurs. Creek channels become narrow and
deep and the surrounding geology is dominated by alluvial soils. Riparian
vegetation becomes dense and dominated by stands of native hardwood
trees, grasses, forbs, and shrubs. Complete canopies overshadow the creek
in many areas within the lower reaches of this segment. Except during
years of low precipitation, perennial seeps upstream of Old Highway 90
West maintain the base flow throughout the remainder of the Lower Leon
Creek. Hilly terrain and low-permeability clay soils make this segment
susceptible to stormwater runoff. Segment 1906A, Helotes Creek, is
an unclassified waterbody in the Leon Creek Watershed. For the 2014
Integrated Report, there was inadequate data to assess 1906A for any use
criteria. Details of the impairments and concerns for the Lower Leon
Creek Watershed can be seen in Table 14.

consumers. Subsequent TDSHS fish tissue collections and analysis at
stations along Lower Leon Creek resulted in a new fish consumption
advisory being issued on June 29, 2010. Advisory ADV-42 expanded
the geographic area beginning at the Old U.S. Highway 90 Bridge
and extends downstream to the Loop 410 Bridge. The 2014 Integrated
Report identifies the reach between the confluences with Indian Creek
to a point 100 meters upstream of State Highway 16 in Northwest San
Antonio as impaired for fish consumption due to PCBs in fish tissue. An
impairment for not supporting the high aquatic life use designation due to
depressed levels of DO is also listed. Concerns for silver in sediment and
chlorophyll-a have also been identified.

Segment 1906 – Lower Leon Creek: Extends from the confluence with the
Medina River in Bexar County to a point 100 meters (110 yards) upstream
of SH 16 northwest of San Antonio in Bexar County. In 2002, the Texas
Department of State Health Services (TDSHS) issued fish consumption
advisory ADV-26 advising people not to consume any species of fish from
the Lower Leon Creek as a result of concentrations of polychlorinated
biphenyl (PCB) in the fish tissue that posed an unacceptable risk to
Doug Knabe, SARA Aquatic Biologist
Common carp (Cyprinus carpio)
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Activities in the Watershed
Lower Leon Creek Use Attainability Analysis Project: Lower Leon Creek
was first identified in the 1999 Texas Water Quality Inventory and 303(d)
List as having DO concentrations lower than the standard established
to assure optimum conditions for high aquatic life. As a result of the
listing, the TCEQ Total Maximum Daily Load (TMDL) Team initiated a
sampling verification project in 2008 to evaluate the DO concentrations
in the Lower Leon Creek. The 24-hour DO data collected as part of the
project indicated a site-specific standards change may be appropriate.
In 2012, the Lower Leon Creek Use Attainability Analysis Project was
initiated to further define the appropriate aquatic life use (ALU) and
associated DO criteria for the segment. To assess the ALU, 24-hour DO
measurements and biological (nekton and benthic macroinvertebrate) and
habitat assessments will be conducted throughout the watershed. Once
completed, a final report will be submitted to the Texas Commission on
Environmental Quality by March 15, 2017 for approval.
USGS Sources of Contaminants of Concern to Upper Leon Creek,
San Antonio, Texas Study: In 2002 and 2010, the Texas Department of
State Health Services (TDSHS) issued fish consumption advisory ADV-
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26 advising people not to consume any species of fish from the Lower
Leon Creek as a result of concentrations of polychlorinated biphenyl
(PCB) in the fish tissue that posed an unacceptable risk to consumers.
In 2010, Advisory ADV-42 increased the geographical area of the fish
consumption advisory to include the area between Old U.S. Highway 90
Bridge to the Loop 410 Bridge. In response to the 2002 impairment, the
USGS, with support from SARA, initiated and completed the Assessment
of Selected Contaminants in Streambed- and Suspended-Sediment
Samples Collected in Bexar County, Texas 2007-09 Project. The final
report can be viewed at http://pubs.er.usgs.gov/publication/sir20115097.
Results from the study indicated contaminants of concern are present
in the Lower Leon Creek, including polychlorinated biphenyls (PCBs)
(Wilson, 2011). In 2012 the USGS initiated phase II of the project, Sources
of Contaminants of Concern to the Upper Leon Creek, San Antonio,
Texas study. The purposes of this study is to continue to characterize
contaminants of concerns in the Leon Creek, between the former Kelly
Air Force Base and Interstate Highway 410. Sediment samples before and
after storm events will be analyzed for major and trace metals, pesticides,
and PCBs. The project is expected to be completed in 2016 and a final
report written detailing the findings of the project.

Level of Support

Impairment Category

Parameter
Description

Data Set Qualifier

Method

Mean of Samples
Exceeding Criteria
OR Bacteria
Geomean

Designated Use

# of Samples
Exceeding Criteria

Seg_AU

# of Samples
Assessed

Table 14:Draft 2014 Texas Integrated Report: Assessment Results for Segment 1906 - Lower Leon Creek
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Criteria

1906_01

No Impairments Identified

1906_02

No Impairments Identified

1906_03

Fish Consumption
Use

1906_04 Aquatic Life Use
Aquatic Life Use
Aquatic Life Use
Fish Consumption
Use
1906_05 Aquatic Life Use
Fish Consumption
Use

1906_06 Aquatic Life Use
General Use

Fish Consumption
Use
Dataset Qualifier Codes

DSHS Advisories, Closures,
and Risk Assessments
Dissolved Oxygen grab
screening level
Dissolved Oxygen grab
minimum
Dissolved Oxygen 24hr
minimum

DSHS Advisories, Closures,
and Risk Assessments
Dissolved Oxygen grab
average

DSHS Advisories, Closures,
and Risk Assessments

Restricted and NoConsumption
Dissolved Oxygen
grab
Dissolved Oxygen
grab
Dissolved Oxygen
24hr min

Restricted and NoConsumption
Dissolved Oxygen
grab average

Restricted and NoConsumption

Toxic Substances in sediment Silver
Nutrient Screening Levels

DSHS Advisories, Closures,
and Risk Assessments

AD=Adequate Data (10 or more samples)
OE=Other information than ambient samples evaluated, generally
information is provided by outside entity
ID=Inadequate Data (less than 4 samples)
SM=Superceded by another method

Chlorophyll-a

Restricted and NoConsumption
Level of Support

CN=Use Concern
CS=Screening level concern
NS=Not Supporting

5a

5a

5a

CS

5a

Impairment Category

5a=Indicating that a Total Maximum Daily Load
(TMDL) is underway, scheduled, or will be
scheduled for one or more parameters.

*=Impairment Level was carried forward from a
previous assessment due to inadequate data for this
method in 2014 assessment period
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Drainage Area: 60 square miles
Aquifers: Trinity, Edwards
River Segments: 1907
Cities: No major cities
Counties: Bexar
EcoRegion: Edwards Plateau, Texas
Blackland Prairies
Vegetation Cover: 6.07% Deciduous
Forest, 33.69% Evergreen Forest,
5.06% Herbaceous, 13.35% Shrub/
Scrub
Land Uses: 0.55% Barren Land,
0.12% Cultivated Crops, 2.69%
High Intensity Development, 9.20%
Medium Intensity Development,
10.83% Low Intensity Development,
18.21% Open Space, 0.03% Open
Water, 0.18% Woody Wetlands

Salado Creek at Southton Road
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Salado Creek – Segment 1910
Salado Creek has an approximate drainage area of 222.33 square miles
and is predominately urban. The upper portion of Salado Creek is much
wider and shallower than that of the lower portion, which is narrow and
deep. Near the headwaters, the general topography of this segment is
represented by steep hill country terrain to gently rolling hills of alluvial
soils at its confluence with the San Antonio River. From its headwaters
to approximately one-quarter mile upstream of north Loop 410, Salado
Creek traverses the limestone formations of the Edwards Aquifer
Recharge Zone and flows intermittently. This portion of Salado Creek
flows only after major rainfall events, then quickly drains and remains
dry until the next major event. Salado Creek becomes perennial from
intermittent seeps and springs 0.62 miles downstream of Loop 410. The
remaining portions of Salado Creek take on the alluvial characteristics of
the Gulf Coastal Plains and become more deeply entrenched as it flows
to its confluence with the San Antonio River. The extreme lower reach
of Salado Creek flows through rural farm and ranch land and reflects
those ecological characteristics of the San Antonio River. Unclassified
waterbodies of the Salado Creek assessed in the 2014 Integrated Report
include Walzem Creek, Rosillo Creek, Salado Creek Tributary, Menger
Creek, Beitel Creek and Upper Salado Creek. Details of the impairments
and concerns for the Salado Creek Watershed can be seen in Table 15.
Segment 1910 – Salado Creek: Extends from the confluence with the San
Antonio River in Bexar County to the confluence of Beitel Creek in Bexar
County. According to the 2014 Integrated Report, bacteria, depressed

Segment 1910A – Walzem Creek: Extends from the confluence with
Salado Creek to approximately 1.5 miles upstream of Walzem Road in San
Antonio. Walzem Creek has been identified as impaired for elevated levels
of E. coli bacteria.
Segment 1910B – Rosillo Creek: Extends from the confluence with Salado
Creek in Bexar County to approximately 0.5 miles upstream of FM 1976
in Bexar County. No impairments or concerns have been identified in the
2014 Integrated Report.
Segment 1910C – Salado Creek Tributary: Extends from the confluence
with segment 1910 to the upper end of the waterbody. A concern for near
non-attainment of the recreational use standard has been identified in the
Salado Creek Tributary.
Segment 1910D – Menger Creek: Extends from the confluence with
segment 1910 to the upper end of the waterbody. According to the
2014 Integrated Report, Menger Creek is identified as impaired for not
supporting the primary contact recreational use due to elevated levels of
E. coli. An impairment for depressed DO has also been identified.
Segment 1910E – Beitel Creek: Extends from the confluence with segment
1910 to the upper end of the waterbody. Beitel Creek has a concerns for
water quality based on depressed levels of DO.
Segment 1910F – Upper Salado Creek: Upper Salado Creek from the
confluence of Beitel Creek upstream to the headwater approximately 1.5
miles upstream of FM 3351 near Fair Oaks Ranch. Upper Salado Creek
has concerns for water quality based on chlorophyll-a screening levels.

oxygen, fish and macrobenthic communities’ impairments have been

Activities in the Watershed

identified in the Salado Creek Watershed. A nitrate concern has also been

SARA will continue routine monitoring and provide quality assured data
to TCEQ for assessment.

documented.
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1910_03

1910_04

54

3.98

AD

CS

--

NR

ID/NA

NS*

5c

1
18

145.94
6.69

AD
AD

NS
CS

4a

6

--

40.10

TR

NA

5.00

42

8

3.81

AD

CS

Dissolved Oxygen grab

3.00

40

NR

NR

AD

NS*

4a

E. coli

126

40

1

160.09

AD

NS

4a

126

44

1

289.93

AD

NS

4a

E. coli

126

19

1

246.92

LD

CN

Dissolved Oxygen grab

5.00

18

8

3.41

AD

CS

Dissolved Oxygen grab

3.00

18

4

2.23

AD

NS

5c

E. coli

126

18

1

608.68

LD

NS*

5c

Dissolved Oxygen grab

5.00

23

4

1.85

AD

CS

Chlorophyll-a

14.10

8

5

30.32

LD

CS

5.00

234

Macrobenthic Community

NR

NR

E. coli
Nitrate

126
1.95

118
43

41

Dissolved Oxygen grab

Parameter Description Criteria

No Impairments Identified

Aquatic Life Use

Dissolved Oxygen grab
screening level

Dissolved Oxygen grab

Aquatic Life Use

Macrobenthic Community

Recreation Use
General Use

Bacteria Geomean
Nutrient Screening Levels

Aquatic Life Use

Fish Community

Fish Community

Aquatic Life Use
Aquatic Life Use

Recreation Use
1910A Walzem Creek
1910A_01 Recreation Use
1910B_01 Rosillo Creek

Dissolved Oxygen grab
screening level
Dissolved Oxygen grab
minimum
Bacteria Geomean
Bacteria Geomean

1910C Salado Creek Tributary
1910C_01 Recreation Use
1910D Menger Creek

1910D_01 Aquatic Life Use
Aquatic Life Use
Recreation Use
1910E Beitel Creek
1910E_01 Aquatic Life Use
1910F Upper Salado Creek
1910F_01 General Use

Dataset Qualifier Codes

AD = Adequate Data (10 or more
samples)
ID=Inadequate Data (less than 4
samples)

NA=Not Assessed in the Draft 2014
IR
TR=Temporally Not Representative,
used with NA.

Bacteria Geomean
Dissolved Oxygen grab
screening level
Dissolved Oxygen grab
minimum
Bacteria Geomean
Dissolved Oxygen grab
screening level
Nutrient Screening Levels

Level of Support

CS= Screening level concern
NS=Not Supporting
CN=Use Concern
LD = Limited Data (less than 9,
greater than 3

Impairment
Category

Level of Support

1910_02

Data Set Qualifier

1910 Salado Creek
1910_01

Method

Mean of Samples
Exceeding Criteria
OR Bacteria
Geomean

Designated Use

# of Samples
Assessed

Seg_AU

# of Samples
Exceeding Criteria

Table 15: 2014 Texas Integrated Report: Segment 1910 - Salado Creek

E. coli

No Impairments Identified

Impairment Category

4a=All TMDLs have been completed and approved by EPA.
5c=Additional data and information will be collected and/or evaluated for one or more parameters before a
management strategy is selected. Concerns for nutrients have also been identified.

*=Impairment Level was carried forward from a previous assessment due to inadequate data for this method in
2014 assessment period
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Drainage Are: 53.58 square miles
Aquifers: Trinity, Edwards
River Segments: 1912, 1912A
Cities: No major cities
Counties: Bexar, Medina
EcoRegion: Texas Blackland Prairies
Vegetation Cover: 13.56% Deciduous
Forest, 8.36% Evergreen Forest,
7.29% Herbaceous, 0.11% Mixed
Forest, 20.26% Shrub/Scrub
Land Uses: 0.36% Barren Land,
6.84% Cultivated Crops, 2.15% High
Intensity Development, 11.04%
Medium Intensity Development,
12.75% Low Intensity Development,
14.04% Open Space, 0.03%
Emergent Herbaceous Wetlands,
1.57% Hay/Pasture, 0.26% Open
Water, 1.38% Woody Wetlands

Medio Creek Watershed
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51

48

1.58

AD CS

1912A_01 General Use Nutrient Screening Levels

Total Phosphorus

0.69

40

40

2.53

AD CS

Dataset Qualifier Codes
AD = Adequate Data (10 or more samples)

Level of Support
CS= Screening level concern

1912 Medio Creek

General Use Nutrient Screening Levels
1212A Upper Meido Creek
General Use Nutrient Screening Levels
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Parameter Description Criteria

Nitrate

Nitrate

1.95

1.95

51

41

27

32

6.75

10.33

AD CS

AD CS

Impairment
Category

0.69

Method

Level of Support

Total Phosphorus

Designated
Use

Data Set Qualifier

# of Samples
Exceeding Criteria

1912_01 General Use Nutrient Screening Levels

Seg_AU

Mean of Samples
Exceeding Criteria
OR Bacteria
Geomean

# of Samples
Assessed

Table 16: 2014 Texas Integrated Report: Segment 1912 - Medio Creek

Shaun Donovan, SARA Aquatic Biologist
Flathead catfish (Pylodictis olivaris)
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Environmental Projects, Studies and Efforts
The SARA Environmental Sciences Department (ESD) is passionately
committed to the preservation, protection, and sustainability of
waterbodies in the San Antonio River Basin. Water quality issues in the
Basin are complex in nature, have a substantial cost to address them, and
often require years of support from stakeholders, programs, and funding
sources. As a result, ESD projects, studies and effort are strategically
identified and implemented to help advance, influence and develop
watershed solutions in a holistic manner. The following San Antonio
Basin projects studies and efforts allow for an integrated evaluation of
physical, chemical, and biological characteristics of aquatic systems in
relation to human health concerns, ecological protection and conditions,
stream standards and designated uses.

Expanding Laboratory Analytical Expertise
Bacterial Source Tracking: In 2013 the scientists at SARA Regional
Laboratory started researching innovative approaches to improve the
high levels of bacterial loading in our watershed. The outcome of this
intensive research was bacterial source tracking. Bacterial source tracking
(BST), known in the molecular biology world as BST, is a newly emerging
science in environmental laboratories across the nation. BST combines
DNA extraction techniques with quantitative polymerase chain reaction
(qPCR) technology to determine the source of the bacteria found in
environmental surface water quality samples.
The premise behind BST is to take a closer look inside the genetic makeup
of the bacteria that inhabit fecal matter. In order to do that scientists
break the process up into two phases. The initial phase is called “DNA
extraction”. During this phase the sample is vacuum filtered, disposing of
the liquid and keeping the cellular matter on the filter. A buffer solution,
created to split open the cells is then introduced to the cellular matter on
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the filter to extract the DNA. Phase two utilizes the extracted DNA as a
template which binds with small segments of DNA that match a target
sequence and confirm presence of the target organism.
For this example the target organism is human fecal matter. If present,
our known human DNA segment will bind to the target sequence in
the DNA extracted from environmental samples. When this occurs, the
DNA segment gives off fluorescence picked up by the qPCR instrument
confirming the presence of human fecal bacteria.
SARA’s goal is to use this new methodology to discriminate among
possible sources of fecal contamination and create best management
practices to decrease the bacterial loads in the San Antonio River Basin.

Analyzing Metals in Biosolids and Sediment
In addition to the BST project, the laboratory has undergone renovations
to accommodate new capabilities to expand its expertise beyond the
drinking and non-potable aqueous matrices. The laboratory is currently
developing methodologies to analyze metals in solids and chemical
materials, more specifically biosolids and sediment, using the Inductively
Coupled Plasma–Optical Emission Spectrometer (ICP-OES) and Mercury
Analyzer instrumentation. Biosolids, or treated sewage sludge from a
domestic wastewater facility, are nutrient-rich organic material that can be
used as fertilizer to improve soil properties and plant growth. Analyzing
metals in sediment is important due to their potential toxic effect and
ability to bioaccumulate in aquatic organisms and ecosystems.

One of the primary goals for FY2016 is to develop and implement
biosolids and sediment methodology to obtain the NELAC Institute
accreditation by March 2016. Utilizing current wet chemistry probes
and meters in the laboratory, the lab is developing the capability to
analyze soil texture, pH and conductivity in soil samples and anticipates
implementing soils testing by July 2016. In general, these soil components
are important for their water carrying capacities, nutrient balance and
potential availability of good soil nutrients. In the future, the lab has
the potential to expand its soil testing procedures to include Nitrogen,
Phosphorous and Potassium (NPK) which are especially important
for plant growth and health. The implementation of metals in solids,
chemical materials and new soils testing procedures, will allow SARA
to make a more thorough assessment of the watershed and influence
mitigation efforts to improve the health and safety of our creeks, rivers,
estuaries and bays.

ICP-OES is a robust instrument that utilizes an inductively coupled
plasma to vaporize an environmental sample and measures the particular
wavelength emissions of light to detect trace level metal concentrations.
The Mercury Analyzer is a dedicated analyzer utilizing a cold vapor
atomic absorption spectroscopy to measure trace levels of mercury.
The implementation of both instruments will allow SARA to determine if
the concentration of metals in biosolids and sediment samples are within
acceptable TCEQ state permit requirements and TSWQS.

Zachary Jendrusch, Water Quality Scientist II,
ICP-OES Method Development
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Stormwater Monitoring in the San Antonio River Basin
Instream Monitoring: Contaminants such as oil and grease, various
metals, and bacteria including E. coli accumulate on impervious
surfaces such as rooftops, roadways, parking lots, and sidewalks. During
storm events, these contaminants concentrate and mobilize to nearby
waterways via stormwater infrastructure or overland flow and can have
a negative effects on human health and aquatic ecosystems and their
inhabitants. As a result, several waterbodies in the San Antonio River
Basin have been identified as impaired in the 2014 Integrated Report. To
address these issues, and to help characterize water quality influences
on streams from nonpoint sources, SARA has established a network
of permanent, long-term automated stormwater instream monitoring
stations to capture water quality data prior to, during, and after storm
events. As data requirements for each site vary, several site types are
utilized: three stand-alone field parameter sites, two stand-alone sample
capture site, and five sites that capture both field parameters and water
samples. By incorporating advanced scientific water quality monitoring
instrumentation and Storm Central, an online cloud data collection
service, live field parameter data (temperature, pH, specific conductance,
dissolved oxygen) as well as precipitation data at each site can be viewed
from any device with access to the internet. By using Geostationary
Operational Environmental Satellite (GOES), water quality data is
transmitted via satellite to the Storm Central server hourly. The data can
be viewed in both graphical and tabular format, and can be downloaded
as Microsoft Excel Comma Separated Values (CSV) files for further
analysis. Storm Central allows users to create alarms to notify SARA
staff via email or text when certain thresholds are met, thereby enabling
more control and better planning and coordination regarding station
monitoring and data retrieval.
Stormwater samples are captured using a portable auto sampler. A
bubbler flow module is used in conjunction with the sampler to trigger
the sampler and to monitor stream level and discharge. The sampler
automatically pulls samples based on flow rate or a defined rise in
water level. Once triggered, the sampler will draw four 1-liter samples
every thirty minutes to characterize the water quality of the stream
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from beginning, through the peak, and to the end of the event. Several
stormwater monitoring stations are designed to capture continuous field
parameter data over extended periods of time at set intervals (i.e. every
15 minutes). These stations have been installed at the San Antonio River
(SAR) in areas that are prone to low flows, high temperature, and/or fish
kills (SAR at Tunnel Inlet, Lock and Dam). Additionally, a monitoring

station was installed in cooperation with the San Antonio Missions
National Historical Park at the SAR at the San Juan Remnant. This stretch
of river is a remaining portion of the original channel of the SAR, and is a
known habitat for the Golden Orb (Quadrula aurea),which is a candidate
for listing as an endangered or threatened mussel species.
Best Management Practices and Low Impact Development: To protect
and enhance the creeks and rivers in the San Antonio River Basin, and to
develop methods of mitigating the effects of stormwater runoff to streams,
SARA has been conducting preliminary studies aimed at determining
the effectiveness of Low Impact Development (LID) Best Management

Practices (BMPs). In recent years, SARA has conducted preliminary
studies on LID pilot project sites developed by the city of San Antonio.
Recently, two stormwater monitoring stations have been installed at
SARA’s Guenther office: station 1 collects water samples from the rooftop,
and station 2 collects water samples from the back parking lot. The goal is
to capture stormwater runoff samples during the pre-BMP construction
and post-BMP construction phases. Pre-BMP construction sampling
has been completed and post-BMP construction sampling is scheduled
to begin August 2016 after a number of LID features are constructed at
the Guenther site. Pressure transducers at each of the two locations are
used to calculate volumetric discharge (flow rate). This data will be used
to characterize runoff from rooftop and
parking lot surfaces, and to quantify load
reduction to the SAR.
Other Stormwater Efforts: SARA’s
stormwater staff, with the assistance of
the biological field crew, provided sample
capture for other projects as well. Two
quarterly sampling events have been
successfully conducted for the Urban Reach
E. coli project, which aims to monitor
and characterize levels of E. coli in water
and sediment samples at two locations
along the Upper San Antonio River (SAR
at Myrtle and Pecan Street). This project
will also capture water quality parameters
(temperature, specific conductance, pH, and
dissolved oxygen) over a 24-hour period,
once a quarter, during ambient conditions.
Subsequent data analysis will be conducted
to identify correlations among bacteria
levels, water quality, sediment depositions,
diurnal activities, and anthropogenic river
activities. The stormwater unit has also
been tasked to assist with the installation
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of stormwater monitoring equipment at the University of Texas at San
Antonio (UTSA) Main Campus. Auto samplers, rain gages, and pressure
transducers (level loggers) will be installed to capture water quality
samples and data during storm events. This data will then be used to
determine the effectiveness of an existing sand filter basin on the campus,
prior to any enhancements, and to develop a hydrologic and hydraulic
simulation model of a particular catchment of the campus where LID will
be implemented.

Future of Stormwater Monitoring
As SARA’s stormwater monitoring network continues to expand, the
utilization of innovative techniques and equipment will be important and
necessary. The use of remote communication to and from monitoring
stations will ensure that sample and data acquisition is conducted in an
efficient and effective manner. With this goal in mind, SARA staff will
be able to retrieve live field parameter data and connect to auto samplers
to adjust program settings or determine if the sampling procedure has

begun. This will ultimately save time and money by minimizing time
spent on non-qualifying storm events, and by increasing the efficiency of
time management and sample capture. SARA is also researching methods
of calculating stream discharge using existing equipment to improve the
efficiency of sample preparation.

SARA Stormwater Best Management Practices Projects
The San Antonio River Basin’s primary source of pollution is nonpoint
stormwater runoff. Low Impact Development (LID) is a set of stormwater
best management practices that addresses stormwater runoff. LID
treats small, frequent storm events on-site with a focus on “first flush”
pollutants. These are pollutants such as oils, pesticides, E. coli bacteria,
and other constituents that, under a traditional site-to-street-tostormdrain-to-creek stormwater conveyance system, wash off hardened
surfaces and into our streams. SARA has funded three recent projects to
encourage implementation of LID BMPs. One is a policy project and the
two other projects provide funding for implementation of stormwater
BMPs.

LID and the City of San Antonio’s Unified Development Code
The City of San Antonio opens its Unified Development Code (UDC) for
revision every five years, and 2015 was the year of revision. Until 2015, the
UDC had sparse references to LID. However, LID development remained
undefined and subject to costly variances, and the code incorporated few
incentives to encourage LID development. Partnering with the City of
San Antonio, and with input from Bexar County, the San Antonio Water
System, the Edwards Aquifer Authority, CPS Energy, TxDOT, and 19
representatives of San Antonio’s development, design, construction, realty,
and business community, the San Antonio River Authority funded a
project to create a comprehensive LID code option.
Use of the code remains a voluntary option, but individuals who use it
to secure stormwater fee discounts and other incentives must treat 60%
of the site’s impervious cover-generated runoff for the 1.5 inch, 24-hour
storm event. The City of San Antonio City Council will vote on the LID
code in February 2016.
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Mick Bartlett, SARA Stormwater Scientist
Upstream of the Medio Creek stormwater monitoring site
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Watershed Wise Rebate Program
SARA’s Watershed Wise Rebate program seeks to reduce the impact
of pollution from stormwater runoff by expanding the use of on-site
sustainable development best management practices (BMPs). The rebate
program is available in Bexar, Wilson, Karnes and Goliad counties. BMPs
must be designed using SARA’s Low Impact Development Technical
Guidance Manual and need to have a minimum reimbursement request
of $15,000 and a maximum reimbursement request of $100,000. SARA’s
Watershed Wise Rebate Program is open to design professionals,

government entities, neighborhood associations and non-profits. Types
of construction include: commercial, multi-use, right of ways and
neighborhood common space. There are multiple BMPs that qualify for
a rebate. Unit volume cost estimates are dependent on the BMP and cost
per square foot.
LID is not a new way to manage stormwater runoff, but it is relatively new
to the San Antonio River watershed. The rebate program incentivizes
becoming familiar with the site analysis, design and construction
processes, and the maintenance associated with LID BMPs.

Watershed Wise School Grant
Public schools also benefit from funding assistance for improvement
projects. SARA’s Watershed Wise School Grant, formerly known as the
School Green Infrastructure Grant, was developed to fund construction of
LID on school campuses in Bexar, Wilson, Karnes, and Goliad counties.
The project also educates K-12 public schools in those counties about
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Cistern and rain garden installed
at Ferdinand Herff Elementary

campus drainage including nonpoint source pollution, localized flooding
and erosion, and how to address these issues utilizing LID features (also
known as green infrastructure).
In FY 2014/15, the grant funded projects at two schools: Ferdinand
Herff Elementary in San Antonio and Floresville South Elementary. The
$24,000 one-time grant funds design, construction and installation of
rain gardens, cisterns and/or bioswales, or a combination of the three. In
addition, SARA’s educators provide in-class, hands-on presentations and
activities dedicated to the importance of green infrastructure solutions.
Herff Elementary students took part in percolation tests to determine
the best placement of their rain garden. Students will contribute to the
maintenance of the system through their garden club. The addition of a
cistern will allow garden club members to use stormwater as a resource
rather than view it as a waste product.
Floresville South Elementary students also took part in predesign
percolation testing and selecting their ideal site. With the help of their
Little Sprouts Gardening Club, the school is doing its part to ensure the
health of the San Antonio River.

Grant plaque installed at both schools

Rain garden (top image) and gabion wall (bottom image)
installed at Floresville North Elementary
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SARA Holistic Freshwater Mussel Project
Freshwater mussels are very peculiar organisms. They are rarely seen,
in fact, most people do not even know they live in our creeks and rivers.
They do not move much and they have very little sensory capability, yet
they are so well adapted to their environment and can be, if conditions are
suitable, very successful and important members of our river ecosystem.
They provide habitat for algae and small benthic macroinvertebrates,
they serve as prey to many terrestrial animals, they serve as indicators
for water quality and they filter impurities in the river water. Millions of
years of adaptation have allowed them to have one of the most fascinating
reproductive cycles of any organism. They are sexually dimorphic
meaning there are separate male and female organisms with unique sex
organs. The male broadcasts its gametes into the water column and some
of these cells are siphoned in by the female. The female’s eggs are then
fertilized and tiny larval mussels called glochidia are formed and are
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stored in a pouch. These glochidia however, rely on a fish host for survival.
Some female mussels have adapted a lure type structure which often times
look astonishingly similar to the prey fish living around the mussel. The
mussels protrude this lure and draw predator fish in. Once the fish bites
down on this lure, the glochidia are dispersed in a cloud. Other female
mussels simply broadcast their glochidia into the water column where
they passively find a fish host. Whichever strategy is used, the glochidia
attach to their host’s gills, fins or other body structure and parasitize
the fish. They feed off of bodily fluids until they are mature enough to
release themselves from the host and fall into the substrate. It is a matter
of chance whether or not the substrate they fall into is suitable or not for
survival. Mussels are very susceptible to physical anthropogenic changes
and alterations in water quality. Therefore, it is important to know which
mussels we have in our basin and in what abundances. We can use this
information to make management decisions for the future of these
populations.

Golden Orb Mussel (Quadrula aurea)

were sampled throughout FY15 using several different methods including
quantitative quadrat method, qualitative timed search method and
hookah diving transect method with the help of Bio-West consulting.
The hookah unit assists with mussel surveys in deeper pools. Mussel
abundances in the Lower Cibolo Creek Watershed were fairly low and five
species were found.
Sampling in the Upper San Antonio River has tentatively been set for
late 2015 and will continue throughout 2016. Similar sampling methods
from the Cibolo Creek effort will be utilized on the San Antonio River.
However, SARA intends on establishing a hookah program and after a
brief collaborative training with Bio West consulting, will conduct deep
pool mussel surveys internally. Future sampling includes the Medina
River, Salado Creek, Leon Creek and Medio Creek. After all mussel
sampling is completed SARA will be left with a very detailed map of the
mussel assemblages in the San Antonio River Basin. There is no better
way to make proper management decisions than to have the clearest
picture possible in which to draw insight from.
Very little data currently exists in terms of freshwater mussel assemblages
in the San Antonio River basin. Therefore, SARA has begun sampling
the San Antonio River and its tributaries to determine what the
mussel populations look like across the basin, how the assemblages
are distributed in relation to factors like water quality and flow, and to
determine which populations of threatened and endangered species
exist within our basin. This holistic approach will allow for a much more
comprehensive picture of the current health of our streams with regard
to these sensitive creatures and allow us to have a baseline understanding
that we can base future management decisions and monitoring efforts on.
The Westside Creeks of San Antonio were sampled in September 2014.
These urban streams yielded very low numbers and only one species of
mussel which is not surprising given their proximity to high urbanization,
lower water quality, lower flows and more frequent disturbance.
The Lower Cibolo Creek Watershed and the San Antonio River Channel

Threeridge mussel scrapes (Amblema plicata)

Bio-West Hookah Apparatus
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SARA Feral Hog Management Project: Feral hogs are increasingly
becoming a concern for the State of Texas. They are estimated to cause
over $52 million of damage to Texas agricultural landowners each year.
The feral hog population is estimated at 2.6 million individuals, with
the population rising and no end in sight. In addition to the agricultural
damage they cause, feral hogs also damage wildlife habitat. Feral hogs
damage riparian areas by rooting and wallowing which in turn increases
creek and river bank erosion as well as bacteria loads in creeks and rivers.
They are known carriers of dozens of diseases and compete with native
wildlife for resources.
Recognizing the threat feral hogs have to the San Antonio River
Watershed, the SARA has partnered with Texas A&M AgriLife and
the United States Department of Agriculture Animal and Plant Health
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Inspection Service (USDA-APHIS) in a joint venture to assist landowners
in SARA’s four county district with the active management of feral hog
populations. Texas A&M AgriLife is conducting various workshops
throughout the district to assist landowners in feral hog management.
These workshops will introduce landowners to emerging technology that
can diversify strategies for hog capture, share different trap designs and
ways to improve the effectiveness of those traps, and share tips to reduce
the feral hog population. Printed and online feral hog management
literature specific to the San Antonio River Watershed will be developed
and distributed. USDA-APHIS will work with landowners interested in
actively managing feral hogs using a variety of methods such as shooting,
trapping, snaring, or the use of trained dogs. The chosen management
method will be dependent on the property’s habitat and the property
owner’s desired final outcome.

Direct mail promoting participation in the Feral Hog Management Program.
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Stakeholder Participation and Public Outreach
Stakeholder Participation: In 2005, the San Antonio River Authority
(SARA) Board of Directors approved the creation of an Environmental
Advisory Committee (EAC) to serve as an umbrella committee dedicated
to understanding, identifying, and addressing the environmental
strengths and weaknesses within the San Antonio River Basin. The EAC
serves as a comprehensive public participation group that reviews and
provides input on environmental studies and programs at SARA.
EAC members are approved and appointed by SARA’s Board of Directors,
and each member is intended to represent a larger stakeholder interest
group. EAC members are expected to share the information they receive
from EAC meetings with the interest groups they represent. In addition
to the communication between EAC members and SARA staff, SARA
will also provide EAC member’s information for distribution by the EAC
member to the interest groups they represent. This will include, but not
be limited to, River Reach Newsletters, news releases, Watershed Wise
information and public meeting and event notices.

Stakeholder Interest Groups for the Environmental Advisory
Committee
Co-Chairs
Business and Industry
Academia
Environmental
Agriculture
Recreation
Bay and Estuary
The EAC also acts as SARA’s Clean Rivers Program (CRP) Steering
Committee, providing guidance and feedback on SARA’s annual Basin
Highlight Reports and Coordinated Monitoring Schedule. The advisory
committee can have a maximum of 13 members, including co-chairs, but
the number of members may vary from time to time. Currently, there
are 12 members comprising the committee, each representing a distinct
stakeholder group. The table below lists the interest groups represented on
the EAC.
The SARA CRP EAC Steering Committee receives presentations on:
• Overview of the CRP Goals, Objectives and Funding Sources
• Water Quality Objectives and Priorities for the San Antonio River
Basin
• Annual Basin Summary/Highlights Reports and any Special Study
Reports or Updates
• Work Plans and Allocation of Resources
• Public Participation and Announcements of upcoming events, public
outreach, and educational activities
• Identification, selection, and status of special study projects
• Updates on Water Quality Assessment Information or Water Quality
Standards Revisions
If you would like more information about the committee or are interested
in becoming a member, you can contact Clarissa Perez at (210) 227-1373.
For more information on the Clean Rivers Program or the Environmental
Advisory Committee please visit SARA’s our website at www.sara-tx.org.
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June 16, 2015
Apache-San Pedro Creek Linear Trail Groundbreaking

Public Outreach and Education: Public outreach and educational
activities are an integral part of SARA’s objective to protect, enhance and
generate lasting and recognized improvements to the health and safety of
our rivers, creeks, bays and estuaries. As such, SARA incorporates many
different strategies to increase the public’s knowledge and involvement in
water quality issues in the San Antonio River Basin, including:
Bat Loco: SARA, Texas Parks and Wildlife Department (TPWD), and Bat
Conservation International (BCI), conduct the Bat Loco educational series
that take place near Camden St. Bridge on the Museum Reach of the San
Antonio River Walk every Tuesday from July 8 thru August 5. A Bat Loco
Bash helped close out the series on August 12, and included booths, live
music, and children activities all free to the public. SARA staff educated
the public on the bat colony that currently resides under I-35, and shared
information related to the San Antonio River and the Museum Reach.
Wildlife experts from TPWD and BCI provided bat education and
explained the important role bats have in the South Texas ecosystem.

Household Hazardous Waste Collection Event: According to the
Environmental Protection Agency (EPA), the average household can
generate more than 20 pounds of household hazardous waste per year.
Pouring household hazardous waste down the drain, into storm sewers,
or on the ground are improper disposal methods that can be harmful
to the environment and our health. To reduce the amount of household
hazardous waste that ends up in our creeks and rivers, SARA has
teamed up with partners to host Household Hazardous Waste Collection
events throughout Wilson, Karnes, and Goliad Counties. Items being
collected include paint, motor oil and filters, cleaning products, tires
without the rim, small electronic appliances, computer components, and
pharmaceuticals. During this fiscal year, SARA collected over 19,600
pounds of waste.
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Snakes in the Park: Snakes in the Park brings live snakes and an
educational talk to all who wish to attend at Jackson Nature Park in
partnership with the South Texas Herpetology Association. Participants
learned how snakes play a vital role in our riparian ecosystems, common
misconceptions and identification tricks. Jackson Nature Park provides
50 acres of riverside gallery forests, upland mixed forest,
shrub land and unique geologic rock
formations---a perfect combination for
snakes and other wildlife habitat. The park
serves as a natural area with six trails for
hiking, birding, and a beautiful display of
wildflowers in the spring.
River Flicks: A fun and free event that
showcases movies under the stars at Helton
Nature Park, Jackson Nature Park and Branch
River Park. Fun activities were done before the
movies. For example, prior to the movie National
Treasure at Helton Nature Park, the community
was invited to participate in a geocaching activity
to learn more about the recreational opportunities
within the park. A “make-your-own” trail mix
activity was presented before the showing of Yogi Bear
at Branch River Park. Hosting fun and entertaining
events, such as River Flicks, in addition to educational
programs, helps SARA reach a broader audience and
appeal to a variety of park users. SARA strives for the
community’s involvement and appreciation at SARA
nature parks.
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San Pedro Creek Project: Bexar County and SARA, in coordination with
the City of San Antonio, are in the midst of the design phase of San Pedro
Creek Improvements Project, which will transform the creek to reflect
its place in our cultural history, improve its function in flood control,
revitalize natural habitat and water quality, and catalyze economic

development. The project will start at the tunnel inlet near Fox Tech High
School and wind through the western side of Downtown to the Creek’s
confluence with the Alazan and Apache Creeks. The project includes 4
miles of trails and 11 acres of landscaped area and will remove 30 acres
and 38 adjacent structures from the 100-year flood plain.
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Public Outreach and Education Throughout the year
July 2014

November 2014

March 2015

May 2015

8

Bat Loco

1

7

2

8

MedDrop SA

12th Annual Canoe Trail
Goliad Fall Flotilla

Snakes in the Park at Jackson
Nature Park

3

Wilson County Conservation
Easement Workshop

14 River Flicks

9

8

MedDrop SA

Art in the Park Series: Water
Art Class at Jackson Nature
Park

9

San Antonio’s Annual Arbor
Day Event

15 Bat Loco
19 Art in the Park
29 Bat Loco

August 2014
5

Bat Loco

15 Archery Day at Jackson Nature
Park

12 Bat Loco Bash

September 2014

October 2014
11 Karnes County Household
Hazardous Waste Collection

February 2015

11 Planets in the Park

13 Love Bird Nature Walk

17 River Flicks

21 Saturday Morning Bird Walk

25 Wilson County Household
Hazardous Waste Collection

28 MedDrop SA

30 Outdoor Adventure Programs
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28 Karnes County Household
Hazardous Waste Collection

28 River Flicks

Museum Reach River of Lights
Kickoff

10 Hispanic Heritage Free
Educator Workshop

25 River Flicks

26 Outdoor Adventure Program:
Birding Basics

6

January 2015

25 Geology Hike

19 Mission Reach Urban Bird
Walk

December 2014

27 Goliad County Household
Hazardous Waste Collection

River Flicks

14 SAWS Spring Bloom

28 Bexar County Health &
Community Fair

13 River Arts Fest

3

Get Outdoors!

7

Citizen Science Workshop

April 2015
2

Mission Reach Urban Bird
Walk

11 Inaugural Mission Reach Float
Fest

16 7th Annual Canoe Trail Goliad
Summer Flotilla
28 SATX Next: The Future of San
Pedro Creek
30 San Pedro Creek Presentation
& Open House

June 2015
11 2nd Annual San Antonio River
Authority Environmental Film
Fest
12 San Antonio Family Nature
Club Campout

18 Wilson County Hazardous
Household Waste Collection

16 Apache/San Pedro
Linear Creekways Trail
Groundbreaking

18 San Antonio Family Nature
Club Campout

20 Hispanic Heritage Free
Educator Workshop Part Two

22 Earth Day Wildflower HikeJackson Nature Park

24 Free Family Night Hike

29 Museum Reach Butterfly Walk

Planets in the Park
John William Helton-San Antonio River Nature Park

Museum Reach River of Lights Kickoff (top)
Inaugural Mission Reach Float Fest (bottom)
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