TNRCC Approval: October 2001

One Total Maximum Daily Load

for Dissolved Oxygen
In Salado Creek

For Segment 1910

Prepared by the:
Strategic Assessment Division, TMDL Team

printed on
recycled paper TEXAS NATURAL RESOURCE CONSERVATION COMMISSION



Distributed by the
Total Maximum Daily Load Team
Texas Natural Resource Conservation Commission
MC-150
P.O. Box 13087
Austin, Texas 78711-3087

TMDL Project Reports are also available on the TNRCC Web site at:
http://www .tnrcc.state.tx.us/water/quality/tmdl/



One Total Maximum Daily Load
= for Dissolved Oxygen
TNRCC in Salado Creek

Introduction

Section 303(d) of the Clean Water Act requires al states to identify waters that do not mest, or
are not expected to meet, applicablewater qudity standards. For each listed water body that does
not meet a Sandard, states must develop atotal maximum daily load (TMDL) for each pollutant
that has been identified as contributing to the impairment of water quadlity in that water body. The
Texas Naturd Resource Conservation Commission (TNRCC) is responsible for ensuring that
TMDLs are developed for impaired surface watersin Texas.

In dmple terms, a TMDL is aquantitative plan that determinesthe amount of aparticular pollutant
that awater body can receive and still meet its gpplicable water qudity standards. In other words,
TMDLs arethe best possible estimates of the assimilative capacity of thewater body for apollutant
under consderation. A TMDL is commonly expressed as a load, with units of mass per time
period, but may aso be expressed in other ways. TMDLs must aso estimate how much the
pollutant load needs to be reduced from current levelsin order to achievewater qudity standards.

The Totd Maximum Daily Load Program, a mgor component of Texas statewide watershed
management approach, addresses impaired or threatened streams, reservoirs, lakes, bays, and
estuaries (water bodies) in or bordering the state of Texas. The primary objective of the TMDL
Programisto restore and maintain the beneficid uses (such as drinking water, recreation, support
of aguetic life, or fishing) of impaired or threatened water bodies.

Section 303(d) of the Clean Water Act and the U.S. Environmental Protection Agency’s (EPA)
implementing regul ations (40 Code of Federa Regulations, Section 130) describethestatutory and
regulatory requirements for acceptable TMDLSs. The TNRCC guidance document, Developing
Total Maximum Daily Load Projects in Texas (GlI-250, 1999), further refines the processfor
Texas. This TMDL document has been prepared in accordance with these guidelines, and is
composed of the following six eements:

. Problem Definition

. Endpoint |dentification

. Source Anaysis

. Linkage Between Endpoint and Sources
. Margin of Safety

. Load Allocation
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This TMDL document was prepared by:

. the San Antonio River Authority (under contract to the Texas Naturd Resource Conserva
tion Commission);

. James Miertschin & Associates, Inc. (under contract to the San Antonio River Authority);
and,

. TMDL Team in the Strategic Assessment Divison of the Office of Environmenta Policy,
Anaysis, and Assessment of the Texas Natura Resource Conservation Commission.

It was adopted by the Texas Natural Resource Conservation Commission on October 12, 2001.
Upon adoption, the TMDL became part of the state Water Quality Management Plan. The Texas
Natural Resource Conservation Commission will use this document in reviewing and making
determinations on gpplications for sorm water permits and in its nonpoint source pollution
abatement programs.

Background Information

The San Antonio River Basin, covering 4,180 square miles, islocated in the south centra portion
of Texas, asshown in Figure 1. The basin's headwaters are located northwest of the City of San
Antonio, and the basin extends southeast to the confluence of the San Antonio and Guaddupe
Rivers near San Antonio Bay. Thelargest population center inthe basinisthe City of San Antonio
area, with a population in excess of 1,000,000.

The San Antonio River Basin encompasses two physiographic regions, the Edwards Plateau in the
Great PlainsProvince and the West Gulf Coastd Plain of the Coastal Plains Province. Higtorically,
the mgority of streams in the basin emerged from springs supplied by the Edwards Aquifer, but
increased water demands and pumping from the aquifer have curtaled the flow of most springs
(SARA, 1992).

The upper portion of the basin is comprised mainly of intermittent hill country streams traversing
limestone formations. The greatest population density islocated in the upper middle portion of the
basin. Bdow the City of San Antonio, flow in the principd streams is augmented by substantia
discharges of trested municipa wastewater effluent. The San Antonio River valey narrowsin the
lower basin, and channels become more steeply entrenched with high muddy banksand increased
water depth (SARA, 1992).

The San Antonio River originates within the north-centra area of the City, fed by the tributary
OImos Creek and water pumped from the Edwards Aquifer. The Medina River isthe uppermost
tributary located within the northwest segment of the basin. The Medinaflowswest of the City of
San Antonio to a confluence with the San Antonio River downstream of the City. Cibolo Creek
originates in the upper northern portion of the basin and flows east of the City to aconfluencewith
the San Antonio River in the lower reach of the basin. Leon Creek and Sdado Creek originate
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north of the City and flow aong the western and eastern aress, respectively, of the metropolitan
area. Leon Creek joins with the Medina prior to its confluence with the San Antonio River.
Sdado Creek has a confluence with the San Antonio River south of the City.

Sdlado Creek islocated in the upper portion of the San Antonio River Basin with its headwaters
in extreme north central Bexar County. Sdado Creek runs north to south for 35 miles along the
north and east 9de of the City of San Antonio through the San Antonio Internationa Airport and
Fort Sam Houston. Salado Creek joins the San Antonio River south of the City between Losoya
and Elmendorf. The Salado Creek watershed is 218 square milesin size. The upper portion of the
watershed is largely undeveloped and the terrain is characterized by limestone hills and sparse
vegetation typica of the Texas Hill Country. Dense urban development is located in the lower
portionof the Salado Creek watershed. The upper portion of Salado Creek isnormally dry except
during rain events and provides recharge to the Edwards Aquifer. The Sdado Creek watershed
is depicted in Figure 2.

Problem Definition

Salado Creek is identified as Segment 1910 in the Texas Surface Water Quaity Standards
(TSWQS). The uses designated for Salado Creek are Contact Recresetion, High Aquetic Life,
Public Water Supply, and Aquifer Protection. The site-pecific water quaity criterianecessary to
support the designated uses for Salado Creek in accordance with the TSWQS are presented in
the following table.

CONSTITUENT WATER QUALITY CRITERION
Chloride 140 mg/L
Sulfate 200 mg/L
Tota Dissolved Solids 600 mg/L
Dissolved Oxygen® 5.0 mg/L

pH Range 6.5 - 9.0 Standard Units

Fecd Coliform Bacteria 200 # /100 ml

Temperature 90 Degrees Fahrenheit
Notes: (1) 24-Hour Average

Water qudity in Salado Creek ismonitored by the San Antonio River Authority, the TNRCC, the
US Geologica Survey, and others. The TNRCC uses this water quality data to assess water
qudity conditions in Sdado Creek for compliance with the TSWQS. The water qudity
assessments performed by the TNRCC are in accordance with procedures set forth in Guidance
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for Screening and Assessing Texas Surface and Finished Drinking Water Quality Data
(TNRCC, 2000).

303(d) Listings

Sadlado Creek wasincluded in the 1998, 1999, and the draft 2000 303(d) lists for the State of
Texas based upon the assessment of water quality data. The water quaity problemsidentified in
Salado Creek arelow dissolved oxygen concentrations and €l evated bacterid levels. ThisTMDL
addresses only the low dissolved oxygen concentrations which have been observed in Sdado
Creek.

The 1998 303(d) list contained the following entry for Salado Creek:

Dissolved oxygen concentrations are sometimes lower than the standard established to
assure optimum habitat conditionsfor aguaticlifeina2-mile portion from 1 miledownstream
of Rigsby Avenue to Southcross Boulevard, and in a5-mile portion from NE Loop 410 to
Pershing Road.

Thereach of Salado Creek between Rigsby Avenue and Southcross Boulevard was assessed with
data from three monitoring stations. Seventeen dissolved oxygen measurements were made at
these three ations and five of the measurements (29%) were below the screening criteria. The
reach of Salado Creek between NE Loop 410 and Pershing Road was assessed with data from
three monitoring stations. Fifty one dissolved oxygen measurements were made a these three
gations and six of the measurements (11.8%) were below the screening criteria

The 1999 and draft 2000 303(d) list contained the following entry for Sdlado Creek:

In 1.25 miles near SH 368, dissolved oxygen concentrations are sometimes lower than the
criterionestablished to assure optimum conditionsfor aquatic life, and are occasiondly lower
than the criterion in short portions near NE Loop 410, Pletz Park, and MLK Park (atota
of 5.5 miles).

Inthe portion of Salado Creek around SH 368, atota of 64 dissolved oxygen measurementswere
made. Eighteen of the 64 dissolved oxygen measurements (28%) were below the screening
criteria The mean vdue of the dissolved oxygen measurements which were below the screening
criteriain thisportion of Salado Creek was4.08 mg/L. Inthe portion of Sdlado Creek around NE
Loop 410, Pletz Park, and MLK Park, atota of 240 dissolved oxygen measurementswere made.
Fifty of the 240 dissolved oxygen measurements (21%) were below the screening criteria. The
mean vaue of the dissolved oxygen measurements which were below the screening criteriain this
portion of Sdado Creek was 4.03 mg/L.
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The dissolved oxygen data from Salado Creek used by the TNRCC to evd uate compliancewith
gpplicable water quality standardswere predominately obtained from grab samples. Grab samples
areindividua samples of water collected from the creek and represent the water quaity conditions
that exigt at the pecific time the sample was collected. The dissolved oxygen criteriaspecified in
the state water qudity standards, however, is based upon the average conditions that should exist
over a 24-hour period. Comparing instantaneous dissolved oxygen levels obtained from grab
samples to 24-hour average levels specified in the water quality standards introduces some
uncertainty into the water quality assessment process. Grab sample dissolved oxygen datawhich
fdls below the criterion is considered to be an indication of a possible water quality problem
warranting further evauation.

Additional Water Quality Assessments

The TMDL project for Salado Creek evaluated thewater quality dataused by the TNRCC aswell
as additiond water quaity data available from Sdado Creek. This additional water quality
assessment was performed to further define water quaity conditions in Salado Creek and guide
the data collection and modeding to be conducted under the TMDL project. The andyss
conducted by the TMDL project identified three reaches, positioned within the lower segment of
Salado Creek, as potentia problem reaches:

. above Loop 410 to Eisenhauer Road, adistance of gpproximately 2 miles,

. ashort reach from Pletz Park to Gembler Road, covering a distance of approximately 0.5
miles, and,

. the reach extending from MLK Park to Rigsby Avenue.

The data used to perform these assessments were obtained from grab samples collected from
Salado Creek. As stated above, comparing instantaneous dissolved oxygen levels obtained from
grab samplesto 24-hour average levels specified in the water qudity standards introduces some
uncertainty into the water quality assessment process. Grab sample dissolved oxygen datawhich
fdls below the criterion is considered to be an indication of a possible water qudity problem
warranting further evauation.

USGS Data from Loop 13

The most thorough representation of the extant water quaity conditionin Salado Creek isprovided
by the extensive data base available at the USGS monitoring station at Loop 13. This station
monitors dissolved oxygen on acontinuous basis and thus dlowsadaily average dissolved oxygen
concentrationto be caculated. Thirty four mean daily dissolved oxygen valuesmeasured at Stream
flow ratesabovethe minimum specified for eva uating compliance with Satewater quaity Sandards
were below the segment criteria. These 34 values represent only 1% of the total number of
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observations obtained over aten-year period. Ten of the 34 values were only 0.3 mg/l or less
below the 5.0 mg/l criterion, representing only minimal evidence of a contravention. The rate of
non-compliance demonstrated in this database is not sufficient to result in an impairment of
designated uses under the state water quality standards. It ishowever, anindication of apotentia
problem that warrants further evauation.

Non-Steady State Flow Conditions

Of the 34 daily average dissolved oxygen vauesfrom the Loop 13 monitoring sationswhich were
below the segment criteria, two appeared to be associated with steady-state conditions in the
receiving sream. The remaining 32 vaues gppeared to be associated with nonsteady-state
conditionsinthestream. All of the nonsteady-state contraventionswereencountered with relatively
amdl flows, withthe maximum mean daily flow observed a 69 cfsfor thisdataset. Therefore, the
contraventions under nonsteady-state conditions gppeared to be associated with relatively small
or locdized storm eventsthat produced washoff of pollutantsfrom only aportion of thewatershed,
without the benefit of large volumes of flushing runoff that would be produced by alarger sorm.

The rate of non-compliance under non-steady state conditions is not sufficient to result in an
impairment of designated usesunder the satewater quality sandards. Itishowever, anindication
of apotentia problem that warrants further evauation.

Separate from the USGS data base at Loop 13, there are occasiond incidences in the historical
data base of dissolved oxygen below 5.0 mg/l under nonsteedy Stete conditions. However, these
incidences are comprised of instantaneous dissolved oxygen measurements. Thereis no datathat
indicates a systematic problem throughout the study segment with mean daily dissolved oxygen
under nonsteady State conditions. This assessment is further evaluated in the TMDL modding
exercises presented below.

Endpoint Identification

Dissolved oxygen, in this context, is not a pollutant, rather it is an indicator parameter for water
qudity. The pollutant of concernisthe materia that exerts ademand upon the instream dissolved
oxygen resources. Inthis casg, it was postulated that carbonaceous materia (as represented by
BOD:) and nitrogenous materia (asrepresented by ammonianitrogen) would bethe pollutantsthat
were likely responsible for oxygen demand in the study segment.

The desired target, or endpoint, is compliance with Texas Water Qudity Standards (TNRCC,
1995). For Salado Creek, therefore, the target is maintenance of amean daily dissolved oxygen
concentration of 5.0 mg/l. Associated with the mean criterion is a dally instantaneous minimum
criterion of 40 mg/l.
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Source Analysis

Hidoricdly, there have been no permitted municipa or industrial waste water point source
dischargesinto Sdado Creek. All congtituent loadingswere attributableto storm water runoff and
non-point sources. Salado Creek islocated within the city limitsof the City of San Antonio. Storm
water discharges from the City of San Antonio are regulated under the Phase | NPDES Storm
Water Permit program.

The San Antonio Water System (SAWS) began discharging reclaimed water into Saado Creek
in March of 2001 under a permit issued by the TNRCC (Permit No. 10137, Outfal 004). The
reclamed water is treated domestic wastewater with a flow limit of 3.0 MGD and effluent limits
of 10 mg/l of BOD;s , 2 mg/l of NH;-N, and 5.0 mg/l dissolved oxygen. The reclamed water is
being discharged into Salado Creek to augment flows in the creek.

Land use for Sdado Creek has been obtained usng the Anderson Leve | land use classfication
sydem. The tota land area was estimated to be 52,777 acres. The predominant land use
classfication is urban land, estimated a 30,370 acres, covering approximately 57% of the
watershed. Thenext largest land useclassficationisagriculturd land, estimated to be 14,684 acres
(28%). The mgority of the agricultura land islocated in the Rosillo Creek subwatershed which
enters Salado Creek in its lowermost point, downstream of the portions of Sdlado Creek which
have been identified as having low dissolved oxygen concentrations. If the land use areas of the
Rodllo Creek subwatershed are not considered, the urban land use category would represent
approximately 73% of the watershed.

For the purposes of water quaity modeling, it was assumed that urban land uses in the Sdado
Creek watershed have a 50% level of impervious cover. Thus, gpproximately 29% of the
watershed is impervious, or approximately 36% of the watershed above the Rosillo Creek
subwatershed isimpervious.

Linkage Between Sources and Receiving Water

Dissolved oxygen, in this context is not a pollutant, rather it is an indicator parameter for water
qudity. Instead, the congtituents of concern is the materias which exert a demand upon the
ingtream dissolved oxygen resources. In this case, it was postulated that organic materia (as
represented by BOD) and nitrogenous materia (as represented by organic and ammonianitrogen)
would be the pollutants thet were likely responsible for oxygen demand in the study segment.

Since the dissolved oxygen problems are predominantly steady-state, the andytical approach
focused upon steady-state, low-flow, warm-weather conditionsin the watercourse. The QUAL-
TX modd was applied to smulate water quaity under steady-state conditions. The focus of the
modding is on the SAWS discharge, background loadings of pollutant materids, the role of
sediment oxygen demand, and other factors. With this gpproach, it isassumed that devel opment
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of TMDLs to saisfy the steady-state condition would aso likely result in improvements under
nonsteady-state conditions.

Additiondly, since there exists some indication of dissolved oxygen problems under nonsteady-
date conditions, analyss of that scenario isasoincluded. For that aspect, awatershed-receiving
stream mode was gpplied to smulate nonpoint source loadings from the watershed and the
receiving stream under quas-dynamic water quaity conditions.

To support the modding anadyss, two types of water quaity data collection activities were
conducted. Firgt, baseline water quality conditions were determined to identify dissolved oxygen
and pollutant concentrations adong the study reach under steady-dtate flow regimes. This
requirement was met by andysis of historica data, supplemented by conducting basdline surveys
with sampling at severd stations pogitioned at strategic locations dong the stream.  In addition,
runoff-related water quality conditionswere examined to determine dissolved oxygen and pollutant
concentrations under nonsteady-date flow regimes. This type of information was provided by
available historica data and by stormwater sampling at selected stations along Salado Creek.

Steady State Analvsis

The cdibration exercise addressed application of QUAL-TX under steady-state low flow
conditions. Themost comprehensive datasetsavailablefor support of the steady-state cdibration
are the low flow basdine sampling surveys conducted by SARA in 1999. For the present study,
results from the sampling survey of 7-8 June 1999 were employed for the cdibration effort. This
survey was conducted under low flow conditions in the receiving stream. The measured flow at
the lower USGS gtation at Loop 13was 3.1 cfs. Theflow recorded at the USGS station at Loop
410 NE, the headwater flow in the model segmentation, was 0.0 cfs. For the basdline condition,
the SAWS discharge was not present and storm-related runoff does not occur, so flow in the
stream is derived from tributary inflow and groundwater exfiltration. No actua measurements of
tributary flow were availablefor the survey, so tributary inflow was estimated a 0.5 cfsfrom Beitel
Creek, 0.5 cfsfrom Wazem Creek, 0.5 cfs from the unnamed tributary in J Street Park, and 1.6
cfsfrom groundwater inflow. The existence of groundwater inflow was documented during flow
measurements conducted for the present study in conjunction with the basdine sampling surveys.
It was observed that the stream gains significant flow in ashort reach beginning near Pershing Road
at Fort Sam Houston. At one time, there was an uncapped free-flowing artesian well near this
location that fed the stream. The well has been capped, but it appears that the artesian flow
continues to feed the stream.  The flow does exhibit some correspondence to water level in the
Edward's Aquifer. For the June 1999 survey, the exfiltration has been estimated at 1.6 cfs, as
described above. For comparison, exfiltration was estimated to be gpproximately 6.5 cfsfor the
April 1999 survey and 10 cfsfor the February 1999 survey.

The June 1999 data set was characterized by low flow conditions and warm temperatures.
Oxygen-demanding material, as measured by BODs;, was low, as was anmonia nitrogen.
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Dissolved oxygen throughout the study reach was above 5.0 mg/l, with the lowest mean vaue
(5.78 mg/l) observed at Loop 13.

Reaults of the cdibration smulation of the June 1999 basdline data set are displayed in Figure 3.
Predicted dissolved oxygenisingenera conformancewith observed concentrations. Theminimum
mean dissolved oxygen vaue of 5.78 mg/l observed at the Loop 13 station iswell replicated, and
asyg isadso predicted for the pooled arealin the vicinity of Rigdoy Avenue. Smulated dissolved
oxygenisbel ow the observed mean vauesin the middle reaches, which isapossibleindication that
additiona photosynthesisis occurring.

The mogt significant parameters that affect the predicted dissolved oxygen are the hydraulic
coefficients, the sediment oxygen demand, and the chlorophyll-a. Therdatively low concentrations
of BODs and ammonia-nitrogen and the attendant decay rates al so affect theresults, but to alesser
extent.

Sengtivity andysisfor the cdibration exercise entail ed adjustment of the sediment oxygen demand,
chlorophyll-a, assumed influent BOD5, and BOD decay rate, a a level of plus or minus 50
percent.

Model cdibration is typicaly followed by verification exercises. In the verification process, the
cdibrated model is applied to an independent stream quality data set, preferably collected under
a different set of environmental conditions. If the predicted dissolved oxygen appears to be
reasonable, the modd is deemed to be “verified”.

Another one of the basdline data sets collected by the SARA in conjunction with the present study
was used for modd verification. The data set collected 8-9 February 1999 was selected. This
data set represented relatively cool weather conditions, compared to the 7-8 June 1999 data set
that was used for cdibration.

The February survey was conducted under typical low flow conditionsinthereceiving stream. The
measured flow at the lower USGS dation at Loop 13 was 13.4 cfs. The flow recorded at the
USGS dation at Loop 410 NE, the headwater flow in the mode segmentation, was 0.08 cfs.
Measurements of tributary flow were available that indicated flow of 0.0 cfsin Beitd Creek, 0.5
cfsin Wazem Creek, and gpproximately 10 cfs from groundwater inflow.

The February 1999 data set was characterized by typicad low flow conditions and reatively cool
temperatures. Aswith the June 1999 data set, low concentrations of BOD; and anmonianitrogen
were observed. Dissolved oxygen throughout the study reach was above 5.0 mg/l, with a mean
value of 7.8 mg/l observed at Loop 13.

Results of amulation of the February 1999 baseline data set are displayed in Figure 4. Predicted

dissolved oxygen exhibits conformance with observed conditions. For the present study, then, the
model can be assumed to be verified.
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The cdibration and verification exercises demonstrated that dissolved oxygenin Salado Creek is
not dominated by loadings of carbonaceousor nitrogenous materia. Thisisconsgtent withthefact
that there were no point source discharges of oxygen-demanding materia present at thetime of the
data collection activities.

Instead, it gppears that dissolved oxygen in Sdado Creek is affected principdly by hydraulics,
sediment oxygen demand, and photosynthess. The extant hydraulics are attributable to the unique
phys ographic and hydrographic characteristics of the stream channd, i.e., the variable depths and
widths, and the limited sources of inflow. To acertain extent, the sediment oxygen demand and,
to a lesser extent, photosynthesis, are linked to the introduction of nonpoint source loadings
associated with gormwater runoff events. Nonpoint sourceloadings of organic materid that enter
the stream during a runoff event are, for the most part, conveyed downstream out of the study
segment. However, aportion of the introduced |oading can be expected to settle out of the water
column and be deposited on the stream channd bottom, particularly in regions with reduced
velodty. The materia that is deposited can ultimately exert an effect on the water column as
sediment oxygen demand. In the same manner, loadings of nutrient materia can be incorporated
into the bentha materid for support of periphyton growth. The QUAL-TX mode doesnot contain
amathematica linkage of nonpoint source loadingsintroduced under nonsteedy Sate, stormwater
runoff conditions and the sediment oxygen demand or photosynthess affect that exists under
steady-dtate conditions. Therefore, this phenomenon can be described in genera terms but can
not be treated andyticaly.

Nonsteady State Analysis

Modding exercises were dso conducted to evauate nonsteady state conditions in the receiving
sream. The BASINS modeling system was obtained from EPA and applied to the Salado Creek
study area. Specifically, the NPSM/HSPF model, one of the components of the BASINS system,
was agpplied to the study area.  Hydrologic cdibration of the modd was accomplished using
hitorica precipitation records and streamflow recorded at the USGS gaging station located near
the lower end of the Sudy areaa Loop 13. A multi-year long term smulation was employed for
cdibration, dong with detailed examination of discrete sorm events. The hydrologic cdibration
illugtrated the sengitivity of the model output to various agorithm parameters, and most importantly,
to precipitation itsdf.

The next sep in the nonsteady-state analysis was cdibration of the watershed mass|oading using
NPSM. Thiswas accomplished using limited data for runoff concentration and streamflow. For
the present andys's, washoff of BOD from the land surface was smulated using the dgorithms
incorporated within the model. Algorithm parameters were adjusted in order to obtain
concentrations of BOD in runoff consgtent with the limited available data base. The model was
employed to cdculate mass loadings of BOD, in terms of both concentration and load, from each
subwatershed ddineated in the sudy areafor two example storm eventsthat had a least minima
water quality data available.
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NPSM was next gpplied for modeling of the receiving stream and its response to mass loadings.
The NPSM mode was executed for smulation of a three-year period of precipitation, namely,
1996-1999. The modeling results did not indicate the existence of dissolved oxygen problemsin
the receiving stream under nonsteady-state conditions.

As was the case with the steady-state analysis, the results for nonsteady-state conditions are
consgtent with the historical database. The historical USGS databasefor Loop 13 indicated only
occassiond dissolved oxygen problems associated with nonsteady-state conditions. In addition,
the problems gppeared to be specificaly associated with relaively smadl, non-flushing sorm runoff
eventsthat introduced pollutant loadings to the receiving stream. The magnitude and frequency of
occurrence of the dissolved oxygen problems under these nonsteady-state conditions was not
sufficient to conditute a significant water qudity problem under TNRCC screening criteria.

Margin of Safety

As with al mathematicd modeling exercises, there is a certain amount of uncertainty in the
determination of assmilative capacity for Sdado Creek. Thisandyssincdudes animplicit margin
of safety that issgnificant but is not quantifiable. Theimplicit margin of safety isderived from two
magor aspects of the technicd anayss.

Fird, the analysis was based upon alarge amount of water qudity data. An extensve dissolved
oxygen data base was available from the USGS. In addition, the historical data base was
supplemented by basdline and sormwater data collected in conjunction with the present study.
The availability and the analys's of a comprehengve data base contributes to the minimization of
the uncertainty in the andyds.

Second, the QUAL-TX modd that was used in the andysiswas gpplied in aconservative manner.
For the present analys's, the calibration of themode was such that predicted dissolved oxygenwas
generdly lower than observed dissolved oxygen over most of the study segment. Therefore, it can
be assumed that themode predictionsareenvironmentally consarvative. Thismargin of safety was
incorporated into the analysis through specification of input hydraulic and kinetic parameters that
provided conservetive results.

Pollutant Load Allocation

For the present andyss, a determination of assmilative capacity of the receiving stream was
required. The assmilative cgpacity is the congtituent mass load that can be introduced into the
stream that will ill alow the stream to maintain compliance with an gpplicable criterion or
gandard. Definition of this massload is not necessarily a straightforward process, snceit will be
affected by the point of introduction, the temperature, and the underlying flow condition.
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I naccordancewith the problem definitionfor Salado Creek, the assmilative capacity would require
definition principdly for low flow conditions. The cdibrated and verified QUAL-TX modd was
gpplied to the recalving stream for determination of assmilative capacity, as described below.

For thelow flow scenario, agpecific flow condition should be specified for andysiswith themodd.
The seven-day, two-year low flow (7Q2) is commonly applied by the TNRCC for waste load
andyss, in accordance with Texas Surface Water Qudity Standards (TNRCC, 1995), and this
flow was employed for the low flow condition. The TNRCC definesthe 7Q2 for Salado Creek,
Segment 1910, as 0.1 cfs at USGS St. 08178700 at Loop 410 NE and 9.4 cfs at USGS St
08178800 at Loop 13.

The QUAL-TX modd was exercised for the 7Q2 flow conditions and summer temperatures
whichshould condtitute the worst-case scenario for dissolved oxygen in the receiving stream. The
critica temperature was set at 29.4°C, which was determined by the TNRCC from andysis of the
hitorica temperature data. At the low flow regime, nonpoint source runoff loads are introduced
into the recaiving stream viathe headwater inflow, tributary inflow, and groundwater inflow. Point
source loads are introduced into the receiving stream viathe SAWS wastewater discharge. The
principa tributary streams were assumed to be Beitel Creek and Walzem Creek, both located in
the upper reach of the sudy area, and the unnamed tributary in J Street Park, located in the lower
reach.

Existing Conditions

The existing baseline condition represents Salado Creek under critica steady-state conditions, with
exiging loadings. The exigting loadings include the SAWS reclamed water discharge at full
permitted flow. Simulation of dissolved oxygen under the existing basdine conditions with the
QUAL-TX modd displayed the results shown in Figure 5. The results indicated that dissolved
oxygen remains above the minimum stream criterion of 5.0 mg/l throughout the study reach under
these critical conditions.
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The study reach was subdivided into an upper reach (the reach above Interstate 35) and alower
reach (the reach below Intergate 35) in the loading inventory because of the location of tributary
inputs and downstream effects. The loadings associated with the existing baseline condition were

caculated for each nonpoint source (headwater, tributaries, and groundwater) and for each point
source (the SAWS discharge) as described below:

Reach Source Q Q BOD NH; BOD | NH3
MGD cfs mg/L | mg/L Ib/d Ib/d
Upper Headwater 0.0646 01 3 01 16 0.05
Beitel Creek 0.646 10 3 01 16.2 05
Walzem Creek 0.646 10 3 01 16.2 05
Groundwater 407 6.3 3 01 101.8 34
SAWS 30 4.6 10 2 250.2 50.0
SUBTOTAL 386.0 544
Lower JSt. Trib 0.646 10 3 01 16.2 05
SUBTOTAL 16.2 05
TOTAL 4022 54.9
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The basdineloadings can aso be converted to loadings of ultimate oxygen demand (UOD), which
describe the amount of oxygen ultimately consumed in response to the congtituent loadings.
Conversion entalls multiplication of BOD; loadings by a factor of 2.3 and ammonia nitrogen
loadings by a factor of 4.33. With this exercise, sediment oxygen demand (SOD) can aso be
included as a background source of oxygen demand, sinceit isadissolved oxygen snk analogous
to oxidation of organics and nitrification. Sediment oxygen demand is converted to ultimate
demand by multiplication of the specified rate (prior to any supplementation by sediment
deposition) times the area of the stream bed.  The ultimate oxygen demand of basdine loadingsis
shown in thefallowing tabulation:

Reach Source Q UOD from | UOD from Total
MGD BOD NH; UOoD
Ib/d Ib/d Ib/d
Upper Headwater 0.0646 3.68 022 3.90
Beitel Creek 0.646 37.26 216 3942
Walzem Creek 0.646 37.26 216 3942
Groundwater 407 234.14 14.72 248.86
SAWS 30 575.46 2165 791.96
Background SOD 0 0 0 398.28
SUBTOTAL 887.8 235.76 1521.84
Lower JS. Trib 0.646 37.26 216 3942
Background SOD 0 0 0 720.75
SUBTOTAL 37.26 216 760.17
TOTAL 925.06 237.92 2,282.01
Future Conditions

The future scenario was evauated by determination of the ultimate assmilative capacity of Sdado
Creek under critical conditions. Constituent mass |loads were systematicaly increased to a point
where predicted dissol ved oxygen became noncompliant with theapplicablecriterion. Specificdly,
the BOD and ammonia nitrogen concentration of incoming loads were increased until dissolved
oxygendropped to aminimum of 5mg/l. A spatia extent of noncompliance of gpproximatdy 0.5
mile was arbitrarily required for the 23-mile study segment in order to provide a reasonable
assurance of substantive noncompliance.
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The results of the assmilative capacity run are displayed in Figure 6, which shows predicted
dissolved oxygen aong thewatercourse. Theanaysisindicated the following loadingsto meet the

assmilative capacity:

Reach Source Q Q BOD NH; BOD | NH3
MGD cfs mg/L. | mg/LL Ib/d Ib/d
Upper Headwater 0.0646 0.1 5 0.2 2.7 0.1
Beitel Creek 0.646 10 5 0.2 26.9 11
Walzem Creek 0.646 10 5 02 26.9 11
Groundwater 4.07 6.3 3 0.1 101.8 34
SAWS 30 4.6 10 2 250.2 50.0
SUBTOTAL 4085 55.7
Lower JSt. Trib 0.646 10 21 0.7 1131 38
SUBTOTAL 1131 38
TOTAL 521.6 595

The dlowable loadings can dso be presented in terms of ultimate oxygen demand, as shown inthe
following teble:

Reach Source Q UOD from | UOD from Total
MGD BOD NH; UuOoD
Ib/d Ib/d Ib/d
Upper Headwater 0.0646 6.21 043 6.64
Beitel Creek 0.646 61.87 4.76 66.63
Walzem Creek 0.646 61.87 4.76 66.63
Groundwater 4.07 23414 14.72 248.86
SAWS 30 575.46 2165 791.96
Background SOD 0 0 0 398.28
SUBTOTAL 939.55 24117 1579
Lower JSt Trib 0.646 260.13 16.45 276.58
Background SOD 0 0 0 720.75
SUBTOTAL 260.13 16.45 997.33
TOTAL 1,199.68 257.62 2576.33
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The dlocation of the adlowable loadings of the congtituents of concern to Sdado Creek can be
determined based upon a comparison of the exigting loads and the assmilative capacity of the
stream as presented above. Thetota existing loadings from point sources are 250.2 Ib/d of BOD
and 50.0Ib/d of ammonianitrogen. Thetota existing loadings from nonpoint sourcesare 152 1b/d
of BOD and 4.95 Ib/d of ammonianitrogen. Subtracting theexisting loadingsfrom theassmilative
capacity of the stream yiel dsthe excess capacity of Salado Creek to assmilate congtituent loadings.
This caculation results in an excess capacity of 119.4 Ib/d of BOD and 4.55 Ib/d of anmonia
nitrogen. The dlocation of congtituent loadings to Sdado Creek are summarized as follows:

Source BOD NH3

Ib/d Ib/d

Point 250.2 50.0
Nonpoint 152 4.95
Excess Capacity 119.4 4.55
TOTAL 521.6 59.5
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Figure 2: Salado Creek W atershed
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Figure 3 Predicted Dissolved Oxygen For Salado Creek, 8-9 June 99 Calibration
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Figure 4 Predicted Dissolved Oxygen For Salado Creek, 8 February 99 Verification

-21-




DO (mg/L)

12

11

10

> Q@
Qo

z : = g

= (O] 2 -

= x

3

q

\W\/‘W{KA
—a— Dissolved Oxygen

28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 8 7 6 5 4

Location (Mile)

Figure 5 Baseline Loading
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