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Load duration curve
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Million gallons per day

Milliliter
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Municipal separate storm sewer system
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Poultry Feeding Operation
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Root mean square error

Swine Feeding Operation

Total dissolved solids

Total maximum daily load
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Water quality monitoring
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Acronyms and Abbreviations

WQMP

WQS
WWAC
WWTF

Water Quality Management Plan
Water Quality Standard

Warm Water Aquatic Community
Wastewater treatment facility
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Executive Summary

This report documents the data and assessment used libskstTavDLs for chlorides,
sulfates and total dissolved solids (TDS) for selected waterbodibe Rush Creek watershed.
Data assessment artdtal maximum daily load TMDL) calculations are conducted in
accordance with requirements of Section 303(d)hef CWA, Water Quality Planning and
Management Regulations (4FR Part 130)J.S. Environmental Protection Agen¢iPA)
guidance, and Oklahoma Department of Environmental QuallzQj guidance and
proceduresDEQ is required to submit all TMDLs t&PA for review. Approved 303(d) listed
waterbodypollutant pairs or surrogates TMDLs will received notification of the approval or
disapproval actionOnce theEPA approves a TMDL, then the waterbody may be moved to
Category 4a of a sublitytMenitaing and Assessmerit Bepport Whdreeitr  Q
remains until compliance with water quality standards (WQS) is achi&®aZ003)

The purpose of this TMDL report is to establish pollutant load allocationsiftgralsin
impaired waterbodies, which the first step toward restoring water qualagd protecting
public health.TMDLs determine the pollutant loading a waterbody can assimilate without
exceedng the WQS for that pollutanTMDLs also establish the pollutant load allocation
necessary to me¢he WQS established for a waterbody based on the relationship between
pollutant sources and -stream water quality condition& TMDL consists of a wasteload
allocation (WLA), load allocation (LA)and a margin of safety (MOSThe WLA is the
fraction of the total pollutant load apportioned to point sources, and includes stormwater
discharges regulated under the National Pollutant Discharge Elimination System (NPBES)

LA is the fraction of the total pollutant loag@ortioned to nonpoint sourceSlOS can be
implicit and/or explicit. An implicit MOS is achieved by using conservative assumngtin the
TMDL calculations.An explicit MOS is a percentage of the TMDL set aside to account for the
lack of knowledge associated with natural process in aquatieras, model assumptions, and
data limitations.

This report does not stipulate specific control actions (regulatory controls) or management
measures (voluntary best management practices) necessary to teeludissolved mineral
concentrationswithin each watershed Watersheespecific control actions and management
measures will be identified, selected, and implemented under a separate. process

E.1 Problem Identification and Water Quality Target

This TMDL report fa@uses on  waterbodies, identified in  Table
ES1 that DEQ placed in Category [303(d) list] of theWater Quality in Oklahoma2010
Integrated Repor(2010 Integrated Report)for nonsupport of thegriculture water supply
beneficial useSix of the waterbodies within the Study Area were listed as a result of elevated
levels of chlorides, while Murray Creek was listed for elevated levels of sulfatetoi@hd
dissolved solidsTDYS).

1 When the study was done, the 2008 Integrated Report was leeever, here vere no differencs in

beneficial uses or impairments for these waterbodies in the Rush Creek watszrslhiedn the2008 and
2010 Integrated Report
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Executive Summary

Elevated levels of chloridesulfates, and TDS above the WQ&umeric criteriaresult in
the requirenent that a TMDL be developedhe TMDLs established in this report are a
necessary step in the process to develop the pollutant loading controls needed to restore the
agriculture water supplyse designated for each wdtedy. The TMDL priority shown in
TableES1is directly related to th€ MDL target date.

Table ES1 Excerpt from the 2010Integrated Reporti Oklahoma 303(d) List of
Impaired Waters (Category 5)

Designated
Stream | TMDL Use
Waterbody ID Name ) Priority | Chloride | Sulfates | TDS | Agriculture
Miles Date
Water
Supply
0OK310810050040_00 | Murray Creek 6.66 2021 4 X X N
OK310810050130_00 | Cox City Creek 3.206 2021 4 X N
OK310810050140_00 | West Cox City Creek 15 2021 4 X N
OK310810050110_00 | Rush Creek Tributary D 0.71 2021 4 X N
OK310810050120_00 | Rush Creek Tributary E 3.397 2021 4 X N
0OK310810010270_00 | Rush Creek Tributary G 4.034 2021 4 X N
OK310810010090_10 | Rush Creek 10.302 | 2021 4 X N

N = Not attaining

; X = Criterion exceeded

Source: 2010Integrated Report, DEQ010

Table ES2 summarizes water quality data collected from weer quality monitoring
(WQM) stationsbetween 1997 and 2010he data summary in Table ESprovides an
understanding of the limited amount of water quality datalaiMa and an evaluation of the
exceedances of the water quality critefiiis data was used to support the decision to place
specific waterbodies within the Study Area on the DEIQ08303(d) list (DEQ2010. Within
the Study Area, fivef the waterbodig have elevated levels of chloride for which TMDLs will

be required.

Further investigation of the chlorides data used to originally list Rush Creek Tributary D
(OK310810050110_00) found that these samples were actually taken from a tributary to Rush
CreekTributary E; therefore no TMDL is required for Rush Creek Tributary@ditionally,
no water quality data was available for TDS in Murray Creek (OK310810050040 00);
therefore no TMDL is required for this pollutant
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Table ES2 Summary of Minerals Samples, 19972010

Number of | % Samples
Arithmetic Samples Exceeding
Waterbody . Data Period of Number of Mean Exceeding Single AG
HiEiEEEy D Name ez Record Samples Concentration Single Sample Use NS
(mg/L)* Sample Criterion
Criterion** (NS>10%)
Sulfates 2/28/02 - 8/12/02 3 368 0 0 FS TMDL Not Required
0OK310810050040_00 | Murray Creek Insufficient number
DS -- -- -- -- -- -- of samples; TMDL
not required
0OK310810050130_00 g?é‘e(li'ty Chlorides | 12/14/05 - 02/8/06 2 513 2 100 NS TMDL Required
. Chlorides 2/12/07 - 4/16/07 2 892 2 100 NS TMDL Required
West Cox City
0OK310810050140_00 ) .
Creek Sulfates 2/12/07 - 4/16/07 2 169 0 0 FS TMDL Not Required
TMDL Not Required;
Lack of data;
Rush Creek . samples used for
0OK310810050110_00 Tributary D Chlorides 2/18/97 - 2/6/98 0 -- 0 0 X 2010 assessment
were collected from
adjacent watershed
0OK310810050120_00 $r‘i‘§3t;;e‘§k Chlorides | 10/11/05 - 8/29/06 3 222 2 67 NS TMDL Required
Rush Creek . .
0OK310810010270_00 Tributary G Chlorides 8/29/05 - 3/12/07 4 304 2 50 NS TMDL Required
OK310810010090_10 | Rush Creek Chlorides 8/24/04 - 3/2/10 31 132 14 45 NS TMDL Required

NS = Not Supporting
* Long-term average water quality criteri@hlorides =127 mg/l; Sulfates 55mg/l; TDS = 3008 mg/I
** Single sample water quality criteri@hlorides =170mg/l; Sulfates 958 mg/l; TDS = 4409 mg/I

2

West Cox City Creek was not listed on the 303(d) list for sulfates. But sincammglesfor chloridesand sulfates wereollected at the same timthe

sulfatedatawas also examined to make sure st Cox City Creek was still supporting lisneficialuse for Agriculture. Sinc#/est Cox City Creek

was found to not be impaired for sulfatéds still fully supporting its Agriculture benefial use
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The definition ofagricultureis summarized by the following excerpt from Chagier

(785:455-13) of the Oklabma WQS

785:455-13. Agriculture

(@)
(b)

()

(d)

(e)

General. The surface waters of the State shall be maintained so that toxicity does not
inhibit continued ingestion by livestock or irrigation of crops.

Definitions. The following words and terms, when used in this Section, shall thave
following meaning unless the context clearly indicates otherwise:

(1) "Long term average concentration" means the arithmetic mean of at least ten
samples taken across at least twvgemonths.

(2) "Short term average concentration” means the arithmetic mean of all samples taken
during any 3@day period.

Subcategories of the Agriculture beneficial use.

(1) The narrative and numerical criteria stated or referenced in #@stion and in
Appendix F of this chapter are designed to maintain and protect the beneficial use
classification of "Agriculture This classification encompasses two subcategories
which are capable of sustaining different agricultural applicationEhese
subcategories are Irrigation Agriculture and Livestock Agriculture

(2) Irrigation Agriculture means a subcategory of the Agriculture beneficial use
requiring water quality conditions that are dictated by individual crop tolerances.

(3) LivestockAgriculture is a subcategory of the Agriculture beneficial use requiring
much less stringent protection than crop irrigation.

(4) If a waterbody is designated in Appendix A of this Chapter with the Agriculture
beneficial use but does not have a desigmatiba subcategory thereof, the criteria
for Irrigation Agriculture shall be applicable.

Highly saline water Highly saline water should be used with best management practices
as outlined in "Diagnosis and Reclamation of Saline Soils," United Staparinent of
Agriculture Handbook No. 60 (1958).

General criteria for the protection of IrrigationAgriculture. This subsection prescribes
general criteria to protect the Irrigation Agriculture subcategdfpr chlorides, sulfates

and total dissolvedolids at 180°C (see Standard Methods); the arithmetic mean of the
concentration of the samples taken for a year in a particular segment shall not exceed the
historical "yearly mean standard" determined from the table in Appendix F of this
Chapter For pemitting purposes, the long term average concentration shall not exceed
the yearly mean standar¥early mean standards shall be implemented by the permitting
authority using long term average flowand complete mixing of effluent and receiving
water. For permitting purposes, the short term average concentration shall not exceed the

OWRB has proposed r esingtheé gregterbfidiscisbramgueagemt av @r age
P a g e Regulatéry Oefault Flows for Implementing the Agriculture BeneficialdJsea t :
http://www.owrb.ok.gov/quity/standards/pdf_standards/2012DeterminationOfRegulatoryFlowsForimplementingTheAgricultureBeneficialUse.pdf

\file1\wgddataplanning TMDL \Mineral TMDLsRush Creel¥Final draftsRush_Creek_TMDLReport_July2013.docx ES’4 DRAFT

July 2013

f


http://www.owrb.ok.gov/quality/standards/pdf_standards/2012DeterminationOfRegulatoryFlowsForImplementingTheAgricultureBeneficialUse.pdf

2013 RuslCreek Watershed MinerdIMDLs Executive Summary

sample standardSample standards shall be implemented by the permitting authority using
short term average flowsind complete mixing of effluent and receiving watére data

from sampling stations in each segment are averaged, and the mean chloride, sulfate, and
total dissolved solids at 180°C are presented in Appendix F of this Ch&sgment
averages shall be used unless more appropriate data are available.

() Historic concentrations The table in Appendix F of this Chapter contains statistical
values from historical water quality data of mineral constituelmsases where mineral
content varies within a segment, the most pertinent data available should be used

(g) Criteria to protect Irrigation Agriculture subcategoryFor the purpose of protecting the
Irrigation Agriculture subcategory, neither long term average concentrations nor short
term average concentrations of minerals shall be required to be less7@ mg/L for
TDS, nor less than 250 mg/L for either chlorides or sulfates

To i mpl ement Ok | agricwturea 3sOWRREY@omilgated Chapter 46,
| mpl ement ation of Ok | a h o(@VdRB2011)/alheeekcerf beboWw i t y S
from Chapter 46785:4615-8, stipulates how water quality data will be assessed to determine
support of theagricultureuse as well as how the water quality target for TMDLs will be
defined for eaclmineral

As stipulated in the WQ3pyoth the arithmetic meanfaall samples collectednd the
percentage of samples exceeding the single sample stasldalldbe used to assess the
impairment status ahe agriculture use faa waterbody Therefore, both the arithmetic mean
and the single sample criterion for eachtevabody will be used to develop TMDLs for
chlorides, sulfates and TDS

785:4615-8. Assessment of Agriculture support

(@) ScopeThe provisions of this Section shall be used to determine whether the beneficial use
of Agriculture designated in OAC 785:45 for a waterbody is supported.

(b) General support tests for chlorides, sulfates and TDS.

(1) The Agriculture beneficial use dgeated for a waterbody shall be deemed to be
fully supported with respect to chloride if the mean of all chloride sample
concentrations from that waterbody do not exceed the yearly mean standard
prescribed in Appendix F or site specific criteria promuéghin Appendix E of OAC
785:45 and no more than 10% of the sample concentrations from that waterbody
exceed the sample standard prescribed in Appendix F or site specific criteria
promulgated in Appendix E of OAC 785:45.

(2) The Agriculture beneficial usgesignated for a waterbody shall be deemed to be not
supported with respect to chloride if the mean of all chloride sample concentrations
from that waterbody exceeds the yearly mean standard prescribed in Appendix F or
site specific criteria promulgated #ppendix E of OAC 785:45, or greater than 10%

“* OWRB has proposed r evi thd gregter of Difsorshostngumgayv ¢ ma giel sfi Ingws
P a g e Regulatéry Oefault Flows for Implementing the Agriculture BeneficialdJsea t :
http://www.owrb.ok.gov/quity/standards/pdf_standards/2012DeterminationOfRegulatoryFlowsForimplementingTheAgricultureBeneficialUse.pdf
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3)

(4)

()

(6)

of the sample concentrations from that waterbody exceed the sample standard
prescribed in Appendix F or site specific criteria promulgated in Appendix E of OAC
785:45. Provided, if the chloride sample concatiins are each less than 250 mg/L,
then the Agriculture beneficial use shall be deemed to be fully supported with respect
to chloride.

The Agriculture beneficial use designated for a waterbody shall be deemed to be
fully supported with respect to $ale if the mean of all sulfate sample
concentrations from that waterbody do not exceed the yearly mean standard
prescribed in Appendix F or site specific criteria promulgated in Appendix E of OAC
785:45 and no more than 10% of the sample concentratiam that waterbody
exceed the sample standard prescribed in Appendix F or site specific criteria
promulgated in Appendix E of OAC 785:45.

The Agriculture beneficial use designated for a waterbody shall be deemed to be not
supported with respect to salé if the mean of all sulfate sample concentrations
from that waterbody exceeds the yearly mean standard prescribed in Appendix F or
site specific criteria promulgated in Appendix E of OAC 785:45, or greater than 10%
of the sample concentrations from thatterbody exceed the sample standard
prescribed in Appendix F or site specific criteria promulgated in Appendix E of OAC
785:45. Provided, if the sulfate sample concentrations are each less than 250 mg/L,
then the Agriculture beneficial use shall be degneebe fully supported with respect

to sulfate.

The Agriculture beneficial use designated for a waterbody shall be deemed to be
fully supported with respect to TDS if the mean of all TDS sample concentrations
from that waterbody do not exceed thangemean standard prescribed in Appendix

F or site specific criteria promulgated in Appendix E of OAC 785:45 and no more
than 10% of the sample concentrations from that waterbody exceed the sample
standard prescribed in Appendix F or site specific crdggromulgated in Appendix

E of OAC 785:45.

The Agriculture beneficial use designated for a waterbody shall be deemed to be not
supported with respect to TDS if the mean of all TDS sample concentrations from
that waterbody exceeds the yearly metandard prescribed in Appendix F or site
specific criteria promulgated in Appendix E of OAC 785:45, or greater than 10% of
the sample concentrations from that waterbody exceed the sample standard
prescribed in Appendix F or site specific criteria promuéghin Appendix E of OAC
785:45 Provided, if the TDS sample concentrations are each less than 700 mg/L,
then the Agriculture beneficial use shall be deemed to be fully supported with respect
to TDS.

785:4615-3. Data Requirements
(d) Minimum number ofamples.

(1) StreamsExcept when (f) of this Section or any of subsections (e), (h), (i), (j), (k), (1),
or (m) of 785:4615-5 applies, a minimum of 20 samples shall be required to assess
beneficial use support due to field parameters including butimited to DO, pH
and temperature, and due to routine water quality constituents including but not
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2013 RuslCreek Watershed MinerdIMDLs Executive Summary

limited to coliform bacteria, dissolved solids, and salsalyses may be aggregated

to meet the 10 samples minimum requirements inwamable stream reackehat

are 25 miles or less in length, and in wadable stream reaches that are 10 miles or
less in length, if water quality conditions are similar at all sitBsovided, a
minimum of 10 samples shall not be necessary if the existing samples already assure
exceedance of the applicable percentage of a prescribed screening level

E.2 Pollutant Source Assessment

A pollutant source assessment characterizes known and suspected sources of pollutant
loading to impaired waterbodieSources within a watershed ar@egorized and quantified to
the extent thainformation is availableChlorides, sulfates and TDS mayiginatefrom point
sources such as industrial and municipal continuous dischargers, mines, CAFOs, or nonpoint
sources such as natural background geaifrom geologicdbrmations, roadway salts used for
deicing, agricultural irrigation, groundwater diversions, and abandoned or ienjy@apped
oil and gas wells.

A sodium/chloride a/Cl) ratio below 0.6 is indicative of a produced water/oilfield &rin
source The OklahomaCorporationCommissionfound this ratio in samples from the streams in
guestion except Murra@reek Unfortunately, before 1980 lax rules allowed produced water to
be held in unlinedor poorly linedopen pits prior to rnjection into the subsurface; even
further back evaporation in brine disposal pits (which seemingly made the high volumes of
saline water go away) and discharge to streasr®@ommon These practices haveot been
allowed for morethan 30 years. In &hstudyarea there are many historic areas of saline
polluted groundwater, which are now seeping into area streams.

Point sourceslischarge treated wastewater amnd permitted through tHéPDESprogram
Nonpoint sources are diffuse soes that typically cannot be identified as entering a waterbody
through a discrete conveyance at a single localibere are no active permitted municipal or
industrial point source facilities within the Study Area.

Nonpointsources maymanate frormatual sources otand activities that contributer
have historically contributednineralsto surface water as a result of rainfall runagf to
groundwater that later flows into surface wafEne potential nopoint sources for chlorides,
sulfatesor TDS considered in this repovtere

1 Background loads from local geologi¢atmations;
9 Agricultural irrigation;
i Salts from roadway deicing;
1 Groundvater;
1 Commercial soil farming sites;
1 Abandoned or improperly capped oil and gas wells
1 Historic oil and gas wellelated spill sites and drilling mud pits;
f Historic oilfield produced water/ brine fdev
1 Damaged and poorly maintained well casing and linearidergroundnjection wells.
e addaningTHDL Winersl THDL4Rush Creienl ratiush_Creek THDLRapor ahotaceex ST DRAFT
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2013 RuslCreek Watershed MinerdMDLs Executive Summary

For the TMDLs in this report, all sources of pollutant loading not regulated by NPDES
permitsare considered nonpoint sources

Nonpoint sources includdose sources that cannot be identified as entanvegerbody at
a specific locationMineralsmay originate frormaturalbackground loads from local geologic
conditions and groundwater flowsPossible anthropogenic sources rafnerals are septic
wastes, animal waste, fertilizer, agricultural irrigation return flows, road salting for deicing of
roadways, and produced watend drilling mudsfrom oilfield operationsPossible origins of
natural sources ahineralsare groundwater and sandstone and gypsum geologic TBDI&
can originate from natural sources (e.g. mineral springs, carbonate degaisitigposits) and
urban and agricultural runoff (Wilkes University 200ources of mineralsan originate
upstream at great distances or nearby the suwater sampling sites (Mashburn and Sughru
2003)

E.3 Using Load Duration Curves to Develop TMDLs

The TMDL calculations presented in this report are derived from load duration curves
(LDC). LDCs facilitate rapid development of TMDLs, and as a TMDL developmentcenol
help identifying whether impairments are associated with point or nonpoint sourbes
technical approach for using LDCs for TMDL development includeshtieefollowing steps:

1 Preparing flow duration curves for gaged and ungaged WQM stations;

1 Estimating existing loading in theraterbodyusing ambient water quality data; and
estimatingoading in thewvaterbodyusing measured water quality dadad

1 Using LDCs to identifyf there is a critical condition.

Use of the LDC obviates the need to determine a design storm or selected flow recurrence
interval with which to characterize the appriate flow level for the assessment of critical

conditonsFor water bodies I mpacted by both point a
critical conditiono would typically occur d
contribute the bulk of 8@ pol | ut ant | oad, whil e the HApoin

typically occur during low flows, wheWWTF effluents would dominate the base flow of the
impaired waterHowever, flow range is only a general indicator of the relative proportion of
point/nonpoint contributionslt is not used in this report to quantify point source or nonpoint
source contributions/iolations that occur during low flows may not be caused exclusively by
point sourcesViolationsduring low flowshave been noted in sometewsheds that contain no
point sources.

LDCs display the maximum allowable load over the complete range of flow conditions by
a line using the calculation of flow multiplied by a water quality criteridime TMDL can be
expressed as a continuous functodrlow, equal to the line, or as a discrete value derived from
a specific flow conditionThe basic steps to generating an LDC involve:

9 Obtainingdaily flow data for the site of interest from the USGS;
1 Sortingthe flow data and calculating flow exceedampercentiles

1 Obtainingthe water quality data;
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91 Displaying a curve on a plot that represents the allowable load determined by
multiplying the actual or estimated flow by the WQ@@meric criterionfor each
parameterand

1 Matchingthe water quality obsertians with the flow data from the same date and
determining the corresponding exceedance percentile.

Theculmination of these steps is expressed in the following formula, which is displayed on
the LDC as the TMDL curve:

TMDL (Ib/day) = WQS * flow (cfs) * nit conversion factor
Where: 170 mg/L for chloride or 958 mg/L for sulfate (single sample criteria)
unit conversion factor =5.39377

Historical observations afhloride or sulfateeoncentratios are paired with flow data and
are plottecbn theLDC for a stream

As noted earlier, runoff has a strong influence on loading of nonpoint pollitatrflows
do not always correspond directly to runoff; high flows may occur in dry weéaleer lake
release to provide water downstreaamd runoff influeme may be observed with low or
moderate flows.

E.4 TMDL Calculations

A TMDL is expressed as the sum of all WLAs (point source loads), LAs (nonpoint source
loads), and an appropriate MOS, which attempts to accounthérlack of knowledge
concerning the relationship betweaaollutant loadingand water quality.

This definition can be expressed by the following mathematical equation:
TMDL = WLA wwrr + WLA msa+ LA + MOS

The WLA isthe portion of theTMDL allocated to existing and futureomt sourcesThe
LA is the portion of the TMDL allocated to nonpoint sources, including natural background
sources The MOS is intended to ensure that WQSs will be .nketr chloride, TMDLs are
expressed in pounds (Ibs) per day which will represent thénmax oneday load the stream
can assimilate while still attaining the WQS.

The LDC approach recognizes that the assimilative capacityateabodydepends on the
flow, and that maximum allowable loading varies witbwfl condition Existing loadingand
load reductions required to meet the TMDL water quality target can also be calculated under
different flow conditionsThe difference between existing loading and the water quality target
is used to calculate the loading reductions requiP&iGs forchloride or sulfate are calculated
using two criteria: 1}hrough an iterative process of taking a series of percent reduction,values
applying each value uniformlio the concentrations of samples aretifying than no more
than 10%of the samples excedthe single sample WQS; and 2) calculating the required
reduction for the average of all the data to be at or below the yearly mean WQS. The PRG is
the greater of the two reduction$ was not possible to calculate a PRG for most of the
waterbodies in th&tudy Area because of the very small number of samples avaiGilskn
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the lack of monitoring data, the PRG could only be calculated for one of the waterbodies within
the Study Area: Rush CreekbK310810010090 10 For Rush Creek, a 30 reduction is
requred to meet the single sample WQS, while &ZX8duction is required to meet the yearly
mean WQS. Thus, the PRG for Rush Creek %.30

Since there are no NPDHfrmitted facilities or areas designated as MS4 within the
watersheds of the Study Area, the WIis zero for each impaired waterbodyhe LAs for
eachwaterbodies arealculated as the difference between the TMDL, MOS, and Z\4A
follows:

LA=TMDL 7 WLA wwrtr T WLA msaT MOS
Since the WLA for the Study Area is zero, the equation is reduced to:
LA =TMDL 7 MOS

Federal regulationg40CFR 8130.7(c)(1))require that TMDLsaccount forseasonal
variation in watershed conditions and pollutant loadiBgasonal variation for theineral
TMDLs established in this report was accounted for by using morefitteayears of water
guality data and by using the longest period of USGS flow records when estimating flows to
develop flow exceedance percentilégderal regulations (4OFR 8§130.7(c)(1)glso require
that TMDLs include a MOS. The MOS which can bemplicit or explicit, is a conservative
measure incorporated into the TMDL equation that accounts forattle of knowledge
associated with calculating the allowable pollutant loading to ens@8&s are attained~or
chlorideTMDLs, an explicit MOS was set at %)

The TMDL represersta continuum of desired load over all flow conditions, rather than
fixed at a single value, because loading capacity varies as a function of the flow present in the
stream The higher the flow is, the more wasteload the stream can handle without violating
water quality standardf®egardless of the magnitude of the WLA calculated in these TMDLSs,
future new discharges or increased load from existing discharges wilhbelered consistent
with the TMDL provided the NPDES permit requiresstneam criteria to be met

E.5 Reasonable Assurance

Reasonable assurance is required byaRA guidance for a TMDL to be approvable only
when a waterbody isnpaired by both point andorpoint sources and where a point source is
given a less stringent wasteload allocation based on an assumption that nonpoint source load
reductions will occurThe impairments to the waterbodies in this repoetnot be caused by
point sources Since here are nopoint source WLAs in this TMDL repqgrtreasonable
assurance does not apply.
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SECTION 1
INTRODUCTION

1.1 TMDL Program Background

Section 303(d) of the Clean Water AGWA) and U.S. Environmental Protection Agency
(EPA) Water Quality Planning and Management Regulations (40 Code of Federal Regulations
[CFR] Part 130) require states to develop total maximum daily loads (TMDL) for all
waterbodiesand pollutants identifiedy the Regional Administrator as suitable for TMDL
calculation Waterbodiesand pollutants identified on the approved 303(d) list as not meeting
designated uses where technoldiiged controls are in place will be given a higher priority for
development ofTMDLs. TMDLs establish the allowable loadings of pollutants or other
guantifiable parameters forwaaterbodybased on the relationship between pollution sources
andin-streamwater quality conditions, so states can implement water gimdggd controlsot
reduce pollution from point and nonpoint sour¢esluding pre-existing historic sources not
regulatedland restorand maintain water qualitfePA 1991).

This report documents the data and assessment used to establish TMBhbrides,
sulfates andotal dissolved solids (TDSpr selectedvaterbodies in th®ush Creek watershed
Data assessment and TMDL calculations are condunted¢cordance with requirements of
Section 303(d) of the CWA, Water Quality Planning and Management Regulatio@$-R40
Part 130), EPA guidance, and Oklahoma Department of Environmental QualiyQj
guidance and procedurd3EQ is required to submit all TMDLs t&PA for review Approved
303(d) listed waterbodpollutant pairs or surrogates TMDLs will received notificatidrthe
approval or disapproval actio@nce theEPA approves a TMDL, then the waterbody may be
moved to Category 4a of a stateds I ntegrated
where it remains until compliance with water quality standards (W&hieved EPA 2003)

The purpose of this TMDL report is to establish pollutant load allocationsiftgralsin
impaired waterbodies, which is the first step toward restoring water quality and protecting
public health TMDLs determine the pollutanbading a waterbody can assimilate without
exceeding the WQS for that pollutadfiMDLs also establish the pollutant load allocation
necessary to meet the WQS established for a waterbody based on the relationship between
pollutant sources anth-streamwate quality conditions A TMDL consists of a wasteload
allocation (WLA), load allocation (LA), and a margin of safety (MOBhe WLA is the
fraction of the total pollutant load apportioned to point sources, and includes stormwater
discharges regulated undbe National Pollutant Discharge Elimination System (NPDEBg
LA is the fraction of the total pollutant load apportioned to nonpoint sauM@&s can be
implicit and/or explicit An implicit MOS is achieved by using conservative assumptions in the
TMDL calculationsAn explicit MOS is a percentage of the TMDL set aside to account for the
lack of knowledgeassociated with natural process in aquatic systems, model assumptions, and
data limitations.

This report does not stipulate specific control actioagulatory controls) or management
measures (voluntary best management practices) necessary to tieelwissolved mineral
concentrationswithin each watershedWatersheespecific control actions and management
measures will be identified, selected, anlemented under a separate process involving
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stakeholders whdive and work in thewatersheds, along witlribes, and local, state, and
federal government agencies

This TMDL report focuses on waterbodies tBdQ placed in Category [303(d) list] of
the Water Quality in Oklahoma, 40 Integrated Report(2010 Integrated Report) for
nonsupport ofthe agriculture water supplypeneficial use The waterbodiesonsidered for
TMDL developmenin this report, which are presented upstream to downstiealagde

Murray Creek OK310810050040_00
West Cox City Creek OK310810050140_00
Cox City Creek OK310810050130_00

Rush Creek Tributary D

OK310810050110_00

Rush Creek Tributary E

OK310810050120_00

Rush Creek Tributary G

0OK310810010270_00

A=A |=a=a (2=

Rush Creek

OK310810010090_10

Figurel-1 showsthese Oklahoma waterbodiasd their contributingvatershed The map
also display locations of the water quality monitoring (WQM) stations used as the basis for
placement of these waterbodies on the Oklahoma 303(d)These waterbodies and their
surrounding watershsa@rehereinafter referred to as the Study Area.

Elevated levels of chloridsulfates, and TD&bove the WQ®umeric criteriaesult in the
requirement that a TMDL be developdthe TMDLs established in this report are a necessary
step in the process to develop the pollutant loading controls needed to restagedhkure
water supplyse designated for each waterbotigble1-1 provides dist anddescription dthe
locationsof WQM stations from which water quality data was obtained to conduct beneficial
use assessments. A station identification number was not assigned to the location which water
guality samples were collected from West Cox City Creek; therefore this watenasdgpot
listed in Table 11.

Table 1-1 Water Quality Monitoring Stations used for Assessment of Streams

Station 1D Waterbody Name and Station Location Waterbody ID
310810050040B Murray Creek OK310810050040_00
310810050040C Murray Creek OK310810050040_00
310810050130A Cox City Creek (Rush Trib) OK310810050130_00
310810050110A Rush Creek Tributary D OK310810050110_00
310810050110B Rush Creek Tributary D OK310810050110_00
310810050120B Rush Creek Tributary E 34-3N-5W OK310810050120_00

310810000000 Rush Creek Tributary G 22-3N-1W OK310810010270_00
310810010090E Rush Creek OK310810010090_10
310810010090B Rush Creek OK310810010090_10

OK310810-01-0090G Rush Creek OK310810010090_10
OK310810-05-0010D Rush Creek OK310810010090_10

When the study was done, the 2008 Integrated Report was used. However, there were no differences in
beneficial uses or impairments for thesatevbodies in the Rush Creek watershed between the 2008 and
2010 Integrated Report.

DRAFT
July 2013
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Figure 1-1Rush CreekWatersheds Not Supporting Agriculture Beneficial Use
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1.2  Watershed Description

General

The watershedsaddressed in the Study Area doeated in the southern
portion of OklahomaThe waterbodies addressed in this reflow through
portions ofGarvin, Grady and Stephens Counti€kese counties are part
of the Central Great Plains and Cross Timbers LBlvetoregions (Woods,
A.J, Omerik, J.M., et al 2005)The watersheds in the Study Area are
located in the Anadarko Basin geological provin@éthin the Anadarko
Basin geological provincéhe targeted watersheds in the Study Area are
part of the Central &Bed Plains and Western Sandstone Hills
geomorphic provinces (Goines and Goble 200&plel-2, derived from
the 2010 U.S. Census, demonstrates that the counties in which these
watersheds are located are sparsely populated (U.S. Census Butéau
The only city within the Rush Creek watershedK310810010090_10%
Pauls Valley, which is in Garvin County and has a population of
approximately 6,25QU.S. Census Bured&010).

Table 1-:2 County Population and Density

County Name

Population (2010 Census) Population Density (per square mile)

Garvin 27,576 34

Grady 52,431 47

Stephens 45,048 51
Climate:  Tablel-3 summarizes the average annual precipitation for each Oklahoma

waterbody derived from a geospatial layer developed to display annual
precipitation using data collectébm Oklahoma weather stations between
1971 through 20Q0The aerage annual precipitati (includes moisture
from snow) valueamong the watersheds in this portion of Oklahoaraye
between 35 and 3aches(NOAA 2002.

Table 1-3  Average Annual Precipitation by Watershed
Average Annual
Waterbody Name Waterbody ID Precipitation
(inches)
Murray Creek 0OK310810050040_00 35
West Cox City Creek 0OK310810050140_00 35
Cox City Creek OK310810050130_00 35
Rush Creek Tributary D OK310810050110 00 35
Rush Creek Tributary E OK310810050120_00 35
Rush Creek Tributary G 0OK310810010270_00 39
Rush Creek 0OK310810010090_10 39
\fletwgddatiplanning VDL Wineral TMDLSRush CreelFinal craftush_Creek_TMDLReport July2013 docx DRAFT
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Land Use Tablel-4 summarizes the percentages and acreages of the land use
categories for the contributing watershed associated with each respective
Oklahoma waterbody addressed in the Study Afba land use/land cover
data were derived from the U.S. Geological Survey (USGS) 2001 National
Land Cover Dataset (USGX07) The percentages provided in Tablel 1
are rounded so in some cases may not total exactl$108e land use
categories are displad in Figurel-2. The most dominant land use
category of the watersheds within the Study Area is grassl@sitsduous
forest is the second most dominant category for all watersheds, except
Murray Creek (OK310810050040 00) and West Cox City Creek
(OK310810050140_00) which have a high percentage of cultivated crops.
The aggregated total obw, medium, and high intensity developed land
accounts for less tha®¥3of the land use in each watersh&te watersheds
targeted for TMDL development in this Stuflyea range in size from 236
acres (Rush Creek tributary D, OK310810050110_00) to 29,702 acres
(Rush Creek, OK310800030010_00).

1.3 Stream Flow Conditions

Stream flow characteristics and data are key information when conducting water quality
assessments such aMDLs. The USGS operates flow gages throughout Oklahoma, from
which longterm stream flow records can be obtainddt all of the waterbodies in this Study
Area have historical flow data availabow data from the surrounding USGS gage stations
and theinstantaneous flow measurement datenwith water quality samples have been used
to estimate flows for ungaged streanithie water chemistry data results available for each
waterbody are provided iAppendix A A summary of the method used to projeciwt for
ungaged streams and flow exceedance percentiles from projected flow data are provided in
Appendix B.
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Figure 1-2

Land Use Map
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Table 1-4 Land UseSummariesby Watershed
Watershed
Landuse Categor . ) . . .
e Murray Creek West Cox City Creek Cox City Creek Rush Creek, Trib D Rush Creek, Trib E Rush Creek, Trib G Rush Creek
Waterbody ID 0OK310810050040_00 | OK310810050140 00 | OK310810050130 00 | OK310810050110 00 | OK310810050120 00 | OK310810010270_00 | OK310810010090 10
Percent of Open Water 212 0.00 1.39 0.00 0.66 0.74 0.68
percent of Developed, 2.67 4.16 2.40 0.66 2.37 6.04 6.45
Open Space
Percent of Developed, 0.01 1.39 0.20 0.56 0.45 0.76 1.93
Low Intensity
Percent of Developed, 0.00 0.79 0.04 0.00 031 0.00 0.42
Medium Intensity
Percent of Developed, 0.00 0.00 0.00 0.00 0.00 0.00 0.24
High Intensity
Percent of Barren Land
(Rock/Sand/Clay) 0.00 1.78 0.21 0.47 0.47 0.00 0.01
Percent of Deciduous 11.97 4.49 40.98 1957 24.75 17.91 15.03
Forest
Percent of Shrub/Scrub 0.01 0.00 0.00 0.00 0.00 0.00 0.00
Percent of 54.65 74.92 48.94 72.44 59.24 65.03 53.40
Grassland/Herbaceous
Percent of Pasture/Hay 0.24 0.00 0.00 0.00 3.23 8.05 7.75
E?;;C;m of Cultivated 28.30 12.48 5.85 6.30 8.52 1.48 14.10
Percent of Emergent
Herbaceous Wetlands 0.02 0.00 0.00 0.00 0.00 0.00 0.00
Acres Open Water 205 0 30 0 21 14 201
Acres Developed, Open
Space 258 14 52 2 75 117 1,915
Acres 'Developed, Low 1 5 4 1 14 15 573
Intensity
Acres Developed,
Medium Intensity 0 8 L 0 10 0 126
Acres 'Developed, High 0 0 0 0 0 0 71
Intensity
Acres Barren Land
(Rock/Sand/Clay) 0 6 4 1 15 0 2
Acres Deciduous Forest 1,157 15 886 46 780 347 4,463
Acres Shrub/Scrub 1 0 0 0 0 0 0
Acres
Grassland/Herbaceous 5,283 252 1,058 171 1,867 1,259 15,861
Acres Pasture/Hay 23 0 0 0 102 156 2,303
Acres Cultivated Crops 2,736 42 127 15 268 29 4,187
Acres Emergent
Herbaceous Wetlands 2 0 0 0 0 0 0
Total (Acres) 9,667 337 2,162 236 3,151 1,936 29,702
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Problem Identification and Water Quality Target

2.1

Title 785 of the Oklahoma dminista t i

SECTION 2
PROBLEM IDENTIFICATION AND WATER QUALITY TARGET

Oklahoma Water Quality Standards

vV e

Code

cont ai

ns

Standardsn Chapter 440WRB 2011 and implementation proceduresChapter 46 QWRB
20113. The Oklahoma Water Resources Boar@WRB) has statutory authority and
responsibility concerning establishment Stfate water quality standards, as provided under
82 Oklahoma Statute [O.S.], §1085.3this statute authorizes the OWRB to promulgate rules
€ which establish classifications of usesaatters of theState criteria to maintain and protect

such classifications, and other standards or policies pertaining to the quality of such.waters

Ok I

[O.S. 82:1085:30(A)]Beneficial uses are designated for all waters ofState Such uses are

protectedthrough restrictions imposed by the antidegradation policy statement, narrative water

quality criteria,and numerical criteria (OWRB011). An excerpt of the Oklahoma WQS (Title
785) summarizing the State of Oklahoma Antidggtion Policy is provided in ppendixC.
Table 21, an excerpt from th€010 Integrated ReportEQ 2010, lists beneficial uses

designated for each impaired stream in the Study.Aitea beneficial uses include:

1
1
1

AEST Aesthetics

AG 1 Agriculture Water Supply

Fish and Wildlife

Propgation

o WWAC i Warm Water Aquatic Community
FISHT Fish Consumption
PBCRi Primary Body Contact Recreation

Table 2-1 Designated Beneficial Uses for EacWaterbody in this Report

Waterbody ID Waterbody Name AES AG WWAC | FISH | PBCR
OK310810050040_00 Murray Creek I N I X X
0OK310810050140_00 West Cox City Creek I N I X X
OK310810050130_00 Cox City Creek I N I X X
OK310810050110_00 Rush Creek, Tributary D I N I X X
0OK310810050120_00 Rush Creek, Tributary E I N I X X
0OK310810010270_00 Rush Creek, Tributary G I N I X X
0OK310810010090_10 Rush Creek I N F X X

F = Fully Supporting; N = NoBupporting | = Insufficient Information; X = Not Assessed

Table2-2 summarizes thelissolvedmineral impairment status for streams the Study
Area The TMDL priority shown in Table 2 is directly related to th& MDL target dateThe

TMDLs established in this report, whiene a necessary step in the proads®stong water

quality, only addresdissolved solid impairmentkat affect theagriculturebeneficial use
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Problem Identification and Water Quality Target

Table 22  Excerpt from the 2010Integrated Reporti Oklahoma 303(d) List of

Impaired Waters (Category 5)

Designated
Stream TMDL . . _Use
Waterbody ID Name " Priority | Chloride | Sulfates | TDS | Agriculture
Miles Date
Water
Supply
0OK310810050040_00 | Murray Creek 6.66 2021 4 X X N
OK310810050130_00 | Cox City Creek 3.206 2021 4 X N
0OK310810050140_00 | West Cox City Creek 15 2021 4 X N
0OK310810050110_00 | Rush Creek Tributary D 0.71 2021 4 X N
0OK310810050120_00 | Rush Creek Tributary E 3.397 2021 4 X N
0OK310810010270_00 | Rush Creek Tributary G 4.034 2021 4 X N
OK310810010090_10 | Rush Creek 10.302 2021 4 X N

N = Not Attaining; X = Criterion Exceeded
Source: 2010Integrated ReporDEQ 2010

The definition ofagricultureis summarized by the following excerpt from Chagter
(785:455-13) of the Oklahoma WQS

785:455-13. Agriculture

(@) General. The surface waters of the State shall be maintained so that toxicity does not
inhibit continued ingestion by livestockiatigation of crops.

following meaning unless the context clearly indicates otherwise:

samples taken across at least twelve months.

Subcategories of the Agriculture beneficial use.

Definitions. The following words and terms, when used in this Section, shall thave

"Long term average concentration" means the arithmetic mean of at tea

"Short term average concentration” means the arithmetic mean of all samples taken
during any 3@day period.

The narrative and numericariteria stated or referenced in this section and in

Appendix F of this chapter are designed to maintain and protect the beneficial use
classification of "Agriculture!” This classification encompasses two subcategories

which are capable of sustaining diféat agricultural
subcategories are Irrigation Agriculture and Livestock Agriculture

applications These

Irrigation Agriculture means a subcategory of the Agriculture beneficial use

requiring water quality conditions that are dictated by individualpctolerances.

(b)
1)
)
()
(1)
(@)
©)

Livestock Agriculture is a subcategory of the Agriculture beneficial use requiring
much less stringent protection than crop irrigation.
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2013 RuslCreek Watershed MinerdIMDLs Problem Identification and Water Quality Target

(4) If a waterbody is designated in Appendix A of this Chapter with the Agriculture
beneficial usédout does not have a designation of a subcategory thereof, the criteria
for Irrigation Agriculture shall be applicable.

(d) Highly saline water Highly saline water should be used with best management practices
as outlined in "Diagnosis and ReclamationSdline Soils," United States Department of
Agriculture Handbook No. 60 (1958).

(e) General criteria for the protection of IrrigationAgriculture. This subsection prescribes
general criteria to protect the Irrigation Agriculture subcategdfpr chlorides, sulfates
and total dissolved solids at 180°C (see Standard Methods); the arithmetic mean of the
concentration of the samples taken for a year in a particular segment shall not exceed the
historical "yearly mean standard" determined from the ¢abl Appendix F of this
Chapter For permitting purposes, the long term average concentration shall not exceed
the yearly mean standarfearly mean standards shall be implemented by the permitting
authority using long term average flowand complete mirg of effluent and receiving
water. For permitting purposes, the short term average concentration shall not exceed the
sample standardSample standards shall be implemented by the permitting authority using
short term average flosand complete mixing affluent and receiving wateThe data
from sampling stations in each segment are averaged, and the mean chloride, sulfate, and
total dissolved solids at 180°C are presented in Appendix F of this Ch&sgment
averages shall be used unless more appabd@rdata are available.

() Historic concentrations The table in Appendix F of this Chapter contains statistical
values from historical water quality data of mineral constituelmscases where mineral
content varies within a segment, the most pertt data available should be used

(g) Criteria to protect Irrigation Agriculture subcategoryFor the purpose of protecting the
Irrigation Agriculture subcategory, neither long term average concentrations nor short
term average concentrations ofinerals shall be required to be less than 700 mg/L for
TDS, nor less than 250 mg/L for either chlorides or sulfates

To i mpl ement Ok | agricwturea ssOWRRB)@Bomtllgated Chapter 46,
| mpl ement ation of Ok | a h o(@VdRB20119/alheexcerpQhelw i t y S
from Chapter 46: 785:465-8, stipulates how water quality data will be assessed to determine
support of theagricultureuse as well as how the water quality target for TMDLs will be
defined for eacimineral

As stipulaed in the WQS both the arithmetic mean of all samples collecteahd the
percentage of samples exceeding the single sample staslkalfdbe used to assess the

® OWRB has proposed revising this |language to fiusing t
P a g e Regulatéry Oefault Flows for Implementing the Agriculture BeneficialdJsea t :
http://www.owrb.ok.gov/quality/standards/pdf_standards/2012DeterminationOfRegulatoryFlowsForimplementingThe AgricultuiaBisefidf

" OWRB has proposed revising this |anguage to fAusing
Page 3 b Rdqulatory Default Flows for Implementing the Agriculture BeneficialdJsea t :
http://www.owrb.ok.govduality/standards/pdf_standards/2012DeterminationOfRegulatoryFlowsForimplementingTheAgricultureBeneficialUse.pdf
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impairment status ahe agriculture use faa waterbody Therefore both the arithmeticmean
of the longterm averageand the single sample criterion for each water bwdlybe used to
develop TMDLs forchlorides, sulfates and TDS

785:4615-8. Assessment of Agriculture support

(@) ScopeThe provisions of this Section shall be used to deternvhether the beneficial use
of Agriculture designated in OAC 785:45 for a waterbody is supported.

(b)

General support tests for chlorides, sulfates and TDS.

1)

(@)

©)

(4)

()

The Agriculture beneficial use designated for a waterbody shall be deemed to be
fully supported with respect to chloride if the mean of all chloride sample
concentrations from that waterbody do not exceed the yearly mean standard
prescribed in Appendix F or site specific criteria promulgated in Appendix E of OAC
785:45 and no more than 10% tife sample concentrations from that waterbody
exceed the sample standard prescribed in Appendix F or site specific criteria
promulgated in Appendix E of OAC 785:45.

The Agriculture beneficial use designated for a waterbody shall be deemed to be not
suwpported with respect to chloride if the mean of all chloride sample concentrations
from that waterbody exceeds the yearly mean standard prescribed in Appendix F or
site specific criteria promulgated in Appendix E of OAC 785:45, or greater than 10%
of the ample concentrations from that waterbody exceed the sample standard
prescribed in Appendix F or site specific criteria promulgated in Appendix E of OAC
785:45. Provided, if the chloride sample concentrations are each less than 250 mg/L,
then the Agricultue beneficial use shall be deemed to be fully supported with respect
to chloride.

The Agriculture beneficial use designated for a waterbody shall be deemed to be
fully supported with respect to sulfate if the mean of all sulfate sample
concentrations rbm that waterbody do not exceed the yearly mean standard
prescribed in Appendix F or site specific criteria promulgated in Appendix E of OAC
785:45 and no more than 10% of the sample concentrations from that waterbody
exceed the sample standard prescriiedAppendix F or site specific criteria
promulgated in Appendix E of OAC 785:45.

The Agriculture beneficial use designated for a waterbody shall be deemed to be not
supported with respect to sulfate if the mean of all sulfate sample concentrations
from that waterbody exceeds the yearly mean standard prescribed in Appendix F or
site specific criteria promulgated in Appendix E of OAC 785:45, or greater than 10%
of the sample concentrations from that waterbody exceed the sample standard
prescribed in Apendix F or site specific criteria promulgated in Appendix E of OAC
785:45. Provided, if the sulfate sample concentrations are each less than 250 mg/L,
then the Agriculture beneficial use shall be deemed to be fully supported with respect
to sulfate.

The Agriculture beneficial use designated for a waterbody shall be deemed to be
fully supported with respect to TDS if the mean of all TDS sample concentrations
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from that waterbody do not exceed the yearly mean standard prescribed in Appendix
F or site speific criteria promulgated in Appendix E of OAC 785:45 and no more
than 10% of the sample concentrations from that waterbody exceed the sample
standard prescribed in Appendix F or site specific criteria promulgated in Appendix
E of OAC 785:45.

(6) The Agrculture beneficial use designated for a waterbody shall be deemed to be not
supported with respect to TDS if the mean of all TDS sample concentrations from
that waterbody exceeds the yearly mean standard prescribed in Appendix F or site
specific criteriapromulgated in Appendix E of OAC 785:45, or greater than 10% of
the sample concentrations from that waterbody exceed the sample standard
prescribed in Appendix F or site specific criteria promulgated in Appendix E of OAC
785:45 Provided, if the TDS sampl®ncentrations are each less than 700 mg/L,
then the Agriculture beneficial use shall be deemed to be fully supported with respect
to TDS.

785:4615-3. Data Requirements
(d) Minimum number of samples.

2.2

(1) Streams. Except when (f) of this Section or@mgubsections (e), (h), (i), (j), (k), (D,
or (m) of 785:4615-5 applies, a minimum of 20 samples shall be required to assess
beneficial use support due to field parameters including but not limited to DO, pH
and temperature, and due to routine water lgyaconstituents including but not
limited to coliform bacteria, dissolved solids, and salts. Analyses may be aggregated
to meet the 10 samples minimum requirements inwadable stream reaches that
are 25 miles or less in length, and in wadable streaaches that are 10 miles or
less in length, if water quality conditions are similar at all sites. Provided, a
minimum of 10 samples shall not be necessary if the existing samples already assure
exceedance of the applicable percentage of a prescribed swdenel.

Problem Identification
In this subsection water quality data summarizing waterbody impairments caused by

elevated levels othlorides, sulfates and TD&e summarizedTable 23 summarizesall
availablewater quality data collected from tNéQM stations identified in Table-1 between
1997 and 2010 The data summary in Table2provides a understanding of thémited
amount of water quality data available aad evaluation of thexceedances of the water
guality criteria This data was usetb determine if a TMDL is necessary for the specific
waterbody/pollutant combinations that were originally identifiedtDEQ 20108303(d) list
(DEQ 2010 within the Study AreaWithin the Study Area, fiveof the waterbodies dve
elevated levels othloride for which TMDLs will be requiredWater quality data used to
prepare Table-3 are provided in Appendix A

Further investigation of thehloridesdata used t@riginally list Rush Creek Tributary D
(OK310810050110 0Gpund that these samples weactually taken from a tnitbary to Rush
Creek Tributary EThereforesince there isi0 water quality data collected directly from Rush
Creek Tributary D n@MDL is requiredfor this waterbodyAdditionally, nowaterquality data
was available for TDS irMurray Creek (OK31080050040 00); therefore no TMDIs
requiredfor this pollutant
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2.2.1 Chlorides

Given the small amount of chloride data available from the waterbodies in the Study
Area, no seasonal pollutant concentration pattern can be disc€osygbaringchloride
concentrations to stream flow and precipitation can help identify if there is seasonal
variation in pollutant loading, howevehis typeof data analysis was not performed on the
waterbodies in the Study Area because of the limited availatde dat

Despite the dearth of water quality and flow data, some general inferences can be
made about minerals and their effect on water qualitye highest concentrations of
mineralsusually occur during relatively low flow periods and high flow periods Wgual
have low concentrationsThis pattern is consistent with the assumption ttfaonic
nonpoint source loads being transported under dry conditionthergrimary source for
mineralsin the Study AreaBecause high flow periods usually have loancentréons of
minerals storm runoff from the watershed does not appear ta bwjorcause of water
guality standards violations for chloride, sulfate, or TDS.

2.2.2 Sulfates

TMDLs for sulfatesfor Murray Creek (OK310810050040 00) akidest Cox City
Creek(OK310810050140_0Qjre not requiredNo seasonal pattern is discernible from the
limited number of sulfate samples available for Murray Creek (OK310810050040 00) and
West Cox City CreeKOK310810050140_00)A comparison of sulfate concentrations to
streamflow and precipitation was not conducted for eitberekgiven the small amount of
sulfate samples available

2.2.3 Total Dissolved Solids

No TDS datawere available for Murray Creek (OK310810050040_00), therefore a
TDS TMDL will not be perbrmed for Murray @eek.

2.3  Water Quality Target s

The Code of Federal Regulations @FR A130. 7(c) (1)) states t
established at levels necessary to attain and maintain the applicable narrative and numerical
wat er qual iBagh inditidaah wlater gdadity target established for chloride, sulfate
or TDS must demonstrate compliance with the both the-terrg numeric and shoetérm
numeric criteria prescribed in Oklahoma WQS Chapter 45 (7845 (OWRB 2011).
TMDLs for chloride, sulfates, and TD$h streams designated with an agriculture use must
maintain both the yearly mean standard and no more thitarofithe samples may exceed the
single sample standard prescribed in Chapter 45 anthé6water quality targets for chlorisle
sulfates and TDS summarized in Tabld 2re derived from Chaptds Appendix F of the
Oklahoma WQSThese criteria are used whene or more samples in each data set for each
pollutant exceed the default criteria in 250, 250, and 700 mg/L for chlsufates, and TDS
respectfully, as defined in OAC 785:8513(g) The allowablanineralload is derived by using
the actual or estimated flow record niplied by the water quality targefhe line drawn
through the water quality targésingle sample stalard)for any given flow represents the
maximum load that still satisfies the WQS.
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Table 223 Summary of Minerals Samples, 19972010

Lonag-term Number of | % Samples
Aritr?metic Samples Exceeding
Waterbody . Data Period of Number of Exceeding Single AG
Waterbody ID Indicator Mean " Notes
Name Record Samples C . Single Sample Use
oncentration | =0
(mg/L)* S_am_p e Criterion
Criterion** (NS>10%)
Sulfates 2/28/02 - 8/12/02 3 368 0 0 FS TMDL not required
OK310810050040_00 | Murray Creek Insufficient number
TDS -- -- -- -- -- -- of samples; TMDL
not required
0OK310810050130_00 gfé‘e(li'ty Chlorides | 12/14/05 - 02/8/06 2 513 2 100 NS TMDL required
- Chlorides | 2/12/07 - 4/16/07 892 100 NS TMDL required
OK310810050140_00 | WWest Cox City - s
Creek Sulfates 2/12/07 - 4/16/07 169 0 FS TMDL not required
TMDL not required;
Lack of data;
Rush Creek . samples used for
0OK310810050110_00 Tributary D Chlorides 2/18/97 - 2/6/98 0 -- 0 0 X 2010 assessment
were collected from
adjacent watershed
Rush Creek . .
0OK310810050120_00 Tributary E Chlorides | 10/11/05 - 8/29/06 3 222 2 67 NS TMDL required
OK310810010270_00 | Rush Creek Chlorides | 8/29/05 - 3/12/07 4 304 2 50 NS TMDL required
Tributary G
OK310810010090_10 | Rush Creek Chlorides 8/24/04 - 3/2/10 31 132 14 45 NS TMDL required

NS = Not SupportingFS = FullSupport;X = Not Assessed
* Yearly meanwater quality dteria: Chlorides =127 mg/l; Sulfates ¥55mg/l; TDS = 3008 mg/I
** Single sample wateruglity criteria: Chlorides =170mg/l; Sulfates 958 mg/l; TDS = 4409 mg/I

8 West Cox City Creek was not listed on the 303(d) list for sulfates. But sincathglesfor chloridesand sulfates wereollected at the same timne
sulfatedatawas also examined to make sure st Cox City Creek was still supporting lisneficialuse for Agriculture. Sinc#/est Cox City Creek

was found to not be impaired for sulfatéds still fully supporting its Agriculture benefia use
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2.4  Water Qualit y Target s

The Code of Federal Regulations @FR A130. 7(c) (1)) states
established at levels necessary to attain and maintain the applicable narrative and numerical
wat er qual iBEaghindividaalinwatarrquility. target estadhed forchloride, sulfate
or TDS must demonstrate compliance with theth the longerm numericand shorterm
numeric criteria prescribed in Oklahoma WQShapter 45(785:455-13) (OWRB 201).
TMDLs for chloride, sulfates, and TD$ streams designatedith an agriculture usenust
maintainboth the yearly mean standaaddno more than 0% of the samples may exceed the
singlesample standard prescribedGhapter 45 and 4@he water quality targefor chlorides,
sulfatesand TDS smmarized in Table -2 are derived fromChapte5 Appendix Fof the
Oklahoma WQSThese criteria are used whene or more samples in each data set for each
pollutant exceed the default criteria in 250, 250, and 700 mg/L for chlsudfates, and TDS
respectfully, as defined i©@AC 785:455-13(g) The allowablamineralload is derived by using
the actual or estimated flow record niplied by the water quality targeThe line drawn
through the water quality targésingle sample standardjr any given flow represents the
maximum load that still satisfies the WQS.

Table 2-4 Water Quality Criteria (Chapter 45)

Chloride (mg/L) Sulfate (mg/L) TDS at 180°C (mg/L)
WQ Segment
(Sub-watershed) Vel Sample el Sample VEELLY Sample
AL Standard LIS Standard sl Standard
Standard Standard Standard
310810 127 170" 755" 958" 3008" 4409"

Source: OWRB 2011 Oklahoma Water Resources Board.
1 =Chapterd5, Appendix F
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SECTION 3
POLLUTANT SOURCE ASSESSMENT

A pollutant source assessment characterizes known and suspected sources of pollutant
loading to impaired waterbodieSources within a watershed are categorized and quantified to
the extent thainformation is availableChlorides, sulfatesand TDS mayoriginatefrom point
sources such asdustrial and municipal continuous dischargers, mines, CABOspnpoint
sources such agtural background sources from geological conditiovesiway salts used for
deicing, agricultural irrigation, groundwater diversions, and abandoned or improperly capped
oil and gas wells

Point sourceslischarge treated wastewater amnd permitted through tHéPDESprogram
Nonpoint sources are diffusewsoes that typically cannot be identified as entering a waterbody
through a discrete conveyance at a single locallonpointsources magmanate fronrmatural
sources ofland activities that contributer have historically contributed minerals surface
water as a result of rainfall runpfr to groundwater that later flows into surface watére
potential nopoint source®f chlorides, sulfatesand TDSconsideredn this reportinclude

1 Underlyinglocal geologicaformaionsand its effect on groundwater
Agricultural irrigation;
Salts from roadway deicing;
Commercial soil farming sites;
Abandoned or improperly capped oil and gas wells
Historic oil and gas well related spill sites and drilling mud pits;
Hist oric oil field produced water/ brine fAeva
Damaged and poorly maintaid well casing and lines fondergroundnjection wells.

=4 =4 =4 4 -4 4 9

For the TMDLs in this report, all sources of pollutant loading not regulated by NPDES
permitsare considered nonpoint sourcd$ie following discussion describes what is known
regarding point andnonpoint sources of chlorides, sulfateend TDS in theimpaired
watersheds

3.1  Continuous Point Source Dischargers  (NPDES-Permitted Facilities )

Under 40CFR, 8122.2, a point source is described assaernible confined, and discrete
conveyance from which pollutants are or may be discharged to surface.vNBDES
permitted facilities classified as point sources that may contrbimteralsinclude:

1 NPDES municipal wastewater treatméility (WWTF);

1 NPDES ndustrial WWTF,

1 NPDES Concentrated Animal Feeding Operation (CARQG
)l

NPDESregulated stormwateatischarge [MS4 (Municipal separate storm sewer system
permits,Industrialmulti-sector general permits, afnstructiorgeneral permiis

Continuous point source discharges sucimasicipal or industriaWWTFs, could result
in discharge of elevated concentrationsloforides Sodium chloride is a common constituent
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in sewage, and any appreciable pollution is marked by an increagdonde Stormwater

runoff from MS4 areas, which is now regulated under EffA NPDES Program, can also
containdissolved mineratoncentrations40 C.F.R. 8§ 130.2(h) requires that NPDEgulated
stormwater discharges must be addressed by the wasteload allocation component of.a TMDL
CAFOs are recognized ByPA as significant sawes of pollution, and may have the potential

to cause serious impacts to water quality if not properly managed.

3.1.1 NPDES Municipal Wastewater Treatment Facility (WWTF)
There are nactive permitted municipgloint source facilities within the Study Area

3.1.2 NPDES Industrial WWTF
There are nactive permitted industrigdoint source facilities within the Study Area

3.1.3 Concentrated Animal Feeding Operations

The Agricultural Environmental Management Services (AEMS) of the Oklahoma
Department of Agriculture, Foodnd Forestry (ODAFF) was created to help develop,
coordinate, and oversee environmental policies and programs aimed at protecting the
Oklahoma environment from pollutants associated with agricultural animals and their
waste. Through regulations establish®d the Oklahoma Concentrated Animal Feeding
Operation (CAFO) Act, Swine Feeding Operation (SFO) Act and Poultry Feeding
Operation (PFO) Registration ACT, AEMS works with producers and concerned citizens to
ensure that animal waste does not impact the wafdahe State.

A CAFO is an animal feeding operation that confines and feeds at leastahj@ti
units for 45days or more in a tthonth period (ODAFR012). The CAFO Act is designed
to protect water quality through the use of best management prd&Me9 such as dikes,
berms, terraces, ditches, or other similar structures used to isolate animal waste from
outside surface drainage, except for ay2ar, 24hour rainfall event (ODAFR012).
CAFOs are considered +tbischarge facilities for the purposétbe TMDL calculations in
this report.

CAFOs are designated by EPA as significant sources of pollution and may have the
potential to cause serious impacts to water quality if not managed properly (ODAFF 2012).
CAFOs can contribute chlorides which are fdun animal waste. There are no CAFOs
located in the Study Area.

Poultry feeding operations not licensed under the Oklahoma Concentrated Animal
Feeding Operation Act must register with the State Board of Agriculture. A registered PFO
is an animal feedingperation which raises poultry and generates more than 10 tons of
poultry waste (litter) per year. PFOs are required to develop an Animal Waste Management
Plan or an equivalent document such as a Nutrient Management Plan. These plans describe
how litter will be stored and applied properly in order to protect water quality of streams
and lakes located in the watershed. Applicable BMPs shall be included in thd irtae.
are no PFOs located in the Study Area.
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3.1.4 NPDES Municipal Separate Storm Sewer System
Phase | MS4

In 199Q the EPA developed rules establishing Phasé the NPDES Stormwater
Programwhich wasdesigned to prevent harmful pollutants from being washed by
stormwater runoff into MS4s (or from being dumped directly into the MS4) and then
discharged into local water bodie€€PA2005) Phasd of the program required
operators of medium and large MS4s (those generally serving populations of
100,0000r greater) to implement a stormwater management program as a means to
control polluted dischargeé&pproved stormwater management programs for medium
and large MS4s are required to address a variety of water guediitgd issues,
including roadway runoff management, munictpalned operationsand hazardous
waste treatment. The National StormwateralQu Database (NSQD) summarizes
concentrations for a number of pollutants of concern in stormwater runoff from around
the country (Pitt et. al. 2008). Based on data summarized in the NSQD, median
chloride concentrations for runoff from urban land uses(uercial, industrial, open
space, and residential) were all below 10 mg/L (Pitt et. al. 2008). In the NSQD median
effluent TDS concentrations in stormwater from urban land uses ranged from 61 to 119
mg/L. There are no Phase | MS4 permitighin the watersbeds addressed the Study
Area

Phase Il MS4

Phasdl of the rule extends coverage of the NPDES stormwater program to certain
small MS4s Small MS4s are defined as any MS4 that is not a medium or large MS4
covered by Phadeof the NPDES Stormwater Pragn Phasdl requires operators of
regulated small MS4s to obtain NPDES permits and develop a stormwater
management prograrRrograms are designed to reduce discharges of pollutants to the
Amaxi mum extent practi cabl e, @roppateovaterc t wa t
quality requirements of the CW/Amall MS4 stormwater programs must address the
following minimum control measures:

9 Public Education and Outreach;

Public Participation/Involvement;

lllicit Discharge Detection and Elimination;
Construction §e Runoff Control,
PostConstruction Runoff Control; and
Pollution Prevention/Good Housekeeping.

= =4 =4 4 2

The small MS4 General Permit for communities in Oklahoma became effective on
February 8, 2005. DEQ providegormation on the current status the MS4 progam
onits website which can be found at:
http://www.deqg.state.ok.us/WQDnew/stormwater/ms4/

There are no Phase Il MS4s permits in the Study Area.
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3.2 Nonpoint Sources

The following sectionprovides general information on nonpoint sources contributing
chlorides, sulfates and TDS loading within the watersheds of the StudyMmepoint sources
includethose sources that cannot be identified as enteringterbody at a specific location
Nonpoint sources of imeralsfrom natural sourcescludesurface water runoff, soilgedrock,
and groundwaterPossible anthropogenic sources of minerals are septic wastes, animal waste,
fertilizer, agricultural irrigation runoff, road salting for deicing kfadways, and various
oilfield operations (e.g. mud pits, produced water, soil farming, injection disposal wells). Based
on data from the NSQD presented in subsection 3.Ldoffr from urban areass not
considered ttea significant source afminerals.

3.2.1 Natural Background Loads

The Rush SpringsStudy Areamostly consists ofgrasslandsind aciduous forest
Rain falling onto and througisoils alluvium deposits,bedrock outcroppingge.g.
sandstone, siltstoneshalg, is a ratural source ofminerals as it flows into the
watershed Sulfate is dissolved from many rocks and seilespeciallyfrom large
guantitiesof gypsumand beds of shal€hloride and TDS is present in surface water
runoff, being dissolved fromocks or from natural salt deposits.

The Rush Springs hydrologic basin which consists of the PeraganRush
Springs and Marlow Formians of the White Horse group geologic formations which
are exposed at the surfac€his hydrologic basin is in western Oklahoma, and
encompasses parts of Blaine, Caddo, Canadian, Comanche, Custer, Dewey, Ellis,
Grady, Harper, Kiowa, Major, Stephens, Washita, Woods, and Woodward counties
(Osborn and Hardy 1999)The Rush SpringsAquifer includes the Rush Springs
Formation which is massive, fingrained, poorlycemented sandstone with some
interbeddd dolomite, gypsum, shalalluvial and terrace deposits along major streams
The Marlow Formationis in the eastern part of thé\quifer boundary areaand is
composed of interbedded sandstones, siltstones, mudstonesmgypsydrite, and
dolomite (OSDH1983; Beckermand Runkle1998) The parts of the Marlow Formation
that have high permeability and porosity are where the Marlow Formation is included as
part of the Rush Springsquifer (Becker 1997).

The Rush SpringAquifer underlies about 2,400 square miles in veesitral
Oklahoma whkre the Aquifer is used predominantly for agricultural water supply
(Mashburn and Beckef012) The Rush Springs sandstone contains very large
guantities of groundwater in storagad the topography of the surface and the texture
of the sandstone are faable for rechargeMost of the communities overlying the
Aquifer rely either solely or partly on groundwater from tAguifer. The Rush Springs
Aquifer is also an important source of water for industrial, municipal, and domestic use
(Becker 1997) Figures 31a and Figure 3b display thegeneral boundaries of the
groundwater aquifers in the Study Ardéerennial streamflow occurs in many creeks
overlying the Rush Spring&quifer and originate from springs and seeps discharging
from the Rush Spring8quifer. Therefore groundwater quality in the Study Area has a
direct impact on surface water quality
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All groundwater contains minerals dissolved from rocks and soils through which
aquifers have come in contact. The quality of dissolved mineralgranndwater
primarily depends on the type of rock or soil through which the water has passed, the
length of time of contact, and the pressure and temperature conditions (Norman 1955).
Many aquifers in western Oklama have high concentrations rwdturally occurring
mineralsbecause ofarious saltleposits irthe Permianagerock formations

Chloride comes fromgroundwater in direct contaetith halite (NaCl) Chloride
concentrations in groundwater influence surface water quality either through
groundwater/surface water interaction or by transporting groundwater to the land or
receiving streams through human activities. In some groundwater, sodium chloride is
the principal chemical constituent and occurs in such high concentrations that it makes
the water unsuitable for most industrial, agricultural, and/or domestic uses. The residue
left over from the evaporation of watewnsists primarily of mineral

Sulfates come fromgroundwater in direct contaetith gypsum (CaS04*2H20)
Gypsum is a very soluble mineral and can lead to very high sulfate concentrations when
dissolved in groungater Gypsum deposits in adjoining geologic units and within the
Rush SpringsAquifer can result in very high sulfate caentrations (Mashburn and
Becker2012)

Saline waterqsuch as those with chloride and sulfattsim adjoining Permian
bedrock aquifers can migrate into portions of alluvial aquifSedinity also increases
with depth in most bedrock aquifers from brines that are present in underlying geologic
units (OWRB 2011).

Table 31 provides a limited data set of groundwater quality samples collected from
water wells in the vicinity of the Rush Creek watersh&de date range fothis
groundwater dataollected by OWRBwas from June 1984 to August 19%2gures 3-
la and Figure 3b displaythe location of thesix wells near the Study Area used to
characterize theoncentrations of chlorides, sulfates and TiD§roundwater. While all
six wells are not located directly in the watersheds of the Study Area, the data results do
provide a gneral characterization of the groundwater quality in the drea.TDS
content in a water sample is often used as a general indicator of water quality. Although
OWRSB considers groundwater with dissolved solid concentrations less than 5,000 mg/L
(milligrams per liter) to bdresh water is not considered desirable for drinking if the
quantity of minerals exceeds 500 mg/L (OWRB 2011Db).

The concentration of TD$ groundwaterbased on OWRB well sampling data
ranged from 1,504 ppm to 377 ppm,; averaging 78&.pphe chloride content of
groundwateibased on OWRB well sampling datnged from 110 ppm to less than 10
ppm; averaging 56 mg/LThe sulfate concentrations in groundwatangel from 841
ppm to less than 20 ppm; averaging pin
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