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EXECUTIVE SUMMARY

ES-1 OVERVIEW

This report documents the data and assessomadto establish TMDLsfor the pathogen
indicator bacteriagscherichiacoli (E. coli), Enterococdi and turbidityfor certainwaterbodies

in the Lower NeoshoRiver basin Elevated levels of pathogen indicatobacteria in aquatic
environments indicatéhat a waterbodyis contaminated with human or aninfates andhat a
potentialhealth risk exists for individuals exposed to the wdievated turbidity levels caused

by excessive sediment loading and stream bank erosion impact aquatic communities. Data
assessment antal maximum daily loadTIMDL) calculations are conductad accordance

with requirements of Section 303(d) of lGkan Water ActGQWA), Water Quality Planning and
Management Regulations (GFR Part 130)U.S. Environmental Protection AgendizPA)
guidance, an®klahoma Department of Environmental Qua{iEQ) guidance and procedures

DEQ is required to submit all TMDLs t&PA for review. Approved 303(d) listed waterbody
pollutant pairs p surrogates TMDLs will receivaotification of the approval or disapproval
action.Once theEPA approves a TMDL, then thgatertody may be moved to Category 4a of a
stateds I ntegrated Water Quality Monitoring
compliance with water quality standar(WQS) is achievedPA 2003.

The purpose of this TMDL report is &stablishpollutantload allocationgor indicator bacteria

and turbidity in impaired waterbodies, which is the first step toward restoring water quality and
protecting public healthTMDLs determine the pollutant loadingveaterbodycan assimilate
without exceeding the WQSoif that pollutant TMDLs also establish the pollutant load
allocation necessary to meet the WQS established foatarbodybased on the relationship
between pollutant sources amatstreamwater quality conditionsA TMDL consists of a
wasteload allocatio (WLA), load allocationLA), and a margin of safety (MOSJhe 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 (NPDES) as
point sourcesThe LA is the fraction of the total pollutant load apportioned to nonpoint sources
MOS can be implicit and/or explicifThe implicit MOS is achieved by using conservative
assumptions in the TMDL calculatiansn explicit MOS is a percentagof the TMDL set aside

to account for théack of knowledgeassociated with natural process in aquatic systems, model
assumptions, and data limitations.

This report doesiot stipulate specific control actions (regulatory controls) or management
measuregvoluntary best management practices) necessary to reduce bacteria or turbidity within
each watershedVatersheespecific control actions and management measures will be identified,
selected, and implemented under a separate process

ES -2 PROBLEM IDENTIFICATION AND WATER QUALITY TARGET

This TMDL report focuses on waterbodies in tteever NeoshRiver Basin identified in Table
ES1, thatDEQ placed in Category [303(d) list] of the Water Quality in Oklahoma2010
Integrated Report(aka 2010 Integrated Reportfor nonsupport of primary body contact
recreation (PBCR)warm water aquatic community (WWAQ) cool water aquatic community
(CWAQC).

Elevated levels of bacteria or turbidity above the Wi@€essitates the development of a TMDL
The TMDLs established irhis report are a necessary step in the process to develop the pollutant
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loading controlsneededto restore thé®?BCR or fish and wildlife propagatiobeneficial uses
designated for eachaterbody

TableES2 summarizes water quality data collected dumnignary contact recreation season
from the vater quality monitoringWQM) stationsbetween2000 and 201C(for each bacterial
indicator The data summary in Table ESprovides a general understanding of the amount of
water quality data available and theseséty of exceedances of the water quality critefihis
datacollected during the primary contact recreation season includes theseat#o support the
decision to placespecific waterbodieswithin the Study Area on the DEQ 20BD3(d) list
(DEQ2010). It also includes the new date collected after the data cutoff date for the 2010 303(d)
list.

ES-2.1 Chapter 45: Definition of PBCR and Bacterial WQSs

The definition of PBCR and the bacterial WQSs for PBCR are summarized by the
following excerpt from Chaptet5 of the Oklahoma WQSs.

(@). Primary Body Contact Recreation involves direct body contact with the water
where a possibility of ingestion exists these cases the water shall not contain
chemical, physical or biological substances in concentrations thatratating
to skin or sense organs or are toxic or cause illness upon ingestion by human
beings.

(b). In waters designated for Primary Body Contact Recreation...limits...shall apply
only during the recreation period of May 1 to September 30. The criteria for
Seondary Body Contact Recreation will apply during the remainder of the year.

(c). Compliance with 785:45-16 shall be based upon meeting the requirements of
one of the options specified in (1) or (2) of this subsection (c) for bacteria. Upon
selection of one {lgroup or test method, said method shall be used exclusively
over the time period prescribed therefore. Provided, where concurrent data exist
for multiple bacterial indicators on the same waterbody or waterbody segment, no
criteria exceedances shall bdabed for any indicator group.

(1) Escherichia coli (E. coli): The E. coli geometric mean criterion is 126/100 ml.
For swimming advisory and permitting purposes, E. coli shall not exceed a
monthly geometric mean of 126/100 ml based upon a minimum of not less
than five (5) samples collected over a period of not more than thirty (30) days.
For swimming advisory and permitting purposes, no sample shall exceed a
75% onesided confidence level of 235/100 ml in lakes and high use
waterbodies and the 90% osaled cofidence level of 406/100 ml in all
other Primary Body Contact Recreation beneficial use areas. These values
are based upon all samples collected over the recreation period. For purposes
of sections 303(d) and 305(b) of the federal Clean Water Act as adyende
beneficial use support status shall be assessed using only the geometric mean
criterion of 126/100 milliliters compared to the geometric mean of all samples
collected over the recreation period.
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Table ES -1 Excerpt from the 2010 Integrated Report i Oklahoma 303(d) List of Impaired Waters (Category 5)

Designated Designated
Waterbody ID Waterbody Name S';c/lrielzggn Té\gtjeL Priority Buosdeypcgiom?;?:/t Turbidity USV?/ZY;rm
Recreation Aquatic Life
OK121600020030_10 Saline Creek 28 2012 1 X N
0OK121600020070_00 Little Saline Creek 11 2012 1 X N
I 0OK121600030445_10 Honey Creek 5 2018 3 X X N I
OK121600050150_00 Spavinaw Creek 15 2015 2 X N
OK121600050160_00 Beaty Creek 12 2015 2 X N
0OK121600050180_00 Cloud Creek 13 2021 4 X N
I OK121610000050_10 Pryor Creek 5 2018 3 X X N I
I 0OK121610000090_00 Pryor Creek 2 2021 4 X N X N I

ENT = Enterococci; N = Not attaining; X = Criterion exceeded Source: 2010 Integrated Report, DEQ 2010.

Table ES - 2 Summary of Indicator Bacterial Samples from Primary Body Contact Recreation Season, 2000-2010

Geometric Mean
Concentration
(count/100 ml)

Number of

Indicator
samples

Waterbody ID Waterbody Name
Saline Creek

Little Saline Creek

OK121600020030_10
0OK121600020070_00

TMDL Required
TMDL Required
Delist: Geomean below criterion
TMDL Required
TMDL Required

0OK121600030445_10 Honey Creek

0OK121600050150_00

Spavinaw Creek

0OK121600050160_00

Beaty Creek

TMDL Required

0OK121600050180_00

Cloud Creek

TMDL Required

OK121610000050_10

TMDL Required

Pryor Creek

TMDL Required

0OK121610000090_00

Pryor Creek

E. coli (EC) water quality criterion = Geometric Mean of 126 counts/100 mL

Enterococci (ENT) water quality criterion = Geometric Mean of 33 counts/100 mL

Delist: this segment is SBCR

ES3
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(2) Enterococci: The Enterococci geometric mean criterion is 33/100 ml. For
swimming advisonand permitting purposes, Enterococci shall not exceed a
monthly geometric mean of 33/100 ml based upon a minimum of not less than
five (5) samples collected over a period of not more than thirty (30) days. For
swimming advisory and permitting purposes,sample shall exceed a 75%
onesided confidence level of 61/100 ml in lakes and high use waterbodies and
the 90% onesided confidence level of 108/100 ml in all other Primary Body
Contact Recreation beneficial use areas. These values are based upon all
sanples collected over the recreation period. For purposes of sections 303(d)
and 305(b) of the federal Clean Water Act as amended, beneficial use support
status shall be assessed using only the geometric mean criterion of 33/100
milliliters compared to the gpmetric mean of all samples collected over the
recreation period.

ES-2.2 Chapter 46: Implementation of OWQS for PBCR

To implement Ok I a h oW@S6 ®r PBCR, OWRB promulgated Chapter 46,

| mpl ement ation of Ok | ah o(@WRB2013&Rn The exce@u a | i t
below from Chapter 467185:4615-6, stipulates how water quality data will be assessed

to determine support of the PBCR use as well as how the water quality target for TMDLs

will be defined for each bacterial indicator.

(@). Scope
The provisions of this Séen shall be used to determine whether the subcategory
of Primary Body Contact of the beneficial use of Recreation designated in OAC
785:45 for a waterbody is supported during the recreation season from May 1
through September 30 each yedWhere data est for multiple bacterial
indicators on the same waterbody or waterbody segment, the determination of use
support shall be based upon the use and application of all applicable tests and
data.

(b).  Escherichia coli E. coli).

(1) The Primary Body Contact Recreatiosubcategory designated for a
waterbody shall be deemed to be fully supported with respé&ctcoli if the
geometric mean of 126 colonies per 100 ml is met. These values are based
upon all samples collected over the recreation period in accordance with
OAC 785:4615-3(c).

(2) The Primary Body Contact Recreation subcategory designated for a
waterbody shall be deemed to be not supported with respé&ctdoli if the
geometric mean of 126 colonies per 100 ml is not met. These values are based
upon all samplexollected over the recreation period in accordance with
OAC 785:4615-3(c).

(c). Enterococci.

(1) The Primary Body Contact Recreation subcategory designated for a
waterbody shall be deemed to be fully supported with respect to Enterococci if
the geometric meanf 83 colonies per 100 ml is met. These values are based
upon all samples collected over the recreation period in accordance with
OAC 785:4615-3(c).
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(2) The Primary Body Contact Recreation subcategory designated for a
waterbody shall be deemed to be not sufgabwith respect to Enterococci if
the geometric mean of 33 colonies per 100 ml is not met. These values are
based upon all samples collected over the recreation period in accordance
with OAC 785:4615-3(c).

Where concurrent data exist for multiple baieieindicators on the same waterbody, each
indicator group must demonstrate compliance with the nemenieria prescribed
(OWRB2013.

As stipulated in the WQ3nly the geometric mean of all samples collected over the
recreation period shall be usea dssess the impairment status of a stream. Therefore,
only the geometric mean criteria is used to develop TMDL<£faroli and Enterococci
bacterial indicators.

It is worth noting that the Oklahoma Water Quality Standards (OWQS) prior to July 1,
2011 comains three bacterial indicators (fecal colifor,coli and Enterococci) and the
new OWQS effective on July 1, 2011 contains dalyoliand Enterococci. Because the
new OWQS no longer have a standard for fecal coliform, fecal coliform TMDLs will not
be developed for any stream in this report listed for fecal coliform impairment in the
2010 303(d) list. Bacterial TMDLs will be developed only Eorcoli and/or Enterococci
impaired streams.

ES-2.3 Chapter 45: Criteria for Turbidity

The beneficial use of WWA®r CWAC is one of several subcategories of the Fish and
Wildlife Propagation use established to manage the variety of communities of fish and
shellfish throughout the state (OWRB 201The numeric criteria for turbidity to

mai ntain and preoeheandt Wel dbef ef PiAédpEHgati on
(M (7) is as follows:

(A)  Turbidity from other than natural sources shall be restricted to not exceed the
following numerical limits:

i.  Cool Water Aquatic Community/Trout Fisheries: 10 NTUs;
ii. Lakes: 25 NTWand
iii.  Other surface waters: 50 NTUSs.

(B) In waters where background turbidity exceeds these values, turbidity from point
sources will be restricted to not exceed ambient levels.

(C)  Numerical criteria listed in (A) of this paragraph apply only to seakbaae flow
conditions.

(D) Elevated turbidity levels may be expected during, and for several days after, a
runoff event.
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ES-2.4 Chapter 46: Implementation of OWQS for Fish and Wildlife

Propagation

Chapter 46] mp|l ement ati on of Okl ah o (@WBB2013gdat e r
describeOk | a h o ma 6 Fishva@dSVildlife Propagatiorhe excerpt below from
Chapter 46: 785:485-5, stipulates how water quality data will be assessed to determine
support offish and wildlife propagatioras well as how the water qitgl target for
TMDLs will be defined forturbidity.

Assessment of Fish and Wildlife Propagation support

(@)

(e).

Scope The provisions of this Section shall be used to determine whether the
beneficial use of Fish and Wildlife Propagation or any subcategory thereo
designated in OAC 785:45 for a waterbody is supported.

Turbidity. The criteria for turbidity stated in 785:45-12(f)(7) shall constitute the
screening levels for turbidityThe tests for use support shall follow the default
protocol in 785:4615-4(b).

785:4615-4. Default protocols

(b).

Short term average numerical parameters.

(1) Short term average numerical parameters are based upon exposure periods of
less than seven dayShort term average parameters to which this Section
applies include, but are not limdeo, sample standards and turbidity.

(2) A beneficial use shall be deemed to be fully supported for a given parameter
whose criterion is based upon a short term average if 10% or less of the
samples for that parameter exceeds the applicable screening legeriped
in this Subchapter.

(3) A beneficial use shall be deemed to be fully supported but threatened if the use
is supported currently but the appropriate state environmental agency
determines that available data indicate that during the next five yearssthe
may become not supported due to anticipated sources or adverse trends of
pollution not prevented or controlled. If data from the preceding two year
period indicate a trend away from impairment, the appropriate agency shall
remove the threatened status.

(4) A beneficial use shall be deemed to be not supported for a given parameter
whose criterion is based upon a short term average if at least 10% of the
samples for that parameter exceed the applicable screening level prescribed
in this Subchapter.

Turbidity is a measure of water clarity and is caused by suspended patrticles in the water
column. Because turbidity cannot be expressed as a massttiat suspended solids
(TS are useds a surrogattor the TMDLSs in this report. Therefore, both turbidity and
TSS data are presented.

TableES3 summarizesa subset ofvater quality data collectefibr turbidity and TSS
under base flow conditions, which DEQ considers to be all flows less than'ito@s
exceedance percentile (i.e., the lower 75% of flows). Watklity samples collected
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under flow conditiongyreaterthan the 2% flow exceedance percentile (highest flows)
were therefore excluded from the data set used for TMDL analysis.

TMDLs for turbidity in streams designated WANVAC must take into account ah no

more than 1% of the samples may exceed the numeric criterion afeghelometric
turbidity units (NTU). However, as described aboveechuse turbidity cannot be
expressed as a mass load, TiSSisedas a surrogaten this TMDL. Since there is no
numeric criterion in the Oklahoma WQS for TSS, a regression method to convert the
turbidity criterionto TSS based on a relatginp between turbidity and TS®Bas used to
establish TSS goals as surrogatéable ES4 provides the results of the waterbody
spedfic regression analysis.

Table ES -3 Summary of Turbidity and TSS Samples Collected During Base
Flow Conditions, 1999-2011

Number of Nl9Et of % samples Average

turbidity | SAMPIeS o ceeding  Turbidity

greater than e
CEIES 50 NTU criterion (NTU)

OK121610000090_00 |Pryor Creek| 15 5 33% 42 Usilpi
Required

Table ES - 4 Regression Statistics and TSS Goals

Assessment
Results

Waterbody
Name

Waterbody ID

TSS Goal

b

Waterbody ID ‘ Waterbody Name R-square | NRMSE

OK121610000090_00 Pryor Creek 0.569 10.7% 46 15%

After re-evaluatingbacterialand turbidity/TSS datéor the streams listed in Table HS
bacterial impairments for E. coli on Honey Creek and Pryor Creek
(OK121610000090_QQare recommendefbr delisting Therefore ndacterialTMDL is
requiredfor Pryor Creek (OK121610000090_ Q0 Table ES5 shows thebacterialand
turbidity TMDLs that will bedevelopedn this report

Table ES - 5 Stream Segments and Pollutants for TMDL Development

Waterbody Stream

Waterbody ID HUC 8 codes Name Miles

Priority

0OK121600020030_10 11070209 Saline Creek 28
OK121600020070_00 11070209 Little Saline Creek 11
0OK121600030445 10 11070206 Honey Creek 5
0OK121600050150 00 11070209 Spavinaw Creek 15
0OK121600050160_00 11070209 Beaty Creek 12
0OK121600050180_00 11070209 Cloud Creek 13
0OK121610000050_10 11070209 Pryor Creek
0OK121610000090_00 11070209 Pryor Creek

AW AN W|F|PF
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ES -3 POLLUTANT SOURCE ASSESSMENT

A pollutantsource assessment characterizes known and suspected sources of pollutant loading to
impaired waterbodiesSources within a watershed are categorized and quantifiee textent

that information is availabld3acteria originate from warfhlooded animalandsources may be

point or nonpoint in natureTurbidity may originate fromNPDESpermitted facilities, fields,
construction sites, quarries, stormwater runoff and egostiream banks.

Point sources are permitted through tREDES program NPDESpermitted facilities that
discharge treatedanitarywastewaterand are required to monitofecal coliform under the

current permits will be required to monit&: coli when thé& permits comeup for renewal

These facilities are also required to monit&Sin accordance witkheir permis.

Nonpoint sources are diffuse sources that typically cannot be identified as entering a waterbody
through a discrete conveyance at a sirlgtation Nonpointsources maymanate fromand
activities that contribute bacter@ TSSto surface water as a result of rainfall rundéfr the

TMDLs in this report, all sources of pollutant loading not regulated by NPpEE&iits are
considered nonpot sourcesSedimentloading of streams can originate from natural erosion
processes, including the weathering of soil, rocks, and uncultivated land; geological abrasion;
and other natural phenomena. There is insufficient data available to quantify woogbof

TSS from these natural processes

TSS or sediment loading can also occur underrmooff conditions as a result of anthropogenic
activities in riparian corridors which cause erosive conditi@ngen the lack of data to establish

the backgroundconditions for TSS/turbidity, separating background loading from nonpoint
sources whether it is from natural or anthropogenic processes is not feasible in this TMDL
development. Tabl&S-6 summarizes the point and nonpoint sources that contribute bamteria
TSS toeach respectivevaterbody
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Table ES - 6 Summary of Potential Pollutant Sources by Category

Municipal | Industrial NI_DDES \[o] _ Construction  Multi-Sector Nonpoint

Waterbody ID Waterbody Name NPDI_ES NP[_)I_ES MS4 Dlscha_lrge CAFO Mines Stormwater Gener_al Source

Facility Facility Facility Permit Permit
Saline Creek 0K121600020030_10 Bacteria
I Little Saline Creek | OK121600020070_00 Bacteria I

Honey Creek 0OK121600030445_10 Bacteria
Spavinaw Creek OK121600050150_00 Bacteria
Beaty Creek 0OK121600050160_00 Bacteria
Cloud Creek 0OK121600050180_00 Bacteria
Pryor Creek OK121610000050_10 Bacteria
Pryor Creek 0K121610000090_00 Turbidity

Facility present in watershed and potential as contributing pollutant source.
Facility present in watershed, but not recognized as pollutant source.
No facility present in watershed.
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ES -4 UsING LoAD DURATION CURVES TO DEVELOP TMDLS

The TMDL calculations presented in this report arev@erifrom load duration curves (LDC)
LDCs facilitate rapid development of TMDLs, and as a TMDL developmentcamolprovide
some information fordentifying whether impairments are associated with point or nonpoint
sources The efficiency and simplicity othe LDC method should not be considered as bad
descriptors of this powerful tool for displaying the changing water quality over changing flows
that provides information as to the sources of the pollutant that is not apparent in the raw data
The LDC has dditional valuable uses in the paRVIDL implementation phase of the restoration

of the water quality for a segmeRtotting future monitoring information on the LDC will show
trends of improvement to sources that will identify areas for revision toetfreent restoration
plan The low cost of the LDC method allows the development of TMDL plans on more
segments and the evaluation of the implementation of WLAs and BMPs on more sediments.
technical approach for using LDCs for TMDL development includeddahowing steps:

B Prepardlow duration curves for gaged and ungaged WQM stations

B Estimateexisting loading in the waterbody using ambient bacteria water quality data

B Estimateloading in the waterbody using measured TSS water quality data and turbidity
converted data

B UselLDCs to identify the critical condition that will dictate loading reductions and the
overall percent reduction goal (PRG) necessary to attain WQS.

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

conditonsFor waterbodies i mpacted by both point a
critical conditiono would t ypiidadl lrunoff wauld c u r d
contribute the bulk of the pollutant | oad, !

typically occur during low flows, whewastewater treatmefacility (WWTF) effluents would
dominate the base flow of the impaired wakéowe\er, flow range is only a general indicator of
the relative proportion opoint/nonpoint contributionsViolations have been notashder low
flow conditionsin some watersheds that contain no point sources.

LDCs display the maximum allowable load over tbenplete range of flow conditions by a line
using the calculation of flow multiplied by a water quality criteridrhe TMDL can be
expressed as a continuous function of flow, equal to the line, or as a discrete value derived from
a specific flow condition
The following are the basic steps in developing an LDC:

B Obtain daily flow data for the site of interest from tHeS. Geological SurvefSGS,

or if unavailable, projected from a nearby USGS. site
B Satthe flow data and calculateow exceedance percelas

B Obtainthe water quality data from the primary contact recreation season (Mayubhr
September 30)

B Obtainavailable turbidity and TSS water quality data
B Matchthe water quality observations with the flow data from the same date
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B Display a curve @ a plot that represents the allowable lakterminedoy multiplying
the actual or estimated flow by the WQS for each respdotieterialindicator.

B Displaya curve on a plot that represents the allowable load determined by multiplying
the actual or eshated flow by the W@, for TSS

B For bacterial TMDLSs, display and differentiat@nother curve derived by plotting the
geometric mean of all existingacterialsamples continuously along the full spectrum of
flow exceedance percentiles which represdrsbserved load in the stream

B Forturbidity TMDLSs, match the water quality observations with the flow data from the
same date and determirthe corresponding exceedance percentittot the flow
exceedance percentiles and daily load obsemnsiima loadiuration plot §ection 5)

ES-4.1 Bacterial LDC

For bacterial TMDLs the culmination of these steps is expressed in the following
formula, which is displayed on the LDC as the TMDL curve:

TMDL (cfu/day) = WQS * flow (cfs) * unit conversion factor
Where: WQS = 12@fu/100 mL (E. coli); or 33 cfu/100 mL (Enterococci)

unit conversion factor = 24,465,525

ES-4.2 TSSLDC

For turbidity (TSS)TMDLs the culmination of these steps is expressed in the following
formula, which is displayed on the LDC as the TMDL curve:

TMDL (Ib/day) = WQgoa * flow (cfs) * unit conversion factor

where: WQyoa = Waterbody specific TSS concentration derived from regression
analysis results presented in Tablel5

unit conversion factor = 5.39377

ES-4.3 LDC Summary

Historical observations of bacteria wereotped as a separate LD®ased on the
geometric mean of all sampleglistorical observations of TSS and/or turbidity
concentrations are paired with flow data and are plaitetheLDC for a streamlt is

noted that the LDCdor bacteria were based on theognetric mean standards or
geometric mean of all samplels is inappropriate to compare single sampéeterial
observations to a geometric mean water quality criterion in the LDC; therefore individual
bacterialsamples are not plotted on the LDCs

ES -5 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 accounthiiack of knowledgeoncerning the
relationship betweepollutant loadingand water quality.

This definition can be expressed by the following equation:
TMDL = WLA _wwrr + WLA pssa+ LA + MOS
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ES-5.1 Bacterial PRG

For each waterbody the TMDLs presented in this report are expresseldms forming
units per dayacross the full range of flow conditianSor information purpose, percent
reductions are also provided@he difference between existing loading and the water
quality target is used to calculate the loading reductions reqéioedbacteria, the PRG is
calculated by reducing all samples by the sareegntage until the geomean of the
reduced sample values meets the corresporzhintgrialgeomean standard (126 cfu/100
ml for E. coliand 33 cfu/100 ml for Enterococanith 10% of MOS. For turbidity, the
PRG is the load reduction that ensures that neertian 19 of thesamplesunder flow
base conditionsxceed the TMDL

TableES 7 presents the percent reductions necessary for each bacterial indicator causing
nonsupport of the PBCR use in each waterbody of the Study AneaPRGs for the
waterbodies mguiring bacterial TMDLs range from% for E. coli and 37% to 83% for
Enterococci.

Table ES - 7 Percent Reductions Required to Meet Water Quality Standards for
Indicator Bacteria

I Required Reduction Rate I
Waterbody Name Waterbody ID

EC ENT
Saline Creek 0OK121600020030_10 - 48%
Little Saline Creek 0OK121600020070_00 - 65%
Honey Creek OK121600030445_10 - 74%

| spavinaw Creek | 0K121600050150_00 : 37% |
Beaty Creek 0OK121600050160_00 - 67%
Cloud Creek 0OK121600050180_00 - 59%
Pryor Creek 0OK121610000050_10 4% 83%

ES-5.2 TSS PRG

Similarly, PRGs for TSS are calculated as the required overall reduction so that no more
than 106 of the samples exceed the water quality target for TSS. The PRG for the
waterbod requiring turbidityTMDL in thisreportis summarized in TablES-8.
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Table ES - 8 TMDL Percent Reductions Required to Meet Water Quality Targets
for Total Suspended Solids

Waterbody ID | Waterbody Name | Required Reduction Rate

OK121610000090_00 Pryor Creek 56%

ES-53 MOS

The TMDL, WLA, LA, and MOS vary with flow condition, and are calculated at every
5™ flow interval percentileThe WLA component of each TMDL is the sum of all WLAs
within eachcontributing watershed he LA can then be calculated as follows:

LA=TMDL T MOS-x WL A

Federal regulations (40FR 8130.7(c)(1)) require that TMDLs includea MOS and
account for seasonal variabilitfthe MOS which can beimplicit or explicit, is a
conservative measure incorporated into the TMDL equation that accounts facklof
knowledgeassociated with calculating the allowable pollutant loading to ensure WQSs
are attained

ForbacterialTMDLs, anexplicit MOSwas set at 1%.

For turbidity, the TMDLs are calculated for TSS instead of turbidity. Thus, the quality of
the regression has a direct impact on confidence of the TMDL calculafibadetter the
regression is, the more confidence there is in the TMDL targeta result, it leads to a
smallerMOS. The selection of MOS is based on thermalized root mean sq@aerror
(NRMSE) for each waterbod{Table ES4).

ES-5.4 PBCR Season

The bacterialTMDLs established in this report adhere to the seasonal application of the
Oklahoma WQS which limits the PBCR use to the period of Mayhrough
SeptembeB0". Similarly, the TS TMDLs established in this report adhere to the
seasonal application of the Oklahoma WQS for turbidity, which applies to seasceal
flow conditions only Seasonal variation was also accounted for in these TMDLSs by using
more tharfive years of water cality data andy using the longest period of USGS flow
records when estimating flows to develop flow exceedance percentiles.

ES -6 REASONABLE ASSURANCE

Reasonable assuraniserequired by theEPA rulesfor a TMDL to be approvable only when a
waterbody ismpaired by both point and npoint sourceandwhere a point source is given a
less stringenWLA based on an assumption that nonpoint source load reductions will tccur
such a case, il s0e at slovpoiatisdéurceNBS lead reduntions will acially
occur must be demonstrated this report, all point source discharges either already have or will
be givendischargdimitations less than or equal to thwater quality standard numerical criteria
This ensures that the impairmewfsthe waterbodis in this report will not be caused by point
sources Since the point source WLAs in this TMDL report are not dependent on NPS load
reduction, reasonable assurance does not apply.
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ES -7 PUBLIC PARTICIPATION

The publichad a 4&day opportunityto review thedrat TMDL report andsubmit written
comments Onepublic commentvas received, and the response to that public comment can be
found in Appendix FNo changes were made to this final TMDL report or its 208 Factsisest
result of that commenfThere was noequest for gublic meeting The written commenthat
wasreceived during the public notice period &®e a part of the record ofithTMDL report.

The final TMDL was submittetb EPA for final approval.
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SECTION 1 INTRODUCTION

1.1 TMDL PROGRAM BACKGROUND

Section 3034) of the Clean Water Act (CWA) 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 segments
and pollutants identified by the Regional Administrator as suitable for TMDL calculation.
Segments and pollutants identified on the approved 303(d) list as not meeting designated uses
where technologyased controls are in place will be given a higher pyidat development of
TMDLs. TMDLs establish the allowable loadings of pollutants or other quantifiable parameters
for a waterbody based on the relationship between pollution sourcés-sineamwater quality
conditions, so states can implement water igrlased controls to reduce pollution from point

and nonpoint sources and restore and maintain water quaf#y1991).

This report documents the data and assessomgdto establish TMDLsfor the pathogen
indicator bacteridEscherichiacoli (E. coli), Enterococdi and turbidityfor selectedvaterbodies

in the Lower NeoshdRiver basin (All future references to bacteria in this document imply these
two fecal pathogen indicatdvacterialgroupsunless specifically stated otherwiseBlevated

levels of pathogen indicatobacteria in aquatic environments indicdtet a waterbodyis
contaminated with human or aninfakes andhat a potential health risk exists for individuals
exposed to the wateElevated turbidity levels caused by excessive sedimedinigand stream

bank erosion impact aquatiological communities. [@ta assessment and TMDL calculations
are conductedh accordance with requirements of Section 303(d) of the CWA, Water Quality
Planning and Management Regulations ¢#&R Part 130),EPA guidance, andOklahoma
Department of Environmental QualifpEQ) guidance and procedureBEQ is required to
submit all TMDLs toEPA for review Approved 303(d) listed waterboghollutant pairs or
surrogates TMDLs will received notification of the approwaldisapproval actianOnce the
EPAapproves a TMDL, then theaterbodynay be moved to Category 4a
Water Quality Monitoring and Assessment Report, where it remains until compliance with water
quality standads (WQS) is achievedPA 2003.

The purpose of this TMDL report is &stablishpollutant load allocationfor indicator bacteria

and turbidityin impaired waterbodies, which is the first step toward restoring water quality and
protecting public healthTMDLs determine the paltant loading avaterbodycan assimilate
without exceeding the WQS for that pollutafitMDLs also establish the pollutant load
allocation necessary to meet the WQS established foatarbodybased on the relationship
between pollutant sources amatstrean water quality conditionsA TMDL consists of a
wasteload allocation (WLA), load allocation (LA), and a margin of safety (MDI& WLA is

the fraction of the total pollutant load apportioned to point sources, and includes stormwater
discharges regulataghder the National Pollutant Discharge Elimination System (NPDH®)

LA is the fraction of the total pollutant load apportioned to nonpoint SouMEs can be
implicit and/or explicit.An implicit MOS is achieved by using conservative assumptions in the
TMDL calculations.An 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 doesot stipulate specific control acis (regulatory controls) or management
measures (voluntary best management practices) necessary to reduce dyatttdridity within
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each watershe®Vatersheespecific control actions and management measures will be identified,
selected, and implementedder a separate process involving stakeholdersliwdand work in
the watersheds, along withbes,andlocal, state, and federal governmagencies

This TMDL report focuses on waterbodies tidEQ placed in Categor§y [303(d) list] of the
Water Quality in Oklahoma, 2010 IntegratedReport (aka 2010 IntegratedReport) for
nonsupport of pmary body contact ecreation (PBCR)or Fish and Wildlife Propagation
beneficial usesThe waterbodiesonsidered for TMDL developmeim this report, which are
presented upstream to downstreantjude

Table 1-1 Lower Neosho Watershed Waterbodies and Waterbody ID Numbers

Waterbody Name

Waterbody Identification Number

Saline Creek OK121600020030_10
I Little Saline Creek OK121600020070_00
I Honey Creek OK121600030445_10
] Spavinaw Creek OK121600050150 00

Beaty Creek

0OK121600050160_00

Cloud Creek 0OK121600050180_00
Pryor Creek OK121610000050_10
Pryor Creek 0OK121610000090_00

Figurel-1 shows these Oklahoma waterbodiasd theircontributing watershedd' hesemags
alo displaylocations of the water quality monitoring (WQM) stations used as the basis for

placement of these waterbodies

on the Oklahoma 303(d)Thetse waterbodies and their

surrounding watersheds are ¢ieafter referred to as the Study Area.

Elevated levels of pathogen indicator bacteria or turbidity above the WQS numeric criterion
result in the requirement that a TMDL be developgdte TMDLs established in this report are a
necessary step in the procdsesdevelop the pollutanibading controlsneededto restore the
PBCRor fish and wildlife propagationse designated for eawhaterbody Table1-2 provides a
description of the locations of WQM stations on the 308¢&t@d waterbodies

Table 1-2 Water Quality Monitoring Stations used for Assessment of Streams

Station ID

Waterbody Name

WBID

0OK121600-02-0030D

Saline Creek

0OK121600020030_10

OK121600-02-0070F

Little Saline Creek

0OK121600020070_00

OK121600-03-0445Y

Honey Creek: Upper

OK121600-03-0445L

Honey Creek: Lower

0OK121600030445_10

OK121600-05-0150G

Spavinaw Creek

0OK121600050150_00

OK121600-05-0160G

Beaty Creek: Lower

OK121600-05-0160F

Beaty Creek: Upper

0OK121600050160_00

OK121600-05-0180C

Cloud Creek: Downstream

OK121600-05-0180G

Cloud Creek: Upstream

0OK121600050180_00

OK121610-00-0050D

Pryor Creek: HWY 20

OK121610-00-0050M

Pryor Creek: HWY 69

OK121610000050_10

OK121610-00-0090N

Pryor Creek

OK121610000090_00
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1.2 WATERSHED DESCRIPTION
1.2.1 General

The Lower NeoshoRiver basinis located in thaortheastermportion of OklahomaThe
majority of the waterbodies addressed in tieigort are locateth Delaware and Mayes
Countieswith a very small portion located in Rogers Couritliese counties are part of
the Ozark Highlands andCentral Irregular Plains Level Il eceegions (Woods, A.J,
Omerik, J.M., et al 2005)The watersheds in the Study Area are located inCthark
Uplift and Cherokee Platform geological provisc&ablel-3, derived from the 2010
U.S. Census, demonstrates that the counties in which these wdtesie located are
mostly sparsely populated, except fbtayes County, which is densely populated
compared to the othe(t).S. Census Bured010) Table 14 lists the towns and cities
located in each watershed

Table 1-3 County Population and Density

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

County Name

Delaware 41,633 56
Mayes 87,706 130
Rogers 41,389 63

Table 1-4 Towns and Cities by Watershed

Waterbody Name Waterbody ID Municipalities

Spavinaw

Saline Creek 0OK121600020030_10 Hoot Owl
Oaks
Salina

Locust Grove

Little Saline Creek | OK121600020070_00

Grove

Honey Creek 0OK121600030445_10 Jay

Jay

Spavinaw Creek 0OK121600050150_00
Colcord

Jay

Beaty Creek OK121600050160_00
Colcord

Colcord
Siloam Springs, Kansas

Cloud Creek 0OK121600050180_00

Pryor Creek
Pryor Creek 0OK121610000050_10 Sportsmen Acres
Chouteau

Pryor Creek
Adair
Hoot Owl
Salina

Pryor Creek OK121610000090_00
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1.2.2 Climate

Tablel1-5 summarizes the average annual precipitation for each Oklahoma waterbody
derived from a geospatial layer developed to display annual precipitation using data
collected from Oklahoma weather stations between 1971 through 208ge annual
precipitation @lues among theatershed this portion of Oklahoma randeetweent2
and71inches QklahomaClimatological Survey 2005

Table 1-5 Average Annual Precipitation by Watershed

Waterbody Name Waterbody ID Average Annual Precipitation (inches)

Saline Creek 0OK121600020030
Little Saline Creek 0K121600020070

Honey Creek 0K121600030445
Spavinaw Creek 0OK121600050150
Beaty Creek 0K121600050160
Cloud Creek 0K121600050180
Pryor Creek 0OK121610000050
Pryor Creek 0OK121610000090

1.2.3 Land Use

Table1l-6 summarizs the percentagesind acreagesf the land use categories for the
contributing watershed associated with each respective Oklahoma watedarégsed
in the StudyArea The land use/land cover data were derived from the U.S. Geological
Survey (USGS) 2001 National Land Cover Dataset (U3@%) The percentages
provided in Table %6 are rounded so in some cases may not total exacti.ID@e land
use categories ardisplayed in Figurd-2. The most dominant land useategory
throughout thd_.ower NeoshdRiver Study Areds pasture/hayThreeof the watersheds
in the Study Area have a significant percentage of land use classifiedidsoudorest
including  Saline Creek  (©K121600020030_ 230 Little  Saline Creek
(OK121600020070_Q0 and Cloud Creek (OK121600050180_Q0 The watersheds
targeted for TMDL development in this Study Area range in size fsob70 acres
(Honey Creek, OK121600030445 10 to 52,610 acres $aline QCeek
0OK121600020030_10

1.3 STREAM FLOW CONDITIONS

Stream flow characteristics and data are key information when conducting water quality
assessments such as TMDI&e USGS operates flow gages throughout Oklahdraen which
long-term stream flow records gabe obtainedAt various WQM stationsadditional flow
measurementare available which wereollected at the same timeacteria, total suspended
solids (TSS) anturbidity water quality samples were collectébt all of thewaterbodies in this
Study Areahave historical flow data availabl&low data from the surrounding USGS gage
stations and the instantaneous floveasurementlatatakenwith water quality samples have
been used testimateflows for ungaged streamBlow data collected at the time of teaquality
sampling are included in Appendix A along with correspondvager chemistryataresults A
summary of the method used to project flows for ungaged streams and flow exceedance
percentiles from projected flow data are provided in Appendix B.
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Landuse Category

Table 1-6 Land Use Summaries by Watershed

Watershed

Saline Creek

Little Saline Creek

Honey Creek

Spavinaw Creek

Beaty Creek

Cloud Creek

Pryor Creek

Pryor Creek

Waterbody ID

0OK121600020030_10

0OK121600020070_00

0OK121600030445_10

OK121600050150_00

0OK121600050160_00

0OK121600050180_00

OK121610000050_10

OK121610000090_00

Open Water

696

29

121

150

83

13

631

85

Medium Intensity Residential

157

46

150

56

64

1,114

High Intensity Residential

5

0

8

1

4

269

Bare Rock/Sand/Clay

34

0

43

12

4

0

Deciduous Forest

32,516

8,848

Evergreen Forest

493

5

Mixed Forest

64

39

0

Shrubland

732

4

0

Grasslands/Herbaceous

3,070

305

Pasture/Hay

12,656

15,230

Cultivated Crops

50

67

354

94

Urban/Recreational Grasses

2,028

1,005

Woody Wetlands

108

0

5

28

17

1

0

Emergent Herbaceous Wetlands

0

0

0

0

0

0

3

Total (Acres)

52,610

15,272

5,070

34,240

26,228

15,981

51,453

18,878

Open Water

1.32%

0.19%

2.38%

0.44%

0.32%

0.08%

1.23%

0.45%

Medium Intensity Residential

0.30%

0.30%

0.43%

0.44%

0.21%

0.40%

2.17%

0.49%

High Intensity Residential

0.01%

0.00%

0.04%

0.02%

0.00%

0.02%

0.52%

0.06%

Bare Rock/Sand/Clay

0.06%

0.00%

0.03%

0.12%

0.05%

0.03%

0.00%

0.00%

Deciduous Forest

61.81%

51.91%

24.06%

37.78%

34.22%

42.46%

17.20%

15.03%

Evergreen Forest

0.94%

1.32%

0.02%

0.59%

0.56%

3.47%

0.01%

0.00%

Mixed Forest

0.12%

0.08%

0.06%

0.14%

0.15%

0.85%

0.00%

0.00%

Shrubland

1.39%

2.14%

0.00%

0.01%

0.02%

0.93%

0.00%

0.00%

Grasslands/Herbaceous

5.84%

5.51%

0.33%

1.04%

1.16%

4.94%

13.84%

11.47%

Pasture/Hay

24.06%

35.33%

68.25%

54.39%

58.07%

41.67%

53.77%

60.80%

Cultivated Crops

0.09%

0.44%

0.15%

0.56%

1.35%

0.59%

5.20%

6.68%

Urban/Recreational Grasses

3.85%

2.78%

4.15%

4.39%

3.83%

4.55%

6.07%

5.01%

Woody Wetlands

0.21%

0.00%

0.10%

0.08%

0.07%

0.01%

0.00%

0.00%

Emergent Herbaceous Wetlands

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

0.01%

0.01%

Total Percentage:

100.00%

100.00%

100.00%

100.00%

100.00%

100.00%

100.00%

100.00%
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Figure 1-2 Land Use Map
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