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Executive Summary

This report documents the data and assessmentagsthblish TMDLs for the pathogen
indicator bacteria fecal coliform and enterocoaceidertain waterbodies in the Upper Cimarron
River area. Elevated levels of pathogen indichgmteria in aquatic environments indicate that
a receiving water is contaminated with human omahifeces and that there is a potential
health risk for individuals exposed to the wat&ata assessment and TMDL calculations are
conducted in accordance with requirements of Se@@8(d) of the CWA, Water Quality
Planning and Management Regulations (40 CFR Pait 13SEPA guidance, and Oklahoma
Department of Environmental Quality (DEQ) guidarared procedures. DEQ is required to
submit all TMDLs to USEPA for review and approvalnce the USEPA approves a TMDL,
then the waterbody may be moved to Category 4a state’s Integrated Water Quality
Monitoring and Assessment Report, where it remaingl compliance with water quality
standards (WQS) is achieved (USEPA 2003).

The purpose of this report is to establish pollttaad allocations for indicator bacteria in
impaired waterbodies, which is the first step talvaestoring water quality and protecting
public health. TMDLs determine the pollutant lasglia waterbody can assimilate without
exceeding the WQS for that pollutant. A TMDL catsiof a wasteload allocation (WLA),
load allocation (LA), and a margin of safety (MOSJhe WLA is the fraction of the total
pollutant load apportioned to point sources, amtlohes stormwater discharges regulated under
the National Pollutant Discharge Elimination Syst@PDES) as point sources. The LA is the
fraction of the total pollutant load apportionednmnpoint sources. The MOS is a percentage
of the TMDL set aside to account for the uncertaadsociated with natural process in aquatic
systems, model assumptions, and data limitations.

This report does not stipulate specific controlats (regulatory controls) or management
measures (voluntary best management practicesysageto reduce bacteria loadings within
each watershed. Watershed-specific control actiand management measures will be
identified, selected, and implemented under a sépgrocess.

E.1 Problem Identification and Water Quality Target

A decision was made to place specific waterbodidhis Study Area, listed in Table ES-1,
on the DEQ 2008 303(d) list because evidence ofsugoort of primary body contact
recreation (PBCR) was observed.

Elevated levels of bacteria above the WQS for anmaare of the bacterial indicators result
in the requirement that a TMDL be developed. TW&DLs established in this report are a
necessary step in the process to develop the @madbading controls needed to restore the
primary body contact recreation use designateédch waterbody.

% FINAL
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Table ES-1  Excerpt from the 2008 Integrated Report Comprehensive Waterbody
Assessment Category List

Impairments
n >
2 @ |3 <| 8
Waterbody 1D Waterbody Name = S |2 = -% S -
S| 2| 2 |s88| | 5 | =5
o2 |g| 2 |EES| & | © |83
b |a| £ |dox| @ w | 28
OK720900000180_00 [Cimarron River near Kenton 19 3 2010 N X X X
OK720900000010_00 Clmarro_n R|v_er above Ute Creek, 47 2 2013 N X
near Boise City
OK620930000010_00 |Cimarron River off US 64, Mocane| 38 3 2016 N X X
OK620930000100_00 Ersoo"ed Creek near Englewood, | ¢ | 3 | 2016 N X

N = Not Supporting; Source: 2008 Integrated RefREQ 2008

There was sufficient data collected between 20GD 2008 to make an assessment of
the four segments for the three bacteria numeiiermn. Evidence of nonsupport of primary
body contact recreation beneficial uses was obdefee fecal coliform and enterococci
indicators in two segments of Cimarron River (OKJ20000180 00 &
OK620930000010_00). Nonsupport of PBCR was alseed for enterococci in Crooked
Creek (OK620930000100_00). There was no evidenec®wwo$upport of primary body contact
recreation beneficial uses observed for E. coli timwo segments of Cimarron River
(OK720900000180_00 & OK720900000010_00) althougth lame listed on 2008 303(d) list.
Table ES-2 shows the bacteria TMDLs that will beedeped in this report:

Table ES-2 Waterbodies Requiring TMDLs for Not Suprting Primary Body
Contact Recreation Use Contained in This Package

Indicator Bacteria
WQM Station Waterbody ID Waterbody Name -

ENT E. coli FC
OK720900-00-0180C ) .
OK720900-00-0180G | OK720900000180_00 | Cimarron River near Kenton X X
OK620930-00-0010G ) .
0OK620930-00-0010T | OK620930000010_00 | Cimarron River off US 64, Mocane X X
OK620930-00-0100G | OK620930000100_00 | Crooked Creek near Englewood, KS X

The definition of PBCR is summarized by the follogriexcerpt from Chapter 45 of the
Oklahoma WQSs.

(a) Primary Body Contact Recreation involves dirbody contact with the water where a
possibility of ingestion exists. In these cases waer shall not contain chemical,
physical or biological substances in concentratidhat are irritating to skin or sense
organs or are toxic or cause illness upon ingesbgrhuman beings.
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(b) In waters designated for Primary Body Contaccration...limits...shall apply only
during the recreation period of May 1 to SeptemB@r The criteria for Secondary Body
Contact Recreation will apply during the remaindé¢ithe year.

To implement Oklahoma's WQS for PBCR, OWRB promtéga Chapter 46,
Implementation of Oklahoma’s Water Quality StandgfdWRB 2008a). The excerpt below
from Chapter 46: 785:46-15-6, stipulates how wgtality data will be assessed to determine
support of the PBCR use as well as how the watalitguarget for TMDLs will be defined for
each bacterial indicator.

(@) Scope. The provisions of this Section shall used to determine whether the
subcategory of Primary Body Contact of the benafiase of Recreation designated in OAC
785:45 for a waterbody is supported during the eatron season from May 1 through
September 30 each year. Where data exist for rnmiltjacterial indicators on the same
waterbody or waterbody segment, the determinatfarse support shall be based upon the use
and application of all applicable tests and data.

(b) Screening levels.
(1) The screening level for fecal coliform shallébdensity of 400 colonies per 100ml.

(2) The screening level for Escherichia coli shmdla density of 235 colonies per 100 ml in
streams designated in OAC 785:45 as Scenic Rivetsralakes, and 406 colonies per 100 ml
in all other waters of the state designated as RryrBody Contact Recreation.

(3) The screening level for enterococci shall bdeasity of 61 colonies per 100 ml in
streams designated in OAC 785:45 as Scenic Rivetsralakes, and 108 colonies per 100 ml
in all other waters of the state designated as RrinBody Contact Recreation.

(c) Fecal coliform:

(1) The Primary Body Contact Recreation subcategtagignated for a waterbody shall
be deemed to be fully supported with respect tal fealiform if the geometric mean of 400
colonies per 100 ml is met and no greater than 285%he sample concentrations from that
waterbody exceed the screening level prescribgd)inf this Section.

(2) The parameter of fecal coliform is not susddptio an assessment that Primary Body
Contact Recreation is partially supported.

(3) The Primary Body Contact Recreation subcategtagignated for a waterbody shall
be deemed to be not supported with respect to fmadbrm if the geometric mean of 400
colonies per 100 ml is not met, or greater than 26f4he sample concentrations from that
waterbody exceed the screening level prescribdt)iof this Section, or both such conditions
exist.

(d) Escherichia coli (E. coli):

(1) The Primary Body Contact Recreation subcategtagignated for a waterbody shall
be deemed to be fully supported with respect took.if the geometric mean of 126 colonies
per 100 ml is met, or the sample concentrationsnfrithat waterbody taken during the
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recreation season do not exceed the screening pestribed in (b) of this Section, or both
such conditions exist.

(2) The parameter of E. coli is not susceptiblatcassessment that Primary Body Contact
Recreation is partially supported.

(3) The Primary Body Contact Recreation subcategtagignated for a waterbody shall
be deemed to be not supported with respect tolEif tle geometric mean of 126 colonies per
100 ml is not met and any of the sample concentratirom that waterbody taken during the
recreation season exceed a screening level prestiit (b) of this Section.

(e) Enterococci:

(1) The Primary Body Contact Recreation subcategtagignated for a waterbody shall
be deemed to be fully supported with respect tereabcci if the geometric mean of 33
colonies per 100 ml is met, or the sample concépira from that waterbody taken during the
recreation season do not exceed the screening feestribed in (b) of this Section, or both
such conditions exist.

(2) The parameter of enterococci is not susceptiblean assessment that Primary Body
Contact Recreation is partially supported.

(3) The Primary Body Contact Recreation subcategtagignated for a waterbody shall
be deemed to be not supported with respect to @ueci if the geometric mean of 33 colonies
per 100 ml is not met and any of the sample conaoms from that waterbody taken during
the recreation season exceed a screening levetpbesl in (b) of this Section.

Compliance with the Oklahoma WQS is based on mgetaguirements for all three
bacterial indicators. Where concurrent data ewistnultiple bacterial indicators on the same
waterbody or waterbody segment, each indicatorggmust demonstrate compliance with the
numeric criteria prescribed (OWRB 2008).

As stipulated in the WQS, utilization of the geontetmean to determine compliance for
any of the three indicator bacteria depends onctilection of five samples within a 30-day
period. For most waterbodies in Oklahoma theraremefficient data available to calculate the
30-day geometric mean since most water quality $ssngre collected once a month. As a
result, waterbodies placed on the 303(d) list fot supporting the PBCR are the result of
individual samples exceeding the instantaneougr@itor the long-term geometric mean of
individual samples exceeding the geometric meater@i for each respective bacterial
indicator. Targeting the instantaneous criterictalklished for the primary body contact
recreation season (May' 1o September 3%) as the water quality goal for TMDLs corresponds
to the basis for 303(d) listing and may be protecbf the geometric mean criterion as well as
the criteria for the secondary contact recreatessen. However, both the instantaneous and
geometric mean criteria f&. coliand enterococci will be evaluated as water quéditgets to
ensure the most protective goal is establisheddoh waterbody.

All TMDLs for fecal coliform must take into accoutitat no more than 25 percent of the
samples may exceed the instantaneous numerici&ritefor E. coli and enterococci, no
samples may exceed instantaneous criteria. Secattainability of stream beneficial uses for
E. coli and enterococci is based on the compliance oérttie instantaneous or a long-term
geometric mean criterion, percent reductions gadlde calculated for both criteria. TMDLs
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will be based on the percent reduction requiredh&et either the instantaneous or the long-
term geometric mean criterion, whichever is less.

E.2 Pollutant Source Assessment

There are no NPDES permitted facilities of any typethe Study Area. There are no
continuous point source dischargers in the StudyaAr

Nonpoint source bacteria loading to the receistigams of each waterbody may emanate
from a number of different sources including wile]i various agricultural activities and
domesticated animals, land application fields, arhaoff, failing onsite wastewater disposal
(OSWD) systems, and domestic pets. The data asawsl the load duration curves (LDC)
demonstrate that exceedances in stream segmerntseaesult of a variety of nonpoint source
loading occurring during a range of flow conditiorisow flow exceedances are likely due to a
combination of non-point sources, uncontrolled pewurces and permit noncompliance.

E.3 Using Load Duration curves to Develop TMDLS

The TMDL calculations presented in this report deeived from LDCs. LDCs facilitate
rapid development of TMDLs and as a TMDL developmi@ol, may assist in identifying
whether impairments are associated with point opoot sources.

Use of the LDC obviates the need to determine adesorm or selected flow recurrence
interval with which to characterize the approprifitav level for the assessment of critical
conditions. For waterbodies impacted by both p@ntl nonpoint sources, the “nonpoint
source critical condition” would typically occur diong high flows, when rainfall runoff would
contribute the bulk of the pollutant load, whileethpoint source critical condition” would
typically occur during low flows, when treatmenapt effluents would dominate the base flow
of the impaired water. However, flow range is ordygeneral indicator of the relative
proportion of point/nonpoint contributions. Itnet used in this report to quantify point source
or nonpoint source contributions. Violations tleatur during low flows may not be caused
exclusively by point sources. Violations have beeted in some watersheds that contain no
point sources. Research has show that bacteminbtpan streams during low flow conditions
may be due to direct deposit of cattle manure stteams and faulty septic tank/lateral field
systems.

The basic steps to generating an LDC involve:

* obtaining daily flow data for the site of interéstm the USGS;

» sorting the flow data and calculating flow exceemapercentiles for the time period
and season of interest;

» obtaining the water quality data from the primaogp contact recreation season (May
1 through September 30);

* matching the water quality observations with tleevfldata from the same date;

» display a curve on a plot that represents the albdevload determined by multiplying
the actual or estimated flow by the WQS for eadpeetive indicator;

* multiplying the flow by the water quality paramet@mcentration to calculate daily
loads; then
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» plotting the flow exceedance percentiles and da#yl observations in a load duration
plot.

LDCs display the maximum allowable load over thenptete range of flow conditions by
a line using the calculation of flow multiplied bye water quality criterion. The TMDL can be
expressed as a continuous function of flow, equé#he line, or as a discrete value derived from
a specific flow condition.

E.4 TMDL Calculations

As indicated above, the bacteria TMDLs for the 8)3icted waterbodies covered in this
report were derived using LDCs. A TMDL is exprasss the sum of all WLAs (point source
loads), LAs (nonpoint source loads), and an appatgMOS, which attempts to account for
uncertainty concerning the relationship betweeluefit limitations and water quality.

This definition can be expressed by the followiggation:
TMDL = X WLA +X LA + MOS

For each waterbody the TMDLs presented in this mepoe expressed as a percent
reduction across the full range of flow conditiqi@®e Table ES-3). The difference between
existing loading and the water quality target isdudo calculate the loading reductions
required.

Table ES-3 presents the percent reductions negeisaeach bacterial indicator causing
nonsupport of the PBCR use in each waterbody of Shely Area. Selection of the
appropriate PRG for each bacteria indicator fohesaterbody in Table ES-3 is denoted by the
bold text. For Fecal Coliform, the PRG is deteradairbased on instantaneous criteria. Eor
coli and enterococci, the TMDL PRG will be the lesdsethat required to meet the geometric
mean or instantaneous criteria because WQ standaedsonsidered to be met if 1) either the
geometric mean of all data is less than the gearrmeian criteria, or 2) no samples exceed the
instantaneous criteria.

Table ES-3 TMDL Percent Reduction Goals Required tdMeet Water Quality
Standards for Impaired Waterbodies

Percent Reduction Required
Waterbody ID Waterbody Name 2 ENT
Instantaneous | Instantaneous | Geo-mean

OK720900000180 00 | Cimarron River near Kenton 28% 88% 56%
OK620930000010_00 | Cimarron River off US 64, 20% 99% 66%

Mocane
0OK620930000100 00 | Crooked Creek near 94% 70%

Englewood, KS
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The TMDL, WLA, LA, and MOS vary with flow conditigrand are calculated at ever{ 5
flow interval percentile. For illustrative purpssethe TMDL, WLA, LA, and MOS are
calculated for the median flow at each site in €aBS-4. The WLA component of each
TMDL is the sum of all WLAs within the contributingatershed of each waterbody. The sum
of the WLAs can be represented as a single linevb¢he LDC. The LDC and the simple
equation of:

Average LA = average TMDL — MOSY}WLA

can provide an individual value for the LA in cosipter day which represents the area under
the TMDL target line and above the WLA line. Thare no permitted MS4s in the study area.
Where there are no continuous point sources the VgLz&ro.

Federal regulations (40 CFR 8130.7(c)(1)) requieg TMDLs include a MOS. The MOS
is a conservative measure incorporated into the TMiuation that accounts for the
uncertainty associated with calculating the allol@ghollutant loading to ensure WQSs are
attained. USEPA guidance allows for use of implasi explicit expressions of the MOS, or
both. When conservative assumptions are usedviel@ament of the TMDL, or conservative
factors are used in the calculations, the MOS iglioit. When a specific percentage of the
TMDL is set aside to account for uncertainty, thlee MOS is considered explicit.

The use of instream bacteria concentrations tomesti existing loading is another
conservative element utilized in these TMDLs thaat be recognized as an implicit MOS. This
conservative approach to establishing the MOS ankure that both the 30-day geometric
mean and instantaneous bacteria standards camieeet and maintained.

Table ES-4 TMDL Summaries Examples

Indicator T t T T
Waterbody ID Waterbody Name Bacteria ULTRL Lo e O
Species (cfu/day) (cfu/day) (cfu/day) (cfu/day)
; - ENT 1.61E+09 0.00E+00 1.45E+09 1.61E+08
0K720900000180_00 | Cimarron River
near Kenton FC 5.97E+09 0.00E+00 5.37E+09 5.97E+08
; - ENT 1.32E+11 0.00E+00 1.19E+11 1.32E+10
OK620930000010_00 | Cimarron River off
US 64, Mocane FC 4.89E+11 0.00E+00 4.40E+11 4.89E+10
0K620930000100_00 Ség?‘éendggsglgd ENT 2.91E+10 | 0.00E+00 | 2.62E+10 | 2.91E+09

Derived for illustrative purposes at the mediamflalue

E.5 Reasonable Assurance

As authorized by Section 402 of the CWA, DEQ hategkion of the NPDES in
Oklahoma, except for certain jurisdictional areakted to agriculture and the oil and gas
industry retained by the Oklahoma Department ofi@gture and Oklahoma Corporation
Commission, for which the USEPA has retained peimgitauthority. The NPDES program in
Oklahoma is implemented via Title 252, Chapter @&he Oklahoma Pollutant Discharge
Elimination System (OPDES) Act, and in accordandth wthe agreement between DEQ and
USEPA relating to administration and enforcement toé delegated NPDES program.
Implementation of WLAs for point sources is doneotlgh permits issued under the OPDES
program.
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SECTION 1
INTRODUCTION

1.1 TMDL Program Background

Section 303(d) of the Clean Water Act (CWA) and .UEBivironmental Protection Agency
(USEPA) Water Quality Planning and Management Raguis (40 Code of Federal Regulations
[CFR] Part 130) require states to develop total imaxn daily loads (TMDL) for waterbodies not
meeting designated uses where technology-basedotordre in place. TMDLs establish the
allowable loadings of pollutants or other quankfea parameters for a waterbody based on the
relationship between pollution sources and in-streaater quality conditions, so states can
implement water quality-based controls to reduckupon from point and nonpoint sources and
restore and maintain water quality (USEPA 1991).

This report documents the data and assessmenttasestablish TMDLs for the pathogen
indicator bacteria fecal coliform and enterocoami €ertain waterbodies in the Upper Cimarron
River Area of the Cimarron River Basin. Elevateddls of pathogen indicator bacteria in aquatic
environments indicate that a receiving water istaomnated with human or animal feces and that
there is a potential health risk for individualspeged to the water. Data assessment and TMDL
calculations are conducted in accordance with requents of Section 303(d) of the CWA, Water
Quality Planning and Management Regulations (40 CP&t 130), USEPA guidance, and
Oklahoma Department of Environmental Quality (DEf@)dance and procedures. DEQ is required
to submit all TMDLs to USEPA for review and apprbv@®nce the USEPA approves a TMDL, then
the waterbody may be moved to Category 4a of & stitegrated Water Quality Monitoring and
Assessment Report, where it remains until compéanith water quality standards (WQS) is
achieved (USEPA 2003).

The purpose of this TMDL report is to establishlytaint load allocations for indicator bacteria
in impaired waterbodies, which is the first stewadod restoring water quality and protecting public
health. TMDLs determine the pollutant loading aexaody can assimilate without exceeding the
WQS for that pollutant. TMDLs also establish thalytant load allocation necessary to meet the
WQS established for a waterbody based on the oakttip between pollutant sources and in-stream
water quality conditions. A TMDL consists of a welead allocation (WLA), load allocation (LA),
and a margin of safety (MOS). The WLA is the fratof the total pollutant load apportioned to
point sources, and includes stormwater discharggslated under the National Pollutant Discharge
Elimination System (NPDES) as point sources. TRAeid the fraction of the total pollutant load
apportioned to nonpoint sources. The MOS is agmtage of the TMDL set aside to account for the
uncertainty associated with natural process in tagusystems, model assumptions, and data
limitations.

This report does not stipulate specific controliag (regulatory controls) or management
measures (voluntary best management practicesyseageto reduce bacteria loadings within each
watershed. Watershed-specific control actions amhagement measures will be identified,
selected, and implemented under a separate prosedging stakeholders who live and work in the
watersheds, tribes, and local, state, and federsrgment agencies.

This TMDL report focuses on waterbodies that DEQcpH in Category 5 of the 2008
Integrated Report [303(d) list] for nonsupport ohpary body contact recreation (PBCR):
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* Cimarron River (OK720900000180_00)
e Cimarron River (OK720900000010_00)
e Cimarron River (OK620930000010_00)
* Crooked Creek (OK620930000100_00)

Figure 1-1 is a location map showing the impairednsents of these waterbodies and their
This map also displays Itdcations of the water quality monitoring
(WQM) stations used as the basis for placemenhedd waterbodies on the Oklahoma 303(d) list.
These waterbodies and their surrounding waterstedisereinafter referred to as the Study Area.

contributing watersheds.

Elevated levels of bacteria above the WQS alsoltrésuhe requirement that a TMDL be
developed. The TMDLs established in this repogtanecessary step in the process to develop the
bacteria loading controls needed to restore théacbnecreation use designated for each waterbody.
Table 1-1 provides a description of the locatioristtte WQM stations on the 303(d)-listed

waterbodies.
Table 1-1

Water Quality Monitoring Stations used fo 2008 303(d) Listing Decision

Waterbody Name

Waterbody ID

WQM Station

WQM Station Locations
Descriptions

Cimarron River near Kenton

OK720900000180_00

OK720900-00-0180C
OK720900-00-0180G

SWYANWY4SWY4 Section 11-5N-2E
SEY: NEY: SWY4 Section 4-5N-1E

Cimarron River above Ute

Creek, near Boise City

OK720900000010_00

OK720900-00-0010G

SW¥2 NEY2 NEY4 Section 9-5N-5E

Cimarron River off US 64,

Mocane

OK620930000010_00

OK620930-00-0010G
OK620930-00-0010T

SEYANEY4SEYsSection23-29N-26W
SWYAINWYANWYaSection24 -6N-25E

Crooked Creek near
Englewood, KS

OK620930000100_00

OK620930-00-0100G

SWYANWYANWYsSection23-6N-27E

1.2  Watershed Description

General. Some parts of the watersheds in this TMDL are kxatah Cimarron and Beaver
Counties in Northwestern Oklahoma, Baca Countyafofado, Union County in New Mexico and
Meade County in Kansas. The vast majority of treerdrge area for the waterbodies included in this
report is located in Cimarron County.

All watersheds in the Upper Cimarron River Studye®rare in the Southwestern Tablelands and
High Plains eco-region. Table 1-2, derived frone #2000 U.S. Census, demonstrates that the
counties in which these watersheds are locatedpanesely populated (U.S. Census Bureau 2000).

Table 1-2 County Population and Density
Population Area Population Density
Cloinigy N2 (2000 Census) (square miles) (per square mile)
Beaver 5,857 1,818 3
Cimarron 3,148 1,841 2
Harper 3,562 1,041 3
1-2 FINAL
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Climate. Table 1-3 summarizes the average annual preguitdor each stream segment.
Average annual precipitation values among the streagments in this portion of Oklahoma range
between 40.1and 42.1 inches (Oklahoma Climate $9865).

Table 1-3 Average Annual Precipitation by Stream Sgment

Waterbody Name Waterbody ID 'Axlr?,:ﬁgf

(Inches)
Cimarron River near Kenton OK720900000180_00 17.06
Cimarron River above Ute Creek, near Boise City | OK720900000010_00 17.02
Cimarron River off US 64, Mocane OK620930000010_00 19.47
Crooked Creek near Englewood, KS OK620930000100_00 22.61

Land Use. Table 1-4 summarizes the acreages and the cormisigopercentages of the land
use categories for the contributing watershed @s®ocwith each respective Oklahoma waterbody.
The land use/land cover data were derived fromtl& Geological Survey (USGS) 2001 National
Land Cover Dataset (USGS 2001). The land use caésgare displayed in Figure 1-2.

The dominant land use in the Study Area is gradsldhe second most prevalent land use is
cultivated land for Cimarron River off US 64, Moea(OK620930000010_00) and Crooked Creek
near Englewood, Kansas (OK620930000100 00). Toenslemost prevalent land use is shrub land
for the other two Cimarron River segments (OK72@@ml80 00 &OK720900000010_ 00).
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Table 1-4 Land Use Summaries by Watershed
Stream Segments
Cimarron River near | Cimarron River above Ute Cimarron River off Crooked Creek near
Land Use Category Kenton Creek, near Boise City US 64, Mocane Englewood, KS
Waterbody ID OK720900000180_00 OK720900000010_00 0OK620930000010_00 | OK620930000100_00
Barren 0.00% 0.05% 0.04% 0.02%
Cultivated 0.17% 4.73% 27.70% 31.81%
Deciduous Forest 0.05% 0.00% 0.09% 0.18%
Developed High Intensity 0.00% 0.00% 0.00% 0.00%
Developed Low Intensity 0.00% 0.00% 0.00% 0.00%
Developed Medium Intensity 0.00% 0.03% 0.15% 0.17%
Developed Open Space 0.41% 1.03% 3.32% 2.87%
Evergreen Forest 2.24% 0.04% 0.00% 0.00%
Grassland 64.55% 69.79% 64.56% 59.30%
Herbaceous Wetland 0.31% 0.65% 0.03% 0.01%
Mixed Forest 0.00% 0.00% 0.00% 0.00%
Pasture Hay 0.00% 0.93% 2.54% 4.89%
Shrub 31.80% 22.64% 0.26% 0.00%
Woody Wetland 0.37% 0.10% 0.30% 0.14%
Water 0.09% 0.01% 1.00% 0.60%
Total Percentage: 100% 100% 100% 100%
Units in Acres

Barren 5 207 137 2
Cultivated 246 21,523 100,624 3,347
Deciduous Forest 74 3 333 19
Developed High Intensity 0 0 12

Developed Low Intensity 0 0 0

Developed Medium Intensity 4 119 540 18
Developed Open Space 600 4,679 12,068 302
Evergreen Forest 3,311 187 1 0
Grassland 95,351 317,312 234,542 6,240
Herbaceous Wetland 464 2,970 103 1
Mixed Forest 0 0 0 0
Pasture Hay 0 4,247 9,214 514
Shrub 46,972 102,963 939 0
Woody Wetland 540 453 1,104 14
Water 139 28 3,648 63
Total (Acres) 147,706 454,692 363,266 10,522
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Watersheds Not Supporting Primary Body ©ntact Recreation Use within the Study Area

Figure 1-1
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Figure 1-2  Land Use Map by Watershed
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SECTION 2
PROBLEM IDENTIFICATION AND WATER QUALITY TARGET

2.1  Oklahoma Water Quality Standards

Title 785 of the Oklahoma Administrative Code irddss Oklahoma’s water quality
standards (OWRB 2008). The OWRB has statutoryaaityhand responsibility concerning
establishment of state water quality standardqregided under 82 Oklahoma Statute [O.S.],
81085.30. This statute authorizes the OWRB to pigate rules .which establish
classifications of uses of waters of the statefedd to maintain and protect such
classifications, and other standards or policiestaming to the quality of such waters.
[O.S. 82:1085:30(A)] Beneficial uses are designated for all waters efstate. Such uses are
protected through restrictions imposed by the agtiddation policy statement, narrative water
quality criteria, and numerical criteria (OWRB 200&n excerpt of the Oklahoma WQS (Title
785) summarizing the State of Oklahoma Antidegiedalolicy is provided in Appendix D.
Table 2-1a, an excerpt from the 2008 IntegratedoRe(DEQ 2008), lists beneficial uses
designated for each bacteria impaired stream setgiméhe Study Area. The beneficial uses
include:

* AES - Aesthetics

* AG — Agriculture Water Supply

« WWAC — Warm Water Aquatic Community
* FISH — Fish Consumption

* PBCR - Primary Body Contact Recreation
* PPWS - Public & Private Water Supply
HQW - High Quality Water

Table 2-1 summarizes the PBCR and WWAC affainment status and bacteria
impairment status for streams in the Study Aredue TMDL priority shown in Table 2-1 is
directly related to the TMDL target date. The TMDestablished in this report, which are a
necessary step in the process of restoring watityguonly address bacteria impairments that
affect the PBCR and WWAC-beneficial uses.

The definition of PBCR is summarized by the follogriexcerpt from Chapter 45 of the
Oklahoma WQS.

(@) Primary Body Contact Recreation involves dirbody contact with the water where a
possibility of ingestion exists. In these cases water shall not contain chemical,
physical or biological substances in concentratidhat are irritating to skin or sense
organs or are toxic or cause illness upon ingesbgrhuman beings.

(b) In waters designated for Primary Body Contaaciation...limits...shall apply only
during the recreation period of May 1 to Septem®@r The criteria for Secondary Body
Contact Recreation will apply during the remainadé¢ithe year.
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Table 2-1 Excerpt from the Oklahoma 2008 303(d) Lts
Impairments
0 >
i g |8 | ©
S T |@® o| 8
Waterbody ID Waterbody Name = . ) 5 = S £

s | €| 2 |82 5| 5 | =&
o | g s |Esg| £ 3] S =
N a = aOoOx | W i i 3

OK720900000180_00 [Cimarron River near Kenton 19 3 2010 N X X X

OK720900000010_00 |CMarron River above Ute Creek, | 4, | 5 | 2013 N N

near Boise City
OK620930000010_00 |Cimarron River off US 64, Mocane| 38 3 2016 N X X
OK620930000100_00 Ersoo"ed Creek near Englewood, | ¢ 3 | 2016 N X

N = Not Supporting; Source: 2008 Integrated RefREQ 2008

Table 2-1a  Designated Beneficial Uses for Each Impad Waterbody in the Study
Area
Waterbody ID Waterbody Name AES AG (WWAC| FISH |PBCR |PPWS |Limitation
OK720900000180_00 | Cimarron River near Kenton F N N X N | HQW
OK720900000010_00 Clr_narro_n River above Ute Creek, near = = | X N = HOW
Boise City
OK620930000010_00 | Cimarron River off US 64, Mocane | N F | N |
OK620930000100_00 | Crooked Creek near Englewood, KS | F | X N |

F — Fully supporting; N — Not supporting; | — InScient information; X — Not assessed

To implement

(b) Screening levels.
(1) The screening level for fecal coliform shallébdensity of 400 colonies per 100ml.

(2) The screening level for Escherichia coli shmdla density of 235 colonies per 100 ml in
streams designated in OAC 785:45 as Scenic Rivetsralakes, and 406 colonies per 100 ml
in all other waters of the state designated as RryrBody Contact Recreation.

Oklahoma's WQS for

PBCR, OWRB promtéga Chapter 46,
Implementation of Oklahoma’s Water Quality StandgfdWRB 2008a). The excerpt below
from Chapter 46: 785:46-15-6, stipulates how wgtality data will be assessed to determine
support of the PBCR use as well as how the watalitguarget for TMDLs will be defined for
each bacterial indicator.

(@) Scope. The provisions of this Section shallused to determine whether the
subcategory of Primary Body Contact of the benafiase of Recreation designated in OAC
785:45 for a waterbody is supported during the eatron season from May 1 through
September 30 each year. Where data exist for rnfmiltjacterial indicators on the same
waterbody or waterbody segment, the determinatfarse support shall be based upon the use
and application of all applicable tests and data.

2-2
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(3) The screening level for enterococci shall bdemsity of 61 colonies per 100 ml in
streams designated in OAC 785:45 as Scenic Rivetsralakes, and 108 colonies per 100 ml
in all other waters of the state designated as RryrBody Contact Recreation.

(c) Fecal coliform:

(1) The Primary Body Contact Recreation subcategtegignated for a waterbody shall
be deemed to be fully supported with respect tal fealiform if the geometric mean of 400
colonies per 100 ml is met and no greater than 28%he sample concentrations from that
waterbody exceed the screening level prescribgd)inf this Section.

(2) The parameter of fecal coliform is not susdaptio an assessment that Primary Body
Contact Recreation is partially supported.

(3) The Primary Body Contact Recreation subcategtagignated for a waterbody shall
be deemed to be not supported with respect to feadbrm if the geometric mean of 400
colonies per 100 ml is not met, or greater than 26P4he sample concentrations from that
waterbody exceed the screening level prescribgd)if this Section, or both such conditions
exist.

(d) Escherichia coli (E. coli):

(1) The Primary Body Contact Recreation subcategtegignated for a waterbody shall
be deemed to be fully supported with respect took.if the geometric mean of 126 colonies
per 100 ml is met, or the sample concentrationsnfrthat waterbody taken during the
recreation season do not exceed the screening prestribed in (b) of this Section, or both
such conditions exist.

(2) The parameter of E. coli is not susceptiblancassessment that Primary Body Contact
Recreation is partially supported.

(3) The Primary Body Contact Recreation subcategtagignated for a waterbody shall
be deemed to be not supported with respect tolEf tle geometric mean of 126 colonies per
100 ml is not met and any of the sample concentratirom that waterbody taken during the
recreation season exceed a screening level prestiito (b) of this Section.

(e) Enterococci:

(1) The Primary Body Contact Recreation subcategtegignated for a waterbody shall
be deemed to be fully supported with respect tereabcci if the geometric mean of 33
colonies per 100 ml is met, or the sample concéptra from that waterbody taken during the
recreation season do not exceed the screening prestribed in (b) of this Section, or both
such conditions exist.

(2) The parameter of enterococci is not susceptiblan assessment that Primary Body
Contact Recreation is partially supported.

(3) The Primary Body Contact Recreation subcategtagignated for a waterbody shall
be deemed to be not supported with respect to@teci if the geometric mean of 33 colonies
per 100 ml is not met and any of the sample conagons from that waterbody taken during
the recreation season exceed a screening levetpbesl in (b) of this Section.
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Compliance with the Oklahoma WQS is based on mgetaguirements for all three
bacterial indicators. Where concurrent data ewistnultiple bacterial indicators on the same
waterbody or waterbody segment, each indicatorggmust demonstrate compliance with the
numeric criteria prescribed (OWRB 2008).

As stipulated in the WQS, utilization of the geontetmean to determine compliance for
any of the three indicator bacteria depends onctilection of five samples within a 30-day
period. For most stream segments in Oklahoma #rerensufficient data available to calculate
the 30-day geometric mean since most water qusdityples are collected once a month. As a
result, waterbodies placed on the 303(d) list fot supporting the PBCR are the result of
individual samples exceeding the instantaneougr@itor the long-term geometric mean of
individual samples exceeding the geometric meater@i for each respective bacterial
indicator. Targeting the instantaneous criteriatalklished for the primary body contact
recreation season (May' 1o September 3%) as the water quality goal for TMDLs corresponds
to the basis for 303(d) listing and may be protecbf the geometric mean criterion as well as
the criteria for the secondary contact recreatessen. However, both the instantaneous and
geometric mean criteria f&. coliand enterococci will be evaluated as water quéditgets to
ensure the most protective goal is establisheddoh waterbody.

The specific data assessment method for listingcator bacteria based on instantaneous
or single sample criterion is detailed in Oklahosn2008 Integrated Report. As stated in the
report, a minimum of 10 samples collected betweay 8i' and September 30(during the
primary recreation season) is required to listgarent forE. coliand enterococci.

A sample quantity exception exists for fecal califiothat allows waterbodies to be listed
for nonsupport of PBCR if there are less than I0@as. The assessment method states that if
there are less than 10 samples and the existingleaset already assures a nonsupport
determination, then the waterbody should be lisoged"MDL development. This condition is
true in any case where the small sample set denatestthat at least three out of six samples
exceed the single sample fecal coliform criteriom this case if four more samples were
available to meet minimum of 10 samples, this watilll translate to >25 percent exceedance
or nonsupport of PBCR.¢., three out of 10 samples = 33 percent exceedaie®)E. coliand
enterococci, the 10-sample minimum was used, witbrception, in attainment determination.

2.2 Problem Identification

Table 2-2 summarizes water quality data collectaihd primary body contact recreation
season from the stream segments between 2000 &38df@0each indicator bacteria. All the
data within this time frame were used to suppoet diecision to place specific waterbodies
within the Study Area on the DEQ 2008 303(d) IBEQ 2008). Water quality data from the
primary and secondary contact recreation seasensravided in Appendix A.

There was sufficient data collected between 20@D 2008 to make an assessment of the
four segments for the three bacteria numeric @oerEvidence of nonsupport of primary body
contact recreation beneficial uses was observetetal coliform and enterococci indicators in
two segments of Cimarron River (OK720900000180 00 @K620930000010 00).
Nonsupport of PBCR was also observed for enteracoot Crooked Creek
(OK620930000100_00). There was no evidence of mpwmt of primary body contact
recreation beneficial uses observed for E. coli timwo segments of Cimarron River
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(OK720900000180_00 & OK720900000010_00) althougth lame listed on 2008 303(d) list.
Table 2-3 summarizes the waterbodies requiring TKIRIr not supporting PBCR.

2.3  Water Quality Target

The Code of Federal Regulations (40 CFR 8§130.7\cRtates that, “TMDLs shall be
established at levels necessary to attain and emaitihe applicable narrative and numerical
water quality standards.” For the waterbodies irggy TMDLs in this report, defining the
water quality target is somewhat complicated byubke of three different bacterial indicators
with three different numeric criteria for deternmgiattainment of PBCR use as defined in the
Oklahoma WQS. An individual water quality targeteistablished for each bacterial indicator
since each indicator group must demonstrate cong@iavith the numeric criteria prescribed in
the Oklahoma WQS (OWRB 2008). As previously stabstause available bacteria data were
collected on an approximate monthly basis (see ApipeA) instead of at least five samples
over a 30—day period, data for these TMDLs areyaea and presented in relation to the
instantaneous criteria for fecal coliform and btita instantaneous and a long-term geometric
mean for botlE. coliand enterococci.

All TMDLs for fecal coliform must take into accoutitat no more than 25 percent of the
samples may exceed the instantaneous numericiaritéorE. coli and enterococci, no more
than 10 percent of samples may exceed instantareeibeisa. Since the attainability of stream
beneficial uses forE. coli and enterococci is based on the compliance oferithe
instantaneous or a long-term geometric mean aiterpercent reductions goals will be
calculated for both criteria. TMDLs will be based the percent reduction required to meet
either the instantaneous or long-term geometricneeigerion, whichever is less.

The water quality target for each waterbody wiaincorporate an explicit 10 percent
MOS. For example, if fecal coliform is utilized éstablish the TMDL, then the water quality
target is 360 organisms per 100 milliliters (mL), dercent lower than the instantaneous water
quality criteria (400/100 mL). FolE. coli the instantaneous water quality target is
365 organisms/100 mL, which is 10 percent lowenttiee criterion value (406/100 mL), and
the geometric mean water quality target is 113 miggas/100 mL, which is 10 percent lower
than the criterion value (126/100 mL). For entexxt the instantaneous water quality target is
97/100 mL, which is 10 percent lower than the ciote value (108/100 mL) and the geometric
mean water quality target is 30 organisms/100 nickvis 10 percent lower than the criterion
value (33/100 mL).

Each water quality target will be used to deternthreeallowable bacteria load which is derived
by using the actual or estimated flow record miiégh by the instream criteria minus a
10 percent MOS.
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Table 2-2 Summary of Indicator Bacteria Samples fr;m Primary Body Contact Recreation Season, 2000-2008
# of % of
Samples | Samples
Indicator | Geo-Mean # of Exceeding [Exceeding | 2008
Waterbody ID Waterbody Name Bacteria |(cfu/100ml) |Samples | Criterion Criterion | 303(d) Notes
FC 161 8 3 38% X TMDL required
OK720900000180_00 | Cimarron River near Kenton| ENT 67 23 17 74% X TMDL required
EC 68 24 9 38% X Delist: Meets geo-mean
. . FC
OK720900000010_00 | &imarron River above Ute 27
Creek, near Boise City -
EC 6 1 X Delist: Not enough data
Ci Ri f US 64 FC 230 33 11 33% X TMDL required
OK620930000010_00 M'gg:g” Vero ' ENT 86 49 37 76% X TMDL required
EC
Crooked Creek near FC
0OK620930000100_00 Englewood, KS ENT 97 20 16 80% X TMDL required
EC

FC — Fecal Coliform, EC — E. coli, ENT — Enterococci Highlighted indicators are impaired

Table 2-3 Waterbodies Requiring TMDLSs for Mt Supporting Primary Body Contact Recreation Use
Indicator Bacteria
WQM Station Waterbody ID Waterbody Name -
ENT E. coli FC
OK720900-00-0180C X X

OK720900-00-0180G OK720900000180_00 | Cimarron River near Kenton

0OK620930-00-0010G _ _
OK620930-00-0010T OK620930000010_00 | Cimarron River off US 64, Mocane X X

OK620930-00-0100G OK620930000100_00

ENT = enterococci; FC = fecal coliform

Crooked Creek near Englewood, KS
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SECTION 3
POLLUTANT SOURCE ASSESSMENT

A source assessment characterizes known and sedpsatirces of pollutant loading to
impaired waterbodies. Sources within a watershectategorized and quantified to the extent
that information is available. Bacteria origin&dtem humans and warm-blooded animals; and
sources may be point or nonpoint in nature.

Point sources are permitted through the NPDES progrNPDES-permitted facilities that
discharge treated wastewater are required to mofatoone of the three bacterial indicators
(fecal coliform,E coli, or enterococci) in accordance with its permitonfoint sources are
diffuse sources that typically cannot be identifeei entering a waterbody through a discrete
conveyance at a single location. These sources imayve land activities that contribute
bacteria to surface water as a result of raintaibff. For the TMDLs in this report, all sources
of pollutant loading not regulated by NPDES arestd&red nonpoint sources. The following
discussion describes what is known regarding paimt nonpoint sources of bacteria in the
impaired watersheds.

3.1 NPDES-Permitted Facilities

Under 40CFR, 8122.2, a point source is describeal discernable, confined, and discrete
conveyance from which pollutants are or may be hdisged to surface waters. Certain
NPDES-permitted municipal plants are classifiech@slischarge facilities. NPDES-permitted
facilities classified as point sources that maytgbuate bacteria loading include:

* NPDES municipal wastewater treatment plants (WWTP);
* NPDES municipal no-discharge WWTP;

* NPDES municipal separate storm sewer discharge {4l
* NPDES Concentrated Animal Feeding Operation (CAFO).

Continuous point source discharges such as WWTdedd cesult in discharge of elevated
concentrations of fecal coliform bacteria if theidfection unit is not properly maintained, is of
poor design, or if flow rates are above the disitien capacity. While the no-discharge
facilities do not discharge wastewater directlyatwaterbody, it is possible that the collection
systems associated with each facility may be acgoaf bacteria loading to surface waters.
Stormwater runoff from MS4 areas, which is now taged under the USEPA NPDES
Program, can also contain high bacteria conceatraiti There are no permitted MS4s within
the study area. CAFOs are recognized by USEPAga#fisant sources of pollution, and may
have the potential to cause serious impacts torvgataity if not properly managed. There are
no NPDES permitted CAFOs in the study area.

There are no NPDES permitted facilities of any typany of the contributing watersheds
in the study area.

3.1.1 Continuous Point Source Discharges
There are no continuous point dischargers withinstindy area.
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3.1.2 NPDES No-Discharge Facilities and SSOs
There is no NPDES no-discharge facility in anyha sub-watersheds in the study area.

There are no wastewater collection systems in thdysarea; hence no sanitary sewer
overflows (SSO).

3.1.3 NPDES Municipal Separate Storm Sewer Discharg e
Phase | MS4

In 1990 the USEPA developed rules establishing €had the NPDES Stormwater
Program, designed to prevent harmful pollutantsfleing washed by stormwater runoff into
MS4s (or from being dumped directly into the MS4)dahen discharged into local water
bodies (USEPA 2005). Phase | of the program redquiperators of medium and large MS4s
(those generally serving populations of 100,000goeater) to implement a stormwater
management program as a means to control polluitechatges. Approved stormwater
management programs for medium and large MS4seanéired to address a variety of water
quality-related issues, including roadway runoff nagement, municipal-owned operations,
and hazardous waste treatment. There are no PNt permits in the Study Area.

Phase Il MS4

Phase Il of the rule extends coverage of the NPBE®8nwater Program to certain small
MS4s. Small MS4s are defined as any MS4 that tsanmedium or large MS4 covered by
Phase | of the NPDES Stormwater Program. Phassllires operators of regulated small
MS4s to obtain NPDES permits and develop a storemvatinagement program. Programs are
designed to reduce discharges of pollutants tdrtteximum extent practicable,” protect water
quality, and satisfy appropriate water quality regments of the CWA. Small MS4
stormwater programs must address the followingr8ndmum control measures:

* Public Education and Outreach;

* Public Participation/Involvement;

 lllicit Discharge Detection and Elimination;

» Construction Site Runoff Control;

* Post- Construction Runoff Control; and

» Pollution Prevention/Good Housekeeping.

The small MS4 General Permit for communities in @&kima became effective on

February 8, 2005. There are no permitted MS4s invithe study area. DEQ provides
information on the current status of its MS4 progran its website, found at:

http://www.deq.state.ok.us/WQDnew/stormwater/ms4/

3.1.4 Concentrated Animal Feeding Operations
There are no NPDES-permitted CAFO facilities witthie Study Area.

3-2 FINAL
JULY, 2011



Upper Cimarron River Area Bacteria TMDLSs Polluté@durce Assessment

3.2 Nonpoint Sources

Nonpoint sources include those sources that cammatentified as entering the waterbody
at a specific location. Bacteria originate fromatusuburban, and urban areas. The following
section describes possible major nonpoint souroesributing fecal coliform loading within
the Study Area.

These sources include wildlife, various agricult@etivities, land application fields, urban
runoff, failing onsite wastewater disposal (OSWggtems, and domestic pets.

Bacteria associated with urban runoff can emamai® fhumans, wildlife, commercially
raised farm animals, and domestic pets. Wateritguddta collected from streams draining
urban communities often show existing concentratioh fecal coliform bacteria at levels
greater than a state’s instantaneous standardgud under USEPA’s National Urban Runoff
Project indicated that the average fecal colifoonaentration from 14 watersheds in different
areas within the United States was approximately0®/100 mL in stormwater runoff
(USEPA 1983). Water quality data collected fr@tneams draining many of the non-
permitted communities show existing loads of femdiform bacteria at levels greater than the
State’s instantaneous standards. Best managemaaticps (BMP) such as buffer strips, repair
of leaking sewage collection systems, eliminatiénllit discharges and proper disposal of
domestic animal waste, can reduce bacteria loadimgterbodies.

3.2.1 Wildlife

Fecal coliform bacteria are produced by all warmelled animals, including wildlife such
as mammals and birds. In developing bacteria TMDIis important to identify the potential
for bacteria contributions from wildlife by wateesh Wildlife is naturally attracted to riparian
corridors of streams and rivers. With direct ascesthe stream channel, wildlife can be a
concentrated source of bacteria loading to a wathrb Fecal coliform bacteria from wildlife
are also deposited onto land surfaces, where it beayashed into nearby streams by rainfall
runoff. Currently there are insufficient data dable to estimate populations and spatial
distribution of wildlife and avian species by wateed. Consequently it is difficult to assess
the magnitude of bacteria contributions from wikellspecies as a general category.

However, adequate data are available by countystonate the number of deer by
watershed. This report assumes that deer halbithides forests, croplands, and pastures.
Using Oklahoma Department of Wildlife Conservatamunty data, the population of deer can
be roughly estimated from the actual number of demwested and harvest rate estimates.
Because harvest success varies from year to yesmdban weather and other factors, the
average harvest from 1999 to 2003 was combined antlestimated annual harvest rate of
20 percent to predict deer population by countging the estimated deer population by county
and the percentage of the watershed area withih eagnty, a wild deer population can be
calculated for each watershed. Table 3-1 provithes estimated number of deer for each
watershed.
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Table 3-1 Estimated Deer Populations
Waterbody ID Waterbody Name Deer Acre
OK720900000180_00 Cimarron River near Kenton 50 147,706
OK620930000010_00 Cimarron River off US 64, Mocane 413 363,266
OK620930000100_00 Crooked Creek near Englewood, KS 1 10,522

According to a study conducted by ASAE (the Amari&ociety of Agricultural Engineers),
deer release approximately 5X%1fecal coliform units per animal per day (ASAE 1999
Although only a fraction of the total fecal coliforloading produced by the deer population
may actually enter a waterbody, the estimated feckorm production for deer provided in
Table 3-2 in cfu/day provides a relative magnitofitoading in each watershed.

Table 3-2 Estimated Fecal Coliform Production for 2er
Fecal
Watershed Wild Deer Estimated Production
Waterbody ID Waterbody Name Area : Wild Deer | (x 10° cfu/day)
Population
(acres) per acre of Deer
Population
OK720900000180 00 | Cimarron River near Kenton 147,706 50 0.0003 25
Cimarron River off US 64,
OK620930000010_00 | p1cane 363,266 413 0.0011 206
Crooked Creek near
OK620930000100_00 Englewood, KS 10,522 1 0.0001 0

3.2.2 Non-Permitted Agricultural Activities and Dom  esticated Animals

There are a number of non-permitted agriculturéiVaies that can also be sources of fecal
bacteria loading. Agricultural activities of great concern are typically those associated with
livestock operations (Drapcho and Hubbs 2002). foHewing are examples of commercially
raised farm animal activities that can contributdacteria sources:

* Processed commercially raised farm animal manureftesn applied to fields as
fertilizer, and can contribute to fecal bacteriadimg to waterbodies if washed into
streams by runoff.

* Animals grazing in pastures deposit manure comigirfecal bacteria onto land
surfaces. These bacteria may be washed into veatexbby runoff.

* Animals often have direct access to waterbodiescandprovide a concentrated source
of fecal bacteria loading directly into streams.

Table 3-3 provides estimated numbers of commeyciaised farm animals by watershed
based on the 2002 U.S. Department of Agricultur&{8) county agricultural census data
(USDA 2002). The estimated animal populations abl& 3-3 were derived by using the
percentage of the watershed within each countycaBse the watersheds are generally much
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smaller than the counties, and commercially rais@gth animals are not evenly distributed
across counties or constant with time, these aughrestimates only. Cattle generate the
largest amount of fecal coliform and often havectiaccess to the impaired waterbodies.

Detailed information is not available to describe quantify the relationship between
instream concentrations of bacteria and land agiphic of manure. The estimated acreage by
watershed where manure was applied in 2002 is showiable 3-3. These estimates are also
based on the county level reports from the 2002 N$Dunty agricultural census, and thus
represent approximations of the land applicati@aan each watershed. Because of the lack of
specific data, for the purpose of these TMDLs, lapplication of animal manure is not
guantified in Table 3-4 but is considered a pot#nsource of bacteria loading to the
waterbodies in the Study Area. Most poultry fegdoperations are regulated by ODAFF, and
are required to land apply chicken waste in acamdavith their Animal Waste Management
Plans or Comprehensive Nutrient Management Plalikile these plans are not designed to
control bacteria loading, best management practces conservation measures, if properly
implemented, could greatly reduce the contribubérbacteria from this group of animals to
the watershed.

According to a study conducted by the ASAE, théyd®ical coliform production rates by
species were estimated as follows (ASAE 1999):

* Beef cattle release approximately 1.04E+11 fechfiocon counts per animal per day;

» Dairy cattle release approximately 1.01E+11 pemahper day

* Swine release approximately 1.08E+10 per animatipgr

» Chickens release approximately 1.36E+08 per anp@atiay

* Sheep release approximately 1.20E+10 per animalaer

* Horses release approximately 4.20E+08 per anieratipy;

» Turkey release approximately 9.30E+07 per animatpg

* Ducks release approximately 2.43E+09 per animatlpgr

* Geese release approximately 4.90E+10 per animalager

Using the estimated animal populations and thel feoldform production rates from
ASAE, an estimate of fecal coliform production fr@ach group of commercially raised farm
animals was calculated in each watershed of thdyStwea in Table 3-4. Note that only a
small fraction of these fecal coliform are expediedepresent loading into waterbodies, either

washed into streams by runoff or by direct deposifrom wading animals. Cattle appear to
represent the largest source of fecal bacteria.

According to data provided by Oklahoma DepartmdnAgriculture, Food, and Forestry
(ODAFF), there are no CAFOs or poultry operatianthie study area.
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Table 3-3 Commercially Raised Farm Animals and Mante Application Area Estimates by Watershed
. . Acres of
Waterbody ID Waterbody Name Cattle & Dairy Horse_s & Goats Sheep & Ho_gs Ducks & Chicken & Manure
Calves-all Cows Ponies Lambs & Pigs Geese Turkeys L
Application
OK720900000180_00 | Simarron River near 14,463 0 66 0 9 8 0 26 557
Kenton
OK620930000010_00 ﬁ'gg:g“ Riveroff US 64, | 44 596 54 156 0 198 0 6 116 1,004
OK620930000100_00 | Crooked Creek near 970 0 1 0 6 60 0 3 38
- Englewood, KS
Table 3-4 Fecal Coliform Production Estimates for ®mmercially Raised Farm Animals (x18 number/day)
. Horses Sheep Ducks .
Waterbody ID Waterbody Name CEiE & DN & Goats & Ho_gs = & Cliiehens Total
Calves-all Cows . Pigs & Turkeys
Ponies Lambs Geese
OK720900000180_00 E;T]f‘orgon River near 1,504,152 0 28 0 108 86 0 2 1,504,377
OK620930000010_00 K:A'O”;"i:r:g" River off US64, | 5659184 | 5454 66 0 2376 | 129,784 15 11 3,766,888
OK620930000100_00 | Crooked Creek near 100,880 0 0 0 72 648 0 0 101,601
Englewood, KS
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3.2.3 Failing Onsite Wastewater Disposal Systems an  d lllicit Discharges

DEQ is responsible for implementing the regulatiarisTitle 252, Chapter 641 of the
Oklahoma Administrative Code, which define desitandards for individual and small public
onsite sewage disposal systems (DEQ 2008a). OSWfemss and illicit discharges can be a
source of bacteria loading to streams and riv&acteria loading from failing OSWD systems
can be transported to streams in a variety of wangduding runoff from surface ponding or
through groundwater. Fecal coliform-contaminateaslugdwater discharges to creeks through
springs and seeps.

To estimate the potential magnitude of OSWDs fdidteria loading, the number of
OSWD systems was estimated for each watershed. e$timate of OSWD systems was
derived by using data from the 1990 U.S. Censususethis data was not available in the
2000 U.S. Census. The estimate was then proraisetion the population data from both the
1990 and 2000 U.S. Census. The density of OSWmDemsgs within each watershed was
estimated by dividing the number of OSWD systemganh census block by the number of
acres in each census block. This density was #pgtied to the number of acres of each
census block within a waterbody watershed. Cehdosks crossing a watershed boundary
required additional calculation to estimate the bhamof OSWD systems based on the
proportion of the census tracking falling withinckavatershed. This step involved adding all
OSWD systems for each whole or partial census block

Over time, most OSWD systems operating at full capawill fail. OSWD system
failures are proportional to the adequacy of eeganinimum design criteria (Hall 2002). The
1995 American Housing Survey conducted by the W®nsus Bureau estimates that,
nationwide, 10 percent of occupied homes with OSWiBtems experience malfunctions
during the year (U.S. Census Bureau 1995). A stuaylucted by Reed, Stowe & Yanke, LLC
(2001) reported that approximately 12 percent &f @SWD systems in northeast Texas
(adjacent to the study area) were chronically nmaifioning. Most studies estimate that the
minimum lot size necessary to ensure against can&ion is roughly one-half to one acre
(Hall 2002). Some studies, however, found thasinés in this range or even larger could still
cause contamination of ground or surface watergfsity of Florida 1987). It is estimated
that areas with more than 40 OSWD systems per squdle (6.25 septic systems per
100 acres) can be considered to have potentialagonation problems (Canter and
Knox 1986). Table 3-5 summarizes estimates of emvand unsewered households for each
watershed in the study area.
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Table 3-5 Estimates of Sewered and Unsewered Houséds

Public Septic Other Housing %
Waterbody 1D Waterbody Name Sewer Tank Means Units Sewered
OK720900000180_00 Cimarron River near Kenton 2 61 0 63 3%
Cimarron River off US 64,
OK620930000010_00 Mocane 475 345 7 828 57%
Crooked Creek near
OK620930000100_00 Englewood, KS 12 9 0 21 57%

For the purpose of estimating fecal coliform logdin watersheds, an OSWD failure rate
of eight percent was used. Using this eight pedréaifure rate, calculations were made to
characterize fecal coliform loads in each watershed

Fecal coliform loads were estimated using the Wwithy equation (USEPA 2001):

6
4 counts_ (#Failing system);< 10°counts) (  70gal x(# person Jx 37852ﬂ
day - 100ml personda househol gal

The average of number of people per household afasilated to be 2.48 for counties in
the Study Area (U.S. Census Bureau 2000). Appratety 70 gallons of wastewater was
estimated to be produced on average per persodayefMetcalf and Eddy 1991). The fecal
coliform concentration in septic tank effluent westimated to be £@er 100 mL of effluent
based on reported concentrations from a numbeuloifigned reports (Metcalf and Eddy 1991,
Canter and Knox 1985; Cogger and Carlile 1984)ingJshis information, the estimated load
from failing septic systems within the watershedswummarized below in Table 3-6.

Table 3-6 Estimated Fecal Coliform Load from OSWD $stems

Septic # of Failing Estimated Loads
Waterbody ID Waterbody Name Acres Tapnk Septic from Septic Tanks
Tanks ( x 10° counts/day)
OK720900000180_00 | Cimarron River near 147,706 61 5 32
Kenton
OK620930000010 00 | Cimarron River off US 64, | 544 564 345 28 182
Mocane
OK620930000100_00 | Crooked Creek near 10,522 9 1 5
— Englewood, KS

3.2.4 Domestic Pets

Fecal matter from dogs and cats, which is trangdax streams by runoff from urban and
suburban areas can be a potential source of bad¢teding. On average nationally, there are
1.7 dogs per household and 2.2 cats per househllderican Veterinary Medical
Association 2007). Using the U.S. census dathebtock level (U.S. Census Bureau 2000),
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dog and cat populations can be estimated for eaatershed. Table 3-7 summarizes the
estimated number of dogs and cats for the watessbieithe Study Area.

Table 3-7 Estimated Numbers of Pets

Waterbody ID Waterbody Name Housing Units Dogs Cats
OK720900000180_00 Cimarron River near Kenton 63 107 139
OK620930000010_00 Cimarron River off US 64, Mocane 828 1,407 1,821
OK620930000100_00 Crooked Creek near Englewood, KS 21 36 46

Table 3-8 provides an estimate of the fecal califdoad from pets. These estimates are
based on estimated fecal coliform production rafes.4x1¢ per day for cats and 3.3X1per
day for dogs (Schueler 2000).

Table 3-8 Estimated Fecal Coliform Daily Productionby Pets (x 16)

Waterbody ID Waterbody Name Dogs Cats Total

Cimarron River near

OK720900000180_00 353 75 428
Kenton

OK620930000010_00 | Simarron River off US 64, 4,644 0983 5,628
Mocane

OK620930000100_00 | Crooked Creek near 118 25 143

Englewood, KS

3.3  Summary of Bacteria Sources

NPDES-permitted facilities operate in a few of thatersheds in the Study Area but most
of the point sources are relatively minor and tfoe most part tend to meet instream water
quality criteria in their effluent. Thus, nonposturces are considered to be the major source
of bacteria loading in each watershed. Table 8fmarizes the suspected sources of bacteria
loading in each impaired watershed.

Table 3-9 Estimated Major Source of Bacteria Loadig by Watershed

Waterbody ID Waterbody Name Sgl?rig(is I\é(:)r;r;g(ier;t S'\gﬁjr(():re
OK720900000180_00 | Cimarron River near Kenton No Yes Nonpoint
OK620930000010_00 | Cimarron River off US 64, Mocane No Yes Nonpoint
OK620930000100_00 | Crooked Creek near Englewood, KS No Yes Nonpoint
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Table 3-10 below provides a summary of the estichéteal coliform loads in percentage
for the four major nonpoint source categories (camually raised farm animals, pets, deer and
septic tanks) that are contributing to the elevdiadteria concentrations in each watershed.
Commercially raised farm animals are estimated ¢othe primary contributors of fecal
coliform loading to land surfaces. It must be doteat while no data are available to estimate
populations and fecal loading of wildlife other thdeer, a number of bacteria source tracking
studies demonstrate that wild birds and mammalesemt a major source of the fecal bacteria
found in streams.

The magnitude of loading to a stream may not reflee magnitude of loading to land
surfaces. While no studies quantify these effduasteria may die off or survive at different
rates depending on the manure characteristics awdnéer of other environmental conditions.
Manure handling practices, use of BMPs, and reddti¢ation to streams can also affect stream
loading. Also, the structural properties of somanores, such as cow patties, may limit their
wash-off into streams by runoff. Because litteapplied in a pulverized form, it could be a
larger source during storm runoff events. The $8oeek report showed that poultry litter was
about 71% of the high flow load and cow pats ctwmted only about 28% of it (Missouri
Department of Natural Resources, 2003). The ShozdlCreport also showed that poultry litter
was insignificant under low flow conditions up t6% frequency. In contrast, malfunctioning
septic tank effluent may be present in pools onstiréace, or in shallow groundwater, which
may enhance its conveyance to streams.

Table 3-10 Summary of Daily Fecal Coliform Load Estnates from Nonpoint Sources
to Land Surfaces

Commercially Septic

Waterbody ID Waterbody Name Raised Farm Pets Deer P
. Tanks

Animals

OK720900000180_00 | Cimarron River near Kenton 99.97% 0.03% | 0.00% 0.00%
OK620930000010_00 | Cimarron River off US 64, Mocane 99.85% 0.14% | 0.00% 0.00%
OK620930000100_00 | Crooked Creek near Englewood, KS 99.97% 0.03% | 0.00% 0.00%
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SECTION 4
TECHNICAL APPROACH AND METHODS

The objective of a TMDL is to estimate allowablellp@nt loads and to allocate these
loads to the known pollutant sources in the waenisko appropriate control measures can be
implemented and the WQS achieved. A TMDL is exgpedsas the sum of three elements as
described in the following mathematical equation:

TMDL = X WLA + X LA + MOS

The WLA is the portion of the TMDL allocated to sting and future point sources. The
LA is the portion of the TMDL allocated to nonpoisturces, including natural background
sources. The MOS is intended to ensure that WQIEbevmet. Thus, the allowable pollutant
load that can be allocated to point and nonpoinircas can then be defined as the TMDL
minus the MOS.

40 CFR, 8130.2(1), states that TMDLs can be exptess terms of mass per time,
toxicity, or other appropriate measures. For fexdiform, E. coli, or enterococci bacteria,
TMDLs are expressed as colony-forming units per, dalgere possible, or as a percent
reduction goal (PRG), and represent the maximumdayeload the stream can assimilate
while still attaining the WQS.

4.1  Using Load Duration Curves to Develop TMDLs

The TMDL calculations presented in this report dezived from load duration curves
(LDC). LDCs facilitate rapid development of TMDLand as a TMDL development tool are
effective at identifying whether impairments aresasated with point or nonpoint sources.
The technical approach for using LDCs for TMDL depenent includes the four following
steps that are described in Subsections 4.2 thréugbelow:

* Preparing flow duration curves for gaged and undafeeam segments;

» Estimating existing bacteria loading in the reaaijvvater using ambient water quality
data;

* Using LDCs to identify the critical condition thatill dictate loading reductions
necessary to attain WQS; and

* Interpreting LDCs to derive TMDL elements — WLA, LMOS, and PRG.

Historically, in developing WLAs for pollutants fmo point sources, it was customary to
designate a critical low flow conditior.g.,7Q2) at which the maximum permissible loading
was calculated. As water quality management efferpanded in scope to quantitatively
address nonpoint sources of pollution and typegatifitants, it became clear that this single
critical low flow condition was inadequate to ers@dequate water quality across a range of
flow conditions. Use of the LDC obviates the needletermine a design storm or selected
flow recurrence interval with which to characteritliee appropriate flow level for the
assessment of critical conditions. For waterbodimepacted by both point and nonpoint
sources, the “nonpoint source critical conditiorduM typically occur during high flows, when
rainfall runoff would contribute the bulk of the lpgant load, while the “point source critical
condition” would typically occur during low flowsyhen WWTP effluents would dominate the
base flow of the impaired water. However, floange is only a general indicator of the
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relative proportion of point/nonpoint contributionk is not used in this report to quantify point
source or nonpoint source contributions. Violasidhat occur during low flows may not be
caused exclusively by point sources. Violationseheen noted in some watersheds that
contain no point sources. Research has showr#tééria loading in streams during low flow
conditions may be due to direct deposit of cattlanare into streams and faulty septic
tank/lateral field systems.

LDCs display the maximum allowable load over thenptete range of flow conditions by
a line using the calculation of flow multiplied bye water quality criterion. The TMDL can be
expressed as a continuous function of flow, equéhé line, or as a discrete value derived from
a specific flow condition.

4.2  Development of Flow Duration Curves

Flow duration curves serve as the foundation of ER@d are graphical representations of
the flow characteristics of a stream at a givee. sielow duration curves utilize the historical
hydrologic record from stream gages to forecasirtutecurrence frequencies. Many streams
throughout Oklahoma do not have long term flow datd therefore, flow frequencies must be
estimated. The most basic method to estimate flives1 ungaged site involves 1) identifying
an upstream or downstream flow gage; 2) calculatirgg contributing drainage areas of the
ungaged sites and the flow gage; and 3) calculal#ily flows at the ungaged site by using the
flow at the gaged site multiplied by the drainageaaratio. The more complex approach used
here in this TMDL report, also considers watershdterences in rainfall, land use, and the
hydrologic properties of soil that govern runoffdaretention. More than one upstream flow
gage may also be considered. A more detailed eapta of the methods for estimating flow
at ungaged streams is provided in Appendix C.

Flow duration curves are a type of cumulative thstion function. The flow duration
curve represents the fraction of flow observatitinst exceed a given flow at the site of
interest. The observed flow values are first rank®m highest to lowest then, for each
observation, the percentage of observations exaegdtat flow is calculated. The flow value
is read from the ordinate (y-axis), which is typig@n a logarithmic scale since the high flows
would otherwise overwhelm the low flows. The flexceedance frequency is read from the
abscissa, which is numbered from 0 to 100 per@d,may or may not be logarithmic. The
lowest measured flow occurs at an exceedance fneguaf 100 percent, indicating that flow
has equaled or exceeded this value 100 percehedirhe, while the highest measured flow is
found at an exceedance frequency of O percent. niddian flow occurs at a flow exceedance
frequency of 50 percent. The flow exceedance péites for each stream segment addressed
in this report are provided in Appendix C.

While the number of observations required to dgwedo flow duration curve is not
rigorously specified, a flow duration curve is upabased on more than 1 year of
observations, and encompasses inter-annual andnstagriation. Ideally, the drought of
record and flood of record are included in the olegons. For this purpose, the long-term
flow gaging stations operated by the USGS arezetilli(USGS 2007a).

A typical semi-log flow duration curve exhibits @moidal shape, bending upward near a
flow exceedance frequency value of 0 percent awdhdard at a frequency near 100 percent,
often with a relatively constant slope in betwe&or sites that on occasion exhibit no flow, the
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curve will intersect the abscissa at a frequensg lthan 100 percent. As the number of
observations at a site increases, the line of Ib€ ttends to appear smoother. However, at
extreme low and high flow values, flow durationwes may exhibit a “stair step” effect due to
the USGS flow data rounding conventions near thetsi of quantitation. An example of a
typical flow duration curve is shown in Figure 4-1.

Figure 4-1  Flow Duration Curve for Cimarron River near Kenton
(OK720900000180_00
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4.3  Estimating Current Point and Nonpoint Loading

Another key step in the use of LDCs for TMDL devettent is the estimation of existing
bacteria loading from point and nonpoint sources e display of this loading in relation to
the TMDL. In Oklahoma, WWTPs that discharge trdatanitary wastewater must meet the
state WQSs for fecal bacteria at the point of disgh. However, for TMDL analysis it is
necessary to understand the relative contributiod/@/TPs to the overall pollutant loading
and its general compliance with required effluenits. The monthly bacteria load for
continuous point source dischargers is estimateahidyiplying the monthly average flow rates
by the monthly geometric mean using a conversiotofa The current pollutant loading from
each permitted point source discharge is calculasath the equation below.

Point Source Loading = monthly average flow ratesgd) * geometric mean of
corresponding fecal coliform concentration * ungtnversion factor

Where:
unit conversion factor = 37,854,120 100-ml/milligyallons
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It is difficult to estimate current nonpoint loadinlue to lack of specific water quality and
flow information that would assist in estimatinggtrelative proportion of non-specific sources
within the watershed. Therefore, existing instredaads minus the point source loads were
used as an estimate for nonpoint loading.

4.4  Development of TMDLs Using Load Duration Curves

The draft step in the TMDL calculation process iwes a group of additional
computations derived from the preparation of LDCBEhese computations are necessary to
derive a PRG (which is one method of presenting haweh bacteria loading must be reduced
to meet WQSs in the impaired watershed).

Step 1: Generate Bacteria LDCs. LDCs are similar in appearance to flow duration
curves; however, the ordinate is expressed in terives bacteria load in cfu/day. The curve
represents the single sample water quality critefow fecal coliform (400 cfu/100 mLE. coli
(406 cfu/100 mL), or enterococci (108 cfu/100 mYpressed in terms of a load through
multiplication by the continuum of flows historitalobserved at this site. The basic steps to
generating an LDC involve:

* obtaining daily flow data for the site of interéstm the USGS;

» sorting the flow data and calculating flow exceemapercentiles for the time period
and season of interest;

* obtaining the water quality data from the primagd contact recreation season
(May 1 through September 30);

* matching the water quality observations with tleevfldata from the same date;

» display a curve on a plot that represents the alhbdgvload multiplied by the actual
or estimated flow by the WQS for each respectivkcetor;

« multiplying the flow by the water quality parametamcentration to calculate daily
loads; then

» plotting the flow exceedance percentiles and débd observations in a load
duration plot.

The culmination of these steps is expressed ifall@ving formula, which is displayed on
the LDC as the TMDL curve:

TMDL (cfu/day) = WQS * flow (cfs) * unit conversiofiactor

Where: WQS = 400 cfu /200 ml (Fecal coliform); 4@$u/100 ml (E. coli); or 108 cfu/100 ml
(Enterococci)

unit conversion factor = 24,465,525 ml*s / ft3*day

The flow exceedance frequency (x-value of each tpagobtained by looking up the
historical exceedance frequency of the measurextonated flow, in other words, the percent
of historical observations that equal or exceed rtfeasured or estimated flow. Historical
observations of bacteria concentration are pairgld flow data and are plotted on the LDC.
The fecal coliform load (or the y-value of eachmipiis calculated by multiplying the fecal
coliform concentration (colonies/100 mL) by thetarganeous flow (cubic feet per second) at
the same site and time, with appropriate volumetna time unit conversions. Fecal
coliform/E. colienterococci loads representing exceedance of waiaity criteria fall above
the water quality criterion line.
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Only those flows and water quality samples obseriredhe months comprising the
primary body contact recreation season are usegnerate the LDCs. It is inappropriate to
compare single sample bacteria observations andnitaneous or daily flow durations to a
30-day geometric mean water quality criterion ia LDC.

As noted earlier, runoff has a strong influencdaading of nonpoint pollution. Yet flows
do not always correspond directly to local rundiigh flows may occur in dry weather and
runoff influence may be observed with low or modierftows.

Step 2: Define MOS. Federal regulations (40 CFR 8130.7(c)(1)) reqtivat TMDLs
include a MOS. The MOS is a conservative measwerporated into the TMDL equation that
accounts for the uncertainty associated with catouy the allowable pollutant loading to
ensure WQSs are attained. USEPA guidance allowgsi® of implicit or explicit expressions
of the MOS, or both. When conservative assumptasesused in development of the TMDL,
or conservative factors are used in the calculatiohe MOS is implicit. When a specific
percentage of the TMDL is set aside to accountufarertainty, then the MOS is considered
explicit. The MOS may be defined explicitly or ingtly. A typical explicit approach would
reserve some specific fraction of the TMDL as th@$®1 In an implicit approach, conservative
assumptions used in developing the TMDL are relipdn to provide an MOS to assure that
WQSs are attained.

Step 3. Calculate WLA. As previously stated, the pollutant load allogatfor point
sources is defined by the WLA. A point source taneither a wastewater (continuous) or
stormwater (MS4) discharge. Stormwater point sesiare typically associated with urban and
industrialized areas, and recent USEPA guidancéudes NPDES-permitted stormwater
discharges as point source discharges and, thergfart of the WLA.

The LDC approach recognizes that the assimilatiygacity of a waterbody depends on the
flow, and that maximum allowable loading will vawith flow condition. TMDLs can be
expressed in terms of maximum allowable concewinati or as different maximum loads
allowable under different flow conditions, rathérah single maximum load values. This
concentration-based approach meets the requirenen® CFR, 130.2(i) for expressing
TMDLs “in terms of mass per time, toxicity, or otheppropriate measures” and is consistent
with USEPA'’s Protocol for Developing Pathogen TMDILSEPA 2001).

WLA for WWTP. WLAs may be set to zero for watersheds with nigtarg or planned
continuous permitted point sources. For watershatls permitted point sources, WLAs may
be derived from NPDES permit limits. A WLA may balculated for each active NPDES
wastewater discharger using a mass balance appesashown in the equation below. The
permitted average flow rate used for each pointcgdischarge and the water quality criterion
concentration are used to estimate the WLA for eeastewater facility. All WLA values for
each NPDES wastewater discharger are then summeeptesent the total WLA for the
watershed.

WLA (cfu/day) = WQS * flow * unit conversion factor
Where:

Where: WQS = 200 cfu /100 ml (Fecal coliform); 126u/100 ml (E. coli); or 33 cfu/100 ml
(Enterococci)

flow (10° gal/day) = permitted flow
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unit conversion factor = 37,854,120-igal/day

Step 4: Calculate LA and WLA for MS4s. LAs can be calculated under different flow
conditions as the water quality target load mirhes\WLA. The LA is represented by the area
under the LDC but above the WLA. The LA at anytigatar flow exceedance is calculated as
shown in the equation below.

LA=TMDL - > WLA - MOS

WLA for MS4s. When there are permitted MS4s in the watershed, $/ioh MS4s will
be calculated based on area prorated LA. This VitbAMS4s may not be the total load
allocated for permitted MS4s unless the whole M&daas located within the study
watershed boundary. However, in most case the stadgrshed intersects only a portion
of the permitted MS4 coverage areas.

Step 5: Estimate WLA Load Reduction. The WLA load reduction was not calculated as
it was assumed that continuous dischargers (NPDHESitied WWTPs) are adequately
regulated under existing permits to achieve watality standards at the end-of-pipe and,
therefore, no WLA reduction would be required. ABOs are considered unpermitted
discharges under State statute and DEQ regulatiéios.any MS4s that are located within a
watershed requiring a TMDL the load reduction Vel equal to the PRG established for the
overall watershed.

Step 6: Estimate LA Load Reduction.

After existing loading estimates are computed fchebacterial indicator, nonpoint load
reduction estimates for each stream segment acellagdd by using the difference between
estimated existing loading and the allowable logoressed by the LDC (TMDL-MOS). This
difference is expressed as the overall percentctemugoal for the impaired waterbody. For
fecal coliform the PRG which ensures that no mbent25 percent of the samples exceed the
TMDL based on the instantaneous criteria allocttedoads in a manner that is also protective
of the geometric mean criterion. F& coli and enterococci, because WQ standards are
considered to be met if 1) either the geometricnmaaall data is less than the geometric mean
criteria, or 2) no samples exceed the instantanegsia, the TMDL PRG will be the lesser of
that required to meet the geometric mean or ingte@us criteria.
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SECTION 5
TMDL CALCULATIONS

51 Flow Duration Curves

The USGS National Water Information System serveshe primary source of flow
measurements for the application. All availabldydaverage flow values for all gages in
Oklahoma, as well as the nearest upstream and d®@ans gages in adjacent states, were
retrieved for use in the application. The appiaatincludes a data update module that
automatically downloads the most recent USGS dath appends it to the existing flow
database.

Some instantaneous flow measurements were avatftalphevarious agencies. These were
not combined with the daily average flows or usedcalculating flow percentiles, but were
matched to bacteria grab measurements collectéteatame site and time. When available,
these instantaneous flow measurements were udiedl iaf the daily average flow to calculate
instantaneous bacteria loads.

Figures 5-1 through 5-4 are flow duration curvesdach impaired waterbody during the
primary body contact recreation season. The flawation curve for Cimarron River near
Kenton (OK720900000180 00) was based on measwed tit USGS gage station 07154500.
The flow period used for this station was 1950 tigto 2010.

The flow duration curve for Cimarron Rivebowe Ute Creek, near Boise City
(OK720900000010_00) was based on measured flousS&S gage station 07155000. The
flow period used for this station was 1905 throd§b4. No flow data is available after 1954.

The flow duration curve for Cimarron River off Ug,6Mocane (OK620930000010_00)
was estimated using watershed area ratio methsddban measured flows at USGS gage
station 07157950 (Cimarron River near Buffalo). eTitow period used for this station was
1960 through 2010.

The flow duration curve for Crooked Creek (OK620030100 00) was based on
measured flows at USGS gage station 07177000 (@bGkeek near Englewood, KS). The
flow period used for this station was 1942 thro@gh.0.
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Figure 5-1  Flow Duration Curve for Cimarron River near Kenton
(OK720900000180_00)
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Figure 5-2  Flow Duration Curve for Cimarron River above Ute Creek, near Boise City
(OK720900000010_00)
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Figure 5-3  Flow Duration Curve for Cimarron River off US 64, Mocane
(OK620930000010_00)
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Figure 5-4  Flow Duration Curve for Crooked Creé near Englewood, KS
(OK620930000100_00)
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5.2  Estimated Loading and Critical Conditions

USEPA regulations at 40 CFR 130.7(c) (1) requireDIld to take into account critical
conditions for stream flow, loading, and all appbte water quality standards. To accomplish
this, available instream WQM data were evaluateth wéspect to flows and magnitude of
water quality criteria exceedance using LDCs.

To calculate the bacteria load at the WQS, the fiat® at each flow exceedance percentile
is multiplied by a unit conversion factd4,465,525 ml*s / #day) and the criterion specific to
each bacterial indicator. This calculation produtege maximum bacteria load in the stream
without exceeding the instantaneous standard dweerange of flow conditions.  The x-axis
indicates the flow exceedance percentile, whileyaxis is expressed in terms of a bacteria
load.

To estimate existing loading, bacteria observatfonshe primary body contact recreation
season (May®ithrough September 3pfrom 1999 to 2007 are paired with the flows meedu
or estimated in that segment on the same date.lut®d loads are then calculated by
multiplying the measured bacteria concentratiomhayflow rate and a unit conversion factor of
24,465,525 ml*s / tday. The associated flow exceedance percentile is gtched with the
measured flow from the tables provided in Apper@ix The observed bacteria loads are then
added to the LDC plot as points. These pointsesaprt individual ambient water quality
samples of bacteria. Points above the LDC inditla¢ebacteria instantaneous standard was
exceeded at the time of sampling. Conversely,tpainder the LDC indicate the sample met
the WQS.

The LDC approach recognizes that the assimilatiygacity of a waterbody depends on the
flow, and that maximum allowable loading varieshwilow condition. Existing loading, and
load reductions required to meet the TMDL waterlitpidarget can also be calculated under
different flow conditions. The difference betwesnsting loading and the water quality target
is used to calculate the loading reductions requirBercent reduction goals are calculated for
each watershed and bacterial indicator specieBeasetiuctions in load required in order that
no more than 10 percent of the existing instantasewater quality observations would exceed
the water quality target. This is because for RIBCR use to be supported, criteria for each
bacterial indicator must be met in each impaireteviedy.

Table 5-1 presents the percent reductions necefsaeach bacterial indicator in each of
the impaired waterbodies in the Study Area. Attant of WQS in response to TMDL
implementation will be based on results measurdtiese stream segments. The appropriate
PRG for each bacteria indicator for each waterbindyable 5-1 is denoted by the bold text.
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Table 5-1 TMDL Percent Reductions Required to MeeWater Quality Standards for
Impaired Waterbodies in the Upper Cimarron River Study Area

Percent Reduction Required
Waterbody ID Waterbody Name 2 ENT
Instantaneous | Instantaneous | Geomean
OK720900000180_00 | Cimarron River near Kenton 28% 88% 56%
OK620930000010_00 | Cimarron River off US 64, Mocane 20% 99% 66%
OK620930000100_00 | Crooked Creek near Englewood, KS 94% 70%

LDCs for each impaired waterbody (for the contaxreation season from 2000 through
2008) for each bacteria indicator are shown in Fagb-5 through 5-9. Observed data during
both primary body contact recreation season andnsiecy body contact recreation season are
shown on the load duration curves. However, o@adrom primary body contact recreation
season (May through September) are used to cacpkaicent reduction goal because this
calculated reduction is sufficient to ensure tlint $econdary body contact recreation criteria
are also met.

The LDCs for Cimarron River, segment OK720900000180(Figure 5-5 & 5-6) shows
enterococci and fecal coliform bacteria measuremmahtWQM station OK720900-00-0180C
and OK720900-00-0180G. The LDCs indicates thaereabcci and fecal coliform levels
exceed the instantaneous water quality criteriseunarious flow conditions for enterococci
and high flows for fecal coliform. This indicate@ambination of point sources and non-point
sources as causes for impairments. However, dimeee is no point source in the sub-
watershed, non-point sources must be the cause afipairments.

The LDCs for Cimarron River, segment OK620930000@D0(Figure 5-7 & 5-8) show
measurements for enterococci and fecal coliformVQM station OK620930-00-0010G and
OK620930-00-0010T. The LDCs indicate that Entecoc@nd fecal coliform levels exceed
the instantaneous water quality criteria primathyder high flow conditions, but exceedance
also occurs under low flows. This indicates thahpoint sources are a major cause of
impairment. However, since there is no point disgk in the sub-watershed, non-point
sources must be the cause of the impairments.

The LDC for Crooked Creek, segment OK620930000100 (Bigure 5-9) show
measurements for enterococci at WQM station OK6QE3B0100G. The LDC indicate that
bacteria levels exceed the instantaneous watertyjaaiteria under various flow conditions,
indicating a combination of point sources and-pomt sources as causes for impairments.
However, since there is no point source in the watershed, non-point sources must be the
cause of the impairments.
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Figure 5-5 Load Duration Curve for Enterococciin Cimarron River near Kenton
(OK720900000180_00)
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Figure 5-6  Load Duration Curve for Fecal Coliform in Cimarron River near Kenton
(OK720900000180_00)
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Figure 5-7  Load Duration Curve for Enterococci in marron River off US 64,
Mocane (OK620930000010_00)
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Figure 5-8  Load Duration Curve for Fecal Coliform in Cimarron River off US 64,
Mocane (OK620930000010_00)
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Figure 5-9  Load Duration Curve for Enterococci in Gooked Creek, near Englewood,
KS (OK620930000100_00)
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5.3 Wasteload Allocation

There are no NPDES WWTPs discharging into the dmuting watersheds in the study
area, hence the WLA is zero.

Permitted storm water discharges are congsidemnt sources. There are no permitted
MS4s within the study area; therefore, a specifast@load allocation is not calculated for
MS4s.

5.4 Load Allocation

As discussed in Section 3, nonpoint source bacteading to the receiving streams of
each waterbody emanate from a number of differemtces. The LAs for each stream segment
are calculated as the difference between the TMDRS, and WLA, as follows:

LA =TMDL - Y WLA - MOS

5.5 Seasonal Variability

Federal regulations (40 CFR 8130.7(c)(1)) requhat tTMDLs account for seasonal
variation in watershed conditions and pollutantling. The TMDLs established in this report
adhere to the seasonal application of the Oklahd/@s which limits the PBCR use to the
period of May i' through September 80 Seasonal variation was also accounted for inethe
TMDLs by using more than 5 years of water qualiitadand by using the longest period of
USGS flow records when estimating flows to devdlow exceedance percentiles.
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5.6  Margin of Safety
For the TMDLs in this package, an explicit MOS 6f{dercent was selected.

5.7 TMDL Calculations

The bacteria TMDLs for the 303(d)-listed streammnsegts covered in this report were
derived using LDCs. A TMDL is expressed as the sdirall WLAS (point source loads), LAs
(nonpoint source loads), and an appropriate MOSg¢hwhattempts to account for uncertainty
concerning the relationship between effluent litnitas and water quality.

This definition can be expressed by the followiggation:
TMDL = X WLA +X LA + MOS

The TMDL represents a continuum of desired loadr @aleflow conditions, rather than
fixed at a single value, because loading capadties as a function of the flow present in the
stream. The higher the flow is, the more wastelibedstream can handle without violating
water quality standards. Regardless of the magmitf the WLA calculated in these TMDLS,
future new discharges or increased load from exjstischarges will be considered consistent
with the TMDL provided that the NPDES permit re@siinstream criteria to be met.

The TMDL, WLA, LA, and MOS will vary with flow conition, and are calculated at every
5th flow interval percentile (Tables 5-2 througl6 -
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Table 5-2  Enterococci TMDL Calculations for Cmarron River near Kenton
(OK720900000180_00)
Percentile Flow TMDL WLA LA MOS
(cfs) (cfu/day) (cfu/day) (cfu/day) (cfu/day)
0 11000 2.91E+13 0 2.62E+13 2.91E+12
5 20 5.28E+10 0 4.76E+10 5.28E+09
10 7 1.72E+10 0 1.55E+10 1.72E+09
15 4 1.06E+10 0 9.51E+09 1.06E+09
20 3 7.93E+09 0 7.13E+09 7.93E+08
25 2 6.08E+09 0 5.47E+09 6.08E+08
30 2 5.02E+09 0 4.52E+09 5.02E+08
35 2 3.96E+09 0 3.57E+09 3.96E+08
40 1 2.91E+09 0 2.62E+09 2.91E+08
45 1 2.38E+09 0 2.14E+09 2.38E+08
50 1 1.61E+09 0 1.45E+09 1.61E+08
55 0.4 1.03E+09 0 9.27E+08 1.03E+08
60 0.2 5.28E+08 0 4.76E+08 5.28E+07
65 0.1 2.64E+08 0 2.38E+08 2.64E+07
70 0.03 7.93E+07 0 7.13E+07 7.93E+06
75 0 0 0 0 0
80 0 0 0 0 0
85 0 0 0 0 0
90 0 0 0 0 0
95 0 0 0 0 0
100 0 0 0 0 0
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Table 5-3  Fecal Coliform TMDL Calculations forCimarron River near Kenton
(OK720900000180_00)
Percentile Flow TMDL WLA LA MOS
(cfs) (cfu/day) (cfu/day) (cfu/day) (cfu/day)
0 11000 1.08E+14 0 9.69E+13 1.08E+13
5 20 1.96E+11 0 1.76E+11 1.96E+10
10 7 6.36E+10 0 5.72E+10 6.36E+09
15 4 3.91E+10 0 3.52E+10 3.91E+09
20 3 2.94E+10 0 2.64E+10 2.94E+09
25 2 2.25E+10 0 2.03E+10 2.25E+09
30 2 1.86E+10 0 1.67E+10 1.86E+09
35 2 1.47E+10 0 1.32E+10 1.47E+09
40 1 1.08E+10 0 9.69E+09 1.08E+09
45 1 8.81E+09 0 7.93E+09 8.81E+08
50 1 5.97E+09 0 5.37E+09 5.97E+08
55 0.4 3.82E+09 0 3.43E+09 3.82E+08
60 0.2 1.96E+09 0 1.76E+09 1.96E+08
65 0.1 9.79E+08 0 8.81E+08 9.79E+07
70 0.03 2.94E+08 0 2.64E+08 2.94E+07
75 0 0 0 0 0
80 0 0 0 0 0
85 0 0 0 0 0
90 0 0 0 0 0
95 0 0 0 0 0
100 0 0 0 0 0
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Table 5-4  Enterococci TMDL Calculations for @marron River off US 64,
Mocane (OK620930000010_00)
Percentile Flow TMDL WLA LA MOS
(cfs) (cfu/day) (cfu/day) (cfu/day) (cfu/day)
0 12500 3.30E+13 0 2.97E+13 3.30E+12
5 345 9.11E+11 0 8.19E+11 9.11E+10
10 209 5.52E+11 0 4.97E+11 5.52E+10
15 158 4.17E+11 0 3.75E+11 4.17E+10
20 130 3.43E+11 0 3.09E+11 3.43E+10
25 110 2.91E+11 0 2.62E+11 2.91E+10
30 93 2.46E+11 0 2.21E+11 2.46E+10
35 80 2.11E+11 0 1.90E+11 2.11E+10
40 68 1.80E+11 0 1.62E+11 1.80E+10
45 59 1.56E+11 0 1.40E+11 1.56E+10
50 50 1.32E+11 0 1.19E+11 1.32E+10
55 40 1.06E+11 0 9.51E+10 1.06E+10
60 31 8.19E+10 0 7.37E+10 8.19E+09
65 23 6.08E+10 0 5.47E+10 6.08E+09
70 16 4.23E+10 0 3.80E+10 4.23E+09
75 9 2.38E+10 0 2.14E+10 2.38E+09
80 4 1.03E+10 0 9.27E+09 1.03E+09
85 1 2.48E+09 0 2.24E+09 2.48E+08
90 0.1 3.17E+08 0 2.85E+08 3.17E+07
95 0 0 0 0 0
100 0 0 0 0 0
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TMDL Cdktions

Table 5-5 Fecal Coliform TMDL Calculations forCimarron River off US 64, Mocane
(OK620930000010_00)
— Flow TMDL WLA LA MOS
(cfs) (cfu/day) (cfu/day) (cfu/day) (cfu/day)
0 12500 1.22E+14 0 1.10E+14 1.22E+13
S 345 3.37E+12 0 3.04E+12 3.37E+11
10 209 2.05E+12 0 1.84E+12 2.05E+11
15 158 1.54E+12 0 1.39E+12 1.54E+11
20 130 1.27E+12 0 1.14E+12 1.27E+11
25 110 1.08E+12 0 9.69E+11 1.08E+11
30 93 9.10E+11 0 8.19E+11 9.10E+10
35 80 7.83E+11 0 7.05E+11 7.83E+10
40 68 6.65E+11 0 5.99E+11 6.65E+10
45 59 5.77E+11 0 5.20E+11 5.77E+10
50 50 4.89E+11 0 4.40E+11 4.89E+10
55 40 3.91E+11 0 3.52E+11 3.91E+10
60 31 3.03E+11 0 2.73E+11 3.03E+10
65 23 2.25E+11 0 2.03E+11 2.25E+10
70 16 1.57E+11 0 1.41E+11 1.57E+10
75 9 8.81E+10 0 7.93E+10 8.81E+09
80 4 3.82E+10 0 3.43E+10 3.82E+09
85 1 9.20E+09 0 8.28E+09 9.20E+08
90 0.1 1.17E+09 0 1.06E+09 1.17E+08
95 0 0 0 0 0
100 0 0 0 0 0
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TMDL Cdktions

Table 5-6  Enterococci TMDL Calculations for Cooked Creek near Englewood, KS
(OK620930000100_00)
— Flow TMDL WLA LA MOS
(cfs) (cfu/day) (cfu/day) (cfu/day) (cfu/day)
0 12700 3.36E+13 0 3.02E+13 3.36E+12
S 62 1.63E+11 0 1.47E+11 1.63E+10
10 30 7.93E+10 0 7.13E+10 7.93E+09
15 23 6.08E+10 0 5.47E+10 6.08E+09
20 20 5.28E+10 0 4.76E+10 5.28E+09
25 17 4.49E+10 0 4.04E+10 4.49E+09
30 16 4.23E+10 0 3.80E+10 4.23E+09
35 14 3.70E+10 0 3.33E+10 3.70E+09
40 13 3.43E+10 0 3.09E+10 3.43E+09
45 12 3.17E+10 0 2.85E+10 3.17E+09
50 11 2.91E+10 0 2.62E+10 2.91E+09
55 10 2.64E+10 0 2.38E+10 2.64E+09
60 9 2.38E+10 0 2.14E+10 2.38E+09
65 8 2.14E+10 0 1.93E+10 2.14E+09
70 7 1.96E+10 0 1.76E+10 1.96E+09
75 6 1.69E+10 0 1.52E+10 1.69E+09
80 5 1.37E+10 0 1.24E+10 1.37E+09
85 4 1.06E+10 0 9.51E+09 1.06E+09
90 2 6.34E+09 0 5.71E+09 6.34E+08
95 0 0 0 0 0
100 0 0 0 0 0
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5.8 Reasonable Assurances

DEQ will collaborate with a host of other state mgjes and local governments working
within the boundaries of state and local regulatitm target available funding and technical
assistance to support implementation of pollutiontmwls and management measures. Various
water quality management programs and funding esuypcovide reasonable assurance that the
pollutant reductions as required by these TMDLs banachieved and water quality can be
restored to maintain designated uses. DEQ’s CaingnPlanning Process (CPP), required by
the CWA 8303(e)(3) and 40 CFR 130.5, summarizesl@kha's commitments and programs
aimed at restoring and protecting water qualitptighout the State (DEQ 2007). The CPP can
be viewed from DEQ’s website alitp:/www.deq.state.ok.us/WQDnew/pubs/2006_cppit.gig.
Table 5-7 provides a partial list of the state partagencies DEQ will collaborate with to
address point and nonpoint source reduction gat#dbkshed by TMDLSs.

Table 5-7  Partial List of Oklahoma Water Qualty Management Agencies

Agency Web Link

Oklahoma Conservation http://www.ok.gov/conservation/Agency_Divisions/WatQuality Division
Commission
Oklahoma Department of http://www.wildlifedepartment.com
Wildlife Conservation
Oklahoma Department of http://www.oda.state.ok.us/aems.htm
Agriculture, Food, and
Forestry
(B)klazoma Water Resources http://www.owrb.ok.gov/quality/index.php

oar

The Oklahoma Conservation Commission (OCC) is dael lagency for Nonpoint Source
Pollution in Oklahoma. The primary mechanisms ukedmanagement of nonpoint source
pollution are incentive-based programs that supploet installation of BMPs and public
education and outreach. Other programs includalaggns and permits for CAFOs. The
CAFO Act, as administered by the ODAFF, providesFCQAoperators the necessary tools and
information to deal with the manure and wastewatemals produce so streams, lakes, ponds,
and groundwater sources are not polluted. In mohditfinancial incentives are currently
available to assist qualified applicants with camdion of fences to create riparian buffers,
ponds, wells, livestock watering facilities andestn crossings through the USDA, Natural
Resources Conservation Service (NRCS) Environmépuallity Incentives Programs (DQIP)
and the Wildlife Habitat Incentives Program (WHIP).

As authorized by Section 402 of the CWA, the DEG lkelegation of the NPDES
Program in Oklahoma, except for certain jurisdicéibareas related to agriculture and the oil
and gas industry retained by State Department afcAljure and Oklahoma Corporation
Commission, for which the USEPA has retained pemmgitauthority. The NPDES Program in
Oklahoma is implemented via OAC Title 252, Chap@s and the Oklahoma Pollutant
Discharge Elimination System (OPDES) Act and incadance with the agreement between
DEQ and USEPA relating to administration and erdorent of the delegated NPDES
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Program. Implementation of point source WLAs isx@dhrough permits issued under the
OPDES program.

The reduction rates called for in this TMDL repare as high as75 percent. The DEQ
recognizes that achieving such high reductions Ww#l very difficult, especially since
unregulated nonpoint sources are a major causgeeofrtpairment. The high reduction rates are
not uncommon for pathogen-impaired waters. Simiaiuction rates are often found in other
pathogen TMDLs around the nation. The suitabiifythe current criteria for pathogens and
the beneficial uses of the receiving stream shdoddreviewed. For example, the Kansas
Department of Environmental Quality has proposeexiolude certain high flow conditions
during which pathogen standards will not applyha@ltgh that exclusion was not approved by
the USEPA. Additionally, USEPA has been conductiegv epidemiology studies and may
develop new recommendations for pathogen critarthe near future.

Revisions to the current pathogen provisions ofa®&ma’s WQS should be considered.
There are three basic approaches to such revitahsnay apply.

* Removing the PBCR use This revision would require documentation in aeU
Attainability Analysis that the use is not existiagd cannot be attained. It is unlikely
this approach would be successful since thereigerge that people do swim in these
waterbodies, thus constituting an existing useistifig uses cannot be removed.

* Modifying application of the existing criteria: This approach would include
considerations such as an exemption under ceriginflow conditions, an allowance
for wildlife or “natural conditions,” a sub-categoof the use or other special provision
for urban areas, or other special provisions farmstflows. Since large bacteria
violations occur over all flow ranges, it is liketigat large reductions would still be
necessary. However, this approach may have nretishould be considered.

* Revising the existing numeric criteria Oklahoma’s current pathogen criteria are
based on USEPA guidelines (See Implementation Gua&lador Ambient Water
Quality Criteria for Bacteria, May 2002 Draft; aAdhbient Water Quality Criteria for
Bacteria-1986, January 1986). However, those ¢uoeke have received much
criticism and USEPA studies that could result imis®ns to their recommendations
are ongoing. The use of the three indicators fipdan Oklahoma'’s standards should
be evaluated. The numeric criteria values sholgld lae evaluated using a risk-based
method such as that found in USEPA guidance.

Unless or until the WQS are revised and approved®§PA, federal rules require that the
TMDLs in this report must be based on attainmerthefcurrent standards. If revisions to the
pathogen standards are approved in the futurectieds specified in these TMDLs will be re-
evaluated.
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SECTION 6
PUBLIC PARTICIPATION

This report is submitted to EPA for technical revieAfter the technical approval, a public
notice will be circulated to the local newspapeard/ar other publications in the area affected
by this TMDL. The public will have opportunities treview the TMDL report and make
written comments. The public comment period |d&isdays. Depending on the interest and
responses from the public, a public meeting mahddd within the watershed affected by this
TMDL. If a public meeting is held, the public wdlso have opportunities to ask questions and
make formal oral comments at the meeting and/asutamit written comments at the public
meeting.

All written comments received during the publicinetperiod become a part of the record
of this TMDL. All comments will be considered antdet TMDL report will be revised
according to the comments if necessary in the al@mcompletion of this TMDL for
submission to EPA for final approval.
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Appendix A

Appendix A
Ambient Water Quality Bacteria Data during Recreation Season — 2000 to 2008
weip Stename | Date | (S0t | Enerosoce | Fecacoltom
IOK720900-00-0180G Cimarron River: West 5/15/2000 100
IOK720900-00-0180G Cimarron River: West 5/7/2001 350 60 500
IOK720900-00-0180G Cimarron River: West 6/19/2000 1100
IOK720900-00-0180G Cimarron River: West 6/11/2001 52 100 200
IOK720900-00-0180G Cimarron River: West 7/16/2001 <800 820 > 600
IOK720900-00-0180G Cimarron River: West 8/28/2000 10 10 20
IOK720900-00-0180G Cimarron River: West 8/20/2001 95 75 170
IOK720900-00-0180G Cimarron River: West 9/24/2001 10 10 20
IOK720900-00-0180C Cimarron River 5/12/2008 40 30
IOK720900-00-0180C Cimarron River 6/9/2003 50 430
IOK720900-00-0180C Cimarron River 6/7/2004 <5 <5
IOK720900-00-0180C Cimarron River 6/4/2007 370 190
IOK720900-00-0180C Cimarron River 6/25/2007 90 <10
IOK720900-00-0180C Cimarron River 7/22/2002 660 320
IOK720900-00-0180C Cimarron River 7/14/2003 35 125
IOK720900-00-0180C Cimarron River 7/9/2007 20 50
IOK720900-00-0180C Cimarron River 7/15/2008 40 40
IOK720900-00-0180C Cimarron River 7/21/2008 150 50
IOK720900-00-0180C Cimarron River 8/26/2002 540 100
IOK720900-00-0180C Cimarron River 8/18/2003 30 35
IOK720900-00-0180C Cimarron River 8/6/2007 200 580
IOK720900-00-0180C Cimarron River 8/25/2008 170 270
IOK720900-00-0180C Cimarron River 9/30/2002 <34 QAF
IOK720900-00-0180C Cimarron River 9/15/2003 <10 20
IOK720900-00-0180C Cimarron River 9/10/2007 <10 90
IOK720900-00-0180C Cimarron River 9/29/2008 340 60
IOK720900-00-0010G Cimarron River: East 5/7/2001 30
IOK720900-00-0010G Cimarron River: East 6/11/2001 <10
IOK720900-00-0010G Cimarron River: East 7/16/2001 10
IOK720900-00-0010G Cimarron River: East 8/28/2000 30
IOK720900-00-0010G Cimarron River: East 8/20/2001 80
IOK720900-00-0010G Cimarron River: East 9/24/2001 <10
(OK620930-00-0010T Cimarron River 5/12/2008 40
(OK620930-00-0010T Cimarron River 6/9/2003 90
(OK620930-00-0010T Cimarron River 6/7/2004 45
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weip Stename | pae | Eicol | Eneosee | Fecalcotfor
(OK620930-00-0010T Cimarron River 6/4/2007 60
IOK620930-00-0010T Cimarron River 6/25/2007 130
IOK620930-00-0010T Cimarron River 6/16/2008 860
IOK620930-00-0010T Cimarron River 7/22/2002 180
IOK620930-00-0010T Cimarron River 7/14/2003 140
IOK620930-00-0010T Cimarron River 7/9/2007 30
(OK620930-00-0010T Cimarron River 7/15/2008 60
IOK620930-00-0010T Cimarron River 7/21/2008 10
IOK620930-00-0010T Cimarron River 8/26/2002 40
IOK620930-00-0010T Cimarron River 8/18/2003 100
IOK620930-00-0010T Cimarron River 8/6/2007 100
IOK620930-00-0010T Cimarron River 8/25/2008 10
IOK620930-00-0010T Cimarron River 9/30/2002 QAF
IOK620930-00-0010T Cimarron River 9/15/2003 10
IOK620930-00-0010T Cimarron River 9/10/2007 160
IOK620930-00-0010T Cimarron River 9/29/2008 30
IOK620930-00-0010G Cimarron River 5/16/2000 400
IOK620930-00-0010G Cimarron River 5/8/2001 20 80
IOK620930-00-0010G Cimarron River 6/20/2000 300
IOK620930-00-0010G Cimarron River 6/12/2001 30 140
IOK620930-00-0010G Cimarron River 9/25/2001 30 10
IOK620930000010-001AT (Cimarron River 9/12/2006 20.5 105
IOK620930000010-001AT (Cimarron River 8/8/2006 10 140
IOK620930000010-001AT (Cimarron River 8/1/2006 116 165
IOK620930000010-001AT Cimarron River 7/19/2006 90.5 130
IOK620930000010-001AT (Cimarron River 7/11/2006 52.5 450
IOK620930000010-001AT (Cimarron River 6/27/2006 61.5 100
IOK620930000010-001AT (Cimarron River 6/13/2006 90.5 425
IOK620930000010-001AT (Cimarron River 5/31/2006 80.5 232
IOK620930000010-001AT (Cimarron River 5/2/2006 41 480
IOK620930000010-001AT (Cimarron River 9/22/2004 246.5 420
IOK620930000010-001AT (Cimarron River 9/13/2004 10 345
IOK620930000010-001AT (Cimarron River 8/10/2004 85 175
IOK620930000010-001AT (Cimarron River 7/27/2004 385 150
IOK620930000010-001AT Cimarron River 7/6/12004 1550 280
IOK620930000010-001AT (Cimarron River 6/22/2004 400 450
IOK620930000010-001AT (Cimarron River 6/1/2004 400 1000
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weip stename | pae | Eeal | Fotecocs | Fecacolfom
OK620930000010-001AT Cimarron River 5/18/2004 200 195
OK620930000010-001AT |Cimarron River 5/4/2004 50 125
OK620930000010-001AT |Cimarron River 9/17/2002 55 15
OK620930000010-001AT Cimarron River 8/13/2002 9000 18000
OK620930000010-001AT |Cimarron River 7/16/2002 290 450
OK620930000010-001AT |Cimarron River 6/18/2002 10 40
OK620930000010-001AT Cimarron River 5/15/2002 55 25
OK620930000010-001AT |Cimarron River 4/16/2002 285
OK620930000010-001AT |Cimarron River 3/19/2002 450
OK620930000010-001AT Cimarron River 11/6/2001 100
OK620930000010-001AT |Cimarron River 10/2/2001 145
OK620930000010-001AT |Cimarron River 9/25/2001 60 200
OK620930000010-001AT Cimarron River 8/7/2001 300 700
OK620930000010-001AT |Cimarron River 7/10/2001 4000 2000
OK620930000010-001AT |Cimarron River 6/5/2001 500 800
OK620930000010-001AT Cimarron River 5/8/2001 40 300
IOK620930-00-0100G Crooked Creek 5/12/2008 30
IOK620930-00-0100G Crooked Creek 6/9/2003 70
IOK620930-00-0100G Crooked Creek 6/7/2004 135
IOK620930-00-0100G Crooked Creek 6/7/2004 55
IOK620930-00-0100G Crooked Creek 6/4/2007 10
IOK620930-00-0100G Crooked Creek 6/25/2007 60
IOK620930-00-0100G Crooked Creek 6/16/2008 220
IOK620930-00-0100G Crooked Creek 7/22/2002 840
IOK620930-00-0100G Crooked Creek 7/29/2002 1720
IOK620930-00-0100G Crooked Creek 7/14/2003 150
IOK620930-00-0100G Crooked Creek 7/9/2007 80
IOK620930-00-0100G Crooked Creek 7/15/2008 70
IOK620930-00-0100G Crooked Creek 7/21/2008 10
IOK620930-00-0100G Crooked Creek 8/26/2002 100
IOK620930-00-0100G Crooked Creek 8/18/2003 250
IOK620930-00-0100G Crooked Creek 8/6/2007 160
IOK620930-00-0100G Crooked Creek 8/25/2008 240
IOK620930-00-0100G Crooked Creek 9/30/2002 QAF
IOK620930-00-0100G Crooked Creek 9/15/2003 10
IOK620930-00-0100G Crooked Creek 9/10/2007 250
IOK620930-00-0100G Crooked Creek 9/29/2008 100
QAF = results failed QA, not reported.
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Appendix B
Estimated Flow Exceedance Frequency
Siea NEmE Cimarron River Cimarron River_abov_e Ute Cimarron River off Crooked Creek near
near Kenton, OK Creek, near Boise City, OK US 64, Mocane, OK | Englewood, KS
WBID Segment OK720900000180_00 OK720900000010_00 OK620930000010_00 0OK620930000100_00

USGS Gage Reference 07154500 07155000 07157950 07157500
Drainage Area (sg. mile) 230.79 710.45 567.60 16.44
NRCS Curve Number 65.76 61.06 70.44 59.99
Ave. Annual Rainfall (inch) 17.06 17.02 19.47 22.61
Flow Exceedance Frequency Q (cfs) Q (cfs) Q (cfs) Q (cfs)

0 11000.00 5520.00 12500.00 12700.00
1 247.52 704.92 1323.20 348.00
2 94.00 331.98 755.64 184.00
3 48.00 207.47 515.00 115.00
4 30.00 137.96 414.00 80.00
5 20.00 110.00 344.60 61.65
6 15.00 90.00 300.00 50.00
7 11.00 80.00 269.00 42.00
8 8.70 68.00 245.00 37.00
9 7.40 60.41 224.00 34.00
10 6.50 55.00 209.00 30.00
11 5.70 50.00 196.00 28.00
12 5.00 43.88 184.00 26.00
13 4.60 38.00 174.00 25.00
14 4.20 35.00 165.00 24.00
15 4.00 35.00 157.80 23.00
16 3.70 33.00 150.00 22.00
17 3.50 29.00 145.00 22.00
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Siea NEmE Cimarron River Cimarron River_abov_e Ute Cimarron River off Crooked Creek near
near Kenton, OK Creek, near Boise City, OK US 64, Mocane, OK | Englewood, KS
WBID Segment OK720900000180_00 OK720900000010_00 OK620930000010_00 OK620930000100_00
USGS Gage Reference 07154500 07155000 07157950 07157500
Drainage Area (sq. mile) 230.79 710.45 567.60 16.44
NRCS Curve Number 65.76 61.06 70.44 59.99
Ave. Annual Rainfall (inch) 17.06 17.02 19.47 22.61
Flow Exceedance Frequency Q (cfs) Q (cfs) Q (cfs) Q (cfs)
18 3.30 24.00 140.00 21.00
19 3.10 24.00 135.00 20.00
20 3.00 23.00 130.00 20.00
21 2.90 22.00 125.00 19.00
22 2.70 19.00 121.00 19.00
23 2.60 19.00 117.00 18.00
24 2.40 18.00 114.00 18.00
25 2.30 17.00 110.00 17.00
26 2.20 16.00 106.00 17.00
27 2.10 15.00 102.00 17.00
28 2.00 14.00 99.00 16.00
29 2.00 14.00 96.00 16.00
30 1.90 13.00 93.00 16.00
31 1.80 12.00 90.00 15.00
32 1.70 11.00 87.00 15.00
33 1.70 10.00 84.00 15.00
34 1.60 10.00 82.00 14.00
35 1.50 9.60 80.00 14.00
36 1.40 9.00 77.00 14.00
B-2 FINAL

JULY, 2011



Upper Cimarron River Area Bacteria TMDLs Appendix B

Siea NEmE Cimarron River Cimarron River_abov_e Ute Cimarron River off Crooked Creek near
near Kenton, OK Creek, near Boise City, OK US 64, Mocane, OK | Englewood, KS
WBID Segment OK720900000180_00 OK720900000010_00 OK620930000010_00 OK620930000100_00
USGS Gage Reference 07154500 07155000 07157950 07157500
Drainage Area (sq. mile) 230.79 710.45 567.60 16.44
NRCS Curve Number 65.76 61.06 70.44 59.99
Ave. Annual Rainfall (inch) 17.06 17.02 19.47 22.61
Flow Exceedance Frequency Q (cfs) Q (cfs) Q (cfs) Q (cfs)
37 1.40 8.40 75.00 14.00
38 1.30 7.90 73.00 14.00
39 1.20 7.50 70.00 13.00
40 1.10 7.00 68.00 13.00
41 1.10 6.50 65.00 13.00
42 1.00 6.20 63.00 12.00
43 1.00 5.80 61.00 12.00
44 0.94 5.00 60.00 12.00
45 0.90 5.00 59.00 12.00
46 0.83 4.80 57.00 12.00
47 0.80 4.80 55.00 12.00
48 0.74 4.20 53.00 11.00
49 0.70 4.00 51.00 11.00
50 0.61 3.70 50.00 11.00
51 0.58 3.20 48.00 11.00
52 0.52 3.00 45.00 11.00
53 0.47 2.60 43.00 10.00
54 0.41 2.50 42.00 10.00
55 0.39 2.20 40.00 10.00
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Siea NEmE Cimarron River Cimarron River_abov_e Ute Cimarron River off Crooked Creek near
near Kenton, OK Creek, near Boise City, OK US 64, Mocane, OK | Englewood, KS
WBID Segment OK720900000180_00 OK720900000010_00 OK620930000010_ 00 | OK620930000100_00
USGS Gage Reference 07154500 07155000 07157950 07157500
Drainage Area (sq. mile) 230.79 710.45 567.60 16.44
NRCS Curve Number 65.76 61.06 70.44 59.99
Ave. Annual Rainfall (inch) 17.06 17.02 19.47 22.61
Flow Exceedance Frequency Q (cfs) Q (cfs) Q (cfs) Q (cfs)
56 0.34 2.00 38.00 9.80
57 0.30 1.60 36.00 9.70
58 0.27 1.30 34.00 9.40
59 0.23 1.00 33.00 9.20
60 0.20 1.00 31.00 9.00
61 0.18 0.70 29.00 8.90
62 0.15 0.54 27.00 8.70
63 0.13 0.30 26.00 8.50
64 0.10 0.30 25.00 8.40
65 0.10 0.10 23.00 8.10
66 0.09 0.10 22.00 8.00
67 0.07 0.00 20.00 7.90
68 0.05 0.00 19.00 7.80
69 0.04 0.00 17.00 7.50
70 0.03 0.00 16.00 7.40
71 0.02 0.00 15.00 7.20
72 0.01 0.00 13.00 7.00
73 0.00 0.00 11.00 6.80
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Siea NEmE Cimarron River Cimarron River_abov_e Ute Cimarron River off Crooked Creek near
near Kenton, OK Creek, near Boise City, OK US 64, Mocane, OK | Englewood, KS
WBID Segment 0K720900000180_00 0K720900000010_00 0K620930000010_00 | OK620930000100_00
USGS Gage Reference 07154500 07155000 07157950 07157500
Drainage Area (sq. mile) 230.79 710.45 567.60 16.44
NRCS Curve Number 65.76 61.06 70.44 59.99
Ave. Annual Rainfall (inch) 17.06 17.02 19.47 22.61
Flow Exceedance Frequency Q (cfs) Q (cfs) Q (cfs) Q (cfs)
74 0.00 0.00 10.00 6.60
75 0.00 0.00 9.00 6.40
76 0.00 0.00 7.90 6.20
77 0.00 0.00 6.80 6.00
78 0.00 0.00 5.80 5.80
79 0.00 0.00 4.80 5.50
80 0.00 0.00 3.90 5.20
81 0.00 0.00 3.10 5.00
82 0.00 0.00 2.50 4.80
83 0.00 0.00 1.90 4.50
84 0.00 0.00 1.40 4.20
85 0.00 0.00 0.94 4.00
86 0.00 0.00 0.65 3.70
87 0.00 0.00 0.46 3.40
88 0.00 0.00 0.33 3.10
89 0.00 0.00 0.20 2.80
90 0.00 0.00 0.12 2.40
91 0.00 0.00 0.05 1.90
92 0.00 0.00 0.01 1.50
93 0.00 0.00 0.00 1.00
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Stream Name

Cimarron River
near Kenton, OK

Cimarron River above Ute
Creek, near Boise City, OK

Cimarron River off
US 64, Mocane, OK

Crooked Creek near
Englewood, KS

WBID Segment

OK720900000180_00

OK720900000010_00

OK620930000010_00

0OK620930000100_00

USGS Gage Reference 07154500 07155000 07157950 07157500
Drainage Area (sq. mile) 230.79 710.45 567.60 16.44
NRCS Curve Number 65.76 61.06 70.44 59.99
Ave. Annual Rainfall (inch) 17.06 17.02 19.47 22.61
Flow Exceedance Frequency Q (cfs) Q (cfs) Q (cfs) Q (cfs)
94 0.00 0.00 0.00 0.54
95 0.00 0.00 0.00 0.00
96 0.00 0.00 0.00 0.00
97 0.00 0.00 0.00 0.00
98 0.00 0.00 0.00 0.00
99 0.00 0.00 0.00 0.00
100 0.00 0.00 0.00 0.00
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Appendix B
General Methodology for Estimating Stream Flow

Flows duration curve will be developed using ergtiUSGS measured flow where the
data exist from a gage on the stream segment efeistt or by estimating flow for stream
segments with no corresponding flow record. Flatado support flow duration curves and
load duration curves will be derived for each Oklada stream segment in the following

priority:

i) In cases where a USGS flow gage occurs on, or nwithie-half mile upstream or
downstream of the Oklahoma stream segment.

a.

If simultaneously-collected flow data matching theater quality sample
collection date are available, these flow measuresn&ill be used.

If flow measurements at the coincident gage aresimgsfor some dates on
which water quality samples were collected, thesgapthe flow record will be
filled, or the record will be extended, by estimgtiflow based on measured
streamflows at a nearby gage. First, the mostogpiate nearby stream gage is
identified. All flow data are first log-transformeo linearize the data because
flow data are highly skewed. Linear regressiomsthen developed between 1)
daily streamflow at the gage to be filled/ extendadd 2) streamflow at all
gages within 95 miles that have at least 300 ddbdy measurements on
matching dates. The station with the best flowatiehship, as indicated by the
highest r-squared value, is selected as the indge.g R-squared indicates the
fraction of the variance in flow explained by thegression. The regression is
then used to estimate flow at the gage to be fdetended from flow at the
index station. Flows will not be estimated basadegressions with r-squared
values less than 0.25, even if that is the besessgpn. In some cases, it will be
necessary to fill/lextend flow records from two oomm index gages. The flow
record will be filled/extended to the extent possiased on the best index gage
(highest r-squared value), and remaining gaps belfilled from the next best
index gage (second highest r-squared value), afaito

Flow duration curves will be based on measured glowly, not on the filled or
extended flow time series calculated from otheregagsing regression.

On a stream impounded by dams to form reservoisufiicient size to impact
stream flow, only flows measured after the datehefmost recent impoundment
will be used to develop the flow duration curvehisTalso applies to reservoirs
on major tributaries to the stream.

ii) In the case no coincident flow data are availabled stream segment, but flow
gage(s) are present upstream and/or downstrearowithmajor reservoir between,
flows will be estimated for the stream segment framupstream or downstream
gage using a watershed area ratio method derivetlineating subwatersheds, and
relying on the National Resources Conservation i8er¢{NRCS) runoff curve
numbers and antecedent rainfall condition. Dragnagbbasins will first be
delineated for all impaired 303(d)-listed streamgmsents, along with all USGS flow
stations located in the 8-digit HUCs with impairsileams. Then all the USGS
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gage stations upstream and downstream of the satshatls with 303(d) listed
stream segments will be identified.

a. Watershed delineations are performed using ESRI Hydro with a 30 m
resolution National Elevation Dataset (NED) digitalevation model, and
National Hydrography Dataset (NHD) streams. Tlemaaf each watershed will
be calculated following watershed delineation.

b. The watershed average curve number is calculabed $oil properties and land
cover as described in the U.S. Department of Agtice (USDA) Publication
TR-55: Urban Hydrology for Small Watershed$he soil hydrologic group is
extracted from NRCS STATSGO soil data, and landaasegory from the 2001
National Land Cover Dataset (NLCD). Based on lasd and the hydrologic
soil group, SCS curve numbers are estimated aB@hmeter resolution of the
NLCD grid as shown in Table 7. The average cummlver is then calculated
from all the grid cells within the delineated wateed.

c. The average rainfall is calculated for each wattsfrom gridded average
annual precipitation datasets for the period 190002(Spatial Climate Analysis
Service, Oregon State University, http://www.ocsgamstate.edu/prism/,
created 20 Feb 2004).

Table C-1 Runoff Curve Numbers for Various Land UseCategories and Hydrologic Soil

Groups
NLCD Land Use Category Curve number for hydrologic soil group
A B C D

0 in case of zero 100 100 100 100
11 Open Water 100 100 100 100
12 Perennial Ice/Snow 100 100 100 100
21 Developed, Open Space 39 61 74 80
22 Developed, Low Intensity 57 72 81 86
23 Developed, Medium Intensity 77 85 20 92
24 Developed, High Intensity 89 92 94 95
31 Barren Land (Rock/Sand/Clay) 77 86 91 94
32 Unconsolidated Shore 77 86 91 94
41 Deciduous Forest 37 48 57 63
42 Evergreen Forest 45 58 73 80
43 Mixed Forest 43 65 76 82
51 Dwarf Scrub 40 51 63 70
52 Shrub/Scrub 40 51 63 70
71 Grasslands/Herbaceous 40 51 63 70
72 Sedge/Herbaceous 40 51 63 70
73 Lichens 40 51 63 70
74 Moss 40 51 63 70
81 Pasture/Hay 35 56 70 77
82 Cultivated Crops 64 75 82 85
90-99 Wetlands 100 100 100 100
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d. Flow at the ungaged site is calculated from theedagjte. The NRCS runoff
curve number equation is:

_ P-1)°
Q= (F’Ta)-l-s (1)
where:
Q = runoff (inches)
P = rainfall (inches)
S = potential maximum retention after runoff bedinghes)
|4 = initial abstraction (inches)

If P < 0.2, Q = 0. Initial abstraction has beennduo be empirically related to S by the
equation

l,=0.2*S (2)

Thus, the runoff curve number equation can be temri

(P-0.29)°?
= 3
Q P+0.8< ®)
S is related to the curve number (CN) by:
510004, @
CN

e. First, S is calculated from the average curve nunitaethe gaged watershed.
Next, the daily historic flows at the gage are amted to depth basis (as used in
equations 1 and 3) by dividing by its drainage atkan converted to inches.
Equation 3 is then solved for daily precipitatiogpth of the gaged sitegdgeq
The daily precipitation depth for the ungaged ss#tethen calculated as the
precipitation depth of the gaged site multiplied thg ratio of the long-term
average precipitation in the watersheds of the gadand gaged sites:

M ungage
Pungaged = Pgaged[ M = d] (5)

gaged

where M is the mean annual precipitation of theensdted in inches. The daily
precipitation depths for the ungaged watershedhgalwith the average curve
number of the ungaged watershed, are then usedaltulate the depth
equivalent daily flow Q of the ungaged site. Hipatihe volumetric flow rate at
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ii)

the ungaged site is calculated by multiplying by #nea of the watershed of the
ungaged site and converted to cubic ft..

f. If any flow measurements are available on the streagment of interest, the
projected flows will be compared to the measureddl on each date. If there is
poor agreement, projections will be repeated witkirapler approach, using
only the watershed area ratio and the gaged diterefpy eliminating the
influence of differences in curve number and prégipn between the gaged
and ungaged stream watersheds). If this simpleroapph provides better
agreement with existing data, the projected floaseol on the simpler approach
will be used.

In the rare case where no coincident flow datasaeglable for a stream segment
andno gages are present upstream or downstream, floNlvbe estimated for the
stream segment from a gage on an adjacent wateo$tsgdilar size and properties,
via the same procedure described above for upstoe@ownstream gages.
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Appendix C
State of Oklahoma Antidegradation Policy

785:45-3-1. Purpose; Antidegradation policy statenm

(@)

(b)

Waters of the state constitute a valuable mesgoand shall be protected, maintained
and improved for the benefit of all the citizens.

It is the policy of the State of Oklahoma tomtect all waters of the state from
degradation of water quality, as provided in OAG:48-3-2 and Subchapter 13 of
OAC 785:46.

785:45-3-2. Applications of antidegradation policy

(@)

(b)

()

(d)

Application to outstanding resource waters (ORWertain waters of the state
constitute an outstanding resource or have exaggti@creational and/or ecological
significance. These waters include streams de®dndcenic River" or "ORW" in
Appendix A of this Chapter, and waters of the Statated within watersheds of
Scenic Rivers. Additionally, these may include watlcated within National and
State parks, forests, wilderness areas, wildlifenagament areas, and wildlife
refuges, and waters which contain species listeduaut to the federal Endangered
Species Act as described in 785:45-5-25(c)(2)(A) @85:46-13-6(c). No degradation
of water quality shall be allowed in these waters.

Application to high quality waters (HQW). It iecognized that certain waters of the
state possess existing water quality which excélease levels necessary to support
propagation of fishes, shellfishes, wildlife, artreation in and on the water. These
high quality waters shall be maintained and preigct

Application to beneficial uses. No water kifyadegradation which will interfere with
the attainment or maintenance of an existing oigdesed beneficial use shall be
allowed.

Application to improved waters. As the qtabf any waters of the state improve, no
degradation of such improved waters shall be altbwe

785:46-13-1. Applicability and scope

(@)

(b)

(©)

The rules in this Subchapter provide a framgwdor implementing the
antidegradation policy stated in OAC 785:45-3-2 &r waters of the state. This
policy and framework includes three tiers, or lsyelf protection.

The three tiers of protection are as follows
(1) Tier 1. Attainment or maintenance of an exgptim designated beneficial use.

(2) Tier 2. Maintenance or protection of High QtialWaters and Sensitive Public
and Private Water Supply waters.

(3) Tier 3. No degradation of water quality allava Outstanding Resource Waters.

In addition to the three tiers of protectidmstSubchapter provides rules to implement
the protection of waters in areas listed in Appeni of OAC 785:45. Although
Appendix B areas are not mentioned in OAC 785:45-3he framework for
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(d)

(e)

protection of Appendix B areas is similar to theplementation framework for the
antidegradation policy.

In circumstances where more than one benefios¢ limitation exists for a
waterbody, the most protective limitation shall lgppor example, all antidegradation
policy implementation rules applicable to Tier 1lterdodies shall be applicable also
to Tier 2 and Tier 3 waterbodies or areas, andemphtation rules applicable to Tier
2 waterbodies shall be applicable also to Tier 8evimdies.

Publicly owned treatment works may use dedigw,fmass loadings or concentration,
as appropriate, to calculate compliance with tlvegased loading requirements of this
section if those flows, loadings or concentratiovexre approved by the Oklahoma
Department of Environmental Quality as a portion Qiflahoma's Water Quality
Management Plan prior to the application of the QRIQW or SWS limitation.

785:46-13-2. Definitions

The following words and terms, when used in thib@apter, shall have the following
meaning, unless the context clearly indicates otisex.

"Specified pollutants” means

(A)

(B)
(©)
(D)
(E)

Oxygen demanding substances, measured as Gabous Biochemical Oxygen
Demand (CBOD) and/or Biochemical Oxygen Demand (BOD

Ammonia Nitrogen and/or Total Organic Nitrogen;
Phosphorus;
Total Suspended Solids (TSS); and

Such other substances as may be determinedhébyOklahoma Water Resources
Board or the permitting authority.

785:46-13-3. Tier 1 protection; attainment or mainénance of an existing or designated
beneficial use

(@)

(b)

(€)

General.

(1) Beneficial uses which are existing or desigdashall be maintained and
protected.

(2) The process of issuing permits for discharges/aters of the state is one of
several means employed by governmental agenciesféexted persons which
are designed to attain or maintain beneficial wgbgh have been designated
for those waters. For example, Subchapters 3, 8,and 11 of this Chapter are
rules for the permitting process. As such, theefatbubchapters not only
implement numerical and narrative criteria, butaisiplement Tier 1 of the
antidegradation policy.

Thermal pollution. Thermal pollution shall Ipeohibited in all waters of the state.
Temperatures greater than 52 degrees Centigradlecsatitute thermal pollution
and shall be prohibited in all waters of the state.

Prohibition against degradation of improvedtavs. As the quality of any waters of
the state improves, no degradation of such improvaers shall be allowed.
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785:46-13-4. Tier 2 protection; maintenance and ptection of High Quality Waters and
Sensitive Water Supplies

(@)

(b)

(©)

(d)

General rules for High Quality Waters. New paaurce discharges of any pollutant
after June 11, 1989, and increased load or coraterirof any specified pollutant
from any point source discharge existing as of JLhel989, shall be prohibited in
any waterbody or watershed designated in Appendigf DAC 785:45 with the
limitation "HQW". Any discharge of any pollutant gowaterbody designated "HQW"
which would, if it occurred, lower existing wateunality shall be prohibited. Provided
however, new point source discharges or increasad br concentration of any
specified pollutant from a discharge existing adwie 11, 1989, may be approved by
the permitting authority in circumstances where dscharger demonstrates to the
satisfaction of the permitting authority that suww discharge or increased load or
concentration would result in maintaining or impray the level of water quality
which exceeds that necessary to support recreaimh propagation of fishes,
shellfishes, and wildlife in the receiving water.

General rules for Sensitive Public and Privilater Supplies. New point source
discharges of any pollutant after June 11, 1986, inoreased load of any specified
pollutant from any point source discharge existagyof June 11, 1989, shall be
prohibited in any waterbody or watershed designatefippendix A of OAC 785:45
with the limitation "SWS". Any discharge of any phahant to a waterbody designated
"SWS" which would, if it occurred, lower existingater quality shall be prohibited.
Provided however, new point source discharges areased load of any specified
pollutant from a discharge existing as of June 11989, may be approved by the
permitting authority in circumstances where theckigger demonstrates to the
satisfaction of the permitting authority that suww discharge or increased load will
result in maintaining or improving the water quaiit both the direct receiving water,
if designated SWS, and any downstream waterbodigiglated SWS.

Stormwater discharges. Regardless of subsec{@nand (b) of this Section, point
source discharges of stormwater to waterbodiesveatdrsheds designated "HQW"
and "SWS" may be approved by the permitting autjori

Nonpoint source discharges or runoff. Best rmgangent practices for control of
nonpoint source discharges or runoff should be emgnted in watersheds of
waterbodies designated "HQW" or "SWS" in AppendioffOAC 785:45.

785:46-13-5. Tier 3 protection; prohibition against degradation of water quality in
outstanding resource waters

(@)

General. New point source discharges of anyuawmit after June 11, 1989, and
increased load of any pollutant from any point seutischarge existing as of June 11,
1989, shall be prohibited in any waterbody or walted designated in Appendix A of
OAC 785:45 with the limitation "ORW" and/or "Sceriiver", and in any waterbody
located within the watershed of any waterbody desigd with the limitation "Scenic
River". Any discharge of any pollutant to a watatpalesignated "ORW" or "Scenic
River" which would, if it occurred, lower existivgater quality shall be prohibited.
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(b)

()

(d)

Stormwater discharges. Regardless of 785:46¢&B- point source discharges of
stormwater from temporary construction activities waterbodies and watersheds
designated "ORW" and/or "Scenic River" may be p#gedi by the permitting
authority. Regardless of 785:46-13-5(a), dischagjestormwater to waterbodies and
watersheds designated "ORW" and/or "Scenic Riverfpoint sources existing as
of June 25, 1992, whether or not such stormwatahdirges were permitted as point
sources prior to June 25, 1992, may be permittedthiey permitting authority;
provided, however, increased load of any pollufaotn such stormwater discharge
shall be prohibited.

Nonpoint source discharges or runoff. Best mgangent practices for control of
nonpoint source discharges or runoff should be emgnted in watersheds of
waterbodies designated "ORW" in Appendix A of OABS5A5, provided, however,
that development of conservation plans shall baiired in sub-watersheds where
discharges or runoff from nonpoint sources aretitled as causing or significantly
contributing to degradation in a waterbody desigddORW".

LMFO's. No licensed managed feeding operatldiHO) established after June 10,
1998 which applies for a new or expanding licensenfthe State Department of
Agriculture after March 9, 1998 shall be locatgd]ithin three (3) miles of any
designated scenic river area as specified by teaiS&ivers Act in 82 O.S. Section
1451 and following, or [w]ithin one (1) mile of a aterbody [2:9-210.3(D)]
designated in Appendix A of OAC 785:45 as "ORW".

785:46-13-6. Protection for Appendix B areas

(@)

(b)

(©)

(d)

General. Appendix B of OAC 785:45 identifieeas in Oklahoma with waters of
recreational and/or ecological significance. Thaseas are divided into Table 1,
which includes national and state parks, natiomaedts, wildlife areas, wildlife

management areas and wildlife refuges; and Tablhch includes areas which
contain threatened or endangered species listesli@s by the federal government
pursuant to the federal Endangered Species Aahasded.

Protection for Table 1 areas. New dischargegpatiutants after June 11, 1989, or
increased loading of pollutants from dischargesteg as of June 11, 1989, to waters
within the boundaries of areas listed in Table Appendix B of OAC 785:45 may be
approved by the permitting authority under suchditions as ensure that the
recreational and ecological significance of theagens will be maintained.

Protection for Table 2 areas. Discharges oerotictivities associated with those
waters within the boundaries listed in Table 2 ppAndix B of OAC 785:45 may be
restricted through agreements between appropeagidatory agencies and the United
States Fish and Wildlife Service. Discharges oeptctivities in such areas shall not
substantially disrupt the threatened or endangspesgties inhabiting the receiving
water.

Nonpoint source discharges or runoff. Best mgangent practices for control of
nonpoint source discharges or runoff should be emginted in watersheds located
within areas listed in Appendix B of OAC 785:45.
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