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Executive Summary

ES-1 OVERVIEW

As promulgated by SectiotD2 of the Clean Water Act (CWA), thé.S. Environmental
Protection Agency (EPA) has delegated authority to the Oklahoma Department of
Environmental Quality (DEQ)to partially oversee theNational Pollutant Discharge
Elimination System (NPDES) Programthe State of Oklahoma. Exceptions are agriculture
[retained bythe OklahomaDepartment of Agriculture, Food, and Forest®DAFF)], and

the oil & gas industryrétained by the Oklahoma Corporation Commission) for which EPA
has retained permitting authority. TREPDES Program in Oklahoma, in accordance with an
agreement between DEQ and ERves implemented via the Oklahoma Pollutant Discharge
Elimination System (BDES) Act OPDES Standards can be found in T2&2, Chapte606
(http://www.deq.state.ok.us/rules/606.pdf

This total maximum daily load (TMDL) report documents the data and assessment used to
esablish TMDLs for Copan Lake [Oklahoma Waterbody ID(OK WBID) number
OK121400050020_QO0 and Lake Claremore (OK121500040020 Q0 The Oklahoma
Department of Environmental QualitPEQ) placed these waterbodies in Catedgomyf the
Oklahoma 202 Integrated Reportor nonsupport of the public and private water supply
designated use because of elevated levels of chlorephyll

Thetwo lakes (reservoirsare locatedn the Neosho/Grandsubbasin[hydrologic unit code
(HUC) 1107]. Copan Lakes a4,85CGacrelakein WashingtonCounty withconservation pool
storage o#3,400acrefeet It was impounded in 3B, and serves as a recreational |dish

and wildlife propagationand is utilized forflood control, water quality control, anslater
supply[Oklahoma Water Resources Bod@WRB) 2011]. Most of the 3@mile shoreline is
undeveloped. The contributing watershed of Copan Lake is 505 square Thied.ttle
Caney River (Caney Creek), which is 5.52 miles long, is the primary tributary flowing to
Lake Copan

Lake Claremordas a470acre lakein RogersCounty with a conservation pool storage of
7,900 acrefeet Lake Claremore was first impoundedby the City of Claremore
(OWRB 2010 in 1930 and serves aslake forrecreationand municipal water supplyMost

of the ninemile shoreline is undeveloped, however roadways surrounding the lake to provide
access to almost the entire shoreline. The contributing watershed of Lake Claremore is 58
square milesDog Creek (16.87 miles long) and Little Dog CreelQ(Biles long) are the
primary tributaries flowing to Lake Claremore

Based on a review of satellite imagery from Google Earth Magse aippears to béttle
developed land bordering the shorelineetther of the two lakes Both lakesare popular
fishing and boating recreation destinatioitie watersheds oboth lakes are sparsely
populated, with developed land accounting for less i8amf the watershed are@he most
common land use categes throughoutboth watershed are pasturbay, grassland and
deciduous foresfThe contributing watersheds are herein after referred to as the Study Area.
Data assessment and TMDL calculatierese conducted in accordance with requirements of
Section 303(d) of the CWA, Water Quality Planning &tahagement Regulationd CFR
Part 130, EPA guidance, and DEQ guidance and procedDES) is required to develop
TMDLs for all impaired waterbods which are on thg03(d) List The draft TMDLwentto
EPA for review beforat was submittedfor public comment. After the public comment

FINAL ES1 September 2014
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period, the TMDLwas submitted to EPA for final approval. Once EPA approves the final
TMDL, then the waterbody is moved to Category 4a of the Integrated Report, where it
remains until it reaches compliance with Okl

These TMDLs provide a load reduction to meet ambient water quality criterion with a given
set of facts. The adoption of these TMDLs into the Water Quality Management Plan
(WQMP) provides a mechanism to recalculate acceptable pollutant loads when information
changes in the future. Updates to the WQMP demonstrate compliance with the water quality
criterion. The updates to the WQMP are also useful when the water quality criterion changes
and loading scenarios are reviewed to ensure that the prediatetbodycriterion will be

met.

The purpose of this TMDIstudywas to establishvatersheebasednutrient load allocations
necessary for reducing chlorophglllevels in the lakes, which is the first step toward
restoring water quality and protecting public healthlDLs determine the pollutant loading

a waterbody can assimilate without exceeding applicable W@IBLs also establiskd the
pollutant load allocation necessary to meet the WQS established for a waterbody based on
the relationship between pollutant sesand water quality conditions in the waterhodly
TMDL consists of wasteload allocat®fWLA), load allocatios (LA), and a margin of
safety (MOS)A WLA is the fraction of the total pollutant load apportioned to point sources,
and includes stormwateisgharges regulated und®@PDESas point sources#An LA is the
fraction of the total pollutant load apportioned to nonpoint soufides MOS is a percentage

of the TMDL set aside to account for the lack of knowledge associated with natural @socess
in aquatic systems, model assumptions, and data limitations.

This report does not stipulate specific control actions (regulatory controls) or management
measures (voluntary best management practices) necessary to reduce nutrients within each
watershedWatersheespecific control actions and management measures will be identified,
selected, and implemented under a separate process involving stakeholders who live and
work in the watersheds, along with tribes, and lo8&te, and federal government agencies.

ES -2 PROBLEM IDENTIFICATION AND WATER QUALITY TARGET

This TMDL studyfocusel on the waterbodies identified irable ES-1 that DEQ placed in
Category 5 of theWater Quality in Oklahoma 2@lintegrated Reporfor nonsupport of the
Public & Private Water Supplybeneficial use Elevated levels of chlorophydl in lakes
reflect excessive algae growth, which can have deleterious effects on the quality and
treatment costs of drinking wateExcessive algae growth can also negativeffect the
aguatic biological comomities of lakes Elevated chlorophyh levels typically indicate
excessive loading of the primary growimiting algal nutrientssuch asnitrogen and
phosphorus to the waterbody, a process known as eutrophication.

Sensitive Public and Private Water $lyp(SWS) lakesare defined in th®©klahoma Water
Quality Standards Oklahoma Administrative Code (OAC) Title 785, Chapter 45: 785:45
25(c)(4)(A). In Appendix A.3 of the WQS opan Lake and LakeClaremoreareboth listed
as SWS lakes.
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Table ES-1 Excerpt from the 2012 Integrated Report i Oklahoma 8303(d) List of
Impaired Waters (Category 5a)

Waterbody Name and Waterbody | Waterbody TMDL Causes of Designated Use Not
Identification Number (WBID) Size (Acres) Priority Impairment Supported

Public and Private
Water Supply

Copan Lake
(OK121400050020_00)

4,850 4 Chlorophyll-a

Public and Private

Chlorophyll-a Water Supply
I Lake Claremore 470 2020 3 - I
(OK121500040020_00) Color Aesthetic
Turbidity Warrg Water Aquatlc
ommunlty

Thenumeric criterion set for chlorophydl for SWS lakes is also found in the WQB5:45
5-10(7)] which dates , Theflongterm average concentration of chlorophgllat a depth of

0.5 meters below the surface shall not exceed 0.010 milligrams per liter in Wister Lake,
Tenkiller Ferry Reservoir, nor any waterbody designated SWS in Appendix A of this Chapter.
Wherever such cetion is exceeded, numerical phosphorus or nitrogen criteria or both may
be promulgatea.

Surface | evel sampling dat a, coll ected from
stations, was used to support the decision to place these lakes Gophe/Claesmore

watersheds on thBEQ 2012 8303(d) Listor nonsupport of the Public and Private Water

Supply Use in an SWS lake:

B Between 208 and 202, CopanlLake chlorophyla samples averagel9.0 pg/L
which is equival enb(Carlsonl@77)Car |l sonés TSI of

B Between 208 and 200, Lake Claremorechlorophylta samples average2D.4 ug/L
(TSI =64.1).

Between 199 to 2012, total nitrogen levels (TN) and total phosphorus (TP) levels were as
follows for the lakes in the Study Area

B CopanlLake: TN levels averaged approximately B.61ig/L and TP levels averaged
0.09 mg/L (Table 2-5). Thermal stratification was evident and anoxic conditions were
present during the summer sampling interval (OWRB 2007).

B Lake Claremore TN levels averaged approximately,07 mg/L, and TP levels
averaged 0.08ng/L (Table 2-6). Thermal stratification was not observed in the fall
and dissolved oxygen levels remained well above 5 mg/L during the BUMP
assessment period (OWRBO07). Thus, nutrient fluxes from sediments were
available yearound in the photic zone where light permits algal photosynthesis.

The Code of Federal Regulatiofd0CFR 8130.7(c)(1) states thatiTMDLs shall be
established at levels necessary to attain and maintain the applicable narrative and numerical
water quality standardé. The water quality target established for each lake must
demonstrate compliance with the numeric criterion prescribedSWS lakes in the
Oklahoma WQSQWRB 2013. Thereforg the water quality target established &arch lake
wasto achieve a longerm average wtake concentration of 10 pg/L for chlorophull

Copan Lakewas also included in th803(d) Listfor turbidity and color. These water quality
issues will be addressed specifically at a future.date
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Determining which nutrients limit phytoplankton growth is an important step in the
development of effective lake and watershed management strategies (Dodds antbPéiscu
Elseret al. 1990; Smithet al. 2002) It is often assumed that algal productivity of most
freshwater lakes and reservoirs is primarily limited by the availability of the nutrient
phosphorus However, more recent studies in reservoirs indicate Itodéih nitrogen and
phosphorus play key roles, along with light, mixing conditions, predation by zooplankton,
and residence time, in limiting algal growth (Kimmel et al. 1990).

ES -3 POLLUTANT SOURCE ASSESSMENT

This section includes an assessment of the known sasgected sources of nutrients
contributing to the eutrophication @opanLake and LakeClaremore Nutrient sources
identified were categorized and quantified to the extent that reliable informatian
available Generally, nutrient loadings causing eyinication of lakes originate from point or
nonpoint sources of pollutiorPoint sources are permitted through tBEDES program
Nonpoint sources are diffuse sources that typically cannot be identified as entering a
waterbody through a discrete conveyaata single locatiarNonpoint sources may emanate
from land activities that contribute nutrient loads to surface water as a result of rainfall
runoff. For the TMDLs in this report, all sources of pollutant loading not regulated by
OPDESwere consideredanpoint sources

Under 40CFR 8122.2, a point source is described as a discernible, confined, and discrete
conveyance from which pollutants are or may be discharged to surface. @REES
permitted facilities classified as point sources that may cam¢ributrient loading include:
B Continuous Point Source Dischargers
! OPDES municipal wastewater treatment facilities (WWTF)
! OPDES Industrial WWTF Discharges
B OPDESregulated stormwater discharges
! Municipal separate storm sewer system (MS4) dischar@d§R04
® Phase 1 MS4
® Phase 2 MS4
' Multi-sector general permits (OKR05)
B Regulated Sector J Discharges
B Rock, Sand and Gravel Quarries
i Construction stormwater discharges (OKR10)
B No-discharge WWTF
B Sanitary sewer overflow (SSO)
B NPDES Animal Feeding Operations (AFO)
! Conceentrated Animal Feeding Operations (CAFO)
! Swine Feeding Operation (SFO)

' Poultry Feeding Operation (PFO)
Therewereno AFOs, nedischarge facilities, or continuous industrial point source discharges
within the Copan Lake or Lake Claremore watershadshe time of the TMDL study

However, thereveretwo continuous municipal point source discharge faeditwithin the
Study Area (onen each watershed). The facility located on the Copan Lake watershed
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(Copan Public Works Authority) is a wastewater plant dahds,wasa source of nutrient
loading. However,the Copan PWA made a formal request on May 5, 2014 to move the
discharge point to the stream segment just below the lake. After Copan PWA moves their
discharge point, there will be no continuous point sealischargén Copan Lake watershed.
Conversely, the facility on the Lake Claremore watershed is a water treatment plant, which
wasnot likely a source of nutrients.

A small portion of the MS4 permit for the City of Claremore falls within the watershed of

Lake Claremore. Discharges from stormwater are potential sources of nutrient loadings.
However, because only 1% of the watershed is within the MS4 boundpessijtted
stormwaterwas not considered a significant source of nutrient loadifiterefore, aWVLA

wasnot required for the City of Claremoreds s

Most of thenutrient loading to these two lakes originates from nonpoint souxcegoint
sources include those sources that cannot be identified as entering the waterbody at a specific
location The relatively homogeneous land use/land cover categories throughout the Study
Area associated with forest and grasslands have a strong influent®e asrigin and
pathways of nutrient sources to surface watlertrient sources in rural watersheds originate
from soil erosion, agricultural fertilization, residues from mowing and harvesting, leaf litter,
and fecal waste deposited in the watershed bgtidok Causes of soil erosion can include
natural causes such as flooding and winds, construction activities, vehicular traffic, and
agricultural activitiesOther sources of nutrient loading in a watershed include atmospheric
deposition, failing onsite vaiewater disposal (OSWD) systems, and fecal matter deposited
in the watershed by wildlife and pets

Given the lack of irstream water quality data and pollutant source data available to quantify
nutrient and sediment loading directly from the tributaredsCopan Lake and Lake
Claremore a watershed loading modethe Soil and Water Assessment Tool (SWAWas

used to develop nonpoint source loading estimdtesse estimates from SWAT were used

to quantify the nutrient contributions to each 1a88VAT is a basirscale watershed model

that can be operated on a daily time step (Neitsch et A1).2BWAT is designed to predict

the impact of management strategies on water, nutrient, sediment, and agricultural chemical
yields The model is physically (and gunically) based, computationally efficient, and
capable of continuous simulation over long time periddigjor components of the model
include weather, hydrology, soil temperature and properties, plant growth, nutrients, and land
management.

There are nastream flow gages or water quality monitoring stations in the tributaries to
Copan Lake and Lake Claremore. To calibrate the SWAT model, it was necessary to extend
the modeled area to encompass watersheds with stream flow gages and nutrient concentration
measurements. Thus, the SWAT model simulated two adjacent watersheds: Caney [HUC
(Hydrologic Unit Code)L1070106]anda portion of Lower VerdigrigHUC 11070105. The

modeled domairdisplayed inFigure 3-2 is a 2,420 square mile area that includes the
conributing watersheds of thevo lakes The main streams located in the model domain are
Caney Rivey Little Caney River (CaneYreeR, SandCreek, Verdigris River and Dog

Creek

A 19-year period (1994 2012) was simulated in the SWAT model. However, the #irst
years were conpd dperridod flisrpisitabi l i zing mod
model output consisted of only the latter 15 years (}98®&12). The variables simatled in

SWAT included flow, organic phosphorus, mineral ofgiftmsphorus, organic nitrogen,
ammonia nitrogen, nitrate nitrogen, nitrite nitrogen, and total suspended solids.
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The SWAT hydrologic calibration was primarily performed based on flow data aeadab
the USGS gagelocated onCaney River near Elgin, KS (USGS Stati@ril72000), Caney
River atUS-75 (USGS Station07175500, and Verdigris River at S120 (USGS Station
0717600Q (Figure 3-2). In addition, the model simulated inflow tGopan Lake was
compared to daily records reported BSACE (Station CPLO2)Overall, the model
reproduces the annual flows within the?d sarget for most years, witbverall errors below
the target forall thelocations 2% for Caney Creek near Elgin, 6% for Caney Creekl&
75, -1% for Verdigris River at S¥20, and 106 for Copan Lake inflow)Resulting Nash
Sutcliffe Efficiency coefficients (NSE) and correlation coefficieA} yalues were 061 and
0.955 for Caney Creek near Elgi©948 and 0.%2 for CaneyCreekat US75, 0.993 and
0.992 for Verdigris River at S120, and 0943 and 0989 for Copan Lake inflowThe high
resulting coefficients indicate very good model performdacannual flows.

After hydrologic calibration, the SWATPredictednutrient concentrations were calibrated to
the observed nutrient concentrationsfair water quality stationsCaney Creek alS-75
(OWRB monitoring site 1214000100001AT), Sand Creek OCC monitoring site
OK12140004-00108, Verdigris River atSH-20 (OWRB monitoring site 121500030010
001AT), andDog Creek Spavinaw FlowlingOCC monitoringsite OK12150002-0360D.
For purposes of calculating averages to compare to modeled valuedetrots were
assumed equal to half of the detection linmtmost casg, the SWAT model reproduced the
average nutrient concentrations within 25% of the measured aveFigese (3-4). In some
instances, the model does not replicate particular nutrient species well for peieh but
nevertheless the total phosphorug amtrogen predicted averag&gere within the 25%
target However, it is notedhat monitoring data available faralibrationwere from low to
moderate flow conditionsAs a result, therevas more uncertainty on high flow loading
values.

Based on the calitated SWAT model, averadeads of nutrients from each of the individual
subwatersheds were estimated for the period 1998 t@.20dder current condition§;opan
Lakewasestimated to receive a total annual load ©5,400kg of phosphorus ant, 376,700
kg of nitrogen, on average, from nonpoint sources in its watersPlademorelLake was
estimated to receive a total annual load2@{400kg of phosphorus and08,100kg of
nitrogen, on average, from sources in its watershed

Table ES- 2: Avg Flows & Nutrient Loads Discharging to Copan Lake/Lake Claremore

Parameter Copan Lake Lake Claremore

Watershed Size (square miles) 507 58
Flow (m*/day) 1.07 x 10° 1.98 x 10°

Organic Phosphorus (kg/year) 412,400 10,100
Mineral Ortho-Phosphorus (kg/year) 63,000 12,300

Total Phosphorus (kg/year) 475,400 22,400

Organic Nitrogen (kg/year) 1,145,100 23,800
Ammonia Nitrogen (kg/year) 69,600 10,600
Nitrate+Nitrite Nitrogen (kg/year) 161,900 73,700

Total Nitrogen (kg/year) 1,376,700 108,100

FINAL ES6 September 2014



Chlorophylta TMDLs for Lakes Copan and Claremore Executive Summary

ES -4 TECHNICAL APPROACH AND METHODS

The objective of a TMDlwasto estimate allowable pollutant loads and allo¢hteseloads

to the known pollutant sources in the watershed so appropriate control measures can be
implemented and the WQ&hieved To ascertain the effect of management measures-on in
lake water quality, itvas necessary to establish a linkage between the external loading of
nutrients(TN and TP)and the waterbody response in terms of lake water quality conditions,
as evaluted by chlorophyHa concentrationsThe following paragraphdescribe the water
qguality analysis of the linkage between chloroplayllevels in Copan Lake and Lake
Claremoreand the nutrient loadings from their watersheds.

The water quality linkage anaigs was performed using the BATHTUB model
(Walker1986) BATHTUB is an U.S. Army Corps of Engineers model designed to simulate
eutrophication in reservoirand lakesBATHTUB has been cited as an effective tool for
reservoir and lake water qualipssessment and management, particularly where data are
limited. The model incorporates several empirical equations of nutrient settling and algal
growth to predict steadstate water column nutrient and chloropkey/itoncentrations based
onwaterbodycharateristics, hydraulic characteristics, and external nutrient loadings

The model was run under existing average, ststaly conditionsAn averaging period of
one year was used to depict the duration of rhatsnce calculations faach lakeA single,
well-mixed lake was assumed fatl threereservoirs Key water quality parameters for
BATHTUB input include total phosphorus, inorganic oAptwosphorus, total nitrogen, and
inorganic nitrogenOutput from the SWAT model was the primary source of datatito the
BATHTUB model Although SWAT can provide daily output, BATHTUB is a steatgte
model and not appropriate for interpreting sHertn responses of lakes to nutrients
Therefore, the longerm average annual loads from ®B&/AT-modeled period we applied
as inputs to BATHTUB.

The BATHTUB models for each lake were run under average existing conditions, and
calibrated to measure -iake water quality conditions (based 9992012 data) using
phosphorus and nitrogen calibration factofee modelpredicted concentrations of total
nitrogen, total phosphorus, chlorophglland Secchi depth under existing average conditions
werecompared to average measured concentrations fronladaah Table ES-3.

Table ES- 3: Model Predicted and Measured Water Quality Parameter Concentrations

Water Quality Copan Lake Lake Claremore

Parameter Modeled ‘Measured Modeled  Measured

Total Phosphorus (mg/L)

Total Nitrogen (mg/L)

Chlorophyll-a (pg/L)

Secchi depth (meters)

Simulationswere performed using the BATHTUB model to evaluate the effect of watershed
loading reductions on chlorophdl levels Atmospheric loads were maintained at their
existing estimated levelsSimulations indicated that the water quality target ofudQ
chlorophylla as a longterm average concentration could be achieved if the total phosphorus
and nitrogen watershedads toCopanLake werereduced byp0% from the existingdads, to
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237,00 kg/year of total phosphorus an®B8,350 kg/year of total nitrogenin Lake
Claremorethe water quality target of 10 pg/L chlorophgltould be achieved if the existing
watershedoads were reduced by3% to 6,048 kg/year of total phosplmos and29,187
kgl/year of total nitrogenTable ES-4 summarizes the percent reduction goals for nutrient
loading established for each laKéhese maximunallowable loads include an inherent
margin of safety through the use of limits on loading of Imititngen and phosphorus

Table ES- 4: Total Phosphorus and Nitrogen Load Reductions Needed to Meet
Chlorophyll-a In-lake Water Quality Targets

Maximum Allowable Load (kg/yr)®

Percent
Reduction

Lake
Total Phosphorus | Total Nitrogen

Copan Lake 50% 237,700 688,350
Lake Claremore 73% 6,048 29,187

% Loads do not include atmospheric deposition or the point source discharging to Copan Lake.

While the relative importance of nitrogesr phosphorus in limiting algal productivity in
Copan and Claremotteakes has not been definitively established, this TMDL calculates load
allocations for both nitrogen drmphosphorus as a conservative approach to ensure that water
quality targets are me8ince thereare infinite combinations of TN and TP concentrations
that could result in the desired chloropkgltoncentration and BATHTUB is not capable of
discerning between them, a practical starting point for implementatasto begin with
equal percat reductiongoak for both nutrient parameteisor examplein Figure ES-1, the

50% reduction goalwas plotted for both nutrienparameterdor CopanlLake However
depending on local environmental and semtonomical conditions, different percent
reductions for thewo nutrients based on the cunveFigure ES-1, couldbe used during the
implementation ofthe TMDL for CopanLake and stillachieve the target chlorophl
concentrationn theLake

Figure ES- 1. Total N and Total P Combinations Resulting in 10 ug/L Chlorophyll-ai
Copan Lake
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ES-5 TMDLS AND LOAD ALLOCATIONS

TMDLs for the 8303(dJisted waterbodies covered in this report were derived using the
outputs from the BATHTUB modeA TMDL is expressed as the sum of all WLAs (point
source loads), LAs (nonpoint source loads), and an appropriate MOS, which attempts to
account for theincertaintyconcerning the relationship between loading limitations and water
guality. This definition @n be expressed by the following equation:

TMDL = EWLA + E LA + MOS

Therewere no point sources of wastewater discharging to L@keemore but there is a

point source of wastewater discharging to a tributaryCalpan Lake. Furthermore,

Ok | a h o ma 6entatidn nop W@SN (OAC 785:463-4) prohibits new point source
discharges to these lakes, except for stormwater with approval from DEQ (Q0IRS.

New point source discharges of any pollutant after June 11, 1989, and increased load of any
specified pollutat from any point source discharge existing as of June 11, 1989, shall be
prohibited in any waterbody or watershed designated in AppendixOR6f 785:45 with the
limitation "SWS'

For Copan Lake, th® PDESpermitted facilitywasallocated a daily wasteda calculated as

its permitted flow rate multiplied by TP and TN concentrations derived from loading time
series provided to EPA for the lllinois River watershed. T\asdue to the fact thaopan
Public Works Authority( OK0020168) does not have a perimtit for nutrients, nor does it
report nutrient concentrationshe WLA WWTPwasderivedas follows

WLA_WWTP = Nutrient concentration * flow * unit conversion factor (kg/day)
Where:

Nutrient concentration = 4.5 mg/L for TP and 18 mg/L for TN

Flow (mgd)= permitted average daily flow = 0.13

Unit conversion factor = 3.785

Thus, the WLA_WWTP for Copan Public Works Authorityas 2.2 kg/day for Total
Phosphorus and 8.9 kg/day for Total Nitrogen.

Part of he City ofClaremorePhase 1l MS4 permit for stormiea discharges and stormwater
managementPermit £DKR040@8). The City of Claremoreomprisesonly 1% of theLake
Claremorewatershedtherefore,a WLA _MS4wasnot assigned, rathé¢he small portion of
the watershed accounted for by the MS4 aveaincluded in the Load Allocation (LA) for
Lake Claremore

The load allocation for watershed nonpoint sourcebdth lakes were calculated as the
difference between the TMDL, MOS, and W/L4&s follows:

LA=TMDL T WLA wwrp T WLA msal MOS

The total allowable loado CopanLake was conservatively estimatad 237,700kg/yr of
total phosphorus an@l88,350kg/yr of total nitrogennecessitatinga 50% reductionfrom
existing loadingo achieve the desired water quality target
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The load allocation fowatershedhonpont sources to Lak€laremorewas conservatively
estimated a$,048kg/yr of total phosphorus ar9,187kg/yr of total nitrogennecessitating
a 73% reduction from existing loadinip achieve the desired water quality target

Federal regulations (40FR 8130.7(c)(1)) require thatMDLs include anMOS. The MOS

is a conservative measure incorporated into the TMDL equation that accounts|émktbé
knowledgeassociated with calculating the allowable pollutant loading to ensure WQSs are
attained EPA guidance allows for use of implicit or explicit expressions of the MOS, or
both  When conservative assumptiongere used in development of the TMDL, or
conservative factorsvere used in the calculations, the MOS is implid¥hen a specific
percentage of the TBIL is set aside to account fdre lack of knowledgethen the MOS is
considered explicitThe TMDLs for Copanand ClaremoreLakes include an implicit MOS
thatwasincorporated by the application of load reductions for both nitrogen and phosphorus

Load reduction scenario simulations were run using the BATHTUB model to calculate
annual average phosphorus and nitrogen loads (in kg/yr) that, if achieved, should decrease
chlorophylka concentrations to meet the water quality targ8iven that transport,
assmilation, and dynamics of nutrients vary both temporally and spatially, nutrient loading
to both lakes from a practical perspective must be managed on-tefangasis typically as
pounds or kilograms per yeatowever, a recent court decisidfriends d the Earth, Inc. v.

EPA, et al.,often referred to as the Anacostia decision) states that TMDLs must include a
daily load expressiarit is important to recognize that the chloropkgltesponse to nutrient
loading inCopanLake and Lake&Claremords affected by many factors such as: internal lake
nutrient loading, water residence time, wind action and the interaction between light
penetration, nutrients, sedimdotad, and algal responsés such i wasimportant to note

that expressing this TMDL in dailyime steps does not imply a daily response to a daily load
waspractical from an implementation perspective.

The EPAO sTechnical Support Documentor Water QualityBased Toxics Control
(EPA1991) provides atatisticalmethod for identifying astatisticalmaximum daily limit
based on a lonterm average and considering variation in a databe¢ method is
represented by the following equation:

bob O'YoQ 8
Where  MDL = maximum daily load LTA = long-term average load
z = z statistic of the probability of occurren¢e.645wasused for this value)

82 = In(CV?+1) CV = coefficient of variation

The coefficients of variation of dailghosphorusand nitrogenNPS loadscalculated from
SWAT model outputwere 6.9 and 6.4 for Copan Lake, and 4.4 and 2.5 for Lake Claremore,
respectivelyUsing equal reduction®r both nutrient paramete(50% for Copanand 73%
for Claremorg, the maximundaily loads correspondo the allowableannualaverage loasl
providedin Table ES-4. In Copan Lake th@37,700kg of phosphorus an@i88,350 kgof
nitrogenper yeamwastranslated to a daily maximum load&35.1kg/day of phosphorus and
1826.8kg/day of nitrogenFor Lake Claremorgethe allowable average load 6f048kg of
phosphorus an@9,187kg of nitrogen per yeawastranslated to a daily maximum load of
19.1kg/day of phosphorus arfdl2.6kg/day of nitrogenReduction of TP and TN loads in
lake tributaries to these levatsexpected to result in achievement of WQS for chloropayll
in each lake.
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Table ES-5 TMDLs for Chlorophyll-a Expressed in Kilograms of Total Phosphorus
and Nitrogen Per Day

Waterbody Name Waterbody ID Nutrient TMDL | WLA LA MOS

Total Phosphorus 605.1
Total Nitrogen 1826.8 1826.8 Implicit
Total Phosphorus 19.1 19.1 Implicit

0OK121500040020_00 - —
I Lake Claremore - Total Nitrogen 112.6 112.6 Implicit I

ES -6 PuBLIC PARTICIPATION

605.1 Implicit

Copan Lake 0OK121400050020_00

o|OojJOo |Oo

A public notice was sent to local newspapers, to stakeholders in the Study Area affected by
these draft TMDLs, and to stakeholders who requested copies of all TMDL public notices.
The public notice, draft TMDL report, and draft 208 Factsheet were posted ftllowing

DEQ websitewww.deq.state.ok.us/wgdnew/index.htm

The publichad 45 dayqJuly 25, 2014 to September 8, 201d)review thedraft TMDL

report and make written commeniavo ses of written commerg werereceived during the

public notice period These comment s, a |s,care ghnowpairt tofhthe DE Q06 s
public record of tiis TMDL report inAppendix D. Thesecommens wereconsideredand

revisions were made to the final TMDgport.

There were no requests for a public meeting.

The Lake Copan and Claremore Lake ChloropkgllTMDL Reportwas finalized and
submittedto EPA for final approval.
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1.1

FINAL

SECTION 1 - INTRODUCTION

TMDL PROGRAM BACKGROUND

As promulgated by SectioctD2 of the Clean Water Act (CWA), thd.S. Environmental
Protection Agency (EPA) has delegated authority to the Oklahoma Department of
Environmental Quality (DEQXp partially oversee thiational Pollutant Discharge Elimination
System (NPDES) Prograim the Sate of Oklahoma. Exceptions are agricult{netained by

the OklahomaDepartment of Agriculture, Food, and Forest§DAFF)], and the oil & gas
industry (retained by the Oklahoma Corporation Commission) for which EPA has retained
permitting authority. TheNPDES Program in Oklahoma, in accordance with an agreement
between DEQ and EPAyasimplemented via the Oklahoma Pollutant Discharge Elimination
System (OPDES) Act OPDES Standards can be found in T2, Chapte606
(http://www.deq.state.ok.us/rules/606.pdf

Section 303(d) of the CWA anBPA Water Quality Planning and Management Regulations
(40 Code of Federal Regulations [CFR] Part 130) require states to develop total maximum daily
loads (TMDL for all segments and pollutants identified by the Regional Administrator as
suitable for TMDL calculationSegments and pollutants identified on the appr@63{d) List

as not meeting designated uses where techndlaggd controls are in place will bezen a

higher priority for development of TMDLSTMDLs establish the allowable loadings of
pollutants or other quantifiable parameters favaierbodybased on the relationship between
pollution sources anih-streamwater quality conditions, so statesideplement water quality

based controls to reduce pollution from point and nonpoint sources and restore and maintain
waterquality (EPA 1991).

This report documents the data and assessmsetito establishchlorophylta TMDLs for
Copan Lake[Oklahoma Waterbody ID (OK WBID) numbe&dK121400050020_(0in the
Caney River sufbasin (hydrologic unit code [HUC] 11070106) andke Claremore
(OK121500040020_Q0in the Lower Verdigris River (HUC 11070105) sbasin. Oklahoma
Department of Environment@uality (DEQ)placed Copan Lake in Categdsy303(d) Lisi of

the Water Quality in Oklahoma, 4@ Integrated Repor(2012 Integrated Report) for non
support of the Aesthetidrish and Wildlife PropagatieWarm Water Aquatic Community
(WWAC), and Public ad Private Water Supply Use. DEQ placed Lake Claremore in Category
5 [303(d) Lisi of the 2012 Integrated Report for nreapport of the Public and Private Water
Supply UseFigures 1-1 (Copan Lakelnd1-2 (Lake Claremoregrelocation mag showing
theseOklahoma waterbodies and thewntributing watershedd’he maps display locations of
the water quality monitoring (WQM) stations used as the basis for placement of these
waterbodies on the Oklahoma3@(d) List These waterbodies and their surrounding
watersheds are hereinafter referred to as the Study Area.

Elevated levels of chlorophydl in lakes reflect excessive algae growth which can have
deleterious décts on the quality and treatment costs of drinkuager Excessive algae growth
can also negately affect the aquatic biological communities of lakes. Elevated chloreahyll
levels typically indicate excessive loading of the primary growimmiting algal nutrients
nitrogen and phosphorus to the waterbody, a process known as eutrophication. €3staesds
and TMDL calculationsvere conductedn accordance with requirements of Section 303(d) of
the CWA, Water Quality Planning and Management Regulation 40 Part 130)EPA
guidance, andklahomaWater Quality Standards (WQS) Kk@ahoma Administratie Code
(OAC) Title 785,Chapter 45 DEQ is required to submit all TMDLs t&PA for review and
approval Once EPAapproves a TMDL, then theaterbodymay be moved to Category 4a of a
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1.2

Waterbody Name Surface
and WBID Area (Acres)

St ateds I ntegrated Water Qualityitmoansungr i ng
compliance withNVQS is achieved (EP2003.

The purpose of this TMDLstudy was to establishnutrient load allocationsiecessaryfor
reducing chlorophyih levels in the lakes, which is the first step toward restoring water quality
and praecting public health. TMDLs determine the pollutant loading waterbody can
assimilate without exceedingpplicableWQS for that pollutant. TMDLs also establish the
pollutant load allocation necessary to meet the WQS establishedviatieebodybased on the
relationship between pollutant sources and water quality conditidghe waterbodyA TMDL
consists of a wasteload allocation (WLA), load allocation (LA), and a margin of safety (MOS)
The WLA is the fraction of the total pollutant load apjoned to point sources, and includes
stormwaterdischarges regulated und®ePDES as point sourceghe LA is the fraction of the
total pollutant load apportioned to nonpoint sourdd®S can be implicit and/or explicit. An
implicit MOS is achieved by ursg conservative assumptions in the TMDL calculations. An
explicit MOS is a percentage of the TMDL set aside to account fofattle of knowledge
associated with natural process aquatic systems, model assumptions, and data limitations.

This report des not stipulate specific control actions (regulatory controls) or management
measures (voluntary best management practices) necessary to reduce nutrients within each
watershed. Watershegpecific control actions and management measures will be identified,
selected, and implemented under a separate process involving stakeholders who live and work
in the watersheds, along with tribes, and local, state, and federal goveageecies

LAKE AND WATERSHED CHARACTERISTICS

1.2.1 Lake Characteri stics

Copan Lakds a4,850acrelake in WashingtonCounty withconservation pool storage of
43,400acrefeet It was impounded in BB, and serves as a recreational |akeh and
wildlife propagation,and is utilized forflood control, water quality control, andater
supply(Oklahoma Water Resources Bod@WRB] 2011). Most of the 30 mile shoreline is
undeveloped. The contributing watershed of Copan Lake 1ss§0are milesThe Litle
Caney River (Caney Creelg the primary tributary flowing to Copanake Figure 1-1
displays the contributing watershed of Copan Lake of w8dh is located in Kansas.

Lake Claremoras a 470acre lakein RogersCount with conservation pool storage of
7,900 acrefeet Lake Claremore was first impoundedby the City of Claremore
(OWRB 2010 in 1930 and serves aslake forrecreatiorand municipal water suppliost

of the ninemile shoreline is undevelopeHowever roadways surrounding the lake provide
access to almost the entire shoreline. The contributing watershed of Lake Claremore is 58
square miles. Dog Creek (OK121500040010 Q0 and Little Dog Creek
(OK121500040030_QQare the primary tributaries flowintp Lake ClaremoreFigure 1-2
displays the contributing watershed of Lake Claremore

Table 1-1: General Lake Characteristics

Conservation Normal Elevation Average
Pool Storage Depth
(Acre- Feet) (Feet Mean Sea Level) (Feet)

Shoreline | Management
(Miles) Agency

Copan Lake 4,850 43,400 710 9 30

U.S. Army Corps

(OK121400050020_00) of Engineers

Lake Claremore
(OK121500040020_00) 470 7,900 610 _ 9

FINAL
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1.2.2 General

Both lakes are within theVerdigris River basinjocated in thenortheasterrmportion of
Oklahoma The Town of Copan is located near the southeast shoreline of Cbales
approximatelynine miles north ofBartlesville in WashingtonCounty. Copan Lake is
located in the Osage Cuestas ecoregion of the Central Irregular (&oss et al2005)
which features an irregular to undulating tall grass prairie mixed witkhimddory forest in
the eastern aredhe majority of the land covém the CoparLakewatershed is pastutey,
deciduous foresand pasture/grass

Lake Claremoreis located northeast of the City of Claremore in Rogers County. Lake
Claremore is also located in the Osage Cuestas ecoregion of the Central Irregular Plains
(Woods et al 2005) which consists mainly of an irregular to undulating tall grass prairie
mixed with oakhickory forest in the eastern aréEhe majority of the land cover in the

Lake Claremoravatersheds deciduous forespasturéhay and pasture/grass

Table 1-2, derived from the 2010 U.&ens$, demonstrates that the counties in which the
watersheds are located are sparsely populated (U.S. Census Butéau

Table 1-2: County Population and Density

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

County Name State Name

Mayes Oklahoma

Nowata Oklahoma

Osage Oklahoma

Rogers Oklahoma

Washington Oklahoma

Chautauqua Kansas

Elk Kansas

Montgomery Kansas

1.2.3 Climate

Table 1-3 summarizes the average annual precipitation @mpan Lake and Lake
Claremore Average annual precipitation values were derived from the Oklahoma Mesonet
Dataset littp://www.mesonet.ofjgbased on a period of record of 1994 to 2N six
stations in the vicinity of the lake watersheds.

Table 1-3: Average Annual Precipitation by Watershed (1994-2012)

Average Annual

Waterbody Name Waterbody ID Precipitation (inches)

Copan Lake 0OK121400050020_00
Lake Claremore 0OK121500040020_00
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Figure 1-1: Copan Lake
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Figure 1-2:  Lake Claremore
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1.2.4 Land Use

The contributing drainage areas thie watersheds are approximately 58@uare miles
(Copan Lake and 58 square milegLake Claremorg Table 1-4 summarizes the
percentagesral acreages of the land use categories for the contributing watersheds. Land
use/land cover data were derived from the National Agricultural Statistics Service (NASS)
2012 Cropland Data Layer (CDL). The CDL is a eggecific land cover classification data

set. Land use in the watersheds of Copan Lake and Lake Claremore is displayed in
Figures 1-3 and 1-4. The most common land use category in the Copan watershed is
pasture/hay and in the Claremore watershed is deciduous forest. Copan Lakes@so ha
significant percentage of land classified as deaidiforest and grassland. Lake Claremore
has a significant percentage of land classified as pasture/hay and graBslsed.on a
review of satellite imagery from Google Earth Maps there appears to be littlogede

land bordering the shoreline of either of the two |aKé® aggregate total of low, medium,

and high intensity developed land accounts for less than 1% of the land use in each
watershed.

Table 1-4: Land Use Summary by Watershed

Lake Copan Claremore Lake
Description

Acres Percent® Acres Percent®

Barren 34
Corn 3,839
Cotton 4,442
Deciduous Forest 56,014
Developed/High Intensity 63
Developed/Low Intensity 1,991
Developed/Medium Intensity 277
Developed/Open Space 13,153
Evergreen Forest 68
Mixed Forest 74
Open Water 7,941
Grassland 50,936
Pasture/Hay 176,757
Shrubland 2
Soybeans 8,676
Woody Wetlands 201

Total Drainage Area 324,467

8 Rounding of numbers accounts for percentage total not equaling 100.

FLow CHARACTERISTICS

Stream flow characteristics and data are key information when conducting water quality
assessments such as TMDLs. However, there are no flow gages located on any of the
tributaries to CoparLake or Lake Claremorer at the lake outlet of Lake Claremore.eTh
United States Army Corps of Engineers (USACE) has daily release records for Copan Lake.
Given the lack of historical stream flow data, flow estimatesdioe tributaries were developed

using a watershed model calibrated to flow measurements at U.QgieablSurvey (USGS)

gage stations in adjacent watersheds. This is discussed in further detail in Section 3.
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Figure 1-3: Copan Lake Watershed Land Use
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