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Executive Summary

This report documents the data and assessmetitods usetb establishtotal maximum
daily loads TMDL) for Guthrie Lake QK620910040060 Q0 and Liberty Lake
(OK620910040080_Q0 The Oklahoma Department of Environmental Quali¥=Q) placed
these waterbodies in Categdrpf the Water Quality in Oklahom&008 Integrated Report) for
nonsupport of the public and private water supply designated use becauseatdclevels of
chlorophylta.

Both of these lakes are in the Lower Cimarfkeletonbasin in central Oklahoma.
Guthrie Lake is a274-acre bke in Logan County with a conservation pool storage of
3.875acrefeet. It was impounded in 1919 and servesaarecreational laket is utilized for
water supply for the City of GuthricOklahoma Water Resources Boa@WRB] 2007).
Guthrie Creek, which is 5.8 miles long, is the primary tributary flowing to Guthrie Lake.
Liberty Lake is al67-acre lake in Logan County with a conservation pool storage of
2,740acrefeet. It was first impounded in 1948 and serves as a recreational lake and as a
municipal water supply fothe City of Guthrie (OWRB 2009 Liberty Lake Creekwhich is
5.6 miles long, is the primary tributary flowingto Liberty Lake. The contributing watersheds
of Guthrie Lake (OK620910040060 00) and Liberty Lake (OK620910040080_00) are herein
after referred to as the Study Area.

The watersheds of both lakes are sparsely populated, with developed land accounting for
less tharthreepercent of the watershed areBhe mostcommonland use category throughout
both watersheds is deciduous fore®oth watershedslso have a significat percentageof
land classified agrasslandierbaceous

Data assessment and TMDL calculations are conduttctordance with requirements of
Section 303(d) of thefederal Clean Water ActCWA), Water Quality Planning and
Management Regulations (@FR Part 130),United States Environmental Protection Agency
(USEPA guidance, an@EQ guidance and procedureBPEQ is required to submit all TMDLs
to the USEPA for review and approvalOnce theUSEPA approves a TMDL, theaterbody
may then be moved toCaiegory4 of ast at e 6 s I ntegrated Water Qu
Assessment Report, where it remains until compliance with water quality star(ffé®sS) is
achieved (USEPA2003.

The purpose of this TMDL report is tstablishnutrient load allocationsecessary for
reducing chlorophyih levels in the lakes, which is the first step toward restoring water quality
and protecting public health TMDLs determine the pollutant loading \@aterbody can
assimilate without exceedingpplicable WQS. TMDLs also establish the pollutant load
allocation necessary to meet the WQS established featarbodybased on the relationship
between pollutant sources and water quality conditiorise waterbody A TMDL consists of
a wasteload allocation (WLA), load allocati@_A), and a margin of safety (MOSYhe WLA
is the fraction of the total pollutant load apportioned to point sources, and includesvstiem
discharges regulated under the National Pollutant Discharge Elimination System (NPDES) as
point sources. The LA is the fraction of the total pollutant load apportioned to nonpoint
sources.The MOS is a percentage of the TMDL set aside to account ftaickef knowledge
associated with natural process aquatic systems, model assumptions, and data limigation

This report doesot stipulate specific control actions (regulatory controls) or management
measures (voluntary best management practices) necessary to reduce nutrients within each
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watershed. Watersheespecific control actions and management measuiédevidentified,
selected, and implemented under a separate process involving stakeholders who live and work
in the watersheds, along with tribes, and local, state, and federal goveagaecies

E.1 Problem Identification and Water Quality Target

Elevatedlevels ofchlorophylta in lakesreflect excessive algae growth, which can have
deleterious effects on the quality and treatment costs of drinkatgr EXxcessive algae
growth can also negativelgffect the aquatic biological communities of lake€Elevated
chlorophylta levels typicallyindicate excessive loading of the primary growihniting algal
nutrients nitrogen and phosphorus to the waterbody, a process known as eutrophication.

The following excerpt from the Oklahoma WQS (Oklahoma AdmirisgaCode [OAC]
Chapter 45: 785:45-10) stipulates the numeric criterion set for sensitive public and private
water supply (SWS) lakemcluding Guthrie Lake and Libertyake (OWRB 2011.

785:455-10. Public and private water supplies
The following crieria apply to surface waters of the state having the designated
beneficial use of Public and Private Water Supplies:

(7) Chlorophylta numerical criterion for certain waters. The long term average
concentration of chlorophyt at a depth of 0.5 meterslow 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 criterion is
exceeded, numerical phosphorus or nitrogen criteria or bath be promulgated.

Neither Guthrie Lake nor Li berty Lake have
I i mited water shedd520.Mbh M)V means aOvat€rsh&d8ba: watérbody
with a designated beneficial uggtis adversely affected by e&ss nutrients as determined by
Carlsoris Trophic State Index (TSI) (using chloropkg)l of 62 or greater, or is otherwise
listed asiNLW" in Appendix A of Chapter 45 (OWRB 20).1

In Guthrie Lake, chlorophyHa levels averaged8.7 ug/L from 2003 to 206 which is
equivalent to a TSI of @ (Carlson 1977). Chlorophylta data collected from Guthrie Lake
WQM stations between 2003 and 2006 were used to support the decision to place the lake on
the DEQ 2008 8303(d) listEQ 2008) for norsupport of the Puld and Private Water Supply
Use in an SWS lake.

Pooling datecollected between 2003 and 2006m surface levekites in Liberty Lake,
chlorophylta averaged 23.Rg/L (TSI =61). Chlorophylta data collected from Liberty Lake
WQM stations between 20G8d 2006 were used to support the decision to place the lake on
the DEQ 2008 §303(d) listlEQ 2008) for norsupport of the Public and Private Water Supply
Use in an SWS lake.

During the years 1998 to 260 total nitrogen levels inGuthrie Lake average
approximately0.97 mg/L, and total phosphorus levels averag&b®mg/L. Total nitrogen is
calculated as the sum of Kjeldahl nitrogen and two inorganic forms in different oxidation
states: nitrate and nitrite nitrogenKjeldahl nitrogen is the sum adrganic nitrogen and
ammonia nitrogen. Total phosphorus iscomposedof organic phosphorus, inorganic
orthophosphors, and inorganic polyphosphatesThermal stratification was not observed
during the 200€007 assessment period, likely due to the shatlature of the lake (OWRB
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2007). Thus, nutrient fluxes from sediments were available -yeand in the photic zone
where light permits algal photosynthesis.

Total nitrogen levels inLiberty Lake averaged approximately80. mg/L, and total
phosphorus levels averaged 400ng/L. As in Guthrie Lake, thermal stratification was not
observed during 2@2006 in Liberty Lake (OWRB 2007).

The Code of Federal Regulations @FR A130. 7(c) (1)) states
establishd at levels necessary to attain and maintain the applicable narrative and numerical
wat er qual i They watetqaafitytargetestabbshed for each lake must demonstrate
compliance with the numeric criterion prescribed for SWS lakes in the OkahW@S
(OWRB 201). Therefore the water quality target established fButhrie Lake andLiberty
Lake is to achieve a lonrterm average utake concentration of 1Qg/L for chlorophylta.
Guthrie Lake is also included in the 303(d) list Eoxterococcuswhile Liberty Lake is listed
for Enterococcusinddissolved oxygen criteriexceedancesThese water quality issues will be
addressed specificalbt a future date.

E.2 Pollutant Source Assessment

This section includes an assessment of the known aspkesied sources ofutrients
contributing to the eutrophication dduthrie Lake andLiberty Lake Nutrient sources
identified are categorized and quantified to the extent ridable information is available.
Generally,nutrient loadingscausingeutrophication of lakes originate from point or pomt
sources of pollution Point sources are permitted through tMEDES program. Nonpoint
sources are diffuse sources that typically cannot be identified as entering a waterbody through a
discrete congyance at a single locatioNonpointsources magmanate fromland activities
that contributenutrient loads teurface water as a result of rainfall runoFor the TMDLSs in
this report, all sources of pollutant loading not regulated by NPDES aradlemtsinonpoint
sources.

Under 40CFR, 8122.2, a point source is described as a discernable, confined, and discrete
conveyance from which pollutants are or may be discharged to surface wAIPRBES
permitted facilities classified as point sources thag nmntribute nutrient loading include:

¢ NPDES municipal wastewater treatment plant (WWdiBgharges
e NPDES industrial WWTP discharges;

e NPDES municipal na@lischarge WWTB,

¢ NPDESconcentrate@nimal feedingoperatiors (CAFO); and

e NPDES municipal separate storm sesygstem(MS4) dischargs.

None of these five types of facilities occurs witkhe Guthrie Lake watershed, while the
Liberty Lake watershed has two-discharge facilities.For the purposes of these TMDLSs,-no
dischargefacilities are not considered a source of nutrient loadittgis possible that the
wastewater collection system associated withdischarge facilities could be a source of
nutrient loading, or that discharges from YW&V/TP may occur during large rainfadvents that
exceed the syst enThdse tgpesoof unautborizedadiseharges are tgpically
reported as sanitary sewer overflowdowever, thetwo facilities in the watershedhave not
reported a sanitary sewer overflow since 200Burthermore, given the small size of the
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wastewater collection systems of thesediszharge facilitiesthe contributions of nutrient
loads would be negligible.

As there are no point source dischargeshm Study Areathe entireexternal nutrient
loading toeachlake originates from nonpoint sourcedonpoint sources include those sources
that cannot be identified as entering the waterbody at a specific localibe. relatively
homogeneous land use/land cover categories throughout the Study Areatedseith forest
and range management activities have a strong influence on the origin and pathways of nutrient
sources to surface waterNutrient sourcesin rural watersheds originate frosoil erosion,
agricultural fertilization, residues from mowingnd harvesting,leaf litter, atmospheric
deposition of nutrientdailing onsite wastewater disposal (OSWD) systearsl fecalmatter
deposited in the watershed by wildlife, livestock, and pets.

Given a lack of instream water quality data and pollutantceodata available to quantify
nutrient and sediment loading directly from the tributarieGuothrieLake andLiberty Lake, a
watershed loading modél the Soil and Water Assessment Tool (SWAT)was used to
develop nonpoint source loading estimatélese estimates from SWAT were used to quantify
the nutrient contributions to eaddke SWAT is a basirscale watershed model thedn be
operatedn a dailytime step (Neitsch et 82005. SWAT is designed to predict the impact of
managemenstrategieson water, nutrient, sediment, and agricultural chemical yields. The
model is physically (and empirically) based, computationally efficient, and capable of
continuous simulation ovdong time periods. The majaomponents of the model include
weather, hytblogy, soil temperature and properties, plant growthirients, and land
management.

There are no stream flow or water quality monitoring stations in the tributari@stiwie
Lake orLiberty Lake To calibrate the SWAT modelt was necessary to extend the modeled
area to encompass watersheds with stream flow gages and nutrient concentration
measurements.Thus, the SWAT model simulated the portion WfS. Geological Survey
(USG9 hydrologic unit 11050002 (Lower Cimarron Riv&asin) located downstream of
USGS gage 07159100Cimarron River at 8. Highway81. The modeled domain is a 1,850
square mile area that includes the contributing watersheds of both Guthrie Lake and Liberty
Lake.

A 16-year period (1994 2000) was simulged in the SWAT model.However, the first
four years wer eupmo mpseirdeorde df oa fisstpaibn | i zi ng mod
model output consisted of only the latteét ylears (1998 2009). The variables simulated in
SWAT included flow, orgnic phosphorus, mineral ortptosphorus, organic nitrogen,
ammonia nitrogen, nitrate nitrogen, nitrite nitrogen, and total suspended solids.

The SWAT hydrologic calibration was primarily performed based on flow data available at
the USGS gages located tire Cimarron River at LS. Highway 77 (0716000)nd Skeleton
Creek at &ateHighway74 (07160500).A secondary calibration was performed at Cottonwood
Creek near Seward (07159750The primary calibration targets includedinualflows, but
modeled montly flows andthe resultinglow duration curve were also compared to measured
values. Overall, the model reproduces the annual flows withinlthpercent target for most
years, with overall errors below the target for the primary locatigk®/4 for the Cimarron
River and-5% for Skeleton Creek) and an overall error-1% for the secondary location.
Resulting Nast8utcliffe Efficiency coefficients (NSE) and correlation coefficier) {ralues
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were 0.934 and 0.950 fdine Cimarron River, 0.878 and @b4 for Skeleton Creek, and 0.809
and 0.631 for Cottonwood Creek. The high resulting coefficients indicate very good model
performance.

After hydrologic calibration, the SWATredicted nutrient concentrations wegdiloraied
to the average measured neiti concentrations at five veatquality stations the Cimarron
River at US. 77 (OK62091001001001AT), Skeleton Creek atl$ 74 (OK620910030010
001AT), Cottonwood Creek (OK620912-0010D), Chisholm Creek (OK620911-0100G),
and Kingfisher Creek (OK&®01005-0010J). In most cases, the SWAT model reproduced the
average nutrient concentrations within 20 percent of the measured averages. In some instances,
the modeldid not replicateparticular nutrienspeces wellfor a given period, but nevertheless
the total phosphorus and nitrogen predicted averaga® within the 20percenttarget.
However, it is noted that monitoring data available for calibratrenefrom low to moderate
flow conditions. As a result, there is more uncertainty on high flowdiog values.

Based on the calibrated SWAT model, average loads of nutrients from each individual
subwatershed were estimated for the period 1998 t6. Z0Be average daily flows arahnual
loads into Guthrie Lake andLiberty Lake are displayed in Table EE Under current
conditions,Guthrie Lake is estimated to receive a total annual loa8,400kg of phosphorus
and8,600kg of nitrogen, on average, from nonpoint sources in its waterdtibdrty Lakeis
estimated to receive a total annual loa@,a00 kg of phosphorus and,400kg of nitrogen, on
average, from sources in its watershed.

Table ES1 Average Daily Flows andAnnual Nutrient Loads Discharging to Guthrie
Lake and Liberty Lake

Parameter Guthrie Lake Liberty Lake

Watershed Size (square miles) 12.7 11.4
Flow (m®/day) 2.69 x 10° 2.01 x 10*
Organic Phosphorus (kg/year) 1,900 1,500
Mineral Ortho-Phosphorus (kg/year) 1,500 1,200

Total Phosphorus (kg/year) 3,400 2,700
Organic Nitrogen (kg/year) 3,100 2,600
Ammonia Nitrogen (kg/year) 0 0
Nitrate Nitrogen (kg/year) 5,500 4,800
Nitrite Nitrogen (kg/year) 0 0
Total Nitrogen (kg/year) 8,600 7,400

E.3 Technical Approach and Methods

The objective of a TMDL is to estimate allowable pollutant loads and alltivaseloads
to the known pollutant sources in the watershed so appropriate control measures can be
implemented and the WQS achievetio ascertain the effect of management measures-on in
lake water quality, it is necessary to establish a linkage between thmagxtwmading of
nutrients and the waterbody response in terms of lake water quality conditions, as evaluated by
chlorophylla concentrations.The following paragraphdescribe the water quality analysis of
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the linkage between chlorophdllevels in Guthie Lake andLiberty Lake and the nutrient
loadings from their watersheds.

The water quality linkage analysis was performed using the BATHTUB model (Walker
1986). BATHTUB is a U.S. Army Corps of Engineers model designed to simulate
eutrophication inreserwirs and lakes BATHTUB has been cited as an effective tool for
reservoir and lake water quality assessment and management, particularly where data are
limited. The model incorporates several empirical equations of nutrient settling and algal
growth to predict steadstate water damn nutrient and chlorophyl concentrations based on
waterbody characteristics, hydraulic characteristics, extdrnalnutrient loadings.

The model was run under existing average, stasalg conditions.An averaging period
of oneyearwas usedo depictthe duration of mas$®alance calculation®r both lakes A
single, wellmixed lake was assumed for both reservoikey water quality parameters for
BATHTUB input includetotal phosphorus, inorganic ortphosphorustotal nitrogen and
inorganicnitrogen Output fromthe SWAT modeivas the primargource of data input to the
BATHTUB model. Although SWAT can provide daily output, BATHTUB is a steatigte
model and not appropriate for interpreting stierm responses of lakes to nutrients.
Therefore, the longerm average annual loads from 8M/AT-modeled period were applied as
inputs to BATHTUB.

The BATHTUB modelsfor each lakewere calibrated to measuredlake water quality
conditions (based odata from 1998 througB006) using phosphorus and nitrogen calibration
factors. The modelpredictal concentrations of total nitrogen, total phosphorus, chlorojahyll
and Secchi depth under existing average conditions are compared to average measured
concentrations from eadakein Table ES2.

Table ES-2 Model Predicted and Measured Water Quality Paraneter Concentrations

) Guthrie Lake Liberty Lake
Water Quality Parameter
Modeled Measured Modeled Measured
Total Phosphorus (mg/L) 0.054 0.053 0.043 0.040
Total Nitrogen (mg/L) 0.69 0.97 0.75 0.80
Chlorophyll-a (pg/L) 20.0 19.5 23.0 23.0
Secchi depth (meters) 0.5 0.52 0.5 0.48

Simulations were performed using the BATHTUB model to evaluate the effect of
watershed and septic system loading reductions on chloreplgllels. Atmospheric loads
remained at their existing levels. Simulations indicdted the water quality target of 1@/L
chlorophylta as a longerm averageoncentration could be achieved if the total phosphorus
and nitrogen loads to Guthrie Lake wdreth reduced by 4percent from the existing loads
(Table ES3). In Liberty Lake,the water quality target of 10 pg/L chlorophglicould be
achieved if the total phosphorus and nitrogen loads were both reduced by 58 percent from the
existing loads. These maximum daily loads include a 10 peegeiitit MOS.
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Table ES3 Target Total Phosphorus and Nitrogen Load andReductionsfrom
Current Loads to Meetthe 10 ug/L Chlorophyll-a Water Quality Standard

Guthrie Lake Liberty Lake
Maximum Allowable Load of Total Phosphorus 1,940 1,140
(kglyear)
Maximum Allowable Load of Total Nitrogen (kg/year) 4,890 3,110
% Reduction 45% 58%

E.4 TMDLs and Load Allocations

TMDLs for the 8303(d}listed waterbodiescovered in this report were derived usiihg
outputs from the BATHTUB model A TMDL is expressed as the sum of all WLAs (point
source loads), LAs (nonpoint source loads), and an appropriate MOS, which attempts to
account forthe uncertaintyconcerning the relationship betweleadinglimitations and water
quality. This definition can be expressed by the following equation:

TMDL = EWLA + E LA + MOS

There are no point sources of wastewater dischargigutbrie Lake orLiberty Lake or
their tributaries. Fur t her mor e, Okl ahomaos i mpl-E3dent at i
prohibits rew point source discharges to th&#&'Slakes, excepting stormvater with approval
from DEQ (OWRB 2011a) There are no municipal separate storm sewer systems within the
Guthrie Lake watershedlhus, the wasteload allocation for Guthrie Lake is {&€edle ES4).
The load allocation for all nonpoint sources to Guthrie Lake was conservatively estimated as
1,90 kglyr of total phosphorus and880 kg/yr of total nitrogen, representing & gercent
reduction from existing loading.

A very smallarea(about 7 acresdf the NPDESMS4 for OklahomaCountydischarges to
the upper part of the Liberty Lake watersheBlased on SWAT model resultthe existing
loads amount t03.0 kg/yr of total phosphorus an@.6 kg/yr of total nitrogen.Since this
estimatedoading is insignificantthis TMDL does not include a WLA for that are@ihe load
allocation for all nonpoint sources to Libettgke was conservatively estimated 5440kg/yr
of total phosphorus ar8l110kg/yr of total nitrogen, representing & percentreduction from
existingnonpoint sourcéading.

USEPA guidance allows for use of implicit or explicit expressions of the MOS, or both.
When conservative assumptions are used in development of the TMDL, or conservative factors
are used in the calculations, the MOS is implicit. When a specific pereeottdige TMDL is
set aside to account ftie lack of knowledgethen the MOS is consideredplicit. In these
TMDLs, the MOS hadoth anexplicit componenbf 10 percent,and an implicit component
incorporated by application of load reductions for boitihogen and phosphorusSeasonal
variation was accounted for in these TMDLs by using more fivenyears of water quality
data collected in each of the four seasons

Load reduction scenario simulations were run using the BATHTUB model to calculate and
express the TMDL as annual average phosphorus and nitrogen loads (in kg/yr) that, if achieved,
should decrease chlorophylconcentrations to meet the water quality target. However, a
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recent court decisionF(iends of the Earth, Inc. v. EPA, et abften referred to as the
Anacostia decision) states that TMDLs must include a daily load expressisrimportant to
recognize that the chloropmdiresponse to nutrient loading in ba®uthrie Lake andLiberty
Lakeis affected by many factors such dsternal lake nutrient loading, water residence time,
wind action and the interaction between light penetration, nutrients, sedimenataaeigal
response. As suglt is important to note thatxpressing this TMDL in daily time steps does
not imply a aily response to a daily load is practical from an implementation perspective.

The UE P A Gexhnical Support Documeribr Water QualityBased Toxics Control
(USEPA 199b) provides astatisticalmethod for identifying atatisticalmaximum daily limit
basedon a longterm average and considering variation in a dataBe¢. method is represented
by the following equation:

MDL = LTA x ?9-0-50"

where MDL = maximum daily bad
LTA = longterm averagéoad
z = z statistic of the probability of occurren@95 is assumed for this value)
0% = In(CVP+1)
CV = coefficient of variation

The coefficient of variation of daily nitrogen and phosphorus nonpoint source (NPS) loads
were calculated from SWAT model output and ranged #d#ito 4.9 for phosphorus and from
3.4 to 3.7 for nitrogen. Assuming a probability of occurrence of 95 percéné maximum
daily load corresponding to tledlowableaverage load of,940 kg of phosphorus ani890 kg
of nitrogenper year toGuthrie Lake is transldaed to a daily maximum load &.8 kg/day of
phosphorus and 1®.kg/day of nitrogen For Liberty Lake the allowableaverage load of
1,140 kg of phosphorus an®, 110 kg of nitrogenper yeaiis translated to a daily maximum load
of 3.6 kg/day of phosphorusaand 10.8 kg/day of nitrogen Reduction of total phosphorus and
total nitrogen loads to these levels is expected to result in achievement of WQS for chlerophyll
ain each lake.

Table ES4 TMDLs for Chlorophyll -a Expressed in Kilograms of Total Phosphorus
and Nitrogen Per Day

Wa,\tlerbOdy Waterbody ID Nutrient TMDL | WLA LA MOS
ame
5.8 5.2 0.6
Total Phosphorus kg/day 0 kg/day kg/day
Guthrie Lake | OK620910040060_00
Total Nitrogen 16.6 0 14.9 L7
9 kg/day kg/day kg/day
3.6 3.2 0.4
_ Total Phosphorus kg/day 0 kg/day kg/day
Liberty Lake | OK620910040080_00
Total Nitrogen 10.8 0 9.7 L1
kg/day kg/day kg/day
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E.5 Public Participation

After EPA preliminarily reviewed the TMDL report, a public notice was sent to all entities
who request copies of all public notices as well as all entitiéise Study Area watershéwmm
DEQG& Stakeholder Databasehe publichad 45 daydo review the TMDL report and make
written commentsNo public comments were received and no public meeting was requested.
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SECTION 1
INTRODUCTION

1.1 TMDL Program Background

Section 303(d) of théederalClean Water Act (CWA) and U.S. Environmental Protection
Agency (USEPA) Water Quality Planning aMhnagement Regulations (@bdeof Federal
Regulations [CFR] Padt30) require states to develop total maximum daily loads (TMDL) for
waterbodiesnot meetingdesignated uses where technoligsed controls are in place.
TMDLs establish the allowable loadings of pollutants or other quantifiable parameters for a
waterbodybased on the relationship between pollution sourcesirmtteamwater quality
conditions,so States can implement water qualltgsed controls to reduce pollution from point
and nonpoint sources and restore and maimtaterquality (USEPA1991a).

This report documents the data and assessusexito establish TMDLdor chlorophylta
for two lakes (reservoirs)n the Lower CimarronSkeleton (hydrologic unit code HUC]
11050002 basin Elevatedlevels of chlorophylta in lakesreflect excessive algae growth,
which can have deleterious effects on the quality and treatment costs of dnwkieg
Excessive algae growth can also negatiadfgctthe aquatic biological communities of lakes
Elevated chlorophyla levels typically indicate excessive dading of the primary growth
limiting algal nutrients nitrogen and phosphorigs the waterbody, grocess known as
eutrophication. The purpose of this TMDL report is testablishnutrient load allocations
necessaryor reducing chlorophyih levels in the lakeswhich is the first step toward restoring
water quality and protecting public healthTMDLs determine the pollutant loading a
waterbodycan assimilate without exceedirapplicable WQS. TMDLs also establish the
pollutant load allocation necessary to meet the WQS establishedvimtieebodybased on the
relationship between pollutant sources and water quality conditionke waterbody A
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 loapgpartioned to point sources, and
includesstorm waterdischarges regulated under the National Pollutant Discharge Elimination
System (NPDES) as point sourcesThe LA is the fraction of the total pollutant load
apportioned to nonpoint source$he MOS isa percentage of the TMDL set aside to account
for the lack of knowledgeassociated with natural process in aquatic systems, model
assumptions, and data limitations.

Data assessment and TMDL calculations are condiuttctordance with requirements of
Secton 303(d) of the CWA, Water Quality Planning and Management RegulatiorGHRO
Part 130), USEPA guidance, af2klahoma Department of Environmental Qual{iyEQ)
guidance and procedurePEQ is required to submit all TMDLs to USEPA for review and
approval. Once thdJSEPA approves a TMDL, then theaterbodymay be moved to Category
dJaofaSt at eds I ntegrated Water Quality Monitorir
until compliance with water quality standar(WQS) is achieved (USEFP2003.

This report doesot stipulate specific control actions (regulatory controls) or management
measures (voluntary best management practices) necessary to nedhieets within each
watershed. Watersheespecific control actions and management measures wiltléntified,
selected, and implemented under a separate process involving stakeholdéve whd work
in the watersheds, along withibes,andlocal, state, and federal governmagencies
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Chlorophylta TMDLs for Guthrie and Liberty Lakes Introduction

This TMDL report focuses on waterbodies tBdEQ placed in Categor§y [303(d) list] of
the Water Quality in Oklahoma, 2008 Integrated Rep@®08 Integrated Reporfpr non
support ofthe public and privatevater supplyuse The waterbodiesaddressed in this report
include

e Guthrie Lake (OK6209100400600), and
e Liberty Lake (OK620910040080_Q0)

Figurel-1 is location map showinghese Oklahoma waterbodies and th@ntributing
watersheds This map al® displa locations of the water quality monitoring (WQM) stations
used as the basis for placemeffitthese waterbodies on the Oklaho8803(d) list. These
waterbodies and their surrounding watersheds are hereinafter referred to as the Study Area.

1.2 Watershed and Lake Description

Lake Characteristics. Guthrie Lake is a 274 acrelake in Logan County with a
conservation pool storagef 3,875 acrdeet It was impoundd in 1919, andserves as a
recreationallake and is utilized for water supply for theCity of Guthrie (OWRB 2009.
Guthrie Creekwhich is5.8 miles long, is the primary tributary flomy toGuthrieLake.

Liberty Lakeis al67 acrelakein LoganCounty with a onservation pool storagg 2,740
acrefeet. It wasfirst impounded inl948and serves as a recreational lake and as a municipal
water supply for the City of Guthri®©OWRB 2009. Liberty Lake Creekwhich is 5.6 miles
long, is the primary tributary flowing to Liberty Lake

There is little developed land bordering the shoreline of either Bk lakes are popular
fishing and boating recreation destinatiori@ble 1-1 providesgeneral characteristics of each
lake.

Table 1-1 General Lake Characteristics

Surface | Conservation Normal Average .
Wat:;goV?/)é:\lljame Area Pool Storage Elevation Depth S?'\(;irlzlér)]e Magagﬁ?ent
(Acres) (Acre- Feet) | (Feet MSL) (Feet) 9 y
Guthrie Lake City of
0OK620910040060 274 3,875 982 12 5 YO
Guthrie
_00
Liberty Lake City of
OK620910040080 167 2,471 1,411 13 5 YO
00 Guthrie
MSL = Mean Sea Level
1-2 FINAL

May 2012



Chlorophylta TMDLs for Guthrie and Liberty Lakes

Introduction

Figure 1-1  Guthrie Lake and Liberty Lake
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Introduction

General. Both lakes are within thevatershed of th€imarron River,a tributaryof the

ArkansasRiver located in thecentral portion of Oklahoma. GuthrieL a k e 6 s

contr.i

watershed is located entirely bmganCounty. The majority of the watershed biberty Lake
is alsolocated inLoganCounty, but asmall portion lies irDklahomaCounty. These counties
are part of theCross Timberscoregion (Woods et .a2005) which is characterized byow,
rolling hills covered with a mixof woodland, pastureland, and rangelant@his ecoregion
divides the moister, more forested, eastern ecoregions from drier, pommenated, western
areas Tablel-2, derived from the 2ID U.S.Census, demonstrates that giaetion of Logan
County in which the majority of thesevatersheds aréocatedis sparsely populate (U.S.

Census BureaR010).

There are no towns located within either watershiealwever,

approximately7 acresof the Liberty Lake watershed sithin the Oklahoma City urbanized

area

Climate.

Table 1-2

County Population and Density

County Name

Population
(2010 Census)

(per square mile)

Population
Density

Logan

39,301

56

Oklahoma

716,704

1,001

Table1-3 summarizesthe average annual precipitation f@uthrie Lake

(OK620910040060 00) and Liberty Lake (OK620910040080 00)Average annual

precipitation

values were

derived

from

the

Oklahoma

Mesonet

Dataset

(http://www.mesonet.olgbased on a period of record D994to 2009 at the Guthrie station

(Figure %1).

Table 1-3

Average Annual Precipitation by Watershed19942009

Waterbody Name

Waterbody ID

Average Annual
Precipitation

(inches)
Guthrie Lake OK620910040060_00 36.05
Liberty Lake OK620910040080_00 36.05

Land Use The contributing drainage areas of tfithrie Lake and Liberty Lake
watersheds are approximatdl®.7 and11.4square milesrespectively. Table1-4 summarize
the percentagesnd acreage®f the land use categories for tlentributingwatershed The
land use/land cover data were derived fromNa&onal Agricultural StatisticService (NASS)
2008 Croplandata Layer (CDL). The CDL is a cregpecific land cover classifation data
set. Land usdn the watersheds d@buthrie Lake and Liberty Lakis displayed in Figurd-2.
The most commonland use categorthroughoutthe StudyAreais deciduous forest Both
watersheds in the Study Aradsohave a significanpercentag®f land classified agrassland
herbaceous The aggregated total adw, medium, and high intensity developed land acsunt
for less tharthreepercent of the land use in each watershed.

1-4
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Table 1-4 Land Use Summay by Watershed

Guthrie Lake Liberty Lake
Description Acres | Percent | Acres | Percent

Corn 1 0.01 0 0
Winter Wheat 3 0.03 28 0.4
Fallow/Idle Cropland 1 0.01 10 0.1
Open Water 235 3 238 3
Developed/Open Space 870 11 836 11
Developed/Low Intensity 183 2 156 2
Developed/Medium
Intensity 43 0.5 27 0.4
Developed/High Intensity 6 0.07 21 0.3
Deciduous Forest 4,096 50 3,364 46
Evergreen Forest 50 0.6 103 1.4
Mixed Forest 0 0 1 0.01
Grassland/Herbaceous 2,602 32 2,497 34
Pasture/Hay 36 0.4 13 0.2
Woody Wetlands 1 0.01 0 0.01
Total Drainage Area 8,127 7,294

1.3 Flow Characteristics

Stream flow characteristics and data are key information when conducting water quality
assessments such as TMDLddowever, there are no flow gages located on any of the
tributaries toGuthrie Lake andLiberty Lake, at the lake outlets, or on Liberty Lake Creek or
Guthrie Creek between the lake outlets and the point where they flow into Cottonwood Creek
Given the lak of historical stream flow data, flow estimates for these tributanese
developed using a watershed model calibrated to flow measurements at U.S. Geological Survey
(USGS) gage stations in adjacent watersheds. THisasssed in further detail Becton 3.
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Guthrie Lake and Liberty Lake Watershed Land Use

Figure 1-2
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SECTION 2
PROBLEM IDENTIFICATION AND WATER QUALITY TARGET

2.1 Oklahoma Water Quality Standards

Chapters 45 and 46 dfitle 785 of the Oklahoma Administrative Cod@®AC) contain
Ok | a h owiigsasd implementation proceduresespectively The Oklahoma Water
Resources BoardWRB) has statutory authority and responsibility concerning establishment
of state water quality standards, as provided und@k2homa Statute [O.S.], §1085.30his
statute authorizes t hewhiéhWRablish ctassificationsaflugeadfe r u
waters of the state, criteria to maintain and protect such classifications, and other standards or
policies pertaining to the qualitgf such waters[O.S. 82:1085:30(A)] Beneficial uses are
designated for all waters of the stat®uch uses are proteckt through restrictions imposed by
the antidegradation policy statement, narrative water quality critenic, numerical criteria
(OWRB 201). An excerpt of the Oklahoma WQ®&hapter45, Title 785) summarizing the
State of Oklahoma Antideggtation Policyis provided in AppendibA. The beneficial uses
designated foGuthrieLake andLiberty Lake are aesthetigrrigation agricultural water supply
the warm water aquatic communityubcategory of the fish and wildliferopagation fish
consumptionprimary body contact recreatioandpublic andprivate water supply Table2-1,
an excerpt fromthe 2008 Integrated ReporDEQ 2008, summarizes thelesignateduse
attainment statuand the waterbody/pollutant combinations that require TMDdus the two
waterbodies. The TMDL priority shown in Table 2 is directly related to th& MDL target
date. The TMDLs established in this report, whicdre a necessary step in the procefs
restoing water quality,only address thaonattainment of thpublic andprivate water supply
use

Table 21 Excerpt from the 20®8 Integrated Reporti Oklahoma 8§303(d) List of
Impaired Waters (Category 5a)

Waterbody Name Wate_rbody TMDL | TMDL Causes of Designated Use Not
and WBID S Date | Priority Impairment Supported
(Acres)
< A Public and Private
A Chlorophyll-a
Guthrie Lake 274 2010 4 Py Water Supply
OK620910040060_00 < A Primary Body Contact
A Enterococcus :
Recreation
< A Public and Private
A Chlorophyll-a Water Supply
Liberty Lake < A Primary Body Contact
OK620910040080_00 | 87 2010 |4 AEnterococcus Recreation
A Oxygen, Dissolved A \(/:Varm Water Aquatic
ommunity
Source2008 Integrated RepoEQ 2008.
2-1 FINAL
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Both Guthrie and Liberty lakes are designated as SWS lakiks. definition of SWSs
summarized by the following excerpt fro@AC 785:455-25 of the Oklahoma WQSQWRB
2011).

Sensitive Public and Private Water Supplies (SWS).

(A) Waters designated "SWS" are those waters of the state which constitute sensitive
public and private watesupplies as a result of their unique physical conditions and are
listed in Appendix A of this Chapter as "SWS" waters. These are waters (a) currently
used as water suppliakes, (b) that generally possess a watershed of less than
approximately 100 squarmailes or (c) as otherwise designated by the Board.

(B) New point source discharges of any pollutant after June 11, 1989, and increased
load of any specified pollutant from any point source discharge existing as of June 11,
1989, shall be prohibited in anyaterbody or watershed designated in Appendix A of
this Chapter with the limitation "SWS". Any discharge of any pollutant to a waterbody
designated "SWS" which would, if it occurred, lower existing water quality shall be
prohibited, provided however thaew point source discharge(s) or increased load of
specified pollutants described in 785:825(b) may be approved by the permitting
authority in those circumstances where the discharger demonstrates to the satisfaction
of the permitting authority that aew point source discharge or increased load from an
existing point source discharge will result in maintaining or improving the water
quality of both the direct receiving water and any downstream waterbodies designated
SWS.

The following excerpt from th®©klahoma WQSOAC 785:455-10) stipulates the numeric
criterion set for SWS lakemcluding GuthrieLake andLiberty Lake (OWRB 201).

785:455-10. Public and private water supplies
The following criteria apply to surface waters of the state havingdésgnated
beneficial use of Public and Private Water Supplies:

(7) Chlorophylta numerical criterion for certain waters. The long term average
concentration of chlorophyth at a depth of 0.5 meters below the surface shall not
exceed 0.010 milligrams péter in Wister Lake, Tenkiller Ferry Reservoir, nor any
waterbody designated SWS in Appendix A of this Chapter. Wherever such criterion is
exceeded, numerical phosphorus or nitrogen criteria or both may be promulgated.

Neither Guthrie Lake nor Libertyd k e have been assigned the
Il i mited wat er s hedoa5-20.MhN)V means aOvatErsh@ddba: watérbody
with a designated beneficial ugetis adversely affected by excess nutrients as determined by
Carlson's Trophic Sta Index (TSI) (using chlorophy#) of 62 or greater, or is otherwise listed
asfiNLWoin Appendix A of Chapter 45 (OWRB 2010).

2.2 Problem Identification

In this subsectionwater quality datandicatingwaterbody impairmentaused by elevated
levels of chlorophylta are summarized Water quality data available for other nutrient
parameter@realso smmariz2d Table2-2 providesthe locations of WQM stationsn each
lake These WQM stations are part of the Oklahoma Beneficial Use Monitéhingram
network (OWRB 2007). Table 22 also provides a hyperlink to the OWRB Data Viewentfro
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which lake water quality data were obtainethe locatiols of the WQM stationgor Guthrie
Lake and Liberty Lakare illustrated irFigurel-1.

Table 2-2 Water Quality Monitoring Stations used for 20088303(d) Listing Decision
Water Body ID Station ID* Latitude Longitude D SiFe .
escription
Guthrie Lake
620910040060_00 | 620910040060-01B 35.81889 -97.43885 Bottom
620910040060_00 | 620910040060-01S 35.81889 -97.43885 | Near Surface
620910040060_00 | 620910040060-02 35.81356 -97.43790 | Near Surface
620910040060_00 | 620910040060-03 35.80842 -97.43420 | Near Surface
620910040060_00 | 620910040060-04 35.81462 -97.44171 Near Surface
620910040060_00 | 620910040060-05 35.81643 -97.43782 | Near Surface
Liberty Lake
620910040080_00 | 620910040080-01B 35.80433 -97.46670 Bottom
620910040080_00 | 620910040080-01S 35.80433 -97.46670 Near Surface
620910040080_00 | 620910040080-02 35.79869 -97.46424 Near Surface
620910040080_00 | 620910040080-03 35.79005 -97.46053 Near Surface

* Hyper links are workable in the electronic version of this document.

2.2.1 Chlorophyll -a Data Summary

Table2-3 summarizes chlorophyl data collected fronGuthrieLake WQM stationgrom
2003 through 2006 The data summary in Tab®3 provides a general understanding of the
amount of water quality datavailable and the severity of excemdesof the waterquality
criterion of 10 pg/L chlorophyh, as a longerm average at a depth of en&f meter
Chlorophylta from surface level sampleaveraged18.7 ug/L, which is equivalent to a
Car | s on &%(Cailsdnl 1977)f According to the 200009 Beneficial Use Monitoring
Program (BUMP) Report, using water quality samples collected between October 2005 and
July 2006, he TSI calculated for Guthrie Lake was 61 (OWRB 2009As stipulated in the
| mpl ement ati on Procedures f or OKklb3d)]theraosts
recent10 years of water quality data are used asbtms for evaluating the beneét use
support for lakes (OWRB 20&L Chlorophylta data collected from Guthrie Lake WQM
stationsbetweer2003and2006 were used to support the decision to place the lake @EQe
2008 8303(d) listEQ 2008) for norsupport of the Public and Private Water Supply Use in
an SWS lakeThewater quality datare provided in AppendiB.

Wat e
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Problemldentification and
Water Quality Target

Table 2-3 Summary of Chlorophyll-a Measurements inGuthrie Lake 2003-2006
(all values in pg/L)

Station ID NSu;rqnbpeI;gf Minimum Maximum Average Median
620910040060-01B" 4 7.8 30 15.3 11.7
620910040060-01S 8 7.6 32.8 18.7 18.3
620910040060-02 7 7.3 40.3 20.1 17.4
620910040060-03 7 7.2 30.0 17.3 15.0
620910040060-04 7 5.8 34.0 18.8 17.9
620910040060-05 7 6.6 35.5 18.5 17.4
g;’renr;'g“rface 36 5.8 403 187 17.6

Anot e t hat bottanstationfcannoirbe tompased to the water quality criterion, which applies to samples collected at

a depth of 0.5 meter. It is included for informational purposes only.

*Bottom data was excluded

Table 24 summarizes chlorophyd measurements collected frdrberty Lakefrom 2003
through2006 Pooling dita fromsurface levekites, chlorophyia levels averaged 23 ug/L
(TSI =61). According to the 2002009 Beneficial Use Monitoring Program (BUMP) Report,
using water quality samples collected between Rat@005 and July 2006, the TSI calculated
for Liberty Lake was 67 (OWRB 2009As stipulated in the Implementation Procedures for

Ok |

ahomaods

Wat er

Qu d5%3(c)] yhe rBastarecent X0dysars [of7waater: 4 6

quality data are used as the basisdwealuating the beneficial use support for lakes (OWRB

20113).

Chlorophylta data collected from Liberty Lake WQM stations between 2003 and

2006 were used to support the decision to place the lake oBERE2008 8303(d) list
(DEQ 2008) for norsupport of the Public and Private Water Supply Use in an SWS lake.
Water quality dat are provided in Appendi.

Table 2-4 Summary of Chlorophyll -a Measurements irLiberty Lake 2003-2006
(all values in pg/L)
: Number of - . .
Station 1D Minimum Maximum Average Median
Samples
620910040080-01B* 6 0.7 48 20.4 13.0
620910040080-01S 7 8.2 47 235 20.0
620910040080-02 7 9.3 45 23.3 20.0
620910040080-03 7 6.4 45 22.8 21.8
Overall Surface 21 6.4 46.5 23.2 20.0
Samples*
Anot e t hat botanstationfcannoibe tompased to the water quality criterion, which applies to samples collected at

a depth of 0.5 meter. It is included for informational purposes only.

*Bottom datawereexcluded
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2.2.2 Nutrient Data Summary

During the years1998 to 2006 total nirogen levels inGuthrie Lake averaged
approximately0.97 mg/L, and total phosphorus levels averageéd3 mg/L (Table 25). Total
nitrogen is calculated as the sumKjeldahl nitrogen and wo inorganic forms in different
oxidation states: nitrate andtmitie nitrogen. Kjeldahl nitrogen is the sum of organic nitrogen
and ammonia nitrogen.Total phosphorus isneasured directly andomposedof organic
phosphorus, inorganic orthophosphorus, and inorganic polyphosphdteanal stratification
was notobservedduring the20052006 assessment period, likely due to the shallow nature of
the lake(OWRB 2007). Thus, nutrient fluxes from sedimemre available yearound in the
photic zonewhere light permits algal photosynthesis.

Table 25  Summary of Average Nutrient Measurements in Guthrie Lake 1998006
(all values inmg/L)”

Station ID Nitroger_m, Ni_trogen, _ Nitroge_n,_ Phosphorus, | Phosphorus,
Ammonia Kjeldahl Nitrate+Nitrite Ortho Total
620910040060-01B 0.070 0.975 0.064 0.019 0.071
620910040060-01S 0.050 0.901 0.042 0.013 0.054
620910040060-02 0.038 0.988 0.045 0.013 0.049
620910040060-03 0.032 0.960 0.048 0.013 0.053
620910040060-04 0.071 0.912 0.038 0.014 0.059
620910040060-05 0.082 0.91 0.038 0.013 0.052
Overall Surface
Samples* 0.049 0.933 0.036 0.013 0.053

Y Non-detects were averagedtatf of the detection limit
* bottom data were excluded

Total nitrogen levels inLiberty Lake averaged approximately 80 mg/L, and total
phosphorus levels average@40 mg/L (Table 26). As in GuthrieLake, thermal stratification
was not observed during0052006in Liberty Lake (OWRB 2007). Water quality data for
nutrient parametelis both lakesare provided in Appendii.

Table 2-6 Summary of Average Nutrient Measurements in Liberty Lake 198-2006
(all values inmg/L)”

Station ID Nitroger_m, Ni_trogen, _ Nitroge_n,_ Phosphorus, | Phosphorus,
Ammonia Kjeldahl Nitrate+Nitrite Ortho Total
620910040080-03 0.035 0.795 0.058 0.011 0.046
620910040080-02 0.033 0.811 0.105 0.010 0.042
620910040080-01S 0.036 0.667 0.065 0.009 0.037
620910040080-01B 0.118 0.782 0.069 0.011 0.053
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Overall Surface
Samples* 0.035 0.726 0.076 0.010 0.040

Y Non-detects were averagedhatf of the detection limit
* Bottom data were excluded

2.3  Water Quality Target

The Code ofFederal Regulations (4DFR A130. 7(c) (1)) states
established at levels necessary to attain and maintain the applicable narrative and numerical
wat er gual iTheywatsrtqualtydtargetdestablished for each lake must demenstra
compliance with the numeric criterion prescribed for SWS lakes in the Oklahoma WQS
(OWRB 201). Therefore the water quality target established fButhrie Lake andLiberty
Lake is to achieve a lonrterm average utake concentration of 1Qg/L for chlorophylla.

Guthrie Lake is also included in the 303(d) list fenterococcuswhile Liberty Lake islisted
for Enterococcusinddissolved oxygemriteriaexceedancesThese water quality issues will be
addressed specifically on a future date.

2-6 FINAL
May 2012



Chlorophylta TMDLs for Guthrie and Liberty Lakes Pollutant Source Assessment

SECTION 3
POLLUTANT SOURCE ASS ESSMENT

This section includes an assessment of the known and suspected souncésents
contributing to the eutrophication of Guthrie Lake and Libdrgke. Nutrient sources
identified are categorized and quantified to the extent rédatble information is available.
Generally,nutrient loadingscausing eutrophication of lakes originaterh point or nopoint
sources of pollution Point sources are permitted through tHEDES program. Nonpoint
sources are diffuse sources that typically cannot be identified as entering a waterbody through a
discrete conveyance at a single locatidonpant sources magmanate fromand activities
that contributenutrient loads teurface water as a result of rainfall runoFor the TMDLSs in
this report, all sources of pollutant loading not regulated by NPDES are considered nonpoint
sources. The following discussionprovides a general summary of theint and nonpoint
sources ohutrientsemanating fronthe contributingwatershedsf each lake

3.1 Assessment of Point Sources

Under 40CFR 8122.2, a point source is described as a discernable, confinetisenete
conveyance from which pollutants are or may be discharged to surface WAIPBES
permitted facilities classified as point sources that may contribute nutrient loading include:

e NPDES municipal wastewater treatment plant (WWdiBgharges
¢ NPDESiIndustrial WWTP discharges;

e NPDES nedischarge WWTR,

¢ NPDESconcentrate@nimal feedingoperatiors (CAFOs); and

e NPDES municipal separate storm sesystem(MS4) dischargs,

None of these five types of facilities occurs within Guthrie Lake watershed, while the
Liberty Lake watershed has two-descharge facilities.The nadischarge facilities permitted
within the Liberty Lake watershed are listedTiable 31 andtheir locaton is shown irFigure
3-1. For the purposes of these TMDLs,-discharge facilitiesre not considered a source of
nutrient loading It is possiblethat the wastewater collection system associated wih
discharge facilitiescould be a source ohutriert loading, or that dischargeBom the
wastewater planhay occur during |l arge rainfaldl even
capacities. These types of unauthorized discharges are typically reported as sanitary sewer
overflows. However, the facilitiesn Table 31 have not reported a sanitary sewer overflow
since 2000.Furthermore, given the small size of the wastewater collection systems of these no
discharge facilitieshe contributions of nutrient loads would be negligible.
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Table 31 NPDES NoDischarge Facilities in the Study Area

Waterbody ID and

Facility Facility ID | County Facility Type Type Name

Logan County
RWD#1

Lagoon Total
Retention

Liberty Lake

20974 Logan OK620910040080_00

Municipal

Country Home
Meat Company

Liberty Lake

WD83-006 Logan Total Retention Industrial OK620910040080_00

3.2  Estimation of Existing Pollutant Loads

As previously stated, there are no point source dischargatherGuthrie Lakeor Liberty
Lake watershed.Therefore, all nutrient loading ®ach lakeoriginates from nonpoint sources.
Nonpoint 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 witbrest, and range management activities have a strong influence on
the origin and pathways of nutrient sources to surface wabdutrient sourcesin rural
watersheds originate frorsoil erosion,agriculturalfertilization, residues from mowing and
harvestingeaf litter, and fecal waste deposited in the watershed by livest@auses of soil
erosion can include natural causes such as flooding and winds, construction activities, vehicular
traffic, and agricuural activities. Other sources of nutrient loading in a watershed include
atmospheric depositioffailing onsite wastewater disposal (OSWD) systears] fecaimatter
deposited in the watershed by wildlife and petShe following sectios provide general
information onnonpoint sources contributimgitrient loading within the Study Area.

3.2.1 SWAT Model Development for Pollutant Source Loadings

Given the lack of instream water quality data and pollutant source data available to
guantify nutrient and sedimelatading directly from the tributaries of Guthrie Lake and Liberty
Lake a watershed loading modethe Soil and Water Assessment Tool (SWAWas used to
develop nonpoint source loading estimatébese estimates from SWAT were used to quantify
the nutrent contributions to eaclake SWAT is a basirscale watershed model thedn be
operatedn a dailytime step (Neitsch et al. 20055WAT is designed to predict the impact of
managemenstrategieson water,nutrient, sediment, and agricultural chemlicgelds. The
model is physically (and empirically) based, computationally efficient, and capable of
continuous simulation ovdong time periods. The majaomponents of the model include
weather, hydrology, soil temperature and properties, plant growdtrients, and land
managementA brief description of inputand calibration of the SWAT model sesentedn
AppendixC. A summary of the SWAT modeling pbllutantsources is provided below.
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Figure 3-1 NPDES NcDischarge Facilities in the StudyArea
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There are no stream flow or water quality monitoring stations in the tributaries to Guthrie
Lake or LibertyLake 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 the portion of USGS hydrologic unit
11050002 (Lower Cimarron RiveBasin) located downstream of USGS gage 07159100
Cimarron River at L8. 81. The modeled domain is a 1,850 square mile area that includes the
contributing watersheds of both Guthrie Lake and Libkdle (Figure 32). In addition to the
Cimarron River,the main streams located in the model domain are Skeleton Creek,
Cottonwood Creek, Ki ngfisher CreeldeerCkekc| e Jo
The watershed is predominantly rural with a feives and townsincluding all or parts of
Enid, North Enid, Covington, Fairmont, Marshall, Kingfisher, Edmond, Crescent, Piedmont,
Douglas, Dover, Waukomis, Cimarron City, Cedé#lley, Guthrie, Cashion, Okarche, and
Oklahoma City The modeled area wasvided into 52 subwatershedsKigure 32) based on
the National Elevation Dataseht{p://ned.usgs.ggvand the National Hydrography Dataset
(http://nhd.usgs.ggvof the USGS. The watersheds of Guthrie Lake and Libelgke are
outlined in black inFigure 32. This figure also shows the locations of USGS gages and water
guality monitoring stations at which the SWAT model was calibrated.

Soil data were derived from the STATSGO State Soil Geographic Database of the United
States Department of Agriculture (USDA) Natural Resource Conservation Service
(http://soils.usda.gov/survey/geography/statsgd/and use and land cover data were derived
from the USDA National Agrcultural Statistics ServiceNASS) 2008 Cropland Data Layer
(CDL) (http://www.nass.usda.gov/research/Cropland/SARS1a.(tiSDA 2008) County
level summaries of annual cattle populatestimates from th&lASS were evenly distributed
across pasture lan@USDA 2007) Soil availablephosphorus concentrations were the county
averages for the period 1994 to 2001 from the Oklahoma State University Department of Plant
and Soil Science (Storet al 2000).

Point source discharges of pollutants in the modeled watershed were included in the
SWAT model, using discharge monitoring reports (DMR) to indicate flows and loads.
Concentrated animal feeding operatio®AFOs) were not included in the SWIAmodel,
given the insignificant contributions from the only-dischargeCAFO facility located in the
modeled portion ofhte hydrologic unit. Thereare a significant number o0©OSWD systems
(septic systems) in the vicinity of Guthrie Lakdsing a bufferzone of 300 ft around the lakes
along with aerial imagery (Google Earth), it was estimated there are 76 septic systems around
Guthrie Lake andwo septic systems arouridberty Lake. Nutrient loadings from those
systems were included directly in the lakeodels §ee Section .2) and thus, were not
simulatedn the SWAT model.
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Figure 3-2

Subwatersheds Simulated in the SWAT Watershed Model
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A 16-year period (1994 2009) was simulated in the SWAT moddHowever, the first
four years wer eupmo mpseirdeorde df oa fsstpaibn | i zi ng mod
model output consisted of only the latter 12 years (1:92809). The variables simulated in
SWAT included flow, organic phosphorus, mirlem@rtho-phosphorus, organic nitrogen,
ammonia nitrogen, nitrate nitrogen, nitrite nitrogen, and total suspended solids.

The SWAT hydrologic calibration was primarily performed based on flow data available at
the USGS gagefFigure 32) located onCimarronRiver at U.S. 77 (0716000 and Skeleton
Creekat SH 74(07160500). Daily flow measurements were available for the entire modeled
period at the former gage, and from October 2001 through the end of 2009 for the latter gage.
A secondary calibration was pemmed at Cottonwood Creek near Seward (07159B60ause
daily flow measurements were available only through June.200% primary calibration
targetswere annualflows, but modeled monthly flowsF{gure 33) and the resultingflow
duration curve werealso compared to measured valu€dverall, the model reproduces the
annual flows within the 15 percent target for mgesdrs,with overallerrors belowthe targetor
the primary location$-10 percentfor CimarronRiver and-5 percentfor Skeleton Creekand
an overall error 0f19 percentfor the secondary locationResulting NastSutcliffe Efficiency
coefficients (NSE) andorrelation coefficientrf) values were @34 and 0950 for Cimarron
River, 0.878 and 0.%4 for SkeletonCreek and 0.809 and 0.83for Cottonwood Creek The
high resultingcoefficientsindicatevery good model performanc&dditional model calibration
information is provided in Appendix C.

After hydrologic calibration, the SWAfpredicted nutrient concentrations wexaibrated
to the observednutrient concentrations at five water quality statioRgre 32): Cimarron
River at US. 77 (OK62091001001@01AT), Skeleton Creek at SH 74 (GR0910030010
001AT), Cottonwood Creek@K62091004-0010D), Chisholm Creek (OK6209104-0100G),
andKingfisher Creek (OK6209105-0010J). In most cases, the SWAT model reproduced the
average nutrient concentrations within 20 percent ofntbasurechveragesKigure 34). In
some instances, the model does not repligatécular nutrienspeces wellfor a given period,
but nevertheless the total phosphorus and nitrogen predicted averages arthai2Opercent
target. However, it is notedhat monitoring data available focalibration are from low to
moderate flow conditionsAs a result, theresimore uncertainty on high flow loading values.

3.2.2 Model-Estimated Nutrient Loading from  Point and Nonpoint Sources

The SWAT model was used to estimate nutrient loads fnmuoessesuch assoil erosion,
agriculturalfertilization, residues from mowing andrliasting, and fecal waste deposited in the
field by livestock. Nutrient loading associated with atmospheric deposition and septic systems
is incorporated into the lake model BATHTUB (see Section 4). Fecal waste deposited in the
watershed by wildlife andets is not considered to be a significant source of nutrient loading in
either watershed so it was not quantifiedaasodel input. Nutrient loading fromdeveloped
landswas simulatedising land usepecific regression equation$ Driver and Tasker (193,
as implemented in SWAT.

Based on the calibrated SWAT model, average loads of nutrients from each of the
individual subwatersheds were estimated for the period 1998 to 2G@. comparative
purposes, the phosphorus and nitrogen loads are expressadcaoeabbasis in kilograms per
hectare per year (kg/ha/yr) Figures 35 and 36. The average daily flows and loads into
Guthrie Lake and Libertyake are displayed iTable 32. Under current conditions, Guthrie
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Lake is estimated to receive a total aahload of 3,400 kg of phosphorus and 8,600 kg of

nitrogen, on average, from nonpoint sources in its watershdskerty Lake is estimated to
receive a total annual load of 2,700 kg of phosphandg 7400 kg of nitrogen, on average,

from sources in its atershed.

Table 3-2 Average Flows and Nutrient Loads Discharging to Guthrie and Liberty

Lakes

Parameter

Guthrie Lake

Liberty Lake

Watershed Size (square miles) 12.7 11.4
Flow (m*/day) 2.69 x 10* 2.01x10*
Organic Phosphorus (kg/year) 1,900 1,500
Mineral Ortho-Phosphorus (kg/year) 1,500 1,200
Total Phosphorus (kg/year) 3,400 2,700
Organic Nitrogen (kg/year) 3,100 2,600
Ammonia Nitrogen (kg/year) 0 0
Nitrate Nitrogen (kg/year) 5,500 4,800
Nitrite Nitrogen (kg/year) 0 0
Total Nitrogen (kg/year) 8,600 7,400
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Figure 3-3  Observed andSWAT Modeled Average Monthly Flows
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Figure 3-4

Observed andSWAT Modeled Nutrient Concentrations
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Figure 3-5  AverageTotal PhosphorusL oading from SWAT Subwatersheds
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