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Executive Summary 

ES - 1 OVERVIEW 

As promulgated by Section 402 of the Clean Water Act (CWA), the U.S. Environmental 

Protection Agency (EPA) has delegated authority to the Oklahoma Department of 

Environmental Quality (DEQ) to partially oversee the National Pollutant Discharge 

Elimination System (NPDES) Program in the State of Oklahoma. Exceptions are agriculture 

[retained by the Oklahoma Department of Agriculture, Food, and Forestry (ODAFF)], and 

the oil & gas industry (retained by the Oklahoma Corporation Commission) for which EPA 

has retained permitting authority. The NPDES Program in Oklahoma, in accordance with an 

agreement between DEQ and EPA, was implemented via the Oklahoma Pollutant Discharge 

Elimination System (OPDES) Act. OPDES Standards can be found in Title 252, Chapter 606 

(http://www.deq.state.ok.us/rules/606.pdf). 

This total maximum daily load (TMDL) report documents the data and assessment used to 

establish TMDLs for Copan Lake [Oklahoma Waterbody ID (OK WBID) number 

OK121400050020_00] and Lake Claremore (OK121500040020_00). The Oklahoma 

Department of Environmental Quality (DEQ) placed these waterbodies in Category 5 of the 

Oklahoma 2012 Integrated Report for nonsupport of the public and private water supply 

designated use because of elevated levels of chlorophyll-a.  

The two lakes (reservoirs) are located in the Neosho/Grand Sub-basin [hydrologic unit code 

(HUC) 1107]. Copan Lake is a 4,850-acre lake in Washington County with conservation pool 

storage of 43,400 acre-feet. It was impounded in 1983, and serves as a recreational lake, fish 

and wildlife propagation, and is utilized for flood control, water quality control, and water 

supply [Oklahoma Water Resources Board (OWRB) 2011]. Most of the 30-mile shoreline is 

undeveloped. The contributing watershed of Copan Lake is 505 square miles. The Little 

Caney River (Caney Creek), which is 5.52 miles long, is the primary tributary flowing to 

Lake Copan. 

Lake Claremore is a 470-acre lake in Rogers County with a conservation pool storage of 

7,900 acre-feet. Lake Claremore was first impounded by the City of Claremore 

(OWRB 2010) in 1930 and serves as a lake for recreation and municipal water supply. Most 

of the nine-mile 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 miles. Dog Creek (16.87 miles long) and Little Dog Creek (5.9 miles long) are the 

primary tributaries flowing to Lake Claremore. 

Based on a review of satellite imagery from Google Earth Maps there appears to be little 

developed land bordering the shoreline of either of the two lakes. Both lakes are popular 

fishing and boating recreation destinations. The watersheds of both lakes are sparsely 

populated, with developed land accounting for less than 1% of the watershed area. The most 

common land use categories throughout both watersheds are pasture/hay, grassland, and 

deciduous forest. The contributing watersheds are herein after referred to as the Study Area. 

Data assessment and TMDL calculations were conducted in accordance with requirements of 

Section 303(d) of the CWA, Water Quality Planning and Management Regulations (40 CFR 

Part 130), EPA guidance, and DEQ guidance and procedures. DEQ is required to develop 

TMDLs for all impaired waterbodies which are on the 303(d) List. The draft TMDL went to 

EPA for review before it was submitted for public comment. After the public comment 

http://water.epa.gov/polwaste/npdes/basics/State-Program-Status.cfm
http://water.epa.gov/polwaste/npdes/basics/State-Program-Status.cfm
http://water.epa.gov/polwaste/npdes/basics/State-Program-Status.cfm
http://cfpub.epa.gov/npdes/index.cfm
http://cfpub.epa.gov/npdes/index.cfm
http://www.deq.state.ok.us/rules/606.pdf
http://www.gpo.gov/fdsys/pkg/CFR-2011-title40-vol22/pdf/CFR-2011-title40-vol22-part130.pdf
http://www.gpo.gov/fdsys/pkg/CFR-2011-title40-vol22/pdf/CFR-2011-title40-vol22-part130.pdf
http://www.deq.state.ok.us/wqdnew/305b_303d/2012IRReport/2012%20Appendix%20C%20-%20303d%20List.pdf
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period, the TMDL was 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 Oklahomaôs water quality standards (WQS).  

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 predicted waterbody criterion will be 

met. 

The purpose of this TMDL study was to establish watershed-based nutrient load allocations 

necessary for reducing chlorophyll-a levels in the lakes, which is the first step toward 

restoring water quality and protecting public health. TMDLs determine the pollutant loading 

a waterbody can assimilate without exceeding applicable WQS. TMDLs also established the 

pollutant load allocation necessary to meet the WQS established for a waterbody based on 

the relationship between pollutant sources and water quality conditions in the waterbody. A 

TMDL consists of wasteload allocations (WLA), load allocations (LA), and a margin of 

safety (MOS). A WLA is the fraction of the total pollutant load apportioned to point sources, 

and includes stormwater discharges regulated under OPDES as point sources. An 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 for the lack of knowledge associated with natural processes 

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 

watershed. Watershed-specific 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 government agencies. 

ES - 2 PROBLEM IDENTIFICATION AND WATER QUALITY TARGET 

This TMDL study focused on the waterbodies identified in Table ES-1 that DEQ placed in 

Category 5 of the Water Quality in Oklahoma 2012 Integrated Report for nonsupport of the 

Public & Private Water Supply beneficial use. Elevated levels of chlorophyll-a in lakes 

reflect excessive algae growth, which can have deleterious effects on the quality and 

treatment costs of drinking water. Excessive algae growth can also negatively affect the 

aquatic biological communities of lakes. Elevated chlorophyll-a levels typically indicate 

excessive loading of the primary growth-limiting algal nutrients such as nitrogen and 

phosphorus to the waterbody, a process known as eutrophication.  

Sensitive Public and Private Water Supply (SWS) lakes are defined in the Oklahoma Water 

Quality Standards - Oklahoma Administrative Code (OAC) Title 785, Chapter 45: 785:45-5-

25(c)(4)(A). In Appendix A.3 of the WQS, Copan Lake and Lake Claremore are both listed 

as SWS lakes.  

http://www.owrb.ok.gov/util/rules/pdf_rul/current/Ch45.pdf
http://www.owrb.ok.gov/util/rules/pdf_rul/current/Ch45.pdf
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Table ES- 1 Excerpt from the 2012 Integrated Report ï Oklahoma §303(d) List of 
Impaired Waters (Category 5a) 

Waterbody Name and Waterbody 
Identification Number (WBID) 

Waterbody 
Size (Acres) 

TMDL 
Date 

TMDL 
Priority 

Causes of 
Impairment 

Designated Use Not 
Supported 

Copan Lake    
(OK121400050020_00) 

4,850 2023 4 Chlorophyll-a 
Public and Private 

Water Supply 

Lake Claremore    
(OK121500040020_00) 

470 2020 3 

Chlorophyll-a 
Public and Private 

Water Supply 

Color Aesthetic 

Turbidity 
Warm Water Aquatic 

Community 

The numeric criterion set for chlorophyll-a for SWS lakes is also found in the WQS [785:45-

5-10(7)] which states, ñThe long-term average concentration of chlorophyll-a at 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 criterion is exceeded, numerical phosphorus or nitrogen criteria or both may 

be promulgated.ò 

Surface level sampling data, collected from the lakesô Water Quality Monitoring (WQM) 

stations, was used to support the decision to place these lakes in the Copan/Claremore 

watersheds on the DEQ 2012 §303(d) List for non-support of the Public and Private Water 

Supply Use in an SWS lake: 

 Between 2003 and 2012, Copan Lake chlorophyll-a samples averaged 19.0 µg/L 

which is equivalent to a Carlsonôs TSI of 59.5 (Carlson 1977).  

 Between 2003 and 2010, Lake Claremore chlorophyll-a samples averaged 30.4 µg/L 

(TSI = 64.1).  

Between 1999 to 2012, total nitrogen levels (TN) and total phosphorus (TP) levels were as 

follows for the lakes in the Study Area:  

 Copan Lake: TN levels averaged approximately 0.65 mg/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). 

 Lake Claremore: TN levels averaged approximately 1.07 mg/L, and TP levels 

averaged 0.08 mg/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 (OWRB 2007). Thus, nutrient fluxes from sediments were 

available year-round in the photic zone where light permits algal photosynthesis. 

The Code of Federal Regulations [40 CFR §130.7(c)(1)] states that ñTMDLs shall be 

established at levels necessary to attain and maintain the applicable narrative and numerical 

water quality standards.ò  The water quality target established for each lake must 

demonstrate compliance with the numeric criterion prescribed for SWS lakes in the 

Oklahoma WQS (OWRB 2013). Therefore, the water quality target established for each lake 

was to achieve a long-term average in-lake concentration of 10 µg/L for chlorophyll-a.  

Copan Lake was also included in the 303(d) List for turbidity and color. These water quality 

issues will be addressed specifically at a future date.  

http://www.gpo.gov/fdsys/pkg/CFR-2011-title40-vol22/pdf/CFR-2011-title40-vol22-sec130-7.pdf
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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 and Priscu 1990; 

Elser et al. 1990; Smith et 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 that both 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 and suspected sources of nutrients 

contributing to the eutrophication of Copan Lake and Lake Claremore. Nutrient sources 

identified were categorized and quantified to the extent that reliable information was 

available. Generally, nutrient loadings causing eutrophication of lakes originate from point or 

nonpoint sources of pollution. Point sources are permitted through the OPDES program. 

Nonpoint sources are diffuse sources that typically cannot be identified as entering a 

waterbody through a discrete conveyance at a single location. Nonpoint 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 

OPDES were considered nonpoint sources.  

Under 40 CFR §122.2, a point source is described as a discernible, confined, and discrete 

conveyance from which pollutants are or may be discharged to surface waters. OPDES-

permitted facilities classified as point sources that may contribute nutrient loading include:  

 Continuous Point Source Dischargers 

 OPDES municipal wastewater treatment facilities (WWTF) 

 OPDES Industrial WWTF Discharges 

 OPDES-regulated stormwater discharges 

 Municipal separate storm sewer system (MS4) discharges ï OKR04 

 Phase 1 MS4 

 Phase 2 MS4 

 Multi -sector general permits (OKR05) 

 Regulated Sector J Discharges 

 Rock, Sand and Gravel Quarries 

 Construction stormwater discharges (OKR10) 

 No-discharge WWTF 

 Sanitary sewer overflow (SSO)  

 NPDES Animal Feeding Operations (AFO) 

 Concentrated Animal Feeding Operations (CAFO) 

 Swine Feeding Operation (SFO) 

 Poultry Feeding Operation (PFO) 

There were no AFOs, no-discharge facilities, or continuous industrial point source discharges 

within the Copan Lake or Lake Claremore watersheds at the time of the TMDL study. 

However, there were two continuous municipal point source discharge facilities within the 

Study Area (one in each watershed). The facility located on the Copan Lake watershed 



Chlorophyll-a TMDLs for Lakes Copan and Claremore Executive Summary 

FINAL     ES-5 September 2014 

(Copan Public Works Authority) is a wastewater plant and, thus, was a 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 source discharge in Copan Lake watershed. 

Conversely, the facility on the Lake Claremore watershed is a water treatment plant, which 

was not 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 boundaries, permitted 

stormwater was not considered a significant source of nutrient loading. Therefore, a WLA 

was not required for the City of Claremoreôs stormwater permit. 

Most of the nutrient loading to these two lakes originates 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 with forest and grasslands have a strong influence on the origin and 

pathways of nutrient sources to surface water. Nutrient sources in rural watersheds originate 

from soil erosion, agricultural fertilization, residues from mowing and harvesting, leaf litter, 

and fecal waste deposited in the watershed by livestock. Causes of soil erosion can include 

natural causes such as flooding and winds, construction activities, vehicular traffic, and 

agricultural activities. Other sources of nutrient loading in a watershed include atmospheric 

deposition, failing onsite wastewater disposal (OSWD) systems, and fecal matter deposited 

in the watershed by wildlife and pets.  

Given the lack of in-stream water quality data and pollutant source data available to quantify 

nutrient and sediment loading directly from the tributaries of Copan Lake and Lake 

Claremore, a watershed loading model ï the Soil and Water Assessment Tool (SWAT) ï was 

used to develop nonpoint source loading estimates. These estimates from SWAT were used 

to quantify the nutrient contributions to each lake. SWAT is a basin-scale watershed model 

that can be operated on a daily time step (Neitsch et al. 2011). SWAT is designed to predict 

the impact of management strategies on water, nutrient, sediment, and agricultural chemical 

yields. The model is physically (and empirically) based, computationally efficient, and 

capable of continuous simulation over long time periods. Major components of the model 

include weather, hydrology, soil temperature and properties, plant growth, nutrients, and land 

management.  

There are no stream 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) 11070106] and a portion of Lower Verdigris (HUC 11070105). The 

modeled domain displayed in Figure 3-2 is a 2,420 square mile area that includes the 

contributing watersheds of the two lakes. The main streams located in the model domain are 

Caney River, Little Caney River (Caney Creek), Sand Creek, Verdigris River, and Dog 

Creek.  

A 19-year period (1994 - 2012) was simulated in the SWAT model. However, the first 4 

years were considered a ñspin-upò period for stabilizing model initial conditions, and the 

model output consisted of only the latter 15 years (1998 - 2012). The variables simulated in 

SWAT included flow, organic phosphorus, mineral ortho-phosphorus, 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 available at 

the USGS gages located on Caney River near Elgin, KS (USGS Station 07172000), Caney 

River at US-75 (USGS Station 07175500), and Verdigris River at SH-20 (USGS Station 

07176000) (Figure 3-2). In addition, the model simulated inflow to Copan Lake was 

compared to daily records reported by USACE (Station CPLO2). Overall, the model 

reproduces the annual flows within the 15% target for most years, with overall errors below 

the target for all the locations (2% for Caney Creek near Elgin, 6% for Caney Creek at US-

75, -1% for Verdigris River at SH-20, and 10% for Copan Lake inflow). Resulting Nash-

Sutcliffe Efficiency coefficients (NSE) and correlation coefficient (r
2
) values were 0.961 and 

0.955 for Caney Creek near Elgin, 0.948 and 0.952 for Caney Creek at US-75, 0.993 and 

0.992 for Verdigris River at SH-20, and 0.943 and 0.989 for Copan Lake inflow. The high 

resulting coefficients indicate very good model performance for annual flows.  

After hydrologic calibration, the SWAT-predicted nutrient concentrations were calibrated to 

the observed nutrient concentrations at four water quality stations: Caney Creek at US-75 

(OWRB monitoring site 121400010010-001AT), Sand Creek (OCC monitoring site 

OK121400-04-0010F), Verdigris River at SH-20 (OWRB monitoring site 121500030010-

001AT), and Dog Creek: Spavinaw Flowline (OCC monitoring site OK121500-02-0360D). 

For purposes of calculating averages to compare to modeled values, non-detects were 

assumed equal to half of the detection limit. In most cases, the SWAT model reproduced the 

average nutrient concentrations within 25% of the measured averages (Figure 3-4). In some 

instances, the model does not replicate particular nutrient species well for a given period, but 

nevertheless the total phosphorus and nitrogen predicted averages were within the 25% 

target. However, it is noted that monitoring data available for calibration were from low to 

moderate flow conditions. As a result, there was more uncertainty on high flow loading 

values. 

Based on the calibrated SWAT model, average loads of nutrients from each of the individual 

sub-watersheds were estimated for the period 1998 to 2012. Under current conditions, Copan 

Lake was estimated to receive a total annual load of 475,400 kg of phosphorus and 1,376,700 

kg of nitrogen, on average, from nonpoint sources in its watershed. Claremore Lake was 

estimated to receive a total annual load of 22,400 kg of phosphorus and 108,100 kg 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
3
/day) 1.07 x 10

6
 1.98 x 10

5
 

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 
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ES - 4 TECHNICAL APPROACH AND METHODS 

The objective of a TMDL was to estimate allowable pollutant loads and allocate those loads 

to the known pollutant sources in the watershed so appropriate control measures can be 

implemented and the WQS achieved. To ascertain the effect of management measures on in-

lake water quality, it was 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 evaluated by chlorophyll-a concentrations. The following paragraphs describe the water 

quality analysis of the linkage between chlorophyll-a levels in Copan Lake and Lake 

Claremore and the nutrient loadings from their watersheds. 

The water quality linkage analysis was performed using the BATHTUB model 

(Walker 1986). BATHTUB is an U.S. Army Corps of Engineers model designed to simulate 

eutrophication in reservoirs 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 steady-state water column nutrient and chlorophyll-a concentrations based 

on waterbody characteristics, hydraulic characteristics, and external nutrient loadings.  

The model was run under existing average, steady-state conditions. An averaging period of 

one year was used to depict the duration of mass-balance calculations for each lake. A single, 

well-mixed lake was assumed for all three reservoirs. Key water quality parameters for 

BATHTUB input include total phosphorus, inorganic ortho-phosphorus, total nitrogen, and 

inorganic nitrogen. Output from the SWAT model was the primary source of data input to the 

BATHTUB model. Although SWAT can provide daily output, BATHTUB is a steady-state 

model and not appropriate for interpreting short-term responses of lakes to nutrients. 

Therefore, the long-term average annual loads from the SWAT-modeled period were applied 

as inputs to BATHTUB. 

The BATHTUB models for each lake were run under average existing conditions, and 

calibrated to measure in-lake water quality conditions (based on 1999-2012 data) using 

phosphorus and nitrogen calibration factors. The model-predicted concentrations of total 

nitrogen, total phosphorus, chlorophyll-a, and Secchi depth under existing average conditions 

were compared to average measured concentrations from each lake in Table ES-3. 

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

Water Quality 
Parameter 

Copan Lake  Lake Claremore 

Modeled Measured Modeled Measured 

Total Phosphorus (mg/L) 0.089 0.090 0.083 0.080 

Total Nitrogen (mg/L) 0.66 0.65 1.06 1.07 

Chlorophyll-a (µg/L) 19.3 19.0 29.9 30.4 

Secchi depth (meters) 0.32 0.30 0.31 0.30 

Simulations were performed using the BATHTUB model to evaluate the effect of watershed 

loading reductions on chlorophyll-a levels. Atmospheric loads were maintained at their 

existing estimated levels. Simulations indicated that the water quality target of 10 µg/L 

chlorophyll-a as a long-term average concentration could be achieved if the total phosphorus 

and nitrogen watershed loads to Copan Lake were reduced by 50% from the existing loads, to 
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237,700 kg/year of total phosphorus and 688,350 kg/year of total nitrogen. In Lake 

Claremore, the water quality target of 10 µg/L chlorophyll-a could be achieved if the existing 

watershed loads were reduced by 73% to 6,048 kg/year of total phosphorus and 29,187 

kg/year of total nitrogen. Table ES-4 summarizes the percent reduction goals for nutrient 

loading established for each lake. These maximum allowable loads include an inherent 

margin of safety through the use of limits on loading of both nitrogen and phosphorus.  

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

Lake 
Percent 

Reduction 

Maximum Allowable Load (kg/yr)
a 

Total Phosphorus Total Nitrogen 

Copan Lake 50% 237,700 688,350 

Lake Claremore 73% 6,048 29,187 

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

While the relative importance of nitrogen or phosphorus in limiting algal productivity in 

Copan and Claremore Lakes has not been definitively established, this TMDL calculates load 

allocations for both nitrogen and phosphorus as a conservative approach to ensure that water 

quality targets are met. Since there are infinite combinations of TN and TP concentrations 

that could result in the desired chlorophyll-a concentration and BATHTUB is not capable of 

discerning between them, a practical starting point for implementation was to begin with 

equal percent reduction goals for both nutrient parameters. For example, in Figure ES-1, the 

50% reduction goal was plotted for both nutrient parameters for Copan Lake. However, 

depending on local environmental and socio-economical conditions, different percent 

reductions for the two nutrients based on the curve in Figure ES-1, could be used during the 

implementation of the TMDL for Copan Lake and still achieve the target chlorophyll-a 

concentration in the Lake. 

Figure ES- 1: Total N and Total P Combinations Resulting in 10 µg/L Chlorophyll-a ï 
Copan Lake 
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ES - 5 TMDLS AND LOAD ALLOCATIONS  

TMDLs for the §303(d)-listed waterbodies covered in this report were derived using the 

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 for the uncertainty concerning the relationship between loading limitations and water 

quality. This definition can be expressed by the following equation: 

TMDL = Ɇ WLA + Ɇ LA + MOS 

There were no point sources of wastewater discharging to Lake Claremore, but there is a 

point source of wastewater discharging to a tributary of Copan Lake. Furthermore, 

Oklahomaôs implementation of WQS (OAC 785:46-13-4) prohibits new point source 

discharges to these lakes, except for stormwater with approval from DEQ (OWRB 2013a). 

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 any waterbody or watershed designated in Appendix A of OAC 785:45 with the 

limitation "SWS."   

For Copan Lake, the OPDES-permitted facility was allocated a daily wasteload calculated as 

its permitted flow rate multiplied by TP and TN concentrations derived from loading time 

series provided to EPA for the Illinois River watershed. This was due to the fact that Copan 

Public Works Authority (OK0020168) does not have a permit limit for nutrients, nor does it 

report nutrient concentrations. The WLA_WWTP was derived as 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 Authority was 2.2 kg/day for Total 

Phosphorus and 8.9 kg/day for Total Nitrogen. 

Part of the City of Claremore Phase II MS4 permit for stormwater discharges and stormwater 

management (Permit #OKR040028). The City of Claremore comprises only 1% of the Lake 

Claremore watershed, therefore, a WLA_MS4 was not assigned, rather the small portion of 

the watershed accounted for by the MS4 area was included in the Load Allocation (LA) for 

Lake Claremore.  

The load allocation for watershed nonpoint sources to both lakes were calculated as the 

difference between the TMDL, MOS, and WLA, as follows: 

LA = TMDL ï WLA WWTP ï WLA MS4ï MOS 

The total allowable load to Copan Lake was conservatively estimated as 237,700 kg/yr of 

total phosphorus and 688,350 kg/yr of total nitrogen, necessitating a 50% reduction from 

existing loading to achieve the desired water quality target.  
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The load allocation for watershed nonpoint sources to Lake Claremore was conservatively 

estimated as 6,048 kg/yr of total phosphorus and 29,187 kg/yr of total nitrogen, necessitating 

a 73% reduction from existing loading to achieve the desired water quality target.  

Federal regulations (40 CFR §130.7(c)(1)) require that TMDLs include an MOS. The MOS 

is a conservative measure incorporated into the TMDL equation that accounts for the lack of 

knowledge associated 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 assumptions were used in development of the TMDL, or 

conservative factors were used in the calculations, the MOS is implicit. When a specific 

percentage of the TMDL is set aside to account for the lack of knowledge, then the MOS is 

considered explicit. The TMDLs for Copan and Claremore Lakes include an implicit MOS 

that was incorporated 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 

chlorophyll-a concentrations to meet the water quality target. Given that transport, 

assimilation, and dynamics of nutrients vary both temporally and spatially, nutrient loading 

to both lakes from a practical perspective must be managed on a long-term basis typically as 

pounds or kilograms per year. However, a recent court decision (Friends of the Earth, Inc. v. 

EPA, et al., often referred to as the Anacostia decision) states that TMDLs must include a 

daily load expression. It is important to recognize that the chlorophyll-a response to nutrient 

loading in Copan Lake and Lake Claremore is affected by many factors such as: internal lake 

nutrient loading, water residence time, wind action and the interaction between light 

penetration, nutrients, sediment load, and algal response. As such it was important to note 

that expressing this TMDL in daily time steps does not imply a daily response to a daily load 

was practical from an implementation perspective. 

The EPAôs Technical Support Document for Water Quality-Based Toxics Control 

(EPA 1991) provides a statistical method for identifying a statistical maximum daily limit 

based on a long-term average and considering variation in a dataset. The method is 

represented by the following equation: 

ὓὈὒ ὒὝὃὩ Ȣ  

Where:  MDL  = maximum daily load  LTA = long-term average load 

  z = z statistic of the probability of occurrence (1.645 was used for this value) 

   ů
2
 = ln(CV

2
+1) CV = coefficient of variation 

The coefficients of variation of daily phosphorus and nitrogen NPS loads, calculated from 

SWAT model output, were 6.9 and 6.4 for Copan Lake, and 4.4 and 2.5 for Lake Claremore, 

respectively. Using equal reductions for both nutrient parameters (50% for Copan and 73% 

for Claremore), the maximum daily loads correspond to the allowable annual average loads 

provided in Table ES-4. In Copan Lake the 237,700 kg of phosphorus and 688,350 kg of 

nitrogen per year was translated to a daily maximum load of 605.1 kg/day of phosphorus and 

1826.8 kg/day of nitrogen. For Lake Claremore, the allowable average load of 6,048 kg of 

phosphorus and 29,187 kg of nitrogen per year was translated to a daily maximum load of 

19.1 kg/day of phosphorus and 112.6 kg/day of nitrogen. Reduction of TP and TN loads in 

lake tributaries to these levels is expected to result in achievement of WQS for chlorophyll-a 

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 

Copan Lake OK121400050020_00 
Total Phosphorus 605.1 0 605.1 Implicit 

Total Nitrogen 1826.8 0 1826.8 Implicit 

Lake Claremore OK121500040020_00 
Total Phosphorus 19.1 0 19.1 Implicit 

Total Nitrogen 112.6 0 112.6 Implicit 

ES - 6 PUBLIC PARTICIPATION  

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 at the following 

DEQ website: www.deq.state.ok.us/wqdnew/index.htm.  

The public had 45 days (July 25, 2014 to September 8, 2014) to review the draft TMDL 

report and make written comments. Two sets of written comments were received during the 

public notice period. These comments, along with DEQôs responses, are now part of the 

public record of this TMDL report in Appendix D. These comments were considered, and 

revisions were made to the final TMDL report.  

There were no requests for a public meeting. 

The Lake Copan and Claremore Lake Chlorophyll-a TMDL Report was finalized and 

submitted to EPA for final approval. 

http://www.deq.state.ok.us/wqdnew/index.htm


Chlorophyll-a TMDLs for Lakes Copan and Claremore Introduction  

FINAL     1-1 September 2014 

SECTION 1 - INTRODUCTION 

1.1 TMDL PROGRAM BACKGROUND  

As promulgated by Section 402 of the Clean Water Act (CWA), the U.S. Environmental 

Protection Agency (EPA) has delegated authority to the Oklahoma Department of 

Environmental Quality (DEQ) to partially oversee the National Pollutant Discharge Elimination 

System (NPDES) Program in the State of Oklahoma. Exceptions are agriculture [retained by 

the Oklahoma Department of Agriculture, Food, and Forestry (ODAFF)], and the oil & gas 

industry (retained by the Oklahoma Corporation Commission) for which EPA has retained 

permitting authority. The NPDES Program in Oklahoma, in accordance with an agreement 

between DEQ and EPA, was implemented via the Oklahoma Pollutant Discharge Elimination 

System (OPDES) Act. OPDES Standards can be found in Title 252, Chapter 606 

(http://www.deq.state.ok.us/rules/606.pdf).  

Section 303(d) of the CWA and EPA Water Quality Planning and Management Regulations 

(40 Code of Federal Regulations [CFR] Part 130) require states to develop total maximum daily 

loads (TMDL) for all segments and pollutants identified by the Regional Administrator as 

suitable for TMDL calculation. Segments and pollutants identified on the approved 303(d) List 

as not meeting designated uses where technology-based controls are in place will be given a 

higher priority for development of TMDLs. TMDLs establish the allowable loadings of 

pollutants or other quantifiable parameters for a waterbody based on the relationship between 

pollution sources and in-stream water quality conditions, so states can implement water quality-

based controls to reduce pollution from point and nonpoint sources and restore and maintain 

water quality (EPA 1991). 

This report documents the data and assessments used to establish chlorophyll-a TMDLs for 

Copan Lake [Oklahoma Waterbody ID (OK WBID) number OK121400050020_00] in the 

Caney River sub-basin (hydrologic unit code [HUC] 11070106) and Lake Claremore 

(OK121500040020_00) in the Lower Verdigris River (HUC 11070105) sub-basin. Oklahoma 

Department of Environmental Quality (DEQ) placed Copan Lake in Category 5 [303(d) List] of 

the Water Quality in Oklahoma, 2012 Integrated Report (2012 Integrated Report) for non-

support of the Aesthetic, Fish and Wildlife Propagation-Warm Water Aquatic Community 

(WWAC), and Public and Private Water Supply Use. DEQ placed Lake Claremore in Category 

5 [303(d) List] of the 2012 Integrated Report for non-support of the Public and Private Water 

Supply Use. Figures 1-1 (Copan Lake) and 1-2 (Lake Claremore) are location maps showing 

these Oklahoma waterbodies and their contributing watersheds. The maps display locations of 

the water quality monitoring (WQM) stations used as the basis for placement of these 

waterbodies on the Oklahoma §303(d) List. These waterbodies and their surrounding 

watersheds are hereinafter referred to as the Study Area.  

Elevated levels of chlorophyll-a in lakes reflect excessive algae growth which can have 

deleterious effects on the quality and treatment costs of drinking water. Excessive algae growth 

can also negatively affect the aquatic biological communities of lakes. Elevated chlorophyll-a 

levels typically indicate excessive loading of the primary growth-limiting algal nutrients 

nitrogen and phosphorus to the waterbody, a process known as eutrophication. Data assessment 

and TMDL calculations were conducted in accordance with requirements of Section 303(d) of 

the CWA, Water Quality Planning and Management Regulations (40 CFR Part 130), EPA 

guidance, and Oklahoma Water Quality Standards (WQS)  [Oklahoma Administrative Code 

(OAC) Title 785, Chapter 45]. DEQ is required to submit all TMDLs to EPA for review and 

approval. Once EPA approves a TMDL, then the waterbody may be moved to Category 4a of a 

http://water.epa.gov/polwaste/npdes/basics/State-Program-Status.cfm
http://water.epa.gov/polwaste/npdes/basics/State-Program-Status.cfm
http://water.epa.gov/polwaste/npdes/basics/State-Program-Status.cfm
http://cfpub.epa.gov/npdes/index.cfm
http://cfpub.epa.gov/npdes/index.cfm
http://www.deq.state.ok.us/rules/606.pdf
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Stateôs Integrated Water Quality Monitoring and Assessment Report, where it remains until 

compliance with WQS is achieved (EPA 2003). 

The purpose of this TMDL study was to establish nutrient load allocations necessary for 

reducing chlorophyll-a levels in the lakes, which is the first step toward restoring water quality 

and protecting public health. TMDLs determine the pollutant loading a waterbody can 

assimilate without exceeding applicable WQS for that pollutant. TMDLs also establish the 

pollutant load allocation necessary to meet the WQS established for a waterbody based on the 

relationship between pollutant sources and water quality conditions in the 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 load apportioned to point sources, and includes 

stormwater discharges regulated under OPDES as point sources. The LA is the fraction of the 

total pollutant load apportioned to nonpoint sources. MOS can be implicit and/or explicit. An 

implicit MOS is achieved by using conservative assumptions in the TMDL calculations. An 

explicit MOS is a percentage of the TMDL set aside to account for the lack of knowledge 

associated with natural processes 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 

watershed. Watershed-specific 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 government agencies.  

1.2 LAKE AND WATERSHED CHARACTERISTICS  

1.2.1 Lake Characteri stics  

Copan Lake is a 4,850-acre lake in Washington County with conservation pool storage of 

43,400 acre-feet. It was impounded in 1983, and serves as a recreational lake, fish and 

wildlife propagation, and is utilized for flood control, water quality control, and water 

supply (Oklahoma Water Resources Board [OWRB] 2011). Most of the 30 mile shoreline is 

undeveloped. The contributing watershed of Copan Lake is 507 square miles. The Little 

Caney River (Caney Creek) is the primary tributary flowing to Copan Lake. Figure 1-1 

displays the contributing watershed of Copan Lake of which 84% is located in Kansas.  

Lake Claremore is a 470-acre lake in Rogers County with conservation pool storage of 

7,900 acre-feet. Lake Claremore was first impounded by the City of Claremore 

(OWRB 2010) in 1930 and serves as a lake for recreation and municipal water supply. Most 

of the nine-mile shoreline is undeveloped. However roadways surrounding the lake provide 

access to almost the entire shoreline. The contributing watershed of Lake Claremore is 58 

square miles. Dog Creek (OK121500040010_00) and Little Dog Creek 

(OK121500040030_00) are the primary tributaries flowing to Lake Claremore. Figure 1-2 

displays the contributing watershed of Lake Claremore.  

Table 1-1: General Lake Characteristics 

Waterbody Name 
and WBID 

Surface 
Area (Acres) 

Conservation 
Pool Storage 

(Acre- Feet) 

Normal Elevation 
(Feet Mean Sea Level) 

Average 
Depth 
(Feet) 

Shoreline 
(Miles) 

Management 
Agency 

Copan Lake    
(OK121400050020_00) 

4,850 43,400 710 9 30 
U.S. Army Corps 

of Engineers 

Lake Claremore    
(OK121500040020_00) 

470 7,900 610 16.8 9 
City of 

Claremore 
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1.2.2 General   

Both lakes are within the Verdigris River basin, located in the northeastern portion of 

Oklahoma. The Town of Copan is located near the southeast shoreline of Copan Lake, 

approximately nine miles north of Bartlesville in Washington County. Copan Lake is 

located in the Osage Cuestas ecoregion of the Central Irregular Plains (Woods et al. 2005), 

which features an irregular to undulating tall grass prairie mixed with oak-hickory forest in 

the eastern area. The majority of the land cover in the Copan Lake watershed is pasture/hay, 

deciduous forest and pasture/grass.  

Lake Claremore is 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 oak-hickory forest in the eastern area. The majority of the land cover in the 

Lake Claremore watershed is deciduous forest, pasture/hay and pasture/grass.  

Table 1-2, derived from the 2010 U.S. Census, demonstrates that the counties in which the 

watersheds are located are sparsely populated (U.S. Census Bureau 2010). 

Table 1-2:  County Population and Density 

County Name State Name 
Population 

(2010 Census) 
Population Density 
(per square mile) 

Mayes Oklahoma 41259 60.4 

Nowata Oklahoma 10536 18.1 

Osage Oklahoma 47472 20.6 

Rogers Oklahoma 86905 122.1 

Washington Oklahoma 50976 120.2 

Chautauqua Kansas 3669 5.7 

Elk Kansas 2882 4.4 

Montgomery Kansas 35471 54.4 

1.2.3 Climate  

Table 1-3 summarizes the average annual precipitation for Copan Lake and Lake 

Claremore. Average annual precipitation values were derived from the Oklahoma Mesonet 

Dataset (http://www.mesonet.org) based on a period of record of 1994 to 2010 from six 

stations in the vicinity of the lake watersheds. 

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

Waterbody Name Waterbody ID 
Average Annual 

Precipitation (inches) 

Copan Lake OK121400050020_00 38.2 

Lake Claremore OK121500040020_00 39.0 

http://www.mesonet.org/
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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 of the watersheds are approximately 507 square miles 

(Copan Lake) and 58 square miles (Lake Claremore). Table 1-4 summarizes the 

percentages and 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 crop-specific 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 Lake also has a 

significant percentage of land classified as deciduous forest and grassland. Lake Claremore 

has a significant percentage of land classified as pasture/hay and grassland. Based on a 

review of satellite imagery from Google Earth Maps there appears to be little developed 

land bordering the shoreline of either of the two lakes. The 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 

Description 

Lake Copan Claremore Lake 

Acres Percent
§
 Acres Percent

§
 

Barren 34 0% 0 0% 

Corn 3,839 1% 21 0% 

Cotton 4,442 1% 18 0% 

Deciduous Forest 56,014 17% 16,352 44% 

Developed/High Intensity 63 0% 28 0% 

Developed/Low Intensity 1,991 1% 356 1% 

Developed/Medium Intensity 277 0% 111 0% 

Developed/Open Space 13,153 4% 2,834 8% 

Evergreen Forest 68 0% 6 0% 

Mixed Forest 74 0% 0 0% 

Open Water 7,941 2% 663 2% 

Grassland 50,936 16% 4,875 13% 

Pasture/Hay 176,757 54% 11,985 32% 

Shrubland 2 0% 0 0% 

Soybeans 8,676 3% 32 0% 

Woody Wetlands 201 0% 3 0% 

Total Drainage Area 324,467 
 

37,283 
 

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

1.3 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 Copan Lake or Lake Claremore or at the lake outlet of Lake Claremore. The 

United States Army Corps of Engineers (USACE) has daily release records for Copan Lake. 

Given the lack of historical stream flow data, flow estimates for lake tributaries were developed 

using a watershed model calibrated to flow measurements at U.S. Geological Survey (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 

 


























































































































































































