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Introduction  

The waters within the Illinois River watershed are among Oklahomaôs most beautiful and 

popular waters. In fact, the three primary rivers within the watershed are all Oklahoma scenic 

rivers and are recognized to have great aesthetic, ecological, and recreational value. The 

protection of these waters by means of water quality standards is of the upmost importance to 

the state of Oklahoma. Water quality standards (WQS) define the goals for a waterbody and 

work to safeguard human health and aquatic life by establishing provisions to limit pollution to 

the stateôs lakes, rivers, and wetlands. Water quality standards are comprised of three 

components 1) a waterbodyôs beneficial uses, 2) water quality criteria, and 3) the 

antidegradation policy. Beneficial uses establish the water quality goals for the waterbody, 

criteria define the minimum water quality condition necessary to achieve those goals, and the 

antidegradation policy specifies the framework to be used in making decisions regarding any 

intentional lowering of water quality. The antidegradation policy ensures that good water quality 

is conserved where possible and lowered only when necessary, that stakeholders affected by 

the lowering are included in the process, and that beneficial uses are maintained and protected.     

 

The Oklahoma Water Resources Board (OWRB) is the state agency responsible for 

promulgating water quality standards to ensure water quality protection across the state (82 

O.S. §1085.30). Oklahoma has long recognized the importance of maintaining and protecting 

the stateôs waters through adoption of water quality standards. The water quality standards are 

set forth in Oklahoma Administrative Code Title 785, Chapter 45 and the Implementation of 

Oklahomaôs Water Quality Standards are set forth in Title 785, Chapter 46.  Consistent with 

both Oklahoma and federal regulations (785:45-1-1, 40 CFR § 131.11) all water quality criteria 

must be established to ensure protection of beneficial uses. This document presents the 

technical background information used by the OWRB in developing changes to the total 

phosphorus criterion that protects the Aesthetic beneficial uses of waters in the Illinois River 

Watershed. The total phosphorus criterion applicable to the Mountain Fork River, Lee Creek 

and Little Creek was not subject to any revision and is not addressed in this document.     

  

Environmental Setting and Background 

The Illinois River watershed (HUC 11110103) is located in northeastern Oklahoma and 

northwestern Arkansas and spans the political boundary between the two states. The watershed 

area is about 1,654 square miles (Figure 1). The mainstem of the Illinois River originates in the 
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Boston Mountains in Washington County, Arkansas. The river flows north for approximately 36 

miles and turns westward at the confluence with Osage Creek; from here it flows west into 

Oklahoma. Flint Creek is a major tributary to the Illinois River. Flint Creek drains 127 square 

miles in the northwest portion of the watershed and has its confluence with the Illinois River just 

south of the Oklahoma state highway 59. Below this confluence the Illinois River flows 

southwest past the city of Tahlequah to Tenkiller Ferry Reservoir (Lake Tenkiller). Barren Fork 

Creek is another major tributary that has a confluence with the Illinois River just before it enters 

Lake Tenkiller. Barren Fork Creek drains 346 square miles in the central area of the watershed. 

Below the Lake Tenkiller Dam the Illinois River flows 9.5 miles to its confluence with the 

Arkansas River. 

 

 

Figure 1 Illinois River Watershed map with USGS stream gages. 
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There are a number of United States Geological Service (USGS) gages in the Illinois River 

watershed; those listed in Table 1 were used for analysis throughout this report (Lewis et al., 

2009 and Granato et al., 2017). 

 

Table 1 USGS Stream gages relied upon throughout this report. 

Location Name 
Gage Station 

Number 
Flow Record Used in 

this Analysis 
Tributary 
Area (mi

2
) 

Average Daily 
Streamflow (cfs) 

Daily Flow 
Years 

Osage Creek near Elm 
Springs, AR 

07195000 Jan. 2008 Dec.2018 130 
123 34 

Illinois River at Savoy, AR 07194800 Jan. 2008 Dec.2018 167 145 12 

Illinois River at South of 
Siloam Springs, AR 

07195430 Jan. 2008 Dec.2018 575 
573 9 

Illinois River near Watts, OK 07195500 Jan. 2008 Dec.2018 630 621 52 

Flint Creek near Kansas, OK 07196000 Jan. 2008 Dec.2018 116 116 50 

Illinois River near Tahlequah, 
OK 

07196500 Jan. 2008 Dec.2018 950 
929 72 

Barren Fork at Eldon, OK 07197000 Jan. 2008 Dec.2018 312 325 59 

 

Based on the 2016 National Land Cover Database, forty-one percent of the land use in the 

Illinois River watershed is classified as deciduous forest and almost forty percent is hay and 

pasture (Table 2, Figure 2). These two land uses alone dominate the watershed landscape. 

Developed areas (open space, low, medium, and high intensity) only account for about ten 

percent of the watershed. The remaining ten percent of the watershed is mostly open water and 

grass/shrub/forest areas. 
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Table 2 NLDC Land Use for 2016 

Land Use Class 
Area                                      

(square miles) 
Percentage 

(%) 

Deciduous Forest 678.3 41.0 

Hay/Pasture 655.7 39.7 

Developed, Open Space 91.4 5.5 

Mixed Forest 66.7 4.0 

Developed, Low Intensity 46.0 2.8 

Open Water 26.9 1.6 

Developed, Medium Intensity 24.4 1.5 

Shrub/Scrub 17.7 1.1 

Herbaceous 16.7 1.0 

Evergreen Forest 9.9 0.6 

Developed, High Intensity 9.4 0.6 

Woody Wetlands 6.5 0.4 

Cultivated Crops 1.9 0.1 

Barren Land 1.7 0.1 

Emergent Herbaceous 
Wetlands 

0.5 0.03 

Total of classes 1653.8 100.0 
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Figure 2 NLDC Land Use for 2016 

 

The Illinois River watershed and Lake Tenkiller are among Oklahomaôs most beautiful and 

popular waters. The Oklahoma WQS designated beneficial uses for these waters are public 

water supply, aquatic life, aesthetics, body contact recreation, and agriculture. There are 

millions of visitors to these waterbodies annually who enjoy activities like swimming, boating, 

fishing, and scenic vistas. These visitors contribute substantially to the local economic activity; 

for example, in 2019 visitor spending within 30 miles of Lake Tenkiller was just under $70 million 

dollars (USACE 2019). In addition to monetary measures of economic activity, the experiences 

people enjoy on the Illinois River are equally valuable. The Oklahoma legislature recognized the 

intrinsic value of the Illinois River, Flint Creek, and Barren Fork Creek with the 1970 Scenic 

Rivers Act (82 O.S. 1451-1471). This act states:  
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ñThe Oklahoma Legislature finds that some of the free-flowing streams and rivers of 

Oklahoma possess such unique natural scenic beauty, water conservation, fish, wildlife 

and outdoor recreational values of present and future benefit to the people of the state 

that it is the policy of the Legislature to preserve these areas for the benefit of the 

people of Oklahoma. For this purpose there are hereby designated certain "scenic river 

areas" to be preserved as a part of Oklahoma's diminishing resource of free-flowing 

rivers and streams.ò 

 

Grounded in this statue and Oklahomaôs declaration that scenic rivers shall be preserved for the 

benefit of the people, rules were adopted to protect water quality. In particular, the WQS 

Antidegradation Policy, in place since 1973, classifies the scenic rivers as Outstanding 

Resources Waters (ORW) and affords to them additional protections (see Antidegradation 

Policy section).  

 

In 2001 it was recognized that Oklahomaôs scenic rivers were being negatively impacted by 

phosphorus pollution and in response the OWRB adopted a total phosphorus criterion to protect 

the aesthetic beneficial use of these waters. The adopted criterion is presented below (785:45-

5-19(c)(2)).  

 

ñThe thirty (30) day geometric mean total phosphorus concentration in waters 

designated Scenic Riveréshall not exceed 0.037 mg/L.ò    

 

The scientific basis for this criterion relied up the reference approach outlined in the EPA 

Nutrient Criteria Technical Guidance Manual for Rivers and Streams (EPA, 2000) where an 

upper percentile of the total phosphorus concentration distribution was used to set the 

criterion magnitude. Distributions of flow-weighted total phosphorus concentrations from 85 

relatively unimpacted streams across the United States were presented in the paper 

Nutrient Concentrations and Yield in Undeveloped Stream Basins of the United States 

(Clark et. al., 2000); the 75th percentile phosphorus concentration of 0.037 mg/L from this 

analysis was employed as the criterion magnitude. This phosphorus value was reviewed for 

relevance in Oklahoma waterbodies and found to be similar to TP concentrations observed 

in the Mountain Fork River (also a scenic river) of 0.028 mg/L and the comparatively less 

disturbed Barren Fork River of 0.045 mg/L (OWRB, 2012).   
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As a consequence of the criterion adoption by OWRB, the states of Oklahoma and 

Arkansas entered into a Statement of Joint Principles and Actions under which the states 

agreed to coordinated, but independent actions to reduce phosphorus loading in the Illinois 

River watershed. A review of actions taken and progress made on phosphorus reduction 

under this agreement is beyond the scope of this document. More information regarding 

this agreement may be obtained from partner agencies such as Oklahoma Conservation 

Commission, Oklahoma Department of Environmental Quality, Arkansas Division of 

Environmental Quality (ADEQ), and Arkansas Department of Agriculture, Natural 

Resources Division. Under the Statement of Joint Principles and Actions, Oklahoma agreed 

to a reevaluation of the adopted criterion in 2012 based on the best scientific information 

available and with participation from Arkansas. 

 

In 2011-2012 OWRB staff conducted a criterion reevaluation project in collaboration with 

Oklahoma environmental agencies, the Cherokee Nation, ADEQ, Arkansas Natural 

Resources Commission (now Natural Resources Division), and EPA Region 6. 

Representatives from these organizations were convened as a Technical Advisory Group 

(TAG) for the purpose of reviewing the best scientific information available and to provide a 

recommendation to OWRB staff if actions to revise the total phosphorus criterion were 

warranted (OWRB, 2012). A literature review was conducted under a TAG reviewed and 

EPA approved secondary Quality Assurance Project Plan (QAPP) (OWRB, 2011). The 

QAPP stipulated key literature review components such as subject matter, acquisition 

methods, rankings for information quality and geographic relevance, decision rules, and 

potential decision recommendations. In total, 136 technical studies were reviewed under 

the reevaluation and summaries of the 10 most relevant studies were presented in the 

Oklahoma Scenic Rivers Phosphorus Criteria Review, Final Report. The median total 

phosphorus concentration recommended from these studies was 0.036 mg/L and the mode 

was 0.020 mg/L. In accordance with decision rules set in the QAPP, Oklahomaôs total 

phosphorus criterion magnitude was found to be aligned with the best scientific information 

available and the TAG did not recommend a criterion revision.  

 

Arkansas members of the TAG however, did not concur with the overall TAG 

recommendation and submitted a minority report to the OWRB (Arkansas TAG, 2012). The 

minority report stated that the literature review did not substantiate the total phosphorus 

criterion as the concentration necessary or appropriate to protect Oklahomaôs scenic rivers 
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and believed that there was a significant lack of measured data, particularly on the Illinois 

River mainstem within Oklahoma state boundaries. This report included four 

recommendations to the OWRB, one of which was to conduct a stressor response study on 

the Illinois River. In 2013 the states of Oklahoma and Arkansas entered into the Second 

Statement of Joint Principles and Actions. 

 

The Second Statement of Joint Principles and Actions between Arkansas and Oklahoma 

environmental agencies was signed in February 2013. Under this agreement the states 

completed the Joint Phosphorus Criteria Study (Joint Study) managed by the Joint Study 

Committee. The committee was composed of six members, three from each state. The 

Joint Study was conducted from 2014 through 2016 and culminated in a Final Report 

submitted to both state governors on December 19, 2016. The key task of the Joint Study 

Committee was to make a recommendation regarding ñé what phosphorus levels, and 

what frequency and duration components of measure, are necessary to protect the 

aesthetics beneficial use and scenic river (Outstanding Resource Water) designationséò   

To that end, the Joint Study Committee made the following recommendation in the Final 

Report (Joint Study, 2016). 

 

ñA six-month average total phosphorus level of not to exceed 0.035 mg/L based on 

water samples taken during the critical conditionéò  

 

OWRB staff has conducted this criterion revision as an outgrowth of recommendations from 

the Arkansas Oklahoma Joint Study Committee. 

 

Problem Identification 

Nutrients, including nitrogen (N) and phosphorus (P), are essential for plant growth and are 

often important limiting nutrients in aquatic environments. However, in situations of nutrient 

enrichment, the nutrients N and P are no longer limiting; in fact, they are readily available in 

the waterbody, which causes an increase in primary production and eutrophication. 

Eutrophication is defined by increased nutrient loading to a waterbody and the subsequent 

ecological response. Abundant input of nutrients into rivers leads to degraded waterbody 

conditions. Symptoms of eutrophication in rivers are listed below. 
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Á Increased algal biomass (macroalgae and phytoplankton) 
Á Reductions in dissolved oxygen (hypoxia) 
Á Alterations in algal species composition 
Á Alterations in food resources and habitat structure 
Á Harmful algal blooms 

 

The relationship between nuisance algae growth and nutrient enrichment in stream systems 

has been well-documented in the literature (Dodds and Welch, 2000; Biggs, 2000; Busse et 

al., 2006). Eutrophication and nutrient enrichment problems rank as one of the top causes 

of water quality impairment; phosphorus and nitrogen are the most widespread chemical 

stressor to the nationôs waters (EPA, 2017). The problems associated with these impacts 

can range from a recreational nuisance to serious aquatic life and public health concerns. 

For example, high amounts of algal biomass and other aquatic plants interfere with 

swimming or wading, angling, and/or aesthetic enjoyment of the waterbody and impair the 

recreational beneficial uses. The aquatic life impacts of eutrophication can include fish kills, 

lowered fishery production, loss or degradation of important habitats (e.g. cobble/gravel 

niche space), and smothering of benthic organisms (EPA CADDIS). 

 

There are many complex ways in which excess nutrient loads can impact beneficial uses. 

The conceptual model in Figure 3 outlines the interactions between nutrients and biological 

responses in streams. There are numerous overlapping physical, chemical, and biological 

factors that affect how a waterbody responds to increased nutrient loading. For example, 

nutrients, temperature, and light often interact together and influence processes within the 

aquatic ecosystem. The model below demonstrates the interaction and influence of various 

factors and to assess pathways that are contributing to the impairment of beneficial uses. 

 

Increased nutrient loading into the stream can result in increased algal growth (Figure 3). 

The high levels of algal biomass through respiration (consumption of oxygen and 

production of carbon dioxide) and photosynthesis (consumption of carbon dioxide and 

production of oxygen) can cause significant increases in diurnal dissolved oxygen (DO) and 

pH swings and result in decreased overall DO (Welch and Jacoby 2004, Anderson and 

Carpenter, 1998). Streams impacted by high levels of algal biomass will often demonstrate 

supersaturated DO concentrations and high pH values in late afternoon and minimum DO 

and pH values in early morning (Anderson and Carpenter, 1998). Low overnight DO 

concentrations can have considerable negative impacts on fish and in extreme cases the 

overnight low DO concentrations can be lethal for fish. 
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Adequate concentrations of dissolved oxygen are critical for the survival of fish. Decreased 

oxygen levels will increase the physiological stress of fish because their metabolic demands 

are not being met. This can impact growth and development at different life stages including 

eggs, alevins, and fry, as well as the swimming, feeding, and reproductive ability of juvenile 

and adult fish (Kramer 1987, Turner & Farley, 1971). Likewise, cool water fish, such as 

smallmouth bass, require clear streams with accessible cobble gravel substrate for feeding 

and spawning (Miller and Robinson, 2004).  

 

The combination of increased nutrient loading and other factors, referred to as ñcofactorsò, 

together cause impacts (i.e. elevated algal growth, decreased DO, high pH), which lead to 

beneficial use impairments. The risk cofactors, in conjunction with nutrient loads, contribute 

to the degraded conditions manifested by the Illinois River watershed. Cofactors include 

light, temperature, flow, and canopy cover. Key cofactors in the Illinois River system are 

discussed below.  

 

Riparian habitat serves several functions in stream systems including, providing shade and 

moderating water temperature. Riparian areas also serve to stabilize banks, prevent 

erosion, and add to overall stream channel complexity through inputs of woody debris and 

aid in pool formation (USDA, 2003). Reductions in riparian habitat have associated 

reductions in shade and increased water temperatures, which promotes the growth of algae 

and influences changes in DO and pH. Furthermore, channel alterations including erosion, 

straightening, and hardening prevent the river from maintaining productive stable stream 

banks and disconnect the river from riparian habitat thereby preventing an important 

riparian function - filtering runoff. Also, decreased flow conditions are more susceptible to 

high temperatures and low DO conditions.   
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Water Quality Standard Revision 

Antidegradation Policy 

Oklahomaôs WQS include protections for water quality through an Antidegradation Policy 

ñWaters of the state constitute a valuable resource and shall be protected, maintained, and 

improved for the benefit of all citizens. It is the policy of the State of Oklahoma to protect all 

waters of the state from degradation of water quality, as providedé.ò (785:45-3-1). The 

WQS have afforded waterbodies broad protection under this policy since 1973 and in 1989 

the antidegradation classes of Outstanding Resource Water (ORW), High Quality Water 

(HQW), and Sensitive Water Supply (SWS) were added. The Illinois River, Barren Fork 

Creek, and Flint Creek are all scenic rivers and classified as ORWs within Oklahomaôs 

Antidegradation Policy (785:45 Subchapter 3). Implementation of this policy requires that 

these waters are prohibited from receiving any new point source discharges or an 

increased load from any pollutant from an existing point source discharge (785:45-5-

25(c)(1)).  

 

The lower Illinois River (below Lake Tenkiller to the confluence with Arkansas River) and 

upper Illinois River, from Lake Tenkiller to confluence with Barren Fork Creek, are High 

Quality Waters (HQW) and also prohibited from any new point source discharges or an 

increased load from any pollutant from an existing point source discharge, unless it is 

demonstrated that the new discharge or increased load will result in maintaining or 

improving water quality (785:45-5-25 (3)). Additionally, no discharge of any pollutant to a 

HQW may lower existing water quality. To address nonpoint source discharges for both 

ORWs and HQWs the policy directs the implementation of management practices and 

conservation plans are required in subwatersheds where nonpoint source discharges are 

identified as causing or contributing to water quality degradation in an ORW. This WQS 

revision to the total phosphorus criterion in the Illinois River watershed does not change the 

Antidegradation Policy or its implementation.  

 

Beneficial Uses            

Beneficial uses establish the water quality goals for the waterbody. The beneficial uses for 

Illinois River, Barren Fork Creek, and Flint Creek are presented in Table 3. The total 

phosphorus criterion protects the Aesthetic beneficial uses in these waters. No changes to 

beneficial uses are made as part of this WQS revision.  
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Table 3 Designated beneficial uses for Illinois River, Barren Fork Creek, and Flint Creek 

Waterbody 
Name 

Beneficial Uses 

Water 
Supply 

Fish & Wildlife 
Propagation 

Agriculture Recreation Navigation Aesthetics 

Illinois River X X X X  X 

Barren Fork 
Creek 

X X X X  X 

Flint Creek X X X X  X 

 

Water Quality Criterion 

Water quality criteria protect beneficial uses by setting limits on a pollutant (numeric criteria) 

or by describing an expected waterbody condition (narrative criteria); criteria have three 

components 1) magnitude, 2) duration, and 3) frequency. The numeric total phosphorus 

criterion applicable to Illinois River, Barren Fork Creek, and Flint Creek was established to 

protect the Aesthetic beneficial use and it is this criterion that is being revised. As presented 

in the Problem Identification section, nutrients and phosphorus specifically impact multiple 

beneficial uses; however, this total phosphorus criterion was originally adopted to 

specifically protect the Aesthetic beneficial use and this remains the case.  

 

The Joint Study Committee made the following criterion recommendation in the Final 

Report (Joint Study, 2016). 

 

ñA six-month average total phosphorus level of not to exceed 0.035 mg/Lò 

 

This recommendation addresses all three water quality criterion components. 

Á Magnitude: 0.035 mg/L 
Á Duration: six-month average 
Á Frequency: not to exceed (zero exceedance allowance) 

 

Each of the criterion components are presented below along with OWRB staff analysis and 

recommendation.  

 

Criterion Magnitude      

The criterion magnitude defines the amount of a pollutant that can be allowed while still 

maintaining the waterbodyôs beneficial uses. The total phosphorus criterion magnitude is 

0.037 mg/L and this magnitude was not revised. The original adoption and subsequent 
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review of this value was scientifically defensible and protective of the beneficial use and 

was also approved by U. S. EPA Region 6. The results of the Joint Study provide further 

evidence that this value is ecologically relevant; for example, Figure 33 in the 2016 Joint 

Study final report presents the greatest number of total phosphorus (as a 6-month average) 

change points associated with various ecological response variables at the concentration of 

0.037 mg/L.     

 

In the Second Statement of Joint Principles and Actions, it was agreed that OWRB would 

only be required to revise the total phosphorus criterion if the committee recommended a 

value that was ñsignificantly differentò from the value of 0.037 mg/L. In this context the term 

ñsignificantly differentò does not have any statistical connotation and only refers to the          

+ 0.01 interval set forth in the Second Statement of Joint Principles and Actions. Meaning if 

the committee recommended a total phosphorus concentration criterion magnitude at or 

between 0.027 mg/L and 0.047 mg/L OWRB was not required to revise the criterion. The 

committee recommended criterion magnitude was 0.035 mg/L; therefore, OWRB elected 

not to revise the criterion magnitude.           

 

Criterion Duration 

The criterion duration specifies the maximum allowable time period over which receiving water 

concentrations can be averaged for comparison with the magnitude value (i.e. an averaging 

period). The current criterion has a 30-day geometric mean averaging period and staff at that 

time found this period to be suitable (OWRB, 2012). However, in the water quality assessment 

program, since approximately 2007 the criterion duration has been implemented as a 90-day 

geometric mean (785:46-15-14). The decision to employ a 90-day geometric mean averaging 

period was made to accommodate monitoring programs and allow a greater time window for 

sampling events to take place. The ecological relevance of these averaging periods were never 

evaluated. Moreover, the current criterion has not been implemented in other regulatory 

programs such as permitting.           

 

In the Joint Study, duration was considered by evaluating the relationship between mean total 

phosphorus calculated at different monthly periods and the algal biomass response variable. 

The monthly periods for average TP concentration included 2, 4, 6, 8, 10, and 12-month 

periods. The TP change point was calculated for each averaging period. Change point analysis 

is used to identify a threshold in a relationship between two variables; in this case, the variables 
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were TP concentration and algal biomass (EPA, 2020). The analysis works by finding a point 

along a distribution (here TP concentrations) where characteristics of values before and after 

this point are different. In this case, the analysis identified a TP concentration where the algal 

biomass concentration was considerably different before and after that TP concentration point. 

The Interim Report from April 2016 presents the 2 through 12-month TP averaging periods and 

it can be observed that the variability in the TP change points decreases as the averaging 

period increases. The six-month averaging period was seen to be relatively similar to the longer 

periods (8, 10, & 12 months) and a more consistent metric than shorter averaging periods (2 & 4 

months). Thus the 6-month average was selected as the criterion duration because this period 

for average TP concentration was identified as a consistent predictor of shifts in algal biomass 

concentration.   

 

Additionally, the TP concentration and algal biomass deviations from the median two-year 

values of each parameter were evaluated. This analysis demonstrated that when the algal 

biomass value was greater than the algal biomass median, the total phosphorus concentration 

was often considerably lower than the total phosphorus median concentration. Similarly, it was 

observed that the majority of high algal biomass measurements corresponded to reductions in 

TP concentration (Joint Study 2016). It is clear from these two analyses that antecedent TP 

concentrations support blooms of algal biomass. This supports the use of the six-month 

averaging period because it provides for a time integrated evaluation of TP concentrations 

(stressor) driving the algal biomass response, which impacts the beneficial use.    

 

Statistical Analyses 

OWRB staff conducted additional analyses to gauge the application of a six-month average in 

the stateôs water quality assessment program. Exploratory data analysis and hypothesis testing 

were used to evaluate different averaging periods. USGS and OWRB conduct regular water 

quality monitoring (monthly sampling since 1999) in the Illinois River watershed and on other 

scenic rivers. This monthly data was used for these analyses; often a data period of 2008-2018 

was used and for some analysis a period of 1999-2018 was used. As part of the current 

monitoring program, generally six high flow targeted monitoring events occur annually. This 

analysis excluded total phosphorus data from the target high flow monitoring events.    
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Table 4 Water quality monitoring stations used in criterion duration statistical analyses 

Station Name Station ID Data Providers Period of Record Used 

Illinois River near Watts 7195500 OWRB/USGS 1999-2018; 2008-2018 

Illinois River near Tahlequah 7196500 OWRB/USGS 1999-2018; 2008-2018 

Flint Creek near Kansas 7196000 OWRB/USGS 1999-2018; 2008-2018 

Barren Fork Creek near 
Eldon 7197000 OWRB/USGS 1999-2018; 2008-2018 

Lee Creek near Short 7249985 OWRB 2000-2018 

Mountain Fork near 
Smithville 7338750 OWRB 2000-2018 

 

Exploratory data analyses were used to determine if: 1) there were notable differences in 

averaging periods, and 2) if these differences were consistent across the waterbodies. Initially, 

the probability of exceeding the criterion magnitude of 0.037 mg/L at various averaging periods 

(3, 4, 6, and 12 months) was considered (Figure 4). Generally, the averaging periods have 

different exceedance probabilities. However, the general magnitude of the exceedance 

probabilities and the effect of the averaging period were related to the underlying dataset. For 

example, for the Illinois River Stations (both Watts and Tahlequah), the greater majority of 

ambient data are above the 0.037 mg/L criterion magnitude, which increases the magnitude of 

the exceedance probabilities, regardless of the averaging period. Furthermore, the probability of 

an exceedance increases as the averaging period increases from 3 to 12 months.  However, an 

opposite pattern exists for Barren Fork Creek, where the greater majority of ambient data are 

below 0.037 mg/L. Expectedly, the magnitudes of the exceedance probabilities are considerably 

less. However, as the averaging period increases from 3 months to 12 months, the likelihood of 

exceeding the criterion decreases. 
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Figure 4 Probability of exceedance of the 37 ug/L at 3, 4, 6, and 12 month averaging periods for Oklahomaôs scenic 
rivers. For the Illinois River (IRW and IRT), Barren Fork Creek (BFE), and Flint Creek (FC), data periods from 1999-
2018 and 2008-2019 were used.  

 

To better understand these differences, additional exploratory analysis compared the 

distribution of averaged data within the various averaging periods for both the Illinois River near 

Watts and Barren Fork Creek. These two stations represent the opposite distributional effects 

discussed in the preceding paragraph. For each station, a similar period of record was used 

(2008-2018). For each dataset, rolling means were calculated using 2, 3, 4, 5, 6, 9, and 12-

month periods. Using the calculated rolling means, distributions for each averaging period at 

each station were created using boxplots (Figures 5 and 6). The boxplots were constructed 

using the 10th and 90th percentiles as the lower and upper boundary of the box, and the 1st and 

99th percentiles for the corresponding whiskers. Dataset means and medians are represented 

by the darkened circle and the crosshair circle, respectively. 

 

Initial observations of the data showed a consistent pattern for the 2 stations.  As the averaging 

period increases, data become more normally distributed (mean and median become more 

similar) and have a narrower distribution. However, when comparing to the water quality 

criterion magnitude of 0.037 mg/L (red dotted line in each figure), averaging periods may 

introduce decision bias. This is conveniently illustrated using simple hypothesis testing and the 
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associated likelihood of a Type I (rejecting the null hypothesis when true) error or a Type II (not 

rejecting the null hypothesis when false) error. For water quality implementation programs, the 

null hypothesis would be the total phosphorus data are meeting the water quality criterion using 

a given averaging period. When looking for water quality impairments, an associated Type I or 

alpha error would determine the waterbody is impaired when it is, in fact, not impaired. 

Conversely, a Type II or beta error would determine that the waterbody is not impaired when, in 

fact, it is impaired. For water quality implementation programs, it is imperative that Type II errors 

are avoided so that protection is not decreased.  Using the Illinois River and the Barren Fork 

Creek (Figures 5 and 6), two scenarios illustrate the opposite effects of Type II decision bias. 

Á Scenario 1: For the Illinois River near Watts (Figure 5), most ambient data are above the 
0.037 mg/L ug/L criterion magnitude. As averaging periods decrease (from 12 to 2 
months), the likelihood of a Type II decision error increases.  Protection increases as 
averaging periods increase. 
 

Á Scenario 2: For Barren Fork Creek (Figure 6), most ambient data are below the 0.037 
mg/L ug/L criterion magnitude. As averaging periods increase (from 2 to 12 months), the 
likelihood of a Type II decision error increases.  Protection increases as averaging 
periods decrease. 
 

 

Figure 5 Distributional analysis of the Illinois River near Watts (2008-2018). Data represent averaging periods, 
including (in boxplot bars from left to right):  2, 3, 4, 5, 6, 9, and 12 months. Each boxplot represents the distribution of 
the various averages at a particular averaging period. Each box represents the 10

th
 and 90

th
 percentile. Dataset 

means and medians are represented by the darkened circle and the crosshair circle. 
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Figure 6 Distributional analysis of the Barren Fork Creek near Eldon (2008-2018). Data represent averaging periods, 
including (in boxplot bars from left to right):  2, 3, 4, 5, 6, 9, and 12 months. Each boxplot represents the distribution of 
the various averages at a particular averaging period. Each box represents the 10

th
 and 90

th
 percentile. Dataset 

means and medians are represented by the darkened circle and the crosshair circle. 

 

To this point, exploratory analysis has elucidated several important factors when considering 

averaging periods.  First, decision bias is affected by the proximity of both the raw and the 

averaged data to the criterion. Depending on the relative proximity of data to the criterion, 

averaging periods at both ends of the spectrum (2 or 12 months) can decrease protection. This 

was demonstrated in the preceding analysis and needs no further exploration. Second, 

averaging periods have notable differences when considering the magnitude of exceedance 

probability, which leads to several unanswered questions.  Even though visual differences occur 

between averaging periods, was there an actual significant difference between averaging 

periods and what is the magnitude of that difference? To answer these questions, different 

hypothesis testing approaches were used. 

 

To test the differences between means calculated at various averaging periods, a fixed effects 

analysis of variance (AVOVA) was used. Water quality data generally do not meet the 

underlying assumption of data normality necessary to use a parametric test, such as an 

ANOVA. However, when using averaged data as a test dataset, normality increases, especially 

as the averaging periods increase (Figures 5 and 6 above). At both monitoring stations, means 

and medians become nearly equivalent and the distribution becomes increasingly mesokurtic 
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moving from a 2 month to 12 month averaging period. The ANOVA was employed as a general 

linear model (GLM) using both averaging period and season as categorical predictors, as well 

as a combined effects predictor (averaging period*season). The model produced least squared 

(fitted) means for analysis. Using standard error of the least squared means, each predictor was 

tested for significance (Figure 7 and 8). 

 

To simplify discussion, Illinois River at Tahlequah and Barren Fork Creek are displayed and 

used for analysis.  Both categorical predictors (season and averaging period) showed 

statistically significant differences across various categorical predictors (Figure 7). For 

averaging periods, a general grouping of shorter averaging periods (2 to 4 months) were 

significantly different than longer averaging periods (5 to 12 months).  For season, summer and 

spring seasons showed significant differences, while the fall/winter season showed 

inconsistency in grouping. Since both season and averaging period were statistically significant 

categorical predictors, the combined effects predictor (averaging period*season) was also used 

for analysis (Figure 8). Only spring and summer are analyzed as combined effects predictors.  

The averaging period groupings are relatively inconsistent across between stations and 

seasons. However, in all instances, a consistent transition point does exist between the 5 and 6 

month averaging periods.  Furthermore, although significant differences do exist, the relative 

magnitudes of the differences were small in comparison to the 0.037 mg/L criterion. To explore 

this relative magnitude of difference, the simplest procedure was to compare the LS means, as 

well as standard error bounds on the lowest LS mean and the highest LS mean (Table 5). 

Generally, these differences were relatively low. Additionally, when looking at the recommended 

6 month duration, its relative magnitude generally lies between the lowest and highest LS mean. 

Although statistically significant, the magnitude of differences between the individual averaging 

periods was generally small. 
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Figure 7 Analysis of Variance of data means at various averaging periods and seasons for the Illinois River near 
Tahlequah (2008-2018) and Barren Fork Creek near Eldon (2008-2018).  Graphs A and C show LS means for 
averaging period categorical predictor. Graphs B and D show LS means for seasonal categorical predictor. Error bars 
represent standard error. Letters on the left margin of each graph show where both overlap and difference in 
statistical significance occurs. 
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Figure 8 Analysis of Variance of data means for combined effects predictor (averaging period*season) for the Illinois 
River near Tahlequah (2008-2018) and Barren Fork Creek near Eldon (2008-2018).  Graphs A and B show LS means 
for the summer combined predictor at both stations. Graphs C and D show LS means for the spring combined 
predictor at both stations. Error bars represent standard error. Letters on the left margin of each graph show where 
both overlap and difference in statistical significance occurs. 

 

Table 5 Difference between smallest and largest LS Means in Figure 5 

Station Season 
Phosphorus LS 
Mean Difference 

(ug/L) 

Phosphorus SE 
Bounds Difference 

(ug/L) 

Illinois River near Tahlequah Summer 8 5 

Illinois River near Tahlequah Spring 12 9 

Barren Fork Creek Summer 9 6 

Barren Fork Creek Spring 5 3 

 

For 303(d) assessment implementation, some nth percentile of data is typically used to 

determine compliance. For instance, Oklahomaôs Use Support Assessment Protocols (USAP) 

(OAC 785:46-15) typically uses the 10th percentile of data for assessment. If greater than 10 
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percent of data are above a criterion, the beneficial use is impaired. For this reason, use of an 

ANOVA becomes impractical for comparative purposes. However, a similar hypothesis analysis 

can be used for distributions. For any empirical probability curve, a confidence interval may be 

calculated around the curve. Using these confidence intervals allows for comparison of 

averaging periods at any point in the distribution.  For assessment of the total phosphorus 

criterion, the 10th and the 90th percentiles of the distribution can be used for analysis.  The lower 

bound, or the 10th percentile can be representative of stations like the Illinois River at 

Tahlequah. In this instance, the differences in the 10th percentile at various averaging periods 

becomes important because the preponderance of data lie above the 0.037 mg/L criterion, so 

the potential bias exists at the lower tail of the distribution. Conversely, the upper bound, or the 

90th percentile, can be representative of stations like Barren Fork Creek. In this instance, the 

differences in the 90th percentile at various averaging periods becomes important because the 

preponderance of data lie below the 0.037 mg/L criterion, so the potential bias exists at the 

upper tail of the distribution.  For comparison purposes, both tails of the distribution for both 

stations are shown in Figure 9. The averaging periods are significantly different for both stations 

at  the 10th and the 90th percentiles. And unlike the analysis of LS means, the differences are 

quite notable. However, in all instances, a consistent point of transition between shorter and 

longer averaging periods lies at the 5 to 6 month averaging period and the 5 to 6 month 

averaging shows significant grouping to both tails of the distribution. 



30 

 

 

 

Figure 9 Analysis of data 10
th
 and 90

th
 percentiles at various averaging periods for the Illinois River near Tahlequah 

(2008-2018) and Barren Fork Creek near Eldon (2008-2018).  Graphics show the data mean in the gray shaded bar 
and the data percentile for total phosphorus in the blue bar. Graphs A and B represent data at the 10

th
 percentile. 

Graphs C and D represent graphs at the 90
th
 percentile. Error bars represent the 95% confidence interval around the 

distribution. Letters on the left margin of each graph show where both overlap and difference in statistical significance 
occurs. 

 

 

 

 

 

 

 

 

 

 




















































































































