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EXECUTIVE SUMMARY 

 
The Illinois River is a multi-jurisdictional tributary of the Arkansas River, approximately 160 miles 
long, in the states of Arkansas and Oklahoma. The objective of this study is to develop a 
scientifically robust and defensible watershed model to determine reductions in phosphorus 
loads needed to meet water quality standards in both states, Arkansas and Oklahoma.  This 
watershed model will serve as a tool for sound technical decisions on appropriate point and 
nonpoint source controls to meet those standards.  Ultimately, the intent is development of a 
tool that can lead to scientifically sound TMDLs and a basin-wide water quality restoration plan.  
 

A tremendous amount of data, reports, and information has been provided to EPA Region 6 for 
use in this study as a result of initial data requests and acquisition efforts, and subsequent 
responses from the State and federal agencies and other stakeholders.  This includes both 
time-variable (e.g. meteorologic data, stream flow, water quality, point sources) and GIS data 
(e.g., land use, topography, hydrography), along with an extensive array of reports and studies 
performed on or within the Illinois River Watershed. In addition, this information has also 
provided citations for other supplemental reports and studies identified through online searches 
and investigations. 
 
The purpose of this report is to describe and document the extent and results of these data 
gathering efforts, compare this accumulated data and information to the data requirements for 
watershed and waterbody modeling in the IRW, and thereby identify any critical data gaps, or 
deficiencies, which might impact, or ultimately inhibit, water quality model development for the 
IRW.  In addition, this report allows the designated State Points-of-Contact (POCs), other state 
and federal agencies, and other stakeholders to assess and evaluate whether any relevant data 
and information has not been identified and is still outstanding. 
 

The primary data deficiencies, or data gaps, noted from this effort are as follows: 

ü Meteorologic:  The meteorologic data available to support watershed modeling in the 
IRW is extensive.  The primary need is for additional coverage of daily precipitation 
stations for the relatively sparse coverage in the central watershed on the AR side of the 
state line.  Also, long-term hourly precipitation stations are limited to about 5 sites across 
the watershed, so additional hourly rainfall sites with long-term records would be helpful 
if available.  This is not really a critical data gap; simply an issue that would benefit if 
such data were available. 

ü Flow and Water Quality:  There is clearly adequate flow data for watershed model 
calibration, with multiple sites in both OK and AR.  The water quality data also appears 
to be adequate based on this initial assessment; however, pending the ongoing review 
of the vast amount of data and reports received for this effort, some deficiencies may be 
identified as part of the Simulation Plan development, and will be discussed in that 
document. 

ü Channel and Bed Characteristics:  Channel and bed characteristics are needed to 
help define routing and stage-discharge behavior (e.g. from cross-section data), bed 
composition for both sediment (including particle size distributions) and nutrients, and 
bed/water column interactions related to temperature, benthic oxygen demand, and 
benthic algal impacts.  Since they need to be defined spatially throughout the stream 
system, they are needed at multiple locations throughout the IRW. To date, some 
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physical data on the IR mainstem has been provided (from surveys conducted for the 
court case), but bed composition data at only a few locations have been identified.   

ü GIS Data Layers: 

× NRCS hydrologic soil groups (HSG) ï Currently we have no existing watershed-wide 
coverage of these hydrologic soil groups.  However, the SSURGO soils database 
includes attribute data with the HSG designations; therefore, such a coverage can be 
developed.   

× More recent land use/cover data ï The NLCD data available is for 1992 and 2001.  
To use the most recent water quality data for model calibration, a more recent land use 
coverage for the 2005-2007 time frame is preferable. The USDA-NASS Cropland Data 
Layer (CDL) provides more recent coverage (e.g. 2006 through 2009) but is restricted 
to agricultural categories.  Thus, a combination of the NLCD and the CDL may be 
required, through GIS processing, to develop complete land use coverages for the 
calibration and validation periods. 

× Locations of known karst formations ï Maps of karst formations and areas have 
been discovered for AR, but no corresponding maps have been identified in OK.  In 
addition, the current information is in pdf files, whereas GIS-based data (i.e. shape files) 
would more easily facilitate incorporation into the modeling effort.  We are continuing to 
search for this information to allow development of an approach to including karst 
impacts within the watershed model. 

× Animal Populations and Distribution ï This information has been provided by ANRC 
and ODAFF in tabular form, and on a county basis.  In a number of the reports 
received, we have noted spatial coverages of the different animal groups throughout 
the watershed, but have not been able to locate GIS coverages.  We suspect this 
information is available, and just need to acquire it. Alternatively, we can generate the 
coverages from the tabular data. 

× Fertilizer and Manure Applications ï Prior modeling studies developed spatial 
distributions for nutrient applications from fertilizer and manure sources.  In addition, a 
number of expert reports developed in association with the ongoing court case 
address the issues of phosphorus contributions (and mass balances) from various 
sources, and from both sides of the court case.  These studies can be a potential 
source of such information for this study, or data from the U.S. Agricultural Census may 
be used; no GIS coverages have been identified to date.  In any case, these sources of 
N and P are needed along with their spatial distribution throughout the IRW. 

× Soil Nutrient Concentrations ï Soil nutrient levels within the IRW will be needed, 
such as Soil Test Phosphorus (STP), as part of representing the nutrient balances 
within the watershed.  Some data on this was displayed in the SWAT modeling (Storm 
et al., 2009) but no GIS coverages have been identified to date.  

 
Although not a data gap, to accurately represent point sources in the watershed model a 
timeseries of flows and loads from all significant sources will need to be developed for each 
constituent included in the modeling.   Development of the final point source loadings data for 
use in the model will require working with State representatives and EPA, and their ICIS 
database, to screen the permitted point sources for selection of the major ones to include in the 
model, and then possibly working with site-specific data to develop the loading files from 
available information for each source.   

 
As a compilation and synthesis of the available data, this report provides the foundation for the 
next step in this modeling study, development of the Simulation Plan.  The Simulation Plan will 
describe the model selection effort and the selected models ï both watershed and waterbody 
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models ï and will include details of the model application effort, including the calibration and 
validation time periods, constituents to be simulated, model scales and resolution, model 
performance targets, and scenarios to be investigated as part of the TMDL development 
procedure. Thus, this data report should be viewed as a companion and supporting document to 
the Simulation Plan, which is expected to follow within four to six weeks. Note that additional 
data needs may be identified as part of the Simulation Plan, along with the possible discovery of 
additional data as we continue to review and analyze the compendium of reports and data that 
have been provided to date. 
 
Just prior to the publication of this Preliminary Data Report, a draft copy of the Illinois River 
Watershed Partnership (IRWP) Watershed Management Plan (IRWP, 2010) was received.  This 
WMP presents a watershed management strategy with the goal to ñimprove water quality in the 
Illinois River and its tributaries so that all waters meet their designated uses both now and in the 
future.ò   Although this document focuses on the AR portion of the IRW, a comparable effort is 
ongoing for the OK portion by the Oklahoma Conservation Commission (OCC, 2010).  Both of 
these documents, and their cited data and references, are currently being reviewed so that this 
modeling effort can benefit from the extensive work and contributions evident in these 
contemporary watershed planning and management endeavors.
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SECTION 1.0  

INTRODUCTION 

1.1 BACKGROUND AND STUDY  OBJECTIVES 

 
The Illinois River is a multi-jurisdictional tributary of the Arkansas River, approximately 160 miles 
long, in the states of Arkansas and Oklahoma. The objective of this study is to develop a 
scientifically robust and defensible watershed model to determine reductions in phosphorus 
loads needed to meet water quality standards in both states, Arkansas and Oklahoma.  This 
watershed model will serve as a tool for sound technical decisions on appropriate point and 
nonpoint source controls to meet those standards.  Ultimately, the intent is development of a 
tool that can lead to scientifically sound TMDLs and a basin-wide water quality restoration plan.  
 
The U.S. Environmental Protection Agencyôs (EPAôs) Region 6 is funding this project through 
Work Assignments #3-36 and #4-36 -- Water Quality Modeling and TMDL Development for the 
Illinois River Watershed --  under EPAôs BASINS contract (# EP-C-06-029) with AQUA TERRA 
Consultants, Mountain View, California. AQUA TERRA will conduct work for this project in 
conformance with the Quality Assurance (QA) program described in the BASINS Quality 
Management Plan (QMP) and with the procedures detailed in the Quality Assurance Project 
Plan (QAPP) developed for this effort (AQUA TERRA Consultants, 2010).   
 
The Illinois River begins in the Ozark Mountains in the northwest corner of Arkansas, and flows 
for 50 miles west into northeastern Oklahoma (See Figure 1.1).  The Arkansas portion of the 
Illinois River Watershed is characterized by fast growing urban areas and intensive agricultural 
animal production. It includes Benton, Washington and Crawford Counties and according to the 
US Census Bureau, the population of Benton and Washington Counties increased by 45% 
between 1990 and 2000.  Arkansas ranked second in the nation in broiler production in 1998.  
Benton and Washington Counties ranked first and second respectively in the state.  Other 
livestock production such as turkey, cattle and hogs are also all significant in this area. Upon 
entering Oklahoma, the river flows southwest and then south through the mountains of eastern 
Oklahoma for 65 miles, until it enters the reservoir Tenkiller Ferry Lake, also known as Lake 
Tenkiller. The upper section of the Illinois River in Oklahoma is a designated scenic river and 
home to many native species of bass with spring runs of white bass. The lower section, below 
Tenkiller dam flows for 10 miles to the Arkansas River, and is a designated year-round trout 
stream, stocked with rainbow and brown trout.  
 
Several segments of the Illinois River are currently on the State of Oklahomaôs 303(d) list for 
Total Phosphorus (TP), while the mainstem Illinois River in Arkansas is not listed for TP. 
However, several tributaries to the Illinois River in Arkansas (e.g. Osage Creek, Muddy Fork, 
and Spring Creek) are designated as Phosphorus-impaired and included in the Stateôs Clean 
Water Act 303(d) list.  (See Figure 1.2) 
 
On 19 January 2010 a Call for Data was published in the Federal Register requesting that data 
relevant to this project be submitted before 3 March 2010.  On 4 February 2010, EPA organized 
meetings in Fort Smith AR with the core state and federal agencies participating in the study, 
and with local stakeholder groups.  These meetings provided an overview of the project and its 
objectives, and further elaborated on the data needs included in the FR Call for Data.  Following 
the Ft Smith meeting and the FR Notice, a wide range of groups and agencies at all levels ï 
federal, state, local, university ï have been supportive of the of the effort by providing reports, 
documents, references, and data for use in the study.   
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Figure 1.1  Illinois River Watershed Location Map  
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Figure 1.2  Section 303(d) Listed Impaired Segments within the Illinois River Watershed 
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In addition, individuals in each lead State agency ï OK Department of Environmental Quality 
and AR Department of Environmental Quality ï were identified and designated as the primary 
Point of Contact (POC) within each State.  
 
A tremendous amount of data, reports, and information has been provided to EPA Region 6 for 
use in this study as a result of these initial data requests and acquisition efforts.  This includes 
both time-variable (e.g. meteorologic data, stream flow, water quality, point sources) and GIS 
data (e.g., land use, topography, hydrography), along with an extensive array of reports and 
studies performed on or within the Illinois River Watershed. In addition, this information has also 
provided citations for other supplemental reports and studies identified through online searches 
and investigations. 
 
The purpose of this report is to describe and document the extent and results of these data 
gathering efforts, compare this accumulated data and information to the data requirements for 
watershed and waterbody modeling in the IRW, and thereby identify any critical data gaps, or 
deficiencies, which might impact, or ultimately inhibit, water quality model development for the 
IRW.  In addition, this report allows the State POCs, other state and federal agencies, and other 
stakeholders to assess and evaluate whether any relevant data and information has not been 
identified and is still outstanding. 
 
As a compilation and synthesis of the available data, this report provides the foundation for the 
next step in this modeling study, development of the Simulation Plan.  The Simulation Plan will 
describe the model selection effort and the selected models ï both watershed and waterbody 
models ï and will provide details of the model application effort, including the calibration and 
validation time periods, constituents to be simulated, model scales and resolution, model 
performance targets, and scenarios to be investigated as part of the TMDL development 
procedure. Thus, this data report should be viewed as a companion and supporting document to 
the Simulation Plan, which is expected to follow within four to six weeks.  

1.2 PRIOR MODELING STUDIES 
 
The initial step in any modeling and/or data assessment effort is to review prior modeling studies 
that may identify and compile relevant data on the IRW and Lake Tenkiller, since all modeling 
efforts essentially use the same general types and categories of watershed and waterbody data. 
This section discusses the major prior modeling efforts on the IRW and Lake Tenkiller with a focus 
on the data used for model setup and calibration, along with the most current data needed to 
accurately reflect current watershed conditions. 
 
Over the recent past, the IRW has been the focus of at least two previous modeling efforts by 
Donigian et al., (2009) and Storm et al., (2006 and 2009) which focused on the entire IRW.  Under 
WA 2-11 of EPA Contract EP-C-06-029, AQUA TERRA and Eco Modeling completed an 
integrated-linked watershed and ecosystem modeling effort of the Illinois River and Tenkiller 
Reservoir, using the US EPA HSPF watershed model and AQUATOX ecosystem model (Donigian 
et al., 2009).  This effort was directed to nutrient criteria development and was based on a relatively 
limited period of available data.  The watershed simulation covered a 20-year period from 1984 
through 2003, but available water quality data (at that time) limited the TN calibration to the period 
1990-1996 and the TP calibration from 1999-2003, with downstream stations primarily in OK.   
Additional USGS data are now available through at least 2004 (Tortorelli and Pickup, 2006), and 
more recently through 2007 by Andrews (Andrews at al., 2009) to support extended model 
calibration efforts in both OK and AR under the current study.  In addition, Brian Haggard, 
Arkansas Water Resources Center (AWRC), has indicated that the most recent load data is 
available through 2009 (B. Haggard, personal communication, 28 July 2010).  In this 
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HSPF/AQUATOX effort, the AQUATOX calibrations were limited to 1992-1993 using Clean Lakes 
Program data from Oklahoma State University (1996). 
 
The watershed modeling effort by Storm et al. (2006) used the USDA SWAT model to represent 
the IRW, including specific consideration of the poultry litter applied to pasture areas, and 
subsequent runoff to the river system.  That effort used relatively simple instream algorithms to 
approximate the complex instream fate and transport interactions of dissolved and particulate 
phosphorus.  SWAT model runs were performed for the period of 1980 through 2006, including 
both calibration and validation; water quality calibration for TP (and dissolved P)  was performed 
for 1990 through 2006. The OK DEQ provided to EPA and AQUA TERRA the most recent 
modeling report submitted by Dr. Storm, along with the model input and data files, including GIS 
files used in this SWAT model setup, as these may provide valuable spatial data coverages for 
this effort.  
 
There have been at least two studies of Lake Tenkiller using the US EPA HSPF watershed 
model for loadings and the US EPA EFDC model for hydrodynamics and water quality 
simulation of the lake.  These include an initial study performed in support of TMDL 
development by EPA Region 6 and OK DEQ (US EPA and OK DEQ, 2001), with Tetra Tech 
contracted to perform the modeling, and a subsequent revision and refinement of that effort 
performed by Dynamic Solutions LLC (2006) with AQUA TERRA Consultants (2005) 
subcontracted to upgrade the HSPF model of the IRW. The Tenkiller lake bathymetry was 
refined in this effort to better represent the measured volume-elevation relationship for the lake; 
the bathymetry was transformed into absolute bottom elevations by tieing into scanned USGS 
topographic maps of the adjacent land areas.  Water quality calibrations were performed with 
available Clean Lakes Program data for 1992 and 1993, the same period as the subsequent 
AQUATOX application noted above.  Thus, initial model setups for both EFDC and AQUATOX 
are available, along with the supporting calibration data, as candidate starting points for the 
current modeling effort of Lake Tenkiller. 
 
The above mentioned studies appear to be the primary modeling efforts that have covered the 
entire IRW, and include simulation of both flow and water quality, and thus provide the best 
opportunities for acquisition of data relevant to our current study. There have been a few other 
smaller scale modeling studies covering selected subbasins (e.g. Ajami et al., 2004; Safari and 
Smedt, 2008) but many are hydrology only efforts and lack attention to water quality issues.  
 
Just prior to the publication of this Preliminary Data Report, we received a draft copy of the 
Illinois River Watershed Partnership (IRWP) Watershed Management Plan (IRWP, 2010).  This 
WMP presents a watershed management strategy with the goal to ñimprove water quality in the 
Illinois River and its tributaries so that all waters meet their designated uses both now and in the 
future.ò   Although this document focuses on the AR portion of the IRW, a comparable effort is 
ongoing for the OK portion by the Oklahoma Conservation Commission (OCC, 2010).  The 
report by the IRWP notes two additional watershed modeling efforts, by White (2009) and 
Saraswat et al (2010), which we are currently attempting to obtain for data and information 
relevant to this study.  We are continuing to review reports, information, and data received and 
will supplement the above studies with any relevant information resulting from these ongoing 
efforts. 
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1.3 DATA IDENTIFICATION , ACQUISITION, AND INVESTIGATION EFFORTS  
 
Table 1.1 lists the typical types of data required for watershed and waterbody modeling efforts. 
These categories include precipitation and meteorologic data, land characteristics (e.g. 
topography, land use, soils, climate variability), hydrography and waterbody characteristics, 
monitoring data, and other supporting information (e.g. prior studies, source identification). 
 
All data and information accumulated as part of the prior modeling efforts with the EPA HSPF 
model (discussed above) were obtained, in addition to the SWAT model files and data provided 
by OK DEQ. The EPA BASINS system was used to download all available timeseries and GIS 
data relevant to modeling the IRW, along with direct use of other data gathering agency web 
sites (e.g. USGS, NWS) as needed. 
 
As noted above, on 19 January 2010 a Call for Data was published in the Federal Register 
requesting that data relevant to this project be submitted before 3 March 2010.  Following the 4 
February 2010 project coordination and stakeholders meeting in Fort Smith, AR, a number of 
agencies were forthcoming with an extensive array of data and reports.  Table 1.2 lists the  
agencies and organizations, along with individual contacts, who provided the information, 
primarily through email submittals, but also some hard copy and other electronic forms of  
transmission.  In addition, Appendix D provides a compilation of the agencies, contacts, types of 
data and reports supplied, dates received and selected file names for the information provided 
by each agency.  This information was further supplemented by directed online searches and by 
leads (or actual data) provided by the designated POCs for both States, Oklahoma and 
Arkansas.  Note that a number of contributing agencies, such as the Arkansas Natural 
Resources Commission, the Oklahoma Conservation Commission, the Oklahoma Scenic rivers 
Commission, and possibly others, are not listed in Table 1.2 as their documents, reports and 
data may have been provided by the listed agencies.  However, their contributions are noted 
and equally appreciated. 
 
Appendix A includes a list of all reports received and obtained by AQUA TERRA during this 
information and data gathering effort.  Not all of these documents have been fully reviewed and 
analyzed in detail for possible data and information relevant to the study; this is an intensive and 
time-consuming effort that continues at the current time.  This report is a snapshot of what 
has been identified and obtained to date. 
 
All data have been stored on AQUA TERRA computers, with daily backups, in file directories 
identified by the agency/source that provided the information, in order to keep track of how the 
information was obtained. 

1.4 THIS REPORT 
 
This report is a summary and compilation of the data and information received through the 
various data gathering efforts described above, and serves as the deliverable for the data task 
and data gap analysis of the project.  Since both time-variable data and spatial data coverages 
are needed for developing a comprehensive watershed and water quality model of the IRW, this 
report covers our efforts searching for, identifying, and obtaining both types of data and 
information.  Section 2 covers the time-variable data and information  applicable to the IRW  and 
Tenkiller Reservoir, including all existing flow and water quality data from AR and OK, point 
source discharges, nonpoint source contributions, and any other data specifically useful for 
water quality model application.  Section 3 covers all GIS coverages that were obtained, 
cataloged and displayed.  Data and information specific to Tenkiller Lake are discussed in 
Section 4.   
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Table 1.1  Data Requirements for Typical Watershed Model Applications* 
 
1. Precipitation and meteorologic data (for simulation period) 

a. Precipitation, Daily and hourly (or 15-minute values for small watersheds) 
b. Daily pan evaporation 
c. Daily maximum and minimum air temperature (needed for water temp and snow only) 
d. Total daily wind movement (needed for water temp and snow only ) 
e. Total daily solar radiation (needed for water temp and snow only) 
f. Daily dewpoint temperature (needed for water temp and snow only ) 
g. Average daily cloud cover (needed for water temp and snow only) 

 
2. Watershed land use/land cover characteristics (preferably as GIS layers) 

a. Topographic map/data of watershed and subwatersheds, and/or DEM coverage 
b. Land use/cropping delineation and acreages (as GIS layer) 
c. Soils delineation and characteristics (GIS soils coverage of soil texture and/or SCS 

Hydrologic Soil Groups) 
d. Isohyetal map of mean annual rainfall (GIS layer preferred) 

 
3. Hydrography and channel characterization 

a. Channel lengths, slopes, cross-sections and geometry, or DEM of channel and overbank 
areas 

b. Channel bed composition (e.g. particle dist., nutrients, pesticides) 
c. Diversions, point sources, channelized segments, etc. 
d. Tributary area (and land use distribution) for each channel reach (or available from GIS 

land use layers) 
e. Waterbody/reservoir bathymetry (or stage-volume-surface area relationships), stage-

discharge relationships, operational procedures, and spillway characteristics 
 
4. Monitoring program observations 

a. Flow rates during all monitored storm events 
b. Flow volume/rate totals for storm/daily, monthly, annual 
c. Snow depths (for areas with significant snow accumulation) 
d. Sediment concentrations and mass losses in runoff 
e. Chemical/constituent concentrations and mass losses in runoff 
f. Soil concentrations of constituent/nutrient forms, if available 
g. Estimated/actual constituent concentrations in precipitation 
h. Particle size distributions (sand, silt, clay fractions) of soils, eroded    

 sediments, and channel bed sediments 
 
5. Other useful information 

a. Description/quantification of any other contaminant sources (e.g. point sources,   
 feedlots) or other relevant information (e.g. ponds, dams, marshes) 

b. Technical reports or articles which analyze and/or summarize the monitoring data 
c. Soils characterization information for estimating  model parameters 
d. Previous watershed inventory, assessment, or modeling studies 

 

* -- Not all application sites will have all listed data items available, so extensions from other nearby sites, and/or 

 regional or  national level data may be used to estimate site values 
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Table 1.2  Agencies/Groups Providing Data and Reports 
Agency/Source Contact (s) Name Contact info 

Arkansas DEQ - Water Planning John Bailey 
Mary Barnett 

BAILEY@adeq.state.ar.us, 
BARNETT@adeq.state.ar.us 

Arkansas Natural Resources Center Patrick Fisk Patrick.Fisk@arkansas.gov  

Arkansas Water Resources Center Brian E. Haggard 
Marty Matlock 

haggard@uark.edu 
mmatlock@uark.edu 

City of Tahlequah/Public Works 
Authority 

Ben Berry 
David Morrison 

stormwater@cityoftahlequah.com 
genman@cityoftahlequah.com 

Oklahoma Dept of Agriculture, Food, 
and Forestry 

Quang Pham Quang.Pham@oda.state.ok.us 

Oklahoma DEQ Mark Derichsweiler 
 Andrew Fang 

mark.derichsweiler@deq.ok.gov, 
Andrew.Fang@deq.state.ok.us,   

Oklahoma DEQ-Water Quality Steve Webb steve.webb@deq.ok.gov 

Oklahoma Water Resources Board Paul Koenig 
Bill Cauthron 
Julie Chambers 

PDKOENIG@owrb.ok.gov 
WLCAUTHRON@owrb.ok.gov 
jmchambers@owrb.ok.gov 

Rogers Water Utility Paul Burns paulburns@rwu.org 

Tyson Foods Robert George 
Carol Ross 

Robert.George@tyson.com, 
Carol.Ross@tyson.com,  

United Keetowah Band Brandi Ross bross@unitedkeetowahband.org 

University of Arkansas Marty Matlock mmatlock@uark.edu 

USGS, Arkansas Water Science 
Center 

Reed Green wrgreen@usgs.gov 

USGS, Oklahoma District Robert L. Blazs rlblazs@usgs.gov 

 
 
The compiled data have been assessed and any initial data gaps critical to model development 
have been identified and are discussed in each section.  As noted above, this report serves to 
document the results of our data gathering efforts and our currently perceived critical data gaps.  
It also provides an opportunity for the Study Team members and stakeholders to review the 
data accumulated and assess whether there exists other additional data and information we are 
not aware of, or not discussed herein, that should be included in the study effort.  Thus, it 
provides a check on whether these efforts have been effective and complete in identifying all 
available data and information to support the IRW water quality model development effort.  
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mailto:haggard@uark.edu
mailto:stormwater@cityoftahlequah.com
mailto:Quang.Pham@oda.state.ok.us
mailto:mark.derichsweiler@deq.ok.gov
mailto:mark.derichsweiler@deq.ok.gov
mailto:steve.webb@deq.ok.gov
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mailto:WLCAUTHRON@owrb.ok.gov
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SECTION 2.0  

TIME-SERIES DATA NEEDS AN D AVAILABILITY  

 

Simulation of hydrology and water quality within the IRW requires the following types of time series 
data:  
 

1. Precipitation 
2. Potential evapotranspiration  
3. Other meteorologic data (e.g. air temperature, wind, solar radiation, dewpoint, cloud cover) 
4. Streamflow 
5. Water quality observations 
6. Other data (e.g. points sources, diversions, withdrawals, atmospheric deposition) 

 
This section discusses the availability of these time series data, plus additional data such as water 
supply withdrawals and point sources, that define the inflow, outflow, and quality of water in the 
watershed. 

2.1 PRECIPITATION 
 
For hydrology calibration of the IRW, all watershed models require precipitation timeseries that 
are complete records (i.e., no missing data) at a daily or shorter timestep, depending on the 
selected model, and with adequate spatial coverage and density across the model domain.  
Precipitation is the critical forcing function for all watershed models as it drives the hydrologic 
cycle and provides the foundation for transport mechanisms, both flow and sediment, that move 
pollutants from the land to the waterbody where their impacts are imposed. 
 
For this study, long-term precipitation data have been obtained from the following primary 
sources:  

a. Prior modeling efforts with BASINS/HSPF and SWAT 
b. Use of the BASINS data download capability that accesses online databases (e.g., 

NOAA, USGS) 
c. OK Mesonet data network 

 
Figure 2.1 shows the precipitation stations and corresponding model segments used in the 
BASINS/HSPF/AQUATOX application to the IRW.  Seven stations were used and assigned to 
the corresponding color-code areas (as shown in the Figure 2.1); this means that the 
precipitation recorded at the station was applied to the identified land area as part of the 
hydrologic modeling with HSPF.  As noted earlier, the model runs were performed for the time 
period of 1984 through 2003, so the precipitation and additional meteorologic data were 
available for that time period; the data for currently active sites have been obtained through 
2006, and can potentially be extended further through 2008 or 2009 depending on the final 
simulation period selected through the Simulation Plan being developed. 
 
Figure 2.2 shows the complete set of precipitation stations obtained through the BASINS data 
download facility, along with the specific stations used in the SWAT modeling effort by Storm et 
al., (2009) and those available from OK Mesonet.  Tab le 2.1 tabulates all the available 
precipitation stations, and identifies the Mesonet sites and the specific stations used by SWAT. 
Although only daily precipitation data is available from the Mesonet stations, their locations  
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Figure 2.1  Precipitation Stations and Segments from HSPF/AQUATOX report 
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Figure 2.2  Precipitation Stations in/near the Illinois River Watershed 
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Table 2.1  Precipitation Stations in/near the Illinois River Watershed 

Site Name 
Site 

Number 
Source Start End 

Av Annual 
Precip (in) 

Bentonville 4S AR030586 BASINS daily 12/31/1947 12/31/2006 47.01 

Cookson 31 Mesonet daily 1/1/1997 present   

Fayetteville  AR032442 BASINS daily 12/31/1947 12/31/1960 46.17 

Fayetteville FAA Airport AR032443 BASINS daily 6/30/1949 1/31/1982 47.22 

Fayetteville Exp Sta* AR032444 BASINS hourly 4/1/1966 3/31/2006 51.17 

Fayetteville Exp Sta* AR032444 BASINS daily 12/14/1926 9/30/2004 46.17 

Fort Smith Water Plant AR032578 BASINS daily 12/31/1947 8/31/1985 50.61 

Lee Creek Guard Station AR034116 BASINS daily 12/31/1947 12/31/1962 50.36 

Mountainburg 2NE AR035018 BASINS daily 8/31/1985 12/31/2006 50.61 

Mountainburg 3 SSW AR035056 BASINS daily 12/31/1947 9/30/1954 49.33 

Natural Dam AR035160 BASINS daily 12/31/1962 12/31/2006 49.39 

Odell 2 N* AR035354 BASINS daily 12/31/1947 12/31/2006 51.56 

Siloam Springs AR036624 BASINS daily 12/31/1947 12/31/1987 46.96 

West Fork AR037694 BASINS hourly 5/1/1948 4/30/1966 50.43 

Winfrey AR037936 BASINS hourly 5/1/1948 8/31/1956 51.83 

Kansas 2 NE* OK344672 BASINS daily 3/31/1959 12/31/2006 48.23 

Lyons 2 N* OK345437 BASINS daily 12/31/1947 12/31/2003 47.75 

Rose  OK347732 BASINS hourly 2/1/1951 1/31/1974 45.97 

Rose Tower* OK347739 BASINS hourly 1/1/1974 12/31/2003 46.79 

Stillwell 5 NNW* OK348506 BASINS daily 9/30/1948 12/31/2003 49.11 

Tahlequah OK348677 BASINS daily 12/31/1947 12/31/2006 47.64 

Tahlequah 92 Mesonet daily 1/1/1997 present   

Tenkiller Ferry Dam* OK348769 BASINS hourly 4/1/1949 1/31/1999 46.33 

Tenkiller Ferry Dam* OK348769 BASINS daily 3/31/1949 6/30/1979 46.33 

Watts 5 N OK349382 BASINS daily 12/31/1947 8/31/1954 47.01 

Webbers Falls 103, 132 Mesonet daily 1/1/1997 6/30/1905   

Westville 104 Mesonet daily 1/1/1997 present   

*This station was previously used in the HSPF/AQUATOX report 
 

appear to fill in some areas with sparse gage coverage in the southern and western portions of 
the IRW.  The Mesonet stations also provide extensive meteorologic data, discussed below. 
 
Based on the previous HSPF and SWAT modeling efforts, and the precipitation stations 
identified in Table 2.1 and Figure2 2.1 and 2.2, the coverage of daily stations appears sufficient 
for coverage of the IRW, especially with the addition of the Mesonet stations on the OK side.  
There appears to be relatively sparse coverage on the AR side, about where the Illinois river 
bends to the west (see Figure 2.2).  Also, long-term hourly stations are limited to about 5 sites 
across the watershed, so additional hourly rainfall sites with long-term records would be helpful 
if available.  This is not really a critical data gap; simply an issue that would benefit if such data 
were available. 
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2.1.1 Snow Data 
 

Snow depth and ósnow on groundô data is used to calibrate the snow accumulation and melt 
processes when they are activated on a specific watershed.  These same data are also used in 
conjunction with mean and maximum winter air temperatures to assess whether or not to 
activate the snow simulation capability within the watershed model.  The decision on whether or 
not to activate snow simulation for the IRW will be included as part of the model selection effort 
and the Simulation Plan.   

Snow data is usually obtained from the National Climatic Data Center (NCDC) in Asheville NC.  
Stations near the IRW include Fort Smith AR and Tulsa OK with historic data through 1997, and 
some additional stations are available since 2005 (http://lwf.ncdc.noaa.gov/snow-and-ice/dly-
data.php).  We are currently in the process of obtaining the available snow data, and expect it to 
be adequate to make the decision on snow simulation and subsequent calibration, if included in 
the model.  Any other snow data available from other federal and/or state agencies will be used 
if provided by stakeholders or other interested organizations. 

 

2.2 EVAPOTRANSPIRATION AN D OTHER METEOROLOGICAL DATA  
 

Watershed models require evaporation data as a companion to precipitation to drive the water 
balance calculations inherent in the hydrologic algorithms contained in these types of models.  
In addition, other meteorologic time series are also often required in temperate climates where 
snow accumulation and melt are a significant component of the hydrologic cycle and water 
balance.  These same time series, such as air temperature, solar radiation, dewpoint 
temperature, wind, and cloud cover, are often required if soil and/or water temperatures are 
simulated.  Water temperature is subsequently used to adjust rate coefficients in most water 
quality processes, and other time series are used in selected calculations, like solar radiation 
affecting algal growth. 
 
Both HSPF and SWAT have similar weather data requirements (with some slight differences), 
so the availability of weather data is expected to be adequate for model application, and is not 
expected to be a major factor in the model selection decision.  HSPF generally uses measured 
pan evaporation to derive an estimate of lake evaporation, which is considered equal to the 
potential evapotranspiration (PET) required by model algorithms, i.e.,  PET = (pan evap) X (pan 
coefficient).   The actual simulated evapotranspiration is computed by the program based on the 
model algorithms that calculate dynamic soil moisture conditions, ET parameters, and the input 
PET data.    Where pan evaporation is not available, potential evapotranspiration (PET) can be 
computed from minimum and maximum daily air temperatures using the Hamon formula 
(Hamon, 1961).  This method was used to compute the PET data included in BASINS database 
of available meteorologic time series.  The Hamon method generates daily potential 
evapotranspiration (inches) using air temperature (F or C), a monthly variable coefficient, the 
number of daylight hours (computed from latitude), and absolute humidity (computed from air 
temperature).  Like HSPF, SWAT can use observed pan data or computed PET data, and a 
number of methods for calculating PET are available in SWATôs weather generator, and within 
BASINS. 
 
The primary source of evapotranspiration and the other meteorologic data was the BASINS 
database of thousands of stations across the US; the download capability within BASINS allows 
users to identify their selected watersheds and then access all the data available, including 

http://lwf.ncdc.noaa.gov/snow-and-ice/dly-data.php
http://lwf.ncdc.noaa.gov/snow-and-ice/dly-data.php


 
Time-Series Data  

 

        AAQQUUAA  TTEERRRRAA   CCoonnssuull ttaannttss   14 
 

 

meteorologic data. Figure 2.3 shows the available meteorologic stations in and near the IRW 
available through BASINS; it also shows the nearest OK Mesonet stations. The OK Mesonet is 
an automated network of hundreds of remote meteorologic stations across OK instrumented to 
monitor and measure soil and meteorologic conditions.  As shown in Figure 2.3, there are five 
Mesonet stations within or near the IRW. Table 2.2 lists the meteorologic stations found through 
BASINS along with the Mesonet sites. 
 
The nearest pan evaporation station to the IRW is the Blue Mountain Dam NWS site 
approximately 30 miles southeast of the watershed.  This site was used as the only evaporation 
data station for the HSPF/AQUATOX study; since PET generally demonstrates little spatial 
variability in this climate region, compared to rainfall variability, the distance was not considered 
excessive.  The SWAT model application used calculated PET from five NWS sites, plus two 
Mesonet sites.  Table 2.2 shows 14 sites with BASINS computed evapotranspiration data 
providing sufficient coverage for the IRW.  Also, the stations available for the remaining weather 
data, combined with the Mesonet sites, appears to provide a similar level of coverage. 
 
The final selection of meteorologic data sites to be used in the modeling will be described in the 
Simulation Plan.  However, based on the data identified in Figure 2.3 and Table 2.2, there 
appears to be adequate coverage across the IRW so that meteorologic data is not expected to 
be a limitation on the modeling effort. 
 

2.3 STREAMFLOW 
 
Flow data is needed for both calibration and validation of the watershed model to ensure it is 
reproducing the hydrologic behavior of the IRW, and providing proper boundary inflows into 
Lake Tenkiller, along with its transport of sediment and water quality constituents.  The BASINS 
download capability provided the means to access all the USGS flow (and water quality) data 
for sites in the watershed.  Figure 2.4 shows the locations of the USGS gaging sites within the 
watershed, and Table 2.3 lists their names, USGS ID numbers, periods of record, tributary 
areas, and elevations for selected sites.   
 

The USGS sites designated with red circles (ǒ) are those used for model calibration and/or 

validation in the previous HSPF and SWAT model applications discussed above.  Note that all 
the red sites are almost exclusively in OK.  Neither model was calibrated to sites in AR in the 
cited studies.  The simulation plan will address this issue with selection of calibration/validation 
sites in both states.  There appears to be adequate periods of record for three to five calibration 
sites within each state, if project resources support this level of calibration effort. 
 
At this time, we are not aware of any continuous flow data collected for significant time periods 
by other agencies that might supplement the sites listed in Table 2.3.  If such data exist, we 
would request that it be supplied to EPA for use in this effort. 
 

Data and information on Lake Tenkiller is discussed separately in Section 4. 
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Figure 2.3  Other Meteorological Stations in/near the Illinois River Watershed 
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Table 2.2  Meteorological Stations in/near the Illinois River Watershed  

Site Name 
Site 

Number 
Source 

Data Type Start End Scenario 

Bentonville (AWOS) AR723444 
BASINS 
hourly Air Temperature 12/31/1994 12/31/2006 OBSERVED 

Bentonville 4S AR030586 
BASINS 
hourly Air Temperature 1/1/1948 12/31/2006 COMPUTED 

Fayetteville AR032442 
BASINS 
hourly Air Temperature 1/1/1948 12/31/1960 COMPUTED 

Fayetteville Exp Sta AR032444 
BASINS 
hourly Air Temperature 8/26/1921 8/31/2003 COMPUTED 

Fayetteville FAA Airport AR032443 
BASINS 
hourly Air Temperature 7/1/1949 1/31/1982 COMPUTED 

Fort Smith Water Plant AR032578 
BASINS 
hourly Air Temperature 11/1/1954 8/31/1985 COMPUTED 

Kansas 2 NE OK344672 
BASINS 
hourly Air Temperature 4/1/1959 12/31/2006 COMPUTED 

Mountainburg 2NE AR035018 
BASINS 
hourly Air Temperature 9/1/1985 12/31/2006 COMPUTED 

Siloam Springs AR036624 
BASINS 
hourly Air Temperature 1/1/1948 12/31/1987 COMPUTED 

Siloam Springs 
(AWOS) AR723443 

BASINS 
hourly Air Temperature 12/31/1994 12/31/2006 OBSERVED 

Stillwell 5 NNW OK348506 
BASINS 
hourly Air Temperature 1/1/1960 4/30/2003 COMPUTED 

Tahlequah OK348677 
BASINS 
hourly Air Temperature 1/1/1948 12/31/2006 COMPUTED 

Tenkiller Ferry Dam OK348769 
BASINS 
hourly Air Temperature 4/1/1949 6/30/1979 COMPUTED 

Watts 5 N OK349382 
BASINS 
hourly Air Temperature 1/1/1948 8/31/1954 COMPUTED 

Cookson 31 
Mesonet 
 (5 min) Air Temperature  1/1/1994 present OBSERVED 

Tahlequah 92 
Mesonet  
(5 min) Air Temperature  1/1/1994 present OBSERVED 

Webbers Falls 103, 132 
Mesonet  
(5 min) Air Temperature  1/1/1994 2008 OBSERVED 

Westville 104 
Mesonet 
 (5 min) Air Temperature  1/1/1994 present OBSERVED 

Cookson 31 
Mesonet  
(5 min) 

Barometric 
Pressure  1/1/1994 present OBSERVED 

Tahlequah 92 
Mesonet 
 (5 min) 

Barometric 
Pressure  1/1/1994 present OBSERVED 

Webbers Falls 103, 132 
Mesonet  
(5 min) 

Barometric 
Pressure  1/1/1994 2008 OBSERVED 

Westville 104 
Mesonet  
(5 min) 

Barometric 
Pressure  1/1/1994 present OBSERVED 

Bentonville (AWOS) AR723444 
BASINS 
hourly Cloud Cover 12/31/1994 12/31/2006 OBSERVED 

Fayetteville FAA Airport AR032443 
BASINS 
hourly Cloud Cover 12/31/1994 12/31/2006 OBSERVED 

Siloam Springs 
(AWOS) AR723443 

BASINS 
hourly Cloud Cover 12/31/1994 12/31/2006 OBSERVED 

Bentonville (AWOS) AR723444 
BASINS 
hourly Dew Point 12/31/1994 12/31/2006 OBSERVED 
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Site Name 
Site 

Number 
Source 

Data Type Start End Scenario 

Fayetteville FAA Airport AR032443 
BASINS 
hourly Dew Point 12/31/1994 12/31/2006 OBSERVED 

Siloam Springs 
(AWOS) AR723443 

BASINS 
hourly Dew Point 12/31/1994 12/31/2006 OBSERVED 

Bentonville (AWOS) AR723444 
BASINS 
hourly Evapotranspiration 1/1/1995 12/31/2006 COMPUTED 

Bentonville 4S AR030586 
BASINS 
hourly Evapotranspiration 1/1/1948 12/31/2006 COMPUTED 

Fayetteville AR032442 
BASINS 
hourly Evapotranspiration 1/1/1948 12/31/1960 COMPUTED 

Fayetteville Exp Sta* AR032444 
BASINS 
hourly Evapotranspiration 8/26/1921 8/31/2003 COMPUTED 

Fayetteville FAA Airport AR032443 
BASINS 
hourly Evapotranspiration 7/1/1949 1/31/1982 COMPUTED 

Fort Smith Water Plant AR032578 
BASINS 
hourly Evapotranspiration 11/1/1954 8/31/1985 COMPUTED 

Kansas 2 NE* OK344672 
BASINS 
hourly Evapotranspiration 4/1/1959 12/31/2006 COMPUTED 

Mountainburg 2NE AR035018 
BASINS 
hourly Evapotranspiration 9/1/1985 12/31/2006 COMPUTED 

Siloam Springs AR036624 
BASINS 
hourly Evapotranspiration 1/1/1948 12/31/1987 COMPUTED 

Siloam Springs 
(AWOS) AR723443 

BASINS 
hourly Evapotranspiration 1/1/1995 12/31/2006 COMPUTED 

Stillwell 5 NNW OK348506 
BASINS 
hourly Evapotranspiration 1/1/1960 4/30/2003 COMPUTED 

Tahlequah OK348677 
BASINS 
hourly Evapotranspiration 1/1/1948 12/31/2006 COMPUTED 

Tenkiller Ferry Dam OK348769 
BASINS 
hourly Evapotranspiration 4/1/1949 6/30/1979 COMPUTED 

Watts 5 N OK349382 
BASINS 
hourly Evapotranspiration 1/1/1948 8/31/1954 COMPUTED 

Blue Mountain Dam*¹   
 

Pan Evaporation 1/1/1984 9/30/2004 OBSERVED 

Bentonville (AWOS) AR723444 
BASINS 
hourly Solar Radiation 1/1/1995 12/31/2006 COMPUTED 

Cookson 31 
Mesonet  
(5 min) Solar Radiation 1/1/1994 present OBSERVED 

Fayetteville FAA Airport AR032443 
BASINS 
hourly Solar Radiation 1/1/1995 12/31/2006 COMPUTED 

Siloam Springs 
(AWOS) AR723443 

BASINS 
hourly Solar Radiation 1/1/1995 12/31/2006 COMPUTED 

Tahlequah 92 
Mesonet  
(5 min) Solar Radiation 1/1/1994 present OBSERVED 

Webbers Falls 103, 132 
Mesonet  
(5 min) Solar Radiation 1/1/1994 2008 OBSERVED 

Westville 104 
Mesonet  
(5 min) Solar Radiation 1/1/1994 present OBSERVED 

Bentonville (AWOS) AR723444 
BASINS 
hourly Wind 12/31/1994 12/31/2006 OBSERVED 

Fayetteville FAA Airport AR032443 
BASINS 
hourly Wind 12/31/1994 12/31/2006 OBSERVED 

Siloam Springs 
(AWOS) AR723443 

BASINS 
hourly Wind 12/31/1994 12/31/2006 OBSERVED 
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Site Name 
Site 

Number 
Source 

Data Type Start End Scenario 

Cookson 31 
Mesonet  
(5 min) Wind Direction  1/1/1994 present OBSERVED 

Tahlequah 92 
Mesonet  
(5 min) Wind Direction  1/1/1994 present OBSERVED 

Webbers Falls 103, 132 
Mesonet  
(5 min) Wind Direction  1/1/1994 2008 OBSERVED 

Westville 104 
Mesonet  
(5 min) Wind Direction  1/1/1994 present OBSERVED 

Cookson 31 
Mesonet  
(5 min) Wind Speed 1/1/1994 present OBSERVED 

Tahlequah 92 
Mesonet  
(5 min) Wind Speed 1/1/1994 present OBSERVED 

Webbers Falls 103, 132 
Mesonet  
(5 min) Wind Speed 1/1/1994 2008 OBSERVED 

Westville 104 
Mesonet  
(5 min) Wind Speed 1/1/1994 present OBSERVED 

 

Table 2.3  USGS Stream Gages Containing Flow Data 

Location Gage Station Flow Data 
Tributary Area 

(mi²) 
Elevation 

(ft) 

Illinois River near Tahlequah, OK 07196500 10/1/1935 present 959 664.14 

Baron Fork at Eldon, OK 07197000 10/1/1948 9/10/2009 307 701.14 

Baron Fork at Dutch Mills, AR 07196900 4/1/1958 present 40.6 986.47 

Illinois River near Watts, OK 07195500 10/1/1955 present 635 893.78 

Illinois River near Viney Grove, AR 07194760 9/5/1985 10/16/1986 80.7   

Illinois River at Savoy, AR 07194800 6/21/1979 present 167   

Niokaska Creek at Township St at 
Fayetteville, AR 07194809 9/19/1996 12/16/2008 1.22   

Osage Creek near Elm Springs, AR 07195000 10/1/1950 present 130 1052.00 

Illinois River at Hwy. 16 near Siloam 
Springs AR 07195400 6/21/1979 10/6/2008 509   

Illinois River South of Siloam Springs, 
AR 07195430 7/14/1995 12/7/2008 575   

Flint Creek at Springtown, AR 07195800 7/1/1961 present 14.2 1173.47 

Flint Creek near West Siloam Springs, 
OK 07195855 10/1/1979 present 59.8   

Sager Creek near West Siloam 
Springs, OK 07195865 9/12/1996 present 18.9 960 

Flint Creek near Kansas, OK 07196000 10/1/1955 present 110 854.59 

Peacheater Creek at Christie, OK 07196973 9/1/1992 9/16/2004 25.0 801.72 

Caney Creek near Barber, OK 07197360 10/1/1997 present 89.6   

Illinois River near Gore, OK 07198000 3/25/1924 present 1626 468.00 
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Figure 2.4  USGS Stream Gage Locations in the IRW 

  






















































