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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.  

Prior efforts in this study have included the Project Quality Assurance Project Plan (QAPP), the 
Draft Data Report, and the Draft Model Selection Technical Memorandum. 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, acquisition efforts, and subsequent responses from 
numerous State and federal agencies and other stakeholders.  These documents essentially 
provide the foundation for the Simulation Plan presented in this report.  

This Simulation Plan describes details of the model application effort, including model setup 
procedures and assumptions, calibration and validation time periods, constituents to be 
simulated, model scales and resolution, model performance targets, and an initial discussion of 
potential scenarios to be investigated as part of the TMDL development procedure. Thus, the 
previous documents are viewed as companion and supporting information to this Simulation 
Plan, and numerous references are made to information in those documents to avoid 
duplication herein. 

This Simulation Plan is just that, a plan, and as such it is subject to change and refinement as 
the modeling process evolves, as additional data is discovered, and as modeling issues arise 
and need to be resolved during the model application process.  This Plan is also a 
communication tool to maintain a transparent process for all stakeholders to understand how 
the model is constructed, how the data is used, how the model is being applied to the Illinois 
River Watershed (IRW) and how the modeling will be used as part of the TMDL development 
process.   
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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 
EPA Purchase Order #EP-11-000023, and Work Assignments #3-36, #4-36, and 5-36 -- 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 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 
Points of Contact (POC) within each State.  

The data gathering and accumulation efforts continued throughout 2010 and into 2011, with a 
significant increase in the volume of data and reports arriving after each of numerous project 
coordination and stakeholder meetings in September 2010 (Siloam Springs, AR), January 2011 
(Tahlequah, OK), and May 2011 (Rogers, AR).  In addition, review comments on the Data 
Report were received from a number of stakeholders, providing additional contacts and direction 
for data gaps identified in the report.   

As part of the study effort, a model selection task was performed and produced a Draft Model 
Selection Technical Memorandum dated November 22, 2010 (Donigian and Imhoff, 2010). This 
model comparison and selection process resulted in the recommendation that the US EPA 
HSPF (Hydrological Simulation Program ï FORTRAN (Bicknell et al., 2005)) watershed model 
and the US EPA EFDC (Environmental Fluid Dynamics Code (Hamrick 1992, 2005) lake model 
be used in a linked application to provide the necessary modeling framework for performing this 
study.   

This Simulation Plan describes details of the model application effort for both models, including 
model setup procedures and assumptions, calibration and validation time periods, constituents 
to be simulated, model scales and resolution, model performance targets, and an initial 
discussion of potential scenarios to be investigated as part of the TMDL development 
procedure. Thus, the previous documents are viewed as companion and supporting information 
to this Simulation Plan, and numerous references are made to information in those documents 
to avoid duplication herein. 

This Simulation Plan is just that, a plan, and as such it is subject to change and refinement as 
the modeling process evolves, as additional data is discovered, and as modeling issues arise 
and need to be resolved during the model application process.  This Plan is also a 
communication tool to maintain a transparent process for all stakeholders to understand how 
the model is constructed, how the data is used, how the model is being applied to the Illinois 
River Watershed (IRW) and how the modeling will be used as part of the TMDL development 
process.   

1.2 PRIOR MODELING STUDIES AND MANAGEMENT PLANS  

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 summarizes the major prior modeling efforts on the IRW and Lake 
Tenkiller, along with recent watershed management plans published for both sides of the state 
line.   

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.  In this HSPF/AQUATOX effort, the AQUATOX calibrations were limited 
to 1992-1993 using Clean Lakes Program data from Oklahoma State University (1996). 
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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 (Storm et al., 2009), along with the model input and 
data files, including GIS files used in this SWAT model setup, for possible use in 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.  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.   

More recently Saraswat et al., (2010) and White (2009) have published modeling efforts using 
the SWAT model applied to the AR portion of the IRW. The Saraswat effort focused on the 12-
Digit HUC (Hydrologic Unit Code) spatial level within the IRW, and addressed issues of 
impaired for the Illinois River and selected tributaries within AR. Whiteôs study appears to be a 
refinement of the previous study by Storm et al (2009), with greater detail on the AR side.  Both 
efforts were primarily directed to monthly comparisons of observed and simulated loads and 
concentrations, but include a comprehensive assessment of phosphorus sources and potential 
impacts of conservation efforts and management practices.   

Both of these modeling studies also were part of development efforts for watershed 
management planning for the IRW on sides of the state line. Near the end of 2010, a draft 
watershed management plan (WMP) was published by 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 was ongoing for the 
OK portion by the Oklahoma Conservation Commission (OCC), who recently finalized their draft 
plan (OCC, 2010).  Both of these plans have been very helpful in our efforts to identify previous 
studies, available data, water quality issues of concern, and potential remediation and 
restoration alternatives within their respective portions of the IRW. 

1.3 MODELING APPROACH 

In order to develop a scientifically sound modeling system to represent the entire IRW, including 
the land areas, the stream channels and Lake Tenkiller, models must be selected to represent 
each of these components.  If the selected models are not already integrated within a single 
modeling system, the models must be linked to provide a comprehensive tool that addresses 
the watershed hydrology, generation of pollutants, fate/transport within the stream system, and 
ultimately dynamics and impacts on Lake Tenkiller.  

As part of the study effort, a model selection task was performed and produced a Draft Model 
Selection Technical Memorandum dated November 22, 2010 (Donigian and Imhoff, 2010). This 
model comparison and selection process resulted in the recommendation that the US EPA 
HSPF (Hydrological Simulation Program ï FORTRAN (Bicknell et al., 2005)) watershed model 
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and the US EPA EFDC (Environmental Fluid Dynamics Code (Hamrick 1992, 2005) lake model 
be used in a linked application to provide the necessary modeling framework for performing this 
study.  Following review and comments from project stakeholders, EPA subsequently agreed to 
the model recommendations and selected the HSPF watershed model and the EFDC lake 
model for this TMDL effort (M. Flores, personal communication, email to Project Stakeholders 
dated January 13, 2011). 

As discussed by Donigian and Imhoff (2010), since the prior modeling studies applied well-
known, widely-used, and respected public-domain models for both the Illinois River watershed 
and the Lake Tenkiller, a detailed, comprehensive review of all available and relevant models 
was not considered necessary, nor the best use of project resources. Consequently, the 
approach in model selection was to review the applications and published reviews and 
comparisons of the HSPF and USDA SWAT models, for the watershed, and the EFDC and US 
EPA AQUATOX models for the lake simulation.  As noted above, all these models have had a 
prior history of model application to the IRW and Lake Tenkiller, respectively.    

HSPF was selected for the watershed because it provides a strong dynamic (i.e. short time 
step, hourly) hydrologic and hydraulic model simulation capability, and a moderately complex  
instream fate/transport simulation of sediment and phosphorus, both of which are linked to soil 
nutrient and runoff models; this combination provides a strong and established capability to 
relate upstream watershed point and nonpoint source contributions to downstream conditions 
and impacts at both the AR/OK state line and to Lake Tenkiller. 

EFDC was selected because it allows a more mechanistic modeling of thermal stratification and 
is capable of a high level of spatial resolution in Lake Tenkiller, both of which are essential to 
support water quality compliance issues in OK, particularly time- and space-varying anoxic 
conditions. EFDC also provides moderately complex biochemical process representation that 
enables modeling and evaluation of chlorophyll a concentrations expressed as Carlsonôs 
Trophic State Index (TSI).  Oklahoma statutes use TSI values to determine whether or not water 
bodies are threatened by nutrients.   

For those readers not familiar with the HSPF and EFDC models, brief summaries are provided 
in the sections below.  The HSPF summary is taken essentially verbatim from a recent modeling 
review by Borah and Bera (2003) to provide descriptions from relatively unbiased, non-
developers of these models.  Note that minor revisions and additions to the original descriptions 
are shown underlined. 

1.3.1 Overview of HSPF and Rationale for Selection 

HSPF, the Hydrological Simulation Program ï Fortran (Bicknell et al., 2005; Donigian et al., 
1995), first publicly released in 1980, was put together by Hydrocomp, Inc. (Johanson et al., 
1980) under contract with the U.S. Environmental Protection Agency (US EPA).  It is a 
continuous watershed simulation model that produces a time history of water quantity and 
quality at any point in a watershed.  HSPF is an extension and reformulation of several 
previously developed models:  the Stanford Watershed Model (SWM) (Crawford and Linsley, 
1966), the Hydrologic Simulation Program (HSP) including HSP Quality (Hydrocomp, 1977), the 
Agricultural Runoff Management (ARM) model (Donigian and Davis, 1978), and the Nonpoint 
Source Runoff (NPS) model (Donigian and Crawford, 1977).  HSPF uses many of the software 
tools developed by the U.S. Geological Survey (USGS) for providing interactive capabilities on 
model input, data storage, input-output analyses, and calibration.  é  HSPF has been 
incorporated é. into the US EPA's Better Assessment Science Integrating Point and Nonpoint 
Sources (BASINS), which was developed initially by Tetra Tech, Inc. (Lahlou et al., 1998), under 
contract with the US EPA, and has been maintained and enhanced by AQUA TERRA 
Consultants since 1998.  The main purpose of BASINS is to analyze é and develop TMDL 
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standards and guidelines nationwide.  The most recent version is BASINS4 (US EPA, 2007; 
Duda et al., 2003) which is based on an open-source code concept and includes a number of 
models as plug-in components, including both HSPF and SWAT. 

Based on our model review and selection effort as described in the Model Selection Technical 
Memorandum, prior knowledge of currently available watershed models, and the specific needs 
for the IRW TMDL study, the HSPF model was selected as the preferred framework for the IRW 
model, for the following reasons: 

a. HSPF is a widely used, well-known, and respected, public domain watershed model with 
extensive experience and use across the country for TMDL development.  It is considered 
a premier, complex high-level model among those currently available for watershed 
assessment, and it has received development support over the years from the US EPA, 
USGS, ACOE, and numerous states and regional water agencies.  
 

b. The HSPF hydrology model with its hourly (or less) simulation provides a strong and 
comprehensive representation of the dynamic hydrology of the IRW, and is well suited for a 
robust short time step linkage with the detailed hydrodynamic and water quality model of 
Lake Tenkiller based on EFDC. 
 

c. The HSPF soil nutrient models provide a complete mass-balance approach for simulating 
nitrogen and phosphorus balances and runoff components, with detailed nutrient cycling of 
both organic and inorganic nutrient forms.  This capability allows a direct connection 
between nutrient application rates from chemical fertilizers, manure, and poultry litter, and 
subsequent soil buildup and potential runoff to rivers and streams, from applied pasture 
lands, subject to limitations of the available data.  
 

d. The sediment transport and instream water quality capabilities of HSPF provide a 
moderately complex process-based representation of the fate and transport processes for 
nutrients, including phosphorus, along with sediment-nutrient interactions, scour/deposition 
impacts with the sediment bed, and combined uptake/cycling of phosphorus by algae and 
DO/BOD processes.   
 

e. The combined capabilities of HSPF with well-established instream fate/transport simulation 
of sediment and phosphorus, linked to the soil nutrient and runoff models, is expected to 
provide a scientifically sound simulation of both watershed point and nonpoint source 
contributions of phosphorus to downstream impacts both to the OK/AR state line and to 
Lake Tenkiller. 

 
 

1.3.2 Overview of EFDC and Rationale for Selection  

EFDC, the Environmental Fluid Dynamics Code was originally developed at the Virginia Institute 
of Marine Science (VIMS) and School of Marine Science of The College of William and Mary, by 
Dr. John Hamrick (Hamrick, 1992). Subsequent support for EFDC development at VIMS was 
provided by the U.S. Environmental Protection Agency and the National Oceanic and 
Atmospheric Administration's Sea Grant Program. Tetra Tech, Inc. became the first commercial 
user of EFDC in the early 1990's and upon Dr. Hamrick's joining Tetra Tech in 1996, the primary 
location for the continued development of EFDC (Hamrick, 2005). Primary external support of 
both EFDC development and maintenance and applications at Tetra Tech has been provided by 
the U.S. Environmental Protection Agency including the Office of Science and Technology, the 
Office of Research and Development, and Regions 1 and 4. The ongoing evolution of the EFDC 
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modeling system has to a great extent been application driven by a diverse group of EFDC 
users in the academic, governmental, and private sectors 

EFDC has evolved over the last two decades to become one of the most widely used and 
technically defensible hydrodynamic models in the world (see 
http://www.epa.gov/athens/wwqtsc/html/efdc.html).   For the Illinois River study, EFDC will be 
implemented using the Dynamic Solutionsô version of EFDC_DS source code that is available 
from the Dynamic Solutions website (www.efdc-explorer.com). The full version of the 
EFDC_Explorer software, available from the Dynamic Solutions website, will be used as the 
pre-and post-processor software interface for model setup and calibration of the EFDC model 
of Lake Tenkiller. 

Based on the evaluation performed in support of the aforementioned Model Selection Memo, 
EFDC was selected as the lake model for the Illinois River TMDL project.  EFDC offers the 
following capabilities: 

a. EFDC provides an effective spatial framework and process representation scheme that will 
allow the mechanistic modeling of thermal stratification phenomena in Lake Tenkiller.  This 
capability is deemed essential to one of the two most important evaluation endpoints, i.e., 
the identification of time-varying anoxic conditions. 

b. By offering a more mechanistically based simulation of stratification, EFDC in turn offers a 
capability to model the physical component (i.e., vertical movement of the biotic and 
chemical materials within reservoir) of the eutrophication process.    

c. The spatial resolution and the physical detail achieved by the EFDC flow simulation 
provides significant benefit to a water quality simulation performed at the same level of 
spatial resolution as the EFDC hydrodynamics simulation.   

d. The high spatial resolution that is inherent in EFDC applications (and results) offers 
advantages in applications that are intended to support compliance with water quality 
standards.  The planned application for this project has that objective. 

e. EFDC provides appropriate biochemical process representation to model and evaluate 
chlorophyll a concentrations expressed as Carlsonôs Trophic State Index.  Further, EFDC 
enables accurate spatial mapping of observed data using its detailed grid system.   

f. Previous applications of EFDC to Lake Tenkiller provide significant opportunities for 
leveraging.   

1.3.3 Model Application 

HSPF represents a watershed as comprised of two primary components: land areas and stream 
channels or lakes and reservoirs.  Each is represented by a different module(s) within HSPF: 
the land areas are represented with the PERLND and IMPLND modules for pervious and 
impervious areas, respectively, while the waterbodies, whether a free-flowing stream or a 
lake/reservoir, are represented with the RCHRES module.  

Figure 1.3 shows the various components and capabilities of the PERLND module of HSPF.  
Each of the boxes in Figure 1.3 identifies a capability used by HSPF to model the corresponding 
process, or processes, that occur on each category of land; thus, the PWATER subroutine 
models the water budget, SEDMNT models soil erosion and delivery to the stream, PSTEMP 
models soil temperatures, etc.  For runoff loadings of water quality constituents,  HSPF provides 
alternative methods, among which the user can select, to calculate loadings either with simple, 
empirical build-up and washoff algorithms used in the PQUAL subroutine, or the detailed mass 
balance formulations used within the group of subroutines within the dashed-line box marked as 
AGCHEM. The PQUAL (and IQUAL for impervious surfaces) are commonly used for urban land 
uses, as the buildup/washoff formulations have traditionally been applied for urban runoff quality 
models, and for applications that are primarily focused on impacts of urbanization and a general 

http://www.epa.gov/athens/wwqtsc/html/efdc.html
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assessment of land use changes.  For watersheds that are dominated by agriculture, and 
agricultural practices and impacts are key element of the assessment, the AGCHEM module 
may be required as it allows a more process, and mass-balance based, evaluation of land 
management practices including nutrient application practices. 

For the IRW application of HSPF, we plan to utilize the AGCHEM subroutines for the pasture 
lands that are the primary recipients of fertilizer, manure, and litter applications, and then use 
the simpler PQUAL routines for all other land uses.  The data requirements and calibration effort 
associated with using the AGCHEM routines is much greater than for the PQUAL routine, but 
the end result is a capability to quantify the impacts of changes in nutrient application rates on 
the resulting runoff, and subsequently assess scenarios of alternative management practices 
and their impacts on water quality  

 
Figure 1.3  Pervious Land Simulation (PERLND) Module in HSPF 

Figure 1.4 shows the phosphorus cycling capability and processes simulated with the AGCHEM 
routines; these process simulations are performed within each soil layer and then utilize the 
simulated flow and sediment fluxes to calculate the associated dissolved and sorbed phosphorus 
contributions to the stream channel.  For the channel system, Figure 1.5 shows phosphorus fate 
and transport processes that are modeled to calculate concentrations of the various forms of 
phosphorus and it subsequent downstream transport.  Complete descriptions of the HSPF 
modules and algorithms are available in the HSPF User Manual (Bicknell et al., 2005) and the 
other references cited above. 
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The distinction between the HSPF simulation modules for the land area and channels within the 
IRW, noted above, is also important for the linkage interface between HSPF and EFDC.   For Lake 
Tenkiller, the local drainage that enters the Lake directly without first entering a modeled stream 
channel will be provided by the PERLND and IMPLND modules for all relevant land use categories 
within the local area, whereas the HSPF RCHRES module will provide the loadings entering from  
all the major tributary streams including the Illinois River, downstream from its confluence with  
Baron Fork, and Caney Creek.  In addition, a few other selected smaller tributaries are modeled 
with a channel reach either due to their size or due to being listed as impaired.  The HSPF-EFDC 
linkage is further discussed in Section 5.4. 

 
Figure 1.4  Soil Phosphorus Cycle in HSPF AGCHEM 

 As previously stated, modeling of hydrodynamics and water quality processes in Lake Tenkiller will 
be performed using the Environmental Fluid Dynamics Code (EFDC) (Hamrick, 1992; 1996; 
Hamrick 2007).  EFDC is a state-of-the-art hydrodynamic and water quality model that can be used 
to simulate surface water systems in one, two, and three dimensions. EFDC uses stretched, or a 
sigma bottom following vertical coordinate system, and Cartesian or curvilinear, orthogonal 
horizontal coordinates to represent the physical characteristics of a waterbody. EFDC solves three-
dimensional, vertically hydrostatic, free surface, turbulent averaged barotropic and baroclinic 
equations of motion for a variable-density fluid. Dynamically-coupled transport equations for 
turbulent kinetic energy, turbulent length scale, salinity and water temperature are also solved. The 
EFDC model allows for drying and wetting in shallow areas using a mass conservation scheme 
and includes capabilities to model flushing time, age of water and Lagrangian particle tracking. The 
hydrodynamic model of EFDC is equivalent to other 3D finite difference models such as the 
Estuarine Coastal and Ocean Model (ECOM) (Blumberg and Mellor, 1987), and the Curvilinear 
Grid Hydrodynamics Model in 3-Dimensions (CH3D) model (Sheng, 1987, 1990).  EFDC, unlike  
most surface water models, is a single source code model that internally links sub-models for the 
smooth interface of hydrodynamics with sediment transport, water quality and sediment diagenesis 
sub-models. Any technical issues related to the linkage of EFDC hydrodynamic results for input to 
water quality models are eliminated with the full EFDC model.  Sediment transport of cohesive and 
non-cohesive solids internally links hydrodynamics with deposition and resuspension and wind-
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driven resuspension processes.  The water quality model includes organic carbon, nutrients, 
dissolved oxygen and eutrophication processes that can represent up to three classes of 
phytoplankton and benthic macroalgae. The water quality model includes internal coupling with a 
sediment diagenesis model to provide sediment fluxes of nutrients and oxygen to the water 
column. Wet and dry atmospheric deposition of nutrients is represented with the same data used in 
the HSPF model. 

 
Figure 1.5  Instream Phosphorus Processes in HSPF RCHRES 

1.4 OVERVIEW OF DATA IDENTIFICATION , ACQUISITION, AND INVESTIGATION 
EFFORTS  

A wide variety of different types of data is required for watershed and waterbody modeling 
efforts such as those planned for this TMDL effort. 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). 

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 a 
project coordination and stakeholders meeting in Fort Smith, AR, on 4 February 2010, a number 
of agencies were forthcoming with an extensive array of data and reports.  The information was 
received primarily through email submittals, but also some hard copy and other electronic forms 
of transmission.  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.   

In August 2010, a preliminary data review and analysis report was prepared and submitted to 
stakeholders as a summary and compilation of the data and information received through the 
various data gathering efforts described above.  The Data Review report also served as an 
opportunity for the Study Team members and stakeholders to review the data accumulated and 












































































































































