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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. EPA Region 6 is funding AQUA TERRA 
Consultants to develop a watershed model to determine reductions in phosphorus loads needed 
to improve the water quality in the Illinois River Watershed (IRW). This watershed model will 
serve as a tool for sound technical decisions on appropriate point and nonpoint source controls 
to meet this objective. 
 
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.  
 

The purpose of this technical memorandum is to describe and document the process of 
evaluating, selecting, and recommending the specific models for use in this TMDL effort.  This 
report also provides the basis for the next step in this modeling study, development of the 
Simulation Plan (AQUA TERRA Consultants, 2011), which was recently released as a draft for 
review and comment by stakeholders and the public.  The Simulation Plan provides details of 
the planned model application effort ï for both watershed and waterbody models ï including the 
calibration and validation time periods, constituents to be simulated, model scales and 
resolution, model performance targets, and potential scenarios to be investigated as part of the 
TMDL development procedure. Thus, this model selection memo should be viewed as a 
companion and supporting document to the Simulation Plan (AQUA TERRA Consultants, 2011). 

 
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, our approach in model selection was to review the 
applications and published reviews and comparisons of the HSPF and SWAT models, for the 
watershed, and the EFDC and AQUATOX models for the lake simulation, and then select and 
recommend which of these models should be used in this study.   
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The model comparison and selection process resulted in the recommendation that the HSPF 
watershed model and the EFDC lake model be used in a linked application to provide the 
necessary modeling framework for performing this study.   

HSPF is recommended because it provides a stronger dynamic (i.e. short time step, hourly) 
hydrologic and hydraulic model simulation, and an improved instream fate/transport simulation 
of sediment and phosphorus, linked to the soil nutrient and runoff models; this combination 
provides an improved 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 is recommended because it allows a more mechanistic modeling of thermal stratification 
and a higher level of spatial resolution in Lake Tenkiller, both of which are essential to support 
water quality impairment issues in OK. 

Details of the selection process are provided in the technical memo that follows. 
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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 
watershed model to determine reductions in phosphorus loads needed to improve the water 
quality in the Illinois River Watershed (IRW). This watershed model will serve as a tool for sound 
technical decisions on appropriate point and nonpoint source controls to meet this objective.  
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 
numerous Work Assignments titled  ï  Water Quality Modeling and TMDL Development for the 
Illinois River Watershed ï  under EPAôs BASINS contract (# EP-C-06-029) with AQUA TERRA 
Consultants, Mountain View, California.  AQUA TERRA conducts 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, 2010a).   
 
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.  Land use change in the Oklahoma portion of the watershed has progressed at a 
relatively slower pace than that occurring in the Arkansas portion.  Lake Tenkiller comprises 
almost 13,000 acres of water and over 130 miles of shoreline, and is the central feature of one 
of Oklahomaôs most heavily used recreational areas.  A portion of the Arkansas section of the 
Illinois River is designated as an Ecologically Sensitive Waterway (e.g. presence of Neosho 
Mucket, a freshwater mussel) and is a perennial fishery supporting a diverse community of 
indigenous fish including smallmouth bass.   The upper section of the Illinois River in Oklahoma 
is a designated scenic river and home to many native species of darters and 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.  
 
The movement of surface waters within the IRW is significantly impacted by its underlying 
geology. The mainstem of the Illinois River, and its major tributaries ï Flint Creek, Baron Fork, 
Osage Creek, Caney Creek ï have developed within geological faults and fractures, and they 
these streams tend to become more deeply incised as they traverse the Arkansas portion of the 
watershed into the Oklahoma portion.  The Arkansas side is characterized by broad open 
grassed areas of low topographic relief, with numerous tributary drainages.  In contrast, the 
Oklahoma portion demonstrates greater topographic relief and the major streams form broad, 
more steeply-sided forested valleys that separate open grassed areas at the drainage divides 
(Fisher et al., 2009). 
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Selected 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 (See 
Figure 1.2). Prior to the 2010 303(d) list, three streams (Osage Creek, Spring Creek, Muddy 
Fork) were added by EPA to Arkansasô 303(d) list.  An intensive two year study ending in 2009 
suggests that two of those tributaries (Osage and Spring Creeks) meet all designated uses and 
are not impaired by TP; however EPA Region 6 considers this issue to remain unresolved at the 
current time.   As shown in Figure 1.2, Lake Tenkiller is listed for DO impairment in the upper 
regions of the Lake, while the lower portions are listed for TP, DO, and Chlorophyll a. 
 



 
Introduction 

      AAQQUUAA  TTEERRRRAA   CCoonnssuull ttaannttss       3 

 

 

Figure 1.1  Illinois River Watershed Location Map  

  

Stilwell 
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Figure 1.2  Section 303(d) Listed Impaired Segments within the Illinois River Watershed 
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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.  A Draft Data 
Report, describing and documenting these data gathering efforts and comparing the data that 
has been collected to the data requirements for watershed and waterbody modeling in the IRW, 
was submitted for review by project stakeholders and interested parties in August 2010 (AQUA 
TERRA Consultants, 2010b). 
 
As shown in Figure 1.1, the Illinois River drains an extensive land area of approximately 1600 
square miles in NE Oklahoma and NW Arkansas, and feeds into Lake Tenkiller prior to its 
confluence with the Arkansas River.  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.  
 
The purpose of this technical memorandum is to describe and document the process of 
evaluating, selecting, and recommending the specific models for use in this TMDL effort.  This 
report also provides the basis for the next step in this modeling study, development of the 
Simulation Plan.  The recently completed Draft Simulation Plan (AQUA TERRA Consultants, 
2011) provides details of the planned model application effort ï for both watershed and 
waterbody models ï including the calibration and validation time periods, constituents to be 
simulated, model scales and resolution, model performance targets, and potential scenarios to 
be investigated as part of the TMDL development procedure. Thus, this model selection memo 
should be viewed as a companion and supporting document to the Draft Simulation Plan, which 
was submitted for review and comment by stakeholders and the public in August 2011.  

1.2 PRIOR MODELING STUDIES 
 
As is the case with any modeling and/or data assessment effort, the initial step in the IRW study 
was to review prior modeling studies that might identify and compile relevant data on the IRW and 
Lake Tenkiller, and also identify any specific issues and challenges in representing the hydrology 
and water quality of the IRW.  This section discusses the major prior modeling efforts on the IRW 
and Lake Tenkiller with a focus on the specific models applied.   
 
Over the recent past, the IRW has been the focus of at least two previous modeling efforts by 
Donigian et al., (2005 and 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 the 1992-1993 using Clean 
Lakes Program data from Oklahoma State University (1996). As noted in the Data Report, 
additional data are now available through 2009  to support extended model calibration efforts in 
both OK and AR. 
 
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 
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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 ODEQ 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, as these may provide valuable 
spatial data coverages for this effort.  
 
As part of the court case between the State of Oklahoma and poultry producers in AR, Engel 
(2008) used the field-scale GLEAMS model to calculate nonpoint source nutrient loadings to the 
rivers and streams within the IRW, and then applied a simple regression-based routing 
procedure to estimate phosphorus loads to Lake Tenkiller.  The combined GLEAMS, with 
regression-routing, approach was calibrated for the period of 1997 to 2006 to three selected 
USGS gage locations (Tahlequah, Baron Fork, Caney Creek), and was then used to attribute 
the phosphorus loads to various sources, including poultry waste applications.  Various model 
scenarios were performed to assess potential changes in loadings under a cessation, a 
continuation, and an increase in rates of poultry waste applications within the IRW.  The 
modeling procedures and results were a point of contention with the defendants in the court 
case, as discussed by Bierman (2009). 
 
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 water quality 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.   
 
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 (Craig, 2006) with AQUA TERRA Consultants (Donigian 
et al., 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 
tying 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. 
 
 A two-dimensional hydrodynamic-water quality CE-QUAL-W2 model of Lake Tenkiller was 
developed by Dr. Scott Wells of Portland State University for Oklahomaôs Office of the Attorney 
General (Wells et al., 2008). While the candidate lake models for application in the current study 
are limited to EFDC and AQUATOX, there are potential benefits to using Wellôs study as a 
resource for comparing/acquiring values for similar model parameters when developing the 
model that will be used for the lake.  It should also be noted that a bathymetry data set that has 
value for the current lake modeling effort was developed to support Wellôs modeling effort.  
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The modeling studies by Saraswat et al., (2010) and White (2009), noted above, were part of 
development efforts for watershed management planning for the IRW on both 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 THIS TECHNICAL MEMORANDUM 
 

This technical memo addresses the issue of model selection for the IRW TMDL effort based on 
the prior modeling studies noted and discussed above.  Section 2 describes the watershed 
model selection effort while Section 3 addresses the lake model selection.  Since the prior 
studies applied well-known, widely-used, and respected public-domain models for both the 
watershed and the lake, a detailed, comprehensive review of all available and relevant models 
was not considered necessary nor the best use of project resources. Consequently, our 
approach in model selection was to review the applications and published reviews and 
comparisons of the HSPF and SWAT models, for the watershed, and the EFDC and AQUATOX 
models for the lake simulation, and then select and recommend which of these models should 
be used in this study. 
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2.0 WATERSHED MODEL SELE CTION 

For those readers not familiar with the HSPF and SWAT models, brief summaries are provided 
in the following two sections below.  These summaries are 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. 
 

2.1  OVERVIEW OF HSPF 
 
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, 1979).  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 as a nonpoint-source model (NPSM) into the US EPA's Better Assessment 
Science Integrating Point and Nonpoint Sources (BASINS), which was developed by Tetra 
Tech, Inc. (Lahlou et al., 1998), under contract with the US EPA.  The main purpose of BASINS 
is to analyze é and develop TMDL 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 HSPF and SWAT. 

2.2  OVERVIEW OF SWAT 
 

SWAT, the Soil and Water Assessment Tool (Arnold et al., 1998; Neitsch et al., 2002), was 
developed at the USDA-ARS Grassland, Soil, and Water Research Laboratory in Temple, 
Texas.  It emerged mainly from SWRRB (Arnold et al., 1990) and features from CREAMS 
(Knisel, 1980), GLEAMS (Leonard et al., 1987), EPIC (Williams et al., 1984), and ROTO (Arnold 
et al., 1995).  It was developed to assist water resources managers in predicting and assessing 
the impact of management on water, sediment, and agricultural chemical yield in large 
ungauged watersheds or river basins.  The model is intended for long-term yield predictions and 
is not capable of detailed single-event flood routing.  It is an operational or conceptual model 
that operates on a daily time step. The model has eight major components:  hydrology, weather, 
sedimentation, soil temperature, crop growth, nutrients, pesticides, and agricultural 
management.  Although most of the applications of SWAT have been on a daily time step, 
recent additions to the model are the Green and Ampt (1911) infiltration equation using rainfall 
input at any time increment, and channel routing at an hourly time step (Arnold, 2002).  Similar 
to HSPF, SWAT is also incorporated into the USEPA's BASINS for nonpoint source simulations 
on agricultural lands, and has been recently enhanced to accommodate urban land categories. 

2.3  MODEL COMPARISONS 
 
As part of a model peer review performed for the Florida Department of Agriculture and 
Consumer Services, Tony Donigian was part of a panel of experts that reviewed the Watershed 
Assessment Model (WAM) (SWET, 2008) to determine its adequacy and functionality as a 
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watershed-scale modeling tool for addressing water resources issues in Florida (Graham et al., 
2009). As part of that effort a model comparison matrix was developed by the expert panel to 
demonstrate how WAM compared with other major modeling tools, including both HSPF and 
SWAT.  The comparison matrix is shown in Table 2.1.   
 
This matrix provides a good comparison of the watershed simulation capabilities of the two 
models, HSPF and SWAT, along with a side-by-side comparison with both a simpler model, 
WAM, and a more detailed model, MIKE SHE.  Viewing HSPF and SWAT within this broader 
range of watershed model complexity provides an opportunity to appreciate the similarities in 
complexity and approach of the two models as well as the differences. 
 
WAM is a relatively simple GIS-based planning-level tool, providing a daily simulation with land-
based processes modeled by a version of the CREAMS/GLEAMS algorithms, within an 
empirical watershed-scale routing framework.  It uses a GIS-based grid approach to represent 
the watershed on a consistent spatial scale, with routing attenuation factors for instream 
processes in place of physically-based process simulations. 
 
MIKE SHE is at the other end of the complexity scale for watershed models.  MIKE SHE 
(Refsgaard and Storm, 1995), based on SHE, the European Hydrological System (Abbott et al., 
1986a, 1986b), is a comprehensive, distributed, and physically based numerical model 
simulating water, sediment, and water quality parameters in two-dimensional overland grids, 
one-dimensional channels, and one-dimensional unsaturated and three-dimensional saturated 
flow layers.  It also has both continuous long-term and single-event simulation capabilities.  The 
model was developed by a European consortium of three organizations: the U.K. Institute of 
Hydrology, the French consulting firm SOGREAH, and the Danish Hydraulic Institute (DHI).  
MIKE SHE is a proprietary model sold, licensed, and distributed by DHI, and requires extensive 
spatial datasets for model applications. 
 
Table 2.2 (below) summarizes some of the key differences between HSPF and SWAT that 
factor into the model selection effort for the IRW TMDL. Figure 2.1 compares the watershed 
representation of the IRW by the HSPF and SWAT models, and shows the relative similarities in 
terms of spatial representation  of the IRW.   
 
 
Table 2.2 Comparison of Key Differences Between BASINS/HSPF and SWAT 
 

BASINS/HSPF 

¶ Hourly time step typical 

¶ Multi-land use capabilities 

¶ Strong hydrology model 

¶ Current IL River application uses 
simplified processes 

¶ Detailed soil nutrient models available 

¶ Detailed instream routing and WQ 
process, including sediment-nutrient 
interactions 

¶ Moderate spatial resolution with ~40 
subbasins 

SWAT 

¶ Daily time step typical 

¶ Multi-land use, but strength is 
agricultural 

¶ SCS CN hydrology 

¶ Detailed ag practices included 

¶ IL River application includes poultry 
litter contributions 

¶ Simplified instream processes 

¶ Moderate spatial resolution with ~90 
subbasins 
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Description/ 
Criteria  

WAM  BASINS/HSPF  MIKE SHE  SWAT 

Model 
components/ 
capabilities 

 Runoff and water quality 
constituents for pervious and 
impervious areas modeled by 
choice of 3 alternative methods, 
with GLEAMS (default choice), 
EAAMOD, and special case 
module; routing from each grid 
cell for both overland and 
groundwater with delay factors; 
extensive GIS interface and 
uses 1 ha cells; channel routing 
with a modified linear reservoir 
approach 

 Runoff and water quality 
constituents on pervious and 
impervious land areas, simple 
and complex (process-based) 
WQ options, and water and 
constituents in stream channels 
and mixed reservoirs.  
Currently, part of the USEPA 
BASINS modeling system with 
user interface and ArcViewGIS 
platform. 

 Interception-ET, overland and 
channel flow, unsaturated zone, 
saturated zone, snowmelt, 
exchange between aquifer and 
rivers, advection and dispersion 
of solutes, geochemical 
processes, crop growth and 
nitrogen processes in the root 
zone, soil erosion, dual 
porosity, irrigation, and user 
interface with pre- and post-
processing, GIS, and UNIRAS 
for graphical presentation. 

 Hydrology, weather, 
sedimentation, soil 
temperature, crop growth, 
nutrients, pesticides, 
agricultural management, 
channel and reservoir routing, 
water transfer, and part of the 
USEPA BASINS modeling 
system with user interface and 
ArcView GIS platform. 

Temporal 
scale 

 Long term; daily for field 
models, and sub-daily steps for 
channel routing. 

 Long term; variable constant 
steps (typically hourly, but can 
range from 5-min to daily). 

 Long term and storm event; 
variable steps depending 
numerical stability. 

 Long term; daily steps. 

Watershed 
representation 

 GIS raster or grid-based 
representation of watershed, 
with rain zones, soils, land use, 
etc. overlain; 1-D channel and 
reservoirs; considers wetlands, 
depressions, etc. 

 Pervious and impervious land 
areas, stream channels, and 
mixed reservoirs; 1-D 
simulations. 

 2-D rectangular/square 
overland grids, 1-D channels, 1-
D unsaturated and 3-D 
saturated flow layers. 

 Sub-basins grouped based on 
climate, hydrologic response 
units (lumped areas with same 
cover, soil, and management), 
ponds, groundwater, and main 
channel. 

Rainfall 
excess on 
overland/ 
water 
balance 

 Daily water budget; 
precipitation, runoff, ET, 
percolation, and return flow 
from subsurface and 
groundwater flow. 

 Water budget considering 
interception, ET, and infiltration 
with empirically based areal 
distribution. 

 Interception and ET loss and 
vertical flow solving Richards 
equation using implicit 
numerical method. 

 Daily water budget; 
precipitation, runoff, ET, 
percolation, and return flow 
from subsurface and 
groundwater flow. 

Runoff on 
overland 

 Runoff curve number 
generating daily runoff volume, 
routed over 3 days with user-
defined fractions 

 Empirical outflow depth to 
detention storage relation and 
flow using Chezy-Manning 
equation. 

 2-D diffusive wave equations 
solved by an implicit finite-
difference scheme. 

 Runoff volume using curve 
number and flow peak using 
modified Rational formula or 
SCS TR-55 method. 

Table 2.1 Characteristics and Capabilities of WAM and Selected Watershed Models (Adapted/Modified from Borah and Bera, 2003) 
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Description/ 
Criteria  

WAM  BASINS/HSPF  MIKE SHE  SWAT 

Subsurface 
flow 

 Subsurface flow from field-scale 
models routed over 90 days 
with user-defined fractions 

 Interflow outflow, percolation, 
and groundwater outflow using 
empirical storage and recession 
relations. 

 3-D groundwater flow equations 
solved using a numerical finite-
difference scheme and 
simulated river-groundwater 
exchange. 

 Lateral subsurface flow using 
kinematic storage model (Sloan 
et al., 1983), and groundwater 
flow using empirical relations. 

Runoff in 
channel 

 Derivative of a linear-reservoir 
routing approach,    1-D 
simulation 

 Routing based on óstorageô or 
ókinematic-waveô methods; All 
inflows assumed to enter 
upstream end, and outflow is a 
depth-discharge function of reach 
volume or user-supplied demand. 
Flexible options to handle time 
and volume varying demands, 
and multiple outflow points. 

 Uses MIKE-11 model with 
optional full (St. Venant) or 1-D 
diffusive wave equations solved 
by an implicit finite-difference 
scheme. Both complex and 
simple hydrologic methods 
available. 

 Routing based on variable 
storage coefficient method and 
flow using Manning's equation 
adjusted for transmission 
losses, evaporation, diversions, 
and return flow. 

Flow in 
reservoir 

 Same as channel, with flexible 
placement of weirs, gated 
structures, culverts and pumps 

 Same as channel, with flexibility 
to handle user-defined reservoir 
operations and structures. 

 Same as channel, with wide 
range of capabilities to handle 
hydraulic structures and 
operations. 

 Water balance and user-
provided outflow (measured or 
targeted). 

Overland 
sediment 

 Uses CREAMS/GLEAMS 
approach, based on USLE with 
channel, impoundment, and 
alternative overland flow paths 
and configurations. 

 Rainfall splash detachment and 
wash off of the detached 
sediment based on transport 
capacity as function of water 
storage and outflow plus scour 
from flow using power relation 
with water storage and flow. 

 2D overland flow model drives 
MIKE SHE SE (soil erosion) 
model. 

 Sediment yield based on 
Modified Universal Soil Loss 
Equation (MUSLE) expressed 
in terms of runoff volume, peak 
flow, and USLE factors. 

Channel 
sediment 

 Empirical attenuation factors 
used to account for losses 
during channel travel time 

 Non-cohesive (sand) sediment 
transport using user-defined 
relation with flow velocity or 
Toffaleti or Colby method, and 
cohesive (silt, clay) sediment 
transport based on critical 
shear stress and settling 
velocity. 

 Hydraulic in MIKE-11 simulation 
drives both cohesive and non-
cohesive sediment transport, 
including suspension, 
resuspension, settling. 

 Bagnold's stream power 
concept for bed degradation 
and sediment transport, 
degradation adjusted with bed 
erodibility and channel cover 
factors (for vegetation), and 
deposition based on particle fall 
velocity. 

Table 2.1 Characteristics and Capabilities of WAM and Selected Watershed Models (Adapted/Modified from Borah and Bera, 2003) (conôt) 
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Description/ 
Criteria  

WAM  BASINS/HSPF  MIKE SHE  SWAT 

Reservoir 
sediment 

 Same as channel.  Same as channel.  Same as channel.  Outflow using simple continuity 
based on volumes and 
concentrations of inflow, 
outflow, and storage. 

Chemical 
simulation 

 Field-scale GLEAMS module 
can handle nutrients and 
pesticides, including runoff and 
movement through the soil to 
groundwater.  All components 
of N and p cycles including crop 
uptake are considered. 

 Soil and water temperatures, 
dissolved oxygen, carbon 
dioxide, nitrate, ammonia, 
organic N, phosphate, organic 
P, pesticides in dissolved, 
adsorbed, and crystallized 
forms, and tracer chemicals 
chloride or bromide to calibrate 
solute movement through soil 
profiles. 
Detailed instream water quality 
simulation, including sediment 
transport (sand, silt, clay) with 
sediment-chemical interactions 
with both water column and 
bed; BOD/DO, nutrient and 
algal simulation (phytoplankton 
and multiple benthic algal 
species); and parent-daughter 
formulations for pesticides and 
other organic chemicals. 

 Dissolved conservative solutes 
in surface, soil, and ground 
waters by solving numerically 
the advection-dispersion 
equation for the respective 
regimes.  MIKE-11 water quality 
capabilities used for surface 
water quality. 

 Nitrate-N based on water 
volume and average 
concentration, runoff P based 
on partitioning factor, daily 
organic N and sediment 
adsorbed P losses using 
loading functions, crop N and P 
use from supply and demand, 
and pesticides based on plant 
leaf-area-index, application 
efficiency, wash off fraction, 
organic carbon adsorption 
coefficient, and exponential 
decay according to half lives. 

BMP 
evaluation 

 Extensive BMP capabilities in 
GLEAMS and other field scale 
modules. , EEAMOD provides 
capabilities for shallow water 
table /drained soils. 

 Nutrient, pesticide, and 
irrigation management by 
parameter changes, or simple 
BMP module with removal 
efficiencies.  

 Extensive BMP capabilities 
expected for the process-based 
land modules. 

 Agricultural management: 
tillage, irrigation, fertilization, 
pesticide applications, and 
grazing. 

 

Source: Graham et al., 2009. 
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Figure 2.1 Illinois River Watershed Representation by the BASINS/HSPF and SWAT Models 


