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ABSTRACT 

 

This document was prepared for the Kaskaskia Basin Water Supply Planning Committee 

to aid their development of a plan for meeting the future growth of water supply demands 

within the basin.  It contains background information to provide an overview of 

management criteria and an understanding of the constraints and policies used in 

conducting analyses and making decisions concerning water use within the Kaskaskia 

Basin. 

 

This report describes the following work of the Illinois State Water Survey, funded by the 

Illinois Clean Coal Institute:  

1) Retrieval and summation of existing information regarding surface water and 

groundwater availability in the region. This report of existing information will 

also include information provided by IDNR-OWR addressing the water supply 

storage and allocations from Carlyle Lake and Lake Shelbyville.  

2) Development of surface and groundwater hydrologic models to simulate the 

hydrology of the Kaskaskia River watershed, water levels in the federal 

reservoirs, and selected local groundwater resources.  Specific models developed 

include: 

 a Streamflow Accounting Model, 

 a Watershed Simulation Model and Reservoir Routing Models, and 

 a set of Groundwater Flow Models. 

 

Major portions of this report deal with a summary of existing information.  The models 

developed in this study will be applied to water use planning scenarios in an ongoing 

effort funded by the IDNR Office of Water Resources, and thus only limited results are 

available for inclusion in this report.   
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EXECUTIVE SUMMARY 

 

This report presents a summary of: 1) the technical information assembled to describe 

existing water availability and sources of supply within the 22-county Kaskaskia River 

region in southwestern and south-central Illinois, and 2) the development of computer 

models that will be used in future studies to estimate impacts to water availability 

resulting from future water development in the region.  Through funding by the ICCI, this 

document was prepared for the Kaskaskia Regional Water Supply Planning Committee 

(RWSPC) to aid the development of a plan for meeting the future growth of water supply 

demands within the basin to the year 2050.  It contains background information to 

provide an overview of management criteria and an understanding of the constraints and 

policies used in conducting analyses and making decisions concerning water use.  In a 

forthcoming project funded by the Illinois Department of Natural Resources, the models 

will be applied by the ISWS to a broad range of conditions, including a set of selected 

future water use scenarios to more fully characterize the water availability within the 

Kaskaskia region to the year 2050.  In addition, as the RWSPC deliberates and prepares 

its water supply planning document, the information presented in this report will be 

reviewed and, in some cases, additional analysis may be performed and results revised.  

A more complete reporting of the model development, the results of the scenario 

simulations, and subsequent work concerning water availability will be published at the 

end of that forthcoming study.   

 

The existing technical information compiled as the first task of this study includes a 

review of previous analyses and publications dealing with the Kaskaskia region’s water 

resources; collection of hydrologic data, primarily as needed for hydrologic modeling; 

and, in certain cases, additional analyses on that data, such as data mining of well records 

and yield analyses of surface water supply sources.  This compiled information focuses 

on the four primary sources of water supply within the Kaskaskia River watershed: 1) the 

two large federal reservoirs (Carlyle Lake and Lake Shelbyville) and low flow releases 

from these reservoirs; 2) water supply reservoirs on tributary streams; 3) direct 

withdrawals from tributary streams; and 4) groundwater from within the Kaskaskia basin.  

 

Three categories of models were developed for use in evaluating water supply availability 

in the Kaskaskia region under existing conditions and future scenarios: 1) a streamflow 

accounting model, designed to examine how water resource modifications have changed 

the availability of flow in streams, and to estimate how the flow will change in the future 

under selected water use scenarios; 2) a hydrologic simulation model of the Kaskaskia 

River watershed and reservoir routing models describing the inflow-outflow patterns in 

the two federal reservoirs; and 3) numerical and analytical groundwater models used to 

determine the yield and rate of replenishment of selected community systems in the 

region.  In all modeling cases, the work performed to date includes the development of 

the model using model calibration and verification procedures, producing interim 

modeling results pertaining to water supply development.  

 

Except along the river, the geology over much of the Kaskaskia River watershed is 

largely unfavorable for the development of groundwater systems that supply water for 
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more than a few households.  For many communities the historical development of 

groundwater water supplies has been problematic, often resorting to a large number of 

shallow wells or a long pipeline to a distant aquifer.  Because shallow groundwater also 

does not provide a reliable source of baseflow for many of the streams in the region, most 

larger communities in the watershed have needed to develop reservoir storage to provide 

a reliable primary source of supply during drought periods.   

 

Probabilistic-based yield analyses of the community reservoir supplies in the region 

indicate that most systems appear to have an adequate supply, i.e. with less than a 10% 

chance that shortages would be experienced during a drought of record condition.  Six 

reservoir systems in the region are considered inadequate or at risk of water shortages, 

however.  Most of these systems serve small communities that potentially could haul 

water or possibly interconnect with a larger system if faced with the threat of shortages.   

 

A preliminary re-evaluation of the yield for the federal reservoirs was performed using 

the previously-developed (2001) monthly water budget models of the lakes.  Although 

this assessment suggests the potential for a slight increase in the 50-year drought yield of 

the reservoirs, it is recommended that a more detailed water budget analysis using daily 

data inputs and evaluation of data uncertainties be conducted in revising the yield 

estimates.  Furthermore, yield estimates for the federal reservoirs were based on an 

assumption that water withdrawals or releases occur at a constant rate throughout the 

drought duration, rather than the more likely scenario that there would be periodic 

releases from the reservoirs for major downstream users.  It is recommended that future 

analyses include variable water use scenarios that may occur during a major drought. 

 

Roughly 60 percent of the water supply storage in the two federal reservoirs is allocated 

to coal-fired power plants located in the lower reaches of the river, in the Kaskaskia 

Navigation Channel.  A considerable amount of river flow in this reach is also needed to 

provide water for lockages at the Kaskaskia Lock and Dam.  Previous analysis of water 

needs in the navigation channel needs to be revised, not only because of changing water 

supply needs, but also because that analysis did not provide an assessment of the 

operation of the channel during the most severe drought conditions such as occurred in 

1953-1955.  Similar to the yield analysis for the federal reservoirs, the analysis should 

consider scenarios that simulate realistic, variable water releases from the reservoirs.  

 

Water for moderate growth at existing public water supplies on the Kaskaskia River has 

also been considered in the allocation of water from the federal reservoirs, but any large, 

additional development for water supply in the Kaskaskia region will need to address the 

limitations in the water-supply yields of the federal reservoirs. The needs in the 

Kaskaskia region for future sustainable economic development (such as for coal mining, 

coal-fired power plants, coal-based liquid fuel production facilities and related growth in 

public water supplies) will require a comprehensive regional water supply planning 

process to identify future needs and economically viable water supply sources that can be 

developed without undue controversy.  Such a comprehensive study and plan for the 

Kaskaskia Basin will be needed to answer the necessary questions and allow for the 

proper development and siting of future coal-based energy development facilities. 
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OBJECTIVES 

 

The purposes of this study are to: 1) assemble technical information on existing water 

resources and sources of water supply to describe existing water availability within the 

22-county Kaskaskia River region in southwestern and south-central Illinois, and 2) 

develop computer models and conduct further analyses that will aid water resources 

scientists in estimating the effects of existing and future water use activities and climatic 

stresses on water availability and sustainability of regional water supply resources within 

the region.  The information generated in this study will provide input to the Kaskaskia 

Regional Water Supply Planning Committee, a group of stakeholders in the region that 

have been convened for the purpose of developing a regional water planning document 

that will provide guidance in meeting water demands for both population and economic 

growth, including coal development, to the year 2050.   

 

This document was prepared for the Kaskaskia Basin Water Supply Planning Committee 

in aiding the development of a plan for meeting the future growth of water supply 

demands within the basin.  It contains background information to provide an overview of 

management criteria and an understanding of the constraints and policies used in 

conducting analyses and making decisions concerning water use.   

 

INTRODUCTION AND BACKGROUND 

 
The availability and sustainability of an adequate and dependable water supply is 

essential for a society’s public, environmental, and economic health. Going back as far as 

1988-89 when the last major drought occurred across major portions of Illinois, and since 

then when droughts have affected Illinois more regionally, and reoccurring concerns 

caused by the potential for development of a number of large water supply systems across 

the state, especially in the energy sector (e.g., peaker-power plants, ethanol production, 

and coal gasification), as well as the creation of regional water supplies serving vast areas 

of the state, the sustainability of our water supplies has become an increasingly important 

and debated issue.  

 

Recognizing these concerns led to the initiation, under direction of Executive Order     

EO 2006-01 in 2006, of a pilot program for comprehensive regional water-supply 

planning and management in Illinois. Two areas were initially selected areas for pilot 

planning: an 11-county region in northeast Illinois and a 15-county region extending 

across east-central Illinois (Figure 1). Stakeholder committees were formed for each 

region and technical support to those committees was provided by the University of 

Illinois’ Institute of Natural Resource Sustainability and the Illinois Department of 

Natural Resources – Office of Water Resources (IDNR-OWR). By all accounts, the two 

pilot planning studies were extremely successful efforts and have laid out comprehensive 

water supply plans for implementation in coming years (MAC, 2009; CMAP, 2010).   

 

It was further recognized that water supply planning in Illinois must expand beyond the 

two pilot areas initiated in 2006. Based in part on recommendations of high priority 

watersheds and aquifers in Illinois (Wehrmann and Knapp, 2006), IDNR-OWR initiated  

http://www.illinois.gov/Gov/pdfdocs/execorder2006-1.pdf
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Figure 1. Recommended priority water supply planning regions in Illinois. The Kaskaskia 

River Basin is the third planning region initiated by the IDNR Office of Water Resources.  

 

 

 



 

 6 

plans in 2009 to establish study efforts and a Regional Water Supply Planning Committee 

(RWSPC) for the Kaskaskia River Region in southwestern Illinois.  The Kaskaskia River 

Basin water supply planning effort will be a cooperative effort between the IDNR-OWR, 

the ISWS, Southern Illinois University-Carbondale (water use projections) and the 

RWSPC, the latter of which includes stakeholder representation from various major water 

use and public-interest sectors in the region. The role of the ISWS in the planning process 

will be to provide scientifically sound estimates of water availability and sustainability 

for the region and identify potential impacts of selected water uses. 

 

The Kaskaskia River may be the most managed river in Illinois.  Water storage and 

releases from two federal reservoirs control flooding, ensure navigation and water 

quality, and provide for water supply, fish and wildlife conservation, and recreation.  

Numerous water withdrawals occur along the river and from the reservoirs, providing for 

public water supply and industrial needs.  The Kaskaskia lock and dam maintains the 

navigation pool providing for bulk transport of goods and recreation.  Effluent discharges 

from municipal systems and industries, and cooling water returns from power plants 

occur along the main channel and its tributaries.  The IDNR Office of Water Resources 

(OWR) has either performed or contracted for numerous studies on the Kaskaskia Basin 

to establish plans to meet water supply requirements, in consideration of navigation and 

impacts to recreation and fisheries.   
 

The four primary sources of water supply within the Kaskaskia River watershed are: 1) 

the two large federal reservoirs (Carlyle Lake and Lake Shelbyville) and low flow 

releases from these reservoirs; 2) water supply reservoirs on tributary streams; 3) direct 

withdrawals from tributary streams; and 4) groundwater from within the Kaskaskia River 

valley. Of these, the two federal reservoirs represent by far the largest water sources 

within the watershed, with a collective yield during severe drought conditions of 42 

million gallons per day (mgd). As recently as 2002, the water supply from the two federal 

reservoirs had been largely untapped. However, with recent allocations administered by 

IDNR-OWR for use with electricity generation, coal mining and regional water supplies, 

the available water supply from the federal Carlyle Lake and Lake Shelbyville is now 

fully allocated. It can be argued that recent developments in the energy sector have been 

the driving force toward the full water supply allocation from the reservoirs, as roughly 

80 percent of the total yield allocation is for three power plants, with the largest two 

being coal-fired plants located on the most downstream reaches of the Kaskaskia River.   

 

Water for moderate growth at existing public water supplies on the Kaskaskia River has 

also been considered in the allocation of water from the federal reservoirs, but any large, 

additional development for water supply growth in the Kaskaskia region would need to 

address the limitations in the water-supply yields of the federal reservoirs. It should be 

noted that the yields of these reservoirs will also slowly diminish over time as a result of 

sediment deposition in the reservoirs.  The needs in the Kaskaskia region for future 

sustainable economic development (coal mining, coal-fired power plants, coal-based 

liquid fuel production facilities and related growth in public water supplies) will require a 

comprehensive regional water supply planning process to identify future needs and 

economically viable water supply sources that can be developed without undue 

controversy.  Such a comprehensive study and plan for the Kaskaskia Basin watershed 
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will be needed to answer the necessary questions and allow for the proper development 

and siting of future coal-based energy development facilities.  

 

This report describes the following work of the ISWS funded by the Illinois Clean Coal 

Institute:  

3) Retrieval and summation of existing information regarding surface water and 

groundwater availability in the region. This report of existing information will 

also include information provided by IDNR-OWR addressing the water supply 

storage and allocations from Carlyle Lake and Lake Shelbyville.  

4) Development of surface and groundwater hydrologic models to simulate the 

hydrology of the Kaskaskia River watershed, water levels in the federal 

reservoirs, and selected local groundwater resources.  Specific models developed 

include: 

 a Streamflow Accounting Model, 

 a Watershed Simulation Model and Reservoir Routing Models, and 

 a set of Groundwater Flow Models. 
 

The major portion of this report will deal with the summary of existing information.  The 

models developed in this study will be applied to water use planning scenarios in an 

upcoming effort funded by the IDNR Office of Water Resources, and thus only limited 

results are available for inclusion in this report.   

 

DATA AND PROCEDURES 

 

Compilation of Water Resources Information for the Kaskaskia River Basin 

 

Groundwater Resources.  The information examined in the assessment of groundwater 

resources in the Kaskaskia River basin, includes: 1) findings from reports and basic data 

maintained by the ISWS for each community water supply, 2) annual water withdrawal 

data submitted to the Illinois Water Inventory Program, 3) the ISWS aquifer test 

database, and 4) GIS coverages of geology, soil, and other data. The hydrogeology of the 

Kaskaskia Aquifer has been studied in detail at several small sites, primarily where 

geophysical and hydrology explorations have occurred to locate high-capacity wells. No 

comprehensive studies of the entire aquifer exist, especially one with a large number of 

expensive test borings, observations wells, and aquifer tests that would be necessary to 

provide sufficient data to better understand the whole system. A data-mining exercise of 

ISWS well records to further characterize groundwater conditions and identify any 

previously unknown aquifers is discussed in Appendix A. 

 

Surface Water Resources.  A good first step toward an understanding of the water 

resources of a region is to look at how the existing developed resources came to be, and 

the factors that drove the decisions in their development.  In the Kaskaskia region, where 

there are limited groundwater resources, particularly from deeper aquifers, the history of 

water supply development is to a certain extent also a history of drought and its impacts 

on surface and near-surface supplies.  For background in this planning effort, reports and 

agency files describing the development of water supplies in the region were gathered 
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and summarized.  Also evaluated were regional planning studies from past decades and 

their relevance to current planning activities. Appendix B provides a more detailed 

description of the materials evaluated in this effort.   

 

Additional reports and previous analyses on surface water supplies, including low flow 

studies, drought impacts, and reservoir yield estimates in the Kaskaskia region were 

gathered and examined.  Within this overall effort, the Illinois Department of Natural 

Resources, Office of Water Resources, also compiled and summarized available 

information regarding water supply allocations from the federal reservoirs (Carlyle Lake 

and Lake Shelbyville), analyses in determining the amount of available allocation, 

allocation accounting procedures, and State authorities regarding water use and 

development.   

 

Daily streamflow data, collected, processed and published by the U.S. Geological Survey 

(USGS), remain the primary source of information for determining water availability 

from streams.  Data processing and preparation for the Streamflow Accounting Model, 

discussed under model development, is the main vehicle through which the USGS data is 

processed and evaluated to estimate streamflow availability during periods of drought.  

Reservoir yield analyses, performed by the ISWS using USGS data and climatic records, 

is the main source of information for determining water availability during drought from 

the numerous water supply reservoirs in the region.  The ISWS yield analyses for Lake 

Shelbyville and Carlyle Lake, used by IDNR as a factor in setting the allocation limit of 

the reservoirs, were also revisited in this study.  The basic method used in reservoir yield 

analysis is developing a water budget of the reservoir during historical drought 

sequences, such as the 1930s or 1950s droughts.  In this water budget approach, the 

collective effects of stream inflows, water withdrawals, evaporation and precipitation on 

the reservoir storage are described through a daily or monthly accounting.  The yield of 

the reservoir is the maximum rate of water withdrawal that can be incurred before the 

reservoir runs out of a pre-determined amount of its storage.   

 

Hydrologic Modeling 

 

Hydrologic models are conceptual, mathematical representations of the hydrologic 

processes that are believed to affect the distribution of water within the environment.  

Such models are simplifications of the physical environment, for a number of reasons: the 

hydrologic processes are often complex and not fully understood, particularly with 

regards to the interactions between water on the surface and in the ground; the media 

(geologic materials) through which water flows underground and the surfaces on which 

water flows are often highly heterogeneous in nature; the physical characteristics of these 

media and surfaces are not easily measurable and thus must be estimated through model 

calibration; and there is usually a relatively small amount of hydrologic data available to 

calibrate or “train” the model and its parameters.   

 

Even with these limitations, hydrologic models are highly useful tools for understanding 

and characterizing the availability of water under a variety of conditions.  Models provide 

the capability to estimate the distribution of water under a combination of factors and 
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conditions that may have not occurred in the past or that may have not been measured.  

Models allow us to understand the expected paths by which groundwater flows, which 

could not otherwise be characterized without a highly dense network of observation 

wells.  Models allow us to juxtapose conditions; to estimate, for example, the effects of 

the 1950s drought on today’s water supply reservoirs, many of which did not exist at the 

time of the drought.  In the same manner, models also allow us to take scenarios of future 

water use and to project how water availability would be affected by such scenarios.   

 

Three categories of models were developed for use in evaluating water supply availability 

in the Kaskaskia region under existing conditions and future scenarios: 

1. A Surface Water (Streamflow) Accounting Model, designed to examine how 

water resource modifications have changed the availability of flow in streams, 

and to estimate how the flow will change in the future under selected water 

use scenarios.    

2. A hydrologic simulation model of the Kaskaskia River watershed, designed to 

simulate the precipitation-runoff process in the watershed, using observed 

daily records of precipitation and temperature to produce daily streamflow 

records at selected locations within the watershed.  Separate models of the 

inflow-outflow patterns in the two federal reservoirs were also developed as 

part of the overall watershed simulation process.  

3. A set of groundwater models.  Two types of models, numerical and analytical, 

are used to determine the yield and rate of replenishment of selected 

community systems in the region.  The selection of model type usually 

depends on the amount of data available and the degree of modeling detail 

warranted by a community’s particular conditions.    

In all modeling cases, the work performed to date includes the development of the model 

using model calibration and verification procedures, producing limited modeling results.  

In a forthcoming project funded by the Illinois Department of Natural Resources, the 

models will be applied to a broader range of conditions, including a set of selected future 

water use scenarios to more fully characterize the water availability within the Kaskaskia 

region to the year 2050.  A more complete reporting of the model development, the 

results of the scenario simulations, and subsequent conclusions concerning water 

availability will be published at the end of that forthcoming study.   

 

Development of the Streamflow Accounting Model 

 

The Illinois Streamflow Accounting Model (ILSAM) produces estimates of flow 

frequency for any stream location within a watershed.  Flow frequency values are 

estimated to reflect the variability of flow conditions exhibited in long-term hydrologic 

records (over the past 60-plus years) juxtaposed with the current state of water resource 

projects and water use within the watershed (termed “flow modifiers”) that impact the 

flow characteristics of the stream.  ILSAM includes a utility that allows the model user to 

also introduce changes in these flow modifiers, such as increasing the amounts of a water 

withdrawal or wastewater treatment plant, which can be used to estimate associated 
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changes in streamflow.  In using this utility, the water availability of a particular stream 

or the watershed as a whole may be assessed for various future water use scenarios.   

 

For the current ILSAM application, the number of streamflow frequency statistics 

estimated by the model, or “parameters,” was expanded from 154 to 181 to add more 

flow statistics during drought conditions useful for evaluating reservoir yields.  Flow 

parameters estimated by the model mostly fall into one of two categories: 1) flow 

duration estimates, which describe the relationship between a given flow rate at a stream 

location and the percentage of time that the flow rate is equaled or exceeded; and 2) low 

flow or drought flow estimates, which for a selected duration (such as a consecutive 7-

day period) describe the relationship between the flow rate and the expected interval in 

years of such a low amount occurring.  For example, the 7-day 10-year low flow (Q7,10) 

describes the lowest flow amount, averaged over 7 consecutive days, that is expected to 

occur on average only once in a 10-year period.  Flow parameters of both types are useful 

for various applications related to water quality standards, water supply, and describing 

instream flow needs for recreation, navigation, and aquatic habitat.   

 

Daily streamflow data from over 30 streamflow gaging stations in the Kaskaskia River 

watershed and surrounding areas with similar hydrology were analyzed to determine the 

flow frequency characteristics of streams in the region.  All streamgaging records are 

from stations operated by the U.S. Geological Survey (USGS), with the oldest records 

dating back to the 1910s.  Aside from the fact that gages are located at various sites on 

different streams, there are several other reasons why flow frequency characteristics 

computed for any particular gage may not be directly comparable to the frequency 

characteristics from other gaging records in the region.  One of the most basic factors 

causing differences in flow frequency is the period of years of the gaging record.  Just as 

precipitation amounts can vary substantially from year to year or from decade to decade, 

so also do streamflow amounts; in fact, the differences in streamflow tend to be 

magnified compared to the precipitation differences.  As indicated by Singh and 

Ramamurthy (1990), a 10 percent increase in the average precipitation can lead to a 40 

percent increase in average streamflow amount for most locations in Illinois.  To develop 

comparable streamflow amounts between various locations across a watershed, it is 

essential that the flow estimates be based on similar periods of record.  For streams in the 

Kaskaskia region, the analysis of flow records for ILSAM uses a consistent base period 

of record of 1948-2009, and the flow frequency estimates for gaging records that have a 

shorter period of record need to be adjusted to reflect the longer period.  The adjustment 

process is described in Appendix D.  Because of these adjustments, the ILSAM flow 

frequency estimates usually do not match the frequency computed directly from the 

gaging record.  The adjusted values are clearly more pertinent for water supply planning 

purposes when one considers that the most severe droughts in the region occurred prior to 

1970, whereas most streamgage records do not begin until after 1970.   

 

A second adjustment to streamgaging records is performed whenever the flows in a 

stream have been clearly been altered by some human activity; for example, the 

construction of a reservoir, withdrawal or diversion of flows, or the release of treated 

wastewaters into a stream.  Data collected and used to evaluate the effect of such 
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modifications to the flow frequency in a stream include wastewater discharge data from 

the Illinois Environmental Protection Agency, water use data from the Illinois Water 

Inventory Program (ISWS), and reservoir dimension and operation information that 

affect the character of a reservoir’s outflow, from the National Dam Inventory (U.S. 

Army Corps of Engineers) and other sources.  Various analyses have been conducted and 

procedures developed by the ISWS over the past few decades to estimate the effects of 

various human alterations, as described in Appendix D.  Other alterations to the natural 

hydrology, such as agricultural management practices and land use change likely have 

some effect on the hydrology of a stream; however, these effects tend to be indirect and 

are not clearly observed in the analysis of most streamgaging records.  As a result, these 

types of hydrological modification are not addressed in the analyses.   

 

Development of Watershed Simulation and Reservoir Routing Models 

 

A watershed model was developed in this study for the primary purpose of simulating 

water quantity under changing climate and hydrologic conditions.  This purpose 

complements the ILSAM model which predicts streamflow conditions in a more static 

environment.  The watershed model developed for simulation of the Kaskaskia River 

basin is an application of the Soil and Water Assessement Tool (SWAT), one of the most 

widely-used watershed models that was developed to predict the water, sediment and 

agricultural chemical processes in large complex watersheds (Arnold et al., 1999).  The 

model incorporates a suite of algorithms that are capable of simulating hydrologic and 

water quality processes such as surface runoff and baseflow, sediment transport, nutrient 

transport and cycling, and crop growth. For the purposes of water supply planning, only 

the water quantity segments of the model are activated and utilized.  

 

To simulate the daily streamflow for selected locations within the watershed, SWAT 

requires daily weather data, and information on the topography, soil properties, 

vegetation, and land management practices within the watershed. Most of these data are 

available from various government agencies (Nietsch, et al., 2001).  Digital land use and 

soil maps are used by the model to identify the land uses and soil types in the subbasins 

of a watershed, and a digital elevation model (DEM) is used in subbasin delineation and 

computing geomorphic parameters for each subbasin in the watershed.  The watershed 

area of the Kaskaskia River is predominantly agricultural with corn and soy bean 

accounting for 60 percent of the land use. Most of the soils in the upstream portion of the 

watershed, north of Shelbyville, have moderate infiltration rate, whereas soils in the 

central and downstream portions of the watershed have slower infiltration rates and 

higher runoff potential. Precipitation and temperature records from a total of 35 weather 

stations in or near the watershed were used in the model development.  Average annual 

precipitation in the region ranges from a low of 40 inches along the northwestern 

boundary of the Kaskaskia River watershed to 45 inches along the southeastern 

boundary.   

 

For model calibration purposes the watershed was divided into four larger subwatersheds, 

as shown in Figure 1.  Corresponding daily streamflow data from four USGS gaging 

stations were used to calibrate and validate the model; three of the gaging stations being 
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located on the main stem of the Kaskaskia River (at Shelbyville, Carlyle and New 

Athens) and the fourth on Shoal Creek (near Breese), which is the largest tributary to the 

Kaskaskia River.  The four larger subwatersheds were independently calibrated using a 

combination of automatic and manual model calibration techniques.  For the two 

subwatersheds that receive inflow from an upstream source, data from upstream gages on 

the Kaskaskia River were used as inflow inputs into the models.   

 

A total of 20 sensitive model parameters were selected for calibration of stream flows. 

These parameters govern the hydrologic processes including rainfall-runoff relationships, 

accumulation of snow and snowmelt runoff and ground water flows. Since this model 

will primarily be used to analyze water supply conditions during drought and the impact 

of potential climate change on low flow hydrology and surface water availability, historic 

drought periods were taken into account while selecting the calibration and validation 

periods. Therefore, flow records from 1960 to 1969 and from 1950 to 1959 were used for 

calibration and validation, respectively.  The use of the pre-dam, 1950-1969, time frame 

was also essential in developing and testing a well-calibrated hydrologic model because 

the flows in the Kaskaskia River were not further complicated by effects from Lake 

Shelbyville and Carlyle Lake.  A more complete discussion of the calibration and 

validation methods used in model preparation are discussed in Appendix E.   

 

Simulation of the watershed hydrology also requires an examination of conditions in the 

post-dam era since 1970.  The SWAT model used in this study has a reservoir algorithm, 

but its routing scheme uses a simple water balance method where the outflow volumes 

are computed using observed daily and monthly outflows, average annual release rates 

for uncontrolled reservoirs or controlled outflow with target release. Since Shelbyville 

and Carlyle reservoirs have their own release schedules which cannot be simulated within 

SWAT, a separate reservoir routing model using Storage Indication or Puls Method has 

been developed. Storage indication method makes use of continuity equation in its finite 

difference form. Data required for reservoir routing simulations were obtained from 

various sources and 15 years of data from 1990 to 2004 were processed for use in the 

simulations. Reservoir inflows, outflows and pool elevations were obtained from St. 

Louis district Corps of Engineers website:  

(http://mvs-wc.mvs.usace.army.mil/archive/archindex.html). 

 

To develop the reservoir routing model, storage-elevation, surface area-elevation, 

storage-outflow relationships were obtained for Lakes Shelbyville and Carlyle. Weekly 

release schedules for both lakes were determined based on target release schedules, and 

15 years of reservoir outflows and pool elevation data from 1990 to 2004.  These release 

schedules were determined using the reservoir routing model coupled with an 

optimization algorithm.  The algorithm estimates the expected (most likely) release 

associated with the current lake pool elevation and week of the year.  This algorithm 

produces a more realistic outflow pattern, with transitions similar to observed reservoir 

operations, as compared to a rigid adherence to target levels.   

 

http://mvs-wc.mvs.usace.army.mil/archive/archindex.html
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Development of Groundwater Flow Models 

 

To a water supply planner groundwater flow models can be used to quantify the response 

of an aquifer to changes in water demands and predict how future demands will impact a 

system. Hydrogeologists also use models to better conceptualize and quantify the flow in 

an aquifer. For the Kaskaskia watershed, three numerical models were constructed and 

modified in areas where geologic and hydrologic field data have been collected including 

of the Kaskaskia Aquifer near Shelbyville, the ridge-drift aquifer near Vandalia, and the 

Mahomet Aquifer. An insufficient amount of field data exists to provide any meaningful 

results for a model of the entire Kaskaskia Aquifer. These models provide an improved 

understanding of the impacts from pumpage, the interactions with surface water, and 

where recharge is occurring. Analytical models have been developed by the ISWS using 

well test data to assess the potential yield and sustainability for 22 public groundwater 

supplies.  

 

Numerical groundwater models simulate flow by dividing an aquifer into thousands of 

small representative cells that are each assigned permeability and storage coefficients and 

specified elevation or flux information for flow boundary conditions such as streams, 

wells, drains, and valley walls.  The model then solves the groundwater flow equation for 

each cell and balances the mass of water throughout the model. Principal results of a 

model are water levels and fluxes, from which other information can be derived about 

flow directions, wellfield drawdowns, stream flow losses, and recharge rates. The most 

difficult and informative step in model development is the model calibration process 

where calculated water levels and flow are compared to values measured in the field.  A 

poor calibration suggests that the conceptual model of how the flow is represented needs 

to be modified, preferably with help of additional field data. 

 

Assessments on 22 other public groundwater supply systems in the Kaskaskia region 

were completed principally through use of analytical models. Such models “idealize” 

aquifer conditions into relatively simple solutions without the use of more sophisticated 

digital flow models. Given the paucity of data on these small aquifers and the expense of 

(and low priority for) acquiring additional data on them, analytical model solutions are 

well-suited for estimating aquifer yields on these aquifers. This is typically done by 

calculating long-term well-field drawdowns using image-well theory (Walton, 1962) and 

adjusting modeled pumping rates to keep calculated drawdown less than the available 

drawdown. Available drawdown is typically the difference between the static, or non-

pumping, groundwater level and the tops of well screens. Because many of these aquifers 

are very shallow and often unconfined (i.e., water table conditions), available drawdown 

may be limited to a) 50 percent of the saturated aquifer thickness (drawdown 

exponentially increases when 50 percent thickness is exceeded) or b) the top of the 

screened interval, whichever is less.  
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RESULTS AND DISCUSSION 

 

Compilation of Groundwater Resources 

 

Except along the river, the geology over much of the Kaskaskia River watershed is 

largely unfavorable for the development of groundwater systems that supply water for 

more than a few households.  For many communities the historical development of 

groundwater supplies has been problematic, often resorting to a large number of shallow 

wells or a long pipeline to a distant aquifer.  Although rainfall is plentiful, the lack of 

suitable aquifer material and the widespread presence of heavy clay soil prevent the 

infiltration and storage of water in usable quantities.  With the exception of the Mahomet 

Aquifer in the headwaters region, the principal sources of groundwater in the basin are 

the sand deposits that are associated with the modern Kaskaskia River valley, referred to 

in this report as the Kaskaskia Aquifer, where surface water is also plentiful (Figure 2).  

As discussed in regional surveys by Pryor (1956) and Selkregg et al. (1957), the 

probability of finding sand and gravel aquifers decreases away from the major streams. 

For many communities, the use of groundwater has several important advantages over 

surface water, such as lower treatment costs and greater sustainability during droughts.   

 

Water Resources of the Bedrock Aquifers.  The Kaskaskia River watershed overlies the 

Illinois Basin, a sequence of Paleozoic rocks thousands of feet thick. The lower portion of 

the sequence contains thick sandstones and limestone aquifers filled with heavy brines. 

The upper portion is dominated by Pennsylvanian age shales with thin layers of coal, 

limestone, and sandstone that generally do not yield more than 10 gallons per minute to a 

well (Illinois Technical Advisory Committee on Water Resources, 1967). Water quality 

in the shallow bedrock is variable and often too high in dissolved minerals for many uses.  

Near the Mississippi River the surficial bedrock map (Kolata, 2005) shows 

Mississippian-age sandstones and limestones rising out of the Illinois Basin. These units 

can contain fresh water and are currently being used by communities such as Percy, 

Ruma, and Steeleville in Randolph County and St Jacob in Madison County.  The 

bedrock aquifer (the Aux Vases sandstone) around Red Bud in Randolph County proved 

inadequate and the town switched from using eight bedrock wells in town to two sand 

and gravel wells in the Kaskaskia River bottoms.  Pockets of fresh water also occur in the 

bedrock in Shelby County (Sanderson, 1967) where it had once been used by Tower Hill. 

Other communities in the region which have used the bedrock aquifers in the past but 

have given them up for alternate sources include Tuscola (Douglas Co.), Lerna (Coles 

Co.), Farina (Fayette Co.), Iuka (Marion Co.), and Smithton and Millstadt (St Clair Co.).  

 

Water Resources of the Glacial Aquifers.  The Pleistocene glacial advances over the 

Kaskaskia River watershed changed the landscape by cutting down the shale bedrock 

uplands and filling in the valleys with mostly fine-grained materials. As the glaciers 

melted, dirt and rocks within the ice dropped out and formed a blanket of clay-rich till 

that covers most of the basin. Meltwater deposited sandy outwash in some of the stream 

valleys, such as the Kaskaskia. The final glacial advance came as far south as 

Shelbyville, where it formed a large end moraine. Streams cut through the Shelbyville  



 

 15 

 

Figure 2. Extent of major sand and gravel aquifers and location of  

active public water supply wells in the study area. 

 

 

Moraine forming steep valleys and the ideal reservoir sites now occupied by Lake 

Shelbyville, Lake Decatur, and Clinton Lake. Meltwater from the last glaciation was 

focused down the Kaskaskia River valley where stream currents carried the clays and 

silts downstream and left behind the coarser sands and gravels (Cartwright and Kraatz, 

1967). The sands deposited during the different glacial advances along with any pre-

glacial and modern alluvium collectively form the Kaskaskia Aquifer. These sands are 

commonly divided up by clay and silt deposits both vertically and laterally. Most of the 

tributary valleys south of Shelbyville likely received little to no meltwater during the last 

glaciation resulting in these valleys becoming backwater areas that filled with fine-

grained sediment rather than sandy aquifer materials. 
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South of Shelbyville the glacial deposits generally range from 25 to 100 feet thick and 

contain only scattered sands barely large enough to map outside of the Kaskaskia Valley.  

Sands occur along Silver Creek in Madison and St Clair Counties but are currently only 

utilized by Alhambra. Running southwest through Macon, Christian and Montgomery 

Counties is an unusually long and narrow (40 miles by ½-mile) sand known as the 

Taylorville strip aquifer (Burris et al., 1981). This aquifer supplies water to Assumption, 

Moweaqua, Stonington, Palmer, and Harvel, as well as Taylorville, which is 

supplemented by Lake Taylorville. Several communities, such as Farmersville, 

Waggoner, and Fillmore in Montgomery County have developed supplies in sands too 

small to map on a statewide scale.  A description of the glacial Kaskaskia and Mahomet 

Aquifers appears in Appendix A. 

 

Compilation of Surface Water Resources 

 

Many of the water supply reservoirs in the region were constructed by communities in 

direct response to water supply shortages that were experienced during the most severe 

drought periods, specifically the droughts occurring in the 1890s, 1930s, and 1950s.  

Streamflow records were not collected during the earliest 1890s drought, and only limited 

records are available during the 1930s drought.  Thus, much of the region’s estimates of 

water availability are based on data and experiences from the 1950s drought, which is 

considered to be the worst of the historical droughts.   

 

Yield estimates for community surface water supplies were most recently estimated by 

the ISWS in 2010 (www.isws.illinois.edu/data/ilcws/drought.asp).  Data uncertainties 

were evaluated by the ISWS in determining the yield for each community, such that each 

community’s yield estimate was developed on a probabilistic basis.  The designated 50% 

yield value is the best (most likely) estimate for the water supply system; however, there 

is also roughly a 50% probability that the estimate is either overestimated or 

underestimated compared to the “true” yield, which is an unknown value.  With the 

designated 90% yield, there is only a 10% chance that the yield estimate is too low; thus 

the community can have 90% confidence that the yield amount could be provided during 

the selected drought.  In the most recent analysis, the ISWS has turned to yield estimates 

that are based on the worst historical drought, rather than a yield estimate based on 

drought frequencies, such as the 50-year drought, which in themselves are uncertain and 

difficult to accurately estimate.  The 1953-1955 drought is the worst drought on 

record.for most surface water supply systems in the Kaskaskia region.   

 

Table 1 lists the 50% and 90% yield estimates with the drought of record for community 

surface water systems in the region.  Also listed is an average demand for each 

community based on the 2005-2010 period.  If the 50% yield is less than the demand, the 

community is categorized as “inadequate,” i.e. there is greater than a 50% chance that the 

system would not have sufficient water to satisfy the demand rate during a record drought 

condition similar to the 1950s drought.  If the demand is less than the 50% yield but 

exceeds the 90% yield, the system is considered to be “at risk,” i.e., there is greater than a 

10% chance that the system would not have sufficient water to satisfy the demand rate 

http://www.isws.illinois.edu/data/ilcws/drought.asp


 

 17 

Table 1.  Yield estimates for community surface-water supplies 

(all values in million gallons per day) 

 

 50% 90% 

 Yield Yield Demand 

Altamont 0.22 0.12 0.26   Inadequate 

Breese 0.71 0.69 0.69 At Risk 

Centralia 7.56 7.56 4.0  

Coulterville 0.06 0.01 0.17 Inadequate 

Effingham 6.7 5.7 2.1 

Fairfield 0.56 0.46 0.9 Inadequate 

Farina 0.07 0.05 0.14 Inadequate 

Greenville 4.2 3.0 1.3 

Highland 3.7 2.0 1.3 

Hillsboro 5.3 3.3 1.3 

Kinmundy 0.36 0.26 0.08 

Litchfield 4.3 2.5 1.3 

Mattoon 8.8 5.0 2.5 

Olney 2.9 2.1 1.4 

Pana 1.1 0.82 0.62 

Salem 6.0 6.0 1.3 

Taylorville 4.6 3.1 2.2 

Wayne City 0.30 0.26 0.33 Inadequate 

 

Notes:  Not listed are communities that have direct withdrawals from the 

Kaskaskia River as a primary or emergency supply, and thus are viewed to have 

an adequate fail-safe supply, including Carlyle, Evansville, Kaskaskia WD, 

Nashville, SLM Water District, Sparta, and Vandalia.  Also not listed are the 

newly-developed Gateway and Holland Water Companies that have allocations 

from the federal reservoirs; Effingham’s yield estimate includes water from 

Holland Water Company.  The yields for Centralia and Salem are established by 

separate agreements with the U.S. Corps of Engineers to obtain water from 

Carlyle Lake.   

 

 

during a record drought condition.  There are six systems in the region that are considered 

to be either inadequate or at-risk.  Most of these systems are small, and it is possible that 

such communities could choose to haul water or interconnect with a nearby system in the 

case of a severe drought.  Fairfield is undertaking the process to add a second off-channel 

storage reservoir to increase their supply, but until that time is considered inadequate.   

 

The ISWS also conducted a preliminary re-evaluation of the yield analyses for Lake 

Shelbyville and Carlyle Lake, which was conducted in 2001 for the IDNR Office of 

Water Resources.  The previous yield estimates were based on a monthly water budget 

analysis of the federal reservoirs during selected major droughts using historical climate 

data and USGS streamflow records.  For the current analysis, the drought frequencies 
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were revised based on the additional years of record, the yield of Lake Shelbyville was 

adjusted to account for increased inflow amounts coming from upstream effluents, and 

the accounting procedure was changed so that the state storage was not debited during 

Decembers when water from the federal reservoirs is being dumped to reach the winter 

pool level.  Those three changes caused a 4 mgd collective increase in the 50-year yield 

of the two reservoirs.  Given that the total State water supply allocations were already 

slightly greater than the previous estimate 50-year yield, these revised yield estimates 

may not translate into the availability of additional allocation.  In addition, it is 

recommended that the water budget analyses be revised to be computed using daily 

instead of monthly data, a change that may be expected to lower yield estimates, perhaps 

by about 5%.   

 

For some locations in the watershed, watershed resource developments over the past 50 

years have altered streamflow amounts.  This is particularly true for portions of the 

Kaskaskia River, specifically: 1) upstream of Lake Shelbyville, as influenced by 

groundwater and effluents from the Champaign-Urbana area that add flow to the river, 

and 2) the Kaskaskia Navigation Channel, which is not influenced by flow releases from 

Carlyle Lake, but also from increasing amounts of effluents from collar communities in 

the East St. Louis area.  In these cases, even if identical climate conditions of the 1950s 

drought occurred again, the flow in a stream may not be the same as that historically 

recorded at a streamgage.  For water supply evaluation, it is necessary as best as possible 

to estimate the water availability that would occur given the climatic conditions of 

observed historical drought, but with adjustments to account for the current state of water 

resource development in the region.  The process of adjusting flow records to describe 

current water availability from streams was examined in the development of the ILSAM 

model, which is presented in a later section of this report and in Appendix D.   

 

The flow conditions in the Kaskaskia Navigation Channel were evaluated by Durgunoglu 

and Singh (1989) with regards to meeting water demands for lockages at the Kaskaskia 

Lock and Dam, community water supply withdrawals, and withdrawals by the Baldwin 

power plant.  However, their analysis only investigated the period of record since Carlyle 

Lake was built, during which the worst droughts occurred in 1976 and 1988. Because 

conditions have changed since 1989, with fewer lockages but the impending demands of 

a second power plant, this study might need to be revisited, as it seems that releases from 

Carlyle Lake would likely be needed during periods of severe drought to meet all 

downstream water demands.  In addition, it is recommended that analysis be performed 

to estimate flow conditions, and the potential need for water releases and management in 

the channel during conditions similar to the 1953-1955 drought of record.   

 

Authorities and Water Allocations 

 

The IDNR has broad authorities under the Rivers, Lakes and Streams Act to protect the 

Public Waters of the State from wrongful encroachment and to establish by regulations 

water levels to preserve the fish and aquatic life.  OWR issues permits for construction 

projects that may impact the flood carrying capacity of the rivers, lakes and streams.  

Permits are also required for construction for dams and for any construction within a 
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public body of water.  OWR reviews proposed activities in Public Waters to ensure that 

the public's rights are not diminished by the activity.  Public Waters on the Kaskaskia 

River begin in Fayette County at river mile 157, located about 9 miles south and 2 miles 

west of Herrick.  The drainage area at this point is about 1708 square miles, has a mean 

flow of about 1415 cfs, and a 7-day, 10-year low flow of 28.2 cfs.  The Public Waters 

may generally be described as the commercially navigable lakes and streams of the state 

and the backwater areas of those streams.  There are certain public rights in the Public 

Waters that are reserved for the citizens of the state. 

 

Under the Kaskaskia River Watershed and Basin Act, the IDNR may independently make 

agreements for the formulation of plans, acquisition of rights of way, and the 

construction, operation and maintenance of any navigation, flood control, drainage, levee, 

water supply and water storage projects.  This Act provides for regulation, distribution 

and use, including restriction of use or withdrawal of water from the Kaskaskia River 

below Carlyle Dam.  OWR has established permit criteria in the review and response to 

permits that involve a water supply withdrawal on a Public Water.  OWR policy for 

existing public water supply systems on public waters is to not require a cessation or 

limitation of withdrawal upon the river reaching a specified low flow unless the system 

were to serve a major new user or geographical area.   

 

Under the July 6, 1983 USA/Illinois Contracts, the State has the right to utilize 13.9 and 

14.2 percent of the total joint-use storage space in Lake Shelbyville and Carlyle Lake, 

respectively, for State Water Supply.  The remaining storage is Federal storage for 

“Rights Reserved”, which includes the minimum 50 cfs water quality release, releases for 

navigation, and releases for flood control.  Joint-use storage is the storage above the top 

of the dead pool storage (reserved for sedimentation) up to the normal summer pool level, 

being elevation 599.7 at Lake Shelbyville and 445.0 at Carlyle Lake.  The State water 

supply storage in Lake Shelbyville amounts to 24,714 acre-feet, and the storage in 

Carlyle Lake is 32,692 acre-feet.  These storage amounts can change in the future if 

bathymetric surveys indicate that the total storage in the lakes’ joint-use pools has 

changed, for example as a result of capacity loss from sedimentation.   

 

Allocations of Water Supply Storage in Lake Shelbyville and Carlyle Lake.  The IDNR 

works with the Illinois Department of Commerce and Economic Opportunity in 

evaluating water supply allocations made from state storage at Shelbyville, Carlyle and 

Rend Lakes.  On the next page are the Kaskaskia Basin Water Supply Agreements, 

providing a dependable source of water supply for two regional public water supply 

systems, three electric generating facilities, and four lakeside public golf courses. Each of 

these allocations is presented in more detail in Appendix C.  As of June 2011, there have 

been no withdrawals or releases of State storage to serve the needs of Timberlake, SCCS 

Ventures, Holland Energy, Holland Regional, Dynegy or Prairie State.  IDNR Water 

Allocation Agreements for withdrawals from the Public Waters of the Kaskaskia include 

protections for instream flows, protection of navigation and other storage releases, and 

protection of domestic water use in a water emergency.  Agreement language also 

provides a means for obtaining additional water supply storage capacity if determined 

that there is a future demand for additional Domestic Water Use. 
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Purpose Agreement Date Quantity  Source 

Eagle Creek (golf course) 1988 August 24 480 acre-feet Shelbyville 

Governor’s Run (golf course) 1994 April 190 acre-feet  Carlyle 

Holland Energy Power Plant 2000 June 1 8.0 mgd  Shelbyville 

Timberlake (golf course) 2001 August 23 50 acre-feet Shelbyville 

Holland Regional Water System 2002 December 10 5.0 mgd  Shelbyville 

Gateway Regional Water Company2002 December 23 4.0 mgd  Carlyle 

Prairie State Power Plant 2003 May 19 13.35 mgd Carlyle &  

     Shelbyville 

Dynegy Baldwin Power Plant 2004 April 8 14.35 mgd Carlyle 

SCCS Ventures (golf course) 2007 May 30 50 acre-feet Shelbyville 

 

USA/State Contract language for Protection of Navigation Releases - The July 6, 1983 

contracts for water storage space in the Shelbyville and Carlyle reservoir projects 

prohibits downstream consumptive use of Kaskaskia River water in excess of natural 

inflows during a navigation release, unless such usage is replenished to the navigation 

system by pumping or other means or unless water is released for that purpose.  OWR 

performed an analysis to consider the future water supply demands of other users on the 

lower Kaskaskia River not under contract for State-owned water supply storage and the 

ability to maintain protection of navigation releases.  There are five known public water 

supply (PWS) systems which withdraw water from the lower Kaskaskia River 

downstream of the Carlyle dam.   

 

River and Lake Impact Summary of Water Supply Agreement Allocations – In 2002, a 

projected monthly water supply demand assessment was made based on the maximum 

annual water allocations.  The water supply needs for the river withdrawals are normally 

met by existing river flows and releases from water supply storage will most likely only 

be requested during low flow conditions.  On average, roughly one year out of four, some 

lake impacts may be felt in the late summer and fall.  At the end of October, the water 

supply impacts during such a drier than normal year could result in an additional lake 

drawdown of about 3 inches on Lake Shelbyville and nearly 4 inches on Carlyle Lake.  

On average, one year out of every 10 years during a moderate drought, a water supply 

lake drawdown of about 12 inches at Lake Shelbyville and 8 inches at Carlyle Lake could 

result by the end of October.  For a drought similar in nature to what was experienced in 

1988, a level of 594.88 could have resulted on Lake Shelbyville in October assuming a 

full water supply, being about 13.5 inches less than the 596.0 historic mean elevation for 

that month.  At Carlyle Lake, a level of 441.58 could have resulted in October of 1988 

with a full water supply, being nearly 12 inches lower than the 442.5 historic mean 

elevation for October.   

 

In summary, Holland Energy, Holland Regional, Prairie State and Dynegy may, under 

normal to slightly drier than normal conditions, withdraw from the river without the 

necessity for a water supply release.  This situation minimizes the lake impacts 

significantly during drier than normal conditions.  Since withdrawals by Prairie State and 

Dynegy are located near the mouth of the Kaskaskia within the navigation channel, fewer 

impacts may be realized than if the withdrawals were occurring elsewhere.  While a 
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benefit of river withdrawals is a reduced frequency and magnitude of lake impacts, 

without water supply release from state storage, there is an increased frequency and 

duration of lower river flows. 

 

Results of the Streamflow Accounting Modeling 

 

The ILSAM model provides estimates of streamflow frequency based on an analysis of 

historical streamflow and water use records from the past 60-plus years.  It does not 

provide a simulation of flows resulting from climatic events nor attempt to synthesize a 

time series of flow values such as a daily or annual record.  Thus, in generating a set of 

streamflow values representative of “current watershed conditions,” as they exist roughly 

during the 2005-2010 time frame, it does not simulate specific historical conditions that 

occurred within that period.  For its use in estimating streamflow values associated with 

future water use scenarios, ILSAM assumes that the basic climate conditions of the 

region will remain unchanged, i.e. that the range of conditions expressed in the 1948-

2009 base period is applicable for planning purposes.  Although there are societal 

concerns about future climate change impacts, at this time predictions from the suite of 

accepted global and regional climate models are highly variable and uncertain, 

particularly with regard to the potential changes in precipitation that would be expected 

to have the greatest effect on future streamflow conditions.   

 

The potential effect of future water use on streamflow characteristics to 2050 will be 

analyzed in future work.  However, because a previous ILSAM model was developed for 

the region twenty years ago, differences in the streamflow estimates between the two 

model versions can provide a 20-year window for identifying trends that might be 

expected to continue in the future.   

 

Results indicate that watershed precipitation over the last 20 years was higher than the 

previous 60-year long-term average.  The higher precipitation amount is also reflected in 

total (and thus average) streamflow amounts over the past 20 years.  Inclusion of the most 

recent 20 years in the long-term streamflow estimates noticeably affects frequency 

estimates of high and medium flow conditions, but only slightly affects low flow 

frequency estimates.  Such changes in flow conditions resulting from precipitation are not 

considered necessarily as an increasing trend, but instead related to normal variability in 

the climate.   

 

In contrast, there appear to be two types of changes in low flow frequency in the 

watershed that are directly associated with human activities and are considered to be part 

of an overall trend or change from the past.  First, effluent discharges from wastewater 

treatment plants are noticeably causing increasing low flow trends in the Silver Creek 

watershed in St. Clair County and in the upper Kaskaskia River immediately downstream 

of Champaign-Urbana.  In both cases, the wastewater releases appear to be related to 

gradual population growth that may be expected to continue in the future.  A second 

observed increase in low flow amount has occurred immediately downstream of the 

federal reservoirs.  The increase in low flow releases from the reservoirs appears to be a 

response to maintain favorable water quality conditions downstream of the reservoirs, 
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and affects the low flow frequency estimates for all downstream locations on the 

Kaskaskia River.  A more complete description of changes in flow frequency estimates is 

provided in Appendix D.   

 

Results of the Watershed Simulation Modeling 

 

Daily flow simulations produced by the Kaskaskia River watershed model are currently 

available for 1940-1969, prior to when the federal reservoirs were filled, and for 1990-

2004, the period used to calibrate the reservoir routing models and the period when daily 

estimates of inflow into the reservoirs were available from the Corps of Engineers, St. 

Louis District website.  During the calibration and validation procedures, model 

performance statistics were calculated to evaluate the output of the model, including the 

Nash-Sutcliffe Efficiency statistic and the percent bias of the results.  The model 

performance statistics generally show that monthly simulations were classified as “very 

good” for the four major subwatersheds on which calibration was based.  Daily flow 

simulations for the four subwatersheds were classified as “good” using the same 

performance guidelines as for monthly simulations, except for the Shoal Creek watershed 

where daily flows were classified as “satisfactory.” Graphical comparisons between 

observed and simulated monthly flow volumes are presented for the Kaskaskia River at 

Shelbyville in Figure 3, showing the model’s good performance in simulating seasonal 

variations in streamflows. 

 

Results of the reservoir routing model for Lake Shelbyville, using the optimized weekly 

release schedules, are shown in Figure 4 for 1990-2004.  Also shown for comparison are 

the observed flow releases for the same time period, indicating that there is a good match 

between observed and simulated values.  In order to illustrate the substantial attenuating 

and lagging effects the reservoir operation has on flow amounts on the river, plots of 

inflows into and outflows from Lake Shelbyville are presented for year 1996 in Figures 5.  

Similar results for Carlyle Lake are shown in Appendix E.   

 

With the watershed and routing models completed, it is now possible simulate conditions 

such as the expected outflow from the reservoir during the most severe historical 

droughts, such as occurred in the 1930s and 1950s.  The reservoir routing model will also 

produce estimates of storage volume in the reservoir, and thus expected lake elevation 

during severe droughts.  These simulations will be produced during the next year of 

study.  Also, the watershed model will be used for estimate impacts related to possible 

climate change scenarios through the year 2050.   
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Figure 3. Monthly flows for USGS 05592000 Kaskaskia River at Shelbyville, IL. 
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Figure 4. Monthly outflows for Lake Shelbyville.  
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Figure 5.  Daily inflows and outflows for Lake Shelbyville. 
 

 

Results of the Groundwater Flow Modeling 

 

Mahomet Aquifer Model.  The Mahomet Aquifer model is the subject of a separate water 

supply planning study and will not be discussed in detail herein; however, several 

important findings also have implications for the Kaskaskia Aquifer model. Proper 

matching of model-predicted water levels and baseflow discharges with long-term 

records from the Mahomet Aquifer requires increasing the amount of groundwater 

recharge as the pumping rates increase. Thus, the impacts of groundwater development 

are less than what standard predictions with static conditions would indicate. Water-level 

records also indicate that a large portion of any stream flow leakage to the aquifer occurs 

during high stream flow conditions when the vertical gradients are the greatest. Large 

influxes of surface water in the winter and spring mitigate the impacts from groundwater 

use except during long droughts. For the Kaskaskia Aquifer, a rise of one foot in the river 

level could cause as much as 20 million gallons of water to be stored in the aquifer per 

linear mile of river.  

 

Shelbyville Model.  For this project, we modified and updated the groundwater flow 

model of the Kaskaskia Aquifer near Shelbyville constructed by Anliker and Roadcap 

(1997) with the U.S. Geological Survey’s MODFLOW program. The focus of this 

previous modeling effort was to determine the recharge areas for the north and south 

wellfields to help the city develop water supply management and monitoring plans so 

measures could be taken to protect the water quantity and quality.  A diagram of the 

model and an analysis of the potential yield of the wellfield are included in Appendix F. 
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The model results show that the north wellfield is supplied by flow from the northeast in 

a portion of the Kaskaskia Aquifer that does not line up with the modern Kaskaskia 

River.  Because the north wellfield is from the Kaskaskia River and a half mile from 

Robinson Creek, any loss of baseflow discharge is small and diffuse across the area. 

However, significant flow loss may be occurring from a small unnamed stream that 

passes near the wellfield that receives the discharge from the upstream wastewater 

treatment plant. The south wellfield sits in the bottomlands and is surround by a large 

loop of the Kaskaskia River on three side and the valley wall on the forth. Because there 

is six foot drop in river elevation through the loop, the river water may be shortcutting 

across the loop via the groundwater. At the wellfield, located at the upstream end of the 

loop, the model calculates stream flow losses of 0.35 MGD under non-pumping 

conditions and 0.54 MGD when the wellfield is operating at 0.31 MGD. The remaining 

0.12 MGD needed to balance the pumpage comes largely from recharge within the loop. 

The net water budget of the model with both wellfields running at combined 0.82 MGD 

shows that the river gains a net of 2.3 MGD (3.6 cfs) which is on par with the gain of 4.1 

cfs in the Q7-10 low flow estimate from the ILSAM model. Recharge across the whole 

model area totaled 3.12 MGD. 

 

Vandalia Model.  The 50-foot thick sand and gravel deposit that comprises the ridge-drift 

aquifer at Vandalia is unusual in that it lies above the Kaskaskia River within the western 

hillside of the valley. The water level within the sand and gravel deposit is more than 40 

feet higher than the water level in the river even though the valley floor is less than one-

half mile away. A long and narrow hydraulic flow barrier roughly 40 feet high must exist 

along the lower hillside in order to maintain the large potential groundwater gradients. 

The origin of this flow barrier is unclear, but it is possible that a lateral moraine 

composed of fine-grained material formed as a narrow glacier moved down the valley 

ahead of the advance of the main sheet of ice. The aquifer runs parallel to the river for 

approximately three miles and varies in width from a half-mile to a mile. The aquifer 

does not receive any regional flow or intersect any perennial streams so all of the 

recharge is from local precipitation. The aquifer discharges to several small creeks and to 

springs along the hillside of the main valley. 

 

To assist in the analysis of two aquifer tests performed in test wells for the Kaskaskia 

Springs Water Company, Olson et al (2009) constructed a numerical model of the aquifer 

using MODFLOW. The model incorporated the irregular boundaries of the aquifer, the 

discharge points at the stream and springs, recharge from precipitation, and the pumpage 

from the test wells. From a model simulation of the 8-day aquifer test, Olson et al. (2009) 

calculated a transmissivity of 32,600 gpd/ft. Further simulations indicated that by 

pumping a new wellfield at 0.4 MGD, flow to the springs could drop by 14% to 34% 

under normal rainfall conditions and by 28% to 57% under dry conditions.  

 

Because stream flow is important to many stakeholders in the water supply planning 

groups, more information was needed on how the springs respond to pumpage. For this 

project, we collected spring flow measurements at six sites to verify the model because it 

was originally constructed with little surface water flow data. At the two streams closest 

to the proposed wellfield the disagreements between the model and the field data were 
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less than 10%, well within the uncertainty of the flow measurements. Further to the north 

and south the disagreements ranged from 25% to 75%. At these sites, the model showed 

less flow, indicating that there may be more sand and gravel or recharge than is currently 

known. 
 

Analytical Models.  A summary of 22 analytical model assessments is provided in 

Appendix F.  Eleven of these public supplies now purchase water from another supplier 

or have developed their own surface supply (Farina). Another (Red Bud) has abandoned 

use of the limestone bedrock beneath town and now pumps groundwater from wells 

tapping sand and gravel deposits located within the Kaskaskia River bottoms several 

miles away. Yet another (Gays) is no longer a public water supply; residents are 

connected to the Moultrie County Water District. Shifts in water supply source are likely 

a result of marginally or deficient aquifer capacity, particularly during drought, or in the 

face of a growing demand.  

 

A short description of the analytic models and how the estimated yield was calculated for 

each of the ten communities continuing to use their local aquifers as evaluated by 

Wehrmann et al. (1978) or Visocky et al. (1978) is provided in Appendix F.  For those 

communities, the latest average daily usage was divided by the estimated aquifer yield to 

compute what is called a Use-to-Yield (UTY) ratio. UTY values exceeding 0.9 suggest 

locations where groundwater availability problems exist or could be impending; any 

value greater than 1 means that the aquifer is being pumped at rates exceeding its 

estimated yield (Wehrmann et al., 2003). Average daily pumpage was based on the most 

current data available in the Illinois Water Inventory Program (IWIP) database.  

 

CONCLUSIONS AND RECOMMENDATIONS 

 

This report presents a summary of: 1) the technical information assembled to describe 

existing water availability and sources of supply within the 22-county Kaskaskia River 

region in southwestern and south-central Illinois, and 2) the development of computer 

models that will be used in future studies to estimate impacts to water availability 

resulting from future water development in the region. 

 

Compilation of existing technical information includes a review of previous analyses and 

publications dealing with the Kaskaskia region’s water resources; collection of 

hydrologic data, primarily as needed for hydrologic modeling; and, in certain cases, 

additional analyses on that data, such as data mining of well records and yield analyses of 

surface water supply sources.  This compiled information focuses on the four primary 

sources of water supply within the Kaskaskia River watershed: 1) the two large federal 

reservoirs (Carlyle Lake and Lake Shelbyville) and low flow releases from these 

reservoirs; 2) water supply reservoirs on tributary streams; 3) direct withdrawals from 

tributary streams; and 4) groundwater from within the Kaskaskia basin.   

 

Three categories of models were developed for use in evaluating water supply availability 

in the Kaskaskia region under existing conditions and future scenarios: 1) a streamflow 

accounting model, designed to examine how water resource modifications have changed 



 

 27 

the availability of flow in streams, and to estimate how the flow will change in the future 

under selected water use scenarios; 2) a hydrologic simulation model of the Kaskaskia 

River watershed and reservoir routing models describing the inflow-outflow patterns in 

the two federal reservoirs; and 3) numerical and analytical groundwater models used to 

determine the yield and rate of replenishment of selected community systems in the 

region.  In all modeling cases, the work performed to date includes the development of 

the model using model calibration and verification procedures, producing interim 

modeling results pertaining to water supply development.  

 

Except along the river, the geology over much of the Kaskaskia River watershed is 

largely unfavorable for the development of groundwater systems that supply water for 

more than a few households.  For many communities the historical development of 

groundwater water supplies has been problematic, often resorting to a large number of 

shallow wells or a long pipeline to a distant aquifer.  Because shallow groundwater also 

does not provide a reliable source of baseflow for many of the streams in the region, most 

larger communities in the watershed have needed to develop reservoir storage to provide 

a reliable primary source of supply during drought periods.   

 

Probabilistic-based yield analyses of the community reservoir supplies in the region 

indicates that most systems appear to have an adequate supply, i.e. with less than a 10% 

chance that shortages would be experienced during a drought of record condition.  Six 

reservoir systems in the region are considered inadequate or at risk of water shortages, 

however.  Most of these systems serve small communities that potentially could haul 

water or possibly interconnect with a larger system if faced with the threat of shortages.   

 

A preliminary re-evaluation of the yield for the federal reservoirs was performed using 

the previously-developed (2001) monthly water budget models of the lakes.  Although 

this assessment suggests the potential for a slight increase in the 50-year drought yield of 

the reservoirs, it is recommended that a more detailed water budget analysis using daily 

data inputs and evaluation of data uncertainties be conducted in revising the yield 

estimates.  Furthermore, yield estimates for the federal reservoirs were based on an 

assumption that water withdrawals or releases occur at a constant rate throughout the 

drought duration, rather than the more likely scenario that there would be periodic 

releases from the reservoirs for major downstream users.  Future yield analyses should 

include variable water use scenarios that are more likely to occur during a major drought.   

 

Roughly 60 percent of the water supply storage in the two federal reservoirs is allocated 

to coal-fired power plants located in the lower reaches of the river, in the Kaskaskia 

Navigation Channel.  A considerable amount of river flow in this reach is also needed to 

provide water for lockages at the Kaskaskia Lock and Dam.  Previous analysis of water 

needs in the navigation channel by Durgunoglu and Singh (1990) needs to be revised, not 

only because of changing water supply needs, but also because that analysis did not 

provide an assessment of the operation of the channel during the most severe drought 

conditions such as occurred in 1953-1955.  Similar to the yield analysis for the federal 

reservoirs, the analysis should consider scenarios that simulate realistic, variable water 

releases from the reservoirs.   
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Water for moderate growth at existing public water supplies on the Kaskaskia River has 

also been considered in the allocation of water from the federal reservoirs, but any large, 

additional water supply development in the Kaskaskia region will need to address the 

limitations in the water-supply yields of the federal reservoirs. The needs in the 

Kaskaskia region for future sustainable economic development (such as for coal mining, 

coal-fired power plants, liquid fuel production facilities, and public water supplies) will 

require a comprehensive regional water supply planning process to identify future needs 

and economically viable water supply sources.  Such a comprehensive study and plan for 

the Kaskaskia Basin watershed will be needed to answer the necessary questions and 

allow for the proper development and siting of future energy development facilities. 
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