


ISWS 
COOP18 
Loan c.1 
98062215 

Larson, David R. 
GEOLOGIC, GEOPHYSICAL, 
AND HYDROLOGIC 
INVESTIGATIONS FOR A 
SUPPLEMENTAL MUNICIPAL 
GROUNDWATER SUPPLY, 

ISWS 
COOP18 
Loan c.1 
98062215 

Larson, David R. 
GEOLOGIC, GEOPHYSICAL, 
AND HYDROLOGIC 
INVESTIGATIONS FOR A 
SUPPLEMENTAL MUNICIPAL 
GROUNDWATER SUPPLY, 

DEMCO 



Geologic, Geophysical, and Hydrologic 
Investigations for a Supplemental Municipal 
Groundwater Supply, Danville, Illinois 

David R. Larson and John P. Kempton 
Illinois State Geological Survey 
William W. Shilts, Chief 
615 East Peabody Drive 
Champaign, IL 61820-6964 

Scott Meyer 
Illinois State Water Survey 
Derek Winstanley, Chief 
2204 Griffith Drive 
Champaign, IL 61820 

1997 
Cooperative Groundwater Report 18 



Cover photo Lake Vermilion, Danville, Illinois. 

Editorial Board 

Jonathan H., Goodwin, Chair 
Michael L. Barnhardt Donald G. Mikulic 
Heinz H. Damberger William R. Roy 
Anne L. Erdmann C. Pius Weibel 
David R. Larson 

Printed by authority of the State of Illinois/1997/1200 
Printed with soybean ink on recycled paper 



CONTENTS 
ABSTRACT 1 
ACKNOWLEDGMENTS 1 
INTRODUCTION 2 

Background 2 
Purpose and Scope 2 
Location and Geography 3 

Location and extent of study area 3 
Physiography, drainage, and precipitation 3 

Previous Studies 4 
AQUIFERS AND THE AVAILABILITY OF GROUNDWATER 6 

Aquifers 6 
Aquifer types 6 
Hydraulic properties of aquifers and aquitards 6 
Groundwater recharge and discharge 7 
Water levels 7 

Groundwater Availability 8 
Regional hydrogeologic framework—bedrock 8 
Regional hydrogeologic framework—glacial deposits 9 

DATA SOURCES, STUDY METHODS, AND PROCEDURES 12 
Data Availability, Sources, and Utilization 12 
Geologic Methods/Mapping Procedures 13 
Geophysical Methods 14 

Reversed seismic refraction 14 
Electrical earth resistivity 14 
Downhole logging 15 

Hydrologic Methods 15 
Aquifer tests 15 
Single well pumping tests 15 
Data analysis 16 

RESULTS OF SURFACE GEOPHYSICAL SURVEYS 16 
Reversed Seismic Refraction 16 
Electrical Earth Resistivity 17 

HYDROGEOLOGY OF THE DANVILLE STUDY AREA 17 
Basic Framework 17 
Bedrock Topography 18 
Glacial and Related Deposits 20 

Thickness 20 
Stratigraphy (sequence of units) 20 

Aquifer Occurrence and Distribution 26 
HYDROLOGIC APPRAISAL OF SAND AND GRAVEL AQUIFERS 29 

Aquifer Hydraulic Properties 29 
Winter Avenue aquifer test 31 
Lake Vermilion aquifer test 32 

Groundwater Pumpage 32 
Groundwater Quality 33 
Groundwater Recharge and Runoff 33 

DISCUSSION 34 
Groundwater Availability 34 
Feasibility of Exploration and Development 37 
Groundwater Quality 39 

CONCLUSIONS 39 



RECOMMENDATIONS 40 
REFERENCES 42 
APPENDIXES 

A Well location scheme 44 
B List of described sample sets for the study area and location of the wells 45 
C Logs of the 1987,1988, and 1991 test holes drilled by Layne-Western Company 46 
D Results of pumping test in the study area 61 
E Results of pumping test in the region 62 

FIGURES 
1 Location of the two aquifer tests and recent test holes in the study area 3 
2 Physiographic divisions of Illinois 4 
3 Map of Wedron Group moraines 5 
4 Bedrock geology of east-central Illinois 8 
5 Bedrock valleys of east-central Illinois 9 
6 Surface Quaternary deposits of Illinois 10 
7 Drift thickness of part of east-central Illinois including the study area 11 
8 Sequence of glacial deposits from the study area into northern Vermilion County 12 
9 Elevations of the bedrock surface in part of the study area northwest of Lake Vermilion 17 

10 Electrical resistivity values at the 500-foot elevation in part of the study area northwest 
of Lake Vermilion 18 

11 Topography of the bedrock surface within the study area 19 
12 Location of cross sections shown in figures 13, 14, and 15 21 
13 Cross sections A-A' through F-F ' 22-25 
14 Generalized west-east cross section of the deposits within the Danville Bedrock Valley 

across the central part of Danville 25 
15 Harmattan Strip Mine No. 2 Section 26 
16 Location of cross sections through the Winter Avenue and Lake Vermilion test sites 27 
17 West-east cross section of the Winter Avenue test site from well 5 to test hole 1 -87 27 
18 North-south cross section across the Lake Vermilion test site from test hole LV-6 to LV-3 28 
19 Distribution and thickness of the Mahomet Sand in east-central Illinois 29 
20 Distribution of the basal Glasford Formation aquifer in east-central Illinois 30 
21 Annual groundwater runoff in east-central Illinois during year of normal precipitation 34 
22 Summary of the potential occurrence of sand and gravel aquifers in the study area and 

the Mahomet Bedrock Valley north of the study area 35 

TABLES 
1 Summary of the results from controlled pumping tests 31 
2 Summary of selected water quality parameters 33 
3 Assumptions used in the model of the basal Harmattan aquifer 38 
4 Estimated long-term interference drawdown at selected distances from a single 

well completed in the basal Harmattan aquifer 38 



ABSTRACT 
Danville obtains its water from Lake Vermilion, a reservoir located on the North Fork Vermilion River. 
There have been problems with both water quantity and quality. Runoff in the North Fork watershed 
decreases during times of low precipitation, resulting in lower water levels at Lake Vermilion and 
possible water shortages for Danville. Nitrate concentrations (as nitrogen) in the lake water occasion
ally exceed the maximum contaminant level (MCL) of 10 mg/L for drinking water. 

The Danville-Lake Vermilion area is located over the Danville Bedrock Valley. Within this bedrock 
valley are sand and gravel outwash deposits that are sources of groundwater for wells in the area. An 
investigation of the potential for using groundwater from these deposits to supplement Danville's water 
supply indicated that 

• the availability of groundwater is limited because the sand and gravel aquifers in the 
Danville Bedrock Valley are not extensive, 

• groundwater pumpage from any additional high capacity wells will most likely cause a 
decline in the water levels of existing wells, 

• the quantity of groundwater needed for a supplemental supply may exceed the rate of 
groundwater recharge, 

• induced infiltration of water from Lake Vermilion may not significantly increase the 
availability of groundwater, 

• the concentration of nitrate in the groundwater may increase significantly as a result of 
any induced infiltration from Lake Vermilion. 

Available data indicate a high potential for the occurrence of thick, extensive deposits of sand and 
gravel within the confluence area of the Danville and Mahomet Bedrock Valleys in northern Vermilion 
County. An exploration program in the area from Lake Vermilion northward would better characterize 
the hydrogeology of these aquifers and define groundwater availability for all current and potential 
users. Test holes drilled into bedrock would ensure the evaluation of the entire sequence of the glacial 
deposits, particularly the thickness of sand and gravel aquifers. 
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INTRODUCTION 
Background 
This report presents the results of an investigation on the hydrogeology of the glacial deposits in part 
of the Danville Bedrock Valley. It was previously thought that thick and extensive sand and gravel 
aquifers could possibly be found within this buried bedrock valley (Kempton et al. 1981). This study 
shows, however, that these aquifers are restricted in thickness and areal extent and the availability of 
groundwater is limited. The information provided in this report should be of assistance in future efforts 
to locate groundwater supplies in the study area, evaluate their suitability for long-term use, and 
manage the groundwater resource. 

Lake Vermilion, the water supply reservoir for the City of Danville, is located on the North Fork Vermilion 
River. Problems with both water quantity and quality have been experienced with this source of supply. 
Decreased runoff in the North Fork watershed during periods of low precipitation lowers the water 
level of Lake Vermilion and presents Danville with potential water shortages. Nitrate concentrations 
(as nitrogen) in the reservoir periodically exceed the maximum contaminant level (MCL) of 10 mg/L 
for drinking water (Illinois Department of Public Health 1990). 

Singh (1978) identified the sand and gravel aquifers within the Danville Bedrock Valley as a potential 
source of groundwater for a supplemental water supply for Danville. As part of assessing the feasibility 
of using groundwater from these aquifers to alleviate the water supply problems, Inter-State Water 
Company sought the advice and assistance of both the Illinois State Geological Survey (ISGS) and 
the Illinois State Water Survey (ISWS) to further investigate the distribution and hydrogeologic 
characteristics of the sand and gravel aquifers in the Danville area. A previous ISGS report on the 
hydrogeology of the Danville area (Vaiden 1987) recommended that electrical resistivity and seismic 
refraction surveys be conducted from Lake Vermilion northward along the trend of the Danville Bedrock 
Valley to its confluence with the Mahomet Bedrock Valley. This report (Vaiden 1987) also recom
mended that test drilling be done where the presence of thick deposits of sand and gravel was indicated 
so that subsurface conditions and aquifer properties could be determined. 

An investigation into the hydraulic properties, potential yield, thickness, and areal extent of the aquifers 
was undertaken at two sites in the Danville area underlain by the Danville Bedrock Valley to evaluate 
groundwater availability from the sand and gravel deposits. The ISGS and ISWS helped design, 
perform, and evaluate the aquifer tests at the Winter Avenue and Lake Vermilion sites (fig. 1). The 
tests at these two sites were completed early in 1988. 

Danville faced an imminent water shortage in October 1991 when the level of Lake Vermilion was 
extremely low. Immediate action was required. A review of previous work on the availability of 
groundwater in the Danville area produced three recommendations from the ISGS and ISWS: (1) 
construct an emergency supply well close to the west side of Lake Vermilion (site LV-3, fig. 1) so that 
water could be pumped directly into the lake; (2) install a test well (site LV-1, fig. 1) about 2,000 feet 
north-northwest of the emergency supply well; and (3) drill a test hole south and north (sites 2-91 and 
3-91, respectively, fig. 1) of the two test wells to help better define the extent and characteristics of 
the sand and gravel units. Although all three recommendations were implemented, precipitation during 
late fall of 1991 raised the level of Lake Vermilion, and the emergency supply well was not used to 
pump groundwater into Lake Vermilion. The availability of groundwater in the Danville area was 
summarized in a short report completed by the ISGS and ISWS (Larson and Meyer 1993). Complete 
results of this study and a thorough discussion of groundwater availability are included in this more 
comprehensive report. 

Purpose and Scope 
The test hole and well data obtained in the fall of 1991 are reviewed in this report and compiled with 
the information from the 1987-1988 studies. The results of the previous studies are evaluated with 
respect to the 1991 data. In this report, the effects of additional high capacity wells in the study area 
are evaluated; a succinct appraisal of the hydrogeologic conditions of part of northern Vermilion County 
is given; and a basis from which recommendations can be made about further study of the groundwater 
resources of the Danville area is provided. The information in this report should greatly assist those 
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Figure 1 Location of the two aquifer tests and recent test holes in the study area. 

who are looking at groundwater for irrigation, municipal, or industrial uses. This report should also be 
useful for determining the potential impact of large groundwater withdrawals on nearby wells. 

Location and Geography 
Location and extent of study area The study area covers about 152 square miles, extending from 
Danville northward to the Bismarck area and from the Illinois-Indiana state line westward to around 
Jamesburg (fig. 1). The Danville NE, NW, SE, and SW plus the Henning and Bismarck U.S. Geological 
Survey (USGS) 7.5-minute series quadrangles provide topographic map coverage at the 1:24,000 
scale. The ISWS location scheme employed in this report uses the section-township-range system 
and is explained in appendix A. 

Physiography, drainage, and precipitation The study area lies within the Bloomington Ridged 
Plain of the Till Plains Section, Central Lowland Province (fig. 2). The land surface of the study area 
is marked by the prominent ridges of the Illiana Moranic System (fig. 3), which were left by the last 
continental glacier that occupied the study area. These distinct features are part of a larger group of 
glacial end moraines that form broad, arcuate, partly discontinuous ridges across Vermilion County. 
Natural surface drainage within the study area is generally south and southeast by way of the Vermilion 
River and its tributaries. 
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Figure 2 Physiographic divisions of Illinois 
(from Leighton et al. 1948). 

The highest land surface is at an elevation of nearly 730 feet above sea level and occurs in an area 
about 2 miles west of Lake Vermilion. The lowest elevation of about 520 feet is found near the 
confluence of North Fork and Middle Fork on the southwest side of Danville. This gives a maximum 
topographic relief of about 210 feet across the study area. 

ISWS records show that the mean annual precipitation in the study area is nearly 37 inches and that 
monthly averages range from about 1.9 inches in February to about 4.4 inches in June. Jones (1966) 
included the Vermilion River basin of east-central Illinois in a statewide study on the variability of 
evapotranspiration. Using the 39 years of flow record available for the Vermilion River gaging station 
at Danville in 1960, he calculated the average annual evapotranspiration for the basin and the study 
area to be about 27 inches by subtracting the average annual runoff from the average annual 
precipitation. Jones assumed that there was no interbasin exchange of surface water and that the 
recharge and discharge of groundwater were essentially in equilibrium. 

Previous Studies 
Basic geologic studies since the mid-1940s have established the geologic framework for Vermilion 
County. These include the work of Horberg (1945, 1950, 1953), Eveland (1952), Johnson (1971), 
Johnson et al. (1972a, 1972b), and Kempton et al. (1991). 

4 



Figure 3 Map of Wedron Group moraines (from Hansel and Johnson 1996). 

Because the bedrock over much of east-central Illinois has a very limited potential for development of 
municipal groundwater supplies (Selkregg and Kempton 1958), geologic and hydrologic studies 
related to groundwater availability have focused on the glacial deposits (Foster 1953). Horberg's work 
(1945, 1950, 1953) and that of Piskin and Bergstrom (1975) provided some of the hydrogeologic 
background for later studies by establishing the regional character of bedrock topography plus the 
thickness and stratigraphic characteristics of the overlying glacial deposits. One of the most significant 
of Horberg's contributions was defining the thick, widely distributed Mahomet sand (then interpreted 
to be Kansan in age) and recognizing it as a major aquifer of east-central Illinois (including northern 
Vermilion County). Willman and Frye (1970) formally defined the Mahomet sand as the Mahomet Sand 
Member of the Banner Formation. 

Several regional and local hydrogeologic studies have increased our knowledge of the hydrogeology 
of east-central Illinois. For example, Selkregg and Kempton (1958) summarized the groundwater 
geology of east-central Illinois, Stephenson (1967) focused on aquifers within the Mahomet Bedrock 
Valley in a broad area west of Vermilion County, and Gibb (1970) described the groundwater resources 
of Ford County. Kempton et al. (1981) investigated the thickness and distribution of glacial drift aquifers 
in northern Vermilion County. Vaiden (1987) provided a general summary of the groundwater 
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conditions of the Danville area. Kempton et al. (1991) discussed the geologic aspects of the study 
area in their work on the Mahomet Bedrock Valley. 

Hydrologic studies include evaluation of aquifers within the Mahomet Bedrock Valley by Visocky and 
Schicht (1969). Data on public groundwater supplies have been provided by Hanson (1950), Woller 
(1975), Poole and Heigold (1981), and Poole and Vaiden (1985). Detailed assessments of selected 
groundwater supplies were made by Visocky et al. (1978) and Wehrmann et al. (1980). 

AQUIFERS AND THE AVAILABILITY OF GROUNDWATER 
Aquifers 
Although nearly all geologic materials transmit water, the rate of transmission depends on the 
permeability of the material. Groundwater moves relatively rapidly through highly permeable materials 
but slowly through those with low permeability. On this basis, geologic materials are classified as 
aquifers or aquitards (confining units), respectively. An aquifer is a body of saturated earth materials 
that yields useful quantities of groundwater to a well or spring. Examples of aquifers are saturated 
sand and gravel, fractured and jointed carbonate bedrock, or sandstone. Till (sandy, pebbly, silt and 
clay deposited directly from melting glaciers), lacustrine silt and clay (deposited in lakes), shale, and 
deposits of other fine grained sediments form aquitards, which restrict groundwater flow into or out of 
an adjacent aquifer. 

Aquifer types Aquifers are identified as confined (artesian) or unconfined (water table). A confined 
aquifer has an aquitard above it and below it. The aquitards impede the vertical movement of 
groundwater and cause the water in the aquifer to be under greater than atmospheric pressure. The 
water level in a well completed in a confined aquifer will rise to a level above the top of the aquifer 
because of the pressure. A confined aquifer is described as semiconfined (or leaky artesian) if there 
is significant flow of groundwater across one or both of the aquitards. An unconfined aquifer has an 
aquitard only below it. Because the water table, or the top of the saturated zone, marks the top of an 
unconfined aquifer, the thickness of the aquifer varies as the water table fluctuates with time. The 
aquifer and water table can be in direct connection with rivers, lakes, streams, or other surface water 
bodies. The water level in a well completed in an unconfined aquifer closely approximates the water 
table adjacent to the well. 

Hydraulic properties of aquifers and aquitards The ability of an aquifer to transmit and store 
groundwater is described by its hydraulic conductivity, transmissivity, and storage coefficient. 

Hydraulic conductivity (K) is the capacity of an earth material to transmit groundwater. It is expressed 
as the volume of water that will move in a unit time under a unit hydraulic gradient through a unit area 
measured at right angles to the direction of flow (Heath 1989). Hydraulic conductivity depends on the 
permeability of the earth material as well as the viscosity and density of the water flowing through the 
material. Values of hydraulic conductivity for glacial till range from about 10 -6 to 10 gallons per day 
per square foot (gpd/ft2); values for sand and gravel range from about 10 to 105 gpd/ft2 (Heath 1989). 

Transmissivity (T) is a measure of the capacity of the entire thickness of an aquifer to transmit 
groundwater. It is the rate at which water is transmitted through a unit width of an aquifer under a unit 
hydraulic gradient (Heath 1989). Transmissivity equals the hydraulic conductivity of the aquifer 
multiplied by its thickness. 

Storage coefficient (S) is the volume of water that an aquifer releases from or takes into storage per 
unit surface area of the aquifer per unit change in head (Heath 1989). Storage coefficient describes 
the capacity of an aquifer to store groundwater. In a confined aquifer, this volume of water originates 
from the slight expansion of the water and the compression of the aquifer caused by the weight of the 
overlying materials. The storage coefficient for confined aquifers generally ranges between 10-5 and 
10 -3 (Heath 1989). In an unconfined aquifer, this volume of water stems mostly from the gravity 
drainage from or the refilling of the pore spaces of the aquifer through which the change in head occurs. 
A negligible amount of the water volume comes from the expansion of the water and the compression 
of the unconfined aquifer. The storage coefficient for an unconfined aquifer is essentially the same as 
the specific yield and typically ranges from 0.1 to 0.3 (Heath 1989). 
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The volume of groundwater leaking through an aquitard depends on its vertical hydraulic conductivity 
(K'), the most significant hydraulic property of an aquitard. Vertical hydraulic conductivity is the rate 
of flow of water vertically through a horizontal unit area under a unit vertical hydraulic gradient. Leakage 
is important in determining the influence of a confining bed on the availability of groundwater. The 
leakage coefficient, or leakance, is the ratio K'/m' where m' is the thickness of the confining bed 
(Hantush 1956). This ratio describes the quantity of flow of water that crosses a unit area of the 
interface between an aquifer and its confining bed under a unit difference in hydraulic head between 
the aquifer and the confining bed. 

Groundwater recharge and discharge Groundwater recharge is the addition of water to the zone 
of saturation. Most of the added water is derived from the infiltration of precipitation; a lesser amount 
is contributed by infiltration from surface water bodies. Although most of the precipitation runs off 
directly to streams or evaporates into the atmosphere, some of it percolates downward through the 
soil and unsaturated zone. Some of this water is taken up by plants and returned to the atmosphere 
by transpiration. Water that passes through the unsaturated zone and reaches the water table 
becomes part of the groundwater flow system. If there is a downward hydraulic gradient within the 
groundwater flow system, the water moves downward and may recharge more deeply buried aquifers. 
Similarly, groundwater recharge because of infiltration from surface water bodies may occur if the 
hydraulic head decreases downward. This condition is typically produced by pumpage from an aquifer 
that underlies a lake or river. The pumping creates a downward vertical hydraulic gradient between 
the surface water body and the underlying aquifer, which causes the downward movement of surface 
water into the aquifer. This infiltration of surface water is referred to as induced infiltration. For induced 
infiltration to occur readily, the earth materials underlying the surface water body need to be permeable. 

Groundwater recharge occurs mainly during the spring when rainfall is high, which helps maintain soil 
moisture at or above field capacity, and water losses due to evapotranspiration are low. Recharge 
decreases during the summer and early fall when evapotranspiration prevents most of the infiltrating 
water from reaching the water table. Recharge is usually negligible during the winter months because 
moisture in the soil profile is typically frozen. Recharge may occur at times during a mild winter if water 
in the soil profile does not freeze. Several factors control the rate of groundwater recharge. Among 
these are the hydraulic and geologic characteristics, thickness, and distribution of the subsurface 
materials both above and below the water table; topography; land use; vegetation; soil moisture 
content; depth to the water table; the intensity, duration, areal extent, and seasonal distribution of 
precipitation; the type of precipitation (e.g., rain or snow); and air temperature (Walton 1965). 

Groundwater eventually discharges to surface water bodies such as springs, wetlands, streams, rivers, 
or lakes. Groundwater discharge provides water to surface water bodies when water loss resulting 
from evapotranspiration is high (late spring to early fall). Groundwater discharge maintains saturated 
conditions found in wetlands, sustains the flow from springs, and provides the baseflow of streams 
and rivers. An in-depth description of natural recharge in Illinois can be found in Hensel (1992). 

Water levels The water level in a well indicates the elevation at which atmospheric pressure equals 
the hydrostatic pressure in the aquifer (Todd 1980). The water level fluctuates because of changes in 
the hydrostatic pressure. These changes can be caused by groundwater pumpage, natural and 
artificial groundwater recharge, atmospheric effects, evapotranspiration, aquifer loading, and earth
quakes (Freeze and Cherry 1979). Measuring the fluctuation of water levels is a key element in any 
study of groundwater resources. 

Water levels typically follow an annual cycle most noticeable in wells located away from high capacity 
wells. A decline in water levels begins in late spring and continues throughout the summer and into 
early fall. Groundwater discharge exceeds groundwater recharge during this time. Water levels begin 
to rise again late in the fall and peak during the spring. This is the time when groundwater recharge 
generally exceeds discharge (Visocky and Schicht 1969). 
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Figure 4 Bedrock geology of east-central Illinois (from Kempton et al. 1991). 

Groundwater Availability 
Two considerations are significant in determining the availability of groundwater: the amount of 
groundwater available for use from an aquifer and the distribution of aquifers and aquitards. 

The amount of water available from an aquifer depends on a number of factors, including the hydraulic 
properties and dimensions of the aquifer as well as the type of aquifer (confined or unconfined). 
Because groundwater recharge varies with precipitation, recharge to and discharge from an aquifer 
can vary with climatic trends and affect the amount of groundwater available. 

The distribution of aquifers and aquitards controls the availability of groundwater. Because the 
thickness, areal extent, hydraulic properties, and geologic characteristics of aquifers and aquitards 
can vary widely over relatively short distances, groundwater may be readily available in one area but 
not available in another nearby location. Consequently, gathering and interpreting information on the 
nature, distribution, and hydraulic characteristics of aquifers and any confining layers are essential in 
locating and properly developing a groundwater supply. Establishing the hydrogeologic framework of 
an area is a key first step in determining the availability of groundwater. 

Regional hydrogeologic framework—bedrock The bedrock formations of east-central Illinois, 
including Vermilion County (fig. 4), consist of a succession of sedimentary rocks that is several 
thousand feet thick and includes sandstone, limestone, dolomite, shale, and coal. These rocks were 
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Figure 5 Bedrock valleys of east-central Illinois (modified from Kempton et al. 1991). 

warped and tilted over many millions of years to form the Illinois Basin, which is centered in 
southeastern Illinois. Older and generally deeper rocks of central Illinois are mainly carbonates 
(limestone and dolomite) or sandstone. These rocks are typically aquifers, yielding groundwater from 
fractures (carbonates) or permeable units (sandstone). Younger rocks found at or within a few hundred 
feet of land surface are predominantly shale with occasional, relatively thin layers of sandstone, 
limestone, and coal. These rocks may yield small quantities of groundwater from fractures in the shale, 
limestone, or coal and from the thin permeable sandstone beds. Below depths of 200 to 400 feet, 
water in the bedrock is highly mineralized and generally nonpotable. 

After deposition and lithification of the sediments that form the bedrock of the region, erosional 
topography developed on the bedrock surface during a long period of uplift. This erosional surface 
developed mainly during preglacial time several million years ago. This ancient landscape included 
major river valleys and the numerous large and small tributary valleys associated with them. The 
major bedrock valleys in east-central Illinois are the ancient Mahomet and Danville Bedrock Valleys 
(fig. 5).The confluence of these two valleys lies in northern Vermilion County. 

Regional hydrogeologic framework—glacial deposits The onset of continental glaciation some 
2 million years ago profoundly changed the landscape of the bedrock surface of east-central Illinois 
by disrupting drainage patterns and by deepening and ultimately burying the preglacial bedrock 
valleys. Repeated pulses of debris-laden ice covered much of Illinois. The earlier ice advances of the 
pre-Illinois and Illinois Glacial Episodes covered larger areas of the state than the later advances of 
the Wisconsin Episode (fig. 6). Pre-lllinois ice sheets directly and indirectly caused significant 
modification of the preglacial bedrock surface by the deepening the existing bedrock valleys through 
erosion and subsequently by nearly filling them mostly with sand and gravel. These sediments blocked 
and diverted several major channels away from the glacial margins. As each glacier melted, it left a 
layer of debris commonly called glacial drift. These deposits can be classified and mapped from 
subsurface information, such as logs of boreholes or samples obtained from them, as well as from 
information obtained from exposures of these deposits at land surface. The complex series of events 
that ended about 14,000 years ago modified the landscape of the region to the extent that the bedrock 
is now covered with as much as 300 feet of glacial drift (fig. 7). Figure 8, which uses Hansel and 
Johnson's revisions (1996) of the nomenclature for the Quaternary deposits of Illinois, shows the 
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Figure 6 Surface Quaternary deposits of Illinois 
(from Hansel and Johnson 1996). The study area 
is highlighted. 
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Figure 7 Drift thickness of part of east-central Illinois including the study area (from Piskin and Bergstrom 1975). 

11 



Figure 8 Sequence of glacial deposits from the study area into northern Vermilion County and their potential as aquifers. 

general sequence of deposits and the stratigraphic position of sand and gravel aquifers typically found 
within the study area and extending into northern Vermilion County. 

DATA SOURCES, STUDY METHODS, AMD PROCEDURES 
Data Availability, Sources, and Utilization 
The primary sources of data used in studying subsurface materials are the descriptive logs of water 
wells or other test holes, samples collected during drilling, and the data obtained by both surface and 
downhole geophysical methods. Samples and/or downhole geophysical measurements taken from 
boreholes are the most direct and definitive sources of data on the depth, layering, and nature of 
subsurface materials. Hydrologic data are obtained from water well records, water level and stream 
gage measurements, and aquifer tests. 

Most of the subsurface data used for this study were obtained from ISGS water well records completed 
by water well drilling contractors. A water well record typically contains the driller's description of the 
subsurface materials encountered while drilling the borehole for the well as well as information about 
well construction, static and pumping water levels, and well yield. The descriptive and geophysical 
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logs of numerous test holes and wells drilled for the City of Danville prior to 1987 provided additional 
data. The depths of sand and gravel aquifers, as well as the depth to bedrock, were determined from 
the descriptive and downhole geophysical logs of oil, gas, and coal tests in the study area. 

The quality of much of the data available for the study area is good to excellent, although the distribution 
of the data points within the area is not uniform. Verification of the accuracy of the location given in 
the record for each well was required. Many of the water wells were completed in the upper few feet 
of the first sand and gravel aquifer that gave an adequate yield for the intended use of the well. Such 
wells are not drilled to bedrock and do not penetrate the entire thickness of glacial deposits. No 
information is available from such wells about total aquifer thickness, the existence of deeper aquifers, 
or the depth to bedrock. Water wells are generally drilled into bedrock where sand and gravel aquifers 
are thin or entirely absent. The information from the water well logs is sufficient to outline the 
occurrence of the principal sand and gravel aquifers and suggest the location of some priority areas 
for further exploration. Additional information gathered from further test drilling is needed to establish 
the continuity of sand and gravel aquifers. 

Water well records also provided basic hydrologic data mentioned above. These data were 
supplemented with the results of controlled aquifer and pumping tests that had been performed 
on a few wells in the study area. These tests often last many hours or days. The data obtained from 
these tests are available from the ISWS. Analysis of the data gave the extent and hydraulic 
characteristics of an aquifer and made it possible to assess the impacts of large groundwater 
withdrawals on nearby wells. 

Geologic Methods/Mapping Procedures 
All drillers' logs, sample descriptions, and downhole geophysical logs available for the study area were 
evaluated. For wells in rural areas, the location given on the well record was verified where possible 
by matching the well owner's name shown on the well record with the location of property under the 
same name in the plat book of about the same year that the well was drilled. 

Well locations and data were plotted on the six USGS 7.5-minute topographic quadrangle maps that 
provide topographic coverage for the study area. The depth and elevation of the bedrock surface, if 
it was encountered, were noted beside the plotted location. The depth and elevation of the top of the 
principal sand and gravel aquifer were also noted. Typically, the thickness of the aquifer could not be 
determined from the well log because the entire thickness of the aquifer was not penetrated. The 
elevations of marker horizons and other identifiable geologic units were recorded. Marker horizons, 
such as "peat" beds, provide stratigraphic data that help in correlating the various geologic units. If 
available, the depth of the static water level reported in the well record was also noted together with 
its corresponding elevation. 

Numerous sample sets of earth materials collected from the drilling of water wells and other boreholes 
have been described by W.H. Johnson (Department of Geology, University of Illinois) and by J.P. 
Kempton for this study (appendix B). A sample set consists of a portion of the cuttings of the sediments 
encountered as the borehole is drilled. The sediments are normally collected in 5-foot intervals and 
put into a sample bag for that interval. In addition, split spoon samples taken at selected intervals 
during the 1991 and earlier test drilling (appendix C) were examined for moisture content, clay 
mineralogy, and particle size to aid in correlating the geologic units. 

This study uses the stratigraphic sequence of glacial deposits developed by Johnson (1971) and 
Johnson et al. (1972a, 1972b) as revised by Hansel and Johnson (1996). Seismic and water well 
data were used to modify the preliminary map of the bedrock surface topography of Vermilion 
County prepared by W.H. Johnson (circa 1980) and the Vermilion County part of the statewide map 
of Herzog et al. (1994). The modified map guided the bedrock topography interpretation derived 
for this study. 

A series of cross sections, which are discussed in more detail later in this report, was prepared to help 
correlate the sequence of deposits exposed in stream banks and strip mines described by Johnson 
et al. (1972b) with the drillers' logs and other logs prepared from the study of sample cuttings and 
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cores of the materials encountered in the water wells and test holes. These cross sections helped 
establish the distribution of the various types of geologic materials within the glacial drift throughout 
the study area. The cross sections were drawn to take advantage of as many sample descriptions as 
possible as well as to depict the relationship of the various sand and gravel aquifers to each other, 
the bedrock surface, the fine grained sediments, and marker units. The cross sections reflect the 
greater continuity of the glacial tills as compared with that of the outwash sands and gravels. Because 
of depositional and erosional processes, not all deposits found within the study area are necessarily 
present at any specific site or even within part of the study area. Aquifer boundaries were established 
from water well data, stratigraphic position and elevation of the various units, and the cross sections. 
The topography of the bedrock surface was the limiting factor in establishing the distribution of the 
deeper sand and gravel aquifers. 

Geophysical Methods 
Surficial and downhole geophysical techniques were used to obtain data that helped in the interpre
tation of the available test hole and water well data and the correlation of the various lithostratigraphic 
units within the study area. The surficial techniques included reversed seismic refraction profiling and 
electrical earth resistivity (EER) surveys. 

Reversed seismic refraction A total of 46 reversed seismic refraction profiles were run northwest 
of Lake Vermilion to help refine the topographic map of the bedrock surface in this area. A 12-channel, 
EG&G Geometric Model ES-1225 seismograph system was used. Profile length was usually 1,200 
feet with geophone spacings of 100 feet and a shot point located at both ends of each profile. The 
energy source was a 10-ounce charge of dynamite detonated in a 5-foot shot hole. 

First arrival time-distance plots were interpreted using a procedure described by Heiland (1940) and 
assuming three seismic layers: a thin, top layer representing the surficial weathering layer; a middle 
layer representing the deposits of glacial drift usually comprised of till, sand, and gravel; and a lower 
layer representing solid or broken and weathered bedrock. It was not always possible to calculate the 
velocity, and therefore the thickness, of the upper layer using the data from the 1,200-foot seismic 
refraction profiles. Shorter seismic refraction profiles with close geophone spacings were periodically 
run to help define the velocity and thickness of this top layer. 

The seismic refraction method yields the best results where velocities of the seismic layers increase 
downward from the land surface. The presence of a slow velocity layer beneath a high velocity layer 
creates a velocity inversion that causes difficulties in data interpretation. In a glaciated area, a slow 
velocity layer may consist of sand and gravel. If the slow velocity layer is of considerable thickness 
and occurs between a compact till and solid bedrock, both of which have higher velocities than the 
sand and gravel, the slow velocity layer will not be readily apparent on the first arrival, time-distance 
plots. Consequently, the plots are interpreted as if they were the result of till directly overlying bedrock. 
The resulting calculated depths to bedrock are greater than the actual depths to bedrock by an amount 
that is directly proportional to the thickness of the undetected, or hidden, slow velocity layer. In areas 
where the hidden layer is present, this difference between calculated and actual depth to bedrock can 
lead to misinterpretations of the configuration of the bedrock surface. This is the essence of the "hidden 
layer" problem. 

Data from water well records show that a slow velocity layer is present in the part of the study area 
where seismic profiling was conducted. Because the presence of a slow velocity layer would adversely 
affect the interpretation of the seismic refraction data, a series of charges was detonated at various 
depths in a test hole where the sequence of till over sand and gravel indicated a velocity inversion 
was likely. The results of the seismic waves recorded at land surface verified that the sequence of till 
over sand and gravel caused a velocity inversion of the seismic waves. They also provided layering 
parameters (thickness and velocity) that were helpful in validating the interpretation of the entire 
seismic refraction survey. 

Electrical Earth Resistivity A total of 73 EER profiles was obtained in a 35-square-mile part of the 
study area northwest of Lake Vermilion. These EER surveys, using the Wenner (1916) array, meas
ured the electrical potential of earth materials from the land surface to some depth below it. The 
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measurements were processed to determine the apparent electrical resistivity of the materials. Sand 
and gravel deposits have relatively higher resistivity values than do fine grained materials, such as 
the clay-rich tills or shale bedrock found in Vermilion County. The results of EER surveys can help 
distinguish aquifers from aquitards in the glacial drift, particularly at shallower depths. The EER profiles 
were evaluated in terms of the distribution of resistivity values at the 500-foot elevation. This elevation 
was chosen to represent the edge of the Danville Bedrock Valley. 

The resistivity values were divided into three groups: greater than 50,40 to 50, and less than 40 ohm-
meters. These groups correspond to three different sediment textural groups. Sand and gravel is 
assumed to be prevalent in the areas with resistivity values of greater than 50 ohm-meters. These 
deposits have the highest hydraulic conductivities. For resistivity values between 40 and 50 ohm-
meters, the sediments are assumed to be somewhat finer in texture than the sand and gravel and 
have a correspondingly lower hydraulic conductivity. Resistivity values of less than 40 ohm-meters 
are assumed to indicate fine grained sediments (silt, clay, or glacial till), which have the lowest hydraulic 
conductivities. EER is an effective method for identifying continuous and relatively thick units to a 
depth of about 150 feet (Driscoll 1986). 

Downhole logging Natural gamma logs were run on the test holes drilled in 1987,1988, and 1991. 
A natural gamma log can be used qualitatively for stratigraphic correlation (Driscoll 1986). Commercial 
downhole geophysical logs, mostly natural gamma logs, have been used in mapping the extent and 
thickness of the Mahomet Sand and shallower aquifers north of the study area (Kempton et al. 1981). 

Hydrologic Methods 
The results of 11 controlled pumping tests in the study area and 13 in northern Vermilion County (on 
file at the ISWS) were analyzed to determine the hydraulic properties of the aquifers and aquitards 
discussed in this report (appendixes D and E). A controlled pumping test involves pumping water from 
a well for a specific period of time at a controlled, closely monitored rate. Controlled pumping tests 
include aquifer tests and single well pumping tests. Water levels are measured in the pumped well 
and simultaneously in other observation wells (in an aquifer test) while the well is pumped and for a 
period of time after pumping has stopped. The effect of the pumping on the aquifer is monitored by 
noting the changes in water levels in the wells. 

Aquifer tests An aquifer test involves a test well with one or more observation wells screened in the 
source aquifer and, less commonly, in other hydrologic units. The observation wells are usually 
situated at a range of distances and, ideally, in various directions from the test well. The test well is 
pumped at a controlled and measured rate for a given period of time. If the purpose of the aquifer test 
is to determine the hydraulic properties of the aquifer, the pumping rate is held as constant as possible 
and closely monitored to detect variations that could influence the results of the test. If the purpose of 
the aquifer test is to provide information pertaining to the efficiency of the well and pump, the pumping 
rate is systematically increased in successive steps. 

Water levels in the pumped well and observation wells are measured during pumping and for a period 
of time after pumping has stopped. Water levels usually decline while the well is being pumped 
(drawdown) and rise after pumping ceases (recovery). The measured water level and the time after 
the start (for drawdown) and end of pumping (for recovery) are noted for each water level measure
ment. The transmissivity, hydraulic conductivity, and storage coefficient of the tested aquifer are 
derived from the analysis of the water level data. The presence of hydraulic boundaries to the aquifer 
and the vertical hydraulic conductivity of aquitards can also be determined from analysis of the data. 
The influence of the pumping on other hydrologic units can be determined from the data if some of 
the observation wells are screened in these other hydrologic units. 

Single well pumping tests A single well pumping test involves only a pumped well; no observation 
wells are used. The pumping rate is closely monitored and controlled. The water level in the pumped 
well is measured throughout the test. Values for hydraulic conductivity and aquifer transmissivity are 
derived by the analysis of the water level data from a single well pumping test. The storage coefficient 
cannot be quantified by such a test. 
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A single well pumping test performed to measure the productivity and efficiency of a well is called 
a specific capacity test. The specific capacity of a well is defined as the yield of the well per unit 
drawdown for a given pumping period and discharge rate. The information recorded from a specific 
capacity test often includes only the pumping rate, the nonpumping (static) water level, and the water 
level at the end of pumping. In general, the specific capacity of a well is directly proportional to the 
transmissivity of the aquifer. In the absence of aquifer test data, transmissivity can be estimated from 
specific capacity data. A high specific capacity typically indicates a highly transmissive aquifer whereas 
a low specific capacity typically indicates the opposite. Specific capacity is only a relative measure of 
transmissivity, however, because other factors not related to transmissivity typically affect the results 
of a specific capacity test. These include partial penetration of the aquifer by the well, well loss 
(drawdown due to well inefficiency), hydrogeologic boundaries to the aquifer, and gravity drainage in 
an unconfined aquifer. 

Data analysis The data obtained from controlled pumping tests can be analyzed through the use 
of one or more similar graphical techniques. These techniques involve evaluating graphs on which 
are plotted drawdown or recovery data versus elapsed time since pumping started or ended, 
respectively, or synchronous drawdown or recovery data for the observation wells versus distance 
from the pumped well. The derived graphs are evaluated by comparing them to type curves developed 
from equations that characterize the relationship between the hydraulic properties of an ideal aquifer 
to the drawdown and recovery of water levels in the vicinity of the pumped well in the ideal aquifer 
over a range of hydrologic settings. The graphical techniques used in this study included the nonleaky 
artesian method (Theis 1935), the modified nonleaky artesian method (Cooper and Jacob 1946), the 
leaky artesian method (Walton 1960), and the inflection point leaky artesian method (Hantush 1956). 

Aquifer transmissivity can be estimated from specific capacity data by using the theoretical relationship 
between specific capacity and transmissivity developed by Walton (1962) from the modified nonleaky 
artesian formula (Cooper and Jacob 1946). Only approximate values of transmissivity can be derived 
by this technique. As mentioned previously, the specific capacity of a well can be influenced by factors 
not directly related to the hydraulic properties of the aquifer. The specific capacity data may be adjusted 
to account for the influence of some of these factors before applying Walton's technique, but the 
information that allows for this is usually not available. This technique uses assumed values for the 
storage coefficient of the aquifer and the effective well radius, which adds to the uncertainty of the 
values for transmissivity derived from specific capacity data. 

RESULTS OF SURFACE GEOPHYSICAL SURVEYS 
Reversed Seismic Refraction 
Interpretation of the first arrival, time-distance plots provided the following characteristic values for the 
velocity and thickness of each of the three seismic layers. The thin upper layer has a consistent velocity 
of approximately 1,250 ft/s. This value was assumed to be constant for the upper layer throughout the 
area surveyed. This assumption allowed the thickness of the surficial weathering layerto be calculated 
for each seismic refraction profile. The calculated thickness varied from 2 to 10 feet and averaged 
7 feet. The velocity of the middle layer ranged from 5,743 to 6,947 ft/s and averaged 6,315 ft/s. 
Calculated thickness of this layer varied from 109 to 240 feet and averaged 182 feet. The velocity of 
the lower layer ranged from 8,244 to 11,833 ft/s; average velocity was 10,264 ft/s. The calculated 
depth to bedrock varied from 115 to 245 feet. 

The bedrock elevations derived from the seismic survey (fig. 9) supplemented the bedrock elevations 
obtained from the water well records and helped to better define the shape of the Danville Bed
rock Valley in an area west and north of Lake Vermilion. The extent to which velocity inversion layers 
may have biased the bedrock elevations calculated from the seismic survey should be evaluated 
through test drilling. The bedrock high at Snider, which was identified through the seismic survey, is 
a good example of where the seismic data should be verified with additional subsurface data. The 
results of the seismic survey indicate that the bedrock surface may be quite variable within a 
relatively small area. 
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Figure 9 Elevation (feet) of the bedrock surface in part of the study area northwest 
of Lake Vermilion interpreted from the reversed seismic refraction survey data. 

Electrical Earth Resistivity 
The resistivity values at the 500-foot elevation in the area west and north of Lake Vermilion ranged 
from 28 to 84 ohm-meters (fig. 10). The distribution of resistivity values suggests that the sediments 
at the 500-foot elevation become finer grained from north to south across the 35-square-mile area. 
Sand and gravel deposits are most likely to be prevalent in the reaches of the Danville Bedrock Valley 
where the resistivity values are the highest; silts and clays are most likely to be prevalent where the 
values are the lowest. 

The area of the highest resistivity values extends beyond the edge of the bedrock valley, as defined 
by the 500-foot elevation. These high resistivity values may indicate the presence of shallower sand 
and gravel deposits over some of the higher bedrock areas. These data suggest that sand and gravel 
deposits in the study area may not be restricted to the deeper parts of the bedrock valley. 

HYDROGEOLOGY OF THE DANVILLE STUDY AREA 
Basic Framework 
This study generally confirmed the currently recognized basic stratigraphic sequence of glacial 
deposits (fig. 8). Because no significant aquifers with potable groundwater appear to be present in the 
bedrock, the hydrogeology of the bedrock is not discussed further. However, the topography of the 
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Figure 10 Electrical resistivity values at the 500-foot elevation in part of the study area northwest of Lake Vermilion. 

bedrock surface and the stratigraphy of the glacigenic and related deposits that cover the bedrock 
are significant in controlling the occurrence and distribution of sand and gravel deposits that comprise 
the aquifers. 

Bedrock Topography 
Horberg (1945, 1950) and Eveland (1952) recognized the existence of the Danville Bedrock Valley, 
and Johnson's (circa 1990) preliminary map added further detail to our understanding of the valley 
and general features of the bedrock surface. Kempton et al. (1991) described the regional bedrock 
surface. The bedrock surface configuration for this study (fig. 11) used the buried bedrock surface 
map of Herzog et al. (1994) as a basis and was modified using the data from recent test drilling (fig. 1), 
surficial geophysical surveys (fig. 9), and the records of water wells located in the study area (fig. 11). 

Bedrock uplands are distinguished from lowlands in the study area on the basis of the 500-foot bedrock 
elevation contour. The topography of the bedrock surface exhibits a rather narrow vaiiey that is about 
0.5 to 1 mile wide, trends southeast to northwest, and underlies parts of Danville (fig. 11). The highest 
known elevation in the study area is somewhat in excess of 550 feet on the bedrock uplands, 
whereas the lowest known elevation is somewhat less than 415 feet within the bedrock valley. 
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Figure 11 Elevation (feet) of the bedrock surface within the study area (modified from Herzog et al. 1994). 

The narrowest part of the valley is about 0.5 mile wide and underlies Danville. Between Lake 
Vermilion and Snider, the width of the valley increases to about 1.5 miles. The main channel continues 
northwestward past Snider (where the seismic refraction data indicate a bedrock high exists), makes 
a gradual bend to the north, and joins an east-west-trending channel just north of Vernal. This valley, 
which is generally referred to as the Danville Bedrock Valley, continues northward to its confluence 
with the Mahomet Bedrock Valley in northern Vermilion County (Kempton et al. 1991). A tributary 
bedrock valley extends westward from the Bismarck area to north of Vernal where it joins the 
Danville Bedrock Valley. A small valley branches to the south of the larger tributary extends for 
about 3 miles. 

The bedrock valleys in the study area are part of a larger valley system within a broad bedrock lowland 
in north-central Vermilion County, where bedrock elevations are generally below 500 feet (Herzog et 
al. 1994). This larger valley system extends westward from the Indiana-Illinois border into north-central 
Vermilion County. It lies just south of and is tributary to the Mahomet Bedrock Valley. 

The system of bedrock valleys has both broad and narrow reaches, indicating that the development 
of the bedrock surface topography has a rather complex history (fig. 11). The changes in width indicate 
several episodes of erosion and filling. During the numerous advances of the continental glaciers near 
or across the study area, filling took place while erosional development of the valley was interrupted. 
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The present bedrock surface reflects preglacial features, erosion during Pleistocene glaciation, and 
local postglacial erosion. The narrow bedrock "gorge" at Danville is an example of local postglacial 
erosion along the Vermilion River. Present drainage is only locally coincident with the bedrock valley 
from just south of Winter Avenue to south of Danville, where the bedrock valley underlies the Vermilion 
River. 

Glacial and Related Deposits 
Thickness The total thickness of glacigenic and associated deposits can generally be determined 
for any given location by subtracting the bedrock surface elevation from land surface elevation. A 
somewhat generalized drift thickness map can be produced by plotting a series of points together with 
measurements made where bedrock crops out below the drift near land surface and drift thicknesses 
determined from wells drilled into bedrock. Although such a map was not prepared specifically for this 
study, the map shown in figure 7 gives a general overview of the drift thickness in the study area. 

The configuration of the present land surface, the filling of the bedrock valleys, and the stacking of 
drift sheets above the bedrock uplands are reflected in the thickness of the glacial drift. Where the 
land surface is relatively flat, the drift thickness map shows thickening of the drift within bedrock valleys. 
Where the bedrock surface is relatively flat, the map reflects changes in drift thickness due to surficial 
features such as morainal ridges or modern stream valleys. Drift thickness may be quite variable and 
complex where topographic features of the land surface and bedrock surface are superimposed. 

Bedrock lowlands generally contain the greatest thickness of older (pre-Illinois Episode) glacial deposits. 
These deposits are only thinly draped over or entirely absent on the bedrock highs. The deposits of 
intermediate age (Illinois Episode) are generally more uniform in thickness. Younger glacial units, 
particularly the tills of the Wedron Group, generally display a large variation in thickness related to 
land surface topography (i.e., thickness is generally the greatest where the end moraines are located). 

Stratigraphy (sequence of units) The three main geologic units present in the study area are the 
Banner and Glasford Formations and the Wedron Group. The Banner Formation is the oldest of these 
three units, and the Wedron Group is the youngest (fig. 8). The Wedron Group contains several smaller 
units (formations). The Banner and Glasford Formations each include several locally extensive units 
(members). The general sequence and distribution of deposits across the study area along seven 
lines of cross section (fig. 12) are shown in figures 13 and 14. Figure 15 shows the sequence of glacial 
deposits exposed in the now abandoned Harmattan strip mine located about 3 miles west of Danville 
in Section 34, T20N, R12E. 

This report uses the common genetic classification of drift deposits based on texture and composition. 
The most widespread of the deposits are glacial till and outwash. Till is predominantly fine textured, 
pebbly silt and clay deposited directly from melting glaciers. Outwash is mostly coarse textured sand 
and gravel carried from the glaciers by meltwaters. Till is the predominant earth material in the study 
area. Most till members have some distinguishing characteristics that make them identifiable in 
exposures or in borehole cuttings. Where relatively thick and extensive, the outwash deposits form 
the principal aquifers in the study area. 

In addition to recognizable properties of the till, other features of the drift deposits are used to help 
distinguish individual members. These features include the presence of locally preserved buried soils 
and related deposits between the Banner and Glasford Formations as well as between the Glasford 
Formation and Wedron Group (fig. 8). These sediments represent warm periods between glacial 
episodes during which earlier deposits were weathered and eroded. Although not extensively 
preserved in the study area, these soils and deposits do occur and are helpful in tracing the associated 
stratigraphic units both above and below them. 

As shown by the cross sections (figs. 13,14), a relatively predictable sequence of glacigenic deposits 
occurs throughout the study area. Tills and associated sand and gravel outwash of the Banner Formation 
(pre-lllinois Episode) lie directly on the bedrock surface. Thickness of this formation in the study area 
ranges from about 50 feet to more than 150 feet, with the greater thickness found in the Danville Bedrock 
Valley. The top of the Banner Formation is generally at an elevation of about 590 feet within the study 
area. Thickness of the Glasford Formation (Illinois Episode) averages about 30 feet, but this formation 
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Figure 12 Location of cross sections shown in figures 13, 14, and 15. 

can be absent locally in the study area (e.g., see fig. 13a). The top of the Glasford is generally at an 
elevation of about 630 feet in the study area. The Wedron Group (Wisconsin Episode) ranges in 
thicknessfrom about 10 feet to more than 100 feet. It becomes considerably thinner south of the outer 
margin of the Newtown Moraine (fig. 3). The Wedron Group is absent where it has been eroded by 
the principal streams of the area (e.g., see fig. 13c). The Henry Formation is outwash sand and gravel 
deposited in the major valleys by meltwaters from the glaciers that deposited the tills of the Wedron 
Group. Thickness of the Henry may be 60 feet or more along parts of North Fork Vermilion River and 
Stony Creek (fig. 14). 

Four principal till members within the Banner Formation have been recognized in the Danville area. 
From oldest to youngest, these are the Hegeler, Harmattan, Hillery, and Tilton Till Members (fig. 8). 
Another unnamed member is present in some very small areas. It may be related to either the 
Harmattan or Hegeler Till Members. Associated with the Hillery and Harmattan Members, which are 
generally found throughout the area, are underlying deposits of sand and gravel outwash that locally 
are rather thick and areally extensive. These outwash deposits are called the basal Hillery aquifer and 
basal Harmattan aquifer for this report (fig. 8). These sources of groundwater were found along Winter 
Avenue as well as on the west side of Lake Vermilion during the 1987, 1988, and 1991 test drilling 
(figs. 13, 16-18). Where the Harmattan member is absent to the north, the outwash deposits 
apparently coalesce with other outwash deposits and laterally grade into the Mahomet Sand in the 
Mahomet Bedrock Valley (figs. 8, 19). The silt facies of the Mahomet Sand (fig. 19) is relatively sparse 
in the study area. 
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Figure 13 (a) West-east cross section (A-A') from the Emerald Pond section to the top of the east bank of Lake Vermilion just north of Winter 
Avenue. (b) Southwest-northeast cross section (B-B') from the southwest part of the study area northeastward across the Lake Vermilion test 
site and Lake Vermilion to the uplands. 



Figure 13 (c) Northwest-southeast cross section (C-C') from northwest of Lake Vermilion southeastward to the Lake Vermilion test site, southeastward to the Winter 
Avenue test site, then approximately 2 miles eastward along Winter Avenue. (d) West-east cross section (D-D') from northwest of Danville eastward across the northern 
part of Lake Vermilion to just west of the Vermilion County airport. 



Figure 13 (e) Northwest-southeast cross section (E-E') from the Higginsville section (Johnson et al. 1972a, 1972b) southeastward to the North Fork Valley 
north of Lake Vermilion then generally eastward along the northern part of T20N, R11W. 



Figure 13 (f) Northwest-southeast cross section (F-F') from northwest of Lake Vermilion then generally eastward along the 
northern part of T20N, R11W. 

Figure 14 Generalized west-east cross 
section (X-X') of the deposits within the 
Danville Bedrock Valley across the cen
tral part of Danville. 



Figure 15 Harmattan Strip Mine No. 2 Section (SW¼, Sec. 34, T20N, R12W; from Johnson 1971). 

The Glasford Formation contains four members that have been recognized in the Danville area 
(fig. 8). From oldest to youngest, these are the Smithboro, Vandalia, and Radnor Till Members; the 
Glasford also includes the Berry Clay Member. The Vandalia is the most extensive of these members. 
In the immediate Danville area, it contains a generally thin and discontinuous basal sand and gravel 
that becomes thicker and more extensive to the north (fig. 20). 

The Wedron Group includes five formations. These are, from oldest to youngest, the Oakland, 
Fairgrange (Tiskilwa elsewhere), Piatt, Batestown, and Snider Formations. Of these, the Fairgrange, 
Batestown, and Snider are the most extensive and persistent across the study area. The southern 
limit of the Snider is at the outer margin of the llliana Moranic System (fig. 3). Thin, discontinuous 
deposits of sand and gravel can be found within the Wedron Group, but these are very limited in areal 
extent. A basal sand and gravel deposit, the Ashmore (fig. 8), occurs locally and is a local source of 
groundwater for domestic and farmstead supplies. For this report, the Wedron Group is considered 
as an undifferentiated unit because the sand and gravel deposits it contains are not significant aquifers. 

The Henry Formation consists of outwash sand and gravel deposited along the edges of the melting 
Wisconsin Episode glacier and within the principal valleys. The Henry may overlie any of the till units 
or other outwash deposits (figs. 13, 14), particularly in the North Fork and Stony Creek valleys. This 
is hydraulically significant in that there may be locations in the study area where sand and gravel may 
be continuous from land surface to bedrock (fig. 14). 

The Cahokia Alluvium consists of the alluvial sediments deposited along stream courses since the 
melting of the last glaciers that covered the study area. The Cahokia is composed mostly of silt, clay, 
and organic materials with some sand and gravel (fig. 8) deposited by normal fluvial processes in the 
drainage system. The Henry Formation may or may not underlie the Cahokia Alluvium. 

Aquifer Occurrence and Distribution 
The stratigraphic relationships of the glacial deposits in the study area indicate that the major sand 
and gravel aquifers are outwash deposits associated with and at the base of the Hillery and the 
Harmattan Till Members of the pre-lllinois Banner Formation (fig. 8). Outwash deposits of both of these 
till members appear to be present in the middle of the Danville Bedrock Valley under the central 
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Figure 16 Location of cross sections through the Winter Avenue and Lake Vermilion 
test sites. 

Figure 17 West-east cross section of the Winter Avenue test site from well 5 to test hole 1 -87. 
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Figure 18 North-south cross section across the Lake Vermilion test site from test hole LV-6 to LV-3. 

and probably the northern portions of Lake Vermilion, and the Harmattan Till Member separates the 
two sand and gravel units. Subsurface data indicate that the principal aquifer at the Winter Avenue 
test site on the east side of the Danville Bedrock Valley (fig. 16) is outwash associated with the Hillery 
Till Member (figs. 13c, 17). The outwash deposits associated with the Harmattan Till Member 
apparently pinch out in this vicinity. The reverse situation is found across the bedrock valley just west 
of Lake Vermilion (fig. 16) where Harmattan outwash deposits form the principal aquifer (figs 13c, 18) 
and the Hillery outwash deposits apparently pinch out along the west side of the Danville Valley 
(fig. 13a). The occurrence and extent of the Hillery and Harmattan outwash deposits were somewhat 
refined by the information provided by test holes 2-91 and 3-91 (figs. 1, 13a, f ) . 

Subsurface geologic data indicate that the Hillery and Harmattan outwash deposits extend discon-
tinuously northwestward along the Danville Bedrock Valley to Snider, then northward beyond the study 
area. These data also suggest that the till of the Harmattan Till Member pinches out just north of the 
study area. The basal Harmattan outwash deposits appear to directly underlie the basal Hillery 
outwash deposits and form a single body of sand and gravel that grades laterally into the Mahomet 
Sand Member of the Banner Formation in north-central Vermilion County (figs. 8, 19). 

Two other sand and gravel units form aquifers that yield sufficient water to supply domestic and farm 
wells in the study area (fig. 8). The first of these units is outwash associated with and at the base of 
the Vandalia Till Member, Glasford Formation (Illinoian). The second is outwash of the Ashmore sand, 
which is locally present at the base of the Wedron Formation. Thickness of the sand and gravel 
deposits within the Glasford Formation increases to about 50 feet north of the study area (fig. 20), 
particularly in the vicinity of Hoopeston where it is a significant aquifer above the Mahomet Sand. 

The Henry Formation, which may be as much as 60 feet thick, is the surficial sand and gravel that 
occurs locally in the valleys of the North Fork and Middle Fork Vermilion River and the lower reaches 
of Stony Creek. Where Stony Creek overlies the Danville Bedrock Valley within Danville, several wells 
penetrate more than 150 feet of nearly continuous sand and gravel (fig. 14) with little or no clay noted 
in the well records. Yields of as much as 1,000 gallons per minute (gpm) are reported. The Henry 
Formation rests directly on the Hillery sand and gravel which, in turn, directly overlies the Harmattan 
sand and gravel. This sequence of sand and gravel, which appears to be hydrogeologically unique 
for the study area, is locally an important water supply source within Danville. 
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Figure 19 Distribution and thickness of the Mahomet Sand in east-central Illinois (from Kempton et al. 1991). 

HYDROLOGIC APPRAISAL OF SAND AND GRAVEL AQUIFERS 
Aquifer Hydraulic Properties 
Appendix D shows the results of controlled pumping tests of sand and gravel aquifers at 11 sites within 
the study area; appendix E shows those of tests at 13 sites within a larger area that extends to the 
northern and western borders of Vermilion County. These data are on file at the ISWS. The results of 
the tests within the study area helped in characterizing the hydraulic properties of the aquifers. The 
results of the other 13 tests gave a regional perspective to the hydraulic properties of the sand and 
gravel aquifers found across much of the northern half of Vermilion County. 

Most of the entries in appendixes D and E show a range of values for transmissivity and hydraulic 
conductivity. A range of values for storage coefficient is given only for the entries derived by the 
graphical analysis of aquifer test data (appendixes D and E). The data collected from single well 
pumping tests are not adequate for determining values of storage coefficient. 

The range of values for transmissivity, hydraulic conductivity, and storage coefficient derived from the 
graphical analysis of data collected during controlled pumping tests reflects not only the variability of 
aquifer thickness, grain size distribution, and other heterogeneities inherent in glacial deposits, but 
also the uncertainty and error inherent in an aquifer test. The uncertainty and error can arise from the 
difficulty in maintaining a constant pumping rate during the drawdown portion of the test, the effects 
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Figure 20 Distribution of the basal Glasford Formation aquifer in east-central Illinois (from Kempton et al. 1991). 

of partial aquifer penetration on water level fluctuations in the pumped well and observation wells if 
these wells are not screened across the entire thickness of the aquifer, the effects of well inefficiencies, 
equipment problems and failures, and so forth. 

In the specific capacity analysis method, a range of values is assumed for storage coefficient. The 
range of values selected depends on whether the aquifer is confined or unconfined. Confined aquifers 
are distinguished from unconfined aquifers on the basis of the position of the water level in the well 
relative to the top of the aquifer at the end of the pumping period. The assumed range of values used 
was 10-5 to 10-3 for confined aquifers and 0.1 to 0.3 for unconfined aquifers, although only the terms 
"confined" and "unconfined" are used in appendixes D and E. The specific capacity analysis method 
also uses a range of assumed values for well radius. The low end of the range is the radius of the well 
screen; the high end is the radius of the borehole. The range of values for transmissivity and hydraulic 
conductivity listed for the seven pumping tests, designated with an S in appendixes D and E, comes 
from using the assumed values for storage coefficient and well radius. It also reflects the same sources 
of variability, uncertainty, and error mentioned above regarding the controlled pumping test. 

Table 1 summarizes the values of transmissivity, hydraulic conductivity, and storage coefficient for 
aquifers in the Banner and Glasford Formations, and the Wedron Group. The specific capacities of 
wells completed in these aquifers are also presented. The Banner Formation aquifers found in the 
northern part of Vermilion County generally exhibit higher transmissivities than those situated in the 
rather narrow Danville Bedrock Valley in the study area (table 1, appendixes D and E). This finding is 
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Table 1 Summary of results from controlled pumping tests, arranged by formation in which aquifer occurs.* 

a = 1 test, b = 9 tests, c = 2 tests, d = 8 tests, e = 12 tests 
* Results of controlled pumping tests in the study area are based on data available for locations solely within the study area (fig. 1 and 

appendix D). Results of regional pumping tests include the study area data and data available for a larger area, extending to the west 
and north borders of Vermilion County (appendix E). Not included are the Lauhoff Grain Company wells (appendix D), which appear 
to be completed in a thick but areally limited sand and gravel body related to localized superposition of sand and gravel units in the 
Henry and Banner Formations. 

consistent with the geologic data that show a northward thickening and coalescing of sand and gravel 
deposits within the Banner Formation (fig. 19). The lack of information about the Glasford Formation 
aquifers in the study area similarly reflects the absence of thick Glasford sand and gravel units that 
would be useful for large municipal and industrial groundwater supplies in the Danville area. Several 
pumping tests of Glasford Formation aquifers in the northern part of Vermilion County (table 1, 
appendix E) corroborate the geological data that show a northward thickening of Glasford sand and 
gravel horizons (fig. 20). For example, data from pumping tests on municipal and industrial wells in 
Hoopeston indicate transmissivities of as much as 221,000 gallons per day/foot (gpd/ft) for Glasford 
aquifers. The limited thickness and areal extent of the Wedron sand and gravel units is demonstrated 
by the existence of only one recorded pumping test of an aquifer in the Wedron Group. 

Analyses of pumping test data collected from the Lauhoff Grain Company wells located nearthe center 
of Danville gave transmissivities of 200,000 to 400,000 gpd/ft. These high values reflect localized 
superposition of Henry and Banner Formation sand and gravel horizons that combine to form a thick, 
highly productive aquifer. 

Winter Avenue aquifer test The Winter Avenue aquifer test used a test well that was located 
at T20N-R11W-28.8a (TH1-88, fig. 17) and screened in the basal Hillery aquifer. The test lasted 
2,794 minutes during which the pumping rate varied between 638 and 720 gpm. Water levels in the 
test well and four observation wells were measured with an air line, a relatively imprecise method for 
measuring water levels. 

Analysis of water level data from the observation wells used in the test yielded values of 30,000 to 
58,000 gpd/ft for transmissivity, 800 to 1,200 gpd/ft2 for hydraulic conductivity, and 3.6 × 10 - 4 to 
1.5 × 10-2 for storage coefficient (appendix D). The values for storage coefficient indicate confined to 
semiconfined conditions for the aquifer. 

Analysis of the test data indicated the presence of multiple barrier boundaries relatively close to the 
pumped well. Geological data show that the thinning and pinching out of the basal Hillery aquifer south 
and east of the pumped well forms one of these barrier boundaries (figs. 13c, f) and that the bedrock 
upland east of the well forms another (fig. 13c). The low specific capacity of the test well (about 
9.5 gpm/ft) reflects the proximity of the barrier boundaries. The long-term sustainable yield of a well 
at the Winter Avenue test site was estimated to be 200 to 250 gpm on a continuous pumping basis 
(ISWS 1988, unpublished correspondence with Inter-State Water Company, Danville, Illinois). 
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Lake Vermilion aquifer test The Lake Vermilion aquifer test used a test well located on the west 
side of Lake Vermilion at T20N-R11W-30.3f and screened in the basal Harmattan aquifer. The test 
lasted 2,795 minutes during which the pumping rate was held at 715 gpm. Water levels in the test well 
and five observation wells were monitored. 

Although hydraulic property values were derived by analyzing the water level data from the pumped 
well and five observation wells, a thorough assessment of these results showed that the values 
obtained from the analysis of water level data from only two of the observation wells could be 
considered representative of the aquifer and confining bed. The pumped well was screened in only 
part of the aquifer. This partial penetration of the aquifer influenced the data obtained from the pumped 
well and the two nearest observation wells, located 12 and 58 feet from the pumped well, and values 
for hydraulic properties derived from the analysis of these data were not considered not to be 
representative of the aquifer and confining bed. Fluctuations in the pumping rate, the inefficiency of 
the pumped well, and the use of an air line for measuring water levels affected the quality of data 
obtained from the pumped well. The water level in the fifth observation well, the one most distant from 
the pumped well, was measured only four times during the test. These few data were analyzed only 
for comparison with the analytical results of the data from the two middle observation wells. 

The Lake Vermilion test well was screened in the lower 35 feet of the basal Harmattan aquifer. This 
partial penetration of the aquifer caused distortion of the radial flow pattern of groundwater toward the 
pumped well and added to the drawdown in this well. The distance from the pumped well at which 
partial penetration effects become negligible is 1.5 (Hantush 1964) to 2 times (Butler 1957) the 
thickness of the aquifer. This distance corresponds to 88.5 to 118 feet from the Lake Vermilion test 
well. Measured drawdowns can be adjusted to compensate for partial penetration effects (Butler 1957) 
if the ratio of vertical to horizontal hydraulic conductivity for the aquifer is known. This information is 
not available for the basal Harmattan aquifer. 

Analysis of the water level data from the two observation wells located 118 and 298 feet from the Lake 
Vermilion test well, using the type curve method of Walton (1960) and the semilogarithmic inflection 
point method of Hantush (1956), gave values of 41,000 to 45,000 gpd/ft for transmissivity, 800 gpd/ft2 

for hydraulic conductivity, and 4.8 × 10 - 4 to 1.8 × 10 - 2 for storage coefficient (appendix D). The storage 
coefficient indicates confined to semiconfined conditions for the aquifer. Vertical leakage of ground
water into the aquifer from overlying sediments is clearly indicated. Analysis of the data from the two 
observation wells indicated that the vertical hydraulic conductivity is 0.1 to 0.3 gpd/ft2. The geological 
setting (figs. 13b, 13c) suggests that the source of the leakage most likely is the overlying basal Hillery 
aquifer. 

Analysis of the data did not indicate the presence of barrier boundaries near the Lake Vermilion site. 
The long-term sustained yield of a well at this site was estimated to be 715 gpm (ISWS 1988, 
unpublished correspondence with Inter-State Water Company, Danville, Illinois). Interpretation of the 
1991 test hole data regarding the thickness and areal extent of the basal Harmattan and Hillery aquifers 
suggests that recharge to these aquifers is limited and that the long-term sustained yield will most 
likely be less than 715 gpm. 

Groundwater Pumpage 
Information furnished to the ISWS Illinois Water Inventory Program and to the Illinois Environmental 
Protection Agency (IEPA) indicates that groundwater pumped for public, industrial, and commercial 
uses in the study area averaged 2.3 million gallons per day (mgd) in 1993. Four public water supplies 
in the study area accounted for about 4% of this total: the Bismarck Community Water District, Danville 
Unit School District #118, Kickapoo State Park, and the Walnut Hill Well Association. The largest of 
these four, the Bismarck Community Water District, used about 0.06 mgd of groundwater from aquifers 
in the Banner Formation. The remaining 96% of the reported 1993 public, industrial, and commercial 
groundwater withdrawals was pumped by Lauhoff Grain Company, a large industrial user located near 
Stony Creek in the southern part of the study area. It obtains groundwater from the combined Henry 
and Banner Formations as shown in figure 14. 
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Groundwater Quality 
Table 2 shows the range and mean concentrations for selected water quality parameters for 
groundwater from aquifers in the Wedron Group and Glasford and Banner Formations. The concen
trations were determined by the analysis of 36 samples of untreated groundwater from private and 
public water supply wells within the study area. The analyses were conducted by the ISWS and the 
IEPA. 

Groundwater in all of these aquifers is hard to very hard (Gibb 1973) and contains relatively high 
concentrations of dissolved iron, two characteristics typical of groundwater from sand and gravel 
aquifers in Illinois. Hardness also appears to decrease with depth, but alkalinity and dissolved iron 
concentration increase with depth. The concentration of nitrate in the groundwater pumped at the Lake 
Vermilion test site is discussed in the water quality section of the Lake Vermilion aquifer test. 

Groundwater Recharge and Runoff 
Estimates of groundwater recharge rates used for this study are based on Walton's (1965) research 
into groundwater recharge and runoff in Illinois. Under natural conditions, groundwater runoff (dis
charge) generally balances groundwater recharge overtime. Groundwater recharge in the part of the 
drainage basin upstream of a gaging station can be estimated by quantifying groundwater runoff using 
stream gage data. This technique underestimates actual groundwater recharge because it does not 
account for groundwater loss through evapotranspiration, a process that increases significantly during 
the growing season. Walton (1965) estimated groundwater runoff to be 0.3 to 0.4 cubic feet per second 
per square mile (cfs/mi-2) in the western half of the study area (fig. 21), or 194,000 to 259,000 gallons 
per day per square mile (gpd/mi-2). This estimate of groundwater runoff most likely remains reason
able because groundwater pumpage in this part of the study area appears not to have changed 
significantly since 1965. Walton (1965) did not estimate groundwater runoff for the eastern part of the 
study area. Because there appears to be little significant difference between the western and eastern 
parts of the study area, Walton's (1965) estimate of 0.3 to 0.4 cfs/mi-2 for groundwater runoff seems 
to be a reasonable estimate for groundwater recharge for all of the study area, assuming a long-term 
equilibrium between groundwater runoff and groundwater recharge. 

The groundwater recharge rate estimated on the basis of groundwater runoff applies only to saturated 
earth materials near land surface. Deeply buried, confined aquifers are recharged mostly by vertical 
leakage of groundwater through fine grained deposits, such as till or lacustrine sediments. Because 
these deposits have low hydraulic conductivities, recharge of deeply buried aquifers is typically slower 
than recharge of surficial, unconfined aquifers. Recharge to a deeply buried aquifer may be increased 
by withdrawing groundwater from the aquifer. Pumping water from a confined aquifer creates a cone 
of depression in the aquifer's potentiometric surface. This increases the vertical hydraulic gradient 
between the aquifer and the water table, diverting water into the deeper aquifer that would otherwise 
have become groundwater runoff. Because groundwater moves laterally as well as vertically, not all 
groundwater runoff can be diverted into cones of depression associated with pumping water from 

Table 2 Summary of selected water quality parameters. 

BDL = below detection limit 
a = 4 water samples, b = 8 water samples, c = 24 water samples 
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Figure 21 Annual groundwater runoff in Ver
milion County, Illinois, during year of normal 
precipitation (from Walton 1965). 

deeply buried aquifers. Zeizel et al. (1962) suggested that up to 60% of groundwater runoff can be 
diverted into such cones of depression. Maximum recharge to the deeply buried sand and gravel 
aquifers in the study area was estimated to range from 116,000 to 155,000 gpd/mi-2 if groundwater 
recharge is equivalent to 60% of groundwater runoff. 

Recharge rates can also be estimated by using flow net analysis to delineate diversion areas on 
potentiometric surface maps. Using diversion area analysis, Walton (1965) estimated that the recharge 
rate to the heavily pumped, deeply buried sand and gravel aquifer supplying Champaign-Urbana was 
about 115,000 gpd/mi-2 in 1947. This figure, 44% to 59% of the annual groundwater runoff in the 
Champaign-Urbana area (Walton 1965), is consistent with the 60% figure of Zeizel et al. (1962). 

DISCUSSION 
Evaluating the potential for developing a supplemental municipal groundwater supply for Danville in 
the Danville-Lake Vermilion area involves addressing three main concerns: the availability of the 
groundwater resource, the feasibility for exploration and development of the resource, and the 
groundwater quality. 

Groundwater Availability 
The results of this study show that the potential for the occurrence of sand and gravel aquifers (aquifer 
potential), and therefore the availability of groundwater, is limited in the study area (fig. 22). This area 
includes the reach of the Danville Bedrock Valley in and just north of Danville and the sites of the 
Winter Avenue and Lake Vermilion test wells as well as several high capacity wells near Vermilion 
Street and Bowman Avenue in the central part of Danville. Figure 22 summarizes the aquifer potential 
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Figure 22 Summary of the potential occurrence of sand and gravel aquifers in the study area and the Mahomet 
Bedrock Valley north of the study area. 
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of the study area as well as that across the north half of Vermilion County. The aquifer potential in the 
study area was developed from water well records, seismic and resistivity data, and other information 
gathered during this study. Kempton et al. (1981) was used as a basis for determining the aquifer 
potential for northern Vermilion County. 

Subsurface data indicate that the basal Harmattan aquifer, the sand and gravel aquifer supplying 
the Lake Vermilion test well, is relatively thin and extends over an area of 9.7 mi2. This restricted 
areal extent limits groundwater recharge to the aquifer and precludes any large-scale development 
of this groundwater resource. As noted previously, as much as 60% of groundwater runoff may be 
diverted into a cone of depression in the potentiometric surface of a deeply buried aquifer (such as 
the basal Harmattan aquifer) because of the increased vertical hydraulic gradients generated by large 
groundwater withdrawals (Zeizel et al. 1962). Recharge to the basal Harmattan aquifer is estimated 
to be 1.1 to 1.5 mgd based on a diversion rate of 60% and a groundwater runoff rate of 0.3 to 0.4 
cfs/mi2 (Walton 1965). This recharge rate is the equivalent of one well continuously pumping at a rate 
of 750 to 1,000 gpm. The more conservative diversion rate of 50% of the groundwater runoff gives 
an estimate of 0.9 to 1.3 mgd of recharge to the aquifer, which is the equivalent of one well continuously 
pumping 600 to 900 gpm. These estimates were made, however, on the basis of assumptions 
regarding the extent of the aquifer and variability of groundwater recharge, both of which need further 
study. 

Aquifer test and geologic data indicate that recharge to the basal Harmattan aquifer during pumping 
could include leakage from the overlying basal Hillery aquifer and may also include induced infiltration 
from Lake Vermilion. Induced infiltration of lake water into the aquifers may somewhat reduce the total 
volume of water available in Lake Vermilion for water supply purposes. The infiltration may also carry 
nitrates present in the lake water into the groundwater flow system, which could possibly cause the 
concentration of nitrates in the basal Hillery and basal Harmattan aquifers to increase. Both of these 
factors should be considered in determining the suitability of using the Lake Vermilion site as a 
supplemental groundwater supply. Additional information is needed to quantify the induced recharge 
to the basal Harmattan aquifer from the lake and the overlying basal Hillery aquifer so that the potential 
nitrate concentration in the water pumped from the basal Harmattan aquifer can be determined. 

Although high transmissivities are found in the central part of Danville (Lauhoff Grain Company wells, 
appendix D), subsurface geologic data indicate that the extent of the high transmissivities is very 
restricted (figs. 14,22) and precludes any further large-scale groundwater development. Groundwater 
withdrawals may be exceeding groundwater recharge in at least part of the study area, as suggested 
by the decline of the static water level in the two Danville High School wells completed in the Banner 
Formation aquifers. Between i 955 and 1981, the static water level in Danville High School Well 1 fell 
from 32 feet to 45 feet below land surface. The static water level in Danville High School Well 2 
(appendix D), which replaced Well 1, was about 50 feet below land surface in 1989. 

The availability of groundwater in the north half of Vermilion County is not as well known as that within 
the study area. Few of the water wells in northern Vermilion County penetrate the full thickness of the 
glacial drift because there is a relatively low demand for large groundwater supplies and water supply 
needs can be adequately met by groundwater from sand and gravel aquifers found at relatively shallow 
depths. The geologic and hydrologic data available for the north half of Vermilion County indicate a 
high potential for significant sand and gravel aquifers to be present in the Danville and Mahomet 
Bedrock Valleys (fig. 22). Within these bedrock valleys north of the study area, basal Glasford sands 
and gravels thicken and become more areally extensive. The sand and gravel units in the Banner 
Formation thicken, coalesce, and grade laterally into the Mahomet Sand Member (fig. 19). 

Groundwater use by the two largest public water supply systems in northern Vermilion County, about 
0.8 mgd for Hoopeston and 0.1 mgd for Rossville, is not indicative of the productive capacity of the 
sand and gravel aquifers in the area. Most of the high capacity wells are completed in Glasford 
Formation sands and gravels. The Mahomet Sand, a deeper and potentially more productive aquifer 
than the Glasford Formation aquifers, is untapped through much of northern Vermilion County. Only 
4 of the 13 pumping tests conducted in this part of the county involved wells screened in the Banner 
Formation (appendix E), which contains the Mahomet Sand. Wells used in the other nine tests are 
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screened in Glasford Formation aquifers (appendix E). Analyses of the pump test data from wells 
completed in the Banner Formation, except for Rankin Well 1, indicate transmissivity values ranging 
from 104,000 to 296,000 gpd/ft. For wells screened in the Glasford Formation aquifers, transmissivity 
values range from 1,700 to 221,000 gpd/ft. 

Another source of groundwater that may have the potential yield to supplement Danville's water supply 
is the sand and gravel deposited within the Wabash River Valley in Indiana (Wayne et al. 1966). These 
deposits are located about 5 miles east of the Illinois state line. Watkins and Jordan (1965a, 1965b) 
suggested that relatively large yields may be possible from these deposits. Singh (1978) provided a 
detailed discussion of this possible source of groundwater. He concluded that pumping at least 10 
mgd would be required to make this alternative economically feasible. 

Feasibility of Exploration and Development 
Where the occurrence of extensive, highly productive aquifers is uncertain, such as in the Danville-Lake 
Vermilion area, exploration for and development of the groundwater resource can involve significant 
investigative efforts. The geological, geophysical, and hydrological data assembled for this study 
suggest that additional investigation should focus on the light gray area shown in T21N and T22N, 
R11W and R12W. The hydrogeologic setting of this area (fig. 22) has the greatest potential for the 
presence of locally thick sand and gravel deposits (fig. 22). This area should be given a high priority 
in any further groundwater resources assessment. 

Well interference, the decline of water levels in wells near a high capacity well, is caused by the cone 
of depression surrounding the high capacity well. Well interference with nearby wells is of concern 
because it may result in increased pumping costs, decreased yields of the wells, or even possible 
failure of the wells to produce water. The size and shape of the cone of depression resulting from 
anticipated pumping schedules should be evaluated prior to installing a high capacity well in order to 
determine the effects of pumping on nearby existing wells. This evaluation also helps in determining 
a minimum spacing requirement for wells in a well field. The data required for such an evaluation can 
be acquired using aquifer tests with a test well and a suitable number of observation wells. 

The available data are insufficient to evaluate in detail the possible well interference associated with 
a new high capacity well located in the recommended area of exploration. The interference at various 
distances caused by such a well can be estimated using the hydraulic properties of the basal 
Harmattan aquifer and its confining bed. These estimates were derived from the Lake Vermilion aquifer 
test and subsurface geologic data showing the thickness and distribution of the aquifer at this test site 
in an analysis that uses the theoretical type curve for a leaky artesian aquifer under steady state 
conditions (Walton 1960, Jacob 1946). For this analysis, the basal Harmattan aquifer was simulated 
by a rectangular block with an overlying leaky confining bed that was assumed to cover the entire 
aquifer. Table 3 gives the dimensions and the hydraulic properties of the simulated aquifer and 
confining bed as well as the basis for the values used for these characteristics. A simulated pumping 
well was placed at the center of the simulated aquifer because the geologic data suggest that the Lake 
Vermilion test well is reasonably close to the middle of the actual basal Harmattan aquifer. The edges 
of the simulated aquifer were treated as barrier boundaries (i.e., it was assumed that groundwater did 
not to flow across these boundaries). The effect of treating the edges of the simulated aquifer as barrier 
boundaries was determined by using image well theory (Ferris 1959), which uses discharge image 
wells to simulate barrier boundaries. 

Long-term interference effects at selected distances ranging from 200 to 5,000 feet from a single high 
capacity well pumping at 500, 600, 700, 800, and 900 gpm were estimated (table 4). This range of 
pumping rates is that which the basal Harmattan aquifer most likely could sustain as determined from 
the estimate of aquifer recharge. Although the pumping rates of 800 and 900 gpm may exceed the 
estimated recharge rate, they are included in case the estimates of aquifer dimensions, recharge, and 
yield prove to be too conservative. Table 4 shows that the additional drawdown from one well pumping 
between 500 and 900 gpm is calculated to be 3 feet or less at a distance of 2,000 feet from the well. 
In the image well analysis, drawdown resulting from barrier boundaries was found to be negligible for 
all of the pumping rates considered. 
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Table 3 Basis for the characteristics of the simulated basal Harmattan aquifer. 

Characteristic Assumed value Basis 

Hydraulic 773 gpd/ft2 The average of the analytical results of the data from two observation wells, 
conductivity Lake Vermilion aquifer test; March 1988. 

Thickness 34 ft Average thickness of basal Harmattan aquifer from 58 data points spaced 
at 1,000-foot intervals along the cross sections shown in figure 13. 

Area 9.7 mi2 Cross sections (fig. 13). 

Dimensions length = 29,100 ft Cross sections (fig. 13) show the basal Harmattan aquifer to be irregular in 
width = 9,300 ft area but elongated along a northwest-southeast axis. The width of the 

simulated aquifer is the average width of the basal Harmattan aquifer along 
29 profiles spaced at 1,000-foot intervals perpendicular to this axis. The 
volume of the basal Harmattan aquifer was calculated to be 9.2 × 109 ft3. 
The length of the simulated aquifer was derived by dividing the volume of 
the basal Harmattan aquifer by its average width and thickness. 

Location of well Center of aquifer The location of the Lake Vermilion test well is relatively near the center of 
the basal Harmattan aquifer as shown by the subsurface data (fig 13). 

Vertical hydraulic 0.2 gpd/ft2 The average of the analytical results of the data from two observation wells, 
conductivity of Lake Vermilion aquifer test. 
leaky confining bed 

Thickness of leaky 26 ft Log of the Lake Vermilion test well. 
confining bed 

Aquifer hydraulic Leaky artesian Analytical results of the data from the Lake Vermilion aquifer test. 
conditions 

Table 4 Estimated long-term interference drawdown at selected distances from a single well 
completed in the basal Harmattan aquifer. 

Long-term interference drawdown (ft) 

Distance from 
well (ft) 500 gpm 600 gpm 700 gpm 800 gpm 900 gpm 

200 10 13 15 17 19 

400 7 9 10 12 13 

600 6 7 8 9 10 

800 5 5 6 7 8 

1,000 4 4 5 6 7 

2,000 2 2 2 2 3 

3,000 1 1 1 1 1 

4,000 <1 <1 1 1 1 

5,000 <1 <1 <1 <1 <1 
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The effects of more than one additional pumping well on an existing well can be estimated by adding 
the drawdowns caused by each of the new wells. For example, suppose two additional wells are to 
be located 800 and 2,000 feet from an existing well and each new well is to pump 600 gpm. The total 
interference drawdown from both new wells at the existing well should be 6 feet, that is 5 feet of 
drawdown caused by the new well located 800 feet away plus 1 foot of drawdown produced by the 
new well located 2,000 feet from the existing well. 

Groundwater Quality 
The fluctuating level of nitrate in Lake Vermilion is an ongoing concern about Danville's water supply. 
The concentration of nitrate (as nitrogen) periodically exceeds the drinking water standard of 10 mg/L 
(Illinois Department of Public Health 1990). One possible alternative for reducing the nitrate concen
tration in the treated water to acceptable levels is to blend groundwater with the lake water when the 
nitrate level in Lake Vermilion is high. Two groundwater samples collected during the Lake Vermilion 
aquifer test each had nitrate concentrations below the detection level of 0.1 mg/L, suggesting that 
groundwater from the basal Harmattan aquifer at the Lake Vermilion test site would be suitable for 
blending. The hydrogeological data suggest, however, that long-term pumping may induce leakage 
of lake water into the basal Hillery aquifer and subsequently into the basal Harmattan aquifer, thereby 
increasing the nitrate concentration in the groundwater. An increased level of nitrates in the ground
water would reduce the suitability of using groundwater for blending to reduce the nitrate concentration 
in Danville's water supply. 

The effect of induced leakage of lake water on the nitrate concentration in the groundwater pumped 
from the basal Harmattan aquifer at the Lake Vermilion site cannot be quantified from the existing 
data. A well located at the Lake Vermilion test site and pumping about 700 gpm could induce 
groundwater flow from the basal Hillery aquifer and surface water flow from Lake Vermilion. The 
volume and rate of flow of water from these two sources into the basal Harmattan aquifer cannot be 
accurately determined from the available data. The volume and flow rate depend on a number of 
hydrogeologic considerations, including the distribution and thickness of the source aquifer (the basal 
Harmattan sand and gravel), intervening aquitard (the till facies of the Harmattan Member), and 
overlying aquifer (the basal Hillery sand and gravel); the area covered by Lake Vermilion and the 
elevation of its water surface; the hydraulic properties of the basal Harmattan and Hillery aquifers as 
well as that of the intervening aquitard; the hydraulic gradient between the basal Harmattan and Hillery 
aquifers and between the two aquifers and Lake Vermilion; and the type and thickness of lake bottom 
sediments and the effect of these sediments on the hydraulic connection between the lake and the 
underlying materials. It is not clear how hydrogeochemical processes that occur in the subsurface 
would affect nitrate concentrations as water moved from Lake Vermilion into the groundwater flow 
system. Denitrification would most likely occur in the reducing environment of the organic-rich lake 
bottom sediments and saturated glacial drift underlying the lake. If denitrification did occur, the nitrate 
concentration in the infiltrating lake water would be reduced as the water moved into the subsurface. 
The effectiveness of the denitrification processes cannot be properly assessed without further data 
on the chemistry of the lake water and groundwater as well as on the geochemical environment within 
the lake bottom and subsurface sediments. 

CONCLUSIONS 
The following conclusions were reached concerning the evaluation and development of a supplemen
tal municipal groundwater supply for Danville using aquifers found in the Danville-Lake Vermilion area. 

1. There is little potential for developing a supplemental groundwater supply of 3 to 5 mgd 
from the sand and gravel aquifers in the study area. The sustained withdrawal rate from 
the basal Harmattan aquifer, the most promising aquifer near Lake Vermilion, is estimated 
to be only 1.1 to 1.5 mgd, assuming that the groundwater recharge rate is 60% of 
groundwater runoff (Zeizel et al. 1962). 

2. Pumping a high capacity well completed in the basal Harmattan aquifer and located in 
the vicinity of Lake Vermilion most likely would induce leakage from the basal Hillery aquifer 
as well as induce infiltration from Lake Vermilion. The induced infiltration of Lake Vermilion 
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water could carry nitrates from the lake into the aquifers. Nitrates were not found in the 
groundwater samples collected during the Lake Vermilion aquifer test, but long-term 
pumping may cause nitrates to appear. An increase in the nitrate levels in the groundwater 
may reduce the benefit of blending it with lake water to reduce nitrate concentrations in 
Danville's water supply. The data available are insufficient to permit quantification of either 
the volume of induced infiltration from Lake Vermilion or the nitrate concentration of the 
groundwater. 

3. The thickest and most transmissive sand and gravel aquifers in the study area, the basal 
Harmattan and basal Hillery aquifers, are found within the Danville Bedrock Valley. The 
thickness of these two aquifers varies and their areal extent is limited by the width of the 
bedrock valley. The aquifers are outwash deposits at the base of the Hillery and the 
Harmattan Till Members (Banner Formation). Both aquifers underlie the middle part of Lake 
Vermilion, where they are separated by the Harmattan Till, but there is some uncertainty 
if both are present under the northern part of the lake. The results of the 1991 test drilling 
(test holes 2-91 and 3-91) restricted the known extent of the two aquifers north and 
southwest of Lake Vermilion. 

Both aquifers extend as more or less discontinuous deposits of sand and gravel to the 
northwest along the Danville Bedrock Valley to Snider, then northward to the area between 
Potomac and Henning. In this area of confluence with an eastern tributary of the Danville 
Bedrock Valley, the Harmattan Till evidently pinches out. The basal sand and gravel 
deposits of both the Harmattan and Hillery Till Members thicken northward where they 
combine and grade laterally into the Mahomet Sand (Banner Formation) in northern 
Vermilion County. 

In the study area, two other sand and gravel units are thick enough to form aquifers that 
yield sufficient water to supply domestic or farm wells. The first of these units comprises 
the outwash deposits at the base of the Vandalia Till Member, Glasford Formation 
(Illinois Episode). The second is the Ashmore sand at the base of the Wedron Group 
(Wisconsin Episode). The surficial sand and gravel of the Henry Formation may be as much 
as 60 feet thick locally in the valleys of the North Fork and Middle Fork, Vermilion River, 
and in the lower reaches of the Stony Creek valley. Where Stony Creek overlies the Danville 
Bedrock Valley in Danville, several wells penetrate more than 150 feet of nearly continuous 
sand and gravel with little or no clay (till) reported. 

4. The long-term interference drawdown from a single well located at the Lake Vermilion 
test site pumping 500 to 900 gpm is estimated to be 10 to 19 feet at a distance of 200 feet 
to less than 1 foot at a distance of 5,000 feet. Although the estimated interference drawdown 
is relatively small except near the well, the increment of drawdown may result in a decline 
in water levels as well as affect the performance and efficiency of nearby wells. 

RECOMMENDATIONS 
The following recommendations are made, on the basis of the evaluation and interpretation of the 
information presented in this report, concerning the evaluation and development of a supplemental 
municipal groundwater supply for Danville, by utilizing the sand and gravel aquifers found in the 
Danville-Lake Vermilion area. 

1. Further testing around Lake Vermilion may refine the estimates of groundwater avail
ability and the potential yield of the sand and gravel aquifers as well as provide additional 
information on groundwater quality. Additional test drilling in this part of the study area 
would result in better definition of the character and extent of the basal Harmattan and 
basal Hillery aquifers. 

A 30-day aquifer test at the Lake Vermilion test site would provide data that would allow 
the leakage of water into the basal Harmattan aquifer to be quantified and the long-term 
effect of the leakage on groundwater quality, particularly nitrate concentration, to be 
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determined. During the test, water levels should be measured in the pumped well, in nested 
observation wells located 90 to 180 feet from the test well and as close to Lake Vermilion 
as possible, and in several other observation wells located at various distances and 
directions from the test well. For the nested observation wells, one well should be screened 
in the basal Harmattan aquifer and the other well in the basal Hillery aquifer. The purpose 
of the shallower observation well is to allow monitoring of water level changes in the well. 
The analysis of these data could indicate leakage of water from the basal Hillery aquifer 
and Lake Vermilion. The level of the lake should also be monitored during the test to 
measure changes in the vertical hydraulic gradient between the lake and the two aquifers. 
Discharge from the pumped well should be sampled weekly for water quality analyses. 
Water samples from the observation wells would be collected before and after the test. 
The water samples should be analyzed for the common cations, anions, and other 
parameters as well as nitrate. 

2. Little information is available on the occurrence, thickness, and potential yield of the 
sand and gravel aquifers in the triangular area bounded by Lake Vermilion, Rossville, and 
Potomac. The deeper parts of the main bedrock valleys in this area are most likely to 
contain the thickest deposits of sand and gravel and have a high potential for the presence 
of a significant groundwater resource. These parts of the bedrock valleys should be given 
preference for test drilling. 

3. Northern Vermilion County north and northwest of the triangular area has the greatest 
potential for groundwater development. Resistivity data and water well logs from this area 
indicate the Mahomet Sand is widespread. Further exploration of this area is also 
warranted. 

4. The possibility of utilizing the sand and gravel deposits found along the Wabash River 
Valley as a source of groundwater supply could also be investigated. Although this river 
valley is located in Indiana, it is only a little more than 11 miles east of the water treatment 
plant at Danville. This distance is slightly less than the distance between the treatment 
plant and the area of greatest potential aquifer thickness in the Mahomet Bedrock Valley 
in northern Vermilion County. Obtaining groundwater from this source may be limited by 
the variable thickness and narrow width of the sand and gravel deposits in the Wabash 
valley as well as by the location being outside of Illinois. 

5. An exploration program should progress systematically northward from Lake Vermilion 
and focus on the areas considered most favorable for finding the greatest thickness of 
aquifer. These areas are primarily over the deepest parts of the bedrock valley system. 
Any test holes that are drilled for exploration purposes should be drilled through the entire 
thickness of the glacial deposits and into the bedrock to ensure that all sand and gravel 
aquifers present are penetrated. All test holes should be drilled far enough into bedrock 
to be reasonably certain that the bedrock encountered is in place. 
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APPENDIX A Well location scheme 
As illustrated below, the system for identifying locations uses numbers to designate township, range, 
and section. The section is subdivided into quarter-quarter-quarter sections. Each 1/8-mile square is 
identified by a unique number and letter combination following the section number. The number 
indicates the east-west position within the section starting from the southeast corner; the letter 
indicates the north-south position. Irregular sections contain more or less than 64 1/8-mile squares. 
The location illustrated below is described as Vermilion County, Township 20 North, Range 11 West, 
Section 19.6d. 

Vermilion County, T20N, R11W, Section 19.6d. 
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APPENDIX B List of described sample sets for the study area and location 
of the wells 

Sample Sample 
set Well location set Well location 

42057 T20N, R11W, Section 03.4d 53260 T20N, R12W, Section 25.2g 
52510 T20N, R11W, Section 04.8e 51666 T20N, R12W, Section 25.6e 
67207 T20N, R11W, Section 07.1c 49371 T20N, R12W, Section 27.1b 
20839 T20N, R11W, Section 15.8g 66555 T20N, R12W, Section 33.3h 
53263 T20N, R11W, Section 17.8e 52119 T20N, R12W, Section 34.6h 
26828 T20N, R11W, Section 18.2c 53855 T20N, R12W, Section 36.2h 
66442 T20N, R11W, Section 19.4a 53853 T20N, R12W, Section 36.3h 
67211 T20N, R11W, Section 19.4a 60719 T20N, R12W, Section 36.3d 

52117 T20N, R11W, Section 20.1d 58582 T21N, R11W, Section 01.4h 
50173 T20N, R11W, Section 20.2e 58398 T21N, R11W, Section 04.1a 
54935 T20N, R11W, Section 20.6h 56547 T21N, R11W, Section 04.8e 
66316 T20N, R11W, Section 28.7a 20437 T21N, R11W, Section 05.3d 
66317 T20N, R11W, Section 28.8a 20442 T21N, R11W, Section 08.3c 
66318 T20N, R11W, Section 28.8a 55338 T21N, R11W, Section 19.7e 
66415 T20N, R11W, Section 28.8a 62826 T21N, R11W, Section 20.1e 
23548 T20N, R11W, Section 30.6f 58584 T21N, R11W, Section 30.8d 

66443 T20N, R11W, Section 30.3f 55534 T21N, R11W, Section 35.4b 
66444 T20N, R11W, Section 30.3f 58394 T21N, R12W, Section 02.8a 
66445 T20N, R11W, Section 30.3f 58585 T21N, R12W, Section 18.4a 
66446 T20N, R11W, Section 30.3f 55538 T21N, R12W, Section 19.2e 
67206 T20N, R11W, Section 30.4d 54394 T21N, R12W, Section 34.8d 
57020 T20N, R12W, Section 13.6h 55533 T21N, R12W, Section 34.8a 
66442 T20N, R12W, Section 19.4a 58587 T21N, R12W, Section 36.1a 
55998 T20N, R12W, Section 24.6h 
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APPENDIX C Logs of the 1987,1988, and 1991 test holes drilled by Layne-Western Company 

T20N, R11W, Section 28.7a 
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T20N, R11W, Section 28.8a 
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T20N, R11W, Section 28.8a 
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T20N, R12W, Section 19.4a 
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T20N, R11W, Section 30.3f 
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T20N, R11W, Section 30.3f 
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T20N, R11W, Section 30.3f 
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T20N, R11W, Section 30.3g 
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T20N, R11W, Section 19.4a 
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TW1-91 continued T20N, R11W, Section 19.4a 
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T20N, R11W, Section 19.4a 



T20N, R11W, Section 19.4a 
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T20N, R11W, Section 30.4d 
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T20N, R11W, Section 07.1c 
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APPENDIX D Results of pumping tests in the study area 

T19N-R11W 
Section Danville Unit School Dist. #118 74.5 B 605 54.4 245 41.3 Sa 52,000- 2,700- unconfined 
05.2e (Well 2) 64,000 3,300 
09.8f Lauhoff Grain Co. (Well 6) 118 HB 560 33 1,232 205 S 239,000- 2,800- unconfined 

317,000 3,700 
09.8g Lauhoff Grain Co. (Well 8) 108 HB 560 40 1,324 265 S 313,000- 4,600- unconfined 

408,000 6,000 
15.2f Vermilion Hills Estates (Well 1) 74 B 550 24.5 10 1.0 Sa 2,000 250 confined 
15.3f Vermilion Hills Estates (Well 2) 110 B 545 23.5 50 7.5 G 21,000 2,100 confined 

T20N-R11W 
Section 15.8f Danville Airport (Well 2) 35 W 655 10.1 20 1.1 S 400- 40- confined, 

1,300 130 converted to 
unconfined 

during well test 
28.7a Danville Elks Club Golf Course 88 B 635 1.2 203 21.0 G 62,000 3,000 confined 
28.8a Danville (Winter Avenue 100 B 611 0.6 638-720 9.5 G 30,000- 800- 3.6×10-4-

test well) 58,000 1,200 1.5×10-2 

30.3f Danville (Lake 157 B 610 39.2 715 24.2 G 41,000- 800 4.8×10-4-
Vermilion test well) 45,000 1.8×10-2 

T21N-R11W 
Section 20.1 e Bismarck Community Water 201 B 660 14.7 73 0.9 G 9,600 370 confined 

Dist. (Well 1) 
20.1 e Bismarck Community Water 188 B 660 19.4 116 4.9 G 30,000- 700- confined 

Dist. (Well 2) 31,000 800 

+ See appendix A for explanation of well location scheme. 
* H = Glacial outwash of Henry Formation or younger alluvial deposits; W = Wedron Group; G = Glasford Formation; B = Banner Formation. 
† S = Specific capacity analysis; G= Graphical analysis of pumping test data. 
a Transmissivity determination based on specific capacity corrected for well loss. 
b In the absence of a discrete solution for storage coefficient, hydraulic conditions are characterized as confined or unconfined. 
The storage coefficient generally ranges from 10-5 to 10-3 for confined aquifers and from 0.1 and 0.3 under unconfined aquifers. 



APPENDIX E Results of pumping tests in the region 

T21N-R11W 
Section 04.8d Alvin (Well 1) 103 G 660 8.3 50 1.3 G 1,700- 170- confined 

1,900 190 

T21N-R13W 
Section 03.2e Potomac (Well 4) 189 B 672 1.1 76 36.9 G 296,000 3,300 confined 
03.2e Potomac (Well 5) 178 B 660 0.3 150 14.4 G 283,000 5,300 confined 
T22N-R12W 
Section 11.1h Rossville (Test Well 2-72) 93 G 690 22.2 106 7.3 G 31,000- 500- confined 

85,000 1,500 
12.7e Rossville (Well 4) 127 G 710 58.5 330 19.1 G 44,000- 800- 9.4x10"5 

53,000 900 

T23N-R12W 
Section 09.6a E.F. Trego (Well 1) 140 G 715 32.5 21 2.6 Sa 9,000- 500- confined 

12,000 600 
11.1d Pillsbury Co. (Well 7) 115 G 715 40 1,026 93.3 S 149,000- 2,700- confined 

221,000 3,900 
11.3e Hoopeston (Well 4) 110 G 710 35 755-780 27.4 G 95,000- not 2.5×10-3 

109,000 determined 
11.3e Hoopeston (Well 5) 104 G 710 38 1,543 30.6 G 60,000- 1,500- confined 

93,000 2,300 
11.3e Hoopeston (Well 6) 98 G 705 35.3 2,030 92.8 G 101,000- 2,500- confined 

159,000 4,000 

T23N-R13W 
Section 10.1b East Lynn Community Water 150 G 700 15.9 124 21.3 G 142,000 2,200 confined 

Systems, Inc. (Weill) 

T23N-R14W 
Section 11.1d Rankin (Well 1) 270 B 720 40.4 56 1.7 G 12,000 80 confined 
11.1d Rankin (Well 2) 283 B 720 40.9 98 14.5 G 108,000- 700- confined 

144,000 900 

+ See appendix A for explanation of well location scheme. 
* H = Glacial outwash of Henry Formation or younger alluvial deposits; W = Wedron Group; G = Glasford Formation; B = Banner Formation. 
† S = Specific capacity analysis; G = Graphical analysis of pumping test data. 
a Transmissivity determination based on specific capacity corrected for well loss and partial penetration. 
b In the absence of a discrete solution for storage coefficient, hydraulic conditions are characterized as confined or unconfined. 

The storage coefficient generally ranges from 10-5 to 10-3 for confined aquifers and from 0.1 and 0.3 under unconfined aquifers. 
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