
Presentation to the Board of the Champaign County Forest Preserve District (CCFPD) 
on Thursday, March 21, 2013, at 6:00 p.m. 
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Findings from a three-year project undertaken to study the geology and hydrogeology of the 
Mahomet aquifer were presented to the Champaign County Forest Preserve District (CCFPD). 
These results will be published in a project report to be delivered to the Illinois-American 
Water Company. They will also be published by the Illinois State Geological Survey (ISGS) in 
reports and maps. The project area (highlighted in blue) is within the 15-county Water Supply 
Planning area (highlighted in brown on the index map). This map shows the ancient 
drainageways formed into bedrock prior to the first glaciation in Illinois. These river valleys 
have subsequently been filled and buried by sediment deposited by glaciers over 
approximately the last 1 million years.   
 
The Water Supply Planning area was designated in gubernatorial Executive Order 2006-01 to 
develop state and regional water-supply plans for Illinois. To meet this mandate in east-central 
Illinois, the Office of Water Resources of the Illinois Department of Natural Resources signed a 
contract with the Mahomet Aquifer Consortium to complete a study of groundwater resources 
and develop an improved groundwater flow model for the Mahomet aquifer that underlies part 
of 12 counties in east-central Illinois.  
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The Mahomet aquifer comprises of deposits of sand and gravel formed during the Quaternary Period 
(Kempton and Herzog 1996), and today is buried by as much as 200 feet of younger sediment. These 
deposits have been assigned to the Banner Formation (Mahomet Sand Member and overlying units of sand 
and gravel) of the pre-Illinois Episode and the Pearl Formation of the Illinois Episode. The aquifer underlies 
parts of 12 counties and provides an estimated 339 million gallons of water per day (mgd) to communities 
in the region (Roadcap et al. 2011). The groundwater is also used for industrial and agricultural purposes. 
For example, more than 100 mgd is pumped from the Mahomet aquifer for irrigation supplies in Mason and 
Tazewell Counties alone. 
 
 

Kempton, J.P., and B.L. Herzog, 1996, Mapping the Mahomet Sand and other aquifers of DeWitt and Piatt 
Counties: Illinois State Geological Survey, Open File Series 1996-9, 13 p. 
http://archive.org/details/mappingmahometsa19969kemp 
 
Mahomet Aquifer Consortium, 2009, A plan to improve the planning and management of water supplies in 
east-central Illinois: Mahomet Aquifer Consortium, report, 92 p. 
http://www.rwspc.org/documents/ECI-WaterPlan_062909.pdf 
 
 

Roadcap, G.S., H.V. Knapp, H.A. Wehrmann, and D.R. Larson, 2011, Meeting east-central Illinois water needs to 
2050: Potential impacts on the Mahomet aquifer and surface reservoirs. Illinois State Water Survey, Contract  
Report, 188 p. http://www.sws.uiuc.edu/pubs/pubdetail.asp?CallNumber=ISWS+CR+2011-08 
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This research was supported primarily by funds provided to the ISGS and the Illinois State Water 
Survey (ISWS) by the Illinois-American Water Company from 2007 to 2010 (as stated in the news 
release from the company in 2006, shown in the upper right). Additional financial support was 
provided by the State of Illinois Water Supply Planning Initiative (administered by the Illinois 
Department of Natural Resources), and the ISGS and ISWS. The ISGS was contracted to 1) conduct 
mapping of the geology from the land surface to bedrock in three dimensions, 2) construct 
groundwater monitoring wells so that water levels could be measured and the significance of water-
level changes could be determined, and 3) undertake surveys to measure the geophysical properties 
of the unconsolidated sediments lying above the bedrock. Background information on the Mahomet 
aquifer and water usage is provided on the left side of the slide. The schematic diagram in the lower 
right shows the distribution of confined and unconfined aquifers, their potentiometric surfaces, and 
water levels in wells of three different depths. It is an idealized representation of the 
hydrostratigraphy in east-central Illinois. 
 
Killey, M.M., and D.R. Larson, 2004, Illinois groundwater: A vital geologic resource: Illinois State Geological 
Survey, GeoScience Education Series 17, 61 p.  
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Quantifying existing and possible future groundwater withdrawals from aquifers in 
east-central Illinois and understanding the impacts of these withdrawals are critical to 
ensuring that future supply of the resource meets its future demand. How much 
additional withdrawal of groundwater will the aquifer be able to sustain? What will be 
the impacts of additional withdrawals on current users and on the stream flow (and 
ecology) in our local rivers, such as the Sangamon and Middle Fork of the Vermilion? 
The challenge for all stakeholders is to develop an increased awareness for protecting 
the groundwater resource while also providing access to the groundwater resource for 
beneficial uses. Geologic and groundwater flow models that are sufficiently tested and 
validated can be powerful tools to aid in interpreting the effects of different 
groundwater management schemes. However, such tools must be carefully developed 
using the appropriate geological, hydrological, and geophysical information, and sound 
analysis and interpretation of that information must follow.  
 
Given the need by stakeholders to obtain a better understanding of the available 
groundwater resources in Champaign County and surrounding areas, it was necessary 
to complete a detailed geological study in response to this need and to present the 
scientific results to the public. 
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This project was undertaken over a 30-township area (outlined in black) in northern 
Champaign County and parts of adjacent DeWitt, Ford, Piatt, Iroquois, McLean, and 
Vermilion Counties. 
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This map shows the hillshade relief of the bedrock surface in east-central Illinois and 
west-central Indiana. The project area (outlined in red) overlies part of the Mahomet 
Bedrock Valley, a preglacial valley formed during the Quaternary Period or earlier. The 
Mahomet aquifer lies within and above the Mahomet Bedrock Valley. Shallower 
aquifers above the Mahomet aquifer extend beyond the edges of this bedrock valley. 
The green dots represent boreholes drilled for this project. The major cities in the area 
are shown as a reference.  
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Glaciers flowed across east-central Illinois from ice centers located over northern Canada northeast of the 
Great Lakes during three main periods of glaciation: the Wisconsin, Illinois, and pre-Illinois Episodes. The 
glaciers flowed along paths delineated by the arrows. The first glaciers entered east-central Illinois from the 
northeast more than 1 million years ago. Before the first glaciation, the landscape in the region was 
characterized by a rolling to undulating topography with steep-sided valleys cut into Pennsylvanian-age and 
older shale, siltstone, sandstone, and limestone. The Mahomet-Teays River flowed in a broad valley, the 
Mahomet Bedrock Valley, which underlies the middle part of the project area. This river constituted part of a 
large continental drainage system that drained the Appalachian Mountains westward, entering the Ancient 
Mississippi River near Peoria. The valleys walls of the Mahomet Bedrock Valley were exposed at the land 
surface until the early part of the Illinois Episode, when it was finally filled in by deposits of glacial till, silt, 
clay, and sand and gravel (Kempton et al. 1991; Soller et al. 1999).  
 

Today, there is no expression of the Mahomet Bedrock Valley at the land surface. In fact, several moraines 
composed of glacial till formed during the last (Wisconsin Episode) glaciation cross this buried valley. On the 
map of ice margins (right), the bedrock valleys are shown as thick light blue lines; the Mahomet Bedrock 
Valley and the location of the Mahomet-Teays River are shown in preglacial Illinois by thick dark blue lines 
(upper left map in the figure). 
 
Kempton, J.P., W.H. Johnson, P.C. Heigold, and K. Cartwright, 1991, Mahomet Bedrock Valley in east-central Illinois: Topography, glacial 
drift stratigraphy, and hydrogeology, in W.H. Melhorn, and J.P. Kempton, eds., Geology and hydrogeology of the Teays-Mahomet Bedrock 
Valley system: Boulder, Colorado, Geological Society of America, Special Paper 258, p. 91–124. 
http://specialpapers.gsapubs.org/content/258/91.full.pdf+html 
 

Killey, M.M., 2007, Illinois' ice age legacy: Illinois State Geological Survey, GeoScience Education Series 14, 74 p. 
 

Gwyn, Q.H.J., and A. Dreimanis, 1979, Heavy mineral assemblages in tills and their use in distinguishing glacial lobes in the Great Lakes 
region: Canadian Journal of Earth Sciences, v. 16, p. 2219–2235. http://www.nrcresearchpress.com/doi/pdf/10.1139/e79-209 
 

Soller, D.R., S.D. Price, J.P. Kempton, and R.C. Berg, 1999, Three-dimensional geologic maps of Quaternary sediments in east-central Illinois: 
United States Geological Survey, Geologic Investigations Series Map I-2669. http://pubs.usgs.gov/imap/i-2669 
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The buried Mahomet Bedrock Valley (outlined in green) is situated in the middle of the project 
area. At four forest preserve properties in Champaign County, located over the bedrock valley (blue 
circles), the ISGS drilled boreholes and constructed groundwater monitoring wells where water 
levels have been measured.  
 
In this part of east-central Illinois, the Mahomet aquifer is a confined aquifer. Pressure on the 
groundwater in the aquifer builds up because of the confining layers. In a confined aquifer, the 
water level in a well rises to a level above the top of the aquifer at which the hydraulic head is 
equal to the atmospheric pressure. The water-level data collected from these wells are being used 
to help determine the effects of groundwater withdrawals from the aquifer and in the future could 
be used to track the effects of climate change on the aquifer. 
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For this project, data from 125 boreholes (A; boreholes considered primary reference data points, or 
“golden spikes”) were used for the geologic mapping. From these boreholes, continuous sediment 
core (B) or samples were collected during the drilling operation, and borehole geophysical logs were 
taken. Of these boreholes, 59 were drilled specifically for this project. In 57 of these boreholes, 
groundwater monitoring wells were constructed to measure the water level. The boreholes are cased 
with 2-inch PVC pipe with 5- or 10-foot well screens set in the aquifer to be monitored.  Sediment, 
drilling mud, and other materials were flushed out of the well after construction (C) until the water 
was clear to maximize well efficiency and the inflow of water to the well. Typically, the well casing 
extends above the ground. 
 
In most of the wells, the water level is being measured quarterly or biannually. To measure the water 
level, a graduated measuring tape or electric tape (D) is lowered down the wells. In a few wells, 
specialized equipment, such as a submersible pressure transducer or data logger, installed to allow 
for continuous recording of the water-level measurements. The data collected can be accessed 
remotely or stored for later download at the site. Analysis of these measurements will help delineate 
groundwater flow within the glacial sediments in the project area. 
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The near-surface seismic geophysical method was used to map the subsurface geology from the land surface 
to bedrock in three parts of the project area, as shown on the map. This method involves measuring the 
propagation velocity and amplitude of elastic (seismic) waves in the subsurface. There are two groups of 
seismic waves: 1) body waves, which are capable of travelling through the subsurface, and 2) surface waves, 
which travel across the land surface. Body waves include compressional (P) and shear (S) waves (see upper 
right figure). P-waves are the faster type of seismic waves and their movement parallels the direction of 
wave propagation. Shear waves are slower and travel perpendicularly to the direction of wave propagation. 
P-wave velocity depends on both the texture of the sediments or bedrock and the materials filling the pore 
space (the space between sediment grains); P-waves are able to move through both the matrix and pore 
spaces. S-wave velocity depends only on the properties of the sediment or rock matrix; these waves move 
only through the matrix. 
 

The seismic data were collected using a land-streamer system (shown in the photograph) designed and 
manufactured by the ISGS (Mehnert et al. 2004). For measuring P-waves, the land streamer consists of 48 
geophones (receivers) mounted on metal sleds spaced 6.5 feet apart along 312 feet of cable. The P-waves 
were generated by dropping a 100-pound weight onto a metal plate (source). The S-waves were recorded 
with 24 geophones (receivers) mounted on metal sleds spaced 2.5 feet apart along 60 feet of cable. The shear 
waves were generated by striking the horizontal axle of a rolling metal cylinder with a 2-pound hammer 
(source). 
 

From these surveys, only large-scale features and prominent boundaries, delineated by the continuous dark 
soundings, can be delineated (see profile above). Several seismic units (K to R) were mapped based on 
variations in seismic properties. These units correlate with changes in sediment type or lithology of the 
mapped geologic units. Seismic units K, and Q include deposits of sand and gravel; unit L is organic-rich silt, 
sand, and diamicton; units M and N are till; unit P includes deposits of diamicton, sand and gravel , or silt and 
clay of the Glasford Formation; and unit R is till, sand and gravel, or silt and clay deposited during the 
Wisconsin and Hudson Episodes. 
 

Mehnert, E., K.C. Hackley, T.H. Larson, S.V. Panno, A. Pugin, H.A. Wehrmann, T.R. Holm, G.S. Roadcap, S.D. Wilson, and K.L. Warner, 2004, 
The Mahomet aquifer: Recent advances in our knowledge: Illinois State Geological Survey, Open File Series 2004-16, 20 p. 
http://www.mahometaquiferconsortium.org/ofs2004-16.pdf 
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In the boreholes, either immediately after the drilling was completed or in the PVC well casing, several 
different types of probes, or sondes, were lowered to the bottom to record the geophysical properties of the 
sediment or bedrock surrounding the borehole. The most common borehole geophysical logging methods 
used in this project are natural gamma-ray logging (Bleuer 2004) and vertical seismic profiling (Hunter et 
al. 1998). The setup for natural gamma logging is shown at the lower left. In the upper left, a log of natural 
gamma radiation is being taken in a borehole drilled into the Mahomet aquifer. 
 

Natural gamma logging is a method that records variations in gamma radiation emitted from naturally 
occurring radioactive isotopes [potassium-40 (40K), uranium-238 (238U), and thorium-232 (232Th) 
radioisotopes] present within the sediments or bedrock surrounding the borehole. In Illinois, the 
radioisotopes (40K, 238U, 232Th) are more abundant in deposits of clayey sediment and in shale and claystone 
bedrock and are typically less concentrated in deposits of sand and gravel or quartz- or carbonate-rich 
bedrock. This relationship is shown on the borehole log (right). In the borehole shown, the natural gamma 
radiation (measured in counts per second, or CPS) varies directly with the texture of the geologic materials. 
The finer-grained sediments (till and silt) have the highest CPS.  
 

Seismic velocity profiling is undertaken along or in the vicinity of surface seismic surveys to further 
understand changes in seismic velocity with depth. Variations in moisture content, grain size, porosity, 
mineralogy, or a combination of some or all of these parameters appear to influence the seismic velocity 
measurements (Hyndman et al. 2000). On the borehole log, the blue and green lines show the seismic data 
(P- and S-waves) with respect to sediments encountered. Generally, the seismic velocities (m/s) increase 
with depth and are highest in sediments that are fine grained, compacted, and dry.  
 

 
Bleuer, N.K., 2004, Slow-logging subtle sequences the gamma-ray log character of glacigenic and other unconsolidated sedimentary sequences: Indiana 
Geological Survey, Special Report 65, 39 p. 
 
Conger, R.W., 1996, Borehole geophysical logging for water-resources investigations in Pennsylvania: United States Geological Survey, Fact Sheet 218-95, 
4 p. http://pa.water.usgs.gov/reports/fs218-95.pdf 
 
Hunter, J., and others, 1998, Downhole seismic logging for high‐resolution reflection surveying in unconsolidated overburden: Geophysics, v. 63, 1371–
1384, http://dx.doi.org/10.1190/1.1444439. 
 
Hyndman, D.W., J.R. Harris, and S.M. Gorelick, 2000, Inferring the relation between seismic slowness and hydraulic conductivity in heterogeneous 
aquifers: Water Resources Research, v. 36, no. 8, 2121–2132. http://dx.doi.org/10.1029/2000WR900112 
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The electrical earth resistivity (EER) geophysical method takes advantage of the contrast in electrical 
properties of sediment. In general, deposits of sand and gravel have relatively high resistance to the 
passage of an electrical current, whereas clay tends to have low resistance. EER geophysical surveys 
were conducted in five parts of the project area, located on the map to the left. These data were 
collected linearly along transects over a large area to a depth of approximately 150 feet below the 
land surface, and are an important data source that augments data from the boreholes.  
 
The electrical resistance, or resistivity, of these sediments is measured by transmitting an electric 
current into the ground through two metal stakes (called the current dipole-C1 and C2) and 
measuring the resulting electrical potential with two other stakes (called the potential dipole-P1 and 
P2), as shown in the diagram on the upper right. The setup in the field is shown in the photograph. 
According to Ohm’s law, resistance is the potential divided by the current; however, resistance of 
sediments varies with the volume being measured. In this project, we measured the resistivity, 
defined as the resistance of a unit area of sediment per a unit length and reported as ohm-meters. 
 
The EER method was used to delineate different geophysical units (e.g., units 1a to 3 shown in the 
profile). The geophysical units are based on changes in resistance, which is correlative with textural 
changes in the sediments  (i.e., coarse versus fine grained). 
 
Larson, T.H., 1994, Geophysical investigation of the Ticona Bedrock Valley aquifer near Streator, Illinois: Illinois State 
Geological Survey, Open File Series 1994-9, 24 p. http://archive.org/details/geophysicalinves19949lars 
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Records filed by drillers after the completion of water wells (A) and other subsurface investigations contain 
logs that describe the unconsolidated sediments and bedrock that were encountered. In addition to these 
descriptions, the records also contain important information about the location, well construction and 
development, and static water level. These records were the most abundant source of information.  
 

A database of geological, hydrogeological, and geophysical information was developed using a relational 
database (i.e., Microsoft Access) and geographic information system (GIS) software. A screenshot of a record 
from the database is shown in (B). The analysis and interpretation of this information can reveal mappable 
relationships among the geologic mapping units. From the nearly 5,500 records available in the project area, 
1,878 records were selected and input into a database, which was used to develop the 3-D geologic model. 
 

Using specialized software, we were able to view and analyze the geological, hydrogeological, and geophysical 
information interactively or simultaneously in three dimensions, as shown in (C). This capability allowed us to 
improve the efficiency and accuracy of our interpretations for developing the geologic model. 
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A 3-D model of the geology in the project area was constructed from the interpreted 
data to enable visualization of the geologic mapping units. The modeling was part of a 
procedure to characterize the thickness and distribution of the unconsolidated 
sediments at and below the land surface. Because these sediments constitute the 
aquifer and nonaquifer units in the project area, the character and distribution of the 
sediments influence groundwater flow and its recharge and discharge. 
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At the River Bend Forest Preserve, a borehole (CHAM-07-06A) was drilled to collect a 
continuous core of glacial sediment deposited during the three glaciations and of the 
bedrock. The colors in the vertical column in the figure on the right indicate the various 
units of glacial sediment. In addition, a deposit of sand and gravel containing 
freshwater mussel shells is preserved on the bedrock (green unit). This fossiliferous 
sediment is interpreted as a remnant deposit of the Mahomet-Teays River that flowed 
in the Mahomet Bedrock Valley before the first glaciers entered east-central Illinois. 
  

A monitoring well was installed in the borehole (CHAM-07-06A) with the screen set 
between 288 and 293 feet below the ground surface. The water level measured in this 
well is the hydraulic head in the Mahomet aquifer at this location. A monitoring well 
was installed in the second, shallower borehole at the site (CHAM-07-06B), with the 
well screen set between 83 and 88 feet below the ground surface. 
  

Over the last five years, the static water level measured in the deeper well has 
fluctuated between 60 and 69 feet below the ground surface. The water level in the 
second well has fluctuated between 6 and 11 feet below the ground surface during the 
same period. 
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At the Lake of the Woods Forest Preserve, a borehole (CHAM-08-08A) was drilled to 
collect a continuous core of glacial sediment deposited during the three glaciations and 
of the bedrock. The colors in the vertical column in the figure on the right indicate the 
various units of glacial sediment. In addition, a deposit of sand and gravel preserved on 
the bedrock (green color) is interpreted as having been deposited by the Mahomet-
Teays River when it flowed in the Mahomet Bedrock Valley prior to the first glacial 
advance into east-central Illinois. 
 
A monitoring well was installed in the borehole (CHAM-08-08A), with the screen set 
between 210 and 215 feet below the ground surface. A monitoring well was installed in 
the second, shallower borehole (CHAM-08-08B), with the well screen set between 90 
and 100 feet below the ground surface in sand and gravel of the Glasford Formation. 
 
Over the last four years, the static water level measured in the deeper well has 
fluctuated between 106 and 114 feet below the ground surface. The water level in the 
second well has fluctuated between 50 and 54 feet below the ground surface during the 
same period. 
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At the Sangamon River Forest Preserve, a borehole (CHAM-08-09A) was drilled to collect a 
continuous core of glacial sediment deposited during the three glaciations and of the bedrock. The 
colors in the vertical column in the figure on the right indicate the various units of glacial sediment. 
In addition, a deposit of sand and gravel preserved above the bedrock is interpreted as having been 
formed by the Mahomet-Teays River when it flowed in the Mahomet Bedrock Valley before the first 
glaciers flowed into east-central Illinois. 
  
The water levels in four monitoring wells installed at the site are currently being measured by the 
United States Geological Survey (USGS) as part of their Groundwater Watch Program. Water levels 
are being measured continuously in the deepest well and the water-table well. The water levels in 
the other two wells are being measured biannually. The data from these wells can be viewed at 
http://groundwaterwatch.usgs.gov/countymaps/IL_019.html (copy and paste the web address into 
your browser). The hydrograph shows the continuous water-level measurements for the deepest 
well from mid-July 2011 to mid-March 2013. Of note is the drop in the water level that occurred 
during the summer of 2012 when east-central Illinois was experiencing a drought. The drop in the 
water level reflects a decline in the hydraulic head in the aquifer that was most likely caused by an 
increase in the amount of groundwater pumped from the aquifer. Further discussion of the water-
level data is provided on slide 20. 
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The hydrograph shows fluctuations in water levels measured in the four monitoring 
wells constructed at the Sangamon River Forest Preserve. The screens of wells CHAM-
08-09A, CHAM-08-09B, CHAM-08-09C, and CHAM-08-09WT are set at, respectively, 
260 to 265, 166 to 171, 64 to 69, and 14 to 19 feet below the ground surface. 
 
The water levels measured in wells CHAM-08-09A and CHAM-08-09B appear to 
fluctuate equally and almost at the same elevation, even though the aquifer units 
screened in these boreholes are separated by 30 feet of fine-grained sediment. These 
measurements suggest that these aquifer units are hydraulically connected; that is, 
they are in direct physical contact nearby. These aquifer units directly overlie each 
other to the southeast (see cross section). 
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At the Middle Fork River Forest Preserve, two boreholes were drilled at two sites to 
collect a continuous core of glacial sediment deposited during the three glaciations and 
of the bedrock. The two boreholes (CHAM-08-02A and CHAM-08-02B) are shown in 
the photograph on the upper left. 
 

Three monitoring wells were installed on the Middle Fork River Forest Preserve 
property. The well constructed in borehole CHAM-08-01 has a screen set between 150 
and 160 feet below the ground surface. The well in the deeper borehole (CHAM-08-
02A) has a screen set at a depth of 296 and 306 feet below the ground surface. The 
screen for the well in the second borehole at the same site (CHAM-08-02B) is set at a 
depth of 70 and 75 feet below the ground surface. 
 

Over the last four years, the water level in well CHAM-08-02A has fluctuated between 
49 and 58 feet below the ground surface. The water level in well CHAM-08-02B has 
been measured between 28 and 35 feet below the ground surface, and the water level 
in well CHAM-08-01 has fluctuated between 28 and 35 feet below the ground surface 
in the same period. 
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From this project, important new information has been compiled, improving our 
understanding of the geology and hydrogeology of this part of east-central Illinois. For 
example, the subsurface information acquired from new boreholes drilled over the Mahomet 
Bedrock Valley indicates that locally, thick layers (>20 feet) of fine-grained sediment are 
present within deposits of sand and gravel composing the Mahomet aquifer. This 
interlayering of fine- and coarse-grained sediment suggests that the history of erosion and 
deposition leading to the formation of the Mahomet aquifer was more complicated than 
previously understood. Two consequences of this insight are that 
  

1) the volume of sediment composing  the Mahomet aquifer is different from the volume 
estimated previously, and 
 

2) the geometry of the Mahomet aquifer, including the interlayered fine-grained 
sediment, could affect groundwater flow. For example, in several areas of the Mahomet 
Bedrock Valley, layers of glacial till, alluvium (sand and silt), or lake sediment (silt and 
clay) deposited during  the pre-Illinois Episode were encountered within deposits of 
sand and gravel interpreted to be the Mahomet aquifer. Presumably, these layers 
would affect the movement of groundwater both horizontally (down gradient) and 
vertically within the Mahomet aquifer. 
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