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A Reassessment of Aquifer Conditions
West of Normal, Illinois
by Susan S. Richards and Adrian P. Visocky
ABSTRACT
In 1980 the town of Normal pumped an average of 1.66 mgd (million
gallons per day) of water from 3 production wells, tapping 3 deeply
buried sand and gravel aquifers (upper, intermediate, and lower) in the
Danvers Buried Valley located west of Normal. The wells were developed
in 1974 after a period of extensive exploration and testing. Since
the wells went into service in February 1976, pumpage has increased from
1.16 mgd to present levels. Large water level declines (20 to 30 feet)
have occurred in a number of wells in the vicinity of Normal's west well
field, resulting in some nearby farm wells going dry. These large
declines were not predicted, because, as has now been determined, aquifer
properties calculated from tests of the production wells (T = 442,000
gpd/ft; S = 0.11) were not representative of regional values. The model
originally used in predicting the impact of pumping could not reproduce
observed declines. Therefore, a new model, based on combined thicknesses
of the intermediate and lower aquifer and representative regional aquifer
properties (T = 165,000 gpd/ft; S = 0.001), was used to successfully
predict observed declines in nearby observation wells. This new model
predicts that pumping an average of 3.88 mgd—depending upon the spacing
of the production wells—will cause additional declines of about 30-45
feet in nearby wells tapping the 3 deeply buried aquifers. Such an
increased pumpage in Normal's well field will probably have negligible
effects on other area pumping centers.

INTRODUCTION
The town of Normal's west well field, located about 8 miles from
town, was developed in 1974 after numerous explorations of nearby sites
for additional groundwater supplies. Following development of the Normal
west well field, large declines in water levels were observed in a number
of nearby wells. This report, which investigates these water level
declines, is one of many studies that have been conducted on the groundwater resources used by the town of Normal.Studies of the groundwater resources used by Normal began as early
as 1962. In a report written in October of that year (Walker, 1962), it
was estimated that the town well fields in use at that time had a maximum
potential yield of 3.6 mgd (million gallons per day), assuming that no
prolonged drought occurred and industrial pumpage did not increase. In a
later report, Schicht (1966) estimated that the safe yield of these
aquifers would be exceeded in the year 2000. In order to meet projected
water demands, new sources of water were needed. In an effort to develop
additional groundwater supplies for Normal, an extensive groundwater
exploration program was conducted along Sugar Creek south of Bloomington
in 1965 and 1966. Because of the limited yield available there, this

area was abandoned and attention was diverted to other areas. Kempton
(1969a) suggested that a preglacial buried bedrock valley present in the
area west of Normal and north of Stanford held potential for development
of the required additional groundwater supplies. An intensive investigation of the hydrogeology of this area was begun in 1969. The geological investigation revealed that there were three deeply buried aquifers
along the eastern edge of the Mackinaw Valley (the ancient Mississippi
River system). Aquifer tests conducted in 1970 and 1971 proved favorable, and these deeply buried aquifers were developed in 1974 with a well
field located in McLean County along Illinois Routes 9 and 22, between
Danvers and Stanford. Production from this well field began in February
1976.
Prior to development of Normal's west well field, a thorough attempt
was made to evaluate the impact of the proposed withdrawals from the
deeply buried aquifers. Despite the thorough analysis, unexpected
declines in water levels were observed after pumping began, and some
nearby farm wells went dry. In February 1980, a meeting was held in
which representatives of local farmers, State Senator John Maitland, and
representatives of the Illinois State Water Survey discussed the problem.
A reevaluation of the groundwater resources in the vicinity of Normal's
west well field was promised at that time.
This report reevaluates the groundwater resources in the vicinity of
the Normal west well field through a review of data in our files regarding previous work. On the basis of this review, a new model has been
developed which more accurately predicts observed water level declines.
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HYDROGEOLOGY
Unconsolidated deposits of the Mackinaw Valley, located west of the
town of Normal, Illinois, provided the town with an average water yield
of about 1.66 mgd in 1980. The Mackinaw Valley is a preglacial bedrock
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valley which has been filled with sand and gravel and till ranging in
thickness from 100 to over 400 feet. The study area (figure 1) is
located over the confluence of three tributaries to the Mackinaw Valley
which have formed a significant preglacial lowland area ranging from 3 to
10 miles wide (John Kempton, Illinois State Geological Survey, personal
communication). The Danvers Valley, the principal tributary valley,
trends southwest through the northwest corner of McLean County and into
Tazewell County where it joins with the Mackinaw Valley (Piskin and
Bergstrom, 1975).
Three major zones of water-bearing sand and gravel (aquifers) within
the glacial materials in west central McLean County have been identified
by Kempton (1969b). These aquifers are referred to as the upper, intermediate, and Sankoty or lower. All three aquifers are deeply buried in
the bedrock valley fill (see figure 2 ) .
The upper aquifer, suggested by Kempton to be a relatively narrow
channel fill within the glacial deposits, lies in a narrow strip (about
1 mile wide) trending generally east-west along Route 9 in McLean County
(see figure 3 ) . It consists of fine to medium sand ranging in thickness
from a featheredge at the boundaries to over 50 feet in the center of the
strip. This aquifer thins eastward and is thin or absent in the southeastern portion of T.24N., R.1E., but continues east into the town of
Normal where it again thickens and is tapped by Normal Wells 3 and 4.
The top of the upper aquifer is usually encountered at elevations of 550
to 600 feet above mean sea level.
The intermediate aquifer extends from approximately the eastern edge
of Section 6, T.23N., R.1E. to the Mackinaw River, and reaches a width of
over 7 miles on a line just south of Danvers to south of Stanford. This
aquifer consists of medium sand and gravel and ranges in thickness from 0
to over 50 feet. The intermediate aquifer both thickens and becomes more
extensive towards the southwest. The top of this aquifer is usually
encountered at elevations of 490-520 feet above mean sea level.
The lower aquifer, suggested by Kempton to be "Sankoty type," ranges
from a fine sand to a coarse sand and gravel. It is the most widely
distributed deposit in the valley, ranging up to 9 miles wide. It varies
in thickness but averages about 50 feet. Where found, this sand lies
immediately above the bedrock surface. The top of the lower aquifer
occurs below an elevation of 450 feet above mean sea level.
These three aquifers are commonly separated by glacial till (a nonwater-yielding, pebbly, silty, clayey material) of varying thickness.
However, in some places, especially in the vicinity of Normal's west well
field, the till separating the aquifers is thin or absent as illustrated
by the cross section A-A' in figure 2. Therefore, where these aquifers
are in direct contact, they act as a single hydrologic unit. Water level
data indicate that groundwater in all three aquifers was originally under
artesian or leaky-artesian conditions. Since pumping began, water-table
conditions have developed in the vicinity of the well field.
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Figure

1.

Location of study area
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Figure 2.

Geologic cross section of the valley fill
(after Kempton, 1969b)
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Figure 3.

Detail of study area and approximate extent of upper aquifer
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The three aquifers provide water to the major groundwater users in
the region. The village of Danvers taps the lower aquifer, the villages
of Stanford and Minier (located 5 miles west of Stanford) tap the
intermediate aquifer, and the town of Normal taps all three aquifers.
Additionally, some farm wells are drilled into each of these aquifers.
Recharge to the three aquifers is derived from precipitation. There
is some evidence to suggest that the lower and intermediate aquifers
derive a large portion of their recharge from the upper aquifer in the
area where the upper and intermediate aquifers are hydraulically connected. Recharge to the upper aquifer is derived from percolation of
precipitation through the thick surficial deposits.
At various depths in the 100 to 200 feet of surficial deposits above
these major aquifers, scattered lenses of water-bearing sand and gravel
are found in a silty, clayey till. The finer-grained till separates
these sand and gravel lenses from the underlying (upper, middle, and
lower) aquifers. Groundwater in these lenses occurs under both watertable and artesian conditions. Most farm and domestic wells in this
region tap these surficial deposits, as is illustrated by well MCL
23N1W-1.5h2 in figures 3 and 4 (also see the appendix).

TEST DRILLING PROGRAM

,

John Kempton of the Illinois State Geological Survey (letter report
to G. Farnsworth, 1969a) suggested to the town of Normal that the area
northwest of Stanford held potential for development of additional
groundwater supplies for the town. As a result of his recommendation a
cooperative program of groundwater exploration was undertaken by the town
of Normal; Farnsworth and Wylie, consulting engineers; the State Geological Survey; and the State Water Survey. Under the supervision of John
Kempton, fifteen test holes were constructed in 1969 by the Layne-Western
Company to depths ranging from 310 to 385 feet. These holes were located
in Sections 10, 13, 15, and 17, T.23N., R.1W.; in Sections 5 and 6,
T.23N., R.1E.; in Sections 32, 34, 35, and 36, T.24N., R.1W.; and in
Sections 32, 33, and 35, T.24N., R.1E (Woller and Sanderson, in press
1982). Data from these test holes and other wells were studied by
Kempton to map the distribution and extent of the aquifers present in the
buried valley deposits. Based on aquifer thickness maps constructed by
Kempton, two idealized aquifer models were proposed in order to make
preliminary estimates of well field production. One model (Ml) represented the middle aquifer by a wedge with an apex angle of 30° and a
thickness of 86 feet. The other model (M2) represented the lower aquifer
by a semi-infinite strip 13,000 feet wide and 90 feet thick.
In late 1970, two test wells were drilled to test the aquifers for
their water-bearing properties. The first well, Test Hole No. 20, is
located 85 feet south and 165 feet east of the NW corner, Section 6,
T.23N., R.1E. This well was drilled by Layne-Western Company to a depth
of 268 feet and is finished in the intermediate aquifer. The second
well, Test Hole No. 21, was drilled by Layne-Western Company to a depth
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Figure 4.
Simplified log of Production Well 101 and examples of
domestic wells in surficial (1.5h2)s upper (1.461),
and intermediate (1.4c2) aquifers
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of 324 feet and is open to the lower aquifer. It is located approximately 75 feet south and 155 feet west of the NE corner of Section 10,
T.23N., R.1W. The locations of Test Holes 20 and 21 are shown in
figure 3.
A controlled aquifer test using four observation wells was conducted
at Test Hole No. 20 on November 24-25, 1970, by representatives of the
driller, the State Water Survey, and Farnsworth and Wylie, consulting
engineers. The well was pumped at a constant rate of approximately
430 gpm (gallons per minute) for 24 hours. The transmissivity and
storage coefficient computed from the test results were 286,000 gpd/ft
and 0.01, respectively. Based on the idealized wedge-shaped aquifer
model (Ml) and the production test data, it was estimated that the intermediate aquifer could yield 1900 gpm (2.7 mgd) on a long-term basis from
a properly constructed production well. It was also estimated that a
multiple-well field consisting of four wells could develop from 4.0 to
7.0 mgd depending on whether half-mile or mile spacings between the wells
were used.
A second controlled aquifer test at Test Hole No. 21 using four
observation wells was conducted on January 5-6, 1971, by representatives
of the driller, the State Water Survey, and Farnsworth and Wylie. The
well was pumped for 24 hours at a constant rate of approximately 575 gpm.
The computed transmissivity and storage coefficient were 119,000 gpd/ft
and 0.0002, respectively. Based on the idealized semi-infinite strip
aquifer model (M2) and the production test data, it was estimated that
the deep aquifer was capable of yielding 600 gpm (0.86 mgd) on a longterm basis from a properly constructed production well. For this test,
one of the observation wells, located 225 feet west of Test Hole No. 21,
was completed at a depth of 106 feet to evaluate the effect of pumpage
from the lower aquifer on water levels in the surficial deposits. For
the duration of the test, pumping in Test Hole No. 21 had no effect on
water levels in the well finished in the surficial deposits. It was
therefore concluded that long-term pumping from the lower aquifer would
also have no effect on wells finished in surficial deposits.
Based on the test results, the town of Normal decided to construct
production wells tapping both the lower and intermediate aquifers. In
1974, Production Wells 100, 101, and 102 were drilled by Layne-Western
Company (see figure 3 ) . All three wells are screened in both the middle
and lower aquifers. Figure 4 shows a simplified log and construction
features of Well No. 101. All three production wells have similar logs
and construction features. Well No. 100 was completed in November 1974
to a depth of 346 feet. It is located approximately 100 feet south and
100 feet east of the NW corner of Section 6, T.23N., R.1E. Well No. 101
was completed in September 1974 to a depth of 345 feet. It is located
approximately 100 feet north and 2210 feet east of the SW corner of
Section 36, T.24N., R.1W. Well No. 102 was completed in October 1974 to
a depth of 364.2 feet. It is located at the northeast corner of Routes 9
and 122, approximately 100 feet north and 875 feet west of the SE corner
of Section 35, T.24N., R.lW. Controlled aquifer tests were conducted on
these three wells on October 1-2, October 22-23, and November 7-8, 1974.
Wells 100, 101, and 102 were each pumped for 24 hours at constant rates
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of approximately 1440 gpm, 1409 gpm, and 1409 gpm, respectively. Computed transmissivities and storage coefficients are shown in table 1.
Average values of transmissivity and storage coefficient were 442,000
gpd/ft and 0.11, respectively. On the basis of the production well test
data and on the assumption that the combined aquifers could be represented by an idealized semi-infinite strip (M3) 11,000 feet wide and
125 feet thick, it was determined that each of the wells could safely
pump 1000 gpm (1.44 mgd) on a long-term basis. With two wells, Nos. 100
and 102, each operating continuously at 1000 gpm (a total of 2000 gpm or
2.8 mgd) for 1 year without recharge, it was predicted that a maximum of
10 feet of interference could be expected in Well No. 101. In light of
the very good test results, it was expected that pumping would have only
a moderate impact on water levels in the area.
Table 1.

Aquifer Properties Determined from Tests on
Wells 100, 101, and 102

Production Well No.

Transmissivity
(gpd/ft)

Storage coefficient

100
101
102

340,000
516,000
470,000

0.18
0.06
0.09

Average

442,000

0.11

WATER LEVELS AND PUMPAGE
To assess the effect of the development of the Normal west well
field on water levels in the aquifers of the area, water levels before
and after pumping began were studied.
Since February 1971 water levels have been measured periodically by
the Illinois State Water Survey in Test Holes No. 20 and No. 21. Before
pumping began, water levels in these wells fluctuated less than 2 feet
(see figure 5). Pumping in Wells 100, 101, and 102 began in February
1976 and averaged 1.16 mgd for that first year. Annual average pumpage
increased to 1.66 mgd in 1980. Figure 5 illustrates the effect of
pumpage on water levels in Test Holes No. 20 and No. 21: water levels
declined steadily as pumpage increased. Presently, water levels in Test
Holes 20 and 21 are approximately 30 and 25 feet, respectively, below
original static levels.
Regional water levels were studied by comparing the pre-development
water levels with the post-development water levels (see the appendix).
Pre-development water level data were obtained from drillers logs of
wells drilled before 1976 in the area of interest. Post-development
water level data were collected during a survey conducted between April 3
and 9, 1981, before spring recharge occurred.
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Figure 5.

Pumpage and water levels in the Normal west well field
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Figure 6 is a map of the approximate piezometric surface of the
lower and middle aquifers prior to the start of pumping in the Normal
well field. This map was constructed on the basis of pre-development
water level data for wells tapping the lower and middle aquifers. Upon
examination of available historic water level data, no significant
difference in head between the two aquifers could be determined. It was
therefore assumed that these aquifers act as a single hydrologic unit.
This piezometric map indicates that groundwater in these two aquifers
moves predominantly to the west and southwest towards the Mackinaw Buried
Valley. Also seen in figure 6 is a local cone of depression caused by
pumpage at Danvers. The pre-development piezometric surface generally
reflects the bedrock topography.
Figure 7 is a map of the approximate piezometric surface of the
lower and middle aquifers for April 1981. This map is based on data
collected during April 3-9, 1981 and reflects not only the Danvers
pumpage but also the Normal well field. It shows that water levels have
been lowered in the vicinity of Normal's well field as a result of
pumping, and that some water that formerly flowed towards the Mackinaw
Buried Valley is being diverted into Normal's well field. One interesting feature of this map is the small mound seen to the west of Normal's
production wells. The location of this mound in an area where the upper
and intermediate aquifers are connected may reflect the influence of
recharge from the upper aquifer to the intermediate and lower aquifers.
Figure 8 shows the magnitude of the difference in pre-development
and April 1981 water levels. The greatest change in water levels
occurred in the vicinity of the well field, where declines of over
30 feet are observed. No significant decline in water levels is observed
beyond a radius of about 2 to 3 miles from Normal's wells.
Water levels also were measured in wells tapping the surficial
deposits during the survey period. No significant changes of water
levels in these shallower wells were noted when current water levels were
compared with historic data. Therefore, as predicted, pumpage in the
lower and middle aquifers appears to have little or no effect on wells
drilled into the shallower aquifers. This is illustrated by Well MCL
23N1W-1.5h2 in figure 4. This well, finished in a sand and gravel lens
in the surficial deposits, is still in use, even though it is located
only about 700 feet from Well No. 101. Fluctuations of water levels in
these wells are seasonal and can be expected to vary as much as 10 feet
between wet and dry seasons.

RECHARGE
Recharge to aquifers in the vicinity of the Normal well field occurs
locally as percolation of precipitation through the thick till. The
quantity of recharge through these thick surficial deposits varies from
place to place and is controlled by the vertical hydraulic conductivity
and thickness of the surficial deposits. Comparisons of pumpage and

12

Figure 6.
Approximate piezometvic surface of the lower and
intermediate aquifers immediately before development
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Figure 7.
Approximate piezometric surface of the lower and
intermediate aquifers, April 1981, and. area of diversion
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Figure 8.

Changes in water levels by April 1981 in wells tapping
the lower and intermediate aquifers
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water level graphs (see figure 5) indicate that water level declines have
been directly proportional to 6-month average pumping rates and that
recharge has balanced discharge.
The rate of recharge to the intermediate and lower aquifers in the
vicinity of Normal's west well field was estimated through use of the
area of diversion and the 6-month average discharge rate (1.5 mgd) for
April 1981. The area of diversion was delineated using the piezometric
surface map in figure 7 and the aquifer thickness map in figure 9. The
approximate boundaries of the area of diversion are shown in figure 7.
The quotient of the quantity of discharge (recharge) and the area of
diversion (17 square miles) is the rate of recharge, computed to be
approximately 88,000 gpd/mi 2 . This rate of recharge is at the lower
end of the range of recharge rates (52,000-500,000 gpd/mi 2 ) given by
Walton (1965) for drift aquifers. Table 2 lists examples of recharge
rates for drift aquifers in Illinois.
Table 2.

Recharge Rates for Glacial Drift Aquifers in Illinois
Recharge
rate
(gpd/sq mi)

Character of
deposits above
aquifer

52,000

Glacial drift,
largely till,
and shaly
dolomite

Glacial sand
and gravel

Woodstock,
McHenry County

127,000

Glacial drift,
largely till

Glacial sand
and gravel

Near Joliet,
Will County

200,000

Glacial drift,
largely silt
and sand

Glacial sand
and gravel

Champaign-Urbana,
Champaign County

115,000

Glacial drift
largely till

Glacial sand
and gravel

Havana region,
Mason and
Tazewell Counties

258,000

Glacial drift,
largely till
Glacial drift,
largely till
Glacial drift,
largely sand
and gravel
Glacial drift,
largely sand
and gravel

Glacial sand
and gravel

Glacial drift,
largely till

Glacial drift

Location
Libertyville,
Lake County

279,000
500,000
486,000

Panther Creek Basin,
Woodford, Livingston
and McLean Counties

380,000

(from Walton, 1965)
16

Aquifer

Figure 9.

Combined thickness of the
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lower and intermediate aquifers

As shown in table 2, the aquifers at Champaign-Urbana are most
similar geologically to the lower and intermediate aquifers west of
Normal. The recharge rate (88,000 gpd/mi 2 ) for the intermediate and
lower aquifers near Normal is relatively low compared to that given for
Champaign-Urbana (115,000 gpd/mi 2 ).
Another approach used to estimate a recharge rate is to examine only
the area where the upper aquifer is directly connected to the intermediate aquifer (see figures 2 and 4 ) . If recharge to the intermediate
and lower aquifers were derived entirely from the upper aquifer, the rate
of recharge for that area would be the quotient of the quantity of
discharge (1.5 mgd) and the area of the upper aquifer lying within the
area of diversion (about 7 square miles). The recharge rate thus derived
would be 214,000 gpd/mi 2 . This recharge rate is also well within the
range of recharge rates to drift aquifers given by Walton (see table 2)
but is on the higher end of the range for deeply buried aquifers. It is
our judgment that the actual recharge rate lies between 88,000 gpd/mi 2
and 214,000 gpd/mi 2 .
Based on the geological and water level information and estimated
recharge rates, it seems likely that the recharge rate to the lower and
intermediate aquifers is locally greater where the upper aquifer is
directly connected.

REEVALUATION
As previously discussed, a thorough aquifer testing program was
conducted before the Normal west well field was developed. An evaluation
of the impact of development was made in 1974 on the basis of the test
results and available geologic data.
Analysis of data from the aquifer tests on Wells 100, 101, and 102
indicated that the combined aquifer (the lower and intermediate) had
relatively high average values of transmissivity (T = 442,000 gpd/ft) and
storage coefficient (S = 0.11). During the tests, no evidence of hydrologic boundaries was noted.
The aquifer model M3, which was used to predict the impact of
pumping, represented the aquifers by a semi-infinite strip 11,000 feet
wide and 125 feet thick. The aquifers were assumed to be homogeneous.
The width of the semi-infinite strip in this model was less (by
2,000 feet) than that of the model M2 used in modeling Test Hole No. 21
and more conservative in concept than the 30° wedge used in model Ml for
modeling Test Hole No. 20. The idealized aquifer thickness used in M3 is
greater than that in either Ml or M2 to simulate the wells being screened
in both the lower and intermediate aquifers. The effect of pumpage on
the surficial deposits was not considered at this time because water
levels in the 106-foot well used during aquifer testing at Test Hole
No. 21 indicated that pumping the lower aquifer would not affect water
levels in the surficial deposits. This idealized aquifer model (M3) was
used in an attempt to predict drawdowns under actual rates of pumpage,
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assuming no recharge for 6 months. Drawdowns predicted using the model
are compared with observed drawdowns in table 3.
Table 3.

Observed and Predicted Drawdowns from Model 3
Drawdowns in T.H. No. 21 (ft)

December 1976
December 1980

Q (gpm)

Predicted

Observed

980
1280

2.2
3.9

18
26

Observed drawdowns were much greater than predicted. This model
(M3) therefore did not reflect the actual hydrologic conditions.
Reexamination of the distribution and extent of the aquifers as
mapped by Kempton (1969b, unpublished) revealed that Wells 100, 101, and
102 are located in an area where the upper aquifer is directly connected
to the intermediate aquifer (see figure 2 ) . Because of the connection of
the upper aquifer with the middle and lower aquifers at this location,
aquifer properties calculated from the test results were not representative of regional values. The contribution from this upper aquifer
resulted in high values of transmissivity (T), which, because of the
limited areal distribution of the upper aquifer, were much higher than
could be expected regionally. Additionally, upon test pumping, the upper
aquifer converted from artesian conditions to water table' conditions,
resulting in a relatively high value for the storage coefficient (S).
However, these water table conditions existed only in the vicinity of the
well field. Regionally, a representative value of S would be artesian
and, hence, much lower. During tests of the wells, no boundary effects
were observed in the data. The calculated radius of influence, using a
transmissivity of 442,000 gpd/ft and a storage coefficient of 0.1, would
have been only 1700 feet at the end of the test. Therefore, the radius
of influence would not have reached the edges of the upper aquifer during
testing. However, under long-term pumping conditions the radius of
influence has encountered boundaries, and a different interpretation is
necessary.
The lowering of water levels that occurred in the upper aquifer as a
result of long-term pumping in the new well field had the effect of
causing some farm wells that were drilled into the upper portion of the
upper aquifer to go dry. The distribution of these wells is shown in
figure 3. Note in figure 4 that a farm well (MCL 23NlW-1.4cl) located
south of Well No. 101 tapped the upper aquifer. After pumping began,
water levels declined below the bottom of this well, causing it to go
dry. A new well at this site was drilled (MCL 23N1W-1.4c2) and finished
in the lower aquifer.
This interference effect on the upper aquifer was not predicted,
because the connection of the upper aquifer with the intermediate aquifer
in the well field vicinity was not readily apparent. Rather, it was
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thought that the conditions found at the test wells were similar to those
elsewhere in the study area. From the simplified log of Well No. 101
shown in figure 4, it is not apparent that there are three distinct
aquifers present, yet all three deep aquifers—the upper, the intermediate, and the lower—are present at that location. Because of the
limited areal extent of the upper aquifer, values for T and S calculated
from production tests on Wells 100, 101, and 102 should not be considered
as representative of regional values. Modifications to the original
model (M3), with values of T and S more representative of regional values
and with different periods of recharge assumed, were attempted but failed
to accurately simulate observed drawdowns.
Because of the failure of the original model (M3) to explain
observed declines in the well field, a new idealized aquifer model (M4)
was developed. This model (M4) is based on the combined thicknesses of
the intermediate and lower aquifers. Data suggest that a wedge-shaped
model with an apex angle of 30° is reasonable (see figure 9 ) . A regional
value of transmissivity (T = 165,000 gpd/ft) was determined by multiplying the estimated average aquifer thickness (m = 75 feet) by a regional
value of hydraulic conductivity (K = 2,200 gpd/ft 2 ). The regional
value of hydraulic conductivity is an average of hydraulic conductivities
computed from area aquifer tests (table 4 ) . An artesian storage coefficient of S = 0.001 was assumed. Average values of T and S calculated
from the production tests on Wells 100, 101, and 102 were used to predict
interferences between wells in the well field. Table 5 shows the agreement between drawdowns predicted by this new model with actual observed
drawdowns.
It was concluded that this new model (M4) reasonably simulated
observed drawdowns, and furthermore could reasonably predict the impact
of increasing pumpage in the future.

IMPACT OF FUTURE DEVELOPMENT
To examine the impact of increased pumpage and possible expansion of
the Normal west well field, the new model was used with two pumping
schemes. For both schemes, three wells would pump continuously at
900 gpm each (total of 3.88 mgd). In the first scheme, the three wells
would be Wells 100, 101, and 102. In the second scheme, these wells
would be Wells 100 and 102 and a new well (PR) located in the southeast
corner of Section 34, T.24N., R.1W. (see figure 3 ) . It was assumed no
recharge to the aquifer would occur for 6 months. Table 6 presents the
results predicted by the new model. These are worst-case examples; the
pumping rate used here is more than twice the present average
pumpage.
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Table 4.

Table 5.

Regional Summary of Aquifer Properties

Observed and Predicted Drawdowns from Model 4
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Table 6.

Effects of Pumping Schemes Predicted by Model 4
T.H. 20

T.H. 21

Private well*

Pumping Scheme No. 1 (3.88 mgd)
Wells 100, 101, and 102
Predicted drawdowns (ft)
Currently observed drawdowns (ft)
Additional expected drawdowns (ft)

82
38
44

57
24
33

70
30
40

76
38
38

56
24
32

66
30
36

Pumping Scheme No. 2 (3.88 mgd)
Wells 100, 102, and PR
Predicted drawdowns (ft)
Currently observed drawdowns (ft)
Additional expected drawdowns (ft)

*The private well considered here is located near the NW corner
of the junction of Route 122 & Route 9 in Section 35, T.24N.,
R.1W., about 790 feet west of Well No. 102.
The data indicate that the combined middle and lower aquifers are
probably capable of producing about 3.9 mgd (more than double the present
production), but not without some adverse effects. If pumpage is
increased, the area of diversion will increase and additional declines in
water levels will occur.
An enlarged area of diversion would be necessary in order to capture
enough recharge to balance increased pumpage. The area of diversion in
April 1981 was approximately 17 square miles. Pumpage for that period
averaged about 1.5 mgd. In order to balance pumpage of 3.88 mgd, an area
of diversion of 44 square miles would be required, assuming a recharge
rate of 88,000 gpd/mi 2 .
In addition to an enlarged area of diversion, an increase in pumpage
would cause additional water level declines. Again, as is illustrated in
figure 8, these declines would be greatest in the vicinity of the pumping
wells. The magnitude of declines resulting from increases in pumpage
decreases as distance from the pumping wells increases.
Under the pumping schemes described above (Q = 3.88 mgd), water
levels would be at or above the top of the intermediate aquifer in the
vicinity of the pumping wells. Therefore, farm wells drilled into the
intermediate or lower aquifers would not fail as a result of increased
pumpage. However, the additional dewatering of the upper aquifer that
would result would make the upper aquifer useless as a dependable source
of water in the vicinity of Normal's west well field. The private well
listed in table 6 is about 230 feet deep, and is finished in the upper
aquifer. Water levels in this well are presently about 193 feet below
ground surface. An additional 36-40 feet of drawdown in this well would
cause it and probably some other area farm wells still tapping the upper
aquifer to go dry, or to lose production capacity.
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In the study area, almost all of the expected water-level declines
resulting from pumpage increases are due to boundary effects. The closer
the center of pumpage is to the boundaries, the greater the drawdowns to
be expected in the aquifers. This can be illustrated by the predicted
drawdowns for the private well shown in table 6. Although the private
well would be closer to the pumping wells in the second scheme, the
center of pumpage is farther from the boundaries. Therefore, when the
second scheme is used, the expected drawdowns in this well are less than
those predicted for the first scheme.
Currently, water levels in other area pumping centers (Danvers,
Stanford, and Minier) are not affected by pumping from the Normal west
well field. Little or no interference is expected at those pumping
centers should Normal increase the pumpage from its west well field. If
pumpage from Normal's west well field should increase to as much as 3.88
mgd, interference at Danvers and Stanford should be no more than a few
feet, and at Minier there should be none.

CONCLUSIONS
The three deeply buried sand and gravel aquifers found in the
unconsolidated glacial deposits west of the town of Normal, Illinois, now ,
provide the town with an average of 1.66 mgd (about 66% of Normal's total
water use). Prior to development of these aquifers by Normal's wells, an
extensive program of exploration and aquifer evaluation was undertaken to
determine their extent and potential yield.
In 1974, the town of Normal had 3 production wells built and tested.
Since 1976, when Normal first began pumping from the west well field,
daily withdrawals have increased from an average of 1.16 mgd in 1976 to
an average of 1.66 mgd in 1980. Pumping has caused large water level
declines (20 to 30 feet) in wells located near the Normal west well
field, causing some farm wells in the vicinity of the Normal wells to go
dry. These declines were larger than those predicted from the original
idealized aquifer model (M3).
Upon reevaluation of the groundwater conditions in the vicinity of
the town of Normal's west well field, a new idealized aquifer model (M4)
was developed. The new model is based upon the combined thicknesses of
the lower and intermediate aquifers. It predicts observed drawdowns
reasonably well, based on average 6-month pumping rates.
The new model (M4) was also used to predict the impact of increased
pumpage, and of expansion of the Normal west well field by addition of a
well located 1 mile west of the present well field. The new model
predicted that under increased pumpage (3.88 mgd), and depending upon the
spacing of the production wells, additional water level declines of 30-45
feet could be expected in the vicinity of the well field. Additionally,
wells on some farms (including some recently deepened because of waterlevel declines) could go dry. The effects of increased pumpage in
Normal's west well field on other area pumping centers would be minimal.
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Continued monitoring of water levels and pumpage in the three deeply
buried aquifers (upper, intermediate, and lower) is recommended in order
to validate the new idealized aquifer model (M4) presented here. It is
also recommended that new wells drilled in the vicinity of Normal's west
well field (in about a 3 mile radius) be finished if possible at least as
deep as the lower portion of the intermediate aquifer to ensure a
dependable groundwater supply.
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APPENDIX:

WATER LEVEL DATA FOR WELLS

The well-numbering system used in this appendix is based on the
location of the well, and uses the township, range, and section for
identification. The well number consists of five parts: county
abbreviation, township, range, section, and coordinate within the
section. Sections are divided into rows of 1/8-mile squares. Each
1/8-mile square contains 10 acres and corresponds to a quarter of a
quarter of a quarter section. A normal section of 1 square mile contains
8 rows of 1/8-mile squares; an odd-sized section contains more or fewer
rows. Rows are numbered from east to west and lettered from south to
north as shown in the diagram.

The number of the well shown above is MCL 24NlW-23.4c. Where there
is more than one well in a 10-acre square, they are identified by arabic
numbers after the lower case letter in the well number.
The abbreviations for counties discussed in this report are:
McLean

MCL

Tazewell

TAZ

Symbols shown indicate the following:
† - see text for definitions of aquifer designations
* - well depth sounded
** - well depth reported by owner
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Water Level Data for Wells

Water Level Data for Wells (Continued)

Water Level Data for Wells (Continued)

Water Level Data for Wells (Continued)

Water Level Data for Wells (Continued)

Water Level Data for Wells (Continued)

Water Level Data for Wells (Continued)

Water Level Data for Wells (Concluded)

