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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By
inch (in.) 25.4

foot (ft) 0.3048
mile (mi) 1.609
square mile (mf) 2.590
foot per day (ft/d) 0.3048
foot squared per day' (ft%/d) 0.09290
gallon per minute (gal/min) 0.06309

To obtain

millimeter

meter

kilometer

square kilometer
meter per day

meter squared per day

liter per second

'The standard unit for transmissivity (T) is cubic foot per day per square foot times foot of aquifer
thickness [(ft*/d)/f?]ft. This mathematical expression reduces to foot squared per day (ft¥/d).

Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929--a geodetic
datum derived from a general adjustment of the first-order level nets of the United States and Canada,

formerly called Sea Leve! Datum of 1929.



HYDROGEOLOGY OF GLACIAL DEPOSITS IN A PREGLACIAL
BEDROCK VALLEY, WAUKESHA COUNTY, WISCONSIN

By W.G. Batten and T.D. Conlon

ABSTRACT

This report describes the areal extent, thick-
ness, and hydraulic properties of glacial deposits
in a preglacial bedrock valley south of the city of
Waukesha in southeastern Wisconsin. |n the 40-
square-mile study area, the preglacial bedrock
vailey underlies an area across which the Fox
River flows. A previous regional study of the
area indicated that extensive glacial sand and
gravel deposits may exist in the preglacial
bedrock valley. New test-hole, well-construction,
and seismic data collected from 1986 through
1991 showed that the preglacial bedrock valley
immediately south of the city of Waukesha is
narrower and shallower than previously thought.
However, these data indicate that thicknesses of
saturated glacial deposits in excess of 250 feet
exist in a 1- to 2-mile-wide part of the valley in
the southern part of the study area. Test-hole
logs indicate that clean sand and grave! deposits
are present in a shallow parnt of the preglacial
bedrock valley. Fifty to sixty feet of silty and
clayey sand and gravel deposits appear to
underlie varying thicknesses of relatively
impermeable clay till in the center of the study
area. Ground water flows from upland areas on
the eastern and western sides of the Fox River
and discharges to the Fox River and wetlands
adjacent to the river.

Results of a 6.5-hour aquifer test indicate that
the silty sand and gravel deposits have an
average transmissivity of about 140 feet squared
per day and an average storage coefficient of
about 1.2 x 10 at one location. The horizontal
hydraulic conductivity of these deposits averages
about 4 feet per day. Analysis of drawdown

indicates that these deposits are part of a leaky
confined-aquifer system and that some water is
derived from storage in an overlying clay layer.
The transmissivity value determined from this
aquifer test and a lack of clean sand and gravel
encountered in other test holes indicate that
glacial deposits at these sites may not yield
enough water for a large municipal water supply.
Sand and gravel deposits, capable of develop-
ment as a municipal supply, may be present in
the southern part of the study area. However,
additional test holes are needed to determine
whether adequate sand and gravel deposits
underlie this area.

INTRODUCTION

A number of cities and towns in southeastern
Wisconsin obtain their water supplies from deep
wells finished in sandstone and dolomite rocks of
Cambrian and Ordovician age. These rocks con-
stitute the deep Cambrian-Ordovician sandstone
aquifer, the major aquifer system in this area.
Several of these cities, particularly within the
greater Milwaukee metropolitan area, have
experienced considerable population growth in
the last two decades and anticipate continued
growth in the future (Michael Rau, Waukesha
Water Utility, oral commun., 1989). Increased
ground-water withdrawals to meet present and
future needs have created a twofold problem for
many of these communities. First, increased
withdrawals could accelerate the rate of water-
level decline in the sandstone aquifer. Second,
activities of naturally occurring radium in water
from this aquifer have exceeded the drinking-
water regulations established by the Wisconsin
Department of Natural Resources (1991).



One solution to this problem is to find addi-
tional sources of water, with low radium activity,
to mix with water from the Cambrian-Ordovician
sandstone aquiter. Shallow glacial sand and
gravel deposits could provide water with low
radium activities and thus decrease the volume of
water withdrawn from the deeper Cambrian-
Ordovician aquifer. Although a large percentage
of rural domestic wells in southeastern Wisconsin
are finished in sand and gravel deposits, these
deposits generally are limited in areal extent and
thickness on the basis of well data.

One area with the potential for development of
a municipal water supply is in the glacial deposits
that fill a preglacial bedrock valley underlying the
present-day Fox River between the cities of
Waukesha and Mukwonago (fig. 1). Gonthier
(1975) suggested that extensive sand and gravel
deposits may underlie this lowland area.
However, the lowland between these two cities is
relatively undeveloped, and little or no well data
are available for much of the area. In 1986, the
U.S. Geological Survey, in cooperation with the
Waukesha Water Utility, began a study to
describe the hydrogeology of the glacial deposits
that underlie this area.

Purpose and Scope

The purpose of this report is to present
findings of a cooperative study by the
U.S. Geological Survey and the Waukesha Water
Utility to improve the understanding of the
hydrogeology of glacial deposits that fill the
preglacial bedrock valley south of the city of
Waukesha in southeastern Wisconsin (fig. 1).

Test holes were drilled and seismic-refraction
and seismic-reflection surveys were conducted
from 1986 through 1991. These data were
combined with available well-construction and
geologic data to map the bedrock surface of the
preglacial bedrock valley.

A saturated-thickness map of the glacial
deposits was compiled using a previously pub-
lished map of the altitude and configuration of the
water table and the map of the bedrock surface
compiled from data collected during this study.
The lithology and thickness of the glacial deposits
were described at five test-hole locations. The

seismic-reflection method was used to identify
stratigraphic contacts within the glacial deposits.
Results of an aquifer test and a slug test were
used to describe the hydraulic properties of
glacial deposits at two locations.

Location and Physical Setting

The study focused on a 40-mi® area between
the cities of Waukesha and Mukwonago in south-
eastern Wisconsin (fig. 1). The Fox River flows
southerly across this area. The lowland adjacent
to the river is about 1 to 2 mi wide and extends
to the southwest from the city of Waukesha to the
city of Mukwonago, a distance of about 10 mi.
Upland areas rise about 100 ft on either side of
the present-day valley. Numerous housing sub-
divisions dominate land use in these upland
areas. Marshes compose much of the lowland
areas adjacent to the river. Some cropland and
a few private residences occupy the tops of small
knolls in the lowland.

HYDROGEOLOGY OF GLACIAL
DEPOSITS IN THE PREGLACIAL
BEDROCK VALLEY

Determining the potential for developing the
glacial deposits as a municipal water supply in
the preglacial bedrock valley requires knowledge
of the areal extent, saturated thickness, and
hydraulic properties of these deposits. Gonthier
(1975) provided a detailed description of the
geology and ground-water resources of
Waukesha County. Gonthier (1975) also recog-
nized the water-yielding potential of glacial
deposits in the preglacial bedrock valley just
south of Waukesha. However, he had little data
for the preglacial bedrock valley. The following
sections discuss the results of data collected from
1986 through 1991 to improve the definition of
the extent, thickness, and hydraulic properties of
glacial deposits that fill the preglacial bedrock
valley.

Bedrock Topography

Data from 112 drillers’ well-construction
reports, 5 test-hole logs (table 1), and 18
seismic-refraction lines were used to construct a

































the well in the tight clay layer. The water level
rose 0.1 ft during the test in the well finished in
the shallow silty sand and gravel layer.

Water-level data were analyzed by the
analytical method of Hantush and Jacob (1955)
for nonsteady flow in an infinite leaky confined
aquifer. This method was used because it was
assumed that the tight clay layer from about 30
to 55 ft below land surface retards vertical
ground-water flow. Therefore, the tight clay layer
confines or semiconfines the underlying glacial
deposits. The Jacob modified nonequilibrium
formula (Cooper and Jacob, 1946) also was
applied to water-level-recovery data.

Separate calculations, using both analytical
methods, were made using data from observation
wells open to the pumped interval to determine
the transmissivity and storage coefficient of the
silty, clayey sand and gravel in the depth interval
open to the production well. The storage coef-
ficient is defined as 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. Calculations using data from the well 11 ft
north of the production well showed that the
transmissivity of the clayey sand and gravel
deposits was about 180 ft/d and the storage
coefficient was about 2 x 10°® (dimensionless).
Calcuiations using data from the weli 18.6 ft
south of the production well indicated values for
transmissivity and storage coefficient of about
100 f/d and 4.5 x 10, respectively, for the
clayey sand and gravel deposits. The averages
of transmissivity and storage coefficient for the
two calculations were about 140 ft?/d and about
1.2 x 10, respectively.

Analysis of drawdown curves and the 1.4-ft
water-level decline in the well finished in the tight
clay layer indicated downward flow of ground
water from the overlying clay layer into the clayey
sand and gravel deposits during the test. No
water-level decline in the shallow observation well
indicated that pumpage from the deeper clayey
sand and gravel layer did not cause any leakage
from the shallow siity sand and gravel layer
during the time that the production well was
pumped.

The horizontal hydraulic conductivity of the
clayey sand and gravel deposits was calculated
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by dividing the values of transmissivity by the
thickness of material open to the well screen.
These calculations indicate that the horizontal
hydraulic conductivity of these deposits in the
area north of the production well was 5.7 ft/d and
the horizontal hydraulic conductivity of these
deposits in the area south of the production well
was 3.3 ft/d. This calculation assumes that water
only moves horizontally through the glacial
deposits into the screened interval open to the
production well and does not take into account
any vertical component of flow to the well from
that part of the clayey sand and gravel layer
above or below the screened interval. Therefore,
the actual horizontal-hydraulic conductivity values
may be lower than the calculated values.

The results of the aquifer test at the site of
test hole 5 indicate that the hydraulic properties
of the glacial deposits in this area vary with direc-
tion and probably from one area to another. This
variation in hydraulic properties is very common
in glacial deposits because of the variation in the
texture of glacial deposits. No water-level decline
occurred in the shallow silty sand and gravel
deposits during this aquifer test; however, a
longer test period and a higher test-pumping rate
are needed to determine whether sustained
pumpage from the deeper deposits would cause
a decline in the water levels in the shallow
deposits above the tight clay layer.

A slug test was conducted in a 2-in.-diameter
observation well installed in test hole 3 (fig. 2) to
estimate the horizontal hydraulic conductivity of
silty sand deposits in the interval from 195 to
215 ft below land surface. The slug test was
conducted by instantaneously introducing a
known volume of water into the well and
measuring the water-level recovery versus time.
This slug-test data was analyzed using an analy-
tical method developed by Hvorslev (1951). An
estimate of the average horizontal hydraulic
conductivity from the analysis of four separate
tests was about 0.9 ft/d.

The transmissivity and hydraulic-conductivity
values of the clayey sand and gravel deposits at
the site of test hole 5 are not suitable for a
production well producing 500 to 1,000 gal/min,
the production rate typically needed for a muni-
cipal supply. For comparison, wells in the central
part of Wisconsin with production capacities of



500 gal/min or more are commonly finished in
the glacial sand and gravel deposits with trans-
missivities ranging from about 10,000 to over
40,000 ft?/d (Weeks and others, 1965; Holt,
1965). The horizontal hydraulic conductivity of
these same deposits generally ranges from 100
to about 200 ft/d.

SUMMARY AND CONCLUSIONS

A preglacial bedrock valley underlying the
area between the cities of Waukesha and
Mukwonago is generally filled with glacial
deposits. Previous investigators recognized the
potential for developing a municipal water supply
in these deposits. Test-hole and seismic-survey
data collected from 1986 through 1991 indicate
this preglacial bedrock valley is narrower and
shallower in the area immediately south of
Waukesha than originally inferred by previous
investigators. However, bedrock depths appear
to range from 200 to almost 400 ft below land
surface in the southern part of the study area.
The thickness of saturated glacial deposits in this
area also ranges from more than 200 to almost
400 ft because the water table is within 10 ft of
the land surface in wetland areas adjacent to the
Fox River.

Logs from two test holes show that a 60-ft-
thick layer of saturated sand and gravel underlies
a shallow part of the preglacial bedrock valley in
the northeastern part of the study area. Two test
holes near the center of the preglacial bedrock
valley penetrated almost 250 ft of saturated
glacial deposits. One of these two holes pene-
trated about 250 ft of silty fine sand with
occasional thin layers of coarser sand and some
clayey layers. The other test hole penetrated
about 170 ft of hard clay and gravelly clay and
about 60 ft of mostly sand and gravel with
variable amounts of silt and clay. A third test
hole penetrated about 55 ft of hard clay with
some silty sand and gravel and about 50 ft of
clayey sand and gravel before hitting bedrock.

A seismic-reflection survey was conducted
near the center of the preglacial bedrock valley to
delineate subsurface contacts within the glacial
deposits and the contact between glacial deposits
and underlying bedrock over a continuous dis-
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tance. The contact between the glacial deposits
and the bedrock surface was reasonably well
defined, but no clear contacts within the glacial
deposits were identified.

Results of an aquifer test conducted at one of
the test-hole sites provided values for the hydrau-
lic properties of the clayey sand and gravel
deposits at this location. These deposits have an
average transmissivity of about 140 ft%/d and a
storage coefficient of about 1.2 x 10, Data plots
indicate that these deposits are part of a leaky
confined aquifer that, after pumping starts,
receives some water by leakage from an over-
lying clay layer. The horizontal hydraulic conduc-
tivity of the clayey sand and gravel deposits at
this site averaged about 4 ft/d. A well-discharge
rate of about 95 gal/min was obtained from the
well used for this test. Sustainable yields of 500
gal/min or more are probably not possible at this
site because of the relatively small transmissivity
of the glacial deposits. However, future test
holes drilled in the southern part of the pregiacial
bedrock valley with thicknesses of saturated
glacial deposits greater than 200 ft may penetrate
sand and gravel deposits capable of providing
yields of 500 gal/min or more.
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