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CONVERSION FACTORS AND ABBREVIATIONS

Inch-pound units in this report may be converted to metric (International
System) units by using the following conversion factors:

Multiply inch-pound unit By To obtain metric unit

foot 0.3048 meter

foot per day 0.3048 meter per day

inch 25.4 millimeter

mile 1.609 kilometer

Sea level: In this report '"sea level" refers to the National Geodetic

Vertical Datum of 1929 (NGVD 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 Level Datum of 1929."
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PRELIMINARY ANALYSIS OF THE SHALLOW GROUND-WATER SYSTEM IN THE VICINITY OF THE

GRAND CALUMET RIVER/INDIANA HARBOR CANAL, NORTHWESTERN INDIANA

By Lee R. Watson, Robert J. Shedlock, Konrad J. Banaszak,

Leslie D. Arihood, and Paul K. Doss

ABSTRACT

The shallow ground-water system in the vicinity of the Grand Calumet
River/Indiana Harbor Canal and the surrounding area was analyzed from June
1985 through May 1986. This analysis was the preliminary phase of a study,
the main objective of which was to assess the potential for ground-water con-
taminants to migrate to Lake ‘Michigan or to the Grand Calumet River/Indiana
Harbor Canal. This preliminary analysis was done to obtain more detailed
information about the physical characteristics and thickness of the Calumet
aquifer and the shallow flow regime in that aquifer and to select the best
sites for ground-water—quality monitoring.

During this preliminary analysis, 36 shallow wells were installed, 19
continuous sediment cores ranging from 4 to 18 feet long were collected, and 7
test holes were drilled to the bottom of the surficial aquifer. 1In addition -
to water—level measurements made in the 36 shallow wells, measurements also
were made in 9 privately-owned wells. These measurements and other available
data indicate that the surficial aquifer consists of fine- to medium-grained
sand, which is locally overlain by slag fill. Total aquifer thickness ranges
from O to 65 feet. This aquifer is underlain by a mantle of till and lacus-
trine clay about 100 feet thick that overlies carbonate bedrock of Silurian
age.

Based on measurements in these 45 shallow wells, broad water—-table mounds
of low relief underlie the area between Lake Michigan and the Grand Calumet
River/Indiana Harbor Canal and between the Grand Calumet River/Indiana Harbor
Canal and the Little Calumet River to the south. The crests of these mounds
form major water—table divides that trend east-west in the study area.
Northwest of the Indiana Harbor Canal, a narrow water—table ridge extends
along the Lake Michigan shoreline and connects to a somewhat circular, mound
northwest of the Indiana Harbor Canal.

The direction of flow generally is from these water—table mounds to the
major streams or to Lake Michigan. Ground water locally discharges to small
ditches, wetlands, and sewer lines. Ground water discharges directly to Lake
Michigan north of the first water—-table divide that is inland from the lake.

Stream/aquifer relations along the Grand Calumet River/Indiana Harbor

Canal also were examined. Water—table fluctuations near the stream banks are
complex and need to be monitored further.
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Digital-model simulations of a north-south geologic section through the
middle of the study area indicate that discharge of water to small ditches and
leaky sewer lines has lowered the water table by several feet from pre-
development levels. Simulated drains create fully penetrating local flow
systems in the Calumet aquifer. The digital-model simulations also indicate
that downward leakage to the bedrock through the intervening till layer could
contribute to the decline in the water table.

INTRODUCTION

The southern shoreline of Lake Michigan, in northwestern Indiana, is one
of the major urban and industrial centers in the Great Lakes region and in-
cludes the cities of East Chicago, Gary, Hammond, and Whiting, in Lake County,
Indiana (fig. 1). The heavy industry in the area includes several large steel
mills, a major petrochemical plant, several large petroleum-tank farms, sever-
al forging and foundry plants, several food and paper industries, and a coal-
fired electric—generating plant.

The study area is entirely within the physiographic province known as the
Calumet Lacustrine Plain (Schneider, 1966) which extends from the shoreline of
Lake Michigan to the Valparaiso moraine 11 miles south of Lake Michigan.
Several distinct dune-beach complexes were formed in this province during the
Pleistocene and Holocene Epochs (Leverett and Taylor, 1915; Bretz, 1951;
Hansel and others, 1985) when levels of ancestral Lake Michigan were higher
than levels of modern Lake Michigan. _The dune, beach, and lacustrine silts,
sands, and. gravels (fig. 2) that were deposited formed a thin (saturated
thickness 1less than 50 feet) but extensive surficial aquifer in this area
(Rosenshein and Hunn, 1968) known as the Calumet aquifer (Hartke and others,
1975). This aquifer is not a major source of water supply in the study area
because all the municipalities obtain their water from Lake Michigan.
However, a few thousand domestic wells for older homes that are outside munic-
ipal corporation 1limits and outside the study area probably penetrate the
Calumet aquifer.

Although its use as a water supply is limited, the water quality of the
Calumet aquifer 1is of great concern to the U.S. Environmental Protection
Agency and the International Joint Commission on the Great Lakes because of
the great contamination potential of the aquifer (Hartke and others, 1975) and
because of the potential discharge of ground-water contaminants to Lake
Michigan. More than 80 sites in the vicinity of this study area are on the
Emergency Remedial Response Inventory Site (ERRIS) list and 4 waste-disposal
sites are on the National Priority List (NPL) (fig. 1) (Dean Nygard, Indiana
Department of Environmental Management, written commun., 1986). Most of the
heavy industry, three of the NPL sites, and most of the ERRIS sites are in the
vicinity of the Grand Calumet River/Indiana Harbor Canal (GCR/IHC) drainage
system (fig. 1), which discharges into Lake Michigan.



































































































Simulations of Ground-Water Flow

The conceptual section (fig. 5), along which ground-water flow was simu-
lated, roughly parallels the hydrogeologic section designated C-C' (fig. 11)
from 1 mile south of the Grand Calumet River to Lake Michigan. Features of
the conceptual section, specifically the grid system and the locations of the
river and drain nodes are shown in figure 5. Ten rows and 60 columns were
used to represent vertical and horizontal gradients. Around the Grand Calumet
River, the blocks are small and are shown enlarged in the inset in figure 5.

Several different boundary conditions were used along the margins of the
digital model (fig. 5). The various boundary conditions were simulated using
the appropriate part or package from the model. Specified fluxes were assign-
ed to the uppermost active nodes to simulate recharge to the water table. The
general-head boundary package was used to simulate boundary conditions at the
southern end and the base of the model. A ground-water flux was calculated
across a general-head boundary based on a known or estimated hydraulic head
outside the modeled area and on an average value of hydraulic conductivity
near the model boundary. The specified head at the southern end of the model
was the water—-table altitude of 600 feet, 1 mile south of the Grand Calumet
River at the ground-water divide between the Grand Calumet and Little Calumet
Rivers. The hydraulic conductivity was the same as that used within the
modeled area. For the base of the model, several specified head distributions
in the bedrock were used to simulate the general-head boundary. The bedrock
was separated from the Calumet aquifer by about 100 feet of till that was
assigned an assumed hydraulic conductivity of 0.01 foot per day for all
simulations.

The river package was used to simulate the Grand Calumet River and also
the boundary at Lake Michigan so different values of hydraulic conductivity of
the lake bed could be simulated. Hypothetical drains were simulated in some
model experiments using the drain package. These drains were spaced about
2,000 feet apart and at a depth of 6 feet below the land surface. The hypo-
thetical drains simulate the discharge of ground water to leaky sewer lines,
drain tiles, and small unmapped ditches that exist throughout the study area,
although their exact locations in the area of the conceptual section are not
known.

Two major conceptual models of the ground-water flow system were simu-
lated using steady-state conditions. Rigorous calibration and sensitivity
analysis were not attempted. However, a basic understanding of the important
parameters of the physical flow system was obtained. A listing of the simula-
tions and their parameters are shown in table 1.
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In the first basic conceptual model, only two surface-discharge zones
were simulated, the Grand Calumet River and Lake Michigan. This is essential-
ly the flow system as it had been in pre-development times. The model-
generated head distributions have almost horizontal flow paths between the
ground-water divide and the two discharge points (fig. 15). Two vertical
zones of flow, into the river and the lake, also are shown in figure 15. One
zone consists of recharge from precipitation that flows downward and lateral-
ly, and the other consists of water from the bedrock that flows upward and
laterally. This upward flow from the bedrock 1is the result of specifying
heads in the bedrock (using the general—-head boundary) that are several feet
higher than the water table in the Calumet aquifer. The upward flow creates a
small upward flux from the till at the base of the surficial aquifer and a
stagnation point on the ground-water divide that defines the boundary of the
two flow systems. Water below the stagnation point (fig. 15) flows to the
Grand Calumet River and to Lake Michigan, as does the water above the stagna-
tion point. Water from these two different flow paths may not substantially
mix, which may be important in later studies of vertical changes in ground-
water quality.

Another important feature of the first conceptual model is that the simu-
lated water level is about 5 to 10 feet higher than that indicated by measured
values. Lowering the water level by increasing the hydraulic conductivity did
not seem reasonable because the value of 100 feet per day is about the largest
value of the range for the study area reported by Rosenshein and Hunn (1968,
p. 29). Alternatively, decreasing the recharge rate further did not seem
realistic for a sand aquifer in a temperate climate that receives more than
30 inches per year of precipitation. These results indicate that the first
conceptual model probably is a reasonable representation of the pre-
development, natural flow-system when the water table was at or very near the
land surface. The results also indicate that other discharges from the
system, such as discharges to ditches and tile drains or downward leakage to
the bedrock, are necessary to lower the simulated water level to the observed
modern profile.

Additional model experiments, using the first conceptual model, indicated
that simulated decreases in the ratio of vertical to horizontal hydraulic
conductivity do not substantially affect the position of the water table.
Changing the ratio from 1:10 to 1:100 causes an increase in the water level of
no more than 0.2 foot. The change in simulated anisotropy did not affect the
flow pattern, particularly the location of the stagnation point (fig. 15) and
the two associated zones of flow. Ratios smaller than 1:100 probably are not
reasonable for the Calumet aquifer and, therefore, were not used. Because of
the results of the first conceptual-model simulations and because ditches and
tile drains are prevalent in the modeled area, a second conceptual model was
developed.

The second conceptual model contained a series of eight drains that were
about 2,000 feet apart. The drains removed water from the flow system and
lowered the water level. Also, because there were more discharge points in
the modeled section, a reasonable fit of the simulated to observed water-table
profiles could be obtained using values of hydraulic conductivity of 50 feet
per day and values of recharge of 10 inches per year. These values probably
are more representative of the Calumet aquifer (Rosenshein and Hunn, 1968).
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The resulting flow pattern, indicated by the second conceptual model
(fig. 16), is more complex than that in the first conceptual model (fig. 15)
because individual flow cells developed around most of the drains. The area
around the Grand Calumet River continued to have the same flow pattern as
before, but five of the drains, farther from the river, caused local water
divides and flow patterns that fully penetrated the aquifer. Several more
stagnation points also resulted; but, unlike the first conceptual model, the
upward flow from the deep part of the aquifer mixed with water from the upper
part of the aquifer in the regions under the drainms.

The second conceptual model was modified further by testing the effect of
hydraulic heads in the underlying bedrock that were 1 to 20 feet lower than
the water table. Many bedrock wells in northeastern Illinois have sections
open to the carbonate rocks of Silurian age. Pumpage from these wells prob-
ably has caused drawdowns in water levels in the Silurian carbonates that
extend into northwestern Indiana, although the extent of the drawdowns 1is
uncertain and possibly is controlled by the distribution of fractures.

Several simulations that had bedrock hydraulic heads below the water
table were done; and, in each simulation, enough water was drawn out of the
Calumet aquifer to lower the water table a few feet more. Flow patterns were
not altered appreciably, although the location of the stagnation zones in the
lower part of the aquifer were changed (fig. 17). These results indicate that
the general lowering of the water table in the study area from pre-~development
times to the present (1985) may be caused by surface drainage and downward
leakage to the bedrock.

A few general sensitivity analyses were done for the second conceptual
model. Changing the ratio of the vertical to horizontal conductivity from
1:10 to 1:100 in the second conceptual model increased water levels by no more
than 0.3 foot. This slight increase did cause a shallow flow cell to develop
around the first drain north of the Grand Calumet River. However, flow
between the drains and flow near the Grand Calumet River and Lake Michigan
essentially was horizontal.
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SUMMARY AND CONCLUSIONS

A preliminary analysis was done of the shallow ground-water system in the
vicinity of the Grand Calumet River/Indiana Harbor Canal (GCR/IHC) in Lake
County, northwestern Indiana. This analysis was done to develop a more de-
tailed understanding of this ground-water system so water—quality monitoring
sites could be selected to assess the potential for contaminants to migrate to
Lake Michigan or to the GCR/IHC.

The analysis was done using data from previous work, supplemented by new
data collected from August 1985 to May 1986, during which 36 water—table wells
were installed, access was obtained to measure water levels in 9 privately-
owned wells, 19 continuous sediment cores were obtained and described, and
7 test holes were drilled in which sediments from the surficial aquifer, known
as the Calumet aquifer, were sampled. Measurements in the water—-table wells
and measurements on the GCR/IHC were used to compile the most detailed water-
table map of this area as of 1986. The lithologic data were used to compile
refined maps of the saturated thickness of the Calumet aquifer, maps of alti-
tude of the bedrock surface and the surface of the till that forms the base of
the aquifer. Several hydrogeologic sections perpendicular to the lakeshore
were produced, and flow along one of these sections was simulated using a
digital model.

Based on analyses of these data and the simulations using the digital
model, the following preliminary interpretations have been made:

1. In the vicinity of the GCR/IHC, the Calumet aquifer consists mainly of
fine- to medium-grained sand that is overlain locally by slag fill that,
in this report, is considered part of the aquifer. Aquifer thickness
ranges from 0 to 65 feet, and the maximum saturated thickness is 45 feet.
No extensive lacustrine clay or paludal deposits, which could be 1local
confining layers, occur in the aquifer. The aquifer is underlain by till
except in an area near the IHC where the aquifer is underlain by a local
accumulation of lacustrine clay over the till. The till and lacustrine
clay form a confining layer between the Calumet aquifer and the underlying
carbonate bedrock of Silurian age.

2. Broad water—table mounds of low relief form major shallow ground-water
flow divides between Lake Michigan and the GCR/IHC and between the GCR/IHC
and the Little Calumet River to the south. However, in the northwestern
corner of the study area, there is no broad water—-table mound, but a nar-
row water—table ridge that extends along the Lake Michigan shoreline and
connects to a somewhat circular, low mound northwest of the Indiana Harbor
Canal. These patterns indicate that: 1) Shallow ground water discharges
directly north to Lake Michigan from the water—table divide that 1s north
of the Grand Calumet River between Gary Harbor and Indiana Harbor Canal;
2) the ground-water mound between the Grand Calumet and Little Calumet
Rivers 1s the southern boundary of the GCR/IHC ground-water basin; and 3)
greater than normal recharge and minimal evapotranspiration along railroad
tracks have caused the linear ground-water mound northwest of the Indiana
Harbor Canal.
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Data collected from transects of closely spaced wells near the stream
banks of the GCR/IHC indicate that water—table fluctuations near the
streams are complex. Reversals in normal stream/aquifer interactions have
been observed.

Digital-model simulations indicate that the water table in the Calumet
aquifer has been lowered by several feet from pre-development levels by
drainage to sewer lines and small ditches and by downward leakage to the
bedrock through the underlying till and lacustrine clay. Without such
drains or leakage, and using recharge rates that are reasonable for this
area, the water table is raised to land surface, reflecting the pre-
development wetland conditions of the study area. The model analysis
further indicates that drainage to sewers and small ditches creates fully
penetrating, local flow systems in the Calumet aquifer.
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