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ABSTRACT

The Battle Creek area covers about 54 square miles in
the central part of the industrialized southern half of
Michigan's Lower Peninsula.

The two sources of ground water are the Marshall
Formation and glacial drift. The Coldwater Shale,
underlying the Marshall Formation and the glacial drift, is
not a source of fresh water.

Wells tapping the Marshall Formation at Battle Creek's
Verona Station in the central business and industrial
area, and the Battle Creek Township well field, produce
most of the water used in the area.

The glacial deposits are composed mainly of permeable
sand and gravel. These deposits are not extensively
used for water supply; however, they are an especially
important source of water where the sandstone is not
present in the southwest part of the area.

Water from both the sandstone and the glacial deposits
is hard to very hard, and locally contains excessive
amounts of iron. The chief problem caused by water
development to date (1964) has been the gradual
increase in iron content of water at the Verona Station.
The principal cause for the increase is believed to be in
the infiltration of "iron-rich” water from sediments in the
bed of a nearby creek.

Water levels have declined less than a foot or two over
most of the area. Downstream from the center of Battle
Creek, levels have declined about 8 feet since mid-1958
as a result of the lowering of the levels of the Kalamazoo
River. In the central part of the Verona Well Station,
levels are about 15 feet lower than they were in 1915,
but only about 6 feet lower than in 1939.

The water level data indicate that ground-water
withdrawals in the area can be increased 3 to 4 times
before the decline in water levels becomes serious.

INTRODUCTION

An investigation of the ground-water resources of the
Battle Creek area was started shortly after World War I,
when officials of the city of Battle Creek became
concerned that the two well fields supplying the city
might be inadequate for future needs. The early phase
of the investigation involved a rather detailed study of
the geology and hydrology of the area in the vicinity of
the city's two well fields. As a result of the investigation,
it was realized that the water-supply potential of the
Verona Well Station was far greater than was originally

assumed. Thus, the city based its plans for water
development on expansion of the Verona Station. As
the city expanded this field, it placed the other well field
(Goguac Station) on an emergency standby basis. The
early phase of the investigation was completed in 1947.

Investigation since 1947 has consisted of a continuing
program of water level observation which has provided
considerable data significant to the development of the
water resources of the area. Interpretations made in this
report are based upon information collected since 1947.

Purpose and Scope

The purpose of this report is to summarize and interpret
the ground-water resources in the Battle Creek area to
aid in their future development and management.

Description of the Area

The Battle Creek area is in the northwest part of
Calhoun County in south-central Michigan (fig. 1). The
area coincides with the 7 1/2-minute Battle Creek
guadrangle, an area of about 54 square miles, including
parts of Bedford, Pennfield, Battle Creek, and Emmett
Townships (fig. 2).

Battle Creek is in the central part of the industrialized
southern half of Michigan's Lower Peninsula and is on
Interstate Highway 1-94 connecting the Detroit and
Chicago industrial regions. The city of Battle Creek is
famous for the manufacturing of breakfast cereals, its
main industry. A variety of other industries are in the
area, many of them supplying or servicing the cereal
manufacturers. Some farms are situated in the area.
However, most of the rural residents are employed in
non-agricultural jobs. The population totalled about
90,000 in 1960.

The region receives an average of about 33 inches of
precipitation a year. Of this about two-thirds is returned
to the atmosphere by evaporation, and transpiration from
plants. The remaining third moves to the streams by
direct runoff or infiltrates or percolates into the ground
and moves to the streams by underground flow. The
two main streams draining the area are the Kalamazoo
River and Battle Creek. The area includes two large
lakes (Goguac and Beadle) and several small lakes or
ponds. Some of these lakes are drained by streams
tributary to the Kalamazoo River; the others do not have
surface inlets or outlets.

The total surface relief is less than 200 feet. The highest
hills, in the southern part of the area, are about 980 feet
above sea level; the lowest elevations are along the
Kalamazoo River, which is just below 800 feet where it
leaves the area (fig. 2). Battle Creek enters from the
northeast and joins the Kalamazoo River in the central
part of the area. The creek flows along a valley cut by a
larger glacial stream, as does the Kalamazoo River
downstream from its junction with the Battle Creek. This
broad glacial stream valley cuts through the central part
of the area.
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Figure 1. Index map of the Battle Creek area.

History of Water Development

The early settlers obtained their water supplies from
streams, springs, and wells. Many of the first wells were
dug by hand. The need for a municipal water system for
the city of Battle Creek became apparent during the
latter part of the 19th century, and such a system was
initiated in 1887, Goguac Lake being used as the source
of supply. In 1903 the city began a test-drilling program
in the search for additional water supplies. Because of
the favorable results of this program, a tract was
purchased northeast of the city, now known as the
Verona Well Station. This station was not used until
1915, when several wells were put in service to
supplement the Goguac Lake supply. In 1929 the city
drilled several wells at the Goguac Lake pumping station
and discontinued use of the lake as a source of supply.
During the period 1940 to 1950 the Verona Station
became the major source of the city's water supply, and
since 1950 it has produced all the water used by the city.
The Goguac Lake station presently (1964) is maintained
only as an emergency source of water.

After World War Il Bedford, Pennfield, and Battle Creek
townships also developed public water-supply systems
using ground water. The city of Springfield is supplied
by the Battle Creek Township public water system.

T i, s: 5
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Figure 2. Map of the Battle Creek area showing location of
major well fields and selected wells.

The abundance of ground water and the low cost of
ground-water development in the Battle Creek area
stimulated a number of industries and other institutions
to develop their own water supply systems. A large part
of the water used for industrial and institutional purposes
in the area is taken from privately-owned wells. Several
dozen wells in the central business area of Battle Creek
are used during the summer months to supply cooling
water for air-conditioning units.

The rural residents obtain their water from wells. Most of
these domestic wells are less than 200 feet deep.

SOURCES OF GROUND WATER

The two principal sources of ground water in the area
are the Marshall Formation underlying all but the
southwest part of the area, and glacial "drift” deposits of
sand and gravel mantling the bedrock nearly
everywhere. In many places large supplies of water
(300 to 2000 gpm per well) are available from wells
tapping the Marshall Formation. Locally, drift deposits
are sources of large supplies of water, but mostly the
drift yields small to moderate amounts of water. The
Coldwater Shale underlying these two aquifers generally
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is not a source of fresh water. The Coldwater and the
formations underlying it commonly yield only small
supplies of mineralized water.

Marshall Formation

The Marshall Formation is one of the principal aquifers in
the Southern Peninsula of Michigan, as well as the
source of most of the ground water produced in the
Battle Creek area. Itis composed of medium to fine-
grained sandstone. Some of the beds are hard, others
are soft. Well drillers report that some beds are
composed of loose fine sand, which they term
"quicksand". This loose sand may result from removal of
the material that cemented the grains of sand together.
Water moving through the formation possibly has
dissolved this cementing material. In most places the
hard beds contain cracks and crevices. Some of these
openings are large enough to receive some of the
cuttings produced and lost when a well is drilled. In
some wells, no samples of drill cuttings were obtained
for 25-foot intervals. (See log of well 1S 7W 33-40, table
4)

The Marshall is blue or yellow. The yellow sandstone
probably is that part of the formation that was exposed to
weathering at land surface prior to glaciation; the blue
sandstone represents unweathered sandstone.

The surface topography of the sandstone (mantled by
drift) is quite irregular and includes several valleys
eroded by streams before the area was glaciated (fig. 3).
These streams may have developed along weak zones
in the sandstone. Whether such easily-eroded zones
are also zones where the sandstone is more intensively
creviced or fractured has not been determined.

The sandstone is thickest (about 140 feet) in the
northeast part of the quadrangle and is thinnest or
missing in the southwest part (fig. 4). Thickness varies
considerably, however, from one locality to another,
mostly because of erosion during preglacial and glacial
time. Thickness also varies because of the irregularity of
the bottom surface of the sandstone. High spots or
"hills" in the underlying Coldwater Shale were buried in a
“sea” of sand deposited during Marshall time. Where the
sandstone was subsequently eroded away, these high
spots form islands of shale. The irregularities in both the
upper and lower surfaces explain why some wells
penetrate significant amounts of sandstone while others,
only a few hundred feet away, may encounter only shale

(fig. 5).

Hydrology

The soils of the Battle Creek area commonly are
moderately to highly permeable, and in much of the area
rain and snow infiltrate readily into the ground. Thus,
over most of the area there is little surface runoff, and a
larger proportion of the precipitation infiltrates to the
ground-water reservoirs. Nearly all the water recharged
to the Marshall Formation moves to it through the

overlying glacial-drift aquifer. In most places, water can
move readily from the drift to the sandstone.

Figure 3. Map of the bedrock surface. The surface is rugged
as a result of pre-glacial stream erosion.

The water table or piezometric surface (see Glossary, p.
14) in the sandstone conforms somewhat to the land
surface (fig. 6). The "hills" in the water table underlie
hills seen on the land. The "lows" in the water table
coincide with low areas on the land (except around
pumping wells).

The movement of water in the sandstone is from the hills
(highs) to the valleys (lows) where it is discharged as
springs and seeps, or in wells. Most of the dry weather
flow of streams is ground water discharge.

Although most of the precipitation infiltrating to the
sandstone is eventually discharged to streams, a
considerable amount is also pumped from wells. When
a well is pumped, the water table in the vicinity of the
well declines. The water reservoir flows by gravity to the
low caused by the pumping well. If the pumping of wells
lowers the water table below the surface of an adjacent
stream, water will infiltrate from the stream to the
sandstone, and eventually move to the well. Where the
sandstone crops out at the surface along a stream,
water will be recharged directly to the sandstone. In

Water Investigation 4 — Page 4 of 14



most places, however, the sandstone is mantled by
glacial drift. In these places, water moves through the
drift to the sandstone.

EXPLANATION
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Figure 4. Map of the bedrock geology shows that the Marshall
Formation underlies all but the southwestern part of the area.
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Figure 5. Geologic cross section along line N-S (fig. 2) shows
that wells a few hundred feet apart penetrate different rock
strata.

The relationship between stream levels and water levels
in wells in the sandstone is close. In 1958, as a part of a
flood-control project, the U. S. Corps of Engineers
dredged and straightened the channel of the Kalamazoo
River for several miles downstream from the center of
Battle Creek. As a result of this channel improvement,
the water surface of the river was lowered about 8 feet.

The lowering of the stream caused the water level in a
nearby observation well to decline about 6 feet (fig. 7).
The lowering of the stream had its greatest effect on
ground-water levels in areas immediately adjacent to the
stream, and a lesser effect with increased distance from
the stream.

n the water vl
i asafon)

Figure 6. Map showing direction of ground-water movement.
Ground water moves from areas of high water-table elevation
to areas of low elevation.
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Figure 7. Graph of water level in well 2S 8W 2-1 shows the
effect of lowered river levels in mid-1958.

Wells 2S 7W 17-1 and 18-1 (table 3) tap the sandstone
in an area where only small amounts of ground water
are used and nearby stream levels have not been
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lowered. The water levels in these wells show little or no
decline since 1945 (fig. 8).
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Figure 8. Graph of water levels in wells 2S 7W 17-1 and 18-1
show little declining trend since 1945.

Water Quality

The sandstone in this area generally yields water of
good chemical quality, although it generally is hard to
very hard and contains objectionable amounts of iron
(table 1). (More than 0.3 ppm of iron will cause staining
of laundry and plumbing fixtures and hence is
considered objectionable.) With commonly used water-
treatment methods, the water could be softened and the
iron removed so that it would be of excellent quality and
suitable for all common uses. Several "sandstone" wells
in the area produced "sulfur" water (water containing
hydrogen sulfide gas which gives it an objectionable
odor). Most of these wells are no longer used.

Major Well Fields

The largest withdrawals of water from the sandstone are
from the large-capacity municipal and industrial wells
and well fields. Individual small-capacity wells supplying
homes, farms, and small businesses in the suburban
and rural areas probably produce less than one-fourth of
the water pumped from the sandstone.

Verona Station, city of Battle Creek. The Verona well
field in the northeast part of the area is one of the most
productive in the state. The wells at this station supply
all the water for the Battle Creek municipal water
system. This system also supplies large quantities of
water to industries. During the period 1915 to 1964
nearly 90 billion gallons were produced from this station.
Average annual production during the period 1960-63
was about 3.5 billion gallons or about 10 mgd (million
gallons per day). In 1964 there were 29 producing wells
at the station, yielding from 100 to 300 gpm (gallons per
minute) per well.

The sandstone at the Verona well field contains many
crevices or fracture openings (see logs of wells 1S 7W
32-18, 33-27, 33-40, table 4), and as a result it is very
permeable and productive. Well drillers report that some
wells at the Verona Station penetrate openings more
than a foot wide.

The well field is located in flatland along Battle Creek.
The Marshall Formation is only 12 feet below the surface
through much of the field, but in the south-central part it
is about 40 feet below the surface (fig. 9). The field is
also bordered on the east by a bedrock valley. The soils
and subsaoils in and adjacent to the field are sandy and
permeable.

EXPLARATION
Depth 1o adrock
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Figure 9. Map showing depth to the top of the Marshall
Formation at the Verona Station shows that much of the
formation is less than 15 feet below land surface.

The specific capacity (see "Glossary of Terms") of wells
at the station range from about 50 to as much as 650
gpm. Production tests, however, indicate that the
specific capacity of some wells has declined with use.
The specific-capacity data indicate that the coefficient of
T (transmissibility) (see "Glossary of Terms") of the
aquifer ranges from about 500 thousand to 1 million
gallons per day per foot.

Aquifer tests conducted at the site indicate a similar
range of T. It should be noted, however, that the
crevices or fracture openings in the sandstone result in
considerable variation in T within the well field. The cone
of drawdown or recovery caused by pumping or
cessation of pumping of wells during most aquifer tests
at the field was distorted in shape (fig. 10).

That is, the drawdown was greater in one direction than
in another direction. Distortion of the cone of drawdown
could result from recharge or from impermeable
boundaries in the aquifer. The presence of such
boundaries, however, is not substantiated by geologic or
hydrologic data. Thus, the distortion probably results
from variations in permeability within the well field. The
large range in specific capacities of the production wells
at the station may also result from variations in
permeability.

The variations in permeability probably result from the
character and number of openings in the sandstone.
Figure 11 shows a pattern of increased permeability due
to fracturing, which in part explains the difference in
yields from the various wells. Although the pattern of
increased permeability shown hypothetical and is not
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based on any specific geologic data, the zones trending
northeast align generally with the long axis of the cone of
influence of pumped wells in several of the aquifer tests.

Figure 10. Map of drawdown during aquifer tests at the
Verona Station shows asymmetrical shapes of drawdown
cones.

A flow net constructed on the basis of water-level
measurements made during January 1963 (fig. 12) also
reveals distortion that can be explained only by
variations in permeability as previously expressed.
Analysis of the flow net indicates that T is in the range of
250,000 gpd/ft. The transmissibility figures obtained by
aquifer tests and by flow-net analysis are only estimates,
however, as the aquifer does not meet the physical limits
necessary for accurate analysis. | believe that the
estimate of T obtained from the flow net is more
accurate than that obtained from the aquifer tests.
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Figure 11. Map of inferred zones of higher permeability at the
Verona Station shows angular, intersecting pattern.

The Verona well field is located where considerable
water was discharged to Battle Creek under natural
conditions; that is, before any wells were drilled in the
area. An estimate of the ground-water discharge to the
creek under natural conditions can be made by using the
formula

Q=2TI

where

Q = the amount of water, in gallons per day, moving
to a mile strip of the creek

T = the coefficient of transmissibility, in gallons per
day per foot

| = estimated average hydraulic gradient toward the
river, in feet per mile (under natural conditions).

Inflow from both sides of the stream is taken care of by
the factor 2 in formula.

|
|
HOTE: Flow net bosed os punsops and
oltetude of water levels oo Jaraoey 31, 1964

rechian of ground-weder flow

Figure 12. Flow net diagram of the Verona Station.

Using the estimated minimum transmissibility of 250,000
and a hydraulic gradient of 10 feet per mile, Q =2 X
250,000 X 10 = 5,000,000 gallons per day. As the
estimates of T and | are conservative, the estimate of
water (mgd) discharged to a mile of the creek in the
vicinity of the station is reasonable. The above
computations indicate that most of the water presently
pumped from the well field (about 10 mgd) would under
natural conditions have been discharged in the 2-mile
reach of the creek adjacent to the station, but under
present conditions some of the pumped water is diverted
from the creek through the sandstone to the wells.

Water-level fluctuations have been observed and
recorded at the Verona Station since 1939 (fig. 13).
Although there has been a general decline in water
levels in the observation well at the station during the
period of record, the net decline since 1939 is only about
6 feet. Most of the decline has occurred since 1952. The
period 1952-64, however, has been one of increased
pumping at the station and a general decrease in the
amount of precipitation in the area. Part of the lowering
of water levels can be attributed also to pumping of
industrial and other wells in adjacent areas. Some of
these wells intercept water that under natural conditions
would move to the Verona well field.

The quality of water from wells at the station is similar to
that from other wells tapping the sandstone except that
several wells yield water containing above average
concentrations of iron and two wells yield water
containing hydrogen sulfide, a gas with a "rotten egg"
odor. The iron content, however, ranges from less than
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0.05 ppm in several of the wells to more than 5 ppm in
one well. The wells producing water of high iron content
are those nearest the creek (fig. 14), and in some of
these the iron content has increased markedly since
1950. The exact source of the iron is not known.
Studies by Oborn and Hem (1961, 1962) indicate that
aguatic vegetation growing in a stream can increase the
iron content of the sediments in the bed of the stream,
and that water moving through a streambed or through
such sediments may pick up high concentrations of iron
through the action of micro-organisms in the stream bed.
The bed of the stream at Verona Station is covered with
aguatic vegetation, and water seeps through the stream
bed to the aquifer.
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Figure 13. Graph of municipal pumpage; and net decline of
water levels at the Verona Station and cumulative departure of
precipitation at Battle Creek.
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Figure 14. Sketch of iron content of water samples from the
Verona Station, October 1963, indicates Battle Creek is the
source of the "iron water".

This iron-rich water would tend to move from the creek
to the wells along paths of greatest permeability in the
sandstone or in the overlying sediments. Thus, the
pattern of iron concentration (fig. 14) may in part be the
result of its migration along a path of greater
permeability in the sandstone roughly in alignment with

wells 23, 22, and 25. The pattern of iron concentration
shown on figure 14 may also result in part from iron-rich
water migrating along a path of greater permeability in
the sand and gravel overlying the sandstone. One such
path would be the beds of sand and gravel filling the
depression in the bedrock surface south of wells, 3, 7,
23, and 22 (fig. 9).

It is not uncommon for iron content of water to increase
during the life of a well field or to vary considerably from
one well to another within a well field. Although factors
other than infiltration of water from the river may affect
the iron content of water, | believe that increased
pumping and coincident lowering of ground-water levels
below the creek level are mainly responsible for the
increase in iron content. With the continued lowering of
water levels, which will result from future increases in
pumping, more water will infiltrate from the creek. This
will probably cause a progressive increase in the iron
content of water from some of the wells presently
yielding water of low iron content. The increase in iron
content does not coincide exactly with an increase in
pumping. There is a lag as it takes time for the iron-rich
water to move from the stream to the wells.

The iron content of wells 24, 25, and 26 has increased
significantly during the period 1961 through 1963 (fig.
15) although the annual rate of pumpage has remained
relatively steady. The increase in iron content in these
wells probably is the result of an increase in pumping
during the period 1956 through 1958 and also a
reduction in pumping from wells nearer the creek.
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Figure 15. Graph showing pumpage and iron content of water
from wells 24, 25, and 26 at the Verona Station, 1961-63.

When wells near the creek are not pumped, water of
high iron content migrates to wells farther from the
creek. Figure 15 shows that the iron content of water
tended to increase with an increase in the rate of
pumping at the station. This tendency is masked
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somewhat by the practice of reducing or discontinuing
pumping from wells yielding water of high iron content.

Wells 1S 7W 32-16 and 32-30 yield water containing
hydrogen sulfide (0.5 ppm for well 32-16 and 0.1 ppm for
well 32-30 in samples collected during June, 1964;
analyses by the Michigan Department of Health).
Apparently, the hydrogen sulfide water has migrated into
the well field from the area to the northwest. Several
wells in this area are reported to have yielded “hydrogen
sulfide” water and thus were abandoned or destroyed.
The original source or cause for the presence of
hydrogen sulfide in the water from the Marshall
Formation is not fully known.

Further study of the "hydrogen sulfide” problem at the
station is needed.

Wells in the central industrial and business area. More
than 50 industries, business firms, and institutions in the
central part of the city of Battle Creek obtain part or all of
their water supply from wells tapping the Marshall
Formation. Water from these wells is used principally for
air-conditioning and industrial use. Some wells, such as
those at the Battle Creek Federal Center, are used for
drinking, washing, and other household uses.

The thickness of the sandstone varies considerably
within the central area of Battle Creek. Most wells
penetrate about 60 feet of sandstone, a few penetrate
less than 30 feet, and several more than 100 feet of
sandstone.

The specific capacity of large wells in this area ranges
from about 10 to about 100 gpm per foot of drawdown.
Specific-capacity figures indicate that T in this area
ranges from about 20,000 gpd/ft to about 200,000 gpd/ft.
An aquifer (pumping) test conducted on wells of the
Ralston Purina Co., however, indicates that T is about
500,000 gpd/ft, while a test at the Battle Creek Federal
Center indicates a T of about 130,000 gpd/ft. The great
range in transmissibility probably is due to the large
variation in thickness of sandstone and in the amount of
crevices or fracture openings in the sandstone.

Water levels in an observation well tapping the
sandstone in the western part of the central industrial
and business area declined during the period 1946 to
1964 (fig. 7). Most of this decline, however, can be
attributed to the lowering of the water level in the
Kalamazoo River in 1958. The river acts as a base level
for the water levels in the aquifer. Observation wells in
the eastern part of this area have shown no significant
downward or upward trend since 1946 (fig. 16).

The water from wells in the sandstone in the central
business and industrial area generally is hard to very
hard and contains objectionable amounts of iron.

Battle Creek Township well field. Battle Creek Township
obtains most of the water for its public system from a
well field in the eastern part of the city of Springfield.
The township system supplies most of the residents of
the township and the city of Springfield. In 1963 about

421 million gallons (about 1.3 mgd) was pumped from
the field, an increase of about 20 percent over 1962.
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Figure 16. Graph of the water level in well 2S 7W 7-1 in the
eastern part of the central business and industrial area.
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The amount of sandstone penetrated by the four wells at
the field ranges from about 25 feet to about 50 feet. This
variation results principally from the undulations in the
bedrock surface, as well as from the amount of shale
interbedded with the sandstone. Specific capacities of
the wells at the station range from about 10 to 20 gpm.
The water level in well 2S 8W 11-2 was 39 feet below
land surface in January 1964. This indicates a decline of
about 13 feet since 1947.

The demand for water in the township has increased
steadily during the period 1950 to 1964. Township
officials, recognizing the need for an additional source of
water, began a test-drilling program in 1961 which
continued into 1963. As a result of the program, the
township purchased a tract of land in the northeast
guarter of section 16. Early in 1964 two production wells
were drilled at this new well field.

Glacial Drift Aquifer

Deposits of glacial drift mantle nearly all the Battle Creek
area. These deposits yield small supplies of water to
wells, and locally, are capable of yielding moderate to
large supplies. In the southwest part of the area where
the sandstone is not present (fig. 4) the glacial aquifers
are especially important, as they are the only source of
fresh ground water.

The drift deposits are not extensively developed for
water supply, principally because the underlying
Marshall Formation is a more productive and
dependable source. Also, wells tapping the sandstone
generally need less maintenance than wells tapping
glacial aquifers, and in some areas the sandstone is less
susceptible to contamination than the shallow drift
aquifers.

The glacial materials were deposited by the last of the
great continental glaciers which pushed southward
across the State. The glacial deposits of the area are
composed largely of sand and clay derived principally
from sandstones and shales occurring north of the area.
The glacial deposits also include rock materials
transported from Canada far to the north.

Parts of the Tekonsha, Battle Creek, and Kalamazoo
moraines (fig. 17) in the area mark temporary halts of
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the ice front as the glacier retreated northeast.
Associated with these moraines are the sandy outwash
plains formed by braided meltwater streams flowing off
and along the front of the glacier. The drift underlying
the moraines generally includes significant amounts of
silt and clay, which reduce permeability. The fine sand,
silt, and clay, however, were washed out of many of the
beds of sand and gravel deposited in the outwash areas.
Hence, these outwash deposits commonly are highly
permeable.

A significant part of the area is underlain by outwash (fig.
17). The largest of the outwash deposits is associated
with and directly southwest of the Kalamazoo Moraine.
Most of the sand and gravel locally used for construction
aggregate or road metal is produced from gravel pits in
the Kalamazoo outwash deposit.

-

ey

MORAINE

“Km i Kalamazos moraine
i

BGm] Batlle Greek moroine
et

rTn-i\-} Tekonsha moraine

Figure 17. Map of the surficial geology shows that most of the
area is underlain by outwash sand and gravel.
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A third prominent glacial feature of the area is the broad
glacial drainage channel crossing the area (fig. 17). This
channel was cut by a large meltwater stream flowing
from the glacier when it had retreated to a line about 20
miles to the north. The meltwater stream eroded away
most of the glacial drift in the channel and exposed the
Marshall Formation in several places. Locally, the drift
deposits underlying the channel are 40 to 50 feet thick.

However, because the sandstone is at shallow depth,
the drift deposits in the area of the channel are not
utilized as a source of ground water.

Although extensive deposits of sand and gravel which
would yield considerable water are present in the Battle
Creek area, in many places the beds lie above the water
table, are relatively thin, or are near the surface, and
might easily become contaminated. The best glacial drift
aquifers are along the valleys in the bedrock surface (fig.
3). Goguac Well Station taps a glacial aquifer filling the
bedrock valley crossing the central part of the area.
Although the glacial aquifers within the bedrock valley
along the east edge of the area presently are not tapped
by wells, they do offer considerable potential for future
development. The site along the Kalamazoo River in
sees. 8,9, and 16, T. 2S., R. 7W., was tested in 1903 by
the city of Battle Creek in the search for a new well field.
The site was not developed, but records of the wells
indicate that this drift aquifer will yield considerable
water.

Hydrology of the Drift Aquifer

The soils of the Battle Creek area are commonly very
sandy and permeable and in many parts of the area
there is little or no direct surface runoff. Much of the rain
and melted snow percolates or filters into the ground and
recharges the drift aquifers. Thus, water levels in "drift"
wells rise rather sharply in the spring when the snow
melts and after periods of heavy rainfall. Water levels
decline during periods of dry weather and in the winter
when the precipitation (snow) accumulates on the
surface. They decline also in response to pumping of
wells.

Generally, water is able to move from the drift to the
sandstone or from the sandstone to the drift, thus
maintaining the same level in both aquifers. When, for
example, the Kalamazoo River level was lowered in the
area downstream from the center of the city, the water
levels declined in wells tapping the drift and in those
tapping the sandstone (fig. 18). In some areas, the two
aquifers function as a single hydraulic unit.
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Figure 18. Hydrograph showing similar water-level fluctuations
in wells tapping the glacial drift and the Marshall Formation.

The movement of water through the drift aquifer is from
high areas to low areas, and in the same general
direction as the water in the Marshall Formation (fig. 6).
Most of the water recharged to the drift aquifer, however,
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eventually moves to the Marshall and is discharged to
the streams or by wells.

Quality of Water from Drift Aquifers

The water from the drift aquifers is generally similar in
chemical quality to that from the Marshall Formation. It
is hard or very hard, sometimes containing excessive
amounts of iron (table 2).

Goquac Well Field

The only large-capacity "drift” wells in the area are at the
Goguac Lake Well Station. This station formerly was
one of the main sources of water for the Battle Creek
municipal system. Since about 1949 the Goguac Station
has been maintained only as an emergency source of
supply.

The drift aquifers at the Goguac Station are quite
complex. Although more than 200 feet of drift was
penetrated by some of the test wells (see well 2S 8W
14-36, table 4), two of the production wells are less than
100 feet deep, and only one is more than 150 feet deep
(table 3, 2S 8W 14-6).

Water levels at the Goguac Station rose sharply when
the city gradually stopped pumping the wells during the
period 1947-50 (fig. 19). Fluctuations since 1950 reflect
only natural influences caused mostly by variations in
the amount of precipitation in the area.

Although the Goguac Well Station is a good source of
water supply, the city has restricted the use of the wells,
in order to avoid conflict with Goguac Lake frontage
owners concerned about possible decline in the lake
level.
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Figure 19. Graph of water level in well 2S 8W 14-1 at Goguac
Station showing rise when pumping was gradually
discontinued during the period 1946-49.

SUMMARY AND CONCLUSIONS

Nearly all the water used by the municipalities,
industries, and institutions and business firms in the
Battle Creek area is withdrawn from wells tapping the
Marshall Formation. The Verona Well Station is one of
the most productive well fields in the State. The
Marshall Formation has considerable potential for future
development of ground-water supplies in this area.

The glacial drift includes some fairly productive aquifers
but is not extensively used as a source of water supply.
The drift aquifers are important, however, in the

southwest part of the area where the Marshall Formation
is not present. The chief reason the glacial aquifers
have not been developed more extensively is that the
Marshall Formation is a productive and dependable
aquifer.

Local ground-water levels have declined several feet
since 1945 as a result of large ground-water
withdrawals. The lowering of the level of the Kalamazoo
River as part of a flood-control project has also caused a
decline of water levels. Little or no decline has been
observed in wells located a mile or more from the
centers of pumping, or where the level of the Kalamazoo
River was lowered.

The decline of water levels in the area is insignificant
compared to many other cities in the state and nation.
Although water levels in the Battle Creek area have
declined as much as 15 feet in a few places as a result
of pumping, over most of the area, they have declined
only a foot or two, or not at all. Water cannot be pumped
from the ground, however, without lowering levels in the
vicinity of the pumped wells. Thus, any increase in the
rate of withdrawal of water in the area will cause a
corresponding decline in ground-water levels.

| believe that ground-water withdrawals in the area can
be increased 3 or 4 times the present rate before decline
becomes a serious problem. However, increases of this
magnitude would entail development of a new well fields
in the Marshall Formation and glacial drift aquifers.

Most of the water pumped from wells is water that would
discharge to streams or lakes under natural conditions.
Locally, additional water will infiltrate from the streams to
the ground-water reservoirs when ground-water levels
are lowered by pumping. Hence, the effect of withdrawal
on the flow of adjacent streams and on the level of
nearby lakes must be considered in water supply
development.

The chief problem associated with development of the
ground-water resources in the area to date has been a
gradual increase in iron content of water at the Verona
Station. Many of the wells at this station have shown a
progressive increase in iron content since 1955. |
believe that the iron content will eventually increase also
in other wells at the station presently (1964) yielding
water of low iron content. Fortunately, the iron can be
removed from the water with common methods.

During the early part of 1964 it became apparent that
two wells at the station were yielding water containing
hydrogen sulfide gas. The development of a "hydrogen
sulfide” problem at the station may become more
significant as additional and larger quantities of water
are withdrawn from the station. Fortunately, the
hydrogen sulfide gas also can be removed with common
methods.

The Marshall Formation in the area contains many
openings or crevices. The origin and patterns or extent
of the crevices is not known. Because these fracture
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zones are generally favorable well sites, the origin and
extent of these fractures should be investigated.

Some of the wells at the Verona Station show a
considerable reduction in specific capacity since being
drilled. The exact causes for the reduction are not
known. Additional study is needed to determine whether
and how these wells can be redeveloped.

GLOSSARY

Aquifer Earth materials that will yield water to
wells in usable quantities.

Evapotranspiration The return of water to the
atmosphere as a vapor from water surfaces, from the
soil, and from living plants.

Hardness of water A quality of the water associated
with the forming of scum in the use of soap and with the
forming of scale in boilers and teakettles. It may be said
that hardness represents the soap-consuming power of
a water. Water with 121 to 180 ppm of hardness is
classified as hard, and water with over 180 ppm is
classified as very hard.

Parts per million (ppm) A term used for expressing the
amount or concentration of dissolved (or suspended)
minerals in a selected volume (weight) of water. Thus,
10,000 ppm of a dissolved mineral is equivalent to 1
percent of the mineral by weight, or would be equal to
10,000 pounds of the mineral in 1,000,000 pounds of
water.

Permeability = The capacity of earth materials to allow
water to flow through them.

Piezometric surface The surface to which the water
from a given aquifer will rise under its full head. As used
in this report, it refers to the water table.

Specific capacity The rate in gallons per minute
(gpm), at which water can be pumped from a well for
each foot the water level is lowered in the pumped well.

Transmissibility (T) = coefficient of transmissibility. The
rate of underground flow of water, in gallons per day,
through a strip of the aquifer 1 foot wide having a height
equal to the thickness of the aquifer and under a
hydraulic gradient of 1 foot per foot. It is the flow, in
gallons per day, through a mile-long plane cutting the
aquifer when the piezometric surface slopes 1 foot per
mile. (Thus, the flow of water under a mile-long segment
of a water-table contour is equal to the transmissibility
multiplied by the slope of the water table in feet per mile
at the contour line.)

Transpiration The emission of water vapor from living
plants to the atmosphere.

Water table As used in this report, the water table is
the surface below which all the openings, or voids, in the
ground are filled with water. It is the surface at which
water stands in shallow wells, or would stand if a well
were drilled.
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