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SUMMARY OF GRCOUND-WATER CONDITIONS IN MICHIGAN
1958

By

P, R. Giroux and Ted Thompson

INTRODUCTION

This report i1s the third of a series covering ground-water levels
and related hydrologic data in the State of Michigan. It summarizes and
interprets, in part, the results of the program of measurement of ground-
water levels and the collection of other pertinent hydrologic information
by the United States Geological Survey. This program is a part of the
overall water-resource investigations carried out in cooperation with the
Geological Survey Division of the Michigan Department of Conservation,

Cooperative ground-water investigations by the U. S. Geological
Survey in Michigan are directed jointly by P. E. LaMoreaux, Chief of the
Ground Water Branch, U, S. Geological Survey, Washington, D. C., and W, L.
Daoust, State Geologist, Michigan Department of Conservation, Lansing, and
are supervised by Morris Deutsch, District Geologist, U. S. Geological Survey,
lansing.

Records and interpretations of water levels and arteslan pressures
from 1935 through 1955 have been published in the annual series of U, S.
Geological Survey Water-Supply Parers entitled "Water Levels and Artesian
Pressures in the United States". The following tabulation lists the papers

containing water-level data for Michigan:

Year No. Year No. Year No,
1935 77 1942 oLk 1949 1156
1936 817 1943 986 1950 1165
1937 840 1944, 1016 1951 1191
1938 8L5 1945 1023 1952 1221
1939 886 1946 1071 1953 1265
1940 906 1947 1096 1954 1321

1941 936 048 1126 1955 1404



Beginning in 1956, the U, S. Geological Survey discontinued
publication of its series of annual reports and 1s now publishing, at
5.year intervals, a reduced number of water-level records without inter-
pretive text or illustratioms. The needs of the State, however, require
more detailed and current ground-water information and, as a result, the first
of the present series of Water Supply Reports was published by the Department
of Conservation in 1957. These reports are designed to supplement data con-
tained in the Federal report and also provide interpretive text and illustra-
tions. By means of these ground-water summaries, basic information concerning

ground-water conditions in Michigan are made readily available to the public.

Objectives of the Observation-Well Program

The observation-well program in Michigan is part of a nation-wide
program the purpose of which was summarized by Sayre (Water-Supply Paper
1404, 1957) as follows:

"The objectives of the observation-well program are to provide a day-
to-day evaluation of available ground-water supplies, to facilitate the predic-
tion of trends in ground-water levels that will indicate the probable status of
important ground-water supplies in the future, to delineate present or potential
areas of detrimentally high or low ground-water levels, to aid in the prediction
of the base flow of streams, to determine the several forces that act on a
ground-water body, and to demonstrate the interplay of those forces in the
ground-water regimen, to furnish information for use in baslc research, and to
provide long-term continuous records of fluctuations of water levels in represen-
tative wells. These selected records serve as a framework to which many short-

term records collected during an intensive investigation may be related.”



Scope of this Report

This report is based on periodic measurements of water levels made
during 1958 in 207 wells of which 33 were equipped with continuous recording
gages., Measurements were discontinued at the end of 1957 in a number of
observation wells finished in the shallow drift aquifers of the northern
half of the Southern Peninsula, as the long period of record permitted
selection of representative wells for retention on the basis of areal
coverage, usefulness, and length of record. The report summarizes water-
level changes observed throughout the State, and analyzes these changes in
selected areas. The geographic distribution of wells in which water levels
were observed in 1958 is shown in figure 1.

Table 1 lists reported monthly and annual ground-water pumpage
for various municipalities, institutions, and industries in the State.

Table 2 lists the basic information for each observation well, and the
extremes of water-level fluctuations in 1958 and for the period of record.
Fluctuations of water levels in representative wells are shown by numerous
hydrographs, and in many cases graphic interpretations of the changes in

water levels are made by including pertinent climatic or pumpage data.

Open-File Records

Complete tabulations of water-level measurements and hydrographs
for each observation well, records of chemical quality of ground water,
water-temperature measurements, well records including logs, aquifer tests,
records of pumping for public supply and industrial use, and published and
unpublished water-resources reports are on file for public inspection. They
may be examined at the Michigan district office of the U, S. Geological

Survey, Ground Water Branch, 407 Capitol Savings and Loan Building, lansing,
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Figure I. Location of observation wells in Michigan.



or at the Water Resources Section of the Michigan Geological Survey, 4th floor,
Mason Building, Lansing. Records for the Northern Peninsula are kept on file
also in the office of the Michigan Geological Survey, 203 State Office Building,
Escanaba.

U. 5. Geological Survey water-supply papers are for sale by the
Superintendent of Documents, U. 5. Government Printing Office, Washington
25, D, C., or can be consulted at the offices listed above or in major uni-
versity and municipal libraries. The Federal Survey also ilssues a monthly
publication entitled "Water Resources Review" which summarizes ground-water
levels and streamflow throughout the Unilted States. The monthly issues plus
spring and annual summaries can be obtained free of charge by application to
the Director, U. 3. Geological Survey, Washington 25, D. C,

Progress reports of cooperative ground-water investigations
covering specific areas of the State are published from time to time by
the Michigan Department of Conservation. These reports are also available
for inspection at the offices listed above. If not out of print, they can
be purchased from the Michigan Department of Conservation, Publications
Room, Mason Building, Lansing 26, Michigan. A list of publications including
prices for each also can be obtained. During 1958 the following Progress
Reports were published: No. 17, "Reconnaissance of the ground-water resources
of Chippewa County, Michigan"; No. 19, "Reconnaissance of the ground-water
resources of Mackinac County, Michigan; and No. 20, "Summary of ground-

water investigations in the Holland area, Michigan®.



Well-Numbering Systenm

The well-numbering system now used by the State and Federal Surveys
in Michigan indicates the location of wells within the rectangular subdivision
of the public lands with reference to the Michigan meridian and base line (fig. 1).
The first two segments of a well number designate township and range; the third
segment designates both the section and the well within the section. Thus, well
number 32N 6E 16-1 is well number 1 in section 16, Township 32 North, Range 6
Bast. In the several small areas of the State where the rectangular subdivisilons
have not been made, wells are numbered as above by projection of the rectangular

subdivisions to those areas.
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PRECIPITATION AND TEMPERATURE

Total precipitation in Michigan during 1958 was deficient over all
the climatological divisions as defined by the U. S. Weather Buresu. Deficiencies
ranged from about 1 inch in the western upper division to nearly 9 inches in
the southwest and southeast lower divisions of the State, and locally in the
Southern Peninsula total annual precipitation was the lowest of record. Wide-
spread deficiencies were recorded by the Weather Bureau during the period
January through June and in Octcber and December. Wide variations in total
rainfall were observed at stations throughout the State. The lowest annual
total of 15.86 inches was recorded at Mt, Clemens Air Force Base in Macomb
County, while 40.45 inches fell at Bergland Dam in Ontonagon County, one of
the few stations reporting greater than average precipitation.

Mean annual temperatures throughout the State were below average.
Winter, spring, and early fall temperatures, however, were warmer than average
with most of the below-average temperatures occurring during the summer months.
The coldest December of record was recorded at most stations in the State.

Both the high and low temperature extremes for the year occurred in the western
half of the Northern Peninsula. A low of -41°F, was recorded at the Kenton
National Forest Station in Houghton County in February, and a high of 95°F,
at the Huron Mountain Station in Marquette County. Below zero temperatures
were recorded at every Weather Bureau station in the State during mid-February.

Several i1llustrations in this report include graphs showing the
cumulative departures of annual precipitation from the long-term mean. These
graphs were constructed by using the "zero" or "average" line to denote the

average precipitation for the period of record preceding the period of the graph.
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Starting at this line the excess or deficiency of precipitation for each year
is added algebraically to prepare the cumulative departure graph. Thus, for
each year, a line sloping downward always indicates below-average precipitation
and a line sloping upward, above-average precipitation. In cumulative graphs
such as these, the slore of the line is the important part--that is, even where
the graph is far below the zero line, if the slope is upward the period is one
of above-average precipitation. The end point of the graph thus also gives

the total rainfall above or below the average for the entire period of the
graph. In addition, some of these illustrations contain bar graphs showing

departure from average precipitation for each year.
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PRINCIPIES AND SUMMARY OF GROUNL-WATER OCCURRENCE

The initial source of most ground water is precipitation, and the
average annual precipitation over Michigan is about 30 inches. However,
much of this water 1s lost by evaporation, transpiration, and surface runoff
before it can enter the underground reservoirs., The amount of precipitation
which becomes ground water in any area is influenced by a number of factors:
the duration, intensity, and type of precipitation; the density and types
of vegetation; the topography; and the porosity, permeability, and degree
of saturation of the soil, subsoil, and underlying rock formations.

Fresh ground water can be obtained throughout most of Michigan by
wells drilled into one or more of the numerous aquifers of the State (table 2).
An aquifer is a geologic formation or structure that transmits water in suffi-
clent quantity to supply pumping wells and springs. In some areas of the
State, ground water is relatively difficult to obtain, and aquifers yilelding
only a few gallons per minute of water or less, are of considerable importance.
In other areas where aquifers may yleld several hundred gallons per minute,
formations capable of yielding small amounts may be classed as non-productive.

Aquifers may be classified as water table or artesian. 1In a water~
table aquifer ground water is unconfined and the upper surface of the saturated
zone 1s termed the water table. In an artesian aquifer ground water is confined
between relatively impermeable strata (strata through which water does not move
readily) and is under artesian pressure. The water in a tightly cased well
finished in an artesian aguifer will rise above the bottom of the upper con-

fining bed, and, if under sufficient pressure, will flow at or above land surface.
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The movement of ground water is somewhat simllar to that of surface
streams in that the water moves by gravity from high to low levels. Percolation
of water through the pores, crevices, and minute interstices between rock particles
below the surface generates a large amount of friction and hence is much slower
than flow of water upon the surface. Rates of ground-water movement range
widely, from a few feet per year to many feet per day. Water may travel great
distances underground from recharge areas (areas where precipitation can infil-
trate into a ground water reservoir), to areas downgradient where it may once
more reach the surface and Jjoin the flow of streams, appear as a seep or spring,
enter a lake, or escape directly to the atmosphere by means of evaporation and
transpiration.

In Michigan, water-bearing rock formations are commonly classified
into two broad categories; namely, bedrock and glacial drift aquifers. The
bedrock or consolidated rock aquifers include both the igneous and metamorphic
rocks of Precarbrian age which form the bedrock surface in much of the western
half of the Northern Peninsula and the sedimentary rocks of Paleozolc age which
overlie the Precambrian rocks elsewhere in the State (fig. 2). Over all but
2 or 3 percent of the area of Michigan the bedrock is mantled by glacial drift
or unconsolidated rocks of variable thickness deposited by various processes
of glaciation during the Pleistocene epoch or Ice Age.

The Precambrian rocks commonly are very dense, and hence of low
permeability. Where the rock is fractured, broken, or creviced, and connected
with a source of recharge, water may circulate through these secondary openings,
and be intercepted by wells drilled into such zones. Where mine shafts penetrate
such permeable zones and are not dewatered, they are essentially large diameter

wells,
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In the remainder of the State consolidated sedimentary rocks deposited
by shallow seas during the Paleozoic era form the bedrock surface. These con-
solidated sediments consist of strata of limestone, dolomite, shale, sandstone,
and breccia and are commonly interbedded with layers of evaporites such as
rock salt or gypsum, Although these rocks were deposited in nearly horizontal
layers, gradual subsidence and compaction of the beds produced a bowl-shaped
structure (fig. 2). The youngest beds are exposed at the surface in the central
part of the structure and the formations crop out in roughly concentric bands.

The chief sedimentary rock aquifers are composed primarily of sand-
stone, limestone, or dolomite. In a sandstone aguifer water moves through voids
between individual sand grains and also along Joints, other fractures, and
bedding planes. Movement of water in limestone and dolomite agquifers is pre-
dominantly through cavities, fractures, and fissures developed by weathering
and solution. Layers of shale are of low permeabllity and yield 1little water
to wells. They are significant in the hydrologic system, however, because
they impede vertical movement of ground water, and hence retard solution in
underlying soluble rocks, and also act as confining beds in artesian systems.

In general most of the fresh water in the sedimentary rock aquifers
is in the portions of the formation where they form the bedrock surface or are
close to the surface, Where they are buried at depth beneath younger Paleozoic
rock formations the water present is generally saline. For example, the Marshall
formation is the principal source of fresh ground water at Battle Creek in
Calhoun Co., where 1t forms the bedrock surface, but in Gratiot Co. where it

is overlain by the Saginaw formation it yields saline water. The Trenton and
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Black River limestones are a major source of fresh water in Delta County in
the Northern Peninsula, but in various areas of the Southern Peninsula, where
these {orrations are present at great depth, they produce gas, oil, and brine.
Glacial drift as great as 1,000 feet in thickness was deposited on
the Precambrian and Paleozolc bedrock surface during the Pleistocene epoch
following a long period of erosion prior to the glacial age. During the
erosional period, which began at the close of the Paleozolc Era and lasted
until the Pleistocene, a considerable volume of consolidated rock was removed
and some of the major physiographic features of Michigan, including the major
valleys which are now part of the Great lakes, were formed. The glacial drift
comprises important aquifers and, in general, are the most accessible aguifers
in many areas of the State. The water in these aquifers is contained in the
voids between rock particles. The drift material was deposited primarily by
ice, meltwater streams, lakes, and wind action during the glacial epoch. The
best aquifers consist of water-laid sand and gravel outwash deposits. Till
is generally unstratified drift that was deposited directly by the ice, with
water playing a minimum part in the process of deposition. Till deposits
are not important as aquifers in most of the State as they contain large
percentages of silt and clay which fills the voids between the larger rock
particles. In the Lake Superior area, however, the till deposits are locally
good sources of water as commonly they are composed largely of sand and gravel
with little clay and silt. Also included within the glacial drift are large
quantities of clay, silt, and fine sand deposited in the waters of the numerous

extinc' glacial lakes. Most of these deposits comprise rather poor aquifers



16

in Michigan except locally where they are composed chiefly of fine sand and
will yield small amounts of water to wells. Extensive dunes composed of well-
sorted sand deposited by wind action during late and post-glacial times are
present in various areas of the State, especially along the Great Lakes shore-
lines. Although permeable, they are not important as aquifers as they generally

lie above the regional water table.

Causes of Water-Level Fluctuations

Water levels in wells are almost continually changing with movement
up or down varying from fractions of an inch per day to many feet in a short
time. Water levels are influenced by many factors, including direct recharge
from precipitation (fig. 7), pumping from nearby wells (fig. 17), evaporation
and transpiration of water by vegetation, and by changes in water levels in
nearby streams and drains (figs. 10, 14). 1In artesian wells, changes in water
level or artesian pressure may occur quickly over large areas as the result of
pumping or changes in pumping rate (fig. 18). Temporary influences on the
levels in artesian wells result from changes in atmospheric pressure, earth-

guakes, earthtides, and other factors (fig. 15).

Climatic Influences
Water levels fluctuate with seasonal changes in the rate of recharge
to, and discharge from the aquifers (fig. 9). During the spring thaw, water
levels in wells normally rise in response to recharge from infiltration of
rain and melting snow. Summer temperatures cause an increase in evapotranspira-
tion resulting in declines in water levels. Rainfall during the growing season
generally has slight effect on the rate of decline as vegetation tends to utilize

most of the available moisture.
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Water from rains of high intensity and srort duration, common in the summer
months, tends to run off to surface streams. In the fall, after killing frosts
end the growing season and transpiration ceases, precipitation may cause rises
in water levels. However, the usual decline in stage during the summer may be
accelerated by a deficiency of precipitation (fig. 9) or may be continued into
the fall by an early general freeze which tends to impede infiltration.

Tn much of the State in 1958, conditlons were most favorable for
cround-water recharge during March, April, and November. Warm temperatures
accompanied by thawing of the snow cover in the early spring resulted in some
recharge despite deficient precipitation. However, the spring rise of water
levels was generally below average and many of the observed levels dipped to
below average stages for that time of the year (figs. 3, 4). At the start of
the growing season declines began with water levels at already low stages and
in most wells levels remained below average for the rest of the year. Cool
temperatures during the summer months, however, helped to moderate the seasonal
declines. Some recharge occurred in the fall, especially in November, when
unseasonably warm weather and above-average precipitation occurred. Due to the
record or near-record deficiencies of total annual precipitation, ground-water
levels in many wells fell to new lows of record during the latter part of the

year,

Pumping Influences
Generally, ground water is a renewable natural resource as it is
intermittently or continually being replaced directly or indirectly by precipita-

tion, If an aquifer is to be developed by means of wells so that a long-term
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yield can be obtained without substantially dewatering the aquifer, then
equilibrium must exist between the rate of recharge to and the rate of discharge
from the aquifer. Any aquifer in its natural state (before it is tapped by
wells) is in approximate dynamic equilibrium. When water 1s discnarged from an
aquifer by means of a well, an increase results, at least temporarily, in the
rate of total discharge from the aquifer. Pumping causes a cone-shaped depres-
sion in the water table or piezometric surface that expands with time around

the discharging well. With continued discharge, the cone of depression will
continue to expand until the resultant lowering of water levels causes a decrease
in discharge from the aguifer, or an increase in recharge to the aquifer, or a
combination of both, which restores the aquifer to a state of equilibrium.

Wells within the cone of depression are affected by the lowering of
water levels or artesian pressures. Thus, a well tapping an aquifer may be
affected by the discharge of other wells that tap the same aquifer. In the
case of several or many discharging wells, a composite cone of depression
results that may extend over a large area. The result of the lowering of
water levels over a large area may cause a considerable increase in the rate
of recharge to, or a considerable decrease in the rate of natural discharge
from the aquifer. A lowering of the water level, therefore, is necessary in
the utilization of an aquifer.

Withdrawals of ground water by some of the municipalities, institu-
tions, and industries in the State are discussed under the varilous county
headings below. Reported monthly and annual pumpage totals are listed in
table 1. Many of the wells listed in table 2 were selected for observation

because their water levels respond to pumping influences. Graphs to show
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the effect of pumping on the water levels in nearby observation wells are used
in some of the illustrations. Municipal pumping was very high in May probably
due to increases in lawn sprinkling as soll molsture was deficient following

an unusually dry winter and early spring. Increases in urban vopulations
combined with deficient precipitation during the year resulted in increased
withdrawals of ground water and some communities reported record-high pumpage.
In most areas demands for water during the summer were reduced somewhat because

of cool and wet wea ..er,
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SUMMARY OF GROUND-WATER CONDITIONS

Statewide Changes in Natural Storage

Figures 3 and 4 show the hydrographs of month-end levels in 1958
and the extremes and average of month-end levels for the past record in selected
observation wells in the State. These wells are located in areas of little or
no pumping effect and reflect changes in aguifer storage primarily in response
to natural climatic conditions., Records of ground-water levels that reflect
natural climatic conditions serve as a basis for comparison with records of
levels that are affected by pumping withdrawals.

In the Northern Peninsula water levels in key wells in the western
portion (Iron and Marquette Counties, fig. 3) were at below-average stages
throughout the year. In the eastern portion, high stages were recorded through
April in the Chippewa County well, but during the rest of the year, stages
were far below average. The record lows recorded during the period July
through Octobur are not especially significant, however, as the period of
record for this well is relatively short (table 2). High stages prevailed
throughout the year in the well in Schooleraft County in contrast to those
observed in key observation wells elsewhere.

In much of the Southern Peninsula above-average water levels were
common during the winter, although in the southern and southwestern portions
stages were below average. By early spring, however, water levels in all of
the representative wells (fig. 4) were below average and remained at low stages
for the rest of the year. The only exception occurred during August when the
water levels in the Clinton County well attained an about-average stage.

Record low stages prevailed during the latter half of the year in the Sanilac

and Ingham County wells,
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Northern Peninsula

Western Half

Most of the wells presently observed in the westernm half of the
Northern Peninsula are those maintained by the Wisconsin-Michigan Power Co,
to evaluate ground-water storage and to aid in the prediction of stream flows
in the Menominee River Basir.. These wells are finished at shallow depth in
glacial-drift deposits of Pleistocene age and reflect changes in natural
storage in the water-table reservolirs.

Generally, water levels in the Menominee River Basin were above
average at the beginning of the year and during the winter. Although precipita-
tion was deficient during the winter, water levels did not decline at a greater
than average rate owing to frequent thaws during the periocd. Spring rises in
April were less than average, however, as precipitation continued to be defi-
cient and little recharge occurred from snowmelt as the thawing in the winter
period reduced the snow cover gradually. As a result of the small spring
rises, water levels were at below-average stages in mid-April. Precipitation
in May was near normal but most of the rain fell late in the month and was
absorbed by the soil and transpired by vegetation and hence did not result in
increases in ground-water storage. Heavy rains in late June and early July
moderated the usual summer decline so that near average water levels prevailed
in July. In August and September deficient precipitation resulted in a resump-
tion of the summer declines and levels again fell to below-average stages.
Precipitation in October and November was mostly in the form of rain and thus
some recharge to the aquifer resulted. December was one of the coldest months
of record and the freezing temperatures precluded any further appreclable recharge.

Year-end levels were somewhat lower than at the end of 1957.
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Figure 3 shows month-end water levels in 1958, with extremes and
the average for the period of the past record for wells 45N 30W 1-1 and
45N 35W 33-1 in Marquette and Iron Counties, respectively. In these wells,

however, the water levels were below average during the entire year,

Eastern Half

Chippewa County

Well 46N UW 24-1 near Raco is finished in glacial drift, and reflects
natural climatic conditions. The well i1s equipped with a continuous recording
gage.

Figure 5 shows the hydrograph of month-end levels and monthly precipita-
tion for the period of record. The hydrograph illustrates that peak stages of
the annual cycle occur late in the spring or early summer, after which levels
generally decline until early in the following spring. At that time spring
rains and recharge from snowmelt result in the annual rise of water level., The
long-term hydrograph shows that a slight declining trend occurred during the
1952 to 1956 period, and a rising trend in the period 1956 to 1958. However,
in 1958 a new decline resulted from deficient precipitation. Figure 6 shows
the daily plot of water levels from this well and weekly totals of precipitation
during 1958, As a result of the less than usual spring rise year-end levels
were nearly 2 feet below those observed at the beginning of the year.

A graph showing the month-end levels in 1958, as compared to the
extremes, and average of month-end levels of the past record for this well
is included in figure 3. The hydrograph shows that month-end levels dipped to
below average in May and reached new lows of record during late summer and

early fall.
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Figure 5. Hydrograph of month-end levels from recording gage on weil 46N 4W 24-|
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Delta County

Observation of water levels was begun in a number of wells through-
out Delta County during the summer of 1958 (table 2) as part of a ground-water
reconnaissance investigation. Three wells were equipped with continuous
recording gages. The water levels in these wells reflected changes in artesian
pressure in various rock aquifers underlying the county. In other wells where
water levels reflect water-table conditions periodic measurements were made
and the lowest levels for the short period of record were observed at the end

of the year,

Mackinac County

During 1958, observations of water levels were continued in three
wells in this county, two of which were equipped with continuous recording
gages. The hydrographs of wells 42N 2W 7-1 and 4IN 5W 23-1 (fig. 7), show
that water levels in these wells respond generally to climatic conditions.

Well 42N 2W 7-1 at Pontchartrain Shores taps the Manistique dolomite
of Middle Silurian age. As in 1957, the water level declined during the
winter until mid-March, when recharge from snowmelt resulted in rising levels.
As in previous years the summer decline was temporarily reversed by recharge
from heavy precipitation in July. More than 4 inches of precipitation in
September and again in November effectively recharged the aquifer. In December
below-freezing temperatures precluded any further appreciable recharge.

Well 4IN 5W 23-1 at Round Lake is finished in the Salina formation of
Late Silurian age. The fluctuations of water level in this well illustrate
that stages in the Salina formation respond to the same climatic conditions

affecting the Manistique dolomite at Pontchartrain Shores (fig. 7).
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Schoolcraft Co.

Well: 45N I3W i6-1
Depth: |54 feet
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Figure 8. Hydrograph of month-end levels from recording gage on well 45N I3W 16-1
and monthly totals of precipitation at Germfask, 1952-58.
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Schoolcraft County

Well 45N 13W 16-1 is located at the Seney Wildlife Refuge near
Germfask. The water levels in this well reflect changes in artesian pressure
in limestones of Richmond age.

Unlike well 46N 4W 24-1 in Chippewa County in which peak stages
are reached in late spring or early summer, the peaks in the Schoolcraft
County well occur early in the spring. The annual lows occur in the fall
(fig. 8). The hydrograph also shows that a declining trend occurred during
the period 1952 through 1955, followed by a rising trend since 1955. Precipi-
tation in the Germfask area was about average in 1958, and, as a result, the
vear-end water level was about the same as at the end of 1957,

A graph showing the month-end levels in 1958, as compared to the
extremes and average of month-end levels of the past record is included in
figure 3. Month-end levels were higher than average and some were the

highest for the 1952-58 periocd of record.

Southern Peninsula

Northern Half

In the northern half of the Southern Peninsula many record-low water
levels (table 2) were observed during the latter part of the year in observation
wells finished at shallow depth in the glacial drift aquifers.

In observation wells finished at greater depth water levels in most
wells, while not at record-low levels, were generally below average. The low
water levels during 1958 can be attributed to large deficlencies of precipita-
tion, especially during the spring, when conditions are usually most favorable
for ground-water recharge. Year-end levels were generally below those observed

at the end of 1957.
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Figure 9. Hydrographs of two wells in Crawford and Wexford Counties,
Lake Michigan-Huron levels, and cumulative departure of precipitation
from the State-wide long-term mean, 1943-58.
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Crawford County

Water levels in well 25N 1W 15-1 (fig. 9) tapping the glacial drift
declined almost continually throughout the year except during a relatively
short period in late spring when recharge exceeded discharge. Water levels
in this well have tended to decline since 1954, apparently in response to a
deficiency of about 8 inches of precipitation during that period. Despite
the long-term decline, however, water levels at the end of 1958 were still
more than 1 foot above the record low observed in 1951,

Figure 9 shows also fluctuations in levels of lLakes Michigan and
Buron. The similarity in fluctuations in levels of those lakes and the
Crawford County well provide evidence that water levels in the drift aquifers
of the area and the lake levels each respond primarily to the same general

climatic conditions, especially cumulative precipitation.

Kalkaska County

Well 27N 5W 36-1 followed much the same general trend in water levels
as the key well at Roscommon (fig. 4) except that sharp rises did not occur in
the spring and fall. The unseasonal spring decline in the Kalkaska well
resulted in record-low water levels by early summer. Record-low stages for
the 20-year period of measurement persisted in July, August, and September.
Some recovery occurred in the fall but the levels remained below average, and,

at the end of the year were about 1 foot lower than at the end of 1957.

Roscommon County

Well 24N 2W 20-1 near Roscommon is used as an index of trends of
ground-water levels in the shallow drift aquifers of the northern half of the

Southern Peninsula, A graph showing month-end levels in 1958, and extremes
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and average for the periocd of record is included in figure 4. The water
level was above average at the beginning of the year but fell to below
average by the end of March as the result of accumulated deficienciles of
precipitation. The usual sharp March rise in water levels failed to occur
in 1958. Moisture from snowmelt by late March followed by precipitation
resulted in an average rate of rise in April, iowever, the start of the
growing season and continuing deficlencles of precipitation caused water
levels to decline at a sharp rate in May and the decline continued through
September. The end of the growing season, and precipitation, resulted in
a small rise in water levels in October. In mid-November a sharp rise of
about 0.7 foot resulted from 1.6 inches of rain that fell during a period
of a few days. Below-freezing temperatures that prevailed for the remainder
of November and in December halted any further effective recharge causing
the water levels to fall slightly during December. Year-end levels were

below average and lower than those observed in 1957.

Wexford County

A general decline in the water levels in well 21N 11W 13-1 (fig. 9)
was observed during the year except 1n the last two months when a rise of
0.14 foot was recorded. A declining trend in stage has been noted since
1952.

A general similarity may be noted also in the water-level fluctua-
tions in this well and in Lakes Michigan and Huron (fig. 9). Differences in
fluctuations in stages in glacial-drift aguifers in Crawford County, Wexford
County, and other parts of the northern half of the Southern Peninsula with
levels of the Great lakes may be attributed to 2 major factors: precipitation
locally, as compared to average precipitation over the entire Lske Michigan-
Huron Basin, may vary considerably; and recharge and discharge characteristics

of the drift aquifers at various places are not identical.
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Southern Half

Ground-water levels observed in areas of the southern half of the
Southern Peninsula (fig. 4) where little or no pumping occurs, were generally
higher at the start of 1958 than at the beginning of 1957. The y=ar was one
of the driest of record. Precipitation in the area was most deficient at times
when effective recharge to the ground-water aquifers usually occurs. Stages
did not follow the normal pattern in the spring and in some months levels
declined unseasonally. Thus at the beginning of the summer the water levels
were at far below-:iverage stages. The ensuing summer decline resulted in
record and near-record low stages. Very little recharge occurred in the fall
and levels continued low. At the end of the year stages were below average

and much lower than at the end of 1957.

Branch County

Observation well 65 6W 22-1 is finished in glacial drift, and located
at the municipal well field in Coldwater. The water levels are affected by
pumping of municipal wells tapping the same aquifer.

The water levels were higher at the start of 1958 than at the beginning
of 1957. The summer decline was reversed in July and again in September by
recharge from heavy precipitation. Thus, despite a total deficiency of precipi-
tation of nearly 5 inches for the year and record-high municipal pumping of 477
million gallons (table 1), a net decline in water levels of only 1 foot was

recorded for the year.
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Calhoun County

Battle Creek etropolitan area.--Most observation wells and municipal
and industrial wells in the Battle Creek area are finished in the Marshall forma-
tion of Mississippian age. A few are finished in the overlying glacial drift.

Water levels fell in all of the observation wells in this area with
declines for the year ranging from less than 1 foot to more than 6 feet. The
lesser declines were primarily due to deficient precipitation, as a total of
only 21.9 inches was recorded for the year at Battle Creek, the lowest since
1879.

In the central and northwest part of the area large declines occurred
as the result of the deepening and straightening of the Kalamazoo River below
its confluence with the Battle Creek River. This flood control work by the
U. S. Army Engineers resulted in a lower base level for the Kalamazoo River
and caused ground-water levels to decline sharply in 1958 (fig. 10) as the
gradient of ground-water flow was steepened and a new base level for the under—
flow was being created. The decline in ground-water levels was largest in wells
nearest the river,

In the northeast part of the area large declines in water levels
resulted from increased pumping by the City from the Verona well field. The
water levels in observation well 1S 7W 32-1 at the Verona Station (fig. 11)
rose in response to decreased municipal pumping during the winter months, but
fell to record-low levels during the summer as the result of increased municipal
pumping and deficiencies of precipitation. Municipal pump ¢ increased by nearly
600 million gallons for the second consecutive year. The increased pumpage and a
cumilative deficiency of precipitation of about 24 inches since the end of 1954

resulted in a net decline in water levels of about & feet in the observation well.
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Total municipal pumpage reported by the city of Battle Creek was a
record 3.6 billion gallons in 1958. This was an average of nearly 10 million
gallons per day (mgd) and ranged from 7.3 mgd in February to 13.C mgd in August.
A Ls-percent increase in pumping has occurred since 1956.

City of Marshall.--The three observation wells in the city of Marshall
tap the Marshall formation and reflect municipal and industrial withdrawals of
ground water from that aquifer.

The levels in the three observation wells declined slightly for the
year principally because of deficient precipitation. Municipal withdrawals of
ground water were 384 million gallons for the year, about the same as was

pumped in 1957.

Cass County
Observation well 6S 16W 1-1, in the city of Dowagiac, is finished in

glaclal sand and gravel deposits and 1s affected by pumping of nearby municipal
wells tapping the same aquifer, The water levels in the observation well neither
rose as high nor fell as low as during 1957 but the year-end stages were about
the same as at the end of 1957. This was probably due to a decrease in pumpage
of about 8 percent or 17 million gallons for the year offsetting a deficiency

of 8 inches of precipitation. Total municipal pumpage for the year was 208

million gallons as compared to the 224 million gallons reported in 1957.

Clinton County

At the village of Elsie the water levels in observation well 8N 1W 13-1
finished in the Saginaw formation, and in observation well 8N 1W 13-3 finished in

glacial drift are affected by municipal pumping from wells tapping these aquifers.,
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As shown by the long-term hydrographs (fig. 12) the water levels in the drift
aquifer have remained relatively stable during the past ten years. However,
in the rock aquifer a large drawdown occurred after 1950 owing to increased
municipal pumping from that aquifer.

In 1958, a local industry largely discontinued the use of municipal
water resulting in a substantial decrease in pumping of ground water by the
Village. The decreased withdrawals resulted in a recovery of water levels of
about 15 feet in the observation well tapping the Saginaw formation. Total
pumpage of 148 million gallons was reported for the year by the village of Elsie.

Water levels in other observation wells in southern Clinton County
are included in the discussion in the section headed "Ingham County, Lansing

‘12tropolitan area."

Eaton County

City of Charlotte.--Observation well 2N 4W 19-1, and public-supply
wells at the Municipal Park in Charlotte are finished in the glacial drift.
The water levels in the observation well are affected by municipal pumping and
also reflect natural conditions of recharge and discharge.

The stage in the observation well fell to a new low for the period
of record (1947-58) in early fall, principally as the result of a deficiency
of more than 7 inches of precipitation during the year. The year-end water
level was about 1% feet lower than that observed at the end of 1957. Municipal
withdrawals of ground water by the city of Charlotte were reported as 343
million gallons (mg) for the year, an increase of 18 mg over 1957.

City of Grand lLedge.--Observation well 4N 4W 2-1 and the municipal

wells in Grand Ledge are finished in the Saginaw formation. The water levels
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in the observation well fell during the spring and fall mostly as a result of
deficient precipitation. A small rise in stage occurred during the summer when
more than 13 inches of rainfall was recorded. Year-end levels were about 1/2
foot below those observed at the end of 1957,

Total municipal pumpage of ground water at Grand Ledge in 1958 was

reported as 173 million gallons, which was slightly more than was pumped in

1957.

Other observation wells in Eaton County are located near Lansing
and are included in the discussion under the heading "Ingham County, Lansing

mztropolitan srea.,"

Genesee County

The city of Flint obtains its municipal water supply from the Flint
River. However, Burton Township, south of Flint, Beecher Metropolitan Water
District to the north, and many industries in the Flint area obtain water from
the Saginaw formation and from the overlying glacial drift. Observation wells
in the Flint area rei’.ect changes in water levels in the Saginaw formation,
deep glacial-drift aquifers, and the shallow drift deposits.

Obzerved water levels were generally lower at the end of the year
because of the more than 10 inches of deficiency of precipitation for the year.
An overall decline of water levels has been observed for the past decads in
observation wells in the Flint area finished in the Saginaw formation (fig. 13)
and in the deeper glacial drift. This decline is mostly the result of with-
drawals of ground water from these aquifers.

Figure 14 shows the long-term hydrograph of two wells finished at

shallow depth in the surficial glacial drift aquifer in Burton Township. The
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Figure 14, Hydrographs of 2 wells tapping shallow glacial drift at Burton
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sharp decline of the past two years resulted from deepening of a nearby County
drain in mid-1¢57, which caused a lowered water table in the aquifer in the
vicinity of the drain.

Figure 15 shows the effect of changes in barometric pressure on
artesian pressures in well 7N 7E 17-1, tapping the Saginaw formation. (Note
that barometric pressure is plotted inversely.) Water levels in artesian wells
such as this are subject to water-level changes as the barometric pressure
changes. As the pressure increases the water level in the well casing tends
to be depressed and vice versa. In shallow water-table wells an equal effect
is exerted on the soll column and on the water in the well and thus no change
in water level is odbserved. The tiny vertical fluctuations in the hydrograph
are the effect of the increased load on the formation caused by passing railroad
trains, while the mound-like diurnal variations are the result of earth tide
effects caused by the gravitational pull of the sun and moon. When the water
level changes rapidly as in the case of infiltration from precipitation and or
large barometric changes, the earth tide effects are masked by the movement
of the water in the well.

Figure 16 shows the effect of pumping and precipitation on observa-
tion well 6N 7E 9-1 near Grand Blanc. Since 1955, when the rate of pumping
at the Fisher Body plant was curtailed somewhat, no persistent decline in water
levels has occurred. The net decline of about 5 feet in the observation well
during 1958 may be attributed to the large deficliency of precipitation rather
than to nearby pumping.

Municipal withdrawals of ground water from the Saginaw formation and
the glacial drift in 1958 were 219 million gallons (mg) by the Beecher Metro-
politan District, and 142 mg for Burton Township. The Grand Blanc plent,
General Motors Corporation, reported a pumpage of 54 mg for the year from the

Saginaw formation,
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Gratiot County

Observation wells in the Alma area are finished in the surficial
drift deposits or in deeply-buried sand and gravel outwash deposits., Municipal
and industrial wells tap the buried outwash., One deep municipal well taps the
Saginaw formation but 1s seldom used as the water is of objectionable quality.
The artesian pressure in the buried outwash is affected by municipal and industrial
pumping fig. 17), but the water levels in the surficial drift primarily reflect
climatic conditions (fig. 4).

Year-end water levels in observation wells in the Alma area (table 2)
were lower due to deficlent precipitation and increased pumping. Declines ranged
from 1% feet in the surficial drift to as much as 13 feet in the deeper buried
outwash, Increased municipal pumping in the center of the City resulted in
lower levels in that area. Figure 17 shows the effect on observation well
12N 3W 34-1 of changes in pumping rate in municipal wells 2 and L4 over the
past decade. Increased pumping by these municipal wells and deficient precipi-
tation resulted in the lowest observed levels in many years by late summer,

Well no. 4 is closer and hence has a greater effect on water levels in the
observation well than does well no. 2, when both are pumping.

Municipal withdrawals of ground water totaled 651 million gallons

(mg) for the year, a sizeable increase over the 554 mg reported in 1957.

Ingham County

Lansing wetropolitan area.--The Saginaw formation is the principal
source of water for municipal, industrial, and domestic wells in the area,

although a few wells obtain water from the overlying glacial drift. Most
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of the observation wells in the area are finished in the Saginaw rormation
and reflect changes in pattern and rate of pumping from the aquifer. A few
including those finished in the glacial drift principally reflect climetic
conditions (fig. 4).

Generally, in the heavily-pumped areas, long-term declines of water
levels continued, and many record-low stages were observed during the year.
The declines were the result of withdrawals of ground water from the Saginaw
formation in the area and were aggravated by weather conditions. The year
was the driest since 1930 with a precipitation deficiency of more than 9 inches,
and warm dry weather in the spring and fall reduced the normal amount of ground-
water recharge to the aquifer. In suburban areas, where effects of pumping are
not as great, levels in observation wells reached new lows for the period of
record (table 2) chiefly as the result of the deficient precipitation. In
observation well 4N 2W 31-1 (fig., 4) which is at some distance south of the heavily-
pumped portion of the Saginaw formation, the water level fell to record-low
stages from June to the end of the year. West of Lansing in Eaton County water
levels in well 4N 3W 12-1 were not appreclably affected by pumping of nearby
Lansing Township wells. However, further west in the County, well 4N 3W 10-1
has shown a small but persistent decline amounting to a total of about 6 feet
for the l5-year record, probably due to an extension of the cone of depression
in the metropolitan area. To the east, water levels in well 4N 2W 24-1 at
Michigan State University continued a general decline that has persisted since
the start of record in 1945. Water levels in observation well 4N 1W 18-1,
at Marble School in East Lansing, continued to decline as the result of pumping
from nearby municipal wells. Here, a decline of about 10 feet has occurred

since the start of record in 1953. North of lLansing in Clinton County, water
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levels in observation well 5N 2W 32-1 have declined more than 30 feet during
the 15-year period of record. Water levels in observation well EN 2W 16-1
finished at shallow depth in glacial drift, 10 miles north of Lansing in Clinton
County, fell to below average in May and continued below average for the remainder
of the year becase of the adverse climatic conditions (fig. 4).

Figure 18 presents records since 1929 of 5 observation wells in
the heavily-pumped areas of Lansing, along with total lansing municipal pumping
and the precipitation departures. The rise in water levels in observation
wells 4N 2ZW 9-1 and 17-1 in the northwest section and the declines observed
in wells 21-1 and 22-1 in the southeast were caused by changes in pumping
patterns and rates in those areas since 1955. A net increase in stage of almost
20 feet was observed during the past 3 years in well 4N 2W 9-1. South and east
of the center of the city, levels have declined more than 10 feet from the effects
of increased pumping in that area. Precipitation trends seem to have had little
effect on the water levels in the heavily-pumped area.

The average daily withdrawals of ground water for municipal use by
Lansing, Fast Lansing, Lansing Township, Meridian Township, and Michigan State
University was about 21.5 million gallons during 1958. The total pumpage of
7.8 billion gallons for 1958 was less than in recent years, probably owing to
decreased industrial activity and also to the cool wet summer with attendant
decreases in normal hot weather uses for air condltioning and lawn sprinkling.

City of Mason.-~Observation well 2N 1IW 5-1 in Mason is finished in
the Saginaw formation., The water levels in the well are affected chiefly by
industrial pumping, as the municipal supply is obtained from wells tapping

glacial sands and gravels. The water levels in the observation well were



60

generally lower throughout the year because of large deficiencies of precipita-
tion during favorable periods of recharge in the spring and fall. The year-end
level was about 2 feet below that observed at the end of 1957. Total municipal
pumpage for the year was reported as 134 million gallons or an average of about

367,000 gallons per day.

Kalamazoo County

Wells in and near the city of Kalamazoo tap only glacial drift aquifers.
Stages in many of the observation wells fell to record lows for the second
consecutive year as precipitation in 1958 totaled only 24.64 inches or 10.25
inches below average. The normal spring and fall recharge to the ground-water
aquifers was much less because most of the deficliency of rainfall occurred
during those seasons. Declines of water levels for the year ranged from 0.8
foot to as much as 3.0 feet,

Figure 19 shows the effect of pumping and precipitation trends on
wells 25 11W 22-6 and 22-102 located in the Axtell Creek area. It is evident
from the illustration that no persistent decline for the 13-year record can be
directly attributed to municipal withdrawals of ground water from the Axtell
Creek area well fields. The fluctuations of water level in the observation
well reflect mainly precipitation trends and the pumping appears to be in good
balance with the recharge to the aquifer by precipitation and infiltration of
surface water., As additional water is needed, it 1is being drawn from other
stations as the city has limited pumping in the Axtell Creek area to an amount

which will cause no serious dewatering of the aquifer in that vicinity.
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The total municipal pumpage for the year was reported as a record
L,64 billion gallons, slightly more than in 1956. Pumpage averaged 12.7

million gallons per day {(mgd) and ranged from 10.4 mgd in March to 16.5 mgd

in May.

Montealm County

At the city of Greenville municipal wells are finished in glacial
drift as are the cdbservation wells. Observation well 9N 8W 15-1, at the
municipal well field in the southeast part of the City reflects pumping from
nearby municipal wells., Water-level measurements made since 1950 indicate
no persistent decline in the stage due to municipal withdrawals of ground
water. The observed levels more generally follow annual climatic variations.
Stages were highest during the early part of the record when precipitation
was far above normal and have been lower during the last few years as the
result of deficiencies in precipitation. However, the range in fluctuation
has only been about 6 feet during the 9 years of record. Despite deficient
precipitation and increased municipal pumping, the water levels in this
observation well were only slightly lower during the year than in 1957.

Observation well 9N 8W 10-1 in the northeast part of the City
reflects industrial pumping of ground water, but declines in levels during
the year probably were due mostly to climatic conditions.

Municipal pumpage of ground water in 1958 was reported as 529

million gallons or an increase of about 20 percent over 1957,

Qakland County

The observation wells in Pontiac are finished in glacial-drift

aquifers, as are the municipal and most of the industrial wells in the area.
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rrecipitation of only 21 inches for the year was about 10 inches below normal
and the least since 1934, when only 19 inches were reported. Despite the
dryness, the rising trend of water levels in the two observation wells in
Pontiac continued (wells 3N 10E 31-1 and 32-1, table 2), This was due to
decreased pumping in the vicinity of the observation wells owing to a change
in the City's pumping pattern since 1955,

Figure 20 shows the hydrograph of well 3N 10E 32-1 for the last
10 years based on records from a continuous recording gage. During the
period 1939-55, water levels in this well declined about 70 feet. Since
mid-1955 when the lowest level of record was recorded, a recovery of about
20 feet has been observed.

Municipal withdrawals of ground water from the glacilal-drift aquifer
in 1958 were reported as 3.4 billion gallons averaging 9.4 million gallons per
day. This was a slight increase over 1957, 1In addition, however, large

amounts of ground water are pumped by private industry.

Washtenaw County

All observation wells presently maintained in this {ounty are
finished in glacial drift and reflect withdrawals of ground water from drift
aquifers by municipal or institutional well filelds.

City of Ann Arbor,--The City obtains its water supply from the
Huron River and supplements this supply by pumping water from wells tapping
the glacial-drift aquifer at the Steere Farm well field south of the (ity.

Figure 21 shows the hydrograph of observation well 35 6E 16-1 for the
1954-58 period. The declining trend in water levels of the past 3 years is

mostly the result of increased municipal withdrawals of ground water as total
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precipitation for this period was about normal, The water levels during
1958, however, showed the effect of reduced recharge because of precipitation
deficiencies in the spring and fall of the year, resulting in less than the
usual seasonal rises. Year-end levels were about 4 feet lower than at the
end of 1957.

Total municipal pumpage of ground water was reported as 960 million
gallons (mg) for the year, ranging from 45 in February to 133 mg in July.

Ypsilanti State Hospital.--Water levels in the two observation wells
at Ypsilanti State Hospital reflect climatic changes and withdrawals of ground
water by the institutional well field.

In observation well 4S5 6E 9-1 (fig. 22), which is more than a mile
from the pumped wells, the water level failed to rise appreciably in the spring
because of deficient precipitation. Decreased pumping during the summer and
increased precipitation precluded the usual seasonal decline and the stage in
the well rose somewhat during the summer months. Preclipitation and mild weather
in November resulted in effective recharge in late fall and by the end of the
year the water level in the well was about 15 feet higher than at the end of
1957.

In observation well 43 6E 10-1, which is closer to the pumped wells,
levels were several feet higher at the end of the year probably as the result
of decreased pumping for the year. Total institutional pumpage from the
drift was reported as 253 million gallons (mg) for the year as compared to
274 mg in 1957,

Ypsilanti Township.--The water levels in observation wells (fig. 23)
at the ‘ownship well field remained relatively stable as decreased pumping was

offset by a large deficiency of precipitation during the year which halted the
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Figure 22. Hydrograph of weil 4S 6E 9-1 tapping the glacial drift at Ypsiianti State H
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precipitation at Willow Run Airport, 1957-58.
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recovery of water levels that occurred during the last part of 1957, Well
35 7E 24-1 is least affected by pumping as it is the farthest from the pumped
wells., The total pumpage of about 1.7 billion gallons was the least since
1954 and may have been a reflection of decreased business activity. Average
daily pumpage was 4.68 million gallons as compared to 5,56 and 5.91 in 1957

and 1956, respectively.
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