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SUMMARY OF GROUND-WATER CONDITIONS IN MICHIGAN
1959
By

P. R. Giroux

INTRODUCTION

This report is the fourth 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 infor-
mation 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 Deuuvsch, District Geologist, U. S. Geological
Survey, Lansing.

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

the papers contalning water-level data for Michigan:



Year  No. Year  No. Year  No.
1935 777 942 oLl 1949 1156
1936 817 1943 986 1950 1165
1937 840 1944 1016 1951 1191
1938 845 1945 1023 1952 1221
1939 886 1946 1071 1953 1265
1940 906 1947 1096 1954 1321
941 . 936 1948 1126 1955 1404

Beginning in 1956, the U, S, Geological Survey discontinued pub-
lication of its series of annual reports and is now publishing, at 5-~year
intervals, a reduced number of water-level records without interpretive
text or illustrations. 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 Depart-
ment of Conservation in 1957. These reports are designed to supplement
data contained in the Federal report and also provide interpretive text
and illustrations. By means of these ground-water summaries, basic infor-
"mation 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 avallable ground-water supplies, to facilitate
the prediction 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 demon-
strate the interplay of those forces in the ground-water regimer ‘o furnish
information for use in basic research, and to provide long-term continuous
records of fluctuations of water levels in representative 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 1959 in 188 wells of which 38 were equipped with continuous
recording gages. Measurements of water level in some of the wells were
discontinued in areas where intensive investigations had been in progress
and where the results of findings have now been made public (See "Open-
File Records"). The report summarizes water-level changes observed
throughout the State, and analyzes these changes in selected areas.

The distribution of wells in which water levels were observed in 1959
1s shown in figure 1.

Table 1 lists the basic information for each observation well,
and the extremes of water-level fluctuations in 1959 and for the previous
period of record, Fluctuations of water levels in representative wells
are shown by numerous hydrographs, and in many cases graphlc interpreta-
tions of the changes in water level are made by including pertinent cli-
matic and/or pumpage data. Table 2 lists reported monthly and annual
ground-water pumpage for various municipalities, institutions, and indus-

tries in the State.
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Open~File and Published 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-resource reports are on file for public inspection. They
may be examined at the Michigan district office of the U. S. Geological Sur-
vey, Ground Water Branch, 407 Capitol Savings and Loan Building, Lansing, or
at the Water Resources Section of the Michigan Geological Survey, 4th floor,
Mason Building, Lansing. Records for the Northern ?eninsula are kept on
file also in the office of the Michigan Geological Survey, 203 State Office
Building, Escanaba.

U. S. Geological Survey water-supply papers are for sale by the
Superintendent of Documents, U. S, Government Printing Office, Washington
25, D, €., or can be consulted at the offices listed above and in major
university or municipal libraries. The Federal Survey also issues a monthly
publication entitled "Water Resources Review" which briefly summarizes
ground-water levels and streamflow throughout the United 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. Publications of the Michigan Geological Survey can be purchased
from the Michigan Department of Conservation, Publications Room, Mason
Building, Lansing 26, Michigan.

Reports of cooperative ground-water investigations covering
specific areas of the State are published from time to time by the Michi-

gan Department of Conservation or the U, S. Geological Survey. These



reports are also available for inspection at the offices listed above,.
Recent publications containing ground-water information for various areas
of Michigan have been published as Progress Reports by the Michigan Geoclogi-

cal Survey as follows:

Progress Area
Report Covered Reference 1/
17 Chippewa County Vanlier and Deutsch, 1958a
19 Mackinac County Vanlier and Deutsch, 1958b
20 Holland Area Deutsch, Burt, and Vanlier, 1958
21 Luce County Vanlier, 1959
22 Schoolcraft County Sinclair, 1959
23 - Kalamazoo Area Deutsch, Vanlier, and Giroux, 1960
24 Delta County Sinclair, 1961

;/ See "References" at end of report.

Well~Numbering System

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 East. In the several small areas
of the State where the rectangular subdivisions 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 1959 was well in excess
of average over all of the climatological divisions of Michigan as defined
by the U, S. Weather Bureau. This was in sharp contrast to 1958 when
general deficlencies in precipitation were recorded. Excesses over average
ranged from 3 1/2 inches in the western part of the Northern Peninsula to
more than 9 inches in the Saginaw Bay-Thumb area. Extremes in total pre-
cipitation ranged from 28 inches at Alpena in Alpena County to 46 inches
at Williamston in Ingham County. Only a few scattered stations reported
below average precipitation.

One of the most severe winters of record occurred. Precipita-
tion fell almost entirely as snow, and remained on the ground all winter.
Snow accumulated to record depths during February in the northern and
western parts of the State and was heaviest along the shores of Lakes
Michigan and Superior and in the northern part of the Southern Peninsula.

Temperatures during the winter of 1959 were the coldest recorded
since 1936, and averaged 5 to 10 degrees below normal. In contrast, tempera-
tures during May, August, and December averaged from about 3 to 6 degrees

above normal.
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PRINCIPLES AND SUMMARY OF GROUND-WATER OCCURRENCE

The initial source of most ground water is precipitation, and
the average annual precipitation over Michigan is about 30 inches. How-
ever, much of this water is lost by evaporation, transpiration, and surface
runoff before 1t can enter the underground reservoirs., The amount of pre-
cipitation which becomes ground water in any area i1s 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 forma-
tions.

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 1). An aquifer is a geologic formation or structure that transmits
water in sufficient quantity to supply pumping wells and springs. In some
areas of the State, ground water is relatively difficult to obtain, and
aquifers ylelding only a few gallons per minute of water or less, are of
considerable importance. In other areas where aquifers may yield several
hundred gallons per minute, formations capable of yielding small amounts
may be classed as non-productive.

Aguifers may be classified as water table or artesian. In a
water-table aquifer ground water is unconfined and the upper surface of
the saturated zone is 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 aquifer will
rise above the bottom of the upper confining bed, and, if under sufficient

pressure, will flow at or above land surface.
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The movement of ground water 1s somewhat similar 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 fric-
tion 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 infiltrate into a ground-water reser-
voir), to areas downgradient where it may once more reach the surface and
Join the flow of streams, appear as a seep or spring, enter a lake, or
escape directly to the atmosphere by means of evaporation and trauspiration.

In Michigan, water-bearing rock formations are commonly classi-
filed into two broad categories; namely, bedrock and glacial drift aquifers.
The bedrock or consolidated rock aquifers include both the igneous and
metamorphic rocks of Precambrian age which form the bedrock surface in
much of the western half of the Northern Peninsula and the sedimentary
rocks of Paleozoic age which overlie the Precambrian rocks elsewhere in
the State., Over all but 2 or 3 percent of the area of Michigan the bed-
rock 1s mantled by glacial drift or unconsolidated rocks of variable thick-
ness 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 con-
nected 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 essen-

tially large diameter wells.,
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In the remainder of the State consolidated rocks deposited by
shallow seas during the Paleozoic era form the bedrock surface., These
consolidated sediments consist of strata of limestone, dolomite, shale,
sandstone, and breccia and are commonly interbedded with layers of evapo-
rites 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. The youngest beds are exposed
at the surface in the central part of the structure and the formations
crop out in roughly concentric bands (fig. 2).

The chief sedimentary rock aquifers are composed primarily of
sandstone, limestone, or dolomite., In a sandstone aquifer water moves
through voids between individual sand grains and also along joints,
other fractures, and bedding planes, Movement of water in limestone and
dolomite aquifers 1s predominantly through cavities, fractures, and fis-
sures developed by weathering and solution. Layers of shale are of low
permeability and yield little 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
aguifers 1s in the portions of the formation where they form the bed-
rock surface or are close to the surface. Where they are buried at depth
beneath younger Paleogzoic rock formations the water present is generally
saline, For example, the Marshall formation is the prinecipal source of
fresh ground water at Battle Creek in Calhoun Co., where it forms the

bedrock surface, but in CGratiot County where it 1s overlain by the Saginaw
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EXPLANATION

SYMBOL  ROCK SYSTEM

% Pennsylvanian

Q E } Devonian

Silurian

Ordovician

Cambrian

Precambrian

wou"

Surface geology after
H. M. Martin, 1936,

Not drawn to scale.
Scale of vertical section
greotly exaggerated.

N

~

Drawn by
K. E. Vanlier
U. 8. Geological Survey

Figure 2. Block diagram showing schematic geological cross-section through
the Michigan Basin.
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formation, it yields saline water. The Trenton and Blsck River limestones
are a major source of fresh water in Delta County in the Northern Penin-
sula, but in various areas of the Southern Peninsula, where these formations
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 Paleozoic Era and
lasted until the Pleistocene, a considerable volume of consolidated rock
was removed and some of the physiographic features of Michigan, including
the major valleys which are now part of the Great Lakes, were formed. The
glacial drift comprises important aquifers, which in general, are the most
accessible aquifers in many areas of the State., The water in these aqui-
fers 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 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 that
i1l the volds between the larger rock particles. In the Lake Superior
area, however, the till deposits are locally good sources of water where
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 extinect

glacial lakes. Most of these deposits comprise rather poor aquifers in
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Michigan except locally where they are composed chiefly of fine sand

and will yield small amounts of water to wells., Extensive dunes com-

posed of wellwsorted sand deposited by wind action during late and post-

glacial times are present in various areas of the State, ecceic?ly

along the Great Lakes shorelines. Although permeable, they are not

important as aquifers as they generally lie above the regional water
e,

Causes of Water-Level Fluctuations

Water levels in wells are continually changing with movement
up or down varying from fractions of an inch per day to many feet in a
.orn time., The levels are influenced by many factors including direct
recnarge from rainfall . =snoum=2lt, reglonal or nearby pumping, evapora-
tion and transpiration of water by wegetation, and by changes in water
levels in nearby streams or drains (fig. 13). In 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. Temporary influences
on the levels in artesian wells result from changes in atmospheric pres-

sure, earthquakes, earthtides, and other factors.

Climatic Influences

Water levels fluctuate mainly with seasonal changes in the rate
of recharge to, and discharge from the aquifers. In figure 3 examples are
given of fluctuations of ground-water levels in observation wells in response
to climatic conditions. The figure counsists of tracings of 4 original
recorder charts (4, B, C, and D) taken from continuous recording gages in

operation on observation wells.
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Chart A shows a typical rise of water levels in a shallow well
in response to recharge from infiltration of water from rain and melting
snow during the spring thaw.

In B and in lesser degree in C, the sharp rises in stage in a
shallow well are the result of the occurrence of rainstorms of high inten-
sity and short duration common during the summer months. The large rise
on May 19 was the result of 4.6 inches of rsin that fell in a few hours.
Generally, however, much of the water from these summer storms tends to
run off to surface streams and little benefit is derived especlally in
recharge to the deeper wells.

Chart C shows the effects of evapotranspiration during the day-
light hours and the general downtrend of water levels or seasonal decline.

In D a typical month in the summer is shown while the seasonal
decline is in progress. During the growing season little of the rainfall
finds its way into the aquifer due to the effect of evaporation and trans-
piration by plant life.

This decline in stage during the growing season may be accelerated
by deficiencies of precipitation during that time. Also the seasonal
decline may continue into late fall by an early general freeze which tends
to impede infiltration of water to the aquifers. Generally, however,
after killing frosts end the growing season in the fall and transpiration
ceases, precipitation will cause rises in water levels.

In 1959 the heavy snow cover that accumulated by late winter
created favorable conditions for spring recharge to the ground-water reser-
voirs. However, direct evaporation of much of the snow cover reduced the

recharge potential. In addition, where heavy solls remained frozen
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especially in the southern half of the Southern Peninsula, spring thaws
resulted in fast runoff and recharge was not as great as had been antici-
pated. In areas of sandy soil more of the snowmelt reached the underlying
aquifers. Unusually warm temperatures in May were followed by considerable
dryness in June and this accelerated the usual seasonal decline. The sea-
sonal declines were reversed when heavy precipitation in late summer and
fall replenished most of the aquifers (figs. 5 and 6). The higher precipi-
tation totals for the year resulted in year-end stages well above those

observed at the end of 1958.

Pumping Influences

Generally, ground water 1s a renewable natural resource as it
is intermittently or continually being replaced directly or indirectly by
. precipitation. If an aquifer is to be developed by means of wells so that
a long-term yield may be obtained without substantially dewatering the
aquifer, then egquilibrium 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 i1s discharged from an aquifer by means of a well, an increase
results at least temporarily, in the rate of total discharge from the
aguifer. The pumping causes a cone-shaped depression 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 either causes a decrease 1n
discharge from the aquifer, or an increase in recharge to the aqguifer, or

a combination of both, restoring the aquifer to a state of equiliibrium.
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Wells within this 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 of many dispharging wells, a composite cone of depres-
sion 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 dis-
charge from the aquifer. A lowering of the water level, therefore, 1s neces=-
sary in the utilization of an aquifer.

The effects of withdrawals of ground water by some of the muni-
cipalities, institutions, and industries in the State are dilscussed under
the county headings below, and their reported monthly and annual pumpage
totals are listed in table 2. Many of the observation wells listed in
table 1 are being observed because of their economic significance as their
levels fluctuate primarily in response to pumping influences, Graphs
showing the effect of pumping on water levels in nearby observation wells
are used in many of the illustrations.

In general, most communities pumped more water in 1959 than in
1958. This was due to continued increases in urban and suburban popula-
tions creating more demand for water especially where cities expanded
their facilities to annexed areas. Municipal pumpage was higher than
usual in June due to warm dry weather and attendant increases in warm
weather uses. Effects of industrial layoffs due to the steel strike were
reflected in November pumpage figures of industrial communities (table 2).

Figure 4 shows examples of the effects of pumping of municipal

and industrial wells on water levels in nearby observation wells. Charts
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fluctuations caused by earthquakes,
Aug.i6-23, [959.

D. Effects of nearby pumping at Flint and

18-25,1959.
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(Ccharts about one~third actual size)

Selected recorder charts of water levels in observation wells affected
principally by nearby or regional pumping.

C. Effects of regional pumping and of passing

railroad trains ot Battle Creek, Aug.

Figure 4
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A and B cover a month's record while C and D are weekly records. The
charts are tracings (except for C) of original recorder charts as taken
from continuous recording gages in operation on observation wells.

In chart A the large fluctuations of water level in the observa-
tion well show weekend recovery with the highs occurring on Mondays as the
result of decreased pumping on the weekends.

Chart B shows dally fluctuations of water level due to nearby
municipal pumping and also the effect of the discontinuance of this
pumping, at Tonia.

Chart C shows the daily fluctuations from regional municipal
and industrial pumpage and the weekend recovery of water levels., The
numerous sharp fluctuations shown are due to compressional loading on
the aquifer from the weight of passing railroad trains.

Chart D shows the effect of pumping by az nearby air-conditioning
well used by a local television station. The hours of operation of the
pumplng well are graphically shown by the daily drawdown and recovery of
the water levels in the observation well. In addition, the effects of an
earthouake and aftershocks that occurred at Yellowstone Park are also
shown on the recorder chart. The pronounced and rapid vertical oscilla-
tions of water level (Aug. 18> ﬁere caused by the selsmic compressional
waves from the earthquake that occurred at Yellowstone at 1:37 a.m., E.S.T.,
and following aftershocks at 10:26 a.m. and 11:04 p.m., August 18. The
earlier times indicated for the earthquakes by the recorder chart were due

to minor inaccuracies in the timing mechanism of the gage.
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SUMMARTES OF GROUND-WATER CONDITIONS

Statewide Changes in Natural Storage

Figures 5 and 6 wsnow the hydrographs of month-end levels in
1959 and the extremes and average of month-end levels for the past record
from selected ocbservation wells in the State. These wells are located in
areaé'ofvlittle or no pumping effect and reflect changes in aquifer storage
primarily in response to climatic conditions. Those records of ground-
water levels that reflect mainly climatic conditions serve as a basis for
comparison with records of levels that are affected by pumping withdrawals.

In the Northern Peninsula water levels were considerably below
average at the beginning of the year in most wells finished at shallow
depth in glacial drift (fig. 5 and table 1). However, heavy rains in
August, September, and COctober reversed the seasonal decline and stages
rose sharply so that by the end of the year levels in most wells were cone
siderably above average. Water levels in wells finished in rock formations
in the eastern part of the Northernm Peninsula were above average and reached
new highs for the period of record during the year.

In the northern half of the Southern Peninsula ground-water
levels were relatively low during the winter. However, snowmelt from
record amounts of snow and heavy precipltation in the spring caused water
levels to rise sharply. Stages declined to aboutl average by late summer
but heavy precipitation in the fall reversed the seasonal decline and
water levels rose to above average levels by the end of the year (fig. 6).

In the Thumb area (fig. 6, Sanilac Co.) stages in an observation

well were at record lows for January and February, but rose sharply in the
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spring and fall so that year-end levels were much higher than at the
beginming of the year.

In the southern half of the Southern Peninsula low stages were
also carried over from 1958. Although sharp rises occurred in the spring,
from substantial recharge, it was less than anticipated as the result of
runoff and evaporation of the large water content of the snow cover.
Stages were low during the summer, but again rose during the fall because
of favorable recharge conditions, so that by the end of the year, water

levels in this area were generally above average.

Northern Peninsula

Western Half

Most of the wells presently observed in the western 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 streamflows in the Menominee River Basin. These wells are finished
at shallow depth in glacial drift deposits of Pleistocene age and reflect
changes in natural storage in the water-table reservoirs of that area,

The Wisconsin-Michigan Power Co. issues short monthly summaries of hydro-
logic conditions and also an annual report containing valuable information,
such as weather, evapo~transpiration, and ground-water storage data.

In their 1959 annual report, Braun (1959, p. 199) states: "The
role of ground water for the Menominee River in 1959 was an everitfil one.
It marked a rapid transition from ‘want to plenty'. Near record low con-
ditions at the end of July terminated in a most decisive fashion after the
heavy August rains. If rainfall trends at the time had not reversed, con-

ditions could have reached a point of drought status...."
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Rainfall during the latter part of 1959 ended a 3-year period
of deficiencies and resulted in above-average levels by the end of the
year in most wells finished in glaclal drift in the western part of the
Northern Peninsula (fig. 5, Iron and Marquette Cos.).

Figure 7 shows fluctuations of water levels and monthly preci-
pltation in an observation well finished in sandstone in Ontonagon County.
The period of spring highs was prolonged by nearly 6 inches of precipita=
tion in May. In September more than 5 inches of rain caused water levels
to rise gharply, but a sharp decline followed in October. By the end of

the year, the water level in the observation well was slightly below that

obsefved at the end of 1958,
Eastern Half

Figure 8 shows fluctuations of water levels in 3 deep wells in
Delta County finished in sandstone and limestone aguifers. These hydro-
graphs were plotted from records obtained by continuous recording gages
in operation on these wells. Net gains in water level for the year, from
increased precipitation, were registered in each of the wells. A more
detalled description and analysis of water-level fluctuations in Delta
County is given by Sinclair (1960, p. 50-55).

Figure 9 shows the hydrographs of wells finished at shallow
depth in dolomite and limestone formations in Mackinac and Schoolcraft
Counties. Favorable spring and fall recharge conditions caused sharp

rises, and net gains in water levels for the year were observed in each

well,
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Water level, in feet below land-surface datum
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Figure 8. Hydrographs of selected wells in Delta County, 1959.
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In Chippewa County below-average levels in winter were followed
by sharp rises in the spring and fall in an observation well tapping the
glacial drift (fig. 5). As a result year-end levels were higher than the

average.

Southern Peninsula

Northern Half

Temperatures averaged 5 to 10 degrees below normal and snowfall
accumulated to record depths during February. The frigid temperatures
and lack of snowmelt allowed little recharge to the ground-water aquifers,
and, as a result, stages fell and remained low until early spring. In
some wells record lows were observed. However, the large amount of snow-
melt and above-average precipitation in April and May caused sharp rises
in ground-water levels; in some cases levels rose to record highs (table 2).
Unusually heavy precipitation during the last quarter of the year that
amounted to nearly 5 inches in excess of the average, also resulted in
high year-end stages for observation wells in this area (figs. 5 and 10).

The difference in effects of precipitation on water levels in
shallow and deep wells is clearly shown by figure 10. Spring thaws and
rain caused rapid and very pronounced rises starting in March in wells
24N 2W 20-1 and 26N 4W 11-1, but the effect in well 25N 1W 15=1 lagged
until mid-April. The peak in water level in this well was not reached
until mid=July, about 2-3 months later than in the shallow wells., On
the other hand, the seasonal decline in the deeper wells lagged consider-
ably behind and was of much smaller magnitude than that observed in the

shallow wells,
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Figure 10. Hydrographs of selected wells in Crawford and Roscommon

Counties and monthly precipitation departures, 1959.
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Southern Half

Ground-water levels observed in areas of the southern half of
the Southern Peninsula where little or no pumping occurs, were much lower
at the beginning of 1959 than at the start of the year 1958, This was a
carryover of low levels from 1958, However, sharp rises in the spring and
fall occurred and as a result most of these wells had above-average stages
by the end of the year and many were at the highest stages observed in

several years (fig, 6).

Barry County

The city of Hastings obtains its water supply from wells finished
in glacial drift., Observation well 3N 8W 18-1 in Hastings is also finished
in drift and reflects pumping by the municipal wells.

Figure 11 shows the effects of precipitation and of pumping by
the municipal wells, on the water levels in the observation well, One of
the municipal well fields is about 1,500 feet from the observation well.

As evidenced by the monthly chart from the continuous water-level recorder
on the observation well, the fluctuatiouns in stage are sharply accented by
the starting and stopping of the municipal pumps. From September 1958
through December 1959 the total precipitation was gbout 5 inches below
average. The period of rising water levels from 1959 spring recharge

was followed by declining levels in response to increased pumping and

also to deficient precipitation, In the fall of 1959 precipitation was
above average and although measurements were not obtained in the late
fall, a few measurements obtained in November indicated a rising trend

until that time.
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Municipal withdrawals of ground water as reported by the city
of Hastings for 1959 (table 2) totaled 315 million gallons. This was an
increase of 20 percent over the year 1958. Pumpage averaged 0.86 mgd and

ranged from 0,67 mgd in January to 1.05 mgd in both June and July.

Branch County

Observation well 6S 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.

Figure 12 shows the graph of the fluctuations of water levels
in the observation well plotted against the average month-end levels.
The water levels rose to above-average in late winter and early spring
when precipitation was sbove average and pumpage relatively low. A
large increase in pumpage during the summer months and dryness in May
and June caused water levels to dip sharply but then 9 inches of rain
fell in July and brought sbout quick recovery. At the end of the year
stages were above average principally due to the excess of precipltation.
in the fall and early winter, Note that the slope of the cumulative
departure curve 1s upward during this period.

Annual municipal pumpage of 592 million gallons was a record

high and exceeded the 1958 pumpage by 24 percent.

Calhoun County

Battle Creek metropolitan area.--Most observation wells and
municipal and industrial wells in the Battle Creek area are finished in
the Marshall formation of Mississippian age. A few are finished in the

overlying glacial drift.
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Although the water levels in most observation wells fell to
record or near record low by late summer, there were sharp rises in the
fall. Net rises for the year of about 0.1 to as much as 2.5 feetl were
observed. The gains were chiefly the result of recharge from more than
12 inches of precipitation during the fall months.

In the central and northwest part of the area the difference
in water levels between 1957 and 1959 (fig. 13) were due to the lowering
in mid-1958 of the base level of the Kalamazoo River (Giroux 1960, p. L3).

In the northeast part of the area stages fell to new lows in
mid-summer, due mainly to the large increase in pumping at the Verona
well field by the city of Battle Creek (fig. 14), Despite the summer
lows, levels at the end of the year were about 3 feet higher than at the
end of 1958 as a result of the excellent fall recharge to the aquifer.

Total municipal pumpage reported was a record 4.4 billion gal-
lons in 1959. This marked the third consecutlve year of large increases
of municipal pumpage by the city of Battle Creek, and was an increase of
76 percent over 1956, The pumpage in 1959 averagedlZ million gallons per
day (mgd) and ranged from 8.9 mgd in December to 15.1 mgd in June,
Although about 75 billion gallons of water has been pumped at the Verona
Station since June 5, 1914, no significant dewatering of the Marshall
formation has occurred.

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 aguifer.

In the spring, levels in the observatlon wells were the highest

observed since 1954. Year-end levels were about a foot higher than at
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the end of 1958, The recovery of water levels during the year was due to
favorable conditians for recharge created by above-average precipitation
during both the spring and fall. The observed rises in water level occurred
despite a 1lO-percent increase in pumpage by the city of Marshall. The total

municipal pumpage reported was 425 million gallons and was a new record high.

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

in glacial sand and gravel deposits and is affected by pumping from nearby
municipal wells tapping these deposits. At mid-year the water levels in
the observation well fell to the lowest stage since 1953 but by the end

of the year rose to stages well above those observed at the beginning of
the year. This was principally the result of about 46 inches of precipi-
tation during the year, that was about 9 inches above average. Nearly 8
inches of this precipitation fell in October when conditions were favorable
for ground-water recharge.

Municipal withdrawals of ground water by the city of Dowagiac
were 240 million gallons, an increase of about 15 percent over 1958, but
far less than the record total of 456 million gallons reported for 1953.

Elsewhere in the county observation well 85 14W 17-1, also
finished in the glacial drift, but not affected by pumping, (fig. 6),

remained below average but at stages somewhat higher than in 1958.

Clinton County

At the village of Elsie the water levels in observation well
8N IW 131 finished in the Saginaw formation and in observation well
13-3 finished in the glacial drift, are affected by municipal pumping

from wells tapping these aquifers.
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Heavy pumping from the glacial drift during the summer lowered
the water levels in well 13-3 to their lowest stage since 1951. However,
by the end of the year water levels in this well rose to the highest
observed for the period of record that began in 1947. In well 13~1 stages

were the highest observed since 1952,

Water levels ip other observation wells observed in Clinton
County are near lLansing and are included in the discussion "Ingham County,

Lansing Metropolitan area."

Eaton County

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

The observed water level in the spring was the highest since
1954. In marked contrast, at the end of the summer the observed level
was the lowest of the 13~-year record. This was probably caused by heavy
summer municipal pumpage. However, stages at the end of the year were a
foot above those observed at the end of 1958 reflecting good seasonal
recharge from heavy fall rains.

Municipal withdrawals of ground water were the largest of record
and totaled about 388 million gallons. This was an increase of about 13
percent over 1958,

City of Grand Ledge.--Observation well 4N 4W 2-1 and the muni-
cipal wells in Grand Ledge are finished in the Saginaw formation.

At the end of the summer water levels in the observation well

fell to new lows of record due in part to the low levels that carried over
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from 1958 when precipitation was deficient. Recharge from above-average
rrecipitation in the fall, brought rises in the water levels and year-end
stages were about the same as at the end of 1058,

Figure 15 shows the water levels, pumping magnitudes, and precipi-
tation departures for the period of record of the observation well. The
high pumpage figures in the period 195153 were caused by mechanical error
when the flow meter on one of the wells became constricted by iron bacteris.
The hydrograph tends to follow more closely the effects of precipitation
than the effects of pumping by the municipal wells at the present rate of
withdrawal.

Total municipal pumpage at Grand Ledge in 1959 was reported as
186 million gallons--an increase of about 7 1/2 percent over 1958,

Other observation wells in Eaton County are located in the
Lansing area and are discussed under "Ingham County, Lansing Metropolitan

area."

Genesee County

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

Observed water levels in the shallow drift rose several feet

for the year in response to above-average precipitation. Water levels in
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well 7N 7E 32-1, tapping a deeper glacial drift acguifer, fell sharply as

the result of nearby pumping by Burton Township. Water levels in well

7N 7E 20-2, tapping the same deposits, but located a considerable distance

from heavy pumping, showed no appreciable change attributable to pumping.
Water levels in well 6N 7E 9-1 tapping the Saginaw formation at

the Grand Blanc Fisher Body Plant dropped to the lowest stages of record

during the summer month principally the result of a carryover of low

stages from 1958 and also to increased pumping at the Plant's well field.

Gratiot County

Observation wells in the Alma area are finished in shallow drift
and in deeply-buried sand énd gravel outwash. Municipal and industrial
wells tap the buried outwash. One deep municipal well taps the Saginaw
formation but i1s seldom used as the water is of objectionable quality.
Water levels in the shallow drift primarily reflect climatic conditions.
In observation well 12N 3W 35-5 stages were the highest recorded since
1952 (fig. 6).

Artesian pressures in the buried outwash are affected by muni-
cipal and industrial pumping. Figure 16 shows the effect of pumping and
precipitation on observation well 12N 3W 34~1, Water levels during the
year followed closely trends in precipitation and rates of pumping. The
summer decline was reversed during August and September, however, as &
result of heavy precipitation late in July. Despite decreased pumping and
above-average precipitation, the year-end stage was slightly lower than
that observed at the beginning of the year.

Municipal withdrawals of ground water by the city of Alma were

reported as 644 million gallons in 1959 (table 2), slightly less than in 1958,
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Ingham County

Lansing metropolitan area.--The Saginew formation is the princi-
pal source of water for municipal, industrial, and domestic wells in the
area, although a few wells obtain water from the overlying glacial drift.
Most of the observation wells in the area are finished in the Saginaw
formation and reflect changes in pattern and rate of pumping from the aqui-
fer, A few, including those finished in the glacial drift, primarily
reflect climatic conditions (fig. 6).

Generally, in the heavily pumped areas, long-term declines of
water level continued and many new lows of record were observed. Due to
changes in the pattern of Lansing's pumping in recent years stages did not
reach record lows in the northwest part of Lansing--although they were
lower than in 1958, The new lows observed in the remainder of the Lansing
area occurred in late summer and early fall. - However, favorzble climatic
conditions caused water levels to rise in late fall so that net gains over
the end 5f 1958 were observed in most wells despite the low stages earlier
in the year.

Figure 17 shows the long-term graphs of water levels in observa-
tion wells around the perimeter of Lansing along with precipitation and
total municipal pumpage records., As illustrated the ground-water levels
are highest in the southwest part of the area (wells 4N 2W 31-1 and 3N 2W
8-1) and lowest in the northwest and east sections (5N 2W 32-1, 4N 3W 12-1,
and 4N 2W 24-1). The declines are slow but general throughout the area
and reflect the increase in withdrawals of ground water from the Saginaw
formation. From inspection of a similar graph showing the water levels

of observation wells through 1958 within the city of Lansing (Giroux, 1960,
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fig. 18), it is evident that water levels near the center of the cone of
depression within the city range from about 90 to 170 feet below stages
in wells along the outskirts of the city.

Water levels in observation well 6N 2W 16~1 finished at shallow
depth in the glacial drift, 10 miles north of Lansing in Clinton County,
were below average as a result of dry weather in 1958, and fell to record
low levels in the period July - October 1959 (fig. 6). The year-end stage
was above average as the result of about 10 inches of precipitation during
the late fall when conditions were favorable for ground-water recharge.

Average daily withdrawals of ground water for municipal use by
Lansing, Bast Lansing, Lansing and Meridian Townships, and Michigan State
University were about 22.6 million gallons in 1959. The total pumpage
for the year of 8.2 billion gallons was the highest since 1955 and about
a 5 percent increase over 1958,

City of Mason.-=Observation well 2N 1W 5-1 in Mason is finished
in the Saginaw formation. The water levels in the well are affected mainly
by industrial pumping from the same formation as the municipal supply is
obtained from wells tapping glacial sands and gravels. The water levels
in the observation well fell to new record lows in late summer (table 1).
However, by the end of the year stages were higher than at the end of
1958.

The total municipal pumpage of about 138 million gallons was

slightly more than that reported in 1958.

Jackson County

Most municipal, industrial, and institutional wells in and near
Jackson obtain water from the Saginaw formation, Parma sandstone, and the

Marshall formation.,
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Observation well 35 1W 11-2 is finished in the bedrock forma-
tions at the Belden Road municipal well field and reflects withdrawals
of ground water from the bedrock by the city of Jackson.

Figure 18 shows the generalized graph of water levels plotted
from daily measurements furnished by the city, along with municipal pumpage,
and cumulative precipitation departures at Jackson., Although precipitation
was slightly below normal, above-average precipitation occurred when con-
ditions were favorable for ground-water recharge. Water levels fell to
their lowest point of the 3-year record in late summer, but no net decline
for the vear occurred as pumping decreased and precipitation increased
during the fall months.

Municipal withdrawals of ground water by the city of Jackson
(table 2) were reported as 4.5 billion gallons for the year. Daily pumping
ranged from an average of 9.7 mgd in November to 16 mgd in July, and 12.4

mgd for the year.

Kalamazoo County

A1l wells in the greater Kalamazoo area obtain water from the
glacial drift aquifers.

Stages in most observation wells reached record or near record
lows in 1959 for the 3rd consecutive year (table 1) as the result of the
large deficiencies in precipitation of recent years. Figure 19 shows the
1l4~year record of fluctuation of water levels in 3 observation wells main-
tained in the area. The hydrograph for well 25 11W 22-6, located in the
central pumping or Axtell Creek area of Kalamazoo, was constructed from

records obtained from a continuous recording gage. The graphs for observa-
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tion wells 15-18 and 20-~7 are based on seasonal measurements during the
last several years.

In 1959 the most favorable periods for recharge occurred in the
fall when rainfall was much above average. As a result stages in some
wells were higher at the end of 1959 than at the end of 1958,

Although stages have fallen in recent years in this area, it
would appear from the precipitation departure graph that the declines are
more the result of deficient precipitation, than the effects of increased
pumping by muniecipal and industrial wells. Although levels have fallen
the losses have been moderate in terms of actual feet.

Municipal withdrawals of ground water in Kalamazoo (table 2)
were reported as a record 5.1 billion gallons for the year, an inerccse
of 0.5 billion gallons or about 10 percent more than in 1958, Daily pumping
averaged 14,0 mgd for the year and ranged from 11.1 in March to 19.1 mgd in

July.

Oakland County

The observation wells in Pontiac are finished in glaclal-drift
aquifers, as are the municipal and most of the industrial wells in the
area.

Figure 20 shows the effect of municipal pumpage and precipita-
tion on water levels in observation well 3N 10E 32-1 at the city's Walnut
Street Station for the 1958-59 period. In 1958, a net increase in water
levels of about 1 foot occurred despite a deficiency of 10 inches of pre-
cipitation for the year while in 1959, water levels fell about 4 feet

although precipitation was 8 inches above normal. Pumpage in 1959, however,
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exceeded 1958 pumpage by about 0.5 billion gallons., This data demonstrates
that water levels in this observation well are affected primarily by pumping.
However, stages in the two Pontiac observation wells have been
higher in recent years and in 1959 were several feet above the lows of
record observed in 1955 (table 2).
Municipal withdrawals of ground water as reported by the city
of Pontiac averaged 10.8 mgd during 1959 and ranged from 8.2 mgd in November

to 15.1 mgd‘in July.

Washtenaw County

All the observation wells in the county are finished in glacilal
drift and reflect withdrawals of ground water from the drift aguifers by

municipal and institutional well fields.

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 city.

Water levels observed in 1959, although somewhat lower than in
previous years, were generally higher than in 1958, This was the result
of slightly less pumping and more precipitation during 1959.

Municipal withdrawals of ground water by Ann Arbor were reported
as 913 million gallons for the year (table 2) as compared to 960 million
gallons in 1958. The 1959 pumpage averaged 2.5 mgd and ranged from 1.4
mgd in April to 4.0 mgd in July.

Ypsilanti State Hospital.--Water levels in the two observation
wells at the hospital reflect pumping by the institution and also climatic

changes.
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Stages in the two observation wells were generally the highest
of the past several years. This was principally the result of decreased
pumpage and increased precipitation during the year.

Institutional withdrawals of ground water were reported as 227

million gallons in 1959--10 percent less than in 1958.

Ypsilanti Township.-~The water levels in most of the observa-
tion wells at the township well field fell to new lows for the period of
record (fig. 21) despite above-average precipitation for the year.
Although pumpage increased in 1959 over 1958, it was at about the average
for the past five years of record. No measurements were made during the
latter part of 1959 but measurements made early in 1960 showed stages to
have recovered to about the same levels as at the end of 1958,

The 1959 pumping averaged 5.5 mgd and ranged from 3.7 mgd in

November to 6.9 mgd in July.
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Table 2.-~-Reported ground-water pumpage by some Michigan municipalities, imstitutions,
and industries {in million gallons).

Water User Jan, Feb, Mar, Apr, May June July Aug. Sept, Oct, Nov, Dec, ,1%22?
ALGER COUNTY
Burt Township 1.05| 0.97 1.6 .49 1,20] 1.78] 2,07] N NA .83 1.39] 1.20 NA
ALLEGAN COUNTY
City of Allegan 23.5 23,0 23,5 23,3 24,1 33,7 4.8 37.5 4ok 28.6 23,1 23,4 345,9
City of Otsego 17.6 15.2 16.8 17.2 19.5 20.7 19.8 23,4 20.3 16.0 18.3 17.5 222.3
BARRY COUNTY
Tity of Hastings 20.7 19.9 21.8 21.5 25,2 31.5 32.5 28.8 29.4 28.7 27.2 27.6 314,.8
BERRIEN COUNTY
City of Buchanan 37.5 3,1 38,4 37.0 41,8 59.2 55.3 51.5 48,0 36,6 32,6 3,1 506.1
City of Niles 68.6 66.5 70.8 72.7 82,9 | 122,k | 103.6 | 113.1 | 105.5 79.0 |eb5.1 72.1 | 1,022.3
BRANCH_COUNTY
T Tity of Coldwater 35.6 34,6 39.5 43 k4 46.9 81.9 69.5 62.3 51.9 46,1 k0.3 39.7 591.7
Coliwater State 12,951 11,62} 12,95 | 12.481 13,531 13,80 13.93] 14,22 13,15| 13.72 | 12.66| 12.93 157.93
Hospital
CALHOUN COUNTY
City of Albion 115 112 123 119 122 133 128 126 125 12k 113 116 1,456
City of Battle Creek 337 311 377 394 372 453 15538 429 365 316 287 277 i, 369
Battle Creek Township | 12.0 | 17.7 | 21.1 | 21,0 | 31.9 | 6k | 59.9 { 39.3 | 33.5 | 18,1 16,4 | 16,3 358.6
city of Marshall 29,1 26.6 29.8 30,0 36, 37.7 50.1 46,0 48.8 34,2 28.0 27.4 i2h 5
CASS COUNTY
City of Dowaglac 18.1 18.6 16.8 18.2 18.0 24,9 27,4 20.7 27.7 7.4 17.4 14,9 240,1
CHARLEVOIX COUNTY
ity of Rast Jordan 10,34 9.81} 10,80 | 11.41| 13,17 17.09{ 21.70| 19.66| 12.95] 1Ll | 11,49 12,34 164,99
CEEBOYGAN COUNTY
Tity oF Cheboygan 9.10 3.30 9.50 2.70 | 10,20 | 11.60| 13.90( 1k,70| 13.80 ] 11.10 9.80 9.40 132.1
CLARE COUNTY
Tity of Clare 14,8 14,3 15.4 16.3 16.9 22,0 2k,7 24,9 23,3 17.6 14,7 1k.9 220.8
CLINTON COUNTY
City of St. Johns 21.1 19.5 22,0 23.2 22,2 27.0 26,8 26,2 23,2 22.3 21.8 18.8 274%,1
EATON COUNTY
City of Charlotte 23.8 27.1 31.9 30.7 6.0 k2,5 37.4 26,7 35,6 31,8 28.6 28.8 390,9
City of Grand Ledge 1k,0 13,0 13.6 12.8 15.14 18.6 20,3 20.4 16.7 16.1 13.7 11.7 186.3
GENESEE COUNTY
Beecher Metro. Dist, | 18,8 17.4 17.9 17.8 20.2 23,5 25.6 22,1 20.1 19.6 21.2 19,2 2h3, b
City of Davison 7,781 7.35 8.19 8.23 9.29 | 12,36| 13,93 7.61| 11.09 9.7k 8.05 7.69 111,31
Village of Fenton 15.0 14,7 16,5 15,2 15.9 21.4 23,4 19,0 18.6 15.1 16.0 16.0 206.8
Village of Flushing 6.28 6.25 6.14 5.97 8.0k 9.78 9.59 2.07 8.12 7.56 T.b1 7.31 91,52
Fisher Body Div, (GMC) 5.03| 4.59| sS.ko | 5.13] 6,03] 6.12| 5,97 6.38| 6.8 | 6,52 5.87| 7.8 71.81
at Grand Blanc
City of Mt, Morris 6.13 6.27 6.47 5.82 6,47 6.81 6.80 6.50 6.47 6,26 5,93 6.33 76.06
Village of Otisville 0.82 0.72 0.80 0.77 0.87 1,30 1.59 1.34 0.8 0.82 0.83 0.75 11.50
GLAIWIN COUNTY
T City of Beaverton 1,74 2,32 2,48 2,04 1.87 1.99 2,24 2,48 1.98 1.35 1.57 1.57 23,63
GOGEBIC COUNTY
City of Bessemer 12.5 12,4 12,7 11.k 11.6 12,3 12.2 12,0 11.9 11.8 11.% 12,2 1hk k
City of Ironwood €25.5 | €29.2 31.8 30.5 28.6 31.0 32.0 29,2 27.3 26,0 26,8 28,0 e345,9
City of Wakefield 1.74 1.57 1.60 1.95 1.9 2,15 1.91 1.66 1.84 1.74 1.53 1.90 21,58
GRATIOT COUNTY
Tity of Alma 41,3 38.1 47,2 46,2 61.3 | 64,8 | 69.3 62,9 56.8 58.0 49,6 48,3 643,8
City of St. Louis 22,6 21,1 20,6 21.0 23,5 24,6 21k 21.8 20.2 19,0 19,% 19.6 254,7
INGHEAM COUNTY
T City of East lLansing | 31,3 | 28,9 31,6 35.0 b3 b 54,1 55.8 41,1 38.5 37.7 33,6 29.6 460.6
City of Lansing 526 b75 51% 512 566 659 663 56k 558 509 390 89 6, bl
Lansing Township 32,5 33.7 37.6 36,3 16,3 ko,5 41,2 39,2 38,4 28.0 19.9 38,7 432,3
City of Mason 10.20 8.00 9.21 9,78 | 12,17 | 1h,27] 16.,44] 14,831 12,17 | 11,43 9,85 | 10.22 138,37
Meridian Township 7.2k 7.52 7.30 7.16 8,78 | 11.61| 11.82| 12,50 9.12 7,77 T.51 7.56 105.89
Michigan State Univ, | 71,4 | 59.5 | 58,7 | 4.6 | 65.7 | 57.7 | 88.5 | 71.9 | 66. Th8 | 62,3 | 62,0 813.7
IONIA COUNTY
T City of Ionia 274 2k b 28.8 24,6 28.7 36.0 k0.9 34,2 30.6 26,6 18,5 20,4 341,1
Tonia State Hospital | 10.49 9.33 9.52 9.57 | 10.%7 | 11.54{ 12,10 11.50| 10.88 | 10.60 | 10.00 | 10,13 126,13
Tonia State Prison 1.30 0.87 1.12 1.21 1,03 2,61 2,81 2,80 1.21 1,33 1.61 1.60 19.50
City of Portland 8.28 T.97 9.09 7.78 | 10,02 | 13.52| 15.13| 12,11| 10,09 8.79 7.71 8.12 118,61
IRON COUNTY
City of Stambaugh 7.82 7.6k 8.82 3.00 8.95 9.3k 8,45 7.50 7.09 6,64 7.08 6.78 95,11
ISABELLA COUNTY
T City of Mt, Pleasant | 56.9 51.5 57.2 | 60.2 65.1 73.3 | T3.3 61,2 56.% 54,5 51.8 57.4 718.7
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Water User Jan, Feb, Mar, Apr, May June July Aug. Sept. Oct, Nov, Dec, TéEZ?
JACKSON COUNTY
y of Jackson 343 322 356 358 396 b3 496 ko 386 3h2 290 332 L,536
Jackson State Prison | 38.0 34,6 38,8 ko,5 41,6 56,4 57.4 55.3 45,5 41,8 38.8 41,1 529.8
KALAMAZOO COUNTY
Tity of Kalamazoo 351, | 363 34k 363 Lu3 547 593 509 500 382 348 373 5,116
Kalamazoo State Hosp.| 19.9 19.5 | 20.5 | 22.0 | 20.7 17.7 22,1 22.8 | 20.1 22,8 | 22.1 21.2 251.4
City of Parchment 14,05 | 12,25 13.20| 13.36| 15,71 19.46 | 21.29| 9.72 9,581 10,07 7.05 6.75 152,49
KENT COUNTY
T ity of Grandville 9.6% | 10.64 | 9.57| 10.72| 11.24| 14,58 | 33,08 | 2b.3%| 24 k7{ 9.85] 8,36 8.97| 175.46
Jervis Corp. at 10.17 | 10,51 9.8k 7.8 7.71] 10.k6 7.12 6.27 §bs5 9.75 6.06 8.19 98,37
Grandville
City of Lowell 6.88 6,48 7,54 7.50 8,77 13.31| 14.35| 12,10 9.9% 9,11 9.20 9.92 114.89
Village of Sparta 10.8 11.2 11.3 11.6 1h,2 17.3 17.3 14,b 15.4 14,9 10,4 10.9 ?9.7
City of Wyoming 100.% 88.1 [110.1 |112,0 [137.2 |257.5 |23L.3 [173.1 | 17k.3 | 1il.h 93,3 6.3 | 1,684,3
LAPEER COUNTY
City of Lapeer 13.9 13.1 15.7 14,8 16.5 16.9 16.5 17.9 13.9 12,5 11.9 13.9 177.5
LENAWEE COUNTY
T City of Tecumseh 48,8 | k2,3 | 86,6 | s52.2 | S5T.T | 69.5 | 68.7 | 61.0 | 56.0 | S5k.3 | 52,7 | 55.0 664,8
LIVINGSTON COUNTY
T Village of Fowlerville 3,10| 2.85 3.69 3.17 3.61 5.95| 6.90 5.72 3.51 2.89 3,64 3.03 48,06
City of Howell 20.6 18.7 22,3 21,4 21.0 21,8 24,5 23.5 21.8 19.7 17.7 19.4 2524
State Sanitarium at 3,37 2.75 2.89 2.77 2.92 6.35 8.02 L bk 3,20 2,75 2.80 2,94 45,2
Howell
MACOMB COUNTY
City of Centerline 22,2 19.3 20.1 18.3 8.3 Detroit water used effective May 13, 1959
City of Fraser 9.68 8.k8 | 10,28 | 10,64 1311 23.31] 25.20] 17.82] 15.43] 11.79] 10.98 | 10.59 167.27
MANISTEE COUNTY
~City of Manistee 26,9 | 25.2 | 27.b | 27.% | 3.0 | 51.3 | 0.4 | ko.2 | 36.3 | 3L.7 [ 3k | 36.3 k9.2
MONROE COUNTY
~Village of Carleton 2.79 2,67 | 2.11| 2,14 2.52 | 2.52 2,881 2,98 2,70 2,53 2,49 | 2.99 31,32
MONTCALM COUNTY
City of Greenville 35.6 29,4 31.6 32,1 38.0 58,1 38.9 38.3 37.3 29.2 23,9 28.5 420,5
OAKTAND COUNTY
~City of Birmingham 1/{ 5.57 5.22 5,47 6.16 6,361 1k.26 ! 20,61 | 12,92 7.69 6.12 [2-*-] 9,98 | 1/102,78
71ty of Pontiac T 296 265 301 298 335 L1y 468 33k 335 326 2h6 30k 3,925
/illage of Rochester | 29.9 27.6 31.6 3.4 2b kL L3,k kL 6 39.0 37.0 33.8 | 29,5 32.5 Lok, 7
City of Troy 24,6 21.9 23.6 24,8 26,8 Lo.b k2,5 ko5 31,5 27.5 2h,1 26,2 3544
ONTONAGON COUNTY
~Village of Ontonagon 7.7k 8.26 9.28 6.33 6.7 7.02 7.31 6.87 6.55 7.68 9,51 9,00 92,26
SANTLAC COUNTY
“City of Croswell 9,45 7.11 7.53 7.48 8,56 | 11.67 | 17.99 | 23.34% | 1k,11| 10,76 12,4k | 1k,57 145,01
ST. JOSEPH COUNTY
City of Sturgis 42,8 L1,7 b5.4 b5,9 51.7 66,2 66,7 €8,k 57.9 eka.k 41 Ly 6 e6§o.8
City of Three Rivers | 23.1 21.5 25.1 26.4 30.4 39.3 38.6 37.6 32.5 24,0 22,6 22.3 343,
SHIAWASSEE COUNTY
Tity of Corunna 4,551 L.%2 k72 4,80 Lk.99| 7.36] 7.9k | 6.28| 5,431 5.1 Lok 5.63 66.07
City of Durand 9.11 8.68 9.85 9,%2 | 10.00| 12.29 | 12.73 | 10.66 9.97 9.81 9.k2 9.65 121,49
City of Owosso 68.7 65.9 70.9 65.7 74,0 99.9 95.2 87.3 78.8 80.3 66.7 69.3 922.7
Village of Perry 1.39 1.8 1,84 0.5k 1.15 2,15 2,68 | 2.0k 1,46 1.6k 1.k2 1.50 19,61
TUSCOLA COUNTY
Village of Cass City 9,07 8.00 9.06 9.59 | 10.60| 12,10 | 11,88 9.08 9.12 8.30 T7.36 8.37 112,53
WASHTENAW COUNTY
“City of Ann Arvor 2/ | 43,5 46,8 62,k 40,9 68,0 |113.6 |125.1 {105.3 |104.8 | 94,0 63.5 45,5 9134
City of Ypsilanti — 89.7 79.7 78.7 89,0 |100,5 {121.8 |134.,5 [108.,3 |109.1 | 103,7 91,6 98,8 |[1,205.k
Ypsilanti Township 157 139 155 159 179 200 213 193 178 155 112 164 2,004
Ypsilanti State Hosp.| 16.2 18,4 19.1 16.5 19.7 20,2 26,9 19.3 19.7 17.8 16.2 17.1 227.1
WAYNE COUNTY
~City ol Plymouth 51.4 43,0 | 48,0 | 45.8 | 45,9 | 66.8 | 66,7 | 66,2 | 5T.4 | 45,8 | k2.6 | kS, |1,205.%

NA - Not availsble
¢ ~ Estimated
1/ - Detroit surface-water supply also used

Also use surface-water supply from Huron River
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