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SUMMARY OF GROUND WATER CONDITIONS IN MICHIGAN
1961
By

P. R. Giroux
INTRODUCTION

This report is the sixth of a series covering ground-water
levels 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
U. S. Geological Survey. The program is a part of the overall water-

resources investigation carried out in cooperation with the Michigan

Geological Survey. The following municipalities and industries supported

the State Survey in its cooperative program.

Municipality or Industry

City of Alma

City of Battle Creek
Water and Sewer Div., Dept.
of Public Works

City of Cadillac

Fisher Body Div., GMC,
at Grand Blanc

City of Grand Ledge, Water Dept.
City of Hastings, Public Services

City of Ironwood

Official
J. D. McNaughton, City Manager

K. E. Garvey, Supt.

James Burch, City Manager

T. D. Welch, Works Engr.
Dept.

Harrison Millard, Supt,
K. P, Laberteaux, Director

Kenneth E. Long, City Manager



City of Jackson, Water Dept.
City of Kalamazoo, Utilities

City of Lansing, Board of Water
and Light

City of Lowell

Michigan State University
at Oakland

Village of Ontonagon
City of Plymouth

City of Pontiac

Village of Rochester
Township of Waterford
City of St. Louis
City of Wyoming

City of Ypsilanti

Township of Ypsilanti

J. M. Rogeven, Supt.
Albert Sabo, Mgr.

0. E. Eckert, General Mgr.

Bernard Olson, City Mgr.

George Karas, Director,
Physical Plant

Warren Millard, Village Supt.
Joseph Bidag'Supt, Pub. Works

H. G. Parker, Supt. Water
Dept.

Paul A. York, Village Mgr.

J. E, Seeterlin, Twp. Clerk

R. M. Henneberger, Jr., City Mgr.
P, T. Spelman, City Engr.

John Max, Supt., Water
Purification Plant

Robert Norris, Mgr., Water
and Sewer Dept.

Cooperative ground-water investigations by the U.S.

Geological Survey in Michigan are directed jointly by O0.M. Hackett,

Chief of the Ground Water Branch, U.S. Geological Survey, Washington,

D.C., and W. L. Daoust, State Geclogist, Michigan Geological Survey,

Lansing, and are supervised by G. E. Hendrickson, District Geologist.

Records and interpretations of water levels and artesian

pressures 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 containing water-level data for Michigan:

Year No. Year No. Year No.
1935 777 1942 oLl 1949 1156
1936 817 1943 986 1950 1165
1937 840 19LL 1016 1951 1191
1938 845 1945 1023 1952 1221
1939 886 1946 1071 1953 1265
1940 906 1947 1096 1954 1321
1941 936 1948 1126 1955 1uoh

Beginning in 1956, the U. S. Geological Survey discontinued
publication 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 first of these series for
the Northeastern States, which includes Michigan, has been published
for the 2-year period 1956-57 as Water-Supply Faper No. 1537. The
needs of the State, however, require more detailed and current ground-
water information. As a result, publication of annual Water Supply
Reports entitled "Summaryvof Ground-Water Conditions in Michigan"
by the Michigan Geological Survey was started in 1956.

The first five reports of this series published, cover ground-

water conditions in Michigan for the calendar years 1956 through 1960
as follows:

Water Supply Report Year

1956
1957
1958
1959
1960

W -
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The State Water Supply Reports are designed to supplement
data contained in the Federal reports and also provide interpretive
text and illustrations. By means of these ground-water summaries,
basic information concerning ground-water conditions in Michigan are

readily available to the public.




Ground-Water Problems

Michigan has a bountiful supply of ground water. Since
World War II, however, great demands have been placed on this resource
by Michlgan's dynamic, growing society, creating problems of supply,
quality, and distribution. More and more ground water is being used
for public supply, industry, agriculture, and recreation, despite the
fact that during this same period the use of surface water has also
increased. All estimates indicate that the demand for ground water
during the next several decades will grow tremendously. With this
certain prospect of increased demand many water problems will face the
people of the State. Thus, our knowledge of the ground-water resources
of every area of the State must be stesdily and substantially improved.
Intelligent water management requires a sound background of basic
facts about the occurrence of water, its gquantity and quality, and the
manner in which it is used.

Michigan is surrounded by three of the largest bodies of
fresh water in the world; it has more than 11,000 inland lakes, many

thousands of miles of rivers and streams, and an enormous resource

of ground water contained in numerous aguifers. The State is truly

a '"Water Wonderland!" Yet, the use of water creates problems, and
water problems exist in many areas throughout the State. These problems

are similar in many respects to those present throughout the Nation.
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Figure I. Distribution and source of public water-supply systems using ground water.



The ever-increasing demand for water is a sure indication that exist-
ing problems will become more acute and widespread. These problems in-
volve not only the adequacy of supply for various areas, but alsc con-
siderations of quality, pollution, planning, and management.
The fact that the ground-water resources can be developed
at relatively low cost in many areas of Michigan is demonstrated by
water rates in the large cities. Statistics show that for Michigan
cities of over 50,000 population, water rates generally are lower
for cities using ground water than those using surface water. More
than 250 of the municipal supplies in the State use ground water
(fig. 1) and, if the Detroit metropolitan area is excluded, more than
half of the water used for municipal supplies is ground water. Because
use of the ground-water resource is commenly to the economic advan-
tage of the user, and because much of this valuable resource is as
yet undeveloped, a major step in meeting water problems is to make
basic appraisals of the distribution and availability of ground water.
Without a broad background of basic facts concerning the
quantity, quality, and distribution of all water resources available,
new water developments obviously cannot be based on sound economic

guidelines.



Objectives of the Observation Well Program

The observation-well program in Michigan is a part of a
nationwide program, the purpose of which was summarized by Sayre
(Water-Supply Paper 1404, p. 1, 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 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 demonstrate the interplay of those forces in the
ground-water regimen, to furnish information for use in basic research,
and to provide long-term continucus 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 inten-

sive investigation may be related."

Scope of this Report

This report is based on periodic measurements of water levels
made during 1961 in 216 wells, of which 66 were equipped with continuous
recording gages. The report summarizes water-level changes observed

throughout the State, and analyzes these changes in selected areas.



During 1961 the cooperative program was continued with the addition of
10 ground-water recording stations. One objective of this cooperative
program is to observe and analyze the effects of pumping on water levels
in areas of heavy ground-water withdrawals.

The distribution of wells in which water levels were observed
in 1961 is shown by figure 2.

Table 1 lists the basic information for each observation well,
and the extremes of water-level fluctuations in 1961 and for the period
of record. Fluctuations of water levels in representative wells are
also shown by numerous hydrographs, and in many cases graphic interpre-
tations of the changes in water level are made possible by including
pertinent precipitation and (or) pumpage data. Several illustrations
in this report include graphs showing the cumulative departures of
annual precipitation from the long-term mean. These graphs were con-
structed by using the "zero" or "average" line to denote the average
precipitation for the period of record preceding the period of the
graph. Starting at this line the excess or deficiency of precipita-
tion for each month or year is added algebraically to prepare the cumu-
lative devarture graph. Thus, for each time unit, a line sloping down-
ward always indicates below-average precipitation and a line sloping
upward, above-average precipitation. In cumulative graphs such as
these, the slope 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
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graph thus also gives the total rainfall above or below the average

for the entire period of the graph.

Table 2 lists the reported monthly and annual ground-water
pumpage for many municipalities, institutions, and some industries

in the State.

Open-File and Published Records

Complete tabulations of water-level measurements and the
hydrographs for each observation well, records of chemical quality
of ground water, water-temperature measurements, well records includ-
ing logs, aquifer tests, records of pumping for public supply and in-
dustrial use, and published and unpublished water-resource reports are
on file for public inspection. They may be examined at the office of
the Water Resources Section of the Michigan Geological Survey, Fourth
Floor, Mason Building, Lansing or at the Michigan district office of
the U. S. Geological Survey, Ground Water Branch, 407 Capitol Savings
and Loan Building, Lansing. Records for the Northern Peninsula are
also kert on file in the offices of the State and Federal Geological
Survey, 203 State Office Building, Escansba.

U. S. Geological Survey Water-Supply Papers are for sale by
the Suverintendent of Documents, U. S. Government Printing Office,
Washington 25, D. C., 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
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and streamflow throughout the United States. The monthly issues plus
spring and annual summaries can be obtained free of charge by appli-
cation to the Director, U. S. Geological Survey, Washington 25, D.C.

Copies of annual "Summaries of Ground-Water Conditions in
Michigan" are free on application while other publications of the
Michigan Geological Survey can be purchased from the Michigan Depart-
ment of Conservation, Publications Room, Mason Building, Lansing 26,
Michigan.

Reports of cooverative ground-water investigations covering
specific areas of the Stete are also published by the Michigan Geolog-
ical Survey or the U. S, Geological Survey. These reports are also

available for inspection at the offices listed above,

Well-Numbering System

The well-numbering system used by the State and Federal
Surveys in Michigan indicetes the location of wells within the rec-
tangular subdivision of the land with reference to the Michigan
meridian and base line (fig. 2). 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 num-
ber 32N 6E 16-1 is well number 1 in section 16, Township 32 North,

Range 6 East.
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Ground Water and the Hydrologic Cycle
(from McGuinness, 1962)

"Virtually all water available for useful purposes is moving
in the hydrologic cycle (fig. 3), in which water evaporates from the
oceans, precipitates on the continents, and is returned to the atmos-
phere by evaporation or to the oceans by overland or underground flow.

"Ground water is not an independent resource but simply a
phase of the hydrologic cycle. Its withdrawal and use affect other
phases of the cycle and must be considered in relation to them.

"Ground water is replenished wherever water from precipita-
tion or runoff enters the soil and brings its moisture content above
field capacity--the maximum moisture content at which water is held
by capillary force against the pull of gravity. The excess water per-
colates downward to the capillary fringe, in which water is held above
the water table by capillarity and may £ill the pores completely but
which is part of the zone of aeration, and through the fringe to the
water table--the level at which the pressure is atmospheric.

"Once in the zone of saturation water moves in the direction
of decreasing hydraulic head, through permeable rocks and over, under,
or around less permeable ones to a point of discharge.

"Where there is a water table the water is "unconfined™.
Where water passes between impermeable beds and becomes confined under
pressure it is "artesian". It will rise in a well above the bottom of
the upper "confining bed" but may or may not flow, according to the

relative elevations of the "piezometric surface" and the land surface.



16

(0561'944DS 19430)
8|94 2160J01pAY 8y} 30 41Dd SD SJ9}inbD UDISE}ID pup 8|qoj Jojom Buimoys uo14o8s ol DWWDIBDIQ € 84nbI 4

N

¥00J 9jgoewsaduw

zo_.ﬂ‘a_amz<mpoﬁ>
R

L/
= N >




17

"The ground water discharges by seepage or spring flow into
streams, lakes or the ocean; or by evaporation and transpiration
(evapotranspiration) where it lies near the land surface. It may
travel only a few feet in a matter of minutes, as where a temporary
zone of saturation is formed in the soil during a storm or snowmelt
period, or tens or hundreds of miles over a long period, perhaps
thousands of years.

"Ground-water reservoirs are the principal natural media
for storage of water on the continents. The total ground-water stor-
age exceeds that in natural and artificial surface-water bodies by
perhaps more than a dozen times, even including the Great Lakes which

contain many times more water than other surface bodies put together."
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PRECIPITATION AND TEMPRRATURE

Precipitation and temperature are the major climatic factors
affecting the ground-water regimen in any area. Recharge to aquifers
is supplied directly or indirectly by precipitation. Ground-water
levels are affected by the quantity of precipitation, the season of
its occurrence, its intensity, and nature.

As evidenced by hydrographs of natural fluctuations of
water in wells (figs. 3 and 7), spring and fall are the seasons when
most of the ground-water recharge occurs. In the spring before the
growing season starts, snowmelt and rain normally result in large
additions to the ground-water reservoirs. However, layers of ice,
or frost in the ground, can impede infiltration when thaws occur.
Under these conditions, water from snowmelt and early spring preci-
pitation may be mostly lost to the aquifers by quick surface runoff.
In the fall of the year, after the growing season ends and evapotran-
spiration demands are reduced by colder weather, substantial rises in
water levels from rains usually occur.

According to the U, S. Weather Bureau, precipitation in
1961 was below average in the Northern Peninsula and also in the
south-central and southwest warts of the Southern Peninsula. Else-
where in the State the total annual precipitation ranged from about
0.3 to 3.0 inches in excess of average for the various climatological

divisions of the State as designated by U. S. Weather Bureau publica-
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tions. Locally, total annual precipitation ranged from a high of about
40 inches at Higgins Lake in the Southern Peninsula, to a low of 23 at
Detour in the Northern Peninsula,

The winter season was one of the driest of record in the
Southern Peninsula. Monthly deficiencies of precipitation were gen-
eral throughout most of the State in March, May, June, and October
through December. However, in September, record rainfall, with amounts
of up to 12% inches locally, occurred at many stations, mostly as the
result of the remnants of hurricane Carla. The principal results of
the precipitation deficiencies in 1961 were the continuation from 1960
of low ground-water levels in the southern kalf of the Southern Penin-
sula. Locally, sharp rises occurred in late summer and early fall.

The annual temperature in 1961 was about average but varied
considerably from normal, month by month. January was unusually cold
whereas February and March were mild, with periods of above freezing
temperatures allowing a little recharge to aquifers from thawing of
light snow cover. Temperatures in April and May were much lower than
usual, delaying the growing season and reducing evapotranspiration
losses. Cool summer weather also reduced evapotranspiration losses,

moderating the summer decline of water levels.
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SUMMARIES OF GROUND-WATER CONDITIONS

Statewilde Changes in Storage from Natural Influences

Northern Peninsula

Water levels in four key wells (fig. 4) were lower in 1961
than in 1960 when record highs were observed. However, stages gener-
ally remained above average except in the Iron County well where water
levels fell to record lows by late summer despite average spring re-
charge. This well is finished at shallow depth and levels fluctuate
rapidly with changes in precipitation.

Water levels in two wells affected only by natural climato-
logical conditions (fig. 5) show the correlation between ground-water
levels and variations in precipitation over a veriod of 10 years.

There is a fairly regular pattern of spring rises and summer declines.
However, in the Chippewa County well, the summer decline generally con-
tinues until the following spring, while in the Schoolcraft County well
the stages rise in the fall,

The effects of above-average precipitation, for example,
from mid-195% through 1960, resulted in several feet of rise of water
levels in the Chippewa County well. However, in the Schooleraft County
well, water levels rose less than a foot in response to sbout 24 inches
of above average precipitation during the mid-1959 through 1960 period.
The smaller rise in the Schoolcraft County well may be the result of in-
creased natural discharge through fractures in the limestone when water

levels are high.
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wells in the Northern Peninsula,



25

Figure 6 shows annual hydrographs, based on records from
continuous recording gages, of eightwells in the Upper Peninsula.
These grapvhs illustrate seasonal fluctuations from nstural climato-
logical influences in wells finished in various formations and depths.,

Most of the hydrographs show a winter low, a spring rise,
and a summer decline, and some show a recovery in the fall. In some
deep wells the seasonal effects are subdued. The high for the year
may occur as early as March or as late as June or July. In the Mack-
inac County well heavy precipitation czused ravnid rises of water
level owing to immediate recharge through fractures in the limestone
outcropping at the surface. The numerous cracks and crevices in the
formation allow quick infiltration from storm waters. For example
on June 22 and 23, more than four inches of rain fell in the area.
This water quickly infiltrated, causing s sharp rise followed by a
gradual decline. This same storm resulted in a peak in wzter levels
in the Chippewa County well in late June and a small rise in well
16-1 in Schoolcraft County.,

YMany observation wells in the western half of the Northern
Peninsula are maintained and observed by the Jisconsin-Michigan Power
Company. They serve to evaluate ground-water storage and to sid in
the prediction of streamflows in the Menominee River Basin. These
wells are finished at shallow devth in glacial-drift deposits and the
levels reflect changes in natural storage in the shallow aguifers of

that area. The Company issues monthly summaries of hydrologic condi-
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tions and aﬁnual reports (Kurtyka,1961) containing valuable information
such as weather, evapotranspiration, and ground-water storage data.

The 1961 annual Weather Bulletin (p.1) states "as the yvear ended, the
average water table was at elevation 2.31 feet or 0.20 feet above nor-
mal." According to fig. 4, of their report, water table elevations
were above average from January through June, below average July
through November, and above average in December. Above-normal preci-
pitation in the fall reversed the summer decline and levels rose from

September to the end of the year.
Southern Peninsula

Figure 7 gives the month-end levels as compared with the
extremes and average of record for eigitkey wells affected primarily
by natural climatic conditions.

In the northern half of the Southern Peninsula the levels
in key wells in Roscommon and Kalkaska Counties fell to below average
stages during most of the summer as the result of less than usual
spring recharge. However, heavy precipitation late in the summer
caused darp rises and stages were well above average in the Roscommon
well.

Generally in the southern half of the Southern Peninsula
levels were mostly at or near record lows st the beginning of the
year. Although levels rose in the spring, stages generally remained

below average the remainder of the year except in the Thumb area.
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In the Thumb area (Sanilac County) levels at the beginning
of the year were low to record low, partly as a carryover from 1960.
However, in late summer heavy precipitation resulted in very sharp
rises,and levels reached record high stages in October.

In the Gratiot County key well, levels were low during most
of the year but precipitation in August and September resulted in
above average stages in the fall.

In the Clinton County well, levels were also low to record
low until late summer when precipitation reversed the trend and water
levels rose to about average by the end of the year.

In Ingham County, levels in the key well were st or near
record low during the entire year, reflecting precipitation defici-
encies in the winter and fall seasons, and some effects from areal
pumping.

In Calhoun County, levels in the shallow key well remained
below average principally because of lack of recharge in winter and
spring.

In Cass County, levels fell and remained below average from
early spring, mostly as a result of deficient winter and spring re-
charge.

Elsewhere in the southern half of the Southern Peninsula,
water levels in wells at locations remote from pumping effects were

generally low.
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Statewide Changes in Storage From
Pumping Influences

In areas where ground water is used for municipal or in-
dustrial supplies, water levels are observed to determine the rela-
tion between discharge from wells and natural, induced, and artifi-
cial recharge to aquifers. Declines,except as caused by precipita-
tion deficiencies, would thus indicate depletion of the aquifers from
the effects of pumpage. An effective method of determining the amount
of water available from an aquifer is the analysis of long-term re-
cords of water levels and pumpage.

A recording station provides for the continuous collection
of basic water-level data, which serves to indicate the day-to-day
effects of pumping. The information obtained can be especially valu-
able to municipalities, industries, institutions, and their consul-
tants in estimating the capacity of aquifers to meet present and fu-
ture demands for water, the desirable separation between wells, and
whether expansion of ground-water supply systems is feasible.

The following article appeared in the publication "Water
Newsletter, Vol. 4, No. 9, May 7, 1962". It is reproduced here in
its entirety by permission of the Editor. This is a particularly

interesting and valuable treatment of well-field management problems.



32

"Well-Field Management”

"Competition for readily available surface-water supplies
Has become so intense in many parts of the U. S. that industrial
plants and municipal water-supply systems requiring large guantities
of water are turning in ever-increasing numbers to the development

of underground water supplies. Ground water now constitutes almost

one-third of the total withdrawn for public supply and almost one-
sixth of the total used by self-supplied industries, exclusive of use
for electric power generation. Almost 500,000 new water wells are
drilled in the nation every year.

"Management of the expanding well fields that have come
into existence in so many places calls for a level of technical
knowledge and skill that was never required to any large degree for
the old fashioned single water well. Some of the pitfalls that may
arise in large ground-water developments are not readily apparent
at the outset, and it is important to establish data-collection pro-
grams and monitoring facilities early in the work so that pumping can
be continued with a minimum amount of trouble and expense.

"Management of a ground-water development logically begins
during the exploratory stage, long before the water-supply facilities
are constructed. In this preliminary phase, a very thorough geologic
and hydrologic study, which may involve test drilling and test pump-

ing, should be made. All records concerning each test well, such as
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construction details, descriptions of materials penetrated, and the
quality of the ground water should be carefully collected and filed.
Particular attention should be given to the preparation of an accurate
map of all test wells and the selection of a simple well-numbering
system that will be adhered to over the years.

"Some of the most important data that should be compiled

are those relating to fluctuations of ground-water levels. These will

constitute a permanent record of ground-water conditions before the

new water-supply facilities were constructed, and will not only aid in
analyzing problems that may later develop, but will alsoc serve as basic
evidence in any litigation involving water supply. Such records can be
extremely important in an application to public regulatory bodies for
increased withdrawals and in disputes arising from water-level inter-
ference between wells.

"After the production wells are in operation, a regular pro-
gram of observations should be started. Water levels should be measured
periodically in all wells, whether pumping or idle, water samples should
be collected for chemical analysis, detailed records of well performance
should be prepared, and a running tabulation of pumpage should be main-
tained. The value of these records to the long-term operation of the
well system cannot be overstated. Problems arising from excessive pump-
ing, contamination, salt-water intrusion, declines of water levels, and
unusual increases in temperatures can best be solved if adequate data

are on hand regarding the performance history of the well field.
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"Because ground water is a hidden resource, an extra effort

must be made to keep track of its availability. Water can be the most
important raw material used in an industrial plant, and a sound well-
management program will not only pay large dividends by keeping opera-
ting expenses down, but will help to prevent problems from arising by

giving adequate warning of unusual changes in ground-water conditions."

Northern Peninsula
Gogebic County

City of Ironwood.--The city obtains its municipal supply of
water from wells finished at depths of from zbout 20 to 120 feet, in
glacial drift aquifers.

In July of 1961 a continuous recorder was installed on an
unused well owned by the City. In fig. 8, the daily high and low water
levels from the record for this observation well show that a very small
range in water level fluctuations results from the effects of municipal
pumping. Departures of precipitation correlate closely with the trends
of water level. This indicates that climatic effects are of greater
influence on short-term fluctuations of the water levels than the pres-
ent rate of municipal withdrawals of ground water.

Reported municipal withdrawals of ground water for public
supply totaled 361 million gallons (mg) in 1961 (table 2), an increase
of about 19 mg over 1960. The maximum pumpage day, for the City of

Ironwood, in 1961 was 1.76 mg and the minimum 0.44 mg.
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Ontonagon County

Village of Ontonagon.--The Village obtains water for
public supply from a tile infiltration gallery parallel to and
near the shore of Lake Superior. The gallery taps a deposit of
beach sand. Under pumping conditions, lake water infiltrates
through the sand into the gallery.

A continuous recording gage is maintained in the gal-
lery. The water levels in the gallery do not show typical sea-
sonal trends as in other observation wells in the Northern Pen-
insula (see fig. 6). As shown by figure 9, the water levels in
the gallery are highest in the summer months and lowest in the
winter months. No correlation is evident between the hydrograph
and the graphs of pumping or departure of precipitation. Appar-
ently, the water levels respond principally to changes in recharge
by infiltration of water from Lake Superior.

During the summer months water from Lake Superior is
warmer and of lower viscosity, and is able to infiltrate with less
friction loss. Higher lake levels during the summer months also
provide for a larger infiltration area and greater hydraulic head.
In the winter months the water is colder and more viscous, the
lake level is lower, and the infiltration area recedes from the
gallery. In addition, sub-freezing temperatures cause ice to form

along the shore, reducing the area of infiltration.
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As a result of the poor recharge conditions during winter
months, the maximum yield of the gallery is reduced considerably.
As it has been observed that iron content of the water increases when
the water level in the gallery drops below sbout 14 feet below land
surface, pumping rates a:e controlled insofar as 1s practicable to
prevent the water level in the gallery from falling below this point.

Municipal withdrawals of ground water by the Village totaled
124 million gallons (mg) in 1961 (table 2), or 17 mg less than in 1960.

The maximum daily pumpage in 1961 was 0.64 mg and the minimum 0.22 mg.

Southern Peninsula

Barry County

City of Hastings.--The City obtains its water supply from
wells finished in glacial drift at depths of from about 40 to 60 feet.
In the latter part of 1961 a new well wes drilled and cased through
the drift and the Michigan Formation into the underlying Marshall For-
mation to a depth of 350 feet. This well is reported to produce large
quantities of water of good quality. Attempts to use water from the
Marshall Formation had previously been made and abandoned because
water of poor quality from the Michigan Formation had not been cased
out.

Observation well 3N 8W 18-1 at the Fair Grounds reflects
withdrawal of ground water from the drift by municipal and industrial

wells. In fig. 10 the effects of precipitation, municipal pumpage
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and river stages are shown. As shown by the precipitation departure
graph, a precipitation deficiency of about 22 inches was recorded dur-
ing the period illustrated. The peaks in river stages coincide with
the highs in ground-water levels.

Water levels fluctuate sharply in response to pumping but
there is no long-range decline apparent in the hydrograph that can be
attributed directly to the pumping withdrawals. Rather it appears
that any decline for the period has resulted from overall long-range
climatological effects.

Precipitation in the spring and especially in late summer
and fall of 1961 resulted in a rise in water levels in the observa-
tion well despite the overall deficiency of precipitation for the
year of nearly nine inches. This rise indicates the effect of rain-
fall at times favorable to ground water recharge.

Municipal withdrawals of ground water by the City of Hastings
were reported to be 348 million gallons (table 2) for the year, where-
as 398 and 315 million gallons were pumped in 1960 and 1959 respective-
ly. In 1961 pumpage was less than in 1960 mainly as the result of the

discontinuance of use of municipal water by a large local industry.

Calhoun County

Battle Creek Metropolitan area.--Most municipal and indus-
trial wells in the area obtain water from the Marshall Formation.

Some domestic wells are finished in the overlying glacial drift.
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At Battle Creek's Verona well field about 27 wells are finished at
depths of 120 to 160 feet in the Marshall Formation. The Goguac
pumping station, with wells in drift, is on a standby basis and was
not used in 1961. Although more than 82 billion gallons of water
have been pumped since the start of operation of the Verona well field
in June 1914, water levels remain relatively high and near land sur-
face (fig. 11).

Figure 11 shows the effects of pumping and precipitation
variations on levels in the Verona Station observation well for the
13-year period, 1949-1961. A combination of increasing pumpage and a
total deficiency of precipitation of about 26 inches in the 1952-58
period resulted in a declining trend in water levels. With record
pumpage in 1959 water levels fell to the lowest stages observed.
Water levels quickly recover from the effects of periods of heavy
pumping, and when precipitation is average, as in the 1959-61 period,
and pumping is reduced, levels remain relatively stable.

In mid-1958, the base level of the Kalamazoo River was low-
ered downstream from its confluence with the Battle Creek River. The
effect of this lowering on water levels in four wells 1s shown in
fig. 12. A new base level for ground-water discharge was created,
causing declines in water levels which were largest in wells nearest
the Kalamazoo River. The declines occurred in the glacial drift and

in the underlying Marshall Formation.
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Dryness in the winter reduced the normal springtime rise of
ground-water levels. By the end of the year levels in the drift aqui-
fers had fallen about half a foot. However, year-end levels in Marshall
Formation wells were higher, with net rises averaging from % foot to as
much as 11 feet at the Verona Station observation well.

Total municipal pumpage by the City of Battle Creek was re-
ported as 3,742 million gallons (mg) (table 2). The maximum day in
1961 was 17.1 mg on July 12 and the minimum day 5.77 mg on December 25.

In addition the Township of Battle Creek pumped 354 mg from

the Marshall Formation in 1961 (table 2) with a maximum day of 3.3 mg.

Eaton County

City of Grand Ledge.--The three municipal wells and the two
observation wells in Grand Ledge are finished in the Saginaw Formation
at depths of 190 to 400 feet.

Figure 13 shows comparative water levels in the two observa-
tion wells and their relation to municipal pumpage and precipitation.
The scale for well 11-1 was amplified for comparative purposes.

The artesian head at municipal well No. 2 is above land sur-
face but pumping this well results in large drawdowns and these are
quickly reflected in the park observation well (2-1) located about one-
third of a mile northwest. At observation well 11-1 about a mile away
these effects, although discernible, are less owing to the greater dis-

tance.
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As water from the Saginaw Formation discharges into the
Grand River nearby, the stage of the river as well as precipitation
also has an effect on the height of ground-water levels. However,
no data is available on river levels at Grand Ledze for comparison.
The large amount of precipitation that fell in August and September
of 1961 resulted in recharge to the aquifer and water levels in the
two observation wells rose, reversing the summer decline.

Reported municipal pumpage (table 2) totaled 156 million
gallons (mg), 6 mg more than in 1960. The maximum day occurred on
June 30 when 0.8 mg were pumped.

Genesee County

Flint Metropolitan area.--The City of Flint obtains its
municipal supply from the Flint River. However, Burton Township to
the south, Beecher Metropolitan Water District to the north, and many
industries in the area obtain water from the Saginaw Formation or
from the overlying glacial drift.

Most observation wells in the area reflect changes in water
levels caused by pumping from the drift and bedrock. Water levels in
two shallow observation wells finished in the glacial drift respond
principally to natural climatic conditions (table 1). 1In both of
these wells water levels rose about 13 feet for the year principally
as the result of recharge from the large amount of rainfall in August
and September. In well 7N 7E 20-2, which is finished in the deeper

drift aquifer but at some distance from pumping effects, water levels
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also rose in the fall and stageswazre nearly two feet higher at the
end of the year. Observation well 7N 7E 32-.1 (table 1). is also
finished in the deeper drifi aquifer but its levels reflect municipal
pumping by Burton Township from the drift. In this well a long-term
decline continued in 1961, and observed stages ware zbout one foot
lower at the end of the year from the effects of the pumpage.

Water levels in observation wells tapping the Saginaw
Formation (table 1) rose about half a foct, continulng the rising
trend of the past four years.

An observation well is maintained at the Fisher Body Plant
of General Motors Corpcration, at Grand Blanc. The water levels in
this well reflect pumpage by three production wells finished at depths
of 230 to 275 feet in the Saginaw Formation af the plant'’s well field.
Increased pumpage has resulted in some lowering of water levels (fig. 14).
Precipitation trends also affected water stages. For example. in 1956
and 1957 above-average precipitation appears to have countered the effects
of an increarce in pumpage. For the entire period illustrated. the pre-
cipitation was about eight inches below average, so that part of the
long-term water-level decline can be attributed to this overall defi-
ciency of rainfall. In 1961, recharge to the aquifer in the spring was
small owing to a relatively dry winter, but in late summer and early
fall heavy precipitation resulted in substantial recharge to the aqui-
fer and year-end levels were about the same as at the end of 1960,

despite the increased plant pumpage.
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Total reported pumpage of 82.9 million gallons (table 2)
was the highest of record for the Fisher Body Plant with a maximum
day of 0.36 mg on September 27 and a minimum day of 0.05 mg on
January 2.

Gratiot County

City of Alma--Five municipal wells, 82 to 164 feet deep,
and industrial wells in the area obtain water f?om the buried outwash.
A sixth municipal well, 550 feet deep, taps the underlying Saginaw
Formation but is seldom used, as the water is of poor quality. Obser-
vation wells in the area are finished in shallow drift and in deeply
buried gravel outwash. Water levels in the shallow drift primarily
reflect variations in precipitation and temperature, whereas artesian
pressures in the buried outwash are principally affected by municipal
and industrial pumping.

Well 12N 3W 35-5 (fig. 7) is finished in shallow drift and
reflects variations in natural recharge conditions. Its levels were
low until fall when heavy precipitation resulted in rises to avérage
stages.

From the hydrograph of well TW 6 (fig. 15) it is evident
that water levels in this well fluctuate in response to changes in
rate of municipal pumpage. Although masked by the pumping, and not
too readily discernible, periods of above average or below average

precipitation, as shown by the departure graph, also affect the water
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levels--dampening rises or accenting falls in levels from the pumpage
effects. For example, heavy precipitation in August and September
of 1961 offset any further general decline for the year.

Water levels in the spring of the year were the highest
since 1958 in some observation wells finished in the deeper drift aqui-
fer. However, year-end levels were from half a foot to as much as
three feet lower than at the end of 1960, despite the decreased pump-
age.

Total revorted municipal pumpage in 1961 (table 2) was
604 million gallons as compared to 645 mg in 1960. The maximum day
reported in 1961 was 2.45 mg on July 12.

City of St. Louls.-~The City obtains water from six munici-
pal wells tapping the deeply buried sand and grawel outwash deposits
at depths of from 213 to 223 feet. Industrial supplies are also ob-
tained from wells in this aquifer.

The water levels in observation well St. Louis No. 3 fluc-
tuate sharply in response to changes in municipal pumping rates and
less rapidly to variations in precipitation (fig. 15). Levels were
at their lowest for the period of record in late October, 1960, as
a result of a total deficiency of three inches of precipitation in
September and October combined with heavy municipal pumping. Reduced
pumping and near-normal precipitation in November and December of 1960

resulted in a substantial rise by the end of the year.
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In 1961 heavy precipitation in the spring and again in
August and September when conditions are favorable to ground-water
recharge, resulted in higher levels. Thus, year-end levels were
about two feet higher in 1961 than in 1960.

Total reported municipal pumpage for 1961 was 218 million
gallons (table 2) compared to 262 mg in 1960. In 1961 a maximum day
of 0.94 mg was reported.

Ingham County

Lansing Metropolitan area.--The Saginaw Formation is the
principal source of water for wells in the area. A few domestic
wells An the area obtain small supplies of water from the overlying
glacial drift.

Lansing obtains water from 115 wells. Thirty-six are
pumped by airlift, a few by submersible pumps, and the remainder by
turbine pumps. Wells are li-inch diameter and average 425 feet in
depth. In Egzst Lansing there are five municipal wells, Michigan
State University has nine, Lansing Township has five, and Meridian
Township eight. Depths of these wells range from 300 to about 500
feet. All these wells obtain water from the Saginaw Formation.

Observation wells in the Lansing area are finished in the

Saginew Formation except for one finished in the overlying glacial

drift (table 1, Ingham Co.).
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Water levels in observation wells finished in the Saginaw
Formation reacted to chanées in patterns of pumping, and also to
total withdrawals of ground water in the area. .Levels in ste ﬁells
fell to new lows of record in the area (table 1, Clinton, Eaton, and
Ingham Counties).

In the northeastern part of the Lansing area levels in
wells SN 2W 31-1 and 32-1 fell about 8 and 2% feet respectively to
new lows of record (tsble 1, Clinton Co.). Record lows were also
observed in Eaton County wells 4N 3W 10-1 and 12-1 in the western
part of the area (table 1, Eaton Co.).

In addition two wells in Lansing in the western and south-
western section fell to record lows.

Elséwhere in the Lansing area water levels were not as low
owing to local reduétion of ‘pumpage.

In figure 16, the 1961 hydrographs of eight wells based on
records from continuous recording gages are shown. Sea level datum
is used to allow for coﬁparison of water levels. The lowest stages
at the Jo$ephine‘wéll (fig. 16A) were nearly 200 feet lower than at
the Holt well to the south, and about 100 feet lower than at the
Michigan State University on the east side and ‘the Wheeler well
(fig. 16B) on the west side of Lansing. Although a deep cbne of
depression is créated by pumping in this area, the areal extent of

the cone is still not large. Precipitation effects are generally
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masked by the heavy pumping. Despite a total precipitatloh defi-
ciency for the year, heavy precipitation in early spring. and 1n
August and September resulted in some recharge. Levels in some
wells were higher at the end of 1961 than at the end of 1960, as
a result of the recharge from precipitation and a decrease of

300 million galleons in total municipal and institutional withe
drawals of ground water.

Total reported withdrawals of ground water in 196L1 for
municipal, institutional, and industrial use in the Lansing area
(table 2) was 8.2 billion gallons with an average of about 22.3
million gallons per day. The total was less than the 8.2 in 1959
and the 8.4 billion gallons in 1960,

Jackson County

City of Jackson.--Most municipal, industrial, and insti-
tutional wells in the area obtain water from sandstone strata in
the Saginaw, Parma, and Marshall Formaticons. The city obtains
water from 14 wells, 380 to 400 feet deep, tapping these sandstone
strata. Eleven of these wells are at the Belden Road well field.

dater levels in three chservation wells in the area re-
flect withdrawals of ground water principally from the municipal
well field st Belden Road.

The hydrographs of two wells in Jackson (fig. 17) do not

indicate a continving downward trend of water levels, desplte
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large withdrawals of water by the municipal wells. The precipitation
deficiency of about seven inches for the period illustrated apparently
tHas not had much effect on water levels. The Water.Street observation
well is 1.1 miles, and the Summit well 1.7 miles from the Belden field.
Although water levels in these wells fall sharply from the effects of
heavy city pumping the stages quickly recover when pumping was decreased,
for example on weekends.

At the Belden Road observation well, (table 1) sharp draw-
downs of water levels, as much as 40 feet in a few hours, occur in
response to pumping of nearby wells. Levels quickly recover however,
when pumping is decreased.

Reported municipal withdrawals of ground water by the City
of Jackson totaled 4.1 billion gallons in 1961 (bg) (table 2) as com-
pared to 4.0 in 1960 and 4.5 in 1959. Pumpage by the State Prison at
Jackson was 0.5 bg (table 2).

Kalamazoo County

City of Kalamazoo.--Wells in the Kalamazoo area obtain
water from glacial drift. About 75 municipal'wells are finished in
the drift at depths of 120 to 220 feet. large supplies of ground
water for municipal and industrial use have been obtained with no
significant dewatering except as caused by deficlencies in precipi-~
tation. The maintenance of high water levels is accomplished by

using induced recharge from surface ponds and locally controlling
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withdrawal rates. As the drift aquifers are underlain by the
Coldwater Shale which produces only small amounts of poor quality
water, wells are not generally drilled below the drift.

Figure 18 shows fluctuations of water levels in six wells,
It also shows the location of all observation wells in the area.

The Atwater well hydrograph (fig. 18B) reflects natural
conditions as no wells are pumped in the immediate vicinity. The
decline in water levels for the period of record is the result of
precipitation deficiencies for the year.

The Stockbridge well (fig. 18A4){replacing the destroyed
Burdick observation well) provides a continuation of the record for
the heavily pumped Axtell Creek area. Levels were higher at the
end of the year because of reduced withdrawals of ground water from
the field in the falli.

Levels in wells A and A-s {(fig. 18A) reflect pumping with-
drawals from the Station 9 well field. When pumps are turned on
levels are drawn down in both the deep artesian aguifer and the
shallow aquifer. As the result of the effects of the recharge from
the ponded water, years of heavy pumpage at this field have not
caused any appreciable lowering of water levels.

In the general area lower ground-water levels in recent

years (table 1) are mostly the result of long-term deficiencies in



in feet above mean sea level

Water level,

854
- . A vﬂw yhAs . A'.UM“\W\
LN
BSZI\NM' MJ‘\\«/ { SN W\w{' |
\ [T
850 “ f\/\%f‘ W o] d | f
A / L P “
A> V'
8438 d
Well No. Depth
35 11w 4-36(A-38) 40 feet
846 35 11W 4-35(A) 135 feet ]
| } } ! ! }
844 % Hydrographs based on daily lows
i T 1 t [ H 1= 1
, .
.
Well: 2S 11w 27-52 (Allied Paper).
758 ) Depth: 113 feet
PN AN ’/,
\IV '.4\\1\ A‘A'Av /\'\Av\ ‘/‘/
756 : ™~ }
| Hydrographs based on 2:00 a.m. levels \\\\‘\ !J
754 | ; Periodic |
A " - End of record measurements
Ve “ P |
752 i, / A/\ / l
1«« / LI I
% Well: 28 11w 22-6 (Burdick)
750 \ ] B Depth: 115 feet
) J : ! H { J 1
) [ 5 I
744 f | M
f Hydrograph based on daily lows
N
742 A A /_[*
Thll (e
/‘\" W A dli g MM | J 3
, FV\NN J(
f
oo A
| Well: 28 11w 22-150 (Stockbridge) —W /
736 Depth: 137 feet I /J
? S SR IS Al All
- UM
|
Aug|Sep ! Oct|Nov! Dec| Jan| Feb Mar[ApriMay Jun | Jul| Aug | Sep| Oct| Nov| Dec

1960 1961
18A




in feet above

land-surface datum

Water level,

Location of observation wells

T
1T 1
+2.0 Hydrograph based on daily lows |
"M
N\’\\ ‘V\\M\-P\
+1.5 I “Wf“" R Y
Well: 3S 12W 11-1 (Atwater)
Depth: 248 feet 1 9 6 1
+1.0 R
Jan Feb | Mar Apr | Ma Jun Jul Aug Sep Oct Nov Dec
P y ; &
R.12 W
= \t; TWIN 3 < ]
Q,E 7 e LM{@ . k
- _-,-Tl — == %___ e s
1 \,\\ ! ! % ! 3;3
3 2 oH AVE 5 S
~ rErT v 6 1
e o , PAR
!Lrlrxl -Ale- - 2 - 'H"""""
A A o TSJKALAMA
! N i 0
' 'E.: "My zgk
5 N . 2
e
L A -
il = TAYLOR t
' - ’ PARK I
T. ° oy ' : 7T
2 | % e
0 e
S. 23 S 4
i - | A
B 22-1508 . 2 ECREATIC
SouTHiL o TADIUM 5L ®27-52 ik =3 1 pARM
; | asriumVY KALAMAZ OO . . \',\.
26 ¢ (POP. 82089) S C 25y
T = woODS ~ -
o “4Z)829-3 7
S M| AVE g1
R
OSHTEMO X
34 o : 8 |
g4/ 38 R . 7:'
S S AN ] = .0
3 e o ;:i%,;
P 2
QE': ] Tt 2 2K N R
o ’ N ¢ Sl ! 3 ot £ \
Tl L .\ L, SURESNE | SR | S A N SENG oF - \
3 N oo‘\ N ¥ l. w S \r ' W kaLAMAZOD =
S. A ©11-1 ), g b s g E*” Explanation
o v Ly 7 | ; i ===Jae
I?O‘ j 12 R i FS ) =P
: gass | , \ ! avE »: ‘ [
A s - o v rrerer i - JONS S
o 1| 7 N \ ]- N A ﬁ\L Observation well

18B

Figure 18. Hydrographs of six wells, and location map, at Kalamazoo,
1960-61.



64

Pumpage, in
millions of gallons

10

12

14

16

13

14

15

Water level in feet below land-surface datum

Precipitation,
in inches
o~

o

Municipal pumpage

at Lowell

Kent Co.

—_— 6N

Depth:
Aquifer:

9w 3-1
70 feet
Glacial drift

Monthly totals of
precipitation at
Grand Rapids

JULY

AUG.

SEPT. OCT.

NOV.

DEC.

Figure 19.

Hydrograph of range in a well, pumpage, and precipitation,
at Iowell, 1961,




65

precipitation. Since 1952 the deficiency has amounted to about
30 inches of rainfall.

Reported municipal withdrawal of ground water was 4,930
million gallons (mg) (table 2) as compared to the record 5,116 (mg)
in 1959. The maximum day in 1961 was 29.5 mg July 12, and the

minimum 6.4 mg December 31.

Kent County

City of Lowell.--The City obtains its water from four
wells finished in glacial drift at depths of from 50 to 70 feet.

On August 8, 1961, a recording gage was installed on an
unused well in Lowell. The water levels in the well reflect with-
drawals of ground water by three municipal wells from which most of
the City's supply is obtained. The fourth well is used 6nly during
peak periods and is at some distance from the observation well.

The short period of record (fig. 19) indicates that both
precipitation and pumping of nearby city wells affect the water levels
in the observation well. The daily range in water levels generally is
very small. Most of the sharp peaks of short duration probably are
the result of shutdown of nearby wells for short periods. Some of the

peaks may be caused by recharge from storms.
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Reported municipal pumpage for the year (table 2) was 143
million gallons (mg) or 13 mg less than in 1960. In 1961 the maxi-

mum day was C.83 mg and the minimum day 0.22 mg.

City of Wyoming.--The City obtains its municipal supply
from about 28 wells tapping the glacial drift or Marshall Formation
at depths of from 50 to 300 feet.

This City's water supply system has been expanded in re-
cent years and a study has been made by a consulting firm to deter-
mine the water potential of the area. Supplies sufficient for many
years have reportedly been located.

Recording gages on observation wells reflect withdrawals
of ground water from the Marshall Formation. No observations were
being made on wells in the glacial drift in 1961.

Figure 20 illustrates comparative data for the years 1960
and 1961. The lower water levels in 1961 were the result of an in—
crease in municipal withdrawals and a deficiency of precipitation
of more than 10 inches in the period September 1960 to September
1961. Although more than nine inches of precipitation fell in
September 1961, the rains were mostly the results of remnants of
hurricane Carla and fell in intense storms which resulted in quick

runcff and 1little evident recharge to the ground water aquifers.
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Facsimiles of monthly recorder charts from two wells are
shown on Figure 21. The vertical scale for the Boss well is one-
fourth of that for the 50th Street well. Water levels in tth wells
rise and fall at zbout the same times, but the flucuations are much
greater in the 50th Street well than in the Boss well which is fur-
ther from areas of heavy pumping.

Reported municipal withdrawals of ground water totaled
1,811 million gallons (mg) for the year (table 2) with a maximum
daily pumpage of 14.9 mg. The total pumpage was 19 percent more
than in 1960.

Oakland County

Michigan State University at Qakland.--The supply of water
for the campus in 1961 was obtained from a six-inch well finished at
about 150 feet in the giacial drift aquifer. An additional produc-
tion well and an observation well were drilled in 1961. The water
levels in the observation well (fig.22) reflect the heavier pumping
during the school season and also the effects of deficiencies of pre-
cipitation. Any recovery of water levels from snowmelt and spring
rains, and in the fall from recharge after the end of the growing
season, appears to have been masked by the relatively heavy pumping
during those periods. Thus, the summer decline continued until year's
end. A drop of about 1% feet was registered for the year.

University pumpage was reported as 11.7 million gallons

(mg) for the year with a maximum day of 0.50 mg.
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City of Pontiasec.--Municipal and industrial supplies of water
are obtained from wells finished in glacial drift aquifers. The City
obtains water from 23 wells that are finished in the drift at depths
of 100 to 280 feet.

The levels in the Walnut Street observation well (fig. 23)
reflect changes in municipal pumping in that area and also the effects
of variations in precipitation. Most of the precipitation deficiency

result

)

of 14 inches in the 1960-61 period occurred in 196C. As
levels were quite low at the beginning of 1961L. Spring recharge to
the aquifers caused a molerate rise in water levels, but neavy summer
pumpage that followed and deficiencies of precipitation in the fall
resulted in slightly lower year-end levels. However, the low levels
in July 1961 were still seven feet higher than the lowest of record
in 1955 (table 1). Reported municipal pumpage by the City of Pontiac
totaled 3,529 million gallons (mg) {(table 2) for 1961 or 269 mg less
than in 1960. In 1961 the maximum day was 19.2 mg and the minimum
5.6 mg.

Waterford Township.--The Township supply 1s derived from
wells finished in glacial drift at depths of about 200 to 300 feet.
Ten housing subdivisions in the Township alsc obtain water from wells
finished in the drift at depths of from 40 to 179 feet.

Water levels in the observation well (fig. 23) reflected
increased pumpage in 1961. However the net decline for the period

illustrated was only about a foot and evidently was alsc influenced
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by 14 inches of deficiency of precipitation in the 1960-61 period.

In September of 1961 a recording gage was installed on a
second observation well st Garfield Estates (table 1). This well is
located more than a mile from public supply wells. The water levels
are above land surface and reflect pumping in the area and also varia-
tions in precipitation.

Reported municipal pumpage by the Township wes 314 million
gallons (mg) (table 2) an increase of about 30 mg over estimated
pumpage in 1960. In addition about 10 subdivisions have thelr own
public water supplies in the Township.

Village of Rochester.--The Village obtains water from sev-
eral wells, finished in glacial drift, at depths of from £5 to 120
feet.

In August of 1961, a recording gage was installed on an
unused well at the municipal well fieid. The levels in the well
fluctuated 4 to 6 feet in response to the pumping of nearby munici-
pal wells in the field but recovered quickly when pumps were shut
off. The hydrograph (fig. 24) shows the daily lows in the observa-
tion well. The stages and trend in water levels follow closely the
pattern of daily pumping operations. The effects of precipitation
are not readily discernible.

Reported municipal pumpage of ground water by the Village
in 1961 was 486 million gallons (mg) (table 2) with a maximum day of

2.45 mg. The 1961 total was about 3% mg less than in 1960.
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Washtenaw County

City of Ypsilanti.--The City obtains water for municipal
supply from wells finished in glacial drift ot depths of 87 to 102
feet.

Water levels in the observation well at Gilbert Park
(fig. 25) were a few feet higher in 1961 than in comparable months
of record in 196C. “Water levels fluctuated with pumpage variations.
Water levels were highest in early May of 1961 azs the result of de-
creased winter pumpage and spring recharge from snowmelt and above-
average rainfall. The summer decline in water levels was reversed
in August and September when 11 inches of rain fell and pumpage was
reduced. Both pumpage and precipitation departures correlate well
with the hydrograph.

Reported withdrawals of ground watef for municipal supply
totaled 1,030 million gallons (mg) for the year, with a maximum day
of 5.08 mg, and a minimum day of 1.16 mg. For 1961 the total was
156 mg less than in 1960 and 175 mg less than in 1959.

Ypsilanti Township.--The four public supply wells and the
observation wells, at the Township well field at Bridge Road and the
Huron River, are finished in glacial drift at depths of from 50 to
90 feet. Levels in two of the six observation wells fell to record
low stages early in the year (table 1) but rose several feet later

in the year.
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Comparison of records of water levels in the observation
well equipped with a continuous recording gage (fig. 26) show that
stages were higher in 1961 than for comparable periods in 1960 when
levels fell to lows of record in early August. As pumpage was about
the same in both years it is apparent that the higher levels in 1961
were the result of increased rainfall The departure gravh indicates
that rainfall in 1960 was about 4 inches below average and in 1961
was above average by the same amount. Thus 1961 had 8 inches more of
precipitation than 1960. In addition, rainfall in 1961 was above
average in the spring and early fall when conditions are most favor-
able for ground water recharge.

Reported municipal withdrawals of ground water for public
supply totaled 2,175 million gallons (mg), with a maximum day of
R.03 mg and a minimum day of 3.00 mg. The 1961 total was 16 mg less
than was pumped in 1960.

Wayne County

City of Plymouth.--The City obtains its municipal water
supply from wells finished in glacial drift at depths of from 20
to 100 feet at three well fields.

A continuous recording gage was instzlled in Septemcer on
an unused well in the Beck Road well field. Levels in this well re-
flect pumping withdrawals by the nearby wells and alsc the influence
of precipitation. The pumping in this field is reportedly held at
a relatively steady continuous rate. When pumps are shut off sharp

rises occur in the observation well. More than 11 inches of rain



78

Pumpage (million gallomns)

Water level, in feet below

land-surface datum

120

140}
160}:

180f+

200

220

24

25

26

27

28

29

30

31F

32

JirMundicipal
1 Ypsilsnnd

Sumpage
Townstiiy

bl

A‘ ; ,i_,,
i !

N

Al

Washtenaw

Well:

W

gs&

mﬁg:

I'e)
> 5
Depth. 7? Foat | T S
Aquifer: Glacial drift i ; § ;
: . i . i
Hvdrographs based -n ily

Departure (inches)

§
!
+ 2 [T U —— ,....?. SIS —_—
< /T‘“\ i
— .
- ~ ' \\~ !
v o— — 7" oo - came  wam  wre a— ns o L2 53
: i ey
- ~~ N
I ~ e i t
5 o S g N
- ; < i ; - B "f"" T ’,_\ o
N . g . -
; Cuomulative departuce of ~.
-4 =19 6 Ot precipitation at R B
i
i i Wiiliow Run Airport
1 : .
=T f - T H
- I X N | o
JAN | FEB MAR | APR | MAY | Ut JifL | AN SED Qe MOV 1 DEC

Figure 26.

((711,“ ative

X“wlmu

ph=, puap

wo LLf

e
Be

T
te b

1d,

Aard

ULd,i‘)LLd? LO"’L

SISO

at



79

fell in August and September and water levels were high at the be-
ginning of the record (fig. 27). In the last three months of the
year water levels fell, owing to the deficlent precipitation.

The Beck Road well field yields about one million gallens
a day. A well in another well field at 6-Mile and Beck Roads is
pumped as needed. This well has a reported yleld of 2600 gallons
per minute. A large diameter well in the third well field on Mill
Street is also used when needed,

Reported municipal pumpage by the City of Plymouth tctaled
685 million gallons (mg) (table 2) in 1961 with a maximum day of 2.40
mg and a minimum of 1.62 mg. The total pumpage was 41 mg less in
1961 than in 1960.

Wexford County

City of Cadillac.--Pumping of municipal supplies of water
from Lake Cadillac was discontinued October 26, 1961, and the City
began pumping ground water from six new wells having a reported capa-
city of 10.5 million gallons per day. These municipal wells are fin-
ished in buried sands and gravels at depths of about 300 feet, A
million gallon elevated tank provides adequate pressures throughout
the distribution system.

From 1949 to mid-1953 a recording gage was maintained on
observation well 21N 9W 4-~1 after which only periodic measurements
were made. On July 14, 1961 a continuous recording gage was rein-

stalled to observe changes in ground-water levels in response to the



50 g

55

60

Municipal pumpage by Plymouth

65 ==

Pumpage (million gallons)

70

13.50

13.75
estimated
Wayne Co. L.\“.M .
14 .00F—— Well: 15 8E 9-1 A 5 .
Depth: 61 feet J \‘\
Agquifer: Glacial drifi N
R \

‘ e \A

14,25 1

Hydrograph based on daily lows

14.50

Water level, in feet below land-surface datum

14.75
~~
[ 8 _
@
<
E 6
o -
~ o
g 4 Totals at Willow Run Airport — o |
H 2
a
o AUGUST SEPTEMBER OCTOBER | NOVEMBER DECEMBER
=2 1

Figure 27. Hydrograph of weil at Beck Road Field, pumpage, and precipita-
tien, at Plymouth, 1961.



81

pumping in the new well field. The observation well is 277 feet
deep and finished in the same aquifer as the City wells. The obser-
vation well is about one mile from the City well field.

The long-range hydrograph for the well (fig. 28) shows that
the fluctuations in water levels follow closely the precipitation de-
parture. The upper part of the figure shows the short term hydrograph
from the recording gage record for a few months prior to and after
City pumping began. In late October the start of ground-water pumpage
is indicated by a small but abrupt drop in water level,

Total reported municipal pumpage for 1961 was 304 million
gallons (mg) (table 2) of which about 34 mg was pumped from wells
beginning October 26. The maximum day in 1961 was reported as 4.00

mg and the minimum as 0.60 mg.
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Table 2,--Reported ground-water pumpage by some Michigan municipalities, institutions,
and industries (in million gallons).

Water User Jan, Feb, Mar, Apr. May June July Aug, |Sept. Oct, Nov. Dec, ngﬁ
NORTHERN PENINSULA
ALGER COUNTY
“TBurt Township 2,31 [1.59 | 1.82 !1.88 (200 | 2.37 | 3.3 | 247 P17k | 1.66 | 1.h0 11,26 23.63
CHIPPEWA COUNTY
Kinchelog Air Force
Base near Kinross 11.0 9.9 1.2 11.1 14,0 15.8 23,8 25,6 17.4 16.3 1,2 15.2 185,5
GOGEBIC COUNTY
City of Besbemer 11,7 11,3 12,8 |11.8 12,2 12,3 13.3 11.9 13,4 10,4 9.6 11,7 1524
city of Ironwood 29.9 [27.% |3t 30,7 30,1 32.2 32.8 2.4 (31,3 j29.9 [26.%  [27.2 361.4
Merenisco Township 3,85 | 3,47 hab [ 3,87 |53 | b6k | 439 | 415 | 361 3,22 {298 |3.28 46,12
City of Wakefield 6.60 | 6.20 |[6.49 |69 | 6,52 | 6,54 | 7.%5 | 7.00 |5.79 |6.38 |5.95 |5.68 76.97
HOUGHTON COUNTY
T City of Hancock 1k,7 13,3 [i4.7 15.1 14,4 |16.9 7.1 |17.5 14,8 14,7 13.6 13,9 180.7
City of Houghton 27.6 26.8 28.5 27.6 27.6 27.5 28,2 26.8 24,9 30,0 26,5 24,8 326.8
IRON COUNTY
T City of Caspian 6,82 |5.88 [6,235 |6.,45 [6.97 | 7.20 | 7.33 | 6.5 | 6,48 | 6,55 | 5.90 | 5.24 77.59
City of Gaastra - -—- - - - - - - - - - - e3 b2
City of Iron River 14,0 10.9 12,9 11.7 12.2 11,8 13.3 11.9 10.1 9.5 9.2 10,0 137.5
City of Stambaugh 6.94 6,74 7.31 7.10 7.57 8.2k 8,13 8,83 8.13 8,28 7.08 7.27 91,62
Stambaugh Township - - 82,22 - - 82,71 - -- 83,53 -- - 82,12 10,57
LUCE COUNTY
T Tity of Newberry 10.9 10.3 11.2 9.6 10.1 10.5 11,5 £10.5 €9,k e9. b 28,9 8,8 el2l.1
State Hospital at
Newberry 9.1k 9.29 (11,88 9,61 110.87 [13.3% (11,73 [15.37 |10.63 |10,00 |12,22 9.69 133.77
MARQUETTE COUNTY
SEBEE House O! Corr,
and Br. Prison at
Marquette 8.50 7.03 7.50 6,97 7.11 7.19 7.05 8.92 9.17 7.87 7.80 T.72 92.83
ONTONAGON COUNTY
Village of Ontonagon |10.7 9.3 9.8 9.3 9.5 10.6 11.0 10.6 10.b 11,3 11.1 10,8 1244
SOUTHERN PENINSULA
ALCONA COUNTY
TCity of Harrisville .82 .84 JTh .79 1,04 1.26 1,78 | 2.05 1.65 | 1,34 97 &6 14,12
ALLEGAN COUNTY
City of Allegan 26,8 23,9 24.8 21.2 33,7 u1.3 30.6 .1 2,2 23,3 21.6 22,9 325.6
City of Plainvell 8.7% | 8.17 | 9.11 | 9.56 [13,13 [15.78 {17.35 |13.04 (10,90 | 9,78 |1L.13 | 9.22 135.91
City of Otsego 1.4 [10.5 12,4 12,2 14,3 {19,0 |[20.2 18,0 15.3 1k,7 13.7 14,7 176.4
ANTRIM COUNTY
~Viilage of Mancelona | 8.98 | 7.87 [ 9.3% | 8.71 |10.33 {11.69 10,53 | 11.15 {10.53 (10.,h0 | G.84% {10.18 | 119.55
BARRY COUNTY
City of Hastings 36,4 32,1 [28.8 [25.9 |29.8 |[36.5 33,8 {2k,3 12k,3  j2k,0 jes5.h  26.5 347.8
Village of Middle-
ville 15,9 (1,9 [17.8 [18,8 [19.9 [21.8 $17.3 | 19.%  [18.5 19.9 9.6 15.0 |e208,8
BENZIE COUNTY
TCity of Frankfort 6,33 | 5.5% | 5.80 | 5.87 | 6.21 | 7.10 | 9.51 | 8.40 | 5.6 | 5,77 | .9k | 5.3% 76,45
BERRIEN COUNTY
Village of Berrien
Springs 6.3 | 5.79 | 7.12 7.01 7.22 | 6,48 110,91 | 8.13 | 7.9% | 7.77 6,62 6.27 87.6L
City of Buchanan 38,1 33.3 38.6 33,4 37.1 k1.0 47,0 42,8 38,7 3543 36,7 35.2 B57.4
City of Colowa el ko [e3,9% [eb b1 |ek.62 [ei,B8 [ e5.,04 [e5.35 | e5,51 |e5.,20 |ek,88 [eh,h1 |ek,B88 e57.52
City of Niles 7,0 (66,7 [69.9 [63.3 |84 93,7 [88.2 |90 [82.6 [75.5 [69.8 [75.5 S41.6
City of Watervliet e6,2 e5, e6,2 e6,0 |e6,2 [el2,0 P12,k jel2,h  pl2,0 |e6,2 e6.0 e6.2 €97.€
BRANCH COUNTY
ity of Bronson 18,9 14,8 16,6 17.0 16,1 19.1 21,4 23.9 21.3 25,0 19,6 16.2 229,9
City of Coldwater 36,2 35.5 39,4 k1.b ko, 59.6 68.2 52,0 50,0 i8.3 Lk .8 37, 562.6
State Home and Tng.
School at Cold-
water 13,4 | 11.8 [13,0 |13.1 14,2 1k,1 14,5 | 1,0 | 13.8.]13.6 | 12.9 12.9 161.3
CALHOUN COUNTY
City of Albion 113 101 111 112 123 105 105 127 120 125 116 06 1,364
Three new wells 3541
American Legion Hosp. .
at Battle Creek SETT Jsor) kil 506) 619 B9 | LbsB Ls60]  Jbist Lhok] 456 501 5.863
Village of Athens €1,59 | €1,59 [ e1.59 | €2,61 | e2.61 | e2.61 | e2,61 | e2,61 | e2,61 | e2,61 | e2.61 | 2,61 e28,26
City of Battle Creek |268 269 293 292 33 353 373 350 312 36k 321 25k 3,7h2
Battle Creek Twp. 23.1 23.0 23.3 21,k 33.9 42,3 53.5 38,4 25.7 24,9 22.7 21l.9 z54,1
City of Marshall 25.2 25,2 27.6 26,2 31,4 37.4 k5,2 40,0 34,1 30.5 26.6 27.6 377.0




Table 2,.--Reported ground-water pumpege by some Michigan numicipalities, institutious,

and induetries {in million gellons).--Continued

Water User Jan, Feb, Mar, | Apr. May June July Avg, | Sept, Oct. Nov, Dec, '1%26&
CASS COUNTY
"Ity of Dovagiac 24,0 22,8 | 21,0 1 23,k 20.7 26,1 38,2 30.6 35,5 28.6 26,8 | 2.8 320,5
Village of Marcellus| 1.67 | 1,63 | 2.61 | 2,00 2.25 ] 2.4 | k93| 2,35 1.92] 1.89! 1.69] 1.6l 26,99
CHABLEVOIX COUNTY
“City of East Jordan | 8,001 9,731 7.92 | 6.431 9,00 | 1b,19] 12,51 17.37{ 9.05] 7.80% 7.0 7.3 116,51
CEEBOYGAN COUNTY

¥y of Cheboygan 9.7 10.3 10.¢ 111 12.0 12.9 13.6 k.0 12,4 104 10.2 9.0 135.6
Village of Mackinac )

city 3,04 kL6 | 5,25 | 5,16 S.k | 5,901 6,99 ] 8.57 5.36 | 5.031 2,971 2,92 61,09

CLARE COUNTY )
¢ity of Clare 12,2 | 12,7 | 15,3 | 16,4 | 20,8 | 39.0 | 22 36,7 | 33.% | 18,5 | 12,1 | 1L.7 252,9
City of Harrison 2,41 3.59 3.89 3.16 2.97 k.50 k92 4,02 3.50 3.35 3.22 318 k3,72
CLINTON COUNTY
TVillage of Ovid 1,96 2,29 2.24] 2,31 2.,25] 2.50| 4,78 2.81 1.8 2,09 1.82] 2,9 29.81
City of St, Johns 30.5 26,7 2h.1 2k 27.6 28.8 30,7 32,1 30.5 30.0 27.6 24,2 337.2
EATON COUNTY
Village of Bellevue -- - - - - - - - - - - - e2h,0
City of Olivet - - .- - - -— - - - - - - 18,0
City of Charlotte 27.5 29.1 32,1 33,0 36,4 37.7 38.5 38,7 36,8 24,8 | 29.0 31.8 4054
City of Eaton

Repids 25.9 2h,9 80,7 34,8 30.8 3.7 38.2 39.2 35.7 27.1 25.9 27.3 382.2

City of Grand Ledge | 1.9 | 11,2 | 11,9 | 11.5 | 13, 1k,2 15,8 | 15.9 | 1k.,5 | 13.3 | 11,0 | 11,3 155.8
EMMET COUNTY

City of Harbor

Springs 8,131 7.26] 7.6} 8,65 8.23]| 15,92} 15.45| 23,10 | 20.83| 9.60; 7.65| 6.99 139,27

GENESEE COUNTY

Beecher Metr. Dist, | 21.9 19.8 | 20,2 20,6 22,1 27.0 28,3 28.% 27.9 | 25.7 2k.5 26,3 292.7

City of Davison 7.66 7.02 8.5 8.hh 9.05 | 10.62 | 13,72 | 10,39 | 13.k1 ERN 8.71 8,65 115,59

village of Fenton 15,1 | 17.3 | 164 | 1k6 | 16,1 | 17.7 | 21.9 | 18.2 | 17.1 | 16.% | 15,2 | 1k.2 200,2

Fisher Body Div.,

at Grend Blanc 5.95| 5.661 62| 7.22| 6,91 7.09| 6.757 7.61| 6,021 8.0L) 687 7.7 81.68
Village of Flushiag 6,h1 5.9 6.82 6.58 7.92 8,68 9.70 7.60 7.3 7.23 7.38 6,41 88,04
Village of Linden 1,551 1.b3] 1,50 166 1,537 1,69 1l.71| L. 77| 1. 1,691 153 1.27 18,85
Village of Montrose 2,11 1.7L | 1.8 1,881 2,521 2.1 3,061 2,79| 2.461 2,08] 1.7 1.97 26,11
City of Mt. Morris 6,53 5.93 6,10 6,32 6.73 7.06 7.35 6,86 ] 6,42 6,21 5452 5.81 TT. ek
Village of Otisvilie .99 1.36 1.33 1.13 1.19 1.13 1.29 1,03 1,08 1,00 .92 K 13.39

GLADWIN COUNTY
City of Beaverton 3,61 3.30 3,08 | 2,43 2.k9 2,63 3,54 2,40 2,54 2,93 2,14 2,72 35417
GRAND TRAVERSE COUNTY
State Hosp, at ;
Traverse City 13.7 12,4 13.9 13.8 14,0 15.0 14,9 1k .4 13.7 12.8 12,0 12,2 162.8
GRATTOT COUNTY . |
City of Alme b4, 8 39.1 5.9 47.6 53,9 564 5545 53,6 5k .6 55.0 49,1 8,2 603.7
Viilage of

Breckenridge 2,60 2.701 2.70| 2.50f 2.90] 3.00| 3,70 3.30| 3.30| 3.20| 2.90| 2.70 35,50
City of Ithacs e3.75 3.75 4,30 | ek,00 | el,50 | ek.65 4.80 5423 5,52 5.19 6,08 5.61 e57.%
City of St, Louis 18,7 17.7 20.0 20.1 21.6 20.1 19.5 16,1 15.0 15.4 16.6 16.7 217.5

HILLSDALE COUNTY
Village of .

Jonesville 5.55| 6,781 7.091 9.05] 8.62| 9.26| 11.04| 851 | 7.6%| 6,80 6,27 6.1k 92.75
City of Hillsdale - - . - .- - 21,90 | 1.8% | - - -- - b23.Th
City of Reading -- - -- - -- .- - - - -- -- - 1.29

HURON COUNTY 6.8 N :
Village of Pigeon ex,0 | e2,7 | e3.0 | e3, e3,7 | e3.9 | eb, eT.h | el,5 | ek,3 | e3.9 1 ek ehg,g
Village of Sebewaing| 7,13 9,54 6.79 7.37 6,94 9.8k | 13,82 9. 11.5% | 10,10 9.68 6.29 109.22
INGHAM COUNTY
City of East

Lansing 32.9 | 29.2 | 30.6 | 32.0 ! 39.9 | 46,0 | 57.3 | 39.7 | 37.7 | 38,3 | k5 | 316 g7
City of Lansing 509 Lk L73 455 519 539 589 566 506 523 L8x gk €,100
Lansing Twp. k2,1 3.7 27.7 4.8 k1.8 6.0 30.8 LA 33.3 L€,1 315 | 30.5 425,7
Village of Leslie 7.1 4,70 k.91 4,87 5.71 7.08 9.45 7.12 6.31 5421 L, 5.13 72.59
City of Mason 11,1 9.9 | 12.7 | 12,3 | 13.8 | 15.0 | 17.7 | 25.9 | 19.3 | k1 | 12,9 | 12.2 76.5
Meridian Twp. 9.07 8.25 8.75 8.72 | 11.76 | 12,38 | 13,91 10.8% | 11.01 | 10.79| 9. 9.70 12h,04
Mich, State Univ,

at Bast Lansing 83,9 | 84.7 | 85.3 | 85.8 | 93.7 | 88,6 | 8u.k | 76,6 | TT.6 | 98.7 86,9 | 70.9 |1,017.1
Oldsmobile Forge

Plant at Lansing 13.3 12.3 11.2 13.% 13.8 15.1 1,1 12,7 13.6 13.8 14,1 13.1 160.5
Village of i

Stockbridge 2.10 1.6% 1.72 1.37 1.96 2,14 2,%6 2.7 2,01 .75 1,57 2.19 23,52
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Table 2,--Reported ground-vater pumpage by some Michigan runicipalities, institutions,
and industries (in million gallons).--Continued

Water User Jan, Feb, Mar, | Apr. May June July Aug, | Sept. Oct, Nov, Dec, Tézg%
IONIA COUNTY
““City of Ionia 30,7 | 3.1 | 341 | 3201 | 3k.r | W5 | 3505 1 3.7 | 345 | 35.2 | 35.4 | 3k 406.3
State Hosp. at
Ionia 10.3 9.k 10.3 0.1 10,5 10,5 11.8 11.9 1.3 1C.9 10,4 10,6 127.9
Mich, Reform, at
Ionia 22,7 20,k 23.9 22.5 26,0 25,4 9.5 28,2 22,0 26,4 24,3 24,2 295,5
Mich, Tng. Unit at
Ionia 2,15 2,20 1,16 1.35 1.7% 1.71 3,03 2,02 145 1.72 2,35 1,1k 22,02
Village of Portland | 9.51; 8.23; 9.,05| 7.98 | 10.71| 11.53| 14,07 12.,30| 1L.31 | 11.%7| 9.25] 13.87 128,28
Village of Saranac 8.16 7.4k 8.81 8.43 9.30 9,48 13,19 T.73 6.71L T1.32 T.20 7.13 101.92
ISABELLA COUNTY
City of Mt,
Pleasant 51,5 | 6.1 | 51,7 | 49,2 | 58,3 | 55.6 | 59,0 | b0 | 48,0 | 87.6 | 46,1 | hi.0 598.0
JACKSON COUNTY
Village of Concord 2,25 1,57 1,74 1.56 2.29 1,98 3.28 1.85 1.91 1.58 1.ho 1.65 22,96
Village of Grass
Lake 1,22 1,190 1.,20] 1.,2%| 1l.21| 131 2.0 .62 1,21 .20 1.22 1.22 15.85
City of Jackson 291 273 298 297 330 380 Lol 503 28k 362 328 337 4,087
State Prison of
S, Mich,, at
Jackson 374 33.9 37.7 34,3 k3.8 5.4 51.5 49,6 46,3 46,1 40,5 .2 508.7
KALAMAZOO COUNTY
“Village of Augusts 1,001 1.1} 1.68 ¢ 1,75 | 2,081 2,58 3.41 ] 2,47 2.01 1,921 1..60] 1,54 23,11
City of Galesburg 2.19 1.99 2,61 2,52 3,55 4,73 k.56 4.5 3,47 2,74 2,50 2,11 37.53
City of Kalamazoo 375 3h1 384 366 ko5 502 636 519 Ll 353 294 288 4,930
State Hosp. at
Kalamazoo 17.7 17.2 17.8 17.2 17.4 1%.8 17.7 17,1 18,7 18.5 16k 21,1 210,6
Village of Vicksburg] 5.20 4,88 5,4k 5,27 6.23 6.90 7.23 7.27 73T 6,27 6.30 6,61 T4 T7
KALKASKA COUNTY
VilTage of Kalkaska | 3.65] L5k 3.53| 3.89 | 3.88( 4,37 ®.8L| %19 340} 3.08] 3,201 3.36 45,80
KENT COUNTY
City of Cedar
Springs 740 7.0 T.RO | TS ) 7050 7.75] T.86 1 TW.8T TS5 7.651 TS50 7.50 91.01
City of Grandville 10.9 14,3 13.3 13,3 23,0 3h,1 LT R 32,2 16,6 1h, 15.3 14,6 248,2
Jervis Corp. at
Grandville 5.99 4,59 5,84 5.53 | 10,69 .92 9.62 | 10,25 6.55 Tho L 11,3451 1h,31 102,12
City of Lowell 12,2 8.1 9.9 | 11.b | 11,1 | k.9 | 16,6 | 15.0 | 11,8 | 12,5 | 10.2 | 10.2 1k2.9
Paris Twp. 25,8 | 21,9 | 25.8 | 26,5 | k2,5 | €2.8 | 56,3  L6.7 ! 35.1 | 31.3 § 284 | 27.0 439.9
Village of Sparta 13.2 12,0 11,2 14.3 16.5 14,6 16.3 12,0 14,0 13.2 12,8 |elé.2 el66,3
City of Wyoming 108 100 108 110 174 232 258 202 1h2 131 123 123 1,811
LAPFER COUNTY
Village of Imlay
City 5,031 5451 6,611 6,39 | 8,02] 9,19 11,29 6.85| 10,201 7.82) .52 8,25 90,62
City of Lapeer 12,9 | 12,1 | 13,5 | 12.1 | 13,1 17,1 | 18,0 | 17.7 | 17.6 | 15.9 | 15.5 1503 180.8
State Home and Tung.
School at Lapeer 20.3 20.5 22,5 20,9 22,5 20,7 22,% 18.8 18.9 204 19.7 21.6 249,1
LENAWEE COUNTY
Village of Clinton - - al3,8 -- - al8.0 -- -- 818.0 .- - a30.0 79.8
City of Hudson 8.2hf 7.81f 80| B.0L| 7.4 7.33| 8.27| 9.3%; 8.7} T7.19] 7.10] 5.8 93,43
City of Morenci 5.36 i, 71 5.74 5.82 5.81 6.48 6.88 5,02 4,89 4,62 4,90 4,56 64,81
City of Tecumseh W9 | 67.3 1 T | 72,5 6.3 | 711 | RS | 69.6 | Th.6 | 68,3 | 62.1 | k.3 838.5
LIVINGSTON COUNTY
~—City of Brighbton 5.85 5.12 5.61 5.29 6,96 9.75 | 17.75 | 13.51 9.05 | 1k,9% 8.45 6,32 108.59
City of Howell 19,8 | 17.% | 20.% | 21.0 | 21,k | 20.k | 20.6 | 21,0 | 20,3 | 20.3 | 18,9 | 19.8 241.,3
State Hosp, at
Howell 2,85 2,67 3.07 2.39 2,43 b0k 8,03 3.13 2.50 2,k 2.70 2,59 38,81
MACOMB COUNTY
City of Fraser 12,6 | 11.% | 12.6 | 12,4 | 16,0 | 20,2 23,8 | 17.9 | 16,2 165 1 15,7 13.4 186.6
village of Richmond [ 6,13| 6.18 | 6.85| 6.70 | e7.20! e7,90| 8,30 7.48| 7.79| 7.3%1 6,791 6.50 | 85,16
Village of Romeo 10.6 10.0 10.3 10.2 10.4 12,2 1h,2 18,3 11.2 10.6 10k 10.1 134,50
MANISTEE COUNTY
City of Manistee 1,8 37.7 b2,6 38,6 SR 50,3 61.0 55.1 k0.3 40.6 39.7 3h b 527.5
MASON COUNTY
Tity of Scottville L31{ b0 s5.22] 4961 6,94 7,51 10,05] 9.00! 6,92 | k6L 5.50] 4.3 357
MONROE COUNTY
Village of Carleton | 2.65| 2.77| 2.6%] 2.,65| 2.71| 2.8 3,121 3.03 3,00| 2,81 2,40 2,28 32,88
MONTCALM COUNTY
ity of Carson City | 8.90| 7.90] 8.04| 8.15| 9.55| 10.88] 10.90| 10.77| 10.46| 10.30; 3.82] 9.92| 1i5.73
City of Greenville | 30,9 | 27.2 | 25.1 | 23.8 | Q7.0 | 32.2 | 3L.9 [e2h5 fe25.5 | 22.5 | 19.8 | 20.7 | e309.1
Village of Howard
ci‘,‘, .66 .76 851 1,021 1,00f 1.4 1.5 ‘ 1,22 .99 .BL R .80 11.59
Village of Lakeview - - ali b6 - - 85.56 - - a4,73 o .- ak 80 19.55
1.13% .95 1.09 .96 1,82 2,07 3.6 1.8 1,70 1.28 1.06 1,1k 18,31

Village of Sheridan




Table 2,--Reported ground-water pumpage by some Michigan municipalities, institutions,
and industries (in willion gallons).--Coutinued

1961
Water User Jan, Feb, Mar, | Apr. May June July Aug, | Sept, Oct, Nov, Dec, Total

MUSKEGCN COUNTY

T Tity of Montague 3.87 | 638 k35| 3781 6,531 8,12 830 | 1031 5.68( 5.70| 6.20] 5.86 75.06
City of Whitehall 9.03 BB | 9.26 1 9,67 | 13,1k | 15,48 | 20,83 | 18,08 | 12,16 | 10.98 | 9,54 | 9.97 146,55
NEWAYGO COUNTY
City of Fremont 11.2 12,9 11.7 12,6 13,2 17.3 28,k 29,4 29,k 25,7 2k,2 30,3 246,8
OAKLAND COUNTY
City of Birmingham 066 069 077 072 062 L0751 .068 .07 070 J061 066 +069| c,B826
Cranbrook School 8.2 3.8 7.3 8.9 12,4 13.6 13.1 1.1 13.% 16,1 10.9 8.5 127.8
Mich, State Univ, LBhol 1,352 1,067 .906 976 R4 459 Ry WB12) 1.566) l.hkeg| i.k12 11,673
at Oakland
Village of Oxford k,69 k.65 4,33 4,26 6.13 5.83 7.00 5.5k 4,82 o3h 4,80 67 10 63.08
City of Pontiac 288 2kk 267 267 305 348 343 321 278 30; ? 288 27; T },528
State Hosp. at
Pontiac 14,1 12,6 14,3 13.9 5.2 15,3 14,5 13,6 14,9 8.0 .5 3.1 140,0
Village of Rochester| 37.3 3k.9 hi,2 k0,9 43,7 k7.8 53,2 k2,7 39.8 36,5 33,2 34,9 86,1
City of South Lyon | 33.6 | 35.7 | 4.8 | 39.3 | k1.7 [ 43,5 | 29.1 43,6 | 38.7 | Bo.5 | 37,0 | 43,6 468,2
City of Sylvan Lake | 3,53 | 3.63 | 3.0k | 3h2| 3841 bbg | 6,48 | 543 | Lhbe | 3.k2! hav! 3,6&5 49,72
City of Troy 2l.2 | 20.4 | 22,9 | 23,7 |29.9 | 33.1 | 26,6 (30,7 | 32.1 |29.0 254 | 21.8 316.8
Waterford Twp. 19.6 18,3 20,0 {e20.0 25,7 31.9 59,1 51.6 28,5 | 22,9 | 23.6 22,5 | e313,7

OCEANA COUNTY
City of Hart 10.3 10.k 10.5 9.4 12,0 1.6 36,
Village of Pentwater L157 156 156 161 J16% L168] 4,

27.0 19.2 24,7 20,3 11.0 205.5
21 | b.576 .181 170 160 158 10.527

OGFMAW COUNTY
City of West Branch 5.83 6.56 7.26 5,82 To32 8,61 8.37 8,71 6,86 6,81 6.29 5.79 8k,23

OSCECLA COUNTY

City of Evart 230.0 1e30,0 [e30.0 [e25.0 {e25,0 |e25.0 [e26,0 E26,0 [e26,0 [e35.0 [e35.0 [e35.0 e348,0
OTSEGO COUNTY
City of Gaylord 8.58 9.75 | 10,99 | 10.%0 | 10,68 | 11,17 | 11.59 |11.17 { 15.k5 8,8k B4y 8.82 126.03%
N. Mich. T B San,
at Gaylord el b3 [ e1,29 | el 43 | 21,38 | el 43 | €138 | el 43 Jel b3 | 1,38 | el.i3 1.29 1.35 el6,65

OTTAWA COUNTY
City of Grand Haven

Lake Infil, Wells | 5.7 50.3 53.1 56,3 72, 100.2 |117.0 j06.1 75.9 58.9 5k,1 50,0 839.0
Drift Welis 18.5 16.7 15.8 17.7 16,6 17.7 17.4 17.7 11,9 17.7 6.9 16.7 201.3
City of Hudsonville .- - ald.l .- . 815.0 - .- a30.5 -- - al3.3 69.7
Village of Spring
Lake 9.89 7.99 8,91 9.34 | 13,27 | 20.22 | 23,50 |17.96 | 10.65 3.11 8.79 8.7 18,4
City of Zeeland 19.2 18.2 21.3 22,1 z5.6 32.1 28,5 32,2 36,2 LR 30,9 26,3 328,0
SAGINAW COUNTY
Bridgeport Twp. 5.69 5.01 5.18 S.h2 6,1C 7,72 8.2 7.81 T.2% 6.35 5.80 [ T7.18
Village of St,
Charles 3.5k 357 3.36 3.30 3,94 3.92 L,28 3.48 3,64 357 35,26 2,89 42,75
Thomas Twp. 3.18 | b.3E | 3,23 | 2.9% | 3,60 | 2.95 1 3.17 | 3.53 | 3.86 | ka0 | 3.59 | k12 k2,61
ST, CLAIR COUNTY
~Village of Capac 3.91 | 3.32 | h03 | 3.62 § k29t b9 | 6.89 | 5,50 | k.94 | kook i bosr | 3,76 53.06
city of Yale 3,62 3,61 4, ko 4,79 5,25 5,43 6.87 5.92 5.80 h,21 4,12 b,06 58,98
S1. JOSEPH COUNTY
Village of
Constantine -- - 86,97 - - a8,13 - -- a3.33 -- -- ab,54 29,97
City of Sturgis L,y 38.6 y,2 2,2 484 55.2 61.1 57.1 54,5 51,2 50.6 46,9 594 ,1
City of Three
Rivers 25,2 25,3 27.0 27.2 32.7 33,3 38,1 32,2 30,6 26.1 2h,9 26,0 348,6
SAVILAC COUNTY
312{325 §§oswe11 8.68 | 8,38 1 8.51 | 10.78 | 14,73 | 12,87 | 17.9% | 28,kk | 21,61 | 20,15 | 17.58 | 13.25 | 18,7
Deckerville 3.25 | 3,18 | 3,70 | 3.56 | M.17 | 3.80 { k.70 | 9.29 | 5.68 | k27 | AT [ BTY 5877
City of Sandusky 13.8 14,0 14,1 12,5 14.8 15.5 13.9 k.2 13,8 12,7 11.8 12,5 163.6
SHIAWASSEE COUNTY
City of Corunna 6.32 | 5.23 | 5.69 | 5.1 | 5.90 | 6.59 | 6,71 | 6,45 [ 6,1k | 5.88 1 5,50 1 5.7 T1.55
city of Durand 10.5 9.8 | 11.6 | 11.1 i1,k 10.7 12,5 10.3 (11,1 10.7 | 10.2 10,1 130.0
City of Owosso 69.3 66.9 Th,1 68,2 75.7 82,4 9L.1 79.9 T9. 4 77.4 .7 73.2 909.3
Village of Perry 1.86 | 1,59 | 1.76 | 1.68 ] 1,96 | 2,16 | 2.7% | 1.95 | 1.70 { 1.81 | 1.59 | 1.65 22,46
TUSCOLA COUNTY
Stafe Hosp. at Caro 9,84 8,94 9.4k 9,76 | 10.48 | 10.38 | 13,90 9.95 | 10.00 9,54 8.61 9.27 120,07
Village of Cass City| 6.08 6,38 7.05 6,52 7.5 7471 7.84 6.79 6.8 6,41 6,00 | 6.07 81,2
City of Vassar 11.6 15.2 15.1 10.8 12,3 16,6 22,1 15.9 1k,5 13,1 13.1 11.h 169.7
VAN BUREN COUNTY
Viilage of Bangor 13.0 12,9 15.3 14,1 16.0 18.8 22,1 21,2 19.7 20.3 19.4 18.2 211.0
Village of Hartford 5,17 4,91 5.08 5.27 8.42 9.19 | 12.36 8,34 7.36 6.59 5.4 5459 83.62
Village of Lawton 25.9 23,6 15.3 19.9 16.3 17.8 20.2 15,7 20,7 k0,5 16.6 17.1 249,6
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Table 2.--Reported ground-water pumpege by some Michigan municipalities, institutions,
and industries (in million gallons).--Continued

water User Jan, Feb, Mar, Apr. |[May June July Aug. Sept. Oct. Nov, Dec, Té?ﬁ%
WASHTENAW COUNTY
City of Ann Arbor 65,1 55.6 | 7.8 | 76.2 | 83.0 | 9k.0 jl19.4 1113.9 pok.0 6h,1 | 59.7 | 75.0 | c984.8
Boys Tng. School at

Whitmore Lake 638] 511 59| LSk9l 626 677 806 g 887 .Boz2 Bugl 738 8.525
Cassidy Lake Tech,

School 1.3 1.2 1.3 1.4 1.k 1.5 el.5 el,5 |el.h el.3 el,2 el,2 el6,2
Village of Dexter 3.89 3,82 3,90 3,14 4,29 3,62 6.15 .82 5.66 4,96 k.27 3.59 52,11
City of Saline Lok | 3,71 | 4.8 | Lo7h | 6.30 | 7.1 9.45 1 7.38] 7.03 6.29 | 6.07 | 7T.20 74,35
City of Ypsilanti 4.5 | 66.9 |73.9 | 79.3 | 82.9 [90.9 [108.4 | 95,5 jok.k 86,5 | 87.8 | 89.3 i1,030,1

/Ypeilanti Twp, 187 163 164 157 174 192 199 193 hT75 197 197 177 2,175
* State Hosp, at

Ypsilanti 15.7 { ik {11 | 15.7 | 15.7 | 17.7 | 20.7 | 20.8 [16,1 14,7 12.2 13.2 192,0

Village of Manchester| 3,67 3,56 4,00 k09 4,12 4,75 4,88 5.k0 1 5,60 3,88 .08 okl o
WAYNE COUNTY

City of Belleville .- - al5.b -- -- al5.9 -- ==  pl3.1 - - al3, b 57.8

State Hosp. at

Northville 21.6 19.k 21.6 21k 21.0 20.6 21.8 21,0 |20.0 21,2 21.2 21,6 2524
City of Plymout™ 51.2 46,2 50.1 50.2 sh % 59.7 67.0 66,3 [712.1 60.1 5543 52.0 K
State Home and ing,

School at North-

ville 2,20 | 1.86 | 1.95 ! 1.70 | 1.7% | 2.05 | 1.83 | 2.59| 1.76 147 | 2.9 | 2. 23.73

WEXFORD COUNTY
Tity of Cadillac 16.0 | 15,7 | 15.9 | 13.6 | 34,5 |Us.2 | k.0 | 43,1 130.5 18.5 | 14,8 | 15,7 | d304.5
City of Manton R 1,23 1.13 1.16 1.35 2,%2 3.49 1.17} L.21 72 52 .83 15.62

a) Meters read quarterly
b) Pumped in summer months only
c) Also use surface water

d)} Surface water used until

e) Estimated

oct. 26
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