WATER SUPPLY REPORT

STATE OF MICHIGAN
DEPARTMENT OF CONSERVATION

GERALD E. EDDY, DIRECTOR -

GEOLOGICAL SURVEY DIVISION
WILLIAM L. DAOUST, STATE GEOLOGIST

SUMMARY

OF

NUMBER SEVEN

GROUND-WATER CON DITION s

IN
MICHIGAN

1962
| BgY

P R( GIROUX AND G. C. HUFFMAN>

: Iy N EX A
M\“ ; e Emgx&ﬁ <

U. S. GEOLOGICAL SURVEY

W

GEO LOGICAL SURVEY

I

: i : : e 1 : > i i .
: E < i B i 3 - i s b y i . e
: R VA : : ! : : N T L
§ : i i ‘jf«\:' : . Y Z " | R e e g ‘
7 i N i 3
I o { ‘ ; ; ko !
o B f , i : . H . H T ; '{”
: : : ‘ ; : ; : : !
ifv"\‘ - i i [ i T ‘ |
% ;

4\{ REPARED IN COOP;ERATION WITH mﬁx ‘
: u?mxfo STATES DEPARTMENT OF THE tNTEthR

T i
"‘\/‘I
%
i - S

JANL TEB MAR APH MAY  JONE Ul TAUC SRR T IO

N
963 i

16!

'MF'SY"'JM UL TR TSP SR RIS
1




WATER SUPPLY REPORT

STATE COF MICHIGAN

DEPARTMENT CF CONSERVATION
Gerald E. Eddy, Director

GECLOGICAL SURVEY DIVISION

SUMMARY OF GROUND-WATER CONDITIONS IN MICHIGAN
1962
By
P. R. Giroux and G. C. Huffman

U. S. Geological Survey

Prepared in cooperation with the
United States Department of the Interior
Geological Survey

1963

NUMBER SEVEN



CONTENTS

Page
Introduction . 1
Cooperation . 1
Ground-water supplles in Mlchlgan . 2
Objectives of the observation well program . 3
Scope of this report e e e e . . 5
Open-file and published records e e e e e e e e e e e e e e 5
Well-numbering system . 8
Acknowledgments 8
Precipitation and temperature . . . . . . . . . .. . .« « e w e .. 9
Summaries of ground-water conditions . . . e e e e e 11
Statewide changes in storage from natural 1nf1uences e e e e 11
Northern Peninsula . . . . . . . . . . . . . . . . . . . 11
Southern Peninsula . . . . e e e e 11
Statewlde changes in storage from pumplng 1nfluences e e e e 19
Northern Peninsula . . . . . . . . . . . . . . . . . . .. 21
Gogebic County e e e e e e e e e e e e e e e e e 21
City of Ironwood . . . . . . . . . . « . . . . 21
Ontonagon County . . e e e e e e e e e e e e 23
Village of Ontonagon e e e e e e e e e e e e e 23
Southern Peninsula . . . . . . . . . . . « . o o e b s e W 23
Barry County . . . . e e e e e e e e e e e e e e e 23
City of Hastlngs e e e e e e e e e e e e e 23
Bay County . . . . e e e e e e e e e e e e e e 23
Pinconning Townshlp e e e e e e e e e e e e e 23
Calhoun County . . e e e e e e e 27
Battle Creek Metropolltan Area e e e e e e e 27
Clinton County . . . . . . . . . ¢ « . . o o o . . . 32
City of St. Johns . . . . . « + « « ¢« « « o « « . 32
Eaton County . . . e s e s o e s e s o s a4 e s 32
City of Grand Ledge e e e e e e e e e e e e e e 32
Genesee County . . e e e e e e e e e e 32
Flint Metropolltan Area e e e e e e e e e e e 32
Gratiot County . . . . . . « « o ¢ o ¢ ¢ « « o 4 & o & 35
City of Alma . . . . . « « o v v o v o v v v o 35
City of St. Louis . . . + « . « v o v« « v o o . 35

Ingham County
Lansing Metropolitan Area C e e e e e e e e e 35
Jackson County . . . . . . . . . . . o o e e e e e . 39
City of Jackson . . . . . . . « . . « .« . . . . 39
Kalamazoo County . . . . . . . . . . . . . . . . . . . 45
City of Kalamazoo . . . . . . . . « « « v o « « o« 45
Kent County . . A A1
City of Lowell 1

City of Wyoming . . . . . . . . . . . « « . . . . 49



CONTENTS (continued)

Summaries of ground-water conditions-Continued
Statewide changes in storage from pumping influences
Southern Peninsula--Continued

Oakland County . .
Ozkland Unlver31ty
City of Pontiac
Village of Rochester
Waterford Township .

Washtenaw County .
City of Amnn Arbor . .
City of Ypsilanti . .,
Ypsilanti Township

Wayne County . . e e e e e
City of Plymouth e e e e e

Wexford County . e e e e e e e e
City of Cadilliac . . . . . . .

References . . . v v v v o o o o o o o o o o o

Page



Figure

= W N+

\n

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22,
23.
24,

ILLUSTRATIONS AND TABLES

Areas of principal sources of public ground-water supplies .

Location of observation wells in Michigan, 1962 .

Annual regional departure of precipitation from average in
1962 .

Month-end water levels in key observation wells in the
Northern Peninsula, 1962 . .

Hydrographs of two wells, and preCipitation in Chippewa

and Schoolcraft Counties, 1952-62 . . . . . . . .
Hydrographs of eight selected wells in the Northern

Peninsula, 1961-62 . . . . . e e .
Month-end water levels in key observation wells in the

Scouthern Peninsula, 1962 . . . . . e e

Selected recorder charts showing effects of natural
climatic conditions on water levels 1in observation wells
Selected recorder charts showing effects of nearby pumping

on water levels in observation wells . . . . . e e
Hydrograph of two wells, pumpage, and preCipitation at
Ironwood, 1961-62 . . . . . . « « . . . ...
Hydrograph of gallery, pumpage, air temperature, and Lake
Superior levels, at Ontonagon, 1961-62 . . . . . . . . .
Hydrograph of well, pumpage, precipitation, and river stages,
at Hastings, 1958 62 . . . .. . e . . e .
Hydrograph of well, pumpage, and preCipitation, at Pinconning
Township, 1962 . . . . . e e e
Hydrograph of well at Verona Station, pumpage, and preCipita—
tion, at Battle Creek, 1939-62 . . . . . .
Hydrographs of three wells, and preCipitation at Battle
Creek, 1947-62 . . . . . . . e e . .
Hydrograph from continuous recording gage on well at St
Johns, March 7-8, 1963 . . . . . . . e e e s
Hydrographs of two wells, pumpage, and preCipitation at
Grand Ledge, 1960-62 . . . . . o e e e e e .
Hydrograph of well, pumpage, and precipitation, at Fisher
Body Plant neay Grand Blanc, 1952-62 . . . . . . . . ..
Hydrographs of wells, municipal pumpage, and precipitation
at Alma and St. Louis, 1960-62 . . . . . .
Hydrographs of five wells tapping the Saginaw Formation in
the Greater Lansing area, 1961-62 . . . . e e e . .
Hydrographs of five wells, pumpage, and preCipitation, at
Lansing, 1929-62 . . . . . .. .
Hydrograph of two wells, pumpage, and preCipitation, at
Jackson, 1960-62 . . . . e e e ..
Hydrograph of well, and river stage at Belden Road well
field, Jackson, 1962 . . . . . . e e . e e e e

Hydrographs of two wells, pumpage, and precipitation, at
Kalamazoo, 1946-62 . . . . . v v v v e e e e e e e e e

Page

10
12
13
15
17
18
20
22
24
25
26
29
31
33
34
36
37
38
41
43
44
46



Figure
25.
26.
27.
28.
29.
30.
31.
32,

34,
35.
36.
37.
38.
39.

Tables

ILLUSTRATIONS AND TABLES (continued)

Hydrographs of two wells, pumpage, and precipitation, at
Kalamazoo, 1962 . . .« . v i . e e e e e e e e e e e
Hydrograph of well, pumpage, and precipitation, at Lowell,
1961-62 . . e e e e e e e e e e
Hydrographs of two wells, pumpage and precipitation, at

Wyoming, 1960-62 .
Hydrographs of four wells at Wyoming, for months October

to December, 1962 . . . . . o e e .
Location of well fields and observation Wells in Wyoming

area, 1962 . . . . . . . e e e e .
Hydrograph of well, pumpage and precipitation, at

Oakland University, near Rochester, 1961-62 . . . . .

Hydrograph of well, pumpage, and precipitation, at Pontiac,
1962 .

Hydrograph of well at Pontiac 1939-62 e e e e e e e
Hydrograph of well, pumpage, and precipitation, at
Rochester, 1961-62 . . . . e e e e e e e e e e
Hydrographs bf two wells, pumpage and precipitation, at
Waterford Township, 1961-62 . . . . e e
Hydrograph of well, pumpage, and preCipitation at Ann
Arbor, July-December, 1962 . . . . . e ..

Hydrographs of three wells, pumpage, and precipitation
at Ypsilanti, 1960-62 .

Hydrographs of 5 wells, pumpage, and preCipitation, at
Ypsilanti Township well field, 1962, and 1950-62 .

Hydrographs of two wells, pumpage and precipitation, at
Plymouth, 1961-62 . . . . . ..

Hydrographs of well, pumpage, and preCipitation, at
Cadillac, 1949- 62 e e e e e e e e e e e e e e e e

[ ]

Records of Michigan observation wells and extremes in water
levels observed in 1962 and for the period of record

Reported ground-water pumpage by some Michigan municipali-
ties, institutions, and industries (in million gallons)

Page

L7
L8
50
51
52
5k

55
56

57
59
60
61
63
64
66

68

(4



SUMMARY OF GROUND WATER CONDITIONS IN MICHIGAN
1962

By

P. R. Giroux and G. C. Huffman
INTRODUCTION

This report is the seventh 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 collec-
tion 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.

Cooperation

Ground-water investligations in Michigan are made by cooperative
agreement with the Michigan Department of Conservation, G. E. Eddy, Director,
G. A. Walker, Chief Deputy, through the Geological Survey Division.

The systematic collection of ground-water level records is aided
by the following municipalities, institutions, and private organizations:

Citles and villages of Alma, Ann Arbor, Battle Creek, Beaverton,
Cadillac, Coldwater, Dowagiac, Grand Ledge, Greenville, Hastings, Hillsdale,
Holland, Ironwood, Jackson, Kalamazoo, Lansing, Lowell, Marshall, Mason,
Ontonagon, Plymouth, Pontiac, Rochester, St. Johns, St. Louls, Wyoming;
Ypsilanti; Cranbrook School, Michigan College of Mining and Technology,
Oakland University; State Hospitals at Howell, Ionia, and Ypsilantil; Fisher
Body Division of General Motors Corporation; and Wisconsin-Michigan Power
Company .

Cooperative ground-water investigations by the U. 5. Geological
Survey in Michigan are directed Jointly by 0. M. Hackett, Chief of the
Ground Water Branch, U. S. Geological Survey, Washington, D. C. and the
State Geologist, 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 Slily 1949 1156
1936 817 1943 986 1950 1165
1937 810 1944 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 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 first of these series for the Northeastern
States, which includes Michigan, has been published for the 2-year period
1956-57 as Water-Supply Paper 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 "Summary of Ground-
Water Conditions in Michigan" by the Michigan Geological Survey was started

in 1956.

The first of six reports of this series published cover ground-
water conditions in Michigan for the calendar years 1956 through 1961 as
follows:

Water Supply Report Year

1956
1957
1958
1959
1960
1961

O\ W

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 Supplies in Michigan

Large supplies of good-quality ground water are avallable
throughout most of the State. However, in parts of the extreme southeast
and the Thumb and Saginaw Bay areas of the Lower Peninsula, aquifers yield
only small quantities of water. In addition, the underlying rock formations
yield saline or high sulfate water.



Investigations of the ground-water resources of the State have so
far been limited to detailed studies of a few urban areas and reconnaissance
studles of some Upper Peninsula counties. There is a need for a comprehen-
sive study of the State's entire water resources and problems as a guide to
intelligent development of both surface and ground-water supplies,

Figure 1 generalizes the principal aquifers from which ground-water
supplies are obtained for municipal or public use., This generalization does
not imply that water can be obtained only from these specific aquifers in
each area. In areas where the bedrock serves as the principal aquifer, the
overlying drift may be an additional source of ground water; in some areas
where the glacial drift is the principal aguifer, water can also be obtained
from the bedrock.

Yields of ground water from individual public supply wells vary
widely -- some yielding only 100 gallons per minute (gpm) while others can
be safely pumped at rates up to 2,000 gpm. Highest reported yields of ground
water generally are obtained from buried outwash channels in the glacilal
drift. Sandstones of the Marshall and Saginaw Formation yileld as much as
1,000 gpm to wells in the southern part of the Lower Peninsula. Unfortun-
ately, cities are not always located where high-yield aquifers are present.
Water from these high-yileld sites, however, can sometimes be piped into
urban areas,

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 for-
ces 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 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 in-
vestlgation may be related.”
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Scope of this Report

This report is based on periodic measurements of water levels
made during 1962 in 235 wells, of which 77 were equipped with continuous
recording gages. The report summarizes water-level changes observed through-
out the State, and analyzes these changes in selected areas. During 1962
the cooperative program was continued with the addition of 11 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. This information is used to guide water-management prac-
tices in these areas.

The location of wells in which water levels were observed in 1962
is shown in figure 2.

Table 1 lists the basic information for each observation well,
and the extremes of water-level fluctuations in 1962 and for the period of
record. Fluctuations of water levels in representative wells are also
shown by hydrographs, and in many cases graphic interpretations of the changes
in water level are made possible by including records of precipitation and
(or) pumpage. Several illustrations in this report include graphs showing
the cumulative departures of annual precipitation from the long-term mean.
These graphs were constructed by using the "zero" or "average" line to denote
the average precipitation for the period of record preceding the period of
the graph. Starting at this line the excess or deficlency of precipitation
for each month or year is added algebraically. Thus, for each time unit, a
line sloping downward indicates below-average precipitation, and a line
sloping upward indicates 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 graph 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 hydro-
graphs 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 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
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Peninsula are also kept on file in the office of the State and Federal
Geological Surveys, 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. 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 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. 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 Department of Conserva-
tion, Publications Room, Mason Building, Lansing 26, Michigan.

Reports of cooperative ground-water investigations covering
specific areas of the State are also published by the Michigan Geological
Survey or the U. S. Geological Survey. These reports are also avallable
for inspection at the offices listed above.

Well-Numbering System

The well-numbering system used by the State and Federal Surveys
in Michigan indicates the location of wells within the rectangular subdivi-
sion 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 number 32N 6E 16-1 is well number 1 in section 16,
Township 32 North, Range 6 East.

Acknowledements

Acknowledgment is made to personnel of Federal and State agencies,
industrial concerns, well drillers, consultants, municipalities, and public
utilities whose cooperation has contributed to the accumulation of the basic
data presented in this report.

Appreciation is also extended to Messrs. J. G. Rulison and
A. E. Slaughter of the Michigan Geological Survey, for thelr assistance
in the editing of this series of reports.



PRECIPITATION AND TEMPERATURE

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 (rain or snow).

Hydrographs of natural fluctuations of water in wells (figs. 4
and 7) show that 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 snow-
melt and early spring precipitation may be mostly lost by quick surface
runoff, In the fall of the year, after the growing season ends and
evapotranspiration demands are reduced by colder weather, substantial
rises in water levels from rains usually occur.

According to the U. S. Weather Bureau, precipitation in 1962
was below average in all climatological divisions of the State. Depar-
tures ranged from 0.16 to 8.84 inches (fig. 3). Although precipitation
was below average in all climatological divisions of the State, a few
localities within these divisions had more than average precipitation.
The deficiencies resulted in lower ground-water levels in the State,
especially in the south-central lower area where precipitation has also
been deficlent in the previous two years.

Temperatures during the year were colder than average. Although
May was much warmer than normal, the summer months were cooler and served
to reduce evapotranspiration and irrigation demands for ground water.
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Figure 3. Annual regional departure of precipitation from average in 1962.



SUMMARIES OF GROUND-WATER CONDITIONS

Statewide Changes in Storage from Natural Influences

Northern Peninsula

Water levels in four key wells (fig, L) were the lowest of the
past several years. Below average levels prevailed during most of the year
as the result of precipitation deficiencies of the past two years. Levels
fell to record low in the Schoolcraft County well at the end of the year.

Water levels in two wells affected only by natural conditions con-
tinued to decline in 1962 (fig. 5) as the result of precipitation deficien-
cies. The seasonal patterns in water level are different in the two wells.
Levels in both wells rise in the Spring, but only the Schoolecraft County well
shows recovery in the fall.

Stages were slightly lower in 1962 as the result of deficient rain-
fall, in seven out of eight wells (fig.6). Note the similarity of fluctua-
tions in each well for the 2-year superimposed record. These wells are fin-
ished in various aquifers in various parts of the Upper Peninsula and each
has a distinctive pattern of fluctuations. For instance, Spring peaks of
water level generally are higher in shallow than in deep wells.

Many observation wells in the western half of the Northern Penin-
sula are maintained and measured by the Wisconsin-Michigan Power Company
(Table 1). They serve 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, and the levels reflect
changes 1n natural storage in the shallow aquifers of that area. The Com-
pany issues monthly summaries of hydrologic conditions and annual summaries
containing valuable information such as weather, evapotranspiration, and
ground-water storage data. The 1962 annual Weather Bulletin of the Company
(p. 1) states Mas the year ended, the average water table was at elevation
1.83 feet compared to a normal year-end elevation of 2.09 feet". Accord-
ing to their report, water table elevations were above average the first
5 months of 1962 and then below average the remainder of the year.

Southern Peninsula

Figure 7 gives the month-end levels as compared to extremes and
average of record for eight key wells affected primarily by natural condi-
tions.
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1952-62.
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Figure 8. Selected recorder charts showing effects of natural climatic
conditions on water levels in observation wells.
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Water levels in most of the wells, reflecting the large defi-
ciencies of precipitation, fell to stages ranging from below average to
record low by the end of the year.

In Kalkaska County, levels for 1962 were below average while
in Roscommon and Sanilac Counties, 1962 levels remained about average.
In the Gratiot County well stages were below average during most of the
year. Water levels in the four wells in Clinton, Ingham, Calhoun, and
Cass Counties remained below average during the entire year as the re-
sult of continuing general deficiencies in precipitation during the last
three years.

Reproductions of charts taken from recording gages in operation
on four wells in which water levels respond to natural conditions are
shown in figure 8. Each chart shows about a month's record. The vertical
lines equal eight hours of pen travel or three lines to a day. Chart A is
typical of rises in a shallow well, during the spring, from snowmelt and
rainfall and before evapotranspiration begins. In Chart B evapotranspira-
tion during the growing season and in the daylight hours causes dally
fluctuations in water level. Chart C shows the seasonal decline, with
evapotranspiration minimized owing to the greater depth of the well, and
the temporary effect of periods of precipitation on the decline. Chart D
shows the summer decline with slight vertical oscillations caused by pass-
ing of raillroad trains nearby.

Statewide Changes in Storage from Pumping Influences

In areas where ground water is used for municipal or industrial
supplies, hydrographs of water levels in observation wells are useful to
show the relation between discharge from wells and natural, induced, and
artificial recharge to aquifers. Declines, except as caused by precipita-
tion deficiencies, indicate depletion of storage in the aquifers caused by
punping. An effective method of determining the amount of water available
from an aguifer is the analysis of long-term records of water levels and

pumpage.

A recording station provides for the continuous collection of
basic water-level data, which serves to indicate both the day-to-day and
also the long-term effects of pumping. Thils information can be especlally
valuable to municipalities, industries, institutions, and thelr consultants
to estimate the capacity of aquifers to meet present and future demands for
water, to determine the desirable separation between wells, and to 1ndicate
whether expansion of ground-water supply systems 1is feasible.

In 1962 many record near-or record lows were observed in heavily
pumped areas of the State. The low water levels were partly the result of
deficient precipitation, but in many cases increased withdrawals of ground
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water due to population and industrial growth and the increased demand for
water created by modern living was an important contributing factor.

Reproductions of four charts, taken from recording gages on ob-
servation wells, reflecting pumping influences on water levels are shown
in figure 9. All are records for about a month except for the Genesee
County graph which is for a week. The vertical lines are equivalent to
eilght hours,or one day for each three lines on the monthly charts, while
on the weekly chart, vertical lines are equivalent to two hours each, or
12 lines a day. Chart A shows weekend, and the daily fluctuations of
water levels from pumping, while Chart B shows the daily fluctuations from
pumping by an industrial plant. Chart C is a monthly chart showing the
effects of pumping by a municipal well about 500 feet away at the rate of
over 2,000 gallons per minute. Chart D is a monthly chart, with effects
on water levels of automatic controls turning a nearby pump on and off as
needed. The pumping well in this case is only about 15 feet distant.

Northern Peninsula

Gogebic County

City of Ironwood.--The City obtains 1ts municipal supply from
wells finished in glacial drift aquifers at depths of from about 20 to
120 feet, Reported municipal withdrawals of ground water by the City total-
ed 324 million gallons for the year (table 2), about 10 percent less than
in 1961. During periods of heavy precipitation some of the excess water
from the nearby creek is diverted into a recharge channel to help maintain
high ground-water levels by induced infiltration.

A recording gage has been in operation on well 34-3 since July,
1961. A second recording gage was installed in mid-1962 on an unused well
to further observe effects of municipal pumping at well field SE Gp 3.
The observation wells are at about equal distance from a nearby creek, but
well 34-2 is further from pumping and as a result, its water levels are
slightly higher (fig. 10). The sharp fluctuations in the hydrographs coin-
cide with periods of rainfall and apparently are not the result of pumping
from the field. The daily range is only about 1/10 of a foot (Fig. 8,
Giroux, 1961). The decline in levels (well 34-3) during the 1961-62 winter
indicates probable lack of recharge from surface sources as the result of
frozen ground. Above freezing daytime temperatures from about mid-March
resulted in several feet of rise from recharge owing to the melting of about
three feet of snow cover. Despite a deficiency of four inches of precipi-
tation for the period illustrated, water levels at the end of 1962 were a
foot higher than at the end of 1961.
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Cntonagon County

Village of Ontonagon.--The Village obtains water for public
supply from a tile infiltration gallery tapping the beach sand aquifer
parallel to and near the shore of Lake Superior. When water is pumped,
infiltration through the sand replenishes the gallery. Municipal with-
drawal of water from the gallery by the Village was 175 million gallons
in 1962 (table 2) or about 40 percent more than the 124 million gallons
pumped in 1961.

A recording gage has been maintained since December 1960 in the
gallery. Despite the 40 percent increase in pumping, water levels in the
gallery showed little change in 1962 (fig. 11). The water levels princi-
pally reflect changes in recharge by infiltration from the Lake. Water
levels in the gallery are lower in the winter as a result of colder and
thus more viscous water (Giroux, 1961). In addition, lakeshore ice and
lower lake levels reduce the area of infiltration. Pumping rates are con-
trolled insofar as feasible to maintain water levels because the iron
content of the water increases when levels in the gallery are drawn below

about 14 feet,

Southern Peninsula

Barry County

City of Hastings.--Water supply is obtained from wells tapping
the glacial drift aquifer at from 40-60 feet and from one well tapping
sandstones of the Marshall Formation to a depth of 350 feet., Municipal
withdrawals of ground water were reported as 396 million gallons (table 2),
an increase of 48 mg over 1961 and only slightly less than the record 398 mg

pumped in 1960.

The use of water from the deep well has allowed water levels to
recover in the overlying drift aquifer (fig. 12) despite increased municipal
pumpage and large deficiencies of precipitation totaling over 30 inches for
the 1958-62 record. Water levels in the observation well were higher in
1962 than at any time during the period of record.

Bay County

Pinconning Township.--In August a recording gage was installed on
an observation well finished in the Saginaw Formation in Pinconning Township
to observe the effects in the area of pumping withdrawals of ground water and
natural climatic effects on the ground-water levels(fig. 13)

The City of Pinconning nearby derives its water for municipal supply
from an intake into Saginaw Bay, but in order to augment its supply began
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pumping in September 1962 from a well tapping the Saginaw Formation at the
same depth and within a half mile of the observation well. The City pumped
2.9 million gallons of ground water (table 2) for municipal use in 1962,

Other wells measured periodically in the vicinity (table 1) showed
the same general trend in ground-water levels.

Although pumping of the city well began in September, the water
level in the township observation well generally rose from that time to the
end of the year. The rising water level probably was caused by increased
recharge after the end of the growing season. A longer period of record
will be required to accurately evaluate the effects of pumping in this area.

Calhoun County

Battle Creek Metropolitan area,--Most municipal and industrial
wells obtain water from sandstones of the Marshall Formation which underlies
the glacial drift in the area. Water levels in the aquifer are generally
within about 20 feet of land surface.

At Battle Creek's municipal well field -- Verona Station -~ there
are about 27 wells tapping the Marshall Formation to depths of 120-160 feet.
A second station -- Goguac -- is supplied by wells finished in drift but is
on a standby basis only. Total municipal pumpage reported by the City of
Battle Creek was 3.5 billion gallons (table 2), a decrease of about 200
million gallons from 1961. In addition, the Township of Battle Creek pumped
345 million gallons for municipal use (table 2).

The effects of long-range municipal pumpage and precipitation
variations are shown by figure 14. Despite heavy pumping and a deficiency
of precipitation of nearly 30 inches in the 1955-62 period, water level
trends in the observation well in the well field do not indicate any serious
decline. The falling trend in the 1955-59 period was partly the result of
precipitation deficiencies, for as evidenced by the graph, the subsequent
relatively steady rate of pumping and near average precipitation of the past
three years has resulted in water levels remaining at about the same height.
It would thus appear that pumpage at the present rate could result in equil-
ibrium between recharge to and discharge from the aquifer at the well field.

Figure 15 shows the effects of precipitation departures, and the
deepening and'lowering of the base level of the Kalamazoo River in mid-1958
below its confluence with the Battle Creek River. The new base level for
ground water discharge has resulted in a lower range in water levels as evi-
denced by the two hydrographs in the center of the figure. The precipitation
departures, as for example the 25 inches of deficiency in the 1955-58 period,
indicate that precipitation has less effect than the base level of the
Kalamazoo River, although it does appear to influence the levels in the
shallow drift as shown by the hydrograph (3-1) at the top of figure 15.
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Although precipitation was deficient in 1962, area water levels
(table 1) were somewhat higher than the record lows experienced in 1959.

Clinton County

City of St. Johns.--The City obtains water for municipal supply
from four wells finished at depths of about 500 feet in the Saginaw Forma-
tion, consisting mostly of shales and sandstones. In 1962 pumpage amounted
to 324 million gallons or three times the amount pumped in 1947,

In November, 1962, a recording gage was installed on an unused
well at the municipal well field. Large fluctuations of water level occur
as municipal pumps are turned on and off. Water levels in the observation
well ranged from 72 to 112 feet below land surface in the November and De-
cember period of record (table 1). An example of a two-day period of water
level changes is shown by figure 16. This is a copy of an actual chart as
removed from the recording gage.

Although no conclusions of trends can be drawn from the short
period of record in 1962, measurements made in 1947 in a nearby well show
that ground-water levels ranged from 36 to 50 feet at that time. This would
indicate a decline in water levels of about two feet a year since 1947,

Baton County

City of Grand Ledge.--The three municipal wells and two observa-
tion wells are finished in the Saginaw Formation at depths of 190 to 400
feet. Total reported municipal pumpage by the City of Grand Ledge (table 2)
was 153 million gallons, a slight decrease from the 156 mg reported in 1961.

Figure 17 is an extension of the illustration that appeared in the
1961 report of this series. Observation wells 2-1 and 11-1 are about one
mile, and one-third of a mile respectively from municipal pumping well num-
ber 2. Water levels in observation well 11-1 are quickly affected by with-
drawals of water from well 2. However, no persistent decline of water
levels is indicated at the present rate of pumpage. Water levels in obser-
vation well 2-1 generally follows the same trends, but the fluctuatlons are
minimized by the greater distance from pumpage. Precipitation changes do
not seem to have a strong effect on the water levels in comparison to

pumpage .

Genesee County

Flint Metropolitan Area.--The City of Flint obtains its municipal
supply from the Flint River. Burton Township on the southern outskirts,
Beecher Metropolitan Water District to the north, and some industries obtain
water from the Saginaw Formation or the overlying glacial drift.

Observation wells in the area finished in the glacial drift
(table 1) were at or near records lows reflecting dryness and pumpage from
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the drift. However, observation well 7N 7E 17-1 finished in the Saginaw
Formation was more than six feet above the record low observed in 1955
probably reflecting the discontinuance of pumpage from the Saginaw Forma-
tion by Burton Township.

At CGrand Blanc, an observation well is maintained at the Fisher
Body Plant well field of General Motors Corporation. Reported pumpage at
the Plant was 80,7 million gallons (table 2), slightly less than the record
82.9 mg withdrawn in 1961. A general trend of declining water levels from
1958 continued through the year 1962. The lowering was the result of rela-
tively heavy pumping beginning in 1959 and was aggravated by a deficlency of
about 15 inches in precipitation in the 1960-62 period (fig. 18). In 1962
this observation well was plugged back to 235 feet from its original depth
of 375 feet so that it would be in the same horizon as the three pumping
wells that are finished at depths of 230 to 275 feet.

Gratiot County

City of Alma.--The City obtains ground water for municipal use
from five wells, 82 to 164 feet deep. These wells and a few industrial wells
tap buried outwash deposits. A sixth municipal well, 550 feet deep, taps
the underlying Saginaw Formation, but is seldom used because the water 1s of
poor quality. Reported municipal pumpage by the City of Alma totaled 606
million gallons in 1962 (table 2) as compared to 604 in 1961 and 645 in 1960.

Water levels in TW 6 (fig. 19) reflect changes in pumpage patterns
and rates by the City. Stages in 1962 were generally lower, mostly as the
result of deficient precipitation inasmuch as total pumpage for the year was
about the same as in 1961. A new low for the six-year period of record was
established in July (table 1).

City of St. Louis.--As in Alma, municipal and industrial supplies
are obtained from buried outwash deposits, but wells are finished at depths
of from 213 to 223 feet. Reported municipal withdrawals of ground water at
St. Louis totaled 232 million gallons (table 2) as compared to 218 and 262,
in 1961 and 1960 respectively. Effects of pumping the city's six wells and
some industrial wells are cobserved by means of a recording gage on unused
city well no. 3. Despite deficient precipitation and some increase in muni-
cipal pumpage in 1962 (fig. 19) the rising trend in water levels continued.

Ingham County

Lansing Metropolitan area.--Most wells in the area obtain water
from the Saginaw Formation. A few tap the overlying glaclal drift for do-
mestic supplies. Municipal, institutional, and township wells tap the Sag-
inaw Formation and are finished at depths ranging from 300 to 500 feet.
Total reported withdrawals of ground-water by municipal, industrial, and
institutional wells in the metropolitan area (table 2) was a record 9.3
billion gallons or an increase of 1.2 billion gallons over 1961,

35
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Most observation wells in the Lansing area, that includes parts of
Ingham, Eaton, and Clinton Counties, reflect the large withdrawals of ground
water from the Saginaw aquifer. In 1962, ten of the nineteen observation
wells in the area fell to new lows of record (table 1) as the result of in-
creased pumping and large deficiencies of precipitation. In the 1958-62
period a deficiency of about 27 inches or nearly a year's normal rainfall
has been recorded.

Hydrographs for the period 1961-62, based on records from five of
the eight recording gages maintained in the area, are shown by figure 20.
Owing to changes in pumpage distribution patterns in the area, only the
Clinton County (Airport) well of the five illustrated was at a low of record.

The long-term record of five observation wells in Lansing (fig. 21)
shows among other things the effect of changes in pumpage distribution on
wells 9-1 and 17-1 after they had fallen to record lows in early 1956. Des-
pite the increased overall pumpage and general dryness since 1956, levels
have been maintained so that no further decline has occurred in these areas.
In addition, stages in wells 21-1 and 22-1 have also remained within a
10-foot range during the last four years.

Most of the record low levels observed 1n the environs of the City

of Lansing were the result of dryness and pumping in the rapidly expanding
suburban areas that require more water for irrigation of lawns and other uses.

Jackson County

City of Jackson.--The City and most large industrial water users
obtain supplies from wells finished in the Saginaw, Parma, and Marshall For-
mations to depths of 380 to 40O feet. Eleven of the 14 municipal wells are
located at the Belden Road Well field. Reported municipal pumpage of ground
water at Jackson totaled 4.2 billion gallons in 1962 (table 2), or 100 mil-
lion gallons more than in 1961. In addition, wells at the State Prison at
Jackson pumped a reported 531 million gallons in 1962.

Water levels in two observation wells (fig. 22) show the effects
of withdrawals of water from the sandstone stratas. Well 2-1 is located
1.1 miles, and well 10-1, 1.7 miles from the Belden Well field. Despite
large drawdowns water levels quickly recover when pumping decreases. Al-
though water levels fell to record lows during 1962 as a result of heavy
municipal pumping, stages by year's end were about the same as at the end
of 1961. For the period illustrated a precipitation deficiency of 16 inches
or about a half-year's rainfall has been recorded.

Additional recording gages were installed in 1962 on an observa-
tion well finished in glacial drift, and on the Grand River nearby to ob-
serve whether hydraulic connection exists between the sandstone aquifer,
the drift, and the Grand River (fig. 23). Some correlation is evident be-
tween the stages of the Grand River and the water levels 1n the drift well.
No short-term correlation with pumping of the sandstone aquifer is apparent.
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However, the water levels in the drift well are lower than the stage of
the nearby Grand River. This reversal of expected water-table gradient,
which normally would be toward the river, suggests some long-term dis-
charge of water from the drift to the sandstone.

Kalamazoo County

City of Kalamazoo.--The glacial drift consitutes the only source
of potable ground water in the area. About 75 municipal and many industrial
wells pump large amounts from the drift aquifers. Municipal pumpage was re-
ported as 4.7 billion gallons for 1962 (table 2), about 200 million gallons
less than in 1961.

Four recording gages are maintained in the area, and periodic
measurements are made 1in several wells (table 2).

Municipal well fields are generally located in areas where re-
charge from surface ponds or streams can be induced into the aquifer by
pumping. As a result, ground-water levels in the well filelds have been
maintained at relatively high stages for many years by controlled withdraw-
als to balance recharge with discharge by municipal wells. For example,
the Axtell Creek area well fields have been used for over 90 years. The
average pumpage from Axtell area for the period illustrated (fig. 24) has
beern about three billion gallons annually and no significant dewatering has
cczurred except as a result of precipitation deficiencies. Since 1952 a
total deficiency in rainfall of 40 inches has accumulated at Kalamazoo.

This amounts to a total loss of over a year's annual preclpitation. However,
despite this loss, water levels have recovered since the record low in 1959.
This rising trend has resulted mostly from reduced municipal withdrawals in
the Axtell area. Pumpage was less in the fall of 1961 and in 1962 when a
drop of 500 million galions of pumpage was reported.

Levels in observation wells A and A-s (fig. 25) reflect changes in
pumplng withdrawals by municipal wells at Station 9. Here, water has been
diverted i1nto a pond from Portage Creek and when withdrawals are made from
the artesian aquifer levels are lowered in both this aquifer (Well A) and
the water table aquifer (Well A-s). The correlation between the daily pump-
ing rates and the water levels in the aquifer is quite evident. In the win-
ter and early spring, water levels remained high as a result of the low and
steady pumping. The subsequent heavier pumplng resulted in low water levels
during most of the remainder of the year, Stages quickly recovered when
pumping was stopped, as in the latter part of October. The heavy pumping
and precipitation deficiencies resulted in siightly lower levels at the end
of the year.

Other wells in the area were in the low range or at lows for the
period of record (table 1) principally as the result of the accumulated de-
ficlencies in precipitatior.
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Kent County

City of Lowell.--The City's municipal supply 1s obtained from
four wells finished in the glacial drift aquifers at depths of 50 to 70
feet, Municipal pumpage for the year (table 2) was reported as 172 mil-
lion gallons, or an increase of 29 mg over 1961,

A recording gage is maintained on an unused municipal well.

Pumping of three nearby wells and precipitation variations seem
to have only temporary effects (fig. 26). Despite about eight inches of
deficiency in rainfall in 1962 ground-water levels were about the same as
at the end of the previous year. Water-levels may be affected by stages
of nearby streams. Ground-water levels rise and fall sharply at about the
same time as the nearby surface streams. Variations in base levels for
ground-water discharge are probably created by the changes in stage of the
streams.

City of Wyoming.-~The City obtains water for municipal supply from
2l wells -- eight finished in the Marshall Formation at an average of about
225 feet and 16 in the overlying glacial drift at depths averaging 50 feet.
Municipal pumpage was reported as 2,131 million gallons for 1962 (table 2).
This was 320 mg more than in 1961 and 602 mg more than in 1960.

Despite the large increases in pumping and deficient precipitation,
water levels in two observation wells in the Marshall Formation (fig. 27)
showed no significant long-term declines in stage. Short-term fluctuations
in water levels in these wells correlate with pumping of municipal wells.

In late 1962, four additional recording gages were installed to
observe water levels in the drift and rock aquifers at greater distances
from the effects of pumping by the City (fig. 28). Water levels shown in
the first three hydrographs varied only slightly during the year and showed
little change from the effects of municlpal pumping. The lower hydrograph
in the figure reflects pumping from Well Field No. 6 about a mile away.
Fluctuations are small, however, and within about a half-foot range. It
should be noted that all these graphs cover only a short period and the
record froma period of the year when pumpage was low.

The location of municipal well fields 1n relation to observatlon
wells is shown by fig. 29. Listed below are the municipal well fields and
the number of wells in the drift or bedrock at each location.

Well field Drift Rock
1 4 2
2 2 1
3 5 1
4 4 -
5 1 -
6 - 3
7 - 1
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Figure 27. Hydrographs of two wells, pumpage, and precipitation, at

Wyoming, 1960-62.
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Oakland County

Oakland University.--Public supplies of water were obtained from
a well tapping the glacial drift at 150 feet until April 1962, when a second
well 183 feet, also in the drift, was put into service. The University
pumped 22 million gallons in 1962 (table 2) as compared to 11 million gallons
in 1961.

The new production well is located close to the observation well,
and sharp fluctuations occur when pumping begins. Water levels quickly re-
cover when pumping stops. A reproduction of a chart from the recording gage
on the observation well is shown in figure 9B.

Both the daily low stages and a hyphenated line showing static
water levels are shown in fig. 30. Static water levels have declined six
feet since the beginning of record. This decline is the result of increased
pumping combined with a precipitation deficiency of eight inches for the
two-year period.

City of Pontiac.--In 1962, the City obtained water from about 23
wells finished in glacial drift at depths of from 100 to 280 feet. Reported
municipal pumpage in 1962 totaled 4,329 million gallons (table 2) or 800
million gallons more than was reported for 1961.

Water levels in an observation well at the Walnut Street station
(fig, 31) were four feet lower at the end of 1962. This drop was the result
of heavy pumping in May through July and deficient precipitation, especially
in the spring and fall, when conditions are usually favorable for ground-
water recharge. Stages in another observation well (Orchard Lake - table 1)
follow closely the fluctuations of water level in the Walnut well,

The long-term hydrograph of the Walnut Street observation well 1is
shown in figure 32. After the long declining trend was reversed in late
1955, water levels recovered somewh,t for several years as the result of
changes in pumpage patterns by the City to control the declining levels in
that area. However, greatly increased pumpage and an overall deficiency of
precipitation of about 18 inches since 1959 have caused a resumption of the
declining trend. Stages are now near 1955 lows.

Village of Rochester.--The Village obtains water from wells fine-
ished in glacial drift at depths of 65 to 120 feet. Municipal pumpage was
reported as 457 million gallons in 1962 (table 2), or 29 million gallons
less than was reported for 1961.

Water levels in the observation well (fig. 33) at the well field
fluctuate sharply from the effects of pumping of nearby wells. Heavier
pumping in late spring and summer resulted in low ground-water levels by
mid-year. Levels at the end of 1962, however, were about the same as at the
beginning of the year, despite the deficiency of more than four inches of
precipitation for the year.
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Figure 30. Hydrograph of well, pumpage, and precipitation, at Oakland Univer-

sity, near Rochester, 1961-62.
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Figure 33. Hydrograph of well, pumpage, and precipitation, at Rochester,

1961-62.
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Waterford Township.--The glacial drift is the only source of
potable water to wells in the Township. Municipal wells are finished at
depths of 200 to 300 feet while about 10 subdivisions obtain their public
supply from wells finished at depths of from 40 to 179 feet. Reported
municipal pumpage by the Township 1n 1962 totaled 382 million gallons
(table 2) or 68 million gallons more than in 1961.

Recording gages are maintained on two observation wells in the
Township. The Garfield Estates well 1s at some distance from pumping while
the Josephine well reflects nearby pumplng. Both wells followed a general
declining trend of water levels as a result of increased pumpage and large
deficiencies of precipitation that have accumulated to about 19 l1lnches, or
more than half a year's normal rainfall in the 1960-62 period (fig. 34).
Despite these factors stages have fallen only about 2% feet in the Josephine
well sinece the start of record in mid-1960.

Washtenaw County

City of Ann Arbor.--The City obtains its water supply from the
Huron River and from wells finished in glacial drift. Most of the wells
are located at the Steere Farm Well Field south of the City. Reported
ground-water withdrawals for municipal supply totaled 985 million gallons
(table 2) or essentially the same as was reported pumped in 1961.

A recording gage was installed in July, 1962, on an unused well
at the Steere Farm field. Stages in the observation well (fig. 35) are
affected by pumping at this field.

During the summer, pumpage was heavy and water levels declined
steadily despite above average rainfall., No pumping for municipal supply
was made at the Steere Farm well field from late September to the end of
the year, and water levels rose in the observation well despite deficlent
precipitation. The sharp fluctuations of water level superimposed on the
rising trend in the fall were the results of intermittent test pumping of
new wells being constructed nearby. IFor example, a new production well
was test pumped at rates of up to 3,000 gallons per minute in late November.

City of Ypsilanti.--The City obtains its municipal supply from
wells finished in glacial drift at depths of 87 to 102 feet. Reported with-
drawals of ground water for municipal supply totaled 1,150 million gallons
(table 2) for 1962 or 120 million gallons more than in 1961.

Stages continued to decline in observation wells 9-2 and 9-3
(fig. 36) as the result of increased pumpage and deficient precipitation in
1962, Water levels in well 9-3 dropped sbout three feet to a new record low.
Periodic measurements of water levels made in well 9-2 show the same general
trend as in well 9-3. In July, 1962, a second recording gage was installed
on a test well (5-1) at a greater distance from municipal pumping wells.
Stages in this well (upper right-hand corner of fig. 36) are near land surface,
but also show effects of pumping by the City.
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Figure 34. Hydrographs of two wells, pumpage, and precipitation, at Waterford
Township, 1961-62.
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Water levels in observation wells in this area dropped about
30 feet during the period 1945 through 1962, (table 1).

Ypsilanti Township.--The Township obtains 1ts water from wells
finished in glacial drift at depths of 50 to 90 feet. Total reported
municipal pumpage by the Township well field for 1962 was 2,130 million
gallons (table 2) or 45 million gallons more than in 1961,

Water levels in three of the five observation wells fell to
lows of record in 1962 (taeble 1). Hydrographs based on records from
two recording gages show the effects of nearby pumping from the well
field (fig. 37). Periodic measurements had been made in well 24-2 until
July 1962, when a recording gage was installed. The long-term hydro-
graph (bottom of figure 37) shows a general lowering of water levels
attributed to the effects of pumping, inasmuch as precipitation for the
period as a whole was above average. Relatively uniform pumpage during
the period 1960 through 1962 resulted in a general leveling off of water
levels. The continued decline in well 24-1 is attributed to increased
pumpage in a nearby well.

Wayne County

City of Plymouth.--The City obtains 1ts municipal supply from
wells finished in glacial drift at depths of 20 to 100 feet located in
three well fields. Reported municipal pumpage by Plymouth was 711 million
gallons in 1962 (table 2) or 26 million gallons more than in 1961.

Water levels in well 9-1, equipped with a recording gage, re-
flect conditions at the Beck Road well field (fig. 38). Here pumping
is held at a relatively steady rate of about a million gallons daily.
The sharp short-term fluctuations indicate the stop and start of pumps
at this field. Large amounts of precipitation in September, 1961, and
recharge from rainfall and thawing of the heavy snow cover in the spring
of 1962, resulted in high stages during those periods. Major trends in
water levels at this field apparently relate to natural climatic conditions
rather than the pumping variations. After the spring high in 1962, the
summer decline began, and levels continued to fall until the end of the
vear, owing to deficient precipitation during the last three months, not-
withstanding the decline in pumping during thils period.

A second recording gage was installed in August 1962, at the
6-Mile Road well field, to assess the effects of pumping by a large-
capacity (about 2,600 gpm) municipal well about 500 feet from the observa-
tion well. Based on the short period of record the effects of pumpling are
small (fig. 38) and trends in water level are about the same as at the Beck
Road observation well.

Water levels in both wells are plotted on an estimated mean-sea
level datum in the illustration to allow comparison.
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Wexford County

City of Cadillac.--The City obtains its municipal water supply
from six wells finished in glacial drift at depths averaging 300 feet.
These wells were put into operation on October 26, 1961 and prior to that
time the Clty obtained its water from surface-water sources. Reported
municipal pumpage in 1962 was 528 million gallons (table 2) or 124 million
gallons more than the combined surface and ground water pumped in 1961.

A recording gage was installed in mid-1961 on a well used for
observation since 1949, to closely observe changes in ground-water levels
from the effects of pumping the new municipal wells. The short-term hydro-
graph of the well (fig. 39) shows the effect of pumping of the new system
on ground-water levels over the past 17 months. Sharp changes in water
level occur during the summer months when pumping is heavy. Some overall
decline in water level has occurred, but part of this decline has probably
resulted from the more than five inches of deficiency in precipitation at
Cadillac in 1962, The lower part of the figure is a long-term hydrograph
of the same well since 1949, showing the effects of mostly only natural
climatic conditions prior to the start of municipal pumping.
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Table 2,«-Reported ground-water pumpege by some Michigan municipalities, institutions,
end industries {in million gallona),
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1962 Max. Min,
Water User Jan, Feb. Mar, Apr. May June July Aug, Sept., Oct, Nov. Dec. Total Day Day
NORTEERN PENINSULA|
ALGER_COUNTY
Burt Township 1.66 1.20 1.79 1.59 1.87 2.09 2.48 1.63 1.37 1.71 1.33 1.51 20,23 182 .030
CEIPPEWA COUNTY
Kincheloe Air Force
Base near Kinross 16.3 14,6 16.4 17.1 20.6 27.5 41.3 3.0 19.4 17.5 16.3 17.9 258.9 - -
GOGEBIC COUNTY
TTFIty of Bessemer 11.11 | 10.52 | 11,85 9.91 | 10.48 | 10,09 | 10.50 | 10.75 9.63 8.98 9.32 9.3 | 122.57 375 300
City of Tronwood 27.% 26,4 304 28.1 27.5 26.3 28.6 29.1 26.1 25.2 2k,0 25.4 3245 1,373 Lubu
City of Wakefield 6.60 5.25 3.35 410 6.20 6,51 6.38 6.38 6.17 6.07 5.79 6,45 69.25 ---- ----
HOUGRTON COUNTY
CIty of Bancock 13.8 12.9 15.0 15,7 15.2 1L.7 15.3 16.1 TR 14.8 14.3 13.5 174.7 575 W2
City of Houghton 26.0 24,8 27.6 26.8 29.8 25.6 25,5 25.9 22.6 24,8 el7.0 23,7 He300.1 1.136 589
IRON COUNTY
CITy of Caspian 7.42 6.61 | 7.57 7.36 7.60 8.01 9.11 9.00 8.91 7.71 7430 7.4 94,00 325 .225
City of Crystal Falls | 18.3 17.6 18.4 19. 19.7 19.5 22.2 19.0 15.7 15.4 13.6 1,7 213.2 .930 543
City of Iron River 11,38 | 11,56 | 12.69 11.78 | 11.92 | 11.48 | 12.72 | 10.19 | 12.39 | 10.12 9.55 9.72 | 13.90 - ——--
City of Stambaugh 7.1k 6,60 | 7.28 .78 7.93 7.58 8.29 8.39 6.78 6.98 6.19 6,06 .00 s .136
Stambaugh Township e.524 e k20| e.520 €.525 €.530 e,645 e.650 e,650 e.524 e.600 ©.500 e.578 e6,666 | e.026 e.016
LUCE _COUNTY
T City of Newberry €10,90 | e10.27 [el1.00 | e10.00 | e10.20 | ell.00 | el2.00 | el2.00 |el0.00 | €9.50 | e9.00 | €9.00 |el24.87 ——-- ——--
State Hospital at
Newberry 9.69 9.67 | 15.38 10,01 11,42 11.81 13.48 15.37 10,54 10,50 12.39 13.71 143,97 - -
MARQUETTE COUNTY :
State House of Corr.
and Br, Prison at
Marquette 7.86 6.72 7.54 7.32 8.00 7.60 8.71 8.76 8.57 8.09 7.67 7.36 9u.20 .2k0 .180
KI Sawyer Air Force
Base near Gwinn 21.3 22,7 23.8 25.0 37.1 36.3 52.1 39.2 24,6 27.3 27.1 28.5 365.0 - “—--
ONTGNAGON COUNTY
Villags of Ontonagon 11.1 10.2 11.5 11.6 16.3 15.7 16.0 17.1 17.0 19.8 17.5 1.2 175.0 ST .250
[SOUTHERN |PENINSULA
ALCONA COUNTY
Tty of Harrisville 1.17 1.21 1.07 .89 1.07 1.17 1.90 1.88 1.32 1.07 .91 .93 14,59 .160 w02k
ALLEGAN COUNTY
City of Allegan 22.9 25.1 26,0 26.5 22.5 39.6 39.3 42,1 Lo.2 2b4 26.0 22,7 357.3 2,256 2503
o1ty of Plainvell A7k 7.88 9.22 10.25 15.11 17.55 16.67 17.66 11.48 11.50 9.26 9.50 14k,82 912 .127
City of Otsego 13.5 12,2 14,2 13.3 18.1 20.8 21,8 23.3 15.4 15.1 15.9 | 15.k 199.0 1.076 .282
ANTRIM COUNTY
“TTlage of Mancelona 11.16 9.42 | 10.28 11.65 13.82 14,36 14,55 12,16 12,24 12,81 12.39 11.97 156,81 586 .21k
BARRY COUNTY
TTCity of Hastirgs 28.8 26.1 | 27.7 38.0 33.4 35.0 32.9 k3.5 3L.2 35.3 32,0 31.6 395.9 1.710 4590
Village of !
Middleville 17.6 15.0 16.3 15.3 17.4 18.3 19.1 18.9 18.9 19.8 17,4 16.5 210.5 ———— ——-
BAY TOUNTY
“Tity oF pinconnirg ———- ———- ——— —— ---- ---- —--- —--- e.B1 e.80 e .92 e.37 ce2,90 ---- —---
E COUNTY
“TCity of Frankfort 6.75 8.87 | 8.57 7.83 7.85 9.47 | 13.3+ 9.80 5.31 5.80 8.81 5.7 99.14 630 137
BERRIEY COUNTY
age of Berrien
Springs 6,26 5.83 6.6+ 7.00 8.75 5.76 9.25 10.98 13.27 7.22 6.36 6.29 97.61 93 .205
City of Buchanan 38.8 38,8 6.2 u8,0 57.1 63,4 57.9 59.8 50.3 L7.6 7.5 +6,0 601.+ 3.208 .87
City of Coloma 4,54 4,06 B3 276 5.03 5.19 5.52 5.63 5.35 5.03 4.5k 5.03 59.27 € 185) e.lus
City of Niles 86.2 7604 83.6 76.2 86.0 96.2 79.6 102,7 82.8 81.2 73.9 7.7 loo2.5 719 T.oe
BRANCH COUNTY
y of Bronson 17.2 18,4 22,7 25,4 27.6 29.9 25.5 24,0 22.3 25.3 19.6 17.7 273.6 1.267 160
City of Coldwater k2.2 36.0 33.7 5.7 59.2 64,0 58.6 75.0 52.1 51.5 46,6 48,2 612.8 5.809 .8o7
State HRome and Tng.
School at Coldwater| 13.0 11.8 | 13.0 12,1 15.6 12,2 15.8 13.6 13.1 13.1 12,5 12.8 158.6 82i 257
CALHOUN COUNTY
Tity of Albion 127. 122, 136. 121, 145, 146, 130. 146, 128, 134, 119. 121, 1 6.20+ e
American Legion Hosp. 575,
at Battle Creek She .5bh .501 .98 598 500 476 381 329 R -3 485 5,668 | we-- -—--
Village of Athens .39 .39 .39 .57 .58 2.67 2.67 2.67 2.67 2.67 2.67 5.97 24.31 ——-- —a--
City of Battle Creek | 254, 2ko, 270. 277. Bk, 343, 316, 356, 293. 261. 267. 3515 o 15.05 6.36
Battle Creek Twp. 20.4 20.3 22.8 20.0 39.8 45.9 34,4 16,2 27.0 21.6 23.3 545,1 ———— ——--
City of Marshall 27.% 20.9 23.8 30.9 41.9 +3.5 39.0 bk 3k.5 30.9 28.1 400.0 1.959 .500
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Table 2.--Reported ground-water pumpage by some Michigan municipalities, institutions,
and industries {in million gallons}.-~Continued

1962 Max. Min,

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

CASS COUNTY

CIty of Dowagiac 2,0 22.6 20.9 15.8 21.0 31.2 29.5 28.5 25.2 23,4 23,2 14,2 279.5 aeee | maa

Village of Marcellus 1.76 1.75 1.93 1,66 2,55 2.80 2.46 4.00 1.99 1.93 1.45 1.65 25.93 .263 | .035
CEARLEVOIX COUNTY

City of East Jordan 7.62 6.95 8.13 7.22 11.15 12.90 19.12 12,91 8.43 8.20 6.58 £.51 115.72 1.010 | .120
CHEBOYGAN COUNTY

Tity of Cheboygan €10,0 e12,3 ell.0 el12.2 el2.0 lel3.0 els.5 e15.0 el2.2 15.7 14,2 19.3 elbl,k J727 | W364

Village of Mackinac

City 3,17 3.52 5.33 3.28 3.67 5.32 9.03 7.26 b b5 3.01 1.93 1.81 51,78 2395 | Job2

CLARE COUNTY

Tity of Clare 17.6 18,2 16.0 16.0 22,9 37.0 29.5 19.4 16.6 1k,2 15.2 15.0 237.6 [P

City of Harrison 2,92 2.97 3.37 2,76 3.34 3.53 k07 3.6k L,52 2.67 2.11 1.83 37.73 .197 | Lok
CLINTON COUNTY

Village of Elsie el bk el.38 el. k1 el bl el.h7 el.56 el.89 el.86 el.80 el.77 el,77 el.62 e19.38 I BT

Village of Ovid 1.71 1.51 2,01 2.16 2.90 2.63 3.87 3,00 2.10 2,22 1.62 2.78 28,51 .290 | .058

City of St. Johns 28.3 25.9 28.8 27.3 3.4 3L 29.0 25,4 23.6 25.9 23.1 23.0 3241 1.286 | sk
EATON COUNTY

VTITage of Bellevue e2.0 e2,0 e2.0 e2.0 e2.0 e2,0 e2.5 e2.5 e2.5 e2.0 e2,0 e2,0 e25.5 ——— | =m—-

City of Olivet N L ———- - - —— ———— -——- ——— pa— ——— —— e21l.3 ROIPIPI,

City of Charlotte 33.9 27.6 33.0 35.1 38.3 37.8 34,3 40.3 35.3 34,0 29.7 30.0 409.3 1.4 ———

City of Eaton Repids i 31.5 28,5 25.2 29.1 24,5 32.0 5%2 32,1 32,3 25,1 24,3 25,9 348,0 1.117 | 760

City of Grand Ledge 11.3 10.3 11.3 11.0 14,3 14,9 16. 16.1 13,1 12,1 11.0 11.6 153.4 WBhT | 237
EMMET COUNTY

City of Harbor Springg 7.40 7.6% 6.99 8.51 8.34 21.51 29,98 25,62 16.36 8.53 8.59 7.77 157.23 1.693 | .133
GENESEE_COUNTY

Beecher Metr, Dist. 27.8 25.9 27.3 25.2 31.1 26,6 1.7 29.6 26.2 25.8 23.8 25.5 326.5 1.410 | .581

Villege of Clio 3.5k 7.32 k11 4,73 4,20 5,04 L 64 (917 5.02 4,00 3,66 3.19 53.59 120 | 082

City of Davison 9.04 7.76 9.50 11,62 9.1k 11.62 10.05 11.02 9.75 9.77 8.71 9.21 117.19 .730 | 162

Village of Fenton 16.0 14.8 17.8 15.9 20.6 19.7 21,7 19.2 18.0 17.7 15.7 16.8 213.9 1.hok | .267

Fisher Body Div,,

at Grand Blanc 6.70 5.73 6.68 6.98 7.24 6,97 7.19 6.71 6.07 7.16 6.58 6.68 80.69 N
Village of Flushing 6.83 6.15 7.01 7.28 10,02 9.02 9.38 7.11 6,96 7.2k 7.15 6.98 91.13 Pl s
Village of Linden .276 2111 .200 .16% .50 .926 67 R .192 e.150 e.150 e.150 e3.691 R
village of Montrose 1.56 1.73 1.96 1.93 2.86 2,83 3.62 2,73 2.20 2.55 2.39 1.07 27.43 J21h | 055
City of Mt. Morris 6.11 5.28 6.35 5.92 6.94 6.5k 7.0k 7.63 6.65 6.71 6,4k 6.76 78.37 W351 | .152
villege of Otisville [ 1.03 1.11 1.23 1.09 1,11 1.30 2.03 2,05 1.01 1.05 .93 1.02 14.96 .060 | 030

GLADWIN COUNTY N

==FTTy of Beaverton 2,52 2.2 2.91 3.32 3.11 1.87 3.30 1.2 1.89 2,55 2.01 2.19 29.41 eme | =-m-
RA OUNTY

g Tlgroc e, 51.3 47,4 56,1 50.9 63.1 56.6 SL.b 7.8 48,8 50.1 43,1 39.4 606.0 2,590 | .900
Village of .

Breckenridge 2.70 2,46 2.70 2.65 2.70 2.99 3,64 3.10 2,76 2.84 2.58 2.81 33.93 .1&630 062
City of Ithaca 5.23 5.00 5.01 5.4k 5.32 5.48 5.7 5.47 5.32 5.60 5.06 5.45 6is,12 '2u5 tég
Ccity of St. Louis 20.6 16,4 20.1 20.4 23.0 21.1 22.9 20.9 17.6 17.7 14.9 16.6 2%32.2 1.043 |

HILLSDALE COUNTY

~Village ol Jonesville| 6.99 6.65 6.72 9.77 | w0.11 | 10.78 9.92 8.5k 8.62 9.45 8.63 8.}5 igl;.ggb/c _?? f?z
City of Eilledale ——- - - ---- -—-- 9.99 | 33.47 | 33.80 | 29.9 ---= === --= .

HURON COUNTY

age ol pigeon €2.90 e2.60 €2.90 e2.80 €3,10 e3.40 el k6 el 56 ek,10 ea.sg ;g.gg e$.2g ;;g.ég _J-J:? :c_x:z(_)

Village of Sebewaing 9.5 10,15 10,58 15,03 10,03 10.7C 13,47 12.65 10.73 10,7 . . .

INGEAM COUNTY

=Tty of Fast Lensing | 34.5 kza.o 41,9 525;.1 622.8 622.1 62§.5 622.3 523.8 523.2 5§§-1 553-2 6;?({-3 2716
City of Lansing 525. T 522. . . . . . . . . i . hb: 116
Lansing Twp. 51.2 28.7 37.8 8. 52.7 47.8 62-7 “7*.30 ‘*g-gg 53-29 32-‘(;2 Zﬁe 565_39 6o | 109
Villege of Leslie v )';k 1){'7 1;'56 11751 11'21 16 | 136 | 128 | ne 1001 | . | 7.2 e | .26k
City of Mason 11.5 10. . . . - . . 4 N N N
Mer{d?an TVD. 14,86 | 14,27 15.03 | 15.58 | 23.02 | 16.96 | 19.43 | 20.96 2.76 2,32 2,26 2.46 | 149,91
Mich, State Univ. )

:c Eas: imxlg 88.1 86,k 90.0 91.8 111.3 97.0 94,0 90.9 81.8 95.1 86.4 75.6 1088.% 3.9 1.2
Cldsmobile F I S

P;::t a: L:;ﬁing 12.9 %3 12.3 13.8 149 13.7 13.5 11.7 13.8 11.9 12.0 13,2 158.0
Village of [ I,

Stcaagkb:idge 1.95 1.69 1.85 1.97 2.2k 2,34 2.52 2,68 2.40 2,34 2,05 1.99 26,02

IONIA COUNTY 26.8 234 26.5 82,2 e | wwm=
ity of Ionia 3h,7 32,4 36.3 35.4 ko.1 35.7 31.7 31.3 27.9 . . Y X
s'caiev}xcm:r.1 at Tonia | 10.2k 9. 10.12 9.84 10.50 11.35 12.27 12,48 10,47 10.72 10.01 10.19 127.77 35 329
. . R
m;:;n};emm = 17.1 14,0 15.8 14.8 17.8 19.6 23.3 22.3 20,0 26,6 13.9 13.9 219.1 1.000 50
Mich. Tng. Unit at 1. 1.57 28,34 e,232 | e.039

e el ) 5108 2% ! 12'6&&23 50 | 10:30 3'3”61 b | 826 | 1esas | | B
City of Portland 9. . . . B . . . . o : 13, 51| lot0
village of Saranac 7.57 7.48 8.07 7.47 9.86 10.92 10,40 10.96 10,13 10.85 9.73 10,52 113.96 55

I0SCO_COUNTY N
v Tth .
“§§i§‘ Air Foree 21.3 21.8 26.6 30.9 34,7 k1.2 41,2 35.6 26.9 24,0 23,8 23.6 351.6 1,741 92
ISABELLA COUNTY I R 2.67 | 0.96
T ST W Pleasant | b2.0 | 3.7 | 503 | .3 | 586 | 5k ) 8.5 ) 100 ) K0, e o | M | T
Village of Shepherd g g g g 2.29 2,2 . o o .




Table 2.--Reported ground-water pumpage by some Michigan municipalities, institutions,

and industries (in million gallons),--Continued

1962 Max. | Min,
Water User Jan, Feb, Mar. Apr. May June July Aug. Sept. Oct, Nov. Dec. Total Day Day
JACKSON COUNTY
Village of Concord 1.60 1.28 1.96 1.45 1.81 1.90 2.42 2.13 1.76 1.72 1.71 1,61 21.35 .108 | 040
Village of Grass Lake .93 e.83 el,08 el,09 el,03 el.00 el,50 el,51 el bk el,0% e1.00 e1.08 el3.52 PO ERNNS
City of Jackson 359. 306. 338. 335. k23, b1, 371, 4oz, 349, 3k, 292. 306, 4236, 9.3 |5.7
State Prison of 8,
Mich,, at Jackson | k3.6 | 37.0 | 37.7 { 35.8 | 51.8 | 49 | 552 | A&7 W71 | 519 | 39.7 | 381 | 5315 | 2.29% |1.07h
KALAMAZOO COUNTY
Village of Augusta 1.17 1.51 1.73 1.90 1.71 el.05 1.88 3.52 1.81 1.84 1.k2 1.82 e21.36 657 | eme-
City of Galesburg 2,39 2.19 2.50 2,33 3.72 3.83 3.83 k.73 3,36 3,41 3,11 3,17 38,57 R .
City of Kalamazoo 308. 265. 356. 32k, 475, 562, 467, 567. 380. 370. 325. 326. kr25. 28,4 [6.9
State Hosp. at

Kalamazoo 20,2 17.2 16.8 15.2 16.5 16.7 17.8 17.8 17.2 19.6 18.2 17.9 211.1 750 | b5
Village of Vicksburg | 6.10 5.72 6.10 5.25 | 10.99 | 11.79 9.43 | 12,76 6.97 6.79 6,05 5.77 93.72 Jko1 | 200
Upjohn Co. neer Kal. |2ul. 218, 225, 243, 326. 308. 30k, 310. 286. 288. 23k, 21k, 3197. 13.0 [5.0
KVP-Sutherland Paper

Co. at Parchment e71.0 e82.3 e85.9 £118.1 $101.8 pl06.0 Pl25.7 $101.8  P1O3.9 ekg,8 el7.8 9.8 €973.9 PRSI

KALKASKA COUNTY
Villsge of Ralkaske 3.62 3.97 435 3.89 3.88 4,66 4,96 b.51 3.96 3.90 3.27 3.17 48,1k 246 | .073
KENT COUNTY
City of Grandville 11.9 1.4 13.5 15.3 27.8 o4 37.7 42,0 23.3 17.7 13.8 1h,1 268.9 2,194 | 278
Jervis Corp. at

Grandville 13,06 10.23 9.%2 9.02 9.42 5.89 7.45 6.19 5.38 6.94 5.65 T.51 96,06 ——— ————
City of Lowell ell.3 |el0.3 |el3.3 [el2.6 [el7.7 [el9.1 [el9.h |el9.2 {el3.6 |el2,5 [ell.5 [ell, el71.9 1.069 | .229
Paris Twp. 2k b 19.8 22.5 23,0 Lo,k e55.3 e37.5 LR 29.8 20.8 20.3 18.8 €358.0 1.513 1 ..291
Village of Sparta 11,k 10.4 12.8 12.6 14,6 15.4 14.8 15.1 13.6 13.5 12,1 13.6 159.9 .800 { .200
City of Wyoming 130. 116, 127. 125. 22k, 279. 257. 273, 188. 14k, 133. 135. 2131, 15.3  ]2.10

LAFPEER COUNTY
Village ol Imlay City| 10.83 7.00 9.58 9.72 8.95 | 11.69 | 1&.55 | 11.27 8.38 9.68 6.60 5.59 | 113.8% [N
City of Lapeer 17.7 15.2 19.3 17.6 19.8 17.3 18.7 19.4 16.3 16.3 14,3 14,5 2064 [ B
State Home and Trng.
School at Lapeer 21.1 21.0 24,0 22.9 23,4 21.7 20.4 21.5 21.3 23.1 22,1 20.6 263.1 [N R
LENAWEE COUNTY
Village of Clinton R ——-- al6.9 ——— E— al7.5 -—-- ——-- a16.9 [E— ———- al5.6 66.9 .193 .110
City of Hudson 7.88 7.26 8.12 6.87 8.39 9.04 8.63 | 10.03 8.13 8.53 8.11 8.05 29.ol+ 48 -125
City of Morenct b sk b.2% 5.37 b 83 5.5 5.29 5.18 6.26 5.52 5.1k L,76 5.23 1.29 315 ilﬁ
City of Tecumseh 76.3 66.6 73,4 71.0 74,6 68.0 76.5 70.2 72.3 4.6 64,7 68,1 856. 3.075 J1.47
LIVINGSTON COUNTY
ity of Brighton 6.61 6.29 6.&27 8.68 1?‘.86 1).560 12.43 2(;.28 22.&?& 2%.?2 12.271& 1&;.252 12%1.21& T
City of Howell 19.7 19.3 21, 21.2 24,5 23, 25.1 . . . . . . e
State Hosp. at Howell| 2.2k 1.93 2,50 2.9 6,64 3.ho kg bb1 3,05 2.89 2,31 2,77 39.12 b5 Lokl
MACOMB COUNTY
City o aser 13.8 12.3 14.8 16,3 28.6 21.3 25.9 20.2 16,4 16,4 14.8 15.2 216.0 1.500 | .355
6.9% 6 8 8.18 9.00 8.4 8.2h 8.25 6.52 8.0k 9%,04 .385 | .189
Village of Ricbmond .9 .21 .09 7.21 7.95 . . 1o o 334
Village of Romeo 10.8 10.3 11.0 10.9 11.2 12.8 15.0 143 13.1 11.3 11.2 11.0 .9 . .
MANISTEE COUNTY
Tity of Manistee 36.9 34,8 34,7 36.3 47,1 56.2 56,1 bh.g 36.3 37.6 32.3 33.7 486.9 2.923 | .863
MASON COUNTY
Ty of Bcottville h.21 4,39 5.55 4,87 6.46 8.01 8.95 8.81 6.55 6.67 7.00 5.61 77.08 e
MONROE COUNTY
~Villsge of Carleton 2.71 2,28 2.53 2.77 3.26 3.10 3.09 3.27 2.79 2,94 2.60 3.15 34,49 .150 | 062
MONTCAIM COUNTY
BTty of Carso 8,50 9.23 7.55 | 10L.06 g8 | 133
City of Carson City 10.73 7.55 6.56 8.83 8.63 8.71 8.h2 8.k0 7.95
City of Greenville 23.4 25.8 23.9 23.1 28.8 32,3 30.5 30.4 25.1 26.5 23.9 €23.0 {e316.7 1.76 .29
Village of Howard .

01:‘3 .97 .18 1.00 .92 1.28 1.78 2,00 1,75 ;.g} 1.37 1.18 aet’é’r e;g.ab _t_xf? :<_>El:
Village of Lakeview ———- ———— ael,0 ———— ———— 2e5,0 ———- ——-- ae7, ———- ———— . . - )
Villsge of Sheridan 1.16 1.07 1.36 1.15 2.51 2,45 4,32 3.20 2.25 1.2k 1.4 1.2k 23,36 310 | .035

MUSKEGON_COUNTY 62 150
.65 b5k 4,10 4,57 76.61 5
City of Montague 4,36 3,14 5.29 6.81 10,59 11.51 9.71 6,34 5
cuz gf Wnit:gnll 9.49 8.94 9.70 7.66 15.9% 22,48 18,0k 15.24 12,77 11,80 11.02 11,16 154,24 1.642 | .262
NEWAYGO COUNTY .
—TIty of Tremont 222 | 1500 | 155 | 180 | 28.8 [ 273 | 266 | 242 [ 269 | 18,6 [ 16.6 | b7 ask.b § 2,588 203
OAKLAND COUNTY L 4, 81 ceee ] emem
i trminghan | 7.96 | 6.59 | 5.1 | .88 | ke | 7.5 | 9.08 | 1068 | ok | 10.02 87 I o el B
cranbrook School 8.75 8.15 8,55 7.96 | 18.47 | 10.92 | 11.15 9. 9.62 | 10.00 7.23 3.75 | 113. -
Oakland University 1.61 1.%0 1.37 29591 1.8% 1,91 1.82 2.33 2,21 E.gz 2,21 1'38 :89 .220| ,016
6 4,38 6.85 7.02 5.65 5.30 k12 .67 5.73 D¢
Village of Oxford | 2.3 | 15 | 23 K T 1% | |sen. |6 |36, |shal  |3ssi |9, " [20.89 | 6.4
City of Pontlac 297. 286, 339. 359. b1, 33 . o b9 o0 o1 o6 Sk i56.8 2278 | .803
Village of Rochester | 35.3 31.3 35.8 35.8 L6.9 3.2 Ej o0 39'6 L 39 oo 523.0 1.5 9
Ccity of South Lyon 48,2 Ik, 0 8.4 k2,0 49k 43.3 34.0 52. M . “Ju 60 PR
¥ 8 10 3.86 5.33 5.3k b3 b2k k.1 3.79 50.
city of Sylven ake | 415 | 333 | 2.3 | 2T 850 | a0 | 526 | %6 | 310 | B | 336 | 36| shsk Y B
city of T 29.2 . . . . . . . . . 2.0 RN SR
WEtZr?’ordr;zp. 22.0 20.1 2h,1 23.3 53.3 k2.9 56.4% 38,3 27.8 2k.0 24.8 25.0 38
OCEANA_COURTY a9 | 11.18 | 212,28 | 2,730 .259
“TIty of Bart 10.06 9.57 9.96 9.59 | 15.29 | 27.48 | 180 | 20.9% | 17.29 | 19.13 [ 13.49
OGEMAW COURTY . .96 86.30 RN
Ty of West mranch | 6.07 | 622 | 698 | 50681 7.0 | 536 8.92 7.76 | 12,00 | 7.8 | 6.80] 5.9
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Table 2.--Reported ground-water pumpage by some Michigan municipalities, institutions,
and industries (in million gallons).--Continued

1962 Max. | Min,
Water User Jan, Fedb, Mar, Apr. May June July Aug. Sept. Oct, Nov, Dec, Total Day Day
OSCEOLA COUNTY
CIty of Evart e37.0 |e37.0 |e37.0 |e37.0 [e37.0 |e37.0 [e37.0 [e37.0 [e37.0 [e37.0 le37.0 [e37.0 B4 0 eh | eeea | ace-
OTSEGO COUNTY
TTCity of Gaylord 18.99 8.62 9.54 9.17 9.38 9.75 | 11.27 | 10.98 9.61 | 10.05 9.13 | 10.0% [ 126.53 2396 | .179
N.Mich, T,B, San,
at Gaylord 1.35 1.35 1.43 1.40 1.ko 1,34 1.55 1.4 1.35 1Lk 1.35 1,48 16.85 062 | ,028
OTTAWA COUNTY
City of Grand Haven
lake Infil, Wells 52.0 52.1 50.8 50.3 79.9 121.6  |110.3 108,3 69.8 67.3 54,3 50,1 866.8 6.500 | 626
Drift Wells 17.6 15.4 17.4 16.9 17.1 15.5 1.9 15.3 13.9 17.6 16.5 16.2 194,3 W35 | =---
City of Hudsonville ——e- ——-- all.0 ———- -—--- alk. 8 ———— ——-- a36.1 ———— - al2.8 T oo | emee
Village of Spring Lek¢ 7.58 | 6.1k 9.62 8.87 {1476 | 22.82 | 19,21 | 21.83 | 1l.k 8.47 7.00 7.07 | 144,78 |1.078 } .110
City of Zeeland 23.9 19.7 23.8 23.0 29,1 3.4 28,1 34.5 30.8 30.6 28.1 25.0 328.0 1.495 | k28
Village of Coopersville} 3.15 3.19 3.89 4,18 k19 3.40 4,81 4,83 3.61 3.29 3.h2 3.85 45,8 156 | .129
PRESQUE ISLE COUNTY
City of Onaway e2.,0 2.0 e2,0 2,0 e2,0 e2. .k e3.0 e3.5 e3.2 e2,5 2.0 e2, e28,6 e, 085 {e.035
City of Rogers City 6.23 6.01 7.26 6.48 7.27 7.96 13,23 8.38 6.29 b0 6,18 6.28 87.97 765 | 185
SAGINAW COUNTY
Bridgeport Twp. 6,34 4,96 6.22 6.10 8,00 7.83 9.97 9.71 8.27 8,06 6,24 5.55 87.25 PRI S,
village of St. Charleg 5.08 3.30 2.54 3,11 b4 b7 5.06 6.39 3.93 5.92 L.15 b by 53.10 211 | 112
Thomas Twp. 3.57 3,27 3.50 3,43 L.72 L7k 5.18 5.1k 26 L83 3.72 3.53 49.89 200 | .116

ST. CLAIR COUNTY
Village of Capac 3.19 1.50 1.54 1.12 2.82 2,40 3.83 3.39 2,67 2,55 2,78 2.17 29,96 123 | 036
City of Yale 5.18 k.99 5.33 5.46 6.1 6.56 6.95 7.08 6.51 6.05 5.20 3.63 69.35 Rl R

ST,JOSEPE_COUNTY
Village o

Constantine - - 86,00 ———- — a6,8k ———— e 88,02 ———— ———— 86,93 27.79 N
City of Sturgis 48,9 k3.2 46,6 46,5 58.7 60.5 56.4 70.9 54,1 55.3 48,6 8.1 637.7 3.525 | JT15
City of Three Rivers | 24.7 2k, b 25.0 2.9 33.8 39.7 34,7 39.0 28.8 27.5 13.0 12,1 327.6 1.898 | .138

SANTLAC COUNTY
Y ol troswell 10.23 9.54 9.95 13.07 14,90 14,75 24,61 34,30 19.81 18,78 17.33 17.9% 205.23 1.360 | .151
Villege of Deckervillg 4 7k k.70 k.92 4,90 5.70 5.72 6,71 6.85 3.01 6.85 5.70 4,97 70.77 meem | ewen
City of Sandusky 9.5 e9.h 9.8 €9.9 e10.2 e10.4 el3.6 el2.3 e10.7 €10.6 9.9 ell.0 e127.3 e.695 |e.225
SHIAWASSEE COUNTY
¥ of Corunna 5.98 k69 5.5k 5.28 6.05 5.7% 6.73 6,33 5.62 5.63 5.38 5.03 67.51 265 { 115
City of Durand 9.70 9.46 | 11.11 | 10.09 | 1141 | 11.65 9.59 9.39 9.13 9.13 8.65 9.30 { 118.61 L450 | L300
City of Owosso 78.3 71,1 8k.3 78.3 95.0 95.7 98.8 9L.7 8L.6 82.5 75.7 73.5  |1006.5 3.987 [2.099
village of Perry 1.76 1.52 1.69 1.61 2,46 2.51 2.51 2.28 2,07 2.01 1.70 1.84% 23,96 R B

TUSCOLA COUNTY
Btate Hosp. at Caro 9.34 8.94 9.72 10,53 12,11 12,11 12,63 9.69 9.29 8,48 .11 8.99 120,94 W81} 216
Village of Cass City | 6.k0 5.31 5 6.36 5.86 5.05 5.06 Th.35 2393 | W11

VAN BUREN COUNTY

Village of Bengor 19.1 17.1 8,3 13 16,3 16.1 17.9 22,9  pl18.2 17.1 16,3 14,3 206.6 ———— .
Vin:ze of Hertford %.36 Y&.79 15‘.92 5ui3 B2 | 11.60 9.91 | 11.9% 5.85 5.02 5.7 5.13 8l,14 .960 .528
Village of Lawton 14,8 12.0 12,1 2k, 29.2 26.4 32.9 32,7 39.2 h.5 19.0 16,7 310.9 1.9 45
WASRTENAW COUNTY
==FTEy of Ann AFbor 6L.4 58.6 81.0 83.7 103.7 109.5 1004 1145 100.8 61.8 5k, 7 54,6 c98k,7 ——— =
Tng. School at
Bﬁuﬁﬁre iaii : e.725 e.649 e, Thi e. 718 e. 740 e.722 e.698 e.826 e, 91k e.827 e. 717 e.770 | e9.05 conn | mmm-
Cassidy Lake ) e15.7 L .
1 School 1.2 1.2 el.? el,b el bk el.5 el.5 1.k 1.3 1.1 1.2 1. .
vﬁiﬁéﬁiﬁ? »iitii’ eh.oe ek.m 3.93 3.27 k45 B.gz 6.;2 h.gﬁ 2.&633 2.&13 l;.;g g;ll& 33.&1) ggg 'iég
City of Saline 7.86 4,68 5.28 6,01 8.12 8. 7. 7.25 . R 2 96' 1i50'5 5.255 1'830
£ Ypsilanti . 81.5 91.2 87.3 [108.6  |100.9 96.8 9.5 95.9 97.7 96.5 T . . B
Siﬁilinz’f";vp?n 13;9 166. 177. 178, 195. 188, 192, 176, 164, 180. 169. 156, 2130, 7.869 [2.704
S e ™ 14,8 15.1 190.7 701 | .317
Ypsilantd 13.9 13.b 14.6 13.8 17.5 18.0 18.5 19.4 15.8 15.9 . . .
vu{’:g::f Manchester| 4,34 k21 b,71 k.39 5.1 5.1% 5.41 5.23 kb5 b ks Lok k16 55.68 .332 | .088
‘w'A'—‘ZEyCTﬁg 1leville 4,58 | ---- al6, 34 [ ---- - al7.21 ———- R 816,54 | =-=e 5.65 4,03 64,35 meme | ome=

18.9 20,5 21.5 236.1 B

State Hosp, at
e5L.1 e711.0 3,50. |1.30

Northville W3
City of Plymouth esh b e52.6
Ply. State Home and

Tng. School at

Northville 2.69 2.16 2.33 2.77

8. 18, 19.3 20,4 18.8 19.0 19.5 18.9
22 b esé.z esk,9 e79.8 eb6 .,k 62,0 65,0 e57.4 e59.1 e51.9

3.16 2.61 2,61 3,08 2,78 2.80 2,45 2,99 32.93 313

WEXFORD COUNTY

. 6.0 .60
ity of Cadlllac 27.5 28.0 30.5 33.8 55.4 3.8 25,4 22,7 26.2 528,3

83.0 94,7 69.3

l, Meters read quarterly

b) Pumped in summer months only

c¢) Also use surface water

‘4) Water purchased from Copper Range Co,, Painesdsle

e) Estimated wholly or in part

£} 84,9 MG of this total sold to City of Troy
{Birmingham uses Detroit water)

g) No meters on pumps during these months

k) One industry used 383 MG of this total
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