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GROUND-WATER KESOURCES OF THE BENTON HAKBOR AWKA, NMICHIGAN
By

W, T, STUAKT AND R, W, STALLNAN

INTRODUCTTON

A large increase in the demand for water in the Benton Harbor
area hasg resulted from the recent influx of war workers., The invest-
igation on which this report is based was made to obtain information
8s to the adequacy of the ground-water supply in the grea, The field
work was done in Yebruary and March 1945 by W, T, Stuart and R, W
Stallman, of the U, &, Geological Survey,

An inventory of 85 wells in and near the city was made in which
the Pollowing information was tabulated for szch well wherever

availablet: locabvion, owner, driller, altitude, log

[

casing record,
water 1levels, pump data, pumplng test cdata, pumpage records,
temperature, and chemlcal analysis of water, Most of these wells
supply water to the municipal supply system, industrisl plants, office
buildings, hotels, or suburbasn communitiss, Water level measurements
were made in a few of the unused wslls throughout the city, and pumr-
ing tests were mads on the wells within the municipal field, The well
records are shown In table 3 and 4, and the driller's logs for a
porticn of which are given in teble 5, A mep showing the location of
the wells with numbsers, corresponding to numbers used in the ﬁ&%@ and
n the tables, is included in figure 1,

The writer gratefully zcknowledges the assistance of Mr, William
Russell, superintendent of the Clty Water Department of Bentbn Harbor
Mr, John Toyne, of the Emith-Monroe Lrilling Co,, Inc.; Mr., N. B,
Gunderson, of the Layne-Northern Coo§ and Mr, C. R, Wightman, of the
Department of Public Works, Penton Harbor, who contributed wmict

information from thelr files,




GEQLOGY AND ITS RELATION T0O CROUND WATER

The potable water of the industrial and public supplies in the
Benton Harbor ares ls obtained from the gravel, Sciw, wis vaoey of the
glacial darift, which in this locsllity ranges froo 0 to 150 fest in

thickness, Directly beleow the drift is the Coldwater susis of console

!Ja

dated shales with a few thin shaley sandstones which contain highly
mineralized waters or brines unsulied for public supply. Tnderlyin:

~N

e Coldwater shale in descending order are the Antrim she.e, Uraverse

-

group, Pundee formation, and Detrelt River and Bass Islana cdolomites,
all containing mineral waters and brines, A typlcal well log would
show the following section:

CO:‘»d‘J‘Vater Sklalecbocbeio-ﬂﬂUﬂl"ﬁkawauaq«.l_b»«’;y’;(, QOO iklefw}%f

Ant&ri.m S}rla:}nesbijowi.‘tbﬂﬁﬁoﬁite'00&@%&000&@’5&00 126 feat

Traverse group and Dundee formation.coeo..o 180 feet

Datrolt Biver dolomite@scocccusosoosncocsans LBO feEh

pags Island dolomlite.cecovooaviocooncoossooo SO0 feat

Analyses of waters from wells penetrating the consolidated rocks

Ve brines

prove there are saline waters in the upper formations.
at about BOO fesit, "black sulphurous" vrine at 1,000 feet, and a
"white sulphurcus® brine at 1,300 ..

Drille*s logs sheow that the glecuiwd arift is composed of a few
feet of coarse gravel lylng in lensges and in channels upon bhe eroded
suriace of the consolldated rocks (see fig, 2), Above vhe giaveis is
a bed of lake clay approximaetely 100 fest in thickness. On top of the
clay are alluvial sands, gravels and silts, which verv fvon = thin
f1lm to 10 feet in thickness, <+he gravel lenses bsrenttr “he clay
furnish moet of the water to thé wells,

The gravels and fine sands at the beottom of the drift are
composed of outwash materlals deposited on the eroded, pre-ciacial,

shale land surface, These materials were carried into the sres ov ths

gagtward flowing meltwaters of the Lsake Michigsn glacisi .oues 853 it

9l

halted and bullt up the Lake Border morainic syvsten,
p &



At an earlier stage in its retreat, the glacier had bulilt up the
nigh Velparaiso Meraine whosze line of hills cross Berrilen County from
the ncortheast corner to the center of the southern boundary, When ths
ice halted and bullt the Lske Border Moraine, short swlft streams flowe-
ing down the wsstern slope of the Valparalsc Moraine added their
gravelly burden to the gravels depesitsd by the melt waters from the
west, thus developing some of the gravel lenses, On the sastern sids
of the Valparaiso Moralne, less swift streams were tributary to the St,
Joseph River which was then flowlng scuthward past South Bend, Indiana,
to the Kankakee River snd eventually to the Mississippl River,

As the ice halted at the Lake Border Moraine, 1lts melt waters
collected; filled the lowland to the east and {ormed a lake hetween
tha twc moraines, which was enlarged when the rising waters of Lske
Chicago breached the Lake Border Moraine and overflowed eastward, In
this laks,; 100 feet of lake clays were deposited before the streams
flowing into 1t from the east, and down the western slope of the
Valparaliso Moralne, cut thelr headwatsrs sastward, These streams
eventually captured the drainage of the southward flowing St. Joseph
River and caused it to be cut off from the Kankskee River near South
Bend, thus reversing its dilrection of flow, The Sit, Joseph then took
a course northwestward across Valparaiso moraine and the lake plain,
through the bresch in the Lake Sorder moraine to Lake Chicagoe,

When reversal of drainage occurred, the 3%, Joseph Hiver washed
sand and gravel from the Valparaiso Moraine and built a delta above the
clay over which 1t flowed, deposliting gravel, sand, and silt. As the
Leke Chicago level lowered, the river adjusted its level to the lake by
trenching 1lts channel in the lowland.

The glacial history explains why the drift has two waber yielding
zones where the upper sands and the lower gravels are present, I

both sands and gravels the hydraullc gradient is from the morsines in



the eeast toward the lake, but the hydrostatic nressure is not as great
as might be expected. The moraines undoubtedly act as a collection
basis for the rain and snow waters, and in the moraines the ground
water percolates downward and laterally through the interbedded
deposits of sands and gravel.,

The ability of the sand and gravel to yield water to a well

depends upon their porosity and permeability.

Porosity The amount of water that can be stored in any water-bearing
formation depends on the porosity which is exoressed as a percentage
of the total volume that is occupied by the interstices.

Well sorted deposits of uncemented gravel, sand or silt have a
high porosity, regardless of the size of the individual particles, but
a poorly sorted material, in which small particles fill the spaces
between the larger ones, has a greatly reduced porosity.

Porosity alone determines only how much water a given formation
can hold, not how much it can yield to wells. For example, a well-
sorted sand may have a higher porosity than a coarse pooriy—sorted '
gravel and consequently may hold more water, However; not all the
water is available to wells because part of the water is held against
the force‘of gravity by molecular attraction. In a silt or fine-
grained sand only a small part of the water can be drained out by the
force of gravity, whereas in a coarse gravel heving the same porosity
only a small part is retained and the remainder, acted upon by gravity,

becomes available to wells.

Permeability The permeabllity of a formetion is its capacity for

transmitting water and is measured by the rate at which it will trans-
mit water throush a given cross-section under a given loss of head per
unit distance. A bed of fine ssnd may have as qigh a porosity as a
deposit of coarse gravel, but because of the small size of its inter-

stices, it will require the annlication of 2 grester head-difference to




transmit water. Thus a well penetraiing s very fine sand will yield
almost no water because of the low permeability of the sand, asven
though that sand 1s saturated with water. On the other hand, 2 wsll
penetrating a coarse sand or gravel with a high permeability may vield
a very large supply.

Further discussion of the capacity of sand and gravel formations
tovact as storage reservolrs and their ability to fLransmit water to

2

wells 1s contained in a later section of this report,

i HISTOKY OF GROUND WATER DEVELOPMENT

1 The history of the development of ground water is rather closely

related to the growth of the city., The first wells were privately
WES

owned and served each dwelling unit, and later ©. 2 municipsl

derived from a2 series of small diameter wells at the centrsl

ot
ol
&
]
s
@
feased
ot
o
4
e

plant, In 1930 the installation of the firs

completed, and the small shallow wells and their suction linss were

abandoned. IFrom 1930 to 1945 three additional wells with largs yisl

were drilled,

PUMPAGE

e oo

Figure 3 shows the distribution of the pumpsss in the
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locality. '‘The heaviest withdrawals of ground water
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of the City Watver Works, wlth other concentrations of pumo g in The
industrial areas to the north and east., Hsblmetss of the asverags

quantity of water pumped In thousands of gallons s davy sare given in

the amount of waber ussgd by sachh Ltype of ind

These estimates are bassed upon information furnished by the cwrsrs of

, the wells and the enginesrs in charge of the punmping plants,
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wells on February 11, 1945. When all the wells were turned off for a
ten hour oeriod, the water levels rose to a level only about 32 feet

below the pump base, which was about the static level of 1940 - only

2 feet below the levels recorded in 1930, when the first well was

placed in operation,

Pumping Levels: During the inventory of the industriel and municipal

supply wells, it was noted that the pumping levels had lowered consider=-
ably, without & corresponding increase in yiéld, over those levels

noted at the time the wells were first placé& in production., This fact
denoted a decrease in specific capacity (ratio of discharge to drawdown)
which has orobably been brought ebout by the incrustation of the well=~
screens end the water-bearing materials in the vicinity of the wells.

Much of the incrustation has been caused by iron and carbonate deposits.
This deterioration of the wells has brought about a simulated condition

of ground-water shortage without any sctual unwatering oflthe ground-water

reservoir.

TRANSMISSIBILITY AND STORAGE CAPACITY OF THE WATER-BEARING BEDS

In February 1945 a series of pumping tests were made on the product-
ion wells at the municipal well field. Hach test consisted of pumping
a well a given length of time, then stopping the pump and observing the
rate of recovery of the water level within the well. In most tests it
was possible also to observe the interference in the recovery of the
well itself oroduced by stopping and starting oumps on other wells,

Hydrographs, showing the water levels, plotted against time were
analyzed by the recovery method and the Thels graphical method to
determine values of the transmissibility and the coefficient of storage.

The transmissibility indicates the capacity of the water-bearing
formation as a unit to transmit water. The coefficient of storage is

a measure of the amount of water released from storage in the formation
I |
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where 8 ia drawdown in feet at any point in the viclonliy of vus

well pumped at a constant rate

)
e
@

ot

he discharge of the well 1in gpm,

T is coefficient of transmissibility in gpd. per i,

Q

r is the distance in feet from pumped well to point of
obssrvation,

S is tne coefficient of storage.

%t 1s time in days that well has been discharging.

In this test values of transmissibility were determined by

application of the recovery formula to the recovery of the water Jevel

nroduced by shuitting down the pumped wells, The valusas of Ifrans-
I N g

missibility and coefficlent of storage were determined by graphlical

£

procedure vased on the equation just preceding, Use was made of

"

drawdown and the amount

£
L

observaticneg of beth the amount and rate o

and rate of recovery 4in the observation well, Values of transmissie.

bllity were also obtained by application of this graphical procedur
to the drawdown and recovery of the water levels In the pumped wells,

A discussion of these formulas, the assumptions on which they

-

are based, and thelr application are given in U, S, Geclogilcal Survey

per 887, Methods of Determining Permeabllitby of Water-

ool

Water-Supply P

e

Bsaring Materials; by &, K, Wenzel, Values of the transmissiviilty
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TABLE 2 VALUES OF TRANSMISSIBILITY

From recovery tests

Well 1 79,000 gpd per fh,
Well 2 77,600 gpd per ft,
Well 3 57,400 gpd per ft.
Well 4 {(new well) 108,000 gpd per ft,

Prom Interfersnce teats

Well 1 on Well 4 ({(drawdown) 72,500 gpd per fi.
{recovery) 74,250 gpd per £t ;

Well 2 on Well 4 (recovery) 765,000 gpd per ft.

Well 3 on Well 4 {(rescovery) 65,700 gpd per ft,

COEFFICIENTS CF STORAGE

From interference tests

Well 1 on Well 4 (drawdown) 0269 %
{recovery) NOTOMA S

Well 2 on YWell 4 (recovery) .00038

Well 3 on Well 4 (recovery) ,00022

i# average of four tests
#% average of two teats

YIELD OF THE GROUND-WATER RESERVOIR

The amount of water that can be withdrawn from the water-bDearing

into them in thelr ocuberocp areas, upon the capaclty of thes beds to
transmit water ito the pumped areas, and upon the amount of wabtsr thah
is withdrawn from storagse in the bed when the head declines,

The study of the water levels indicates that at DBsnton Harbor, the
whele ground-water reservoir has not been developsd to a point wheve
the vield is dspsndent upon the quantity in storsps or tlie rechargs
avallable, but 1s dependent upon the asbility of the water-Learing sands

and gravels bto transmit water to the wells, In other words, the

permeability of the mabterials and the saturated thickness of the bods

of water that can be transmitted through the souifer will be attainsd



it
ot

when the hydraulic gradient is develcped to a maximum without actuall

<

unwatering the aguifer or decreasing the saturated thickness of it,
The maximum yield will occur when the water levels have been lowsred
over ths whols ground-water reservolr gnd the largest posszibls araa of
recharge has been Drought into bearing with the stesepest hydraulic
gradient.

However, the development of the maximum gradient within a given
well field is l1limived somewhat by the physical properties of the wells
themselves, The wsell should be constructed sc as to allow the water to
pass through the scresn into the well as freely as 1t can move within
the aqguifer, thsreby eliminating screen losses. The wells within a
fleld should be apaced far encugh apart to develop thelr own coneas of
influence without excssslve interference with a. jacsnt wells,

Such conditions are not found in actusl practice and the seemingly
maximum yleld of a group of existing wells is not the maximum yisld
that could be obtained wlth improved practices Teats of the drawdown

in the present wells of the municipal supply system show that ths screen

losses are in the magnitude of 60 percent of the total drawdown for
2 i
No, 1, 50 percent for Well No, 2, 68 prscent for Well No., 3, and 5
percent for new Well No, 4, This means that in the case of Well g, 1
that the well was ylelding only 40 percent of the water 1t could have
y f
yielded if there had been no hydraulic losses within the well, and

» %

similarly Well No., 2 was only ylelding half the guantity 1t should have,

i
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There are several causss r these lozsss: plu f the scraen

el

ftiel
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tation of the

i,

feu}

J10ru

faele

openings by the fine materials wlthin the sguifer,

S

scresen, incrustation of the aquifer in the ilmmediste vicinity of the
well, deterloration of the well screen, or perhaps a combination of
two or more of these causes,

However, taking into consideration these losssas within the wells

J}

and using the values of the hydrologic characteristics determined f{rom
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the pumpling tests, 1t 1s calculated that when ths pumping level in
each well of the benton Harbor Water Supply is lowered to the top of

A

the screen (top of the water-bearing sands} that the com

o'

T

ine

3

yield of
all the wells pumped continucusly will be in the magnitude of 4,2
million gallons for the first day, 3.5 million gallons on the 10th day,
and 3.1 million gallons after three months cof continuous useage,
Insufficient informatlion on the geologic limits of the sguifers prevents
taking into consideration the effect that this pumpage may have when
the cone of influence reaches the edge of the aguifer {(this may decrsase
the yleld) or when locally intercepted recharge tends to incresse the
vield. It is believed that the St, Joseph River rechargesg the aquifers
in the Benton Harbor area significantly, although in the short periocd
of the investigation no changes in the water levcls wsre measured that
could be correlated with the changes in the river stage,

The statements that the present limits of productior of the

I

municipal wells amount to over 3 millicn gellons a day do not mean that

the possibilities of further production of ground water are limited in
the Benton Harber area, Three million gallons is the amount of wabter
that can be wlthdrawn from the existing wells under present conditions,
It is feasible tec bring additional wells into production at sitss
sufficlently removed from the present locations so as to yreduce intere
ference to a minimum, In fact, additional wells tapping the same sandgs
and gravels now used may be developsd if a spacing of about 1,000 fest
is maintainsd between theomn,

The wilthdrawal of about 5 million galions = da§ from the ground-
water reservoir by the municipal and industrial well gystems in the
greater Benton Harber area has nelther produced en unwatering of the

water=bearing formstions nor a large increass in the hydraulic sradient
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toward the area. With this criterion, it may be expected that the
withdrawals could be increased in the magnitude of 50 percent through
oroperly spaced and constructed wells without jeopardizing the existing
developments., This expansion of pumpage could take olace by developing
new cones of influence between the existing industrial and municipal

cones of influence,

Locations For Future Exploration

The most productive aquifer in the Benton Harbor area is the
lower sand in the glacial drift. This sand is of variable thickness
and permeability, and is a part of an old outwash channel running in a
southerly direction in the viecinity of the present St. Joseph River,

At Benton Harbor the sand lies about 100 feet below the land surface,
but records of the formetions found in wells south of town show that,
although the drift becomes thicker, the lower sand is composed of
several thinner layers separated by clays or muddy sands, and in some
cases 1s absent. Test borings in the river valley south of Benton
Harbor are required to determine where there is sufficient thickness
of the water-bearing sands to provide sites for production wells. A
program of testing should involve five or six wells to the linear mile,
and at favorable points additional wells at right angles to the line
should indicate the areal extent of the water-bearing materials,

The oresent information does not show eny favored locality for the
development of a new field capable of supplying several millions gallons
a day, although wells eapable of producing one-half million gallons a
day can be developed if widely spaced sites are found where the sands
have adequate thickness to furnish water to the well. Examination of
drillers' logs in wells 7 and 8 indicate gravels should be found in
the area where West lMain Street crosses the St. Joseph River and along
the east bank of the Paw Paw River in the vicinity of West Graham Street.

The log of the uncased boring No. 83, also shows sufficient sand and



gravel between 120 and 142 feet in depth %o develop & well, DPossibly
two or three small procduction wells could be developed 1n the area
between Tenth Street and the 5t, Joseph River and north of the present
Water Plant to the Paw Paw River.

East and west of Benton Harbor geolegic conditions ere unfavorsble

£
for the development of wells of large yield, The sands, gravels, and
& J 5B #

eclays, have Jow permeablilitles and cannct transmi it largs quan*itiep of
water, but will always be a source of small supplles for domestic or

farm useq

CONCLUSIONS

Records of the static water levels in the =wnicipal wells show
that most of the decline has been due to the incresased pumpage and
that if the rate of pumping were reduced the statlc level would rise
to about the same level as existed before the increase., This may be
due in part to recharge from the nearby St. Joseph River or Laks
Michigan or in part by Dboth.

Tests of the water-yilelding capaclty of the sands and gravels
tapped by the municipal wells show that supplies in the magnitude of
three million gallons a day may be pumped when all the sxisting
wells are in continous operation for =& long period of time without
causing a serious decline In water level, Howsver, additional water
can be withdrawn from the existing sites i1f the screen losses in
the present wells are minimized either by rejuvenatlon of present
screens or by drilliing new wells at the present sites.

)

New ground-water developments are possible; A new fisld may bLe
developed south of Benton Harbor at sites where the sands and gravels
have sufficient transmissibility to support large yields from wells,

Relatively small supplies may be developed north of the present water




plent and south of the Paw Paw Hiver beitween 10th Street and the

West Main Street bridge cver the St, Joseph River, All new well

developments must be spaced adequately from sxisting wells to
prevent interference and to develop the largest possible cons of

influence,
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Table © Well Logs, Benton Harbor Area, Berrien County,Michigan

Thickness Depth
(feet) (feet)

Log of Well 1
1900 Corporation, owner.Graves St,

Sand- - - = - - - - - 35 35
Blue clay = - = = =« = 20 55
Sandy clay- - = - ~ = 32 87
Clay- = =« = = = = = =~ 11 98
Sandy clay= - = = - - 12 110
Gravel- = = = = =« - - S 115

Logs of Wells 2, 3, and 4
Auto Specielties Mfg. Co., owner.
Graves St.

Fille = = = = = = = = 6 6
Fine sand = = = - = « 14 20
Clay= = = = = = = = = . 58 78
Hardpan -« - = - = ~ = 27 108

Gravel and clay (very
dirty) 5 110
Gravele = = - - o - - 186 126

Log of Well 5
Auto Speclalties Nfg. Co., owner,
Graves St,

Fille = = = = = = - = 8 8
Water sand- - - -~ - =~ 27

Soft blue clay- - - - 20 k5
Sand 20 slot- = - - - 6 pl
Gravel- - - = = - = = 11 72

Gravel and sand(30 -

ﬁzslot)_'lo 82
Clean sand(30 slot) ~ 13 95
Clay below- = = = - - 95

Log of Well 6
Auto Specilalties Mfg. Co.,pwner.
Graves St.

Fill- = = = = = =« - =~ 2 2
Fine yellow sand- - - 24 26
Yellow clay = =~ = = = 36 62

Dirty sand and gravel 16 78
Clean sand(20 slot) - 5 83
Rlue clay = = = = = - 16 89

Gravel and sand (fine

S osilt)- 13 112
Gravel- = = = = = - = 14 126
Hard clay - = = =~ = - 3 126%
Shale and lime below~ 1264

Thickness Depth

(feet)

Log of Well 7
Industrial Rubber Goods Co.,
Camber Road,

Cinders~ - - = = - = - 1
Seng - - - - - - - - - 9
Water sand - = - -~ = = 27
Clay = = = = = = = ~ =~ 14
Water sand (dirty) 9
Brown clay =~ = ~ = = = 10
Water sand - - -~ - - = 15
Clay, sand and silt- = 15
Sand and gravel- - - - 7
Gravel -~ ~ = = ~ - « = 22

Log of Well 8
Industrial Rubber Goods Co.,
Camber Road.

ganfl ~ = = =~ = = - - =~ 10
Fine water sand- - - - 27
Clay = = = = - - - - 10
Water sand (40 gpm) 8
Blue soft clay - - - - 10
Hardpele =~ = = = - =~ = 8
Gravel (30 slot) - - - 8
Clay = = = = = = = = = 11
Sand and gravel- - - - 9
Gravel - - - = = - -~ - 13

Log of Well 30
New Products Corp., owner,
448 No. Shore Drive,

Fill = = = = = = = = = 8
Yellow sand= - = - - = 17
Clay = = = = = = = = =~ 92
Water sand - = = = = = 31

Log of Well 21

Benton Harbor Malleable Industries,own

171 Graham Avenue.

Muck = = = = = = = = = 5
Muck and seand- - - - = 5
Sand = = = = = = - - - 23
Clay and sand- = = = = 3
Clay = = = = = = = = = 57
Sand and clay- - - - - 33
Gravel (20 slot) - - = 3
Clay - = = = - = - - - 2
Stony hardpan- - -~ = 12

Send end gravel(30 alotJ 1
Fine sand (10 slot)~ - 14

(feet)

owner,

1
10
37
ol
60
70
85

100
107
129

owrner,

10
37
47
o5
65
73
81
92
101
114

8
25
117
148

5
10
53
56
93

1286
129
131
143
144
158
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Table & Well Logs, Benson Harbor Area, Berrisn County, Michlgan - cont'd
Thickness Depth Thickness Depth
{fest) {fesot) (feet) {fert)
Log of Well 32 Log of Well 43
Benton Harbor Malleable Iron,Owney Salibtzman lHotel, Owner, 191 - 5th St,
171 Graham #venus Leks an ter sapd o ; 4z
Fille = © » = = = « = 1B 15 Bius cles 2w e =
Water zand (20 slot)- 22 37 Boft clay 4 mud = =
Bilue clay - = = - = - 43 B0 Watesr sand and gravel
Hardpsn = - = = = = = 15 95 (20 slot;
Clay and sand (10 sliuot) 22 137 Claye = = = = = w «
Fine sand and sili- - 9 126 Blue shals- R
Llaye = = » = = = = 14 140 Hard shals ices
Pine 7 347 Blue sheale stresks
1

[
bt
£
0
et i
5.
o
[y g
S
i

f’)l C‘“"' W
Mineral wat

“ae
1680

Log of Well 34 Pry vrown shb
Gray Iron Plant, Benton Harbor
Malleable Industries, owner, Well 45
Paw Paw Avenue Inc,, owner,
FALlloo o o= = o o o = = i 7
Clays = = = = o « = o 5} 2 = 4.3
WEYIe @ om0 s o= = om o & o Hh§

p wn - i ]
Sand (water bearing)- 18
Chage = o = v = = = = 51

Sande = = o = = o o = 2
Hardpan - = = = = = = 13
HBande = = o @ =« = = « 2

Hardpan « = = = o = = %]

Clayes = » = = = = = b
Biues shals- o e o w 10
of Well 38

QWS o

& vonl

s
e e = e =
R ST Y = S ?}

-5
A
=

t
o
44

=
i
2.}
£
bt

P

}1 ina

Clay

Fravel = = = o oo
24

e J
ancd 2and = = = =

Y e

]

Wabter zande » o = = o o
Fiﬂa water s = = = a
Gley and shels~ - « - 58
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Table 5 Well bogs, Bentcn Harbor Area, Berricn County, Michigan - coat

Thickness Depth ' Thickness Depth
{feat) (feetb) (Test) {feei)}

Log of Well 51 Log of Well 70 v
Mich, frult Canners Assoc,,owner, Producerfs Urmamery, owner, 408 W, Msin &
248 ~ 9th St Muck= © = = = = = = = 10 10
Fille = =« = = @ = = = 8 & Clay and gzand - = = = 20 3G
Fine sand - < = = = = i 15 Wnits sand- - = = - o 35 35
Pine red sand = = « = 7 22 Sand and graval - - = 19 24
Clay and hardpan- - = 107 129 :
Clay and sand = - = = 2% 150G Log of Well
Sand and gravel - « = 20 160 Indusurial Rubbe:
SEZ Nu%ﬁ Sec., 343 R
Log of Well 58 Blue clay = - ~ . 2
Premier Hotel,owner.250¢ £, Main 8t, Water sand {static 8017) 5%’
Sande = = = « = = = o 18 is Dirgy :uu@ clay &
Water sand and gravel Dirty red o 7
{25 slot) - = 38 56 Clay and sand « = « = 25
JIAY= = e e s o= s o= o 84 140 Claye - = « « = = = o 40
uanﬁ (20 slot}- - = = 30 17¢ Sandes = = o = oW o= e o 4
Blue shale~ - = « = = 23§ 405 Clay= « = =~ = = = - w i
5rown shale =« - = -~ - 145 550 Shale = = « < - = = o« G
Brown shale - = = - - 35  5BS Watsr sands « = - = 5o
Srown shale and mineral Blue clay « = « - = = A
water R R 96 681
Hard white lime = - - & 686 Iog of Well 72
BRlack shale = = = = = 2 695 Auto 5@@@1&1%163 Mg, Co., owner,

Riverside Plany.
Log of Well 64 L 8 £
Higman Park Assoc,, owner, B 2y gand- e e e oo s 31 A6
NESNWE, Sec, 12: T4S; R19W, ' 1

Sand and fill = = = = 10 10 elay « o« = = = o= 4
Fine sand = = = = = = 20 30 (& alu%) S = 12
Claye = = = = = o= « = 40 70 clay - = o 8
Hardpan = « = = = « = il 81 fine aamﬁu = e 2
Water Hand= - - = = = 37 118 clay = -~ » o« = = 10
Bilus pgravel - = = = = ig 136 and gravel i
He CABY = e owm o= ow =5
Log of Well 66 Sand {2 ssob} = = - = 5
City of David, ownsr.Britian Ave, Ulay and sand - - - =
Sande = = ~ = = = = = 3 3
Clage = © = o = = = o 16 19 Log of YWaell 73
Sande = = = = = = = = 181 200 Berrien Packing Co,, Yo  LooRLSQ
Shale below - = = » = 200 on bank of St, fﬁhvpm %** s ab n. W,
corner of bldg,, 150 ft. easzt of Ann
Log of Well 69 Street,
Berrien Hills Country Club, owner, Soft £ill, sapd - - o 23
NW4NWE, Sec, 38; T4S: Rigk, Soft Tiill, sand « - = 5
Sande = = = = = o= = o= 20 20 Sand, :Wmv o m = e 5
Hogrdpan = = = = = = = 3 a3 Claye = = = = = o = & %
Ping gravel « = « = = 9 52 Blue clay, ol = « - &
Fine sand = = o = = = Gray oclay, aoft - - = 5
Gray clay, Gtough- - = &
Blve cley, soff = - = G
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