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FLOWING WELLS AND MUNICIPAL WATER SUPPLIES
IN THE SOUTHERN PORTION OF THE SOUTHERN
PENINSULA OF MICHIGAN.

By Fraxk LEVERETT AND OTHERS.

INTRODUCTION.
By FraNk LEVERETT.
SCOPE OF REPORT.

A large amount of data on water supplies was collected by the
writer in the course of glacial investigations made under the direction
of Prof. T. C. Chamberlin in the last five years in the Southern
Peninsula of Michigan. These investigations resulted in a partial
acquaintance with conditions in about 200 separate flowing-well
districts and brought out matters of such exceptional importance
that arrangements were made to extend them by examining each
of the flowing-well districts in the State sufficiently to determine
its essential characteristics, present state of development, and
probable capacity for future development. It was arranged also
that the quality of various classes of waters, both surface and under-
ground, as well as water supplies of the cities and villages, should
be given attention. As the mineral waters of the State had
already been discussed in some detail by the State geologist, Dr. A. C.
Lane, in Water-Supply Paper No. 31 of the United States Geological
Survey, it was deemed unnecessary to prepare another report on
that subject, but arrangements were made with Doctor Lane for
embodying in this report the large amount of material which had
accumulated at his office relative to other classes of water supply,
and also for furnishing reports on certain counties in which special
investigations had been carried on by the State survey. The results
of all these studies, so far as they apply to the southern counties
(see fig. 1), are embodied in the present report; the remainder will
appear in a companion report on the middle and northern counties

of the Southern Peninsula of Michigan.
1



2 WELLS AND WATER SUPPLIES IN SOUTHERN MICHIGAN.

In completing the necessary field work for this report several per-
sons were employed for a short time and were assigned to separate
districts, as follows: Jon Andreas Udden, of Rock Island, Ill., was
employed from July to December, 1904, in an investigation of the
southern counties, chiefly those south of Kalamazoo River, and
parts of Macomb and Oakland counties,in the eastern part of the
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F16. 1.—Sketch map showing area covered by report.

State. Mr. Isaiah Bowman, of Yale University, was engaged for
six weeks in August and September, chiefly in the region tributary
to Grand River. Prof. C. A. Davis, of the University of Michigan,
was employed during July, August, and September in the investiga-
tion of the southern and eastern portions of the basin of Saginaw






SCOPE OF REPORT. 3

River. Mr. W. M. Gregory, of the department of physiography in
the Cleveland, Ohio, high school, was employed during July, August,
and part of September in the investigation of the northwestern
portion of the Saginaw River basin, and also of flowing-well districts
in the northern part of the peninsula, in Cheboygan, Emmett, Grand
Traverse, Benzie, and Manistee counties, to which he had previously
given some attention in connection with stream measurements
under Mr. Robert E. Horton. Mr. M. L. Fuller, of the Geological
Survey, under whose direction the work was carried on, visited
several of the men in the field and spent August and part of Sep-
tember in an investigation of the deficiency of water supplies along
the Huron River Valley near Detroit and in a detailed study of the
flowing wells in four western counties, Oceana, Newaygo, Mecosta,
and Osceola. Muskegon County was investigated by Mr. C. D.
McLouth, of the department of physies of the Muskegon high school;
Kent County, by Mr. J. F. Nellist, a civil engineer of Grand Rapids;
Bay County, by Mr. W. F. Cooper, of the State geological survey,
and Wayne County by Prof. W. H. Sherzer, of the State Normal
College at Ypsilanti, who also furnished the data for the report on
Monroe County. Doctor Lane, the State geologist, investigated and
reported on conditions in the vieinity of Lansing and also prepared
a brief report on Huron County condensed from his more elaborate
State report. The present writer's investigations during the last
season were chiefly in Sanilac, Lapeer, and St. Clair counties, on the
eastern border of the State, and in Charlevoix, Antrim, and Benzie
counties, in the northwestern part. Mr. S. J. Lewis, of the United
States Geological Survey, was detailed for a special investigation of
the quality of waters and spent about a month in the State, in
January and February, 1905, during which time he made ahout 90
analyses. Dr. V. C. Vaughan, dean of the medical school of the
University of Michigan, kindly placed at the disposal of the Survey
a large number of analyses made for sanitary purposes but including
determinations of hardness, chlorides, and sulphates. Field analyses
were also made by Messrs. Fuller, Gregory, and Bowman, which will
be found in connection with their reports, herewith presented.
Reports were submitted by all those engaged in this investigation
with the exception of Mr. Udden, who merely turned in his tabulated
data and notebooks. Much work, however, was necessary in order
to hring the several reports to a more nearly uniform standard and
the present writer has amplified portions, inserted additional data
at many poitits, and supplied most of the geologic and other general
descriptions. The several reports, however, naturally differ some-
what in mode of treatment according to the personal standards of
the individual writer.



4 WELLS AND WATER SUPPLIES IN SOUTHERN MICHIGAN.
GEOGRAPHIC FEATURES.

The Southern Peninsula of Michigan is bordered on its entire west-
ern coast by Lake Michigan, on the north by the Straits of Mackinac,
and on the east, from north to south, by Lake Huron, St. Clair
River, Lake St. Clair, Detroit River, and Liake Erie, successively.
Its only land border is on the south, and this is divided between
the States of Ohio and Indiana. The range in latitude is a little
more than 4°, from about 41° 45’ to about 45° 50’ north. The area
is 40,761 square miles, or about 71 per cent of the entire State (57,430
square miles). Lansing, the State capital, is situated south of the
center of this peninsula. :

The population of the Southern Peninsula, as given in the census
of 1900, is 2,169,620, or about 90 per cent of the population of the
entire State (2,420,982). This population is very largely in the
southern half; if a line be drawn midway between the northern and
southern ends, only two cities, Manistee and Alpena, with populations
exceeding 10,000 will be found to the north, while there are 14 such
to the south. Fifteen counties of the northern half of the peninsula,
with an aggregate area of 8,160 square miles, had in 1900 a combined
population of only 93,704, or less than one-third the population of the
city of Detroit (285,704). In consequence of this unequal distribu-
tion of population, there is an unequal development and utilization
of water resources. In the northern counties there are entire town-
ships which have no records of wells or tests of underground water
supplies, while in the southern counties the underground water
supplies have been tested sufficiently to afford a fair basis for this
report.

The map (Pl. IT) presents the principal reliefs of the peninsula. It
will be observed that a plain 20 to 40 miles wide runs along the
southeastern edge of the State, rising from less than 600 to about
800 feet above sea level. This plain was covered by ice from the
Huron and Erie basins, and later by large Glacial lakes. West of
this is a prominent belt of rolling country about 25 miles wide,
interspersed with numerous small lakes and representing a strong
development of morainic topography. Its altitude ranges from about
800 to 1,300 feet, with a general elevation of nearly 1,000 feet. This
constitutes a catchment area from which the waters are distributed
to the east and the west, both in surface streams and in underground
courses. The head furnished the underground waters in this catch-
nient area gives rise to numerous flowing wells which are found on
the plains to the southeast and to the northwest.

A broad plain extends from Saginaw Bay southwestward well
toward the southern edge of the State. Through this plain an ice
obe, known as the Saginaw lobe, is found to have flowed, its extreme
limits on the southeast being marked by the belt of morainic country
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just mentioned, on the northwest by an equally prominent morainic
belt, and on the southwest by moraines of less prominence lying in
the southern end of the State. During the retreat of this ice lobe
there were halts at several lines which are marked by small morainic
ridges. These small ridges serve as catchment areas for flowing-
well districts on the inner or iceward border of the mcraines. .

West of the district covered by the Saginaw ice lobe is another
roling belt of country running from the southwestern part of the
State northward nearly to Grand Traverse Bay. Like the belt in
the southeastern part of the State, this contains numerous small
lakes. Its altitude ranges from about 800 to 1,700 feet, the highest
point being a few miles south of Cadillac, in northern Osceola County,
near latitude 44° 15" and longitude 85° 20’. This is by far the highest
point in the Southern Peninsula, there being few others which exceed
1,500 feet. This belt was formed between the Saginaw ice lobe and
a still larger ice lobe occupying the Lake Michigan basin. It is a
catchment area for flowing-well districts on each side and there are
also depressions in it found to be favorable points for the development
of lowing wells.  This belt is crossed by the principal rivers of south-
ern Michigan (the Grand, Kalamazoo, and St. Joseph), while Mus-
kegon River has its source in it in the north-central part of the
State, and leaves it only a few miles before entering Lake Michigan.

Along the eastern horder of Lake Michigan, from the southern end
of the State northward to Oceana County, or to about the middle of
the western border of the southern peninsula, the country is gen-
rally low for a few miles back from the lake, with the exception of a
strip of dunes formed adjacent to the present beach. But from
Oceana County northward to the Strait of Mackinac there come out
to the lake shore at frequent intervals headlands which are the
termini of prominent ridges that form or connect with moraines a
few miles back. The low tracts between these headlands are favor-
able places for the development of flowing wells.

The interior of the northern half of the Southern Peninsula is an
elevated tract in which extensive sand plains have been developed
in connection with the moraines. On these plains and on some
of the moraines connected with them there formerly stood extensive
tracts of pine forest, now largely cut away. Since the lumbering days
the plains have been developed somewhat for agriculture, but are
still in large part very sparsely settled.

On the northeastern border of the peninsula, from near Alpena to
she Straits of Mackinac, rock ledges become conspicuous as a topo-
zraphic feature, but elsewhere in the State they are subordinate to the
glacial features outlined above. The rock ledges have low escarp-
ments facing the northeast, along the base of which are occasional
small lake basins. The drift in this region is thin, and wells are
consequently largely in rock.

IRR 182—06——2
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On the projecting point between Little Traverse and Grand
Traverse bays, in the northwestern part of the peninsula, is a drumlin
area to which attention is directed in the discussion of Antrim and
Charlevoix counties in Water-Supply Paper No. 183.

The features of the State thus briefly outlined receive fuller treat-
ment in connection with the discussions of each county.

On the retreat of the ice from the basins bordering and including
the Great Lakes large bodies of water were held between the ice and
the rims of these basins. One, in the Lake Michigan basin, was known
as Lake Chicago and discharged southwest from the site of that city
to Illinois River. Another, in the Saginaw basin, was known as
Lake Saginaw and discharged westward through Grand River into
Lake Chicago. A third, covering the western end of Lake Erie and
the southern part of Lake Huron, stood at several successive levels
in accordance with the lowest available outlet, the highest being
known as Lake Maumee, with its outlet past Fort Wayne to the
Wabash and later past the present site of Imlay, Mich., westward
into Grand River and Lake Chicago. Below this is the largest shore
line of the series, known as the Belmore beach, which borders Lake
Whittlesey, whose outlet was westward from the present site of
Ubly, Mich., into Lake Saginaw. A little lower than the Belmore
beach is the Arkona, which antedates the Belmore and was sub-
merged at the time the Belmore was forming. The lake which formed
the Arkona beach was probably confluent with Lake Saginaw and
discharged westward through Grand River to Lake Chicago. Two
lower beaches, known as the Upper Forest and the Lower Forest,
mark the border of Lake Warren, which covered the Saginaw and
southern part of the Huron basin as well as Lake Erte, and discharged
westward, for a time at least, through Grand River to Lake Chicago.
Below the Forest beaches are two others, known as the Grasmere and
Elkton, which appear to be the shores of a lake that discharged
eastward past Syracuse, N. Y., to Mohawk and Hudson rivers. At
still lower levels are beaches which are conspicuous on the borders
of the Lake Huron and Lake Michigan basins, especially in the
vicinity of the Straits of Mackinac. One is known as the Algonquin
beach. Lake Algonquin, which formed it, discharged along the present
line of drainage through Lake Erie to the Ontario basin into a Glacial
lake known as Lake Iroquois, whose outlet was through the Mohawk
and Hudson. A lower beach, known as the Nipissing beach, borders
a post-Glacial lake, Lake Nipissing, and was formed as the lake was
changing from a discharge eastward from Georgian Bay through
Mattawa and Ottawa rivers into the St. Lawrence to the present
line of discharge through St. Clair River.

The sand and gravel in these beach ridges and on the lake beds
frequently serve as sources of supply in shallow wells, water being
found at the base of the sand or gravel.
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WATER-BEARING FORMATIONS.

The greater part of the Southern Peninsula is covered so deeply
with drift that wells do not reach rock. The shaded portions of the
map (Pl. 1) show the parts of the State where rock is within easy
reach of the drill and is drawn upon to some extent for drinking
water. In the northern end of the peninsula water is found chiefly
in limestone if not in the drift. There is also a limestone district in
the southeastern part that serves extensively as a source for drinking
water; in some cases in southeastern Lenawee County the wells are
driven through shale to reach the limestone. The extensive district
running from Hillsdale and Calhoun counties northeastward to
Saginaw Bay obtains water chiefly from sandstones of the coal
measures and from the Marshall sandstone if water is not found in
the drift. There are, however, small limestone districts in this region,
the full extent of which has not been worked out. Sandstone is also
drawn upon occasionally in western Wayne, southern Washtenaw,
and northern Lenawee counties in the deep flowing wells. The
Sylvania sandstone of Monroe County is also an important water
bearer, vielding a good quality of water. There are small areas
around Grand Rapids in Kent and eastern Ottawa counties and
around Wayland in northeastern Allegan County where wells are
driven to the Marshall sandstone.

Water is found in the glacial formations at various horizons,
wherever gravel or sand chances to be present. The clay plains
bordering St. Clair River, Lake St. Clair, and Detroit River are
deficient in gravel and sand, and are perhaps the poorest water
bearers in the peninsula. As a rule waterin large quantities is easily
obtained in the drift. Even in the regions where wells are driven
to rock, as indicated by the shaded portions of PL. I, there are numer-
ous wells obtaining water from the glacial deposits. The water
from rock is usually softer in sandstone areas than that from the
overlying drift, and for that reason is preferred and is the cause for
going to the rock in many instances.

The sand along the present shore and also along abandoned shores
of the Great Lakes is often of sufficient depth to furnish water, though
not that of the best quality in many cases. It so happens that these
sand deposits occur on parts of the lake plain where the glacial
formations are deficient in water-bearing beds and thus become of
great importance locally. In general, however, the water from the
underlying glacial formations is preferred and is used wherever it
can be easily obtained.

The newest formations drawn upon for water are the beds of bog
lime bordering the little lakes. Pipes are driven down into the marl,
sometimes with a sledge hamnier, far enough to get the water. In
some cases, in the northern part of the State, flowing wells have been
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obtained by penetrating the marl a few feet. Conspicuous instances
are found on the borders of Pine Lake at East Jordan, South Arm,
and Boyne, and on the borders of Intermediate Lake near Bellaire.

STRUCTURE OF DRIFT.

The structure of the drift is intimately related to the drainage
conditions that attended the melting of the ice. It is more variable
in Michigan, both on the surface and below, than in a large part of
of the neighboring States of Ohio, Indiana, and Illincis. In those
States the till, or commingled drift, greatly predominates over the
sand and gravel, or assorted drift, and contains a large percentage
of fine clayey material. In Michigan sand and gravel form a large
part of the drift, and much of the till is loose textured. The great
amount of loose-textured drift seems attributable to the voluminous
discharge of water resulting from the convergence of ice lobes. It is
best developed on the high portions of the State, which were built up
between the ice lobes. The most clayey portion of the drift is found
in plains bordering the lake basins. On these plains more difficulty
is found in obtaining adequate supplies of water than in the higher
tracts bordering them. Portions of the plains have a thin coating
of sand deposited in the beds of the Glacial lakes that covered them
after the withdrawal of the ice, and in these localities many wells
draw their supply from the surface sand.

Flowing wells are usually found under a bed of clayey drift, and
for this reason, as well as because of topographic conditions, the
largest artesian districts are found on the old lake plains.  (See PI. I.)

The clayey drift differs greatly in degree of induration at different
horizons, and the sand and gravel also become cemented at certain
horizons. The induration in the clay or till seems to be largely a
result of secondary changes produced slowly and is in some cases an
index of age. The surface till sheet, which is of the Wisconsin stage,
I8 Uenerallv a soft adhesive clay even where very fine textured, and
well diggers and drillers find very little difficulty in penetrating it.
Below thls the drift is found to be extensively indurated, so that
excavation is difficult and the till approaches a shale in its reslstance.
The precise nature of the induration has not been ascertained. Tt is
thought that much of this indurated clayey drift was deposited in a
Glacial stage earlier than the one which formed the upper part of the
drift, probably the Illinoian stage. In some places a soil appears
between the two sheets of till, showing that an interval separates
them. The buried soils are much more abundant in northern
Indiana than in southern Michigan, but they have been noted in
well borings as far north as Bay and Oceana counties.

Another kind of induration of the drift is verv common in flowing-
well districts. Just above the water bed which yields the flow is
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found a cemented crust, having a thickness usually of only a few
inches. This crust is apparently due to contact with the water, but
the precise chemical or physical changes that have produced it have
not been given much attention. 1In some cases it has the appearance
of bog iron ore, and in others it is chiefly carbonate of lime; probably
the quality of the water determines the nature of the crust. A crust
has also been frequently noted in sand and gravel deposits just
above the water table, where it is somewhat constant at a definite
horizon.

It is a common experience to find sand so close textured that it
will not furnish water fast enough to supply the wells. Such sand
is encountered in the plains perhaps more frequently than in the
rolling or morainic belts. It is the custom in such places to continue
the drilling to a looser textured bed, though in some localities no
such bed is found. If a looser textured bed is reached, the water
often rises in the pipe to a higher level than in the overlving sand,
the sand apparently serving as a cover to prevent the upward escape
of water {from the porous bed. In a few places flowing wells have
been obtained in which nothing but sand was penetrated from the
surface down to the coarser hed that vielded the flow. Instances are
cited in the discussion of certain flowing-well districts (pp. 143-144).

CHARACTER OF DRAINAGE.

The character of the drainage depends on the structure of the drift
as well as on the topography. Where the soil is very loose textured,
as on gravel plains and on many of the larger moraines, very little
surface run-off occurs, so that even the steep hillsides show little
or no gullying. Basins are numerous on the gravel plains and to
some extent among the moraines. When of sufficient depth to
extend below the water table they contain water, but a large pro-
portion of them are so shallow as to have dry bottoms. The drainage
lines are therefore best developed in the clayey portions of the State,
where the rainfall can not be quickly absorbed by the soil.

The regimen of the streams varies also in accordance with the
structure of the drift. Where the drift is loose textured the streams
are supplied by seepage from the underground drainage and are not
subject to freshets, nor to very low stages, but in the clayey tracts,
where the surface drainage is the principal factor, there is a marked
difference between the high- and low-water stages of the streams.
Often, however, the sources of streams are in districts having a loose-
textured drift, while the lower courses run through clayey districts;
in such cases the streams have a correspondingly regular flow. Data
concerning the flow of the principal streams of the peninsula may be
found in the reports on stream measurements which appear in the
water-supply series of the United States Geological Survey. The
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regularity of flow, as well as the considerable fall of the pringipal
streams of the peninsula, renders them valuable for water power to an
exceptional degree, considering the small size of their drainage basins.
The subject of water power, however, is not taken up in the present

report.
RAINFALL.

From the reports of the Weather Bureau it appears that the rainfall
is greatest in the southern tier of counties and decreases northward to
a little beyond the middle of the peninsula, when a change occurs
toward heavier precipitation. This is set forth in the following table,
which gives the average precipitation by tiers of counties from south
to north, each tier having a uniform width of 24 miles:

Average annual precipitation in the Southern Peninsula of Michigan.

Inches.

First or southern tier (Monroe to Berrien County) ... .. .. ... ... ... ... 34. 59
Second tier (Wayne to Van Buren County). ... . ... .. .. .. ... .. ..... 31.99
Third tier (Macomb to Allegan County). ... ... . ..o ... ... ... ... 30.81
Fourth tier (St. Clair to Ottawa County). ... ... ... ... ... ... ... ... 31.19
Fifth tier (Sanilac to Muskegon County). .. .. ... . . . . ... .. ... ... 30. 66
Sixth tier (Bay to Oceana County). ..o .. ... ... . iiiii.o.. 27.21
Seventh tier (Arenac to Mason Countv). ... ... . . . . . . .. ... ....... 25. 44
Eighth tier (Iosco to Manistee County). . ... ... .. ... . .. ... . ... ... ... 26. 62
Ninth tier (Alcona to Benzie County). ... ... ... ... . .. . ... .. ... 33.04
Tenth tier (Alpena to Leelanaw County). ... . ... ... ........ J 32. 53
Eleventh tier (Presque Isle to Charlevoix County)..._ ... ... ... .. .. ... ... 28.07
Twelfth tier (northern Cheboygan and Emmet counties)... .. ..o ... ... .. ... 31.41
Average for the peninsula... ... L. 30.30

The distribution of precipitation by months and the percentages
by seasons in the southern, central, and northern sections of the Pen-
insula are given in the following tables, which are based on the
monthly rainfall data of the Weather Bureau:

Average monthly rainfall in the Southern Peninsula of Michigan.

{Inches.]
I
Southern Central Northern
Month. “third.  third. | third,

TRMMATY « - oo oo oo oo l 2.33 196 | 2. 42
0% o E 2.31 | 2.16 1. 60
Mareh. ............o..oL I Ses | 3w 3720
April... 1. 2,34 2,16 1.86
May. 3. 08 2.73 2.70
June. 3.54 3.00 2.80
July. 3.43 2.96 4. 47
August. 2.64 2.58 2.08
September. . 2.76 2.08 3.41
October....... ..., 2.48 |  2.60 3.10
November. ... ... .. ..ol 2.82 2. 44 2.28
December . . ..o iiiiiiiiiiiiiiol 2,47 ¢ 1.53 1.60
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Distribution of precipitation in the Southern Peninsula of Michigan, by seasons.

[Per cent.]

' | Entire

; Southern C(Central Northern F

Season. third. | third.  third. | PeOi

— - - __;¥ [ — 7.7

Winter (December-February) ... ... ... ... .............. 21.23 18.73 18. 40 | 19. 45
Spring (March-May)............. F— .. 26. 00 26. 43 22.15 [ 24.86
Summer (June-August) .. ... .. ... .. 28.70 28.28 30. 63 ‘ 29. 20
Autumn (September-Noveniber: 24.07 26. 56 28.82 | 26. 48

100. 00 100. 00 ‘ 100. 00 ‘ 99.99

i

Tt appears from the above tables that the rainfall is most deficient
in the winter months at a time when the frozen ground would prevent
its absorption, but is well distributed throughout the growing season
all over the peninsula. It should be noted that the greater evapora~
tion in the southern part of the peninsula causes it to be a drier region
than the northern part, notwithstanding the fact that it has a little
more rain. Determinations made at Signal-Service stations, and dis-
cussed by T. Russell in the Monthly Weather Review for September,
1888, show that the evaporation near the southern border of the State
is 37 to 38 inches a year, while in the latitude of Port IHuron and
Grand Haven it is about 29 inches, and at Alpena 24.3 inches. Only
a small part of the evaporation occurs in the winter months, or during
the time of deficient preeipitation, so the deficiency is not noticeable.
Indeed, as a rule snow remains continuously over much of the penin-
sula from December to March.

GROUND-WATER TABLE.

The ground-water table as ordinarily understood marks a level to
which the saturation of the earth’s crust rises. In a region of heavy
rainfall it is commonly very near the surface, but in arid regions it
may lie at a considerable depth and is sometimes beyond the general
direct percolation of the rainfall, there being a moist layer at the sur-
face supplied by the rainfall, under which the material is dry dewn to
the ground-water tabte. Ordinarily the ground-water table in the
Southern Peninsula of Michigan Hes only a few feet below the surface,
within easy reach of the roots of trees and other plants. A few
places, however, have been revealed by well borings in which compara-
tively dry material is present between the moist surface beds and the
ground-water table. The most conspicuous instance is found in
Emmett County north of Little Traverse Bay, where the wells on an
elevated table-land, underlain by gravel and sand, reach depths of
350 to 400 feet before striking the water table; instances of this are
cited in Water-Supply Paper No. 183. The rainfall in that region
appears to moisten chiefly the surface portion, but is yet adequate to
the needs of the forests, orchards, and ¢rops. On many of the ele-
vated gravel plains the water table is 40 to 60 feet, and occasionally
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100 feet, below the surface, and wells must be driven to those depths
to obtain water, and yet vegetation ordinarily thrives on these plains.
Similar conditions are found in a number of the prominent moraines,
in which a sheet of bowldery till at the surface is undertain by sand and
gravel of considerable depth. The till at the surface is kept moist by
the rainfall, so that the crops obtain the necessary water. Inall these
localities there are probably places where conditions are such that the
rainfall percolates directly down to the water table, but there does
not appear to be a general percolation to this depth.

Where the ground-water table lies only a few feet below the surface,
and the percolation of the rainfall to it is general, marked fluctuations
are found in its level corresponding with the amount of rainfall. The
underground drainage into the streams is maintained in times of
drought as well as in wet seasons, and the water table drops down or
flattens out beneath the hills to depths sufficient to seriously affect not
only the crops but the supplies for wells.  As a result the so-called sur-
face wells (which are merely basins sunk into the upper part of the
ground-water table) are being rapidly abandoned, and driven wells
reaching to deeper supplies substituted. This condition is also con-
ducive to health, for many of these shallow or surface wells are recep-
tacles for all sorts of filth.

There is a slight variation in the ground-water table due to baro-
metric changes, the level of water in the open wells being highest in
times of low barometer or just before a storm. It is barometric fluctu-
ation of his sort which produces the blowing wells reported at various
points in the State. According to the testimony of well owners,
barometric conditions also affect flowing wells, an increase in the rate
of flow resulting from a decrease in atmospheric pressure.

An instance of remarkably high water table is found in the dunes
along the shore of Lake Michigan, where a fine or uniform texture sand
in sharp ridges, with a height of 150 to 200 feet above the lake, is
found to be wet to within a very few feet of the surface DBecause of
this condition some of the dunes are covered with hardwood forests.

WELLS AND APPLIANCES.

One of the most common types of well is the large open or dug well,
walled or curbed, which furnishes a basin in which the water collects
or stands. This kind of well is in very common use on the farms, and
is also in use as a collecting reservoir in the villages for the waterworks
supply. In districts where the drift is of a clayey texture and the
vield of water is small these larger wells serve a valuable purpose as
collecting basins, and in many cases can not be dispensed with even
though known to be more or less subject to surface contamination.
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A type in use locally, especially in clayey districts, is known as the
bored well, the excavation being made by means of a large auger.
These wells are usually lined with tile. They can be sunk without
difficulty to depths of 50 to 100 feet. Some of the oldest flowing wells
in southeastern Michigan are of this type.

A type which is coming into very general use throughout the State
is known as the tubular well. It is made with the ordinary churn
drill, the material being brought up by means of a sand pump. The
size of these wells ranges from 2 inches or less up to about 8 inches.
Thev are in very common use in the villages for obtaining public
water supplies, as well as throughout the country districts. Ordi-
narily they are driven some distance into the water bed, making up
in vertical direction for the small diameter ot the well, no casing being
used after entering the water bed. Where flowing wells are obtained,
however, it is customary to stop the drilling about as soon as the
water bed is reached. The drills used in making wells of this type
are usually handled by steam or horsepower, but in some instances
only hand power is used, the drill being lifted by a windlass a few feet
and dropped into the hole.

In some cases no drill is used, but the pipe is driven to the water
bed, the material being removed by a sand pump if the well is deep
or if it has a large-sized pipe. Shallow wells with small pipe are
often driven through to the water bed without sand pumping. It is
common to attach a sharp perforated cone or “point” to admit the
water, which aids in reducing the resistance to driving the pipe. In
some cases these wells are made by simply using a maul to drive the
pipe.

In the discussion by Mr. Davis attention is directed to strainers
or screens which are employed in the tubular wells and to the clogging
which they experience.

Windmills are in very common use throughout the State as a
means for lifting the water to the surface. In some of the deeper
wells on elevated tracts the windmill has become a necessity, for the
water in some instances has to be lifted about 200 feet—one case
was found in which the lift was 400 feet. In this well a 12-foot
wheel was in use.

Many flowing wells are allowed to discharge the water without
restriction, but there is a growing sentiment in favor of using reducers
or faucets to prevent waste.® In some cases pumps have been
attached in order to prevent the slop attending the flow, or, where
the wells are weak, to increase the supply.

e Flowing wells and muniecipal water supplies of the middle and northern portions of the Southern
Peninsula of Michigan: Water-Sup. and Irr. Paper No.183, U. 8. Geol. Survey, 1906,
b For State laws on this point see pp. 21-22.
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QUALITY OF WATER.

The chemical character of the water, both surface and under-
ground, has been considered at some length by Doctor Lane, in Water-
Supply Paper No. 31, where numerous analyses are presented. The
present report contains many additional analyses, some of them
made by chemists in the laboratory and some by men in the field.
Although the latter are designed to show the general characteristics
of the waters, without pretense to the accuracy of a laboratory
analysis, the results are usually correct within a few parts per million.

In general, the waters from all horizons, both surface and under-
ground, in the Southern Peninsula are hard, compared with waters
found in regions in which readily soluble rocks, like limestone and
gypsum are not present. There are very few waters in which the
carbonate of lime is less than 150 parts per million.

Salt is present in varying amounts, from a mere trace up to several
thousand parts in a million. An analysis of one water from the
drift made by Mr. Lewis shows 2,829 parts per million of chlorine,
the well being supplied presumably from water contributed to the
drift from the underlying sandstone. Ordinarily the drift waters
show less than 25 parts per million.

Sulphated and sulphureted waters are found at various points in
the State, both in the drift and in the underlying rock, but ordinarily
the drift waters have very small amounts of sulphureted hydrogen
gas, and sulphates seem to be principally in the portions of the State
where gypsum forms a conspicuous ingredient in the drift, as in the
region bordering Saginaw Bay and reached by the Saginaw glacial
lobe, and in the region near the gypsum outcrops around Grand
Rapids.

Iron is commonly supposed to be present in large amount in the
flowing wells and in wells of similar character whose waters are con-
fined below impervious beds. In some cases its presence is proved
by the staining of objects over which the water passes, but in many
instances what seems an abundant iron oxide precipitate is in the
main a vegetable growth of algee. The few available analyses indi-
cate that the amount of iron is small compared with other mineral
constituents.

SUBTERRANEAN WATER TEMPERATURE.

Considerable attention has been given to the temperature of the
water in flowing wells in order to obtain information concerning the
heat gradients due to depth and to latitude. It was found, however,
that the temperatures obtained are of very little value in showing
the increase of heat with depth, for as a rule wells in a given district
having variations of 100 or even 200 feet in depth, if in Glacial
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deposits, are very similar in temperature. The circulation of sub-
terranean waters appears therefore to be such that little of value
can be determined concerning the heat gradient within 200 feet of
the surface.

The change in temperature corresponding to the latitude, how-
ever, is very marked, there being a difference of about 5.5° in about
4° of latitude between the southern and northern ends of the penin-
sula. The air temperature shows a similar range, but averages
about 4° lower than the water temperature. The true temperature
of the water at the bottom of a well can be obtained only in wells of
rapid flow having but little exposure of pipe. Nor can the pipe be
carried horizontally through the soil without affecting the tempera-
ture. It was not possible in the hasty examinations in the field to
determine the causes of variation from the bottom temperature in
any given well, since this would necessitate much inquiry into all
the surrounding conditions. As a result many of the temperatures
given in the numerous tables of data concerning flowing-well dis-
tricts are liable to be misleading.

Interesting variations in temperature of the wells of a given lati-
tude suggest several problems. For example, wells in swamps are
generally a little cooler than wells of similar depth on the dry land,
especially if the wells are comparatively shallow in both cases. Thus
the wells in the celery swamp south of Ann Arbor have a tempera-
ture of a little less than 50° F.; while those on the dry land in the
vicinity are commonly 51°. The question arises whether the evap-
oration from a swamp, being greater than that from the dry land,
may not prevent the heating of the soil beneath to the degree experi-
enced in that region on ground where evaporation is less; also,
whether the slow heat conductivity in a swamp may not cause waters
beneath it to have exceptionally low temperature.

The flowing-well district in southeastern Oakland County known
as the Troy district has salt water in its eastern portion and fresh
water In its western portion from wells of similar depth, and the
temperature of the salt water averages somewhat lower than that of
the fresh water. The salt water probably comes up from the under-
lying rock, and one would naturally expect it to be warmer instead
of colder than water supplied entirely from the drift.

The observations on temperature were made in 1904, when the air
temperature was considerably below the normal, the average tem-
perature for the year being 2.7° below the normal throughout the
peninsula. This raises the question whether flowing wells of mod-
erate depth may not have suffered a slight lowering of temperature
because of this deficiency in heat received by the surface. On the
whole, flowing wells less than 30 feet in depth are found to present a
slightly lower temperature than do wells exceeding that depth, but
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there are so many exceptions that some doubt is felt as to the lower-
ing effect of the low air temperature of 1904 on even the shallowest
of the flowing wells. Some of the very shallow flowing wells may,
however, receive contributions of water from considerable depths,
or from beyond the influence of the low air temperature. In the
city of Ann Arbor there are springs having a uniform temperature
of 51° throughout the year, which must come from depths sufliciently
low to have heen unaffected by the low temperature of 1904 or even
by the winter severity of cold.

There are certain districts in which the temperature is different
from what would be expected for that part of the State, a conspicu-
ous case being the wells in the vicinity of Grand Traverse Bay, in
Antrim and Grand Traverse counties, the temperature of which is
generally 48° to 50°, whereas about 47° is to be expected. The
high temperature at Traverse City may be referable to the great
depth of the wells, the general depth being over 300 feet, but this
would not apply to the shallow wells at Williamsburg and around
Intermediate T.ake. There is, however, a possibility that these
shallow wells are supplied by water rising from considerable depths.

The observations on temperatures were taken by several thermom-
eters which have not as vet been standardized. They were, how-
ever, compared by tests made on the same wells at Ann Arbor and
found to agree within a fraction of a degree. Errors from this source
are not likely, therefore, to be appreciable.

In the table below the general averages of air and water tempera-
tures are presented for each tier of counties, as in the rainfall table
already given, the counties being of the uniforni width of 24 miles.
The excess of the water temperature above the air temperature is
probably in large part due to the blanketing effect of snow, which
prevents the earth from reaching the low temperature which the
severity of winter might otherwise give it. The extent to which
this and other factors, such as the topography, the character of the
soil, etc., apply is a matter difficult of determination.

General averages of air and water temperatures in the Southern Peninsula of Mickigan.

[Degrees F.]

Excess

- of water
Water. temper-

\ ature.

i
First or southern tier (Monroe to Berrien County).............._. ... .. 52.25 4
Second tier (Wayne to Van Buren Countyy .. ... ... .. .. .. 51.3 3.2
Third tier (Macomb to Allegan County). ... .................. 50. 3 3.3
Fourth tier (St. Clair to Ottawa County)..... ... ... ... ... 50.1 3.7
Fifth tier (Sanilac to Muskegon County)..................... 49. 4 2.9
Sixth tier (Huron to Oceana County ... . ... ... ... ... .... 48.9 3.4
Seventh tier (Arenac to Mason Countyi......... ... ....... 48.1 3.6
Eighth tier (Iosco to Manistee County)................ ... 47.7 4.3
Ninth tier (Alcona to Benzie County)..................... 47.8 4.2
Tenth tier (Alpena to Leelanaw County) .. 47.2 5.9
Eleventh tier (Presque Isle to Charlevoix a. 46.8 3.8

|
|
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The averages of water temperatures given in the above table are
based on the temperatures of strong wells which appear to have been
subject to little surface heating. They fall slightly below an average
based on all the wells, weak and strong. The accompanying map
(fig. 2) presents the results of a grouping of all the wells except those
that are known to be subject to surface heating.
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F16. 2.—General average of flowing-well temperatures in the Southern Peninsula of Michigan.

Monthly observations were made between May, 1904, and May,
1905, at Ann Arbor, Mich., on the temperature of springs and wells of
various classes, an attempt being made to include all classes within
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easy reach of the city. Three springs were selected—one on State
street issuing from the base of a gravel deposit, another on the White
estate, west of the city, issuing from the base of a till bluff, and a third
which bubbles up from the bed of a ravine on the Rash property in
the western part of the city. Five shallow dug wells and one deep
dug well were taken hecause of the various conditions which they
include, one being in a ravine, another on the brow of a bluff, another
on a gravel terrace, and two others on an elevated moraine, one being
covered and the other open. The deep dug well maintains a water
level 40 feet below the surface, while the shallow wells have water
within 5 to 22 feet of the surface. Two shallow tubular wells, in one
of which the water stands near the surface and in the other at a depth
of 18 feet, were selected, and two deep tubular wells which over-
flow. The tubular wells showed very little range in temperature, but
the dug wells varied greatly. The bubbling spring showed a steady
temperature, while the springs issuing from the hillside were influenced
by the seasons. The lagging of the effect of summer heat and winter
cold was a matter of principal interest in connection with the obser-
_vations on the dug wells, the effect of the former culminating in
“October and that of the latter about April. The accompanying
diagram (fig. 3, p. 20) sets forth this feature, while the observa-
tions are presented in the following table:
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WELLS AND WATER SUPPLIES IN SOUTHERN MICHIGAN. 21
LEGISLATION.

There are two important legislative acts in reference to Michigan
water supplies, copies of which are presented below:

[Act No. 43, Public Acts of 1897; 4484-4486, Compiled Laws, 1897.]
AN ACT to provide for the analysis of water in use by the public in certain cases.

The people of the State of Michigan enact:

Secrion 1. That in any case where any city. village, or township in this State shall be
supplied with water for domestic uses by any individual, company, or corporation, city or
village, or where there is within such city, village, or township any water in swales, wells,
rivers, or other places, which might be the cause of disease or epidemic, a sample of such
water may be sent to the University of Michigan for analysis, by the mayor of such city or
village, or by any alderman or trustee of such village, or by the supervisor of any such
township, upon the resolution of the common council of such city, or board of trustees of
such village, or the township board of such township, for that purpose duly passed.

Sreriox 2. Upon receipt of such sample the regents of the University of Michigan shall
cause a correct analysis of such sample of water to be made, and a correct statement of the
properties contained thercin, with a further statement whether or not such sample contains
any substance deleterious to health, and return such analysis, together with the statement
aforesaid to the person so sending the same, free of charge, except the actual cost of mate-
rials and animals used in making such analysis and experiment.

SecTroN 3. It shall be the duty of the board of regents of the University of Michigan to
cause a record to be kept of every sample of water received under and by virtue of this
statute, and in no case shall a second analysis be required of the same water within one year
except in the case of the breaking out of some discase among the consumers of such waters,
and then only upon the certificate of at least two physicians engaged in active practice in
that community that in their opinion such disease arises from the use of said water.

Approved March 26, 1897,

[Act 107, session of 1905.]

A BILL to regulate the use of artesian and other wells; to prevent the waste of waters
therefrom, and provide a remedy therefor.

The people of the State of Michigan enadt:

SEecTiON 1. Any artesian-or flowing well, the water of which is unnecessarily allowed to
run to waste in an unrcasonablc manner to the depletion or lowering of the head or reservoir
thereof to the detriment or damage of other wells supplied from the same head or reservoir,
shall be deemed a nuisance, and its owner and the owner of the Jand on which it is situated
shall be subject to all the actions for abatement and damages in favor of the person or
persons injured that are or may be provided by law for other nuisances or tortious acts.

Section 2. Where any well is supplied by a head, reservoir, stratum, or vein, or by
percolating waters common to other streams or wells, and the owner thereof or his lessee or
licensee puts its waters to a use unreasonable or unnccessary in view of the condition and
situation of the land on which it is situated, and through such unreasonable or unnecessary
use, lowers or depletes the head, pressure, or supply of water of any spring or well dependent
on the same head, vein, or stratum, to the detriment or injury of the owner or any person
entitled to the use thereof, the well so unreasonably and unnecessarily used shall be deemed
to be a nuisance, and its owner and the owner of the land on which it is situated shall be
subject to all the actions for abatement and damages in favor of the person or persons
injured, that are or may be provided by law for other nuisances or tortious acts.

Secrion 3. Where any decree is rendered under this act declaring any well a nuisance
because of the waste or unreasonable use of its waters and directing the abatement thereof,
such decree shall specify in some practicable manner the daily amount or volume of water
that may be used or allowed to flow therefrom without violating such decree, and specify

IRR 182—06——3



29 WELLS AND WATER SUPPLIES IN SOUTHERN MICHIGAN.

such reasonable time as to the court shall seem just within which the provisions thereof
shall be carried into effect: Provided, That any such decree may be reopened at any time
alter entry on the question of reasonable use on a proper showing of change of circumstances
or other equitable reason therefor.

FLOWING WELLS.

Although the number of flowing-well districts already exceeds 300,
it is probable that many more can be developed in low places either
among or along the borders of the moraines and in the valleys of
streams. The fact that wells are usually placed near the dwellings
and that the sites for the dwellings are naturally on well-drained and
usually elevated points accounts for the small amount of testing that
has been made on the lower land, where flows might be expected.

The flowing wells already in operation have been put to compara-
tively little use, and there seems to be a general lack of appreciation of
the applications that can be made of these fountains. It is a common
thing to find flowing wells running to waste in dooryards in rural dis-
tricts in seasons of drought, when the gardens and lawns are suffering
for lack of water. Inmany casesit would be necessary only to attach
a hose to obtain means for properly irrigating the premises. The
wasted water might also, in some instances, by the installation of a
hydraulic ram, be forced to tanks in the attics of farmhouses, where
it would have the pressure necessary for distribution through the
buildings and would also afford a supply for fire protection. In some
cases the wells have been used to fill ponds stocked with fish, and
thus yield a valuable resource for farm and market—a device which
might be more generally adopted. The principal use to which flow-
ing wells have been put, however, aside from furnishing water for
domestic and farm use, is that of cooling milk in the dairy houses, the
very uniform temperature of the water fitting it admirably for this
purpose.

In some flowing-well districts a loss of head has been reported, and
in many districts individual wells are either losing head or have fallen
short of the customary full head at the time of their construction.
Where the loss of head is general throughout a district it may be
inferred that there is an overdevelopment by which the wateris dzawn
out faster than it can be supplied from the swrrounding formations.
The Ann Arbor waterworks furnishes a case in point, the water drawn
from the small field in which the wells occur having been sufficient to
stop thosc on the border of the field from flowing. Often a single
strong well on ground lower than the neighboring wells will draw
down the head sufficiently to stop the wells from flowing. In cases
of this kind the law pertaining to the restriction of artesian wells
should be enforced. There seems to be a growing appreciation of the
need for checking the flow of the strong wells and reducing the waste
which is sure in time to work to the detriment of the district.
(See pp. 21-22.)
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Flowing wells often are deficient in head and rate of flow because
of defects in the casing, which allow leakage into upper strata, where
the water pressure is less than in the lower portion of the well. The
head is also deficient where water is allowed to rise around the casing.
This is in some cases due to imperfect driving of the casing and might
be guarded against. Any obstructions either in the bottom of the
Wells or at the top tend to reduce the head. Instances are found
where, through carelessness, wells which had been cut off near the
surface of the ground were so filled by sand washed in from above as
to cease flowing.

The district in southeastern Michigan in which a large number of
flowing wells have failed was investigated and is reported upon by
Mr. Fuller, who attributes the loss of head chiefly to drought and
surface dramage

Wells in certain regions have lost head through subsurface drainage,
several instances of which are found in the coal-mining region border-
ing Saginaw Bay. The extensive pumping necessary to remove
water and permit mining operations to be carried on draws down the
head for considerable distances around, and often deprives the border
~ distriet of its flows.

The conditions under which flowing wells may be obtained are so
various that the reader is referred for detailed information to the
special reports presented below.

MUNICIPAL AND INSTITUTIONAL WATER SUPPLIES.

In the entire State there were at the beginning of the year 1906
about 250 cities and villages and at least 15 State institutions pro-
vided with waterworks systems. About 50 of the villages, however,
use water chiefly for fire protection, and in some cases they have no
distribution svstems. The population of the towns and institutions
provided with waterworks aggregated about 1,150,000 in 1900, when
the last Federal census was taken; but in most of the towns a large
part of the people have not connected with the public supplies and
still continue the use of private wells. On the basis of the number of
taps reported, it is estimated that in the cities with a population
between 10,000 and 100,000 about two-thirds of the people are con-
nected with the public supply, and in towns of less than 10,000 popu-
lation one-half or less are thus connected, while in Detroit, the only
city with more than 100,000 population, nearly all are connected.
From this it appears that the probable actual users of public supplies
are between 750,000 and 800,000, or, say, 775,000, or 32 per cent of the
entire population of the State in 1900 (2,420,982). Of these nearly
600,000, or about 24 per cent of the population, are supplied from
surface water, and less than 200,000 from wells. Of those not con-
nected with public supplies probably not more than 20,000 depend
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upon springs and surface waters, while about 1,625,000, or two-thirds
of the State’s inhabitants, depend upon private wells.

There are 37 towns on the borders of the State with a population of
about 510,000 which obtain public supplies from the Great Lakes and
their connecting streams, St. Marys, St. Clair, and Detroit rivers.
The metropolis, Detroit, with a population of about 300,000, is among
the number. The water from this source is not so hard as from the
majority of the wells, and is therefore especially suitable for boiler
use. In an unfiltered state it is often found to be unwholesome and
in some cases dangerous for drinking hecause of contamination in the
vicinity of intake pipes. The worst epidemics of typhoid in the State
have prevailed in towns taking their supply from this source. It is
therefore incumbent on the cities and villages thus situated to put
in filtration plants with up-to-date methods of purification. Indeed,
all surface water, including that from springs, streams, and inland
lakes, should be properly filtered before it is used for drinking or
other domestic purposes.

Many of the inland towns have taken public supplies from the
streains and inland lakes, the population of such towns aggregating
about 300,000. In not a few cases, however, the domestic use of the
public supply is largely restricted to closets, baths, and lawn sprin-
kling, while private wells are used for drinking, there being consider-
able prejudice against drinking the public supply, not alone for fear
of its contamination, hut because it is less palatable than the well
water. This is especially true in hot weather, when the surface water
beconies too warm to readily quench thirst. The streams and lakes
are seldom rendered ohjectionable for drinking because of a muddy
condition due to freshets, for on account of the prevalent porosity
of the soil the rainfall is absorbed and, except in clayey distriets, is
largely supplied to streams by underground seepage. Only the most
violent rains cause much disturbance of the streams. Michigan is
more highly favored in this respect than the neighboring States.

Of the cities drawing public supplies from wells only 5 had in 1900
a population of more than 10,000, namely, Jackson, Kalamazoo, Lan-
sing, Ann Arhor, and Manistee. The supply at Jackson is from deep
wells in sandstone and probably is not excelled by any city in the
State. Lansing also obtains its supply {from sandstone. The three
others obtain supplies from glacial deposits or from the overlying
gravel. Many smaller cities, the majority of villages with public
supplies, and several of the State institutions are entirely supplied
from wells, there being 29 using wells in rock, and 104 using wells in
the drift, while 15 others are supphed in part from wells and in part
from surface water. The rock wells are chiefly from sandstone, those
from limestone being almost wholly restricted to the Northern Penin-
sula and to the northern part of the Southern Peninsula. Many data
concerning the public as well as private supplies from wells will be
found in the special reports herewith presented.
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WATER SUPPLIES OF MONROE COUNTY.~
By Fraxx LEVERETT.
TOPOGRAPHY.

Mouroe County lies in the southeasl corner of Michigan, being
bounded on the east by Lake Erie and ou the southi hy the State ot Ohio.
Its eutire surface was covered by the waters of glacial lakes, and is a
smooth plain except for low gravel ridges formed at the shores of the
lakes and for low dunes of sand. The Belinore beach, forming the
shore of the Glacial Lake Whittlesey, crosses its extreme northwest
corner and forms the highest land in the county, 740 feet above tide.
A sandy belt 2 to 8 miles wide, marking the borders of Lake Warren,
tuns through its western half {from north to south. Aunother sandy
belt crosses its eastern half, passing through Carleton and just west of
the ciry of Monroe and joining the western belt in the southern part of
the county. In addition to these belis of sand there are narrow strips
along the streams, so that about half the area of the county is esti-
mated to be coated with sand. The remainder has a stiff clay soil.

The principal stream of the county is Raisin River, which runs
eastward through its central portion and discharges into Lake Erie
near the city of Monroe. Two of its tributaries, Saline and Macon
rivers, pass through the northwestern part of the coumiy and enter
Raisin River just below Dundee. Iluron River forms part of the
northeastern boundary of the county, while Stony Creek and Swan
Creek drain the portion between Huron and Raisin rivers. The
southern half of the county has only insignificant streams directly
tributary to Lake Erie.

FLOWING WELLS.

GENERAL STATEMENT.

In the sand-covered arcas the wells are usually but 10 to 20 feet in
depth, the supply being obtained at the base of the sand. In the
clayey portions of the couniy wells are usually sunk either to the rock,
where that lies near the surface, or to beds of eravel and sand, which
occur in the glacial deposits at depths of 20 feet or less to about 150
feet. Three belts of artesian water strike acrcss the county in a
northeast-southwest direction, the eastern being along the shore
of Lake Erie, the central from 5 to 12 miles back from the shore, and
the western in the northwest township. Flowing wells in the eastern
and central belts usually penetrate the rock a short distance and are
very generally charged with compounds of iron and sulphur, as well
as with lime and magnesium. The hydrogen-sulphide gas which
the water carries decomposes on exposure to the air and the sulphur is

aCondensed in part from report by W. I1. Sherzer, in Geology of Michigan, vol. 7. pt. 1, 1900,



26 WELLS AND WATER SUPPLIES IN SOUTHERN MICHIGAN.

deposited as a white mealy precipitate. The iron, which is present
in the water mostly as a carbonate, becomes oxidized on exposure and
is deposited over objects covered by the water, forming a yellowish-
brown coating. When both iron and sulphur are present in the water
iron sulphide results, giving the water an inky color. There are a
number of wells of this character. Wells of the western district
obtain water from the drift in most cases, and are generally free from
hydrogen-sulphide gas. The water in some cases is sufficiently soft
to be used for laundry purposes without softening compounds and
appears suitable for boiler use. ¢

Continued drought makes no perceptible impression on the wells
along the shore of Lake Erie, nor are they apparently affected by the
opening of new wells. The extent of the belt has shown very little
contraction down to the present time (1905). This maintenance of
head and strength seems somewhat remarkable in view of the fact
that the central flowing-well belt, lying a few miles to the west, has
suffered a marked diminution in both, especially within the years 1903
and 1904, as pointed out in the special report by M. L. Fuller on the
failure of wells in lower Huron Valley (pp. 33-48). The failure in that
district is referred by Fuller to the prolonged drought, which has
resulted in a general lowering of the water table in that region. Pos-
sibly the belt along the lake stands so near the lake level that the
water table can not be affected by drought to the extent that the
higher region to the west has been affected.

Flows in the northwestern part of the county are maintaining their
head, and in many cases their full strength, the drought having had
little or no influence upon them. In that region the ground-water
table is apparently subject to but little fluctuation, for the flows occur
on a slope which rises rapidly westward to an elevated catchment area
whose water table in the driest seasons is far above the level of the
mouths of the flowing wells. Tt thus differs from the central flowing-
well belt, whose catchment arca appears to be in absorbent beds of
sand near by, at a level but little higher than the mouths of the wells.

Detailed examinations of wells in the western belt were made by
Leverett in 1903 and of the flowing-well areas in the northeastern
part of the county by Fuller in 1004; but those in the eastern and
southern parts of the county have not been covered in detail, since a
reconnaissance showed that most of the wells were still maintaining a
flow. These latter areas will be dismissed with a brief review based
on Sherzer’s discussion.

EASTERN ARTESIAN BELT.

The eastern artesian belt lies near the lake shore and consists of
three detached areas, one small one in eastern Erie Township, a sec-

a For ahalyses of water at Milan, see p. 147 .
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ond about the mouth of the Raisin extending southwestward into
Erie Township, and a third in eastern Berlin Township. The flow of
water 1s exceptionally strong in some of these wells. Thus, at the
Greening Brothers' nurseries, south of Monroe, the water reaches the
surface with force enough to run sprinklers, and has a head of at least
12 feet. Eastward, at Lake Erie, at the Totus House, are two flow-
ing wells in which the water will rise 20 feet above the surface, or
25 feet above the lake. The heaviest flow of artesian water in this
belt was struck in September, 1899, on the south bank of Otter Creek,
21 miles southeast of Lasalle, at the residence of Kdward Sharkey.
The well is 51 feet deep and enters rock 6 to 8 feet, and has a diameter
of 3 inches. The water came with such force that when a plug was
driven into the pipe, which prevented it from escaping freely, the
water began to rise through the clay around the mouth of the well and
formed ashallow lake about 100 feet across. The plug was afterwards
withdrawn and an S8-inch pipe inserted, from which a stream 2 feet
broad and + inches deep flowed to Otter Creck.

MIDDLE ARTESIAN BELT.

The middle belt consists of three detached areas extending in a
northeast-southwest direction across the county. The southernmost
is a narrow area, 3 miles long by half a mile wide, in Bedford Town-
ship east of Lambertville. The head is slight, the highest rise noted
being about 6 feet. The most northern area of this belt is in north-
eastern Kxeter and northwestern Ash townships, where a rise of 3
feet above the surface is about the limit. The water usually con-
tains hydrogen-sulphide gas, and some of the wells proved so offensive
that they were plugged. In northeastern Ash Township and north-
western Berlin Township the wells, as noted in the report by Fuller,
have nearly all ceased flowing. The Portion of this middle belt in the
central part of the county is a large irregular area over which flows
are scattered, occurring ordinarily only on the lowest ground.

MILAN-CONE DISTRICT.

This district lies in the northwestern township of the county and
occupies a strip less than 1 mile wide and about 6 miles long, leading
from the village of Milan southwestward past the village of Cone.
Some of the wells have been flowing about fifty years, and show no
marked decrease, but the water rises very little above the surface.
Indeed, the flows are confined chiefly to a low strip lying under a
beach line, where the surface had been cut a little below the general
level of the plain. Immediately back of this beach to the west the
water rises to an altitude greater than that at the flowing wells, but
not quite high enough to come to the surface. Still farther westisa
flowing-well district which touches the northwest corner of Monroe
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County, but lies largely in Lenawee and Washtenaw counties, and is
discussed under the Lenawee County supplies.® This district was
included by Sherzer with the Milan-Cone district.

The flowing wells of the district, of which tabulated data are pre-
sented below, all fall within Milan Township. The distance to rock
increases from about 40 feet in the southeastern part to 150 feet or
more in the northwestern. This is due partly to an increase of alti-
tude to the northwest, the southeastern part being 650 feet and the
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F16. 4.—Map of York and Milan-Cone flowing-well districts.

northwestern 740 feet above tide. The township is sand covered
only in the eastern part, and there the wells are shallow, as in London
Township. Elsewhere the wells generally find supplies withou! reach-
ing rock at depths ranging from 25 to 150 feet. A few wells have been.
drilled into rock on the borders of the flowing-well district with a view
to obtaining a flow, but adequate supplies of water were found in the
drift. The flowing wells of the extreme northwest corner of the
township are discussed in the report on Lenawee County.®

aSee York flowing-well district, pp. 82-86.
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MONROE COUNTY.

Wells of Milan-Cone district.a

Water

tSig(Izl ' Pa,rtti (?rf1 'sec Owner }Depth Etll?nd | I‘;l()sis | Remarks.
—_— ] ——— . o
[ Feet. | Feet. Feet. ‘
2iNE. L ...... T.A, Wilson........ 40 680 6838 | Strongflow; south of Suline River.
3| NE.1. A.Van Wormer....! 40 680 682 Weak flow; south cf Saline River.
2| NE.1......| (.M. Blackmar..... 20+ 680 688
2| NE.1. | J.&E. Gauntlett. o200 680 688 || North side of Saline River: about
2| NE.4...... | H.C.Sill............ 20 | 680 688 20 feet in depth; flows weak to
2| NE. 1. _.| W.N. Reeves....... 20 680 688 moderate.
2| NE.}.......| A.J.Mesic.......... 20 680‘ 688
11 | NE. 1. JR.COAllen. ... oL 55 682 685 | Well in shallow sag.
1 8swW.i .l S.Campbell......... 35 682 685 | Made about 50 years ago.
14 | NW. 1 __ . A.Shaler._._.._. -] 60 680 685 | Moderate flow; water chalybeate.
14 | W.side..... Warren Lewis. . 70 632 685 | Three flowing wells, 60, 61, and 70
feet; moderate flows from sand
: below till.
14| swW. L. ... C.Reeves........... 67 \ 678 ! 676 | Strong well; soft water.
15 | N.side...... [0 T (M | 685 ' 690
15 NE.1....... } AWm, Lee, jr......... 40 650 ’ 685 | Well made about 1870; moderate
| flow.
15 | B.side...... Mrs. L. VanWormer  (?) r 682 6585 | Strong flow:; 1made many years
| ago.
151 8W. L ... \ IIolcomb......... 7 680 { 685 Strong flow.
15 | W.side..... () e (™ 685 680 Two strong flows.
16 « E.side...... (”) .................. 7 635 690 Do.
16 | S.side...... Thos. Welch. ....__. .60 685 699 | Two flows, now choked with sand:
} ‘ . one 3-inch well made 25 yvears;
i | the other I-inch well made 18
years ago.
20 | E.side...... Erastus Cone....... 254 684 692 | Pioneer well, made over 50 years.
20 | . side...... John Denison....... L30 690 692 | Good flow for the altitude.
201 SE. 4. () e I 10 682 690 | Two flows, one at only 10 feet,
| N I _another a few feet deeper.
21 | E.side...... Henry Wilcox..._... 84 655 687 | Two weak flows, 79 and 84 feet,
i 1 fromsand below till; watersoft.
21 | Center...... "L Caswell. ..ol 75 682 690 Strong flow.
21 | W.side. . Downing . 51 685 690
21 | W.side George Auten..._... 26 685 690 ‘ Flows 3 gallons per minute from
1-inch pipe 3 feet above ground;
1 has been flowing 50 years.
21 | SW. L. ... Alvin Cone.......... 25 ' 680 690 | Strong flow.
22 | W.side..... Mrs. P. Nolan._..... L35 620 685 | Not in use.
28 | NW.3...... Alvin Cone.......... 60 680 685 Weak flow.
28 | W.side.....] A, Vanderwenter. .. 28 679 675 , Pump well.
29« N.side......!..... do.. ... ... 60 630 635  Flow in fleld.
29 | N.side...... I Jacob Curry........ G0 680 685 Do.
29 | W, side..... Peter Tingley . ...... 50 680 685 \
29 W.side..... Frank Packard..._.. I 54 682 685 | Water from sand under cemented
' crust helow till.
30 | E.side...... ‘1 Thos. Caswell....... ro4 682 685 | Water from sand below till.

a Data collected by Leverett in 1903.

London Township, which borders the Milan-Cone district on the
east, is largely sand covered and has few deep wells. The distance
to rock ranges from 20 to more than 100 feet, the drift being thickest
in the northwest corner. So far as ascertained, no flowing wells have
been obtained in the township. The ordinary depth of wells is about
20 feet; but some along the north border reach 50 to 60 feet and enter
rock. There are also a few rock wells scattered over the township.

WELL DATA BY TOWNSHIPS.

The tabulated well records given below were collecte'! and arranged
by Prof W. H. Sherzer. They show conditions at the time of his
studies, which were completed in 1899. In some townships only
general statements are furnished.
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Wells of Monroe County.

BERLIN TOWNSHIP (T.5 8., R. 10 E.).

[Flowing wells near the lake with some sulphur, little iron, and scarcely any oil or gas; usually hard
water; depth 12 to 93 feet; depth to rock, 9 to 33 feet.]

Remarks.

Flows; when made threw out R or 10

3 mile south are 2 flows, head +3 feet.
Flowing well, no sulphur or iron; water

water hard.

Hard water: 3 wells about alike.
feet to white sand:

Both wells flow: sulphur water from
white sand under bed rock.
Source in white sand (rock?).

Sulphur and a little iron in water.
Head —2 feet; water hard with iron.
White sand in crevices of rack.

iron water.

Sec-  Part of sec- Depth Depth
tion. - tion i Owner. of to
. ‘ | | well. rock,
| I [
|
s l Feet Feet.
6 SE. I { 56 Rises 20 feet above surface.
8 | SW. part...| Chas. Peters.. ! 28
bushels of white sand.
91 8W.L...... L. Fountain ffg }Water from rock.
15 | Center......] A.Bondie............ 157
17 | G.H.Holmes.._.._.. . . ._.l........
. hard.
H. Valrance.......... 34+ 33 | Head +-4 feet;
.l Mr. Story..._. i 30 | Flowed at first.
A, Sharkey. 32
D.Plufe.............. 20 | Through rock 2 to 5
4 wells.
T, Laurarand........ ;l,g
.3 C. Lemirand. . 22
Lside. ..o oLl 20 | Soft rock.
. C. B. Laringer.. )
28 | SW. L. ... J.Bondenmiller.. ... ... ... 12
30 | NW. part...| C. Gretzler (?) 12 '
33 | SE.3....... D. Lagineff. .. .. 25 |, Flowing well from drift.
34 | SW. L. ... A.8.Cousins.........|........ 11 | All wells in vicinity flow;

ASH TOWNSHIP

(T.58., R.OE)

[About half the wells flow: rock hard; very little gas; depth 10 to 35 feet; depth to rock 9 to 30 feet.]

James Pink...._..._.. ‘

1| NE.3....... 11 10 ‘\ Flows 21 feet above surface, filling a
| %-inch pipe.
31 SW.part...|J. Viels........... ... ... ... 26 Hea.d —10 feet.
21 21 Flows obtained anywhere in these sec-
67 | Several wells_........ { e b tions; water hard, in places sulphur-
33+ 30 ous.
15 ...1' J. Cronenwelt (&3] (?) Two wells flow; iron water.
15 ., J.C. Wilson. . 34.5 32 | Soft rock.
25 Boudinet............. 24 20 | Water hard, some iron; rock hard to
drill.
27 MeLaughlin.................. 24 | Hard rock.
28 Ackerman............ 30 30 | Waterhard; much sand from top of rock,
. 2 inches to pail of water.
33 G.Meyer... ......... 30+ 30 | Ttead —11 feet.
33 J. Romnie, jr. . 344 l 34 | Sulphur water.
34 T MRller ool | . | 28
EXETER TOWNSHIP (T.5 8., R.8E.).
2| S.side...... - 8. Manor... (?) 42 Head near surface; water dipped.
3| SE.corner..'.............. 40 | 40 Head +3 feet.
5| 8E.4....... J. Richards ¢ 35 Head —9 feet.
51 8W. koo 09 55
8| S.side...... J. Wright. 50 50
10 | SW. corner.! Several wells. 370 37 Flowing wells along creek to south.
12 | SW. .. .. L. Schumacker . 36 36 Flows sulphur water.
14 | Center...... Sink hole... .. 37 Do.
15 | E.side...... J. Holster. . 32 Flows.
151 SW.i...... J.Stout. ... 30 Head —4 feet: used to flow.
161 SW. i ....... D. Billinger. 14] geag -7 fegt:ts)ulp}iur w%}t]er.l 4 wat
7254 ock at 55 feet } mile south: hard water
18 NW.i...... G.W. Palmer........ 55 from gravel.
18 NW. i ... Jacob Hammer. . 27 1 Soft water.
20 Center...... J. W, Wheeler........ 40 Sulphur water.
29 ... Several wells......._. :’;g ;}Two have sulphur water.

RAISINVILLE TOWNSHIP (T.6 8., Rs.

T-RED.

[Sulphur and iron not rare; water generally at top of rock; a few flows; depth 12 to 32 feet: depth to
rock 11 to 32 feet.]

FRENCHTOWN TOWNSHIP (T.6S.,R.9 E.}.
[Wells generally shallow; rock at slight depth, 8 to 35 feet; depth of wells 13 to 35 feet.]
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Wells of Monroe Couniy—Continued.
DUNDEE TOWNSHIP (T.6 S, R.6 E.).
[Rock usually at 30 to 40 feet, but sometimes 11 to 70 feet or more; depth of wells 10 to 103 feet.]

\ ! Depth | Depth |
of to

Sec- | Part of sec-

2 < Owner. Remarks.
tion. tion. " well. | rock.
. Feet Feet.
L . ...| Stephen Ball......... f 93 65 Sulphur water, probably from rock.
T, Hiser.. . ‘ 2] 7 40 feet of water: drift all clay.

Erwin Smith i 64 58 40 feet of water; from rock.

A. Richards. . o 62 48
Wm. Hazen.......... l 103 70 Sulphur water; some gas at 20 feet.
R.Ingersoll........_. ‘ 40 384 ‘ Weak well with iron and sulphur.

SUMMERFIELD TOWNSHIP (T.7 S.,,R.6 E.).

[Wells in surface sand, 14 to 16 feet deep; near base of drift, 40 to 62 feet deep; in rock 70 to 97 feet or
more. Depth to rock, 20 to 60 feet.]

|
} 40 40 Water from gravel.
. 70 45 Water from rock, has sulphur and iron.
T 58 A little gas.

1
I

WHITEFORD TOWNSHIP (Tps. &89S, R.6 E.).

[Deepest drift south of Ottawa Lake- shallow wells in sand have soft water; deep wells both in glacial
deposits and rock; depth to rock 0 to 100 feet; water hard; no burning gas and little .S gas; many
sink holes; wells often at base of drift.]

|
Chas. Steffins...._.... 7 20 |

|
|
John Pettit........... 100 |........ ‘ Sink hole in limestone on same farn.
..l Wm. E.Jenne........ 72 26 Rock at 9 feet 20 rods southeast.
.| Chas. Jacobs......... 80 18 ' Strong in sulphur.
.| J. Kummerow._...._. 116 |........ i
.| Fred Aldrich......... 114 20 |
40 12
104 24 | Sweet water; limestone at 30 feet; shale
| 55 feet.
........................ 122 25 | Hard rock called *‘flint,”” and sandstone.
Ml 24 0 | Rock near surface for § mile radius.
./ D.Dolby.....c....... 60 6
F. Gibbs.. 1100 75 ‘ 22 Soft and crumbly rock.

aT.9 8.; all the others in T. 8.

IDA TOWNSHIP (T.7 8., R.7E.).

[Good wells easy to obtain; rock in places very near surface near Ida and Lulu villages; flows on east
side of township; depth of wells 10 to 48 feet; depth to rock 3 to 32 feet.]

R.Gregory........... ‘ ........ 32

..l Julius Frank......... ! 27 23

..| C.Hausen............ ! 1. Well in sand.

..l K, Vogelsang......... 20 121

.| Chas. Stoty........... 36 30 ., Hard water from rock.

L. Hutting. .......... 30 20 White sand (rock?) yields water.
Mrs. K. Traub........ { %g """" \Both wells flow.

.. Billmire. ......... ... 26 |. ...| Hard water; no rock.

.. M. Strabel............ 48 1. (Could not case hole because of sand.
Frank Long.......... (?) (¢9] Flowing well; there are several flows in

section.
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Wells of Monroe County—Continued.
BEDFORD TOWNSHIP (T.8 8., R.7E..

[Shallow wells 10 to 20 feet in sand form most numerous class; affected by drought; water from rock
near Stony Ridge, which runs northeast and southwest across township; depth of wells 10 to 100
feet; depth to rock nothing to 70 feet.]

I | |
Sec- \ Part of see- De(?fth [ Det%th ’

H f | Owners. \ Remarks.
tion. tion. i well. ‘ rock.
| S A i | ——
Fecet. i Feet. ‘
16 | e il P, i Flowing well.
2 | A Maybee....o_...... 20 (?) Rock at surface 20 rods north; flows in
\ l Vwet sea?on onlyf'; httlcdsﬁlpliur. :
4. Water soft in 14-foot and hard in 18-foot
‘ R.Du Shetler........ ‘{ 18 [....... well; latter in blue clay.
. W, P.Bowen 65 65  Flinty rock.
................. 69 38 | Head —1 foot; soft water from sand.
.. Milton Gray 54 49 ’I‘Ifllis and three or four other near-by wells
' OWwW.
| J.B. Suber. \ 98 - 40 | Strong sulphur.
...................................... 621 38 \

MONROE AND VICINITY,

Much sulphur: sonie iron; mineralized water in places. (For deep wells see Geology of Michigan,
vol. 5, pt. 2, p. 70, pl.41.) Depth of wells 10 to 72 feet; depth to rock 2 to 60 feet.]

ernmost farm to-

I
...... lieiececcecaa.. Geo,  TLoblier (on \ 72 60 .‘ Head +12 feet.
ward Lake Erie). |

! | claim 419; the east- !

LA SALLE TOWNSHIP (T.7 8, R.8 E.).

[Many flowing wells near border of Lake Erie; depth 14 to 73 feet; depth to rock, nothing to 40 feet.}

18 | 8E. 1 ] \ 2
19 . 15 | Flows; little iron in water.
20 15
20-30 2|
12
31 8
33 | S.sude...... J.A.Ranch.......... 73 37 | Affected by drought; flows part of year;

‘ little sulphur.

ERIE TOWNSHIP (Tps.8-98,R.8§ EJ).

[Flowing wells along Lake Erie shore; sulphur water mostly near lake; some iron; water generally
hard: depth of wells 8 to 124 feet; depth to rock 2 to 124 feet.]

- I
8 ’ E.side ..... K. W. Kenney. . 55 ‘ 45 | Head —12 feet; water hard: some iron.
10; SE. 4....... H. Cushing... . 54 ?) Flows 1-inch stream 4 feet above surface;
no sulphur nor iron. .
16 |oeeeiii H.C. Plummer....... \ 78 72 | Head —8 feet.
5

7 | \ D.La Point.......... { » } (2) | Two wells; little sulphur.

F.LeRoy....0....... | 102 No rock struck; rock at surface 40 rods

|
\ r west.
No rock struck.

Flowed 2 to 3 days, but normal head —4
to —6 feet.

Head —4 feet; affected somewhat by
drought; water hard.

Hard at surface; little iron.

Head —2 to —3 feet.

a T.98.; others all in township 8. b On State line.
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WATER SUPPLIES OF THE LOWER HURON RIVER
REGION. :

By Myrox L. FULLER.
INTRODUCTION.

In the late spring and early summer of 1904 the shallow wells
throughout the region adjacent to the lower portion of Huron River,
in southeastern Michigan, which up to that time, except for short
seasons of drought and resulting weakness, had ylelded abundant
supplies of water, showed signs of failing. As the summer progressed
the shortage became more severe, making it necessary in many cases
to materially deepen the wells in order to secure the water necessary
for ordinary domestic and farm purposes.

In July, 1904, Mr. Leverett made a reconnaissance in the vicinity
of Carleton, Flat Rock, Willow, and Waltz, determining the general
conditions as regards shortage. In August, the shortage still con-
tinuing, the writer visited the field and made a more detailed study
of the conditions of the wells and of the causes of their failure, the
results of which are presented herewith.

Acknowledgments for certain geologic and well data are made to
Dr. A. C. Lane, Mr. Frank Leverett, and Prof. W. H. Sherzer.
Thanks are also due to Mr. James Swan, of Detroit, owner of the
Grosse Isle well, and to Mr. Edward Ready and other residents of
Carleton for courtesies rendered.

GENERAL STATEMENT.

The region in which the shortage of water in 1904 was earliest felt,
and in which it was severest, is a belt perhaps 10 miles wide along
the borders of Wayne and Monroe counties, extending in a northwest-
southeast direction about 20 miles, parallel with and including Huron
River, and reaching from a point near New Boston to the mouth of
the river at the head of Lake Erie. The greater part of the aflected
belt lies south of the river, only a strip a mile or two in width falling
on the north side. The shortage was most pronounced along Swan
Creek, which parallels Huron River at a distance of 3 to 5 miles on
the south. South of Swan Creek the wells are affected only for a
short distance, usually not more than 2 or 3 miles.

The villages principally affected are Willow, Waltz, Carleton, Flat
Rock, and Rockwood. In the portion of the belt east of Rockwood
and Newport and between these towns and the lake no shortage was
reported up to August, 1904.

The entire region is very flat, and the stream channels are shallow.
The soil is generally clayey, although locally the clay is overlain by
thin sheets of sand, which in places take the shape of low, flat,
northeast-southwest ridges representing old beach lines of the lake
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which formerly covered the region. The sand has also been shaped
in places into ridges by the wind. The country has a gentle slope
southeastward toward Lake Erie, usually not exceeding 5 feet to the
mile, and this governs the stream courses.

The climate is tempered to a certain extent by the proximity of
Lake Erie, being, with the exception of the southwest corner of
Michigan, the warmest in the State. The average minimum temper-
ature is 39°, the average maximum 57°, and the average mean 48°.
The rainfall, which is about 30 inches, is low compared with the most
favored portions of the State, where it reaches 35 to 40 inches, and
is less than on the headwaters of Huron River. Normally the rain-
fall is lowest in January, when it is less than 2 inches a month, and
highest in May and June, when it exceeds 3.5 inches a month.

GEOLOGY.
SURFACE MATERIALS.

The material overlying the rock in the region consists of a clay
with an admixture of sand and pebbles, technically called till, which
1s not usually arranged m definite layers as in stratified deposits,
but is a heterogeneous mixture, although occasional beds of quick-
sand or gravel or even scattered bowlders may oceur. In consistency
it is tough and clay like, and is of a grayish-blue color when fresh,
but becomes yellowish through oxidation of the iron on exposure to
the weather at the surface. Some surface bowlders occur in the
part of the area nearest Detroit River.

Although having a flat surface, the thickness of the drift varies
because of differences in the elevation of the underlying rock surface,
which reaches much nearer to the top of the ground in some places
than in others. The clayey deposits are 15 to 60 feet or more in
thickness, 25 to 30 feet being a fair average in the regions back from
the streams. The streams, however, have cut their channels into
the clay to some depth and may even have cut entirely through it
into the rock. Occasionally the rock reaches mnearly or quite to
the ordinary surface, as at the large quarries at Newport.

In a broad way the thickness of the clays may be said to increase
as Detroit River and Lake Erie are approached. West of Carleton
the thickness, as shown by wells, is commonly about 30 feet. East
of that town the depth, though variable, is sometimes as much as 60
feet, while near Rockwood it may be equally great.

The bowlders and the unstratified materials were derived from
the ice sheet which once invaded the region or from a succession of
such invasions, but the pockets and thin beds of gravel and sand
which are included were deposited by water, perhaps in some cases
simultaneously with the glacial deposits, while the sand beds which
cover portions of the drift surface are the product of lakes which
occupied the region after the retreat of the ice.
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ROCKS.

The rocks underlying the clays in the lower Huron River region
consist of limestones, sandstones, shales, ete., arranged in belts
extending in a northeast-southwest direction, or at a right angle to
the course of Huron River. They are reached by all but the shallow
dug wells, and afford the greater part of the ground water found in
the region.

In the northwestern portion of the area, or beyond a point a couple
of miles northwest of Carleton, the rock is the Dundee limestone, a
fairly pure, light-colored, flint-bearing Devonian limestone, perhaps
100 feet in thickness, dipping northwestward 20 to 25 feet to the
mile. Tt is characterized by waters more or less charged with
sulphur in the form of hydrogen sulphide.

Below it lie the upper Monroe beds of drab Magnesian limestone
or dolomite, sometimes carrying sand, gypsum, and other minerals.
The dip is similar to that of the Dundee limestone. The waters are
hard, but are not characterized by much sulphur.

Next below is the Sylvania sandstone, a white sandstone out-
cropping beneath the clay from a point about a mile east of Carleton
nearly to the mouth of Huron River. The dip is somewhat flatter
than that of the preceding formations, and is more to the north than
to the northwest. It yields water of good quality.

Last are the lower Monroe beds, which are generally similar to the
limestones and dolomites constituting the upper part of the Monrce
beds already described, but are often more siliceous than the latter.
They outerop parallel to the Sylvania sandstone in a narrow belt
along Lake Erie and Detroit River. Their waters carry some
sulphur. ’

WATER SUPPLIES.

Within the region under discussion the water supplies vary con-
siderably in composition, head, volume, and shortage in time of
drought. The wells are dug, drilled, or a combination of the two.
The flowing wells may be grouped in four areas: (1) Willow-Exeter;
(2) Swan Creek; (3) Huron River; (4) Rockwood.

WILLOW-EXETER REGION.

The name Willow-Exeter region is applied to the area now or
formerly furnishing wells, which extends from the vicinity of Willow
southwestward past Waltz into the northeastern part of Exeter
Township, Monroe County (in secs. 1, 11, 12, 13, and 14, with parts
of secs. 2, 10, and 15). The belt lies transversely to the drainage
of the region and is located mainly over the outerop of the Dundee
limestone.
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The dug wells obtain a very limited supply of nonsulphur water
from the clays and associated gravel and sand. The drilled wells pass
through the clay and permeate the rock sufficiently to obtain water
strong in sulphur, which will frequently flow at the surface. The
combined dug and drilled wells are usually dug about 15 feet and a
small drill hole continued from the bottom down to the rock, which
1s usually penetrated a foot or two. Such wells are particularly
adapted to those cases where the water will rise nearly but not quite
to the surface. They furnish opportunities for storage and will ordi-
narily yield more water than the simple pipe wells, for the latter
may become clogged when water is most needed.

The depth of the wells varies from about 15 feet to 55 or 60 feet,
of which usually all but a foot or two is through clay. The area
has been spoken of as one of flowing wells, but it is generally only at
the lower points near the streams or in sags of the surface that good
flows are obtained.

The portion of the district near Willow was visited on July 18,
1904, by Mr. Leverett, who furnished the data in the following
paragraph:

Extending a mile or more both to the east and west of Willow is a line of flowing wells
averaging 60 feet in depth and obtaining sulphur water. They all draw from the same
horizon and have always interfered more or less with one another. The flowing well of
Henry Ludwig, on the west side of the NW, 1 sec. 28, which penetrated 50 feet of clay, ete.,
with a crust at its base before entering the rock seems to have had a marked eflect on the
wells near the village of Willow, reducing their head, or even, in some cases, stopping the

flow altogether. The later wells in Willow have reduced the head of those earlier made,
both in and west of the village.

The following table presents the main data collected by the writer:

Wells in Willow-Exeter region.

& ) ‘ ' Head.
4:‘ g . <
% | ¢ 8 | Partof ER Shortage
§ %N"é | section. Owner. 2 IMaxi| Pres- noted: Remarks.
i=} | t.
= ;m (% ‘ | 8 muin.| en
‘ B -
) Feet. | Feet.| Feet.
5 | 9 17| SW.i... R.Woodward._ ... 16 . ... — 8 .. Typical well in elay; no siort=
age.
5 ‘ 9181 SE.4.... J.T.Lucke........ 45 | —20 Typical sandstone well; good
water; no shortage.
5/9 20| NW.1.. 1.8, Ankerbrandt.] 211 —10| —17 | June....| Tiled well; roily before storm.
519,20 Center.. Frank Woodward.|.._._. .. ... .| ....0. ... ... Two wells, type unknown;
, both dry.
5 9|19, NE.i... George Burgess.... 18 — 06 =10 ..o, Sandstone well; plenty of
‘ ! water left.
51918 8W.i__.| Frank Dusheck....} 33|+ 0| —12 .. ... ... Plenty of water by pumping.
5|8| 13| 8E.%.... John Wenzel...... 41 ] — 6| — 6 ‘ .......... Ngeshortage; sandstone wa-
T.
5 8|13 ‘ NE.%i... James Dunn....... | P [~1]-3 July....i Plenty of sulphur water; a
, surface well; goes dryevery
‘ season.
518113 / SwW.i...|J. Crimins...... ... .. ... — 30— 3 Sulphur water: went dry in
[ ; spring, but water reiurned
! ‘ on cleaning.
50813 NW.1.. Henry Kingsley...! 28' + 0| — 2 July.._.| Sulphur water; another well
‘ ' still flows.
5| 8|13 | Center..| Edw. Navarre..... [T EUN FOURTURR, | Lowered, but still plenty.
58|14 | NE.4...! Frank Ochs....... 28 + 0|+ 0] 1902.. ... ! Plenty of sulplhur water, but
' [ less than before 1902; no
| | recent shortage.
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Wells in Willow-Ereter region—Continued.

al b 1 Tead |

= . e

% ¢ 8  Partof . = Shortage, )

g 5 2 ! section. (wner. 2 Muai Pres- noted. | Remarks.

o 3|8 g mum.| ent. !

H Ao - |

z — . _ - _ - -

i
.| Feet. Feet.l

R D S John Theisen. - - ... Good flow just struck.

5 8 14| Cenrer.. D. Livernois . 20 el ol . No sulphur; plenty of water.

5 [ 8 | 14| Center.. F.Maynes....._._. 0+ 3 + 3 Sulphur water; no recent dee

cline.

58| 14| Center.. Philip Zink.. ... ... 3 — 4 -4 Sulphur water; as much as

usual.

58] 14 | . F.Maymes (field).. 33 ...... + 0l New sulphur well.

| 810 T W Zink. ..ol 37— 3 — Nl Alwavs improved by cleaning.

A8 1L . John Murphy...._. 3B+ 0 — 8 Sulphur water; failed once,

but flowed again on clean-
ing.

S8 2 SWa o CoseDavis..ooooL oL Fresh and sulphur well; no

unusual shortage.

508111 NW.I.." A W. Dexter...... e Do.

5| 8&] 2 R.side.. A.Fay [ P Do.

518 1 SE.i....| M.Vasher.. ...... 32, Sulphur water; weakened, but

! , i supply returned on cleaning.

508 | 1 SW.i . F.Livernois...... .. ... T Stopped at first, and perma-

. ' nently weakened by Vasher
| | I well.”

5812 SW.lo.. Wm. Ganos. . 40 -9 No change; sulphur water.
518112 SW.1 Sam Ganos. M4 =3 =3 No change: sulphur water;
' surface wells dry.

5191 7 SW.i... Joseph Discher....|...... — 8 — 8|l No shortage; surface wells

full.

519118 | NW.1.. C. Heinzerling..... 28 | ~14 —16 |.......... Sulphur water; no unusual

. ' . shortage.

519 T|8SE.f.... J.J1. Lucke...._._. P22 — 3 —18 | 1903..... Sulphur well; improved by
! ‘ ! ! | cleaning; surface wells all
b | | ' right.

597 ‘ NE.4... J.H.Jewell......_. ‘} ., — 0 — 3, Spring.. Sulphur water; flowed up to

May.

An examination of the above table will show that the conditions
are not uniform. Several surface wells are reported dry, while in
others the supply seems to be the same as usual. No decrease is
noted in the wells in the sandstone, and most of the limestone wells
(vielding sulphur water) show little, if anyv, material shortage, although
owners report losses which in several instances were returned wholly
or in part after cleaning. Some interference exists.

The shortage appears to be such as would accompany an unusually
dry season. The moderate decrease due to drought has not been
uniform, but was felt first by the shallower wells, or by those yield-
ing small supplies, and last by the deeper and stronger wells. The
difference is generally most noticeable in the flowing wells, for a
difference of a foot or two in head may determine whether a well will
flow. Shortage in previous vears is reported.

The elevation to which the water will rise declines from 622 feet
above sea level in the western part of sec. 14, T. 5, R. 8, to 600 feet
near the east line of sec. 19, the next township east, or a little over
7 feet to the mile. This indicates a source of supply from the west,
probably not more distant than the glacial hills near Ypsilanti.

IRR 182—06——14
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CARLETON REGION.

The Carleton region is one of nonflowing wells, lying between the
Willow-Exeter and Swan Creek flowing-well districts. The wells
are commonly about 30 to 35 feet deep and probably enter a few
feet into the Sylvania sandstone, from which they get supplies of
nearly or quite sulphur-free water by pumping. In general no mate-
rial shortage was reported in August, 1904, although the wells were
somewhat lower than usual.

SWAN CREEK REGION.

The Swan Creek region is one of flowing wells extending southeast-
ward along the valley of Swan (‘reek from near the Detroit Southern
Railroad 14 miles northeast of Carleton to a point about the same
distance from the Lake Shore station at Newport. At the north
the district opens out and merges with the Huron River and Rock-
wood flowing-well districts. This is mainly over the outerop of the
Sylvania sandstone.

The drilled wells obtain their water on entering the rock, after
passing through stiff impervious clays, and have hitherto yielded
good flows of nonsulphurous water. Their depth commonly varies
from 20 to 35 feet, according to location, the shallower ones being
near the creek in the southern part of the district.

The data relating to the condition of the wells is most conveniently
presented in the form of the table given below: besides the wells of
the district proper, or flowing-well area, a few located a mile or so
outside are given:

Wells in Swan Creek region (T'. 5 8., R. 9 E.).

= ‘ = He&d

£ | Partof % ' ——— —| Shortage .

T | section Owner 2 Maxi| Pres- noted. Remarks.

g = :murn | ent.

|
' \Feet ] Feet. { Feet.

17 . SE.%.... John Cequin.......... 33! No decrease; suggests ditching as

cause of shortage in other wells.

20 | NE.}... Henry Spicer......... No decreage.

21 | SW.1... Albert Spicer....... .. I Two wells; no decrease in rock

 _ well; surface well failed.

20| SE.L.... Wm. Sillmore........ ¢ Just to rock (surface well); failed.

20 } SE.%...0 L.Graves....._... ... .| Low; cleaned without result.

21 | SW.4... J.T. Lautenschlager.. .. Dug 18 feet; water only in pipe.

28 ' NE.i...| 8am MecLaughlin..... ............ ... June....| To rock only; three wells; all

I went dry; little better after
: cleapning.

28  NE.1i...| B. McLaughlin.. .... 2% 4+ 0 - 0'Spring.. Flowed 30 years ago; dug 8 feet;
‘ i water in pipe only.

22 SW.%4...| Frank Bergmoser....! 22 -+ 0:— 0' May....| Nearlydry; always plenty before.

22 SW.L..|..... do........... L2 Ll [ April...| Dry; has failed before.

22 | SW.i ... do 27 Ll (B " May....| Dug13feet; water in pipe only.

21 { SE.4.. -\ Henry food... ... .. 22 —10 —16 Avg....| Deepened with success; another

: lower well stopped flowing.

28 SE. 4....|Mrs. P.Kelly......... ... ... ... [P Nearly enough water.

23! SE.1....| Ed C. McCormick... . 30 — 5 —11"' June....| Loss aseribed to frozen ground
| \ and Newport quarry; improved
| | by cleaning.

28 SE.i1. ... B.MeLaughlin. ... ... ... ... ... ... No trouble with wells.

32 NE. }_.. Joseph Esper......... .20 — 31 ~15 June....! Surface well: loss ascribed to fro-

I . zen ground,



lon.

, Sect.
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Part of
section.

' S.side. .

NW.
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NW.
NE.i...
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Wells in Swan Creek reqion (T. 5 8., R. 9 E.)—Continued.

. I Head.
= Shortage
Owner. %‘ "Maxi- Pres- noted.
A 'mum. ent.
~ . . _l
|
Feet. Feet. Feet
J. Funerstalk........ R (U .\‘pr‘mg..‘
Mr. La Ranger. -4 -
C.Muth.......... .. — 6
George Calkins....... -3
Nicholes Noel......... 14 | =12 —13 ...
E.H.VanTassel.. .. ... ... ... ...
W. M. Swype......... 20| —10 —19  July
Wm. Southworth.... 33| —6 —6 ... ...
1. Uden (3 wells) ... L R
Poter Bitting......... R N
B. Patish. . ......... 'or 44 43 June
dooaoool 3V — 4 — N -do
Ed. Parish........... 22 + 2 —15 July
Schoolhouse. ......... 25 + 0 — 0 May
J. McCollum.. 20 — 8 —13 June
....... 0. ... WL +0 +0 ...
G. A. Harpst......... 20 — 4 —14 Aug
| -
Earl Baker........... 28 ‘ — 0 el
Tony Kahn and ............ ... ...
Charles Kruger.
JJ Hedges............ocon.. + 0 — 0 June
A. Benedict. + 0 =0
Eli Barrow........... ‘ ,,,,,, + 0 -0
Edward Whipple..... L + 0 —I8 June
Mark Baker.......... L 0 =0 .
|
G. Rehweitzer.. ..., DR -0 — 3
F.Baker. . ... ........... ;
D.Reed... .......... . ..
H. Gretzler_........__ 32
Barnard PaTish_____. gy =7 —w May
C.M. Hood........... 23— 6 =12
TF. Reinhart. .. ...._.. 35 ... —12
|
A.Vizard............. 30— 6 =11 ...l
J.F.Smith........... ‘ ............................
Henry Green......... |30 — 4 Tune
Irvin Barnum........ ‘ 28— 5 L May
W.Baker............ [...... — 8 il
Emily Clark.......... ‘ 30 — 8 Spring ..
Fred Renton......... 3T — 5 —13 June....
C. Stumpmeyer._.___. ... . — 6 —13 May....
|
M. Reeves............ P P
|
G.W. Reeves............... + 0 o 19020
J.E. Brown.......... 22 4 0 0 1902, !
! |
Floyd Barnum —n e !
Alex, Todd .. ...._..._ + 0 ; — 0 Spring. .|

Remarks.

Dug 12 feet: wuter in horing only

No change; large supply

Low, but still plenty of water.

Enters slowly, but plenty of wa-
ter.

Surface well; a little less water
than usual. Two other smaller
wells in vicinity get plenty of
water.

To rock; no decrease noted.

Atbarn; never dry hefore. Drilled
wells at house as much as usual.

No trouble; one well used to flow.

jOn line Letween secs. 24 and 25,
}  Two wells out of three failed.

Plenty of water; another well the
same.

In field; Thas been low in August
of other years.

At house: has been low in August
of other years.
Failed suddenly;

wells.

Flowed during summer of 1903.

Still yielding water.

New well near creek.

Very low; loss asceribed to Grosse
Isle well.

Water in pipe only.

Still yielding some water.

three similar

Still vields some water.
Water now stands just at top of

pipe.

Near creek; well at house also
failed.

Plenty of water by pumping; loss
ascribed to Grosse Isle well.

Slight  decrease;  ascribed to
Grosse Isle well.

Near creek: well at house also
lowered, but improved by deep-
ening.

Less than usual, but plenty.

Failed, but got plenty by going 2
feet deeper.

Another well at house failed;
plenty of water by cleaning.

Supply sufficient; similar well
across road.

More water by deepening; another
well dry.

New well: failure of old ones as-
cribed to Girosse Isle well,

Another similar well; supply suf-
ficient; water also in dug well.

Enough water for cattle.

Dug 8 feet; water in pipe only:
very low.

Dug 8 feet; water low in pipe.

Surface well; water by going 7
feet deeper.

Scanty supply.

Got more water by going 8 feet
deerer.

Three wells, 32. 33, and 35 feet
deep, nearly dry; cleaned with-
out success; no previous trou-
ble.

Near creek; failed: always plenty
before.

Another well just to rock has suf-
ficient for ordinary use.

Failed temporarily in August,
1903, and again m spring of 1004,

Cleaned with Iittle effect.

Plenty of water by pumping.
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In the Swan Creek region nearly every well shows shortage, though
the decrease is not uniform, the amount varying from a barely rotice-
able decrease to a complete failure. The surface wells are very com-
monly dry, although even here there are exceptions. Some of the
artesian wells have stopped flowing, while in others the water, though
still running, rises to only a part of its former height. In the non-
flowing drilled wells the loss of head is often but a few feet, but some
of the drilled wells have entirely failed. In the combination of dug
and drilled wells the water has generally sunk so low that it no longer
enters the dug part. The natural springs which formerly issued
above the valleys have nearly all ceased to flow.

Suggestions of shortage have appeared several times in past years,
a number of wells having previously ceased to flow or gone dry tem-
porarily. The beginning of the present shortage was felt in 1903,
but during the fall the supply returned in part, although it was low
during the winter, and fell off rapidly in the spring of 1904. Just
at what time the failure began can not be determined. No one was
looking for a shortage, and it was only when wells began to go dry
that attention was paid to their condition, and it was found that an
almost universal shortage prevailed.

Several remedies were tried, the first being the cleaning of the
wells.  Tn a few of the less serious cases this was effective and the
supply returned, at least for a time, but in other cases the cause of
failure was more deep zeated and independent of imperfections of
the well. In such cases cleaning did but little good and deepening
was resorted to. In some cases the dug part was carried a few feet
deeper, and, by giving more storage space for the water, afforded
temporary relief, but the amount of water was seldom materially
increased. The most cffective result was obtained by deepening
the portion of the well in the rock. Where this was done more water
was almost always obtained, although of course it had to be pumped
to the surface.  Probable causes for the shortage are considered below
in the discussion of the entire field affected.

IIURON RIVER REGION.

The Huron River distriet extends along uron River from a point
a mile or two southeast of New Boston downstream to a point beyond
Flat Rock, where it merges with the Rockwood and Swan Creek
arcas.  Theroekis largely Sylvania sandstone, except at the northern
end of the district. The wells range from about 25 to 60 feet in
depth. A large portion of the wells flow. or did flow before the pres-
ent shortage. At the northern end of the district the wells vield
sulphur water, but in most of the remaining portions they yield water
which is nonsulphur bearing.
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No special investigation was made in the New Boston part of the
area this season, but the conditions are reported to be similar to those
in the Willow-Exeter field, there being relatively little shortage.
Some of the wells have, however, stopped flowing, but this is not
characteristic of the present season alone. The well of Gus Miesner,
in the SW. 1 sec. 9, formerly yielded a flow between 60 and 70 feet, but
has now ceased flowing. Near the schoolhouse, on the west side of
sec. 15, a well owned by Mr. Blum flowed a 4-inch stream of sulphur
water when first sunk in 1887, but now flows less than 1 gallon a
minute. The well is 65 feet deep. South of the schoolhouse Julius
Kahn sunk a well in 1891 to a depth of 65 feet. This flowed at the
start, but soon after ceased.®

In the region between the bridge 2 miles east of Willow and Flat
Rock most of the wells are still flowing, although some have ceased.
North of the river the Horace Thompson well, in the southeast part
of Huron Township, is still flowing sulphur water, after a lapse of
thirty years, though at a level 1} feet lower than usual. The depth
of the well is but 26 feet. In sec. 26 Mrs. Lawrence has a very weak
flowing well of ‘“black sulphur” water. In the northwest quarter
of the same section Mr. Stoefflet sunk a well in June, 1904, to a depth
of 96 feet, obtaining a full 2-inch stream of water. The well drained
others for a quarter of a mile north and west and had to be plugged.
South of the river the conditions are very similar: some wells have
ceased flowing while others continue, though with diminished head.

In a broad way it may be said that there is a general shortage in
the region, but not so severe as in the Swan Creek district, for along
the Huron many wells still furnish good supplies, or even flow, while in
the latter region the failure is almost universal. (leaning and, more
especially, deepening the wells generally resulted in an improve-
ment of conditions, though not in a complete restoration of the
supply.

ROCKWOOD REGION.

The Rockwood area includes the region west and southwest of that
town and between it and the Swan Creek area, together with the
region near the town on the north side of Huron River. It can be
considered as merging into the flowing-well areas of Swan Creek and
Huron River on the west and with the Detroit River region on the
east. The area is mainly over the outcrop of the Sylvania sandstone
and yields waters generally free of sulphur. The wells are chiefly
from 20 to 40 feet in depth and are nonflowing except near Huron

a Information furnished by W. M. Gregory, August 2, 1904.
b Information furnished by Frank Leverett. July, 1904.
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River. In the following table are given data relating to the con-
dition of the wells as determined by the writer in August, 1904:

Wells in Rockwood region.

& . Tlead.
é gl g g Owner g |, . . Shortage Remarks.
g E:;: = 2,;3 ! ’ 2 Maxi- Pres- noted. o
=] ' . <
S /)"—1 ! Um} & A munt. ent,
| [, I E— _
L
S E., ‘ Feet. Feet. Feet.: |
518117 NE.... D.Valrance....... 28 — 1 — 7, May....|1Ias been dry hefore; loss
! ! aseribed to Grosse Isle well.
5 8,17 ‘ NE... T1. D. Valrance. ... S0+ 3 =30 ... Pump gave temporary relief;
| ' loss ascribed to Grosse Isle
I : © o well.
58 i 17 | NE...! V. Trolmes......... ...... 0 +0|May..... | Water in pipe only.
5|81 17 | NE...| John Strong....... ...... + 0 — 0. Diminished somewhat.
5 8117 | NW._., Royal French..... 30| 4+ 0 i —20 | ' Plenty by pumping.
518118 | NE_.. GeorgeCasc....... ...... + 0 — 0| Nothing done.
58| 7| SE...., James Todd....... A+ 2] =36 ... Failed suddenly after 32 years;
I ! no water by pumping; loss
ascribed to Grosse Isle well.
! i | ‘ Two other wells ceased flow-
| ing.
5|8 1 | NW. f John Antio........ 30 | — 2| — & | Spring..| One-fourth ordinary supply.
5181 7|SW...!S, Peters.......... 30| — 6| —12|....do..., Flowing well also stopped.
518 18| NW .., Charles Bancroft..| 31| + 0| — 8| 1903..._. | Two other wells also failed, but
| came on again during winter.
. | One stopped temporarily dur-
. : ing winter, lost againin spring
b ] of 1904,
518 I 18 | NW . i Benjz}min Ban- 20 -5 =25 ... .. Two wells, not very low in 1903.
croft. ' |
5/ 8l18|8sw...iG. van Riper...... 36 — 5 14 July.... Another smaller well. No pre-
vious trouble; loss ascribed
| | to salt and oil wells.
5/9,13| SE.... 1L Chamberlin.... 3 — 5/[...... [ Water in base only.
5|8 18| SW... Philip Baully...... 40 — 5| —12 | June.... Decreased gradually.
58 19| NW .. Peter Pilkey....... 0 — 2. Early... Low all winter. Water only in
, I pipe.
58120 NW.. Mr. Mattison............ — 9| =18 |.......... " Low all winter.
5(8 20| NW_......do........... — 5| =10 |.......... o.
518 19| NE... P. Donnelly — 4 =17 Ll Loss1 ascribed to Grosse Isle
. i well.
518 19| SE.... Albert Root....... 2 —10 ‘ —14 | July.... Usually plenty in summer.
58129 NW.. John Sigler........ 2 —3 ‘ —12 |....do... Do.
I '

The facts set forth show a marked shortage of supplies, with many
complete failures. Most of the artesian wells had flowed uninter-
ruptedly for many years until they ceased in the summer of 1904,
but a few stopped flowing in 1903, when the present shortage first
began to be felt. During the winter of 1903-4 there was a slight
increase over the preceding fall, but a considerable number of wells
are known to have remained low all winter and one or two stopped
flowing. While the flows of the individual wells stopped suddenly
the stoppage was not simultaneous in different wells, but extended
over a considerable period of time. The wells in the region have
always been somewhat sensitive, as if flowing at or near their maxi-
mum head; hence a slight decrease of the head would cause them to
stop flowing rather abruptly. Several of the wells have always
flowed roily water before storms, and some ceased flowing during
prolonged periods of westerly winds. The shortage is greatest to the
west of Rockwood, becoming less near town as Detroit River is
approached. Many of the wells that have ceased to flow still yield
water by pumping, while cleaning and deepening often add materi-
ally to the supplies.
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DETROIT RIVER REGION.

This region includes the area between the Rockwood district and
Detroit River. The region is low, being only a few feet above the
river and lake level, and along the shore and creeks is often decidedly
marshy. The region is, however, thickly settled and wells are
abundant, probably averaging under 20 feet in depth. In general
there has been no shortage, although in a few instances the water was
thought to be a little below its maximum summer level. No particu-
lar cause of shortage was advanced other than a general belief that
the numerous salt and other wells might have had some effect. It is
probable that in reality the water was fully as high as is ordinarily
the case, for Liake Erie, which controls the ground-water level adja-
cent to its shores, stood unusually high in the summer of 1904, being
about 15 inches above its level of the preceding year.

GROSSE I[SLE.

Grosse Isle is a north-south istand about 9 miles long and 2 miles
wide lying on the American side of the international boundary in
the Detroit River, its center being opposite the town of Trenton, 16
miles south of Detroit. The population is mainly located along the
shores of the island, only one or two houses being in the interior,
although the entire island is under cultivation. The surface is
mainly clay or clayey silts, but rock is commonly found not far from
river level, and in one point where it rises slightly higher is quarried.

Very few wells have been sunk on the island, the main supply
being from pipes extending out beneath the surface to decp water in
the river. The water is pumped directly from these pipes by means
of windmills, no provision being made for filtering.  As a result there
is some typhoid on the island. The few wells that have been sunk
in the interior penetrate clay to the rock, which is entered at about
20 feet. The water of the dug wells is from the clay, but the drilled
wells enter the rock and obtain an iron-bearing water carrying some
sulphur. No shortage was reported in 1904, and a powerful flowing
well recently made at the southern end of the island scems to have
had no effect on the shallow wells.  This powerful well is located on
the property of James Swan, opposite Snake Island, about three-
fourths of a mile from the extreme southern point of Grosse Isle, and
was 2 or 3 feet above the river level of 1904.

The well, which was sunk in search of oil or gas, was begun in 1903
and completed in May, 1904, having reached a depth of 2,375 feet
without obtaining anything of value. The diameter at top is 10
inches, decrcasing to 6 inches at the bottom. A 13-inch casing
extends from the surface to the rock at 17 feet.
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The first considerable flow of water was encountered at 420 feet,
but at 450 feet a stronger flow was obtained. Both were fresh, but
as the well was drilled deeper flows of sulphur water were encountered,
which, although relatively small, were sufficient to impart to the
water as it issued from the pipe an amount of sulphur recognizable
by taste and by a sulphur deposit on the grass and stones about the
well. The water is said to have been cased off during the progress
of the drilling, from August, 1903, to May, 1904, when the casing was
finally pulled. At present the water issues in a jet 11 inches high
from the 13-inch pipe, forming a fountain of considerable size. (See
Pl 111, B.) The flow is calculated at about 50 gallons a second and
forms two good-sized streams. It was tested to a maximum height
of 22 feet above the surface. It is stated that the owner contemplates
using it for a public supply for the island.

Analysis of water from James Swan's well on Grosse Isle.a

Parts per Parts per

million. million.
Silica (SiOp)- - eveei it 188 Potassium (K)................ 79.68
Iron and alumina (Fe,0;, ALO;).. 14 Sulphate radicle (30,)......... 14, 245. 21
Caleium (Ca). .. ............... 5,082.96 | Carbonate radicle (COy)...._ ... 871.35
Strontium (Sr).. ... .. .. .. ... 317 ; o1 745—;5
Magnesium Mg)............... 730.57 ' Sh e
Sodium (Na).................. 216.78

DECLINE OF WATER SUPPLY.
PRESENT CONDITIONS.

The conditions of the wells at the present time have been set forth
in the preceding pages. With the exception of the narrow belt
along the shore of Detroit River, where the supply is largely gov-
erned by the height of the river, the loss of supply has everywhere
been felt in varying degrees. In the Willow-Exeter and Carleton
regions the shortage is very light, while along Huron River it is only
moderate. In the Swan Creek and Rockwood regions, on the con-
trary, the shortage is excessive, a large proportion of the wells having
failed, entailing much inconvenience.

The present season does not mark the beginning of the decline,
but rather its culmination. Investigations made by Prof. W. H.
Sherzer previous to 1900 showed that even then shrinkage of supplies
had been in progress for many years. In his report on Monroe
County? he states that while continued drought makes no impres-
sion on many of the wells, the flow of others is reduced or almost
or quite stopped. The opening of new wells was found to affect the
flow of others in the neighborhood, and the areas over which artesian

a Made at chemical laboratory, University of Michigan, for the State Geological Survey, January 17,
1905; F. K. Ovitz. analyst. Expressed by analyst in grams per liter and hypothetical combinations;
recomputed to ionic form and parts per million at United States Geological Survey.

& Rept. Geol. Survey, Michigan, vol. 7, pp. 194.
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wells could be secured was found to be constantly contracting. Wells
in the southern part of Erie Township, 3 miles back from the lake.
which formerly flowed, had then ceased.

The decline noted by Professor Sherzer as having already pro-
gressed for some time has continued. The areas of flowing wells out-
lined by him on his maps at that tinie are more extensive than those
at the beginning of 1904, while by the close of the summer of that
year very few flowing wells remained in some of the regions, as in
the valley of Swan Creek and near Rockwood.

Not only have the artesian wells ceased to flow, but the water in
the nonflowing wells is lower than formerly. In fact, the level of
the ground water in the clayey portions of southeastern Michigan
is distinetly lower than it was ten years ago and nruch lower than
it was twenty years ago. It is only in a limited district that the
pronounced falling off occurred during 1904.

The general decline which has been going on for many years is
probably due to a gradual and far-reaching change of conditions,
such as deforesting of the land, iinprovement in surface drainage,
ete., but the rapid decline of the last two seasons is doubtless due to
local causes acting with special force in the region in question.

CAUSES OF DECLINE.

Grosse Isle well.—That the Grosse Isle well is the cause of the special
decline in 1903 and 1904 may at first thought seem well sustained by
the behavior of certain wells, as J. E. Brown’s of the Swan Creek and
Charles Bancroft’s of the Rockwood district, which went dry when
the big flow of the Grosse Isle well first began in 1903, but returned
soon after the insertion of the casing, only to cease again after its
withdrawal in May, 1904. This interpretation, however, seems
opposed by the fact that numerous other wells much nearer Grosse
Isle maintained nearly their usual flow, those nearest, even those on
Grosse Isle itself, showing no decrease whatever. The conditions of
underground drainage would need to bhe very exceptional, which
would leave a near-by district unharmed while seriously affecting
more remote districts, and belief in them: would need be supported by
indisputable evidence in the altered slope of the water table. In
order to obtain light on this point the height to which water will rise
was platted for each well in the Swan Creek-Rockwood region. It
was found that this height showed an increase westward which aver-
aged about 3 feet to the mile, indicating a source from that direction.
The increase of head to the west or decrease to the east was found to
be quite regular, with no local lowering or reversed slope that could
be referred to a strong intake at a particular place. It was also found
that the water level of the Grosse Isle gusher is higher than that of
the shallow wells around it, and even higher than that of the wells of
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the Rockwood and eastern portion of the Swan Creek area, being 25
feet above the lake, or 597 feet above the sea, while the normal level
in many of the wells which have been thought to feed it is several feet
lower, in some of them being less than 590 feet. It would appear,
therefore, that if any connection exists between the Grosse Isle well
and the shallow wells in the Rockwood and Swan Creek areas the
water would be forced up in the shallow wells rather than drawn
away from them. The failure of such wells as the Brown and the
Bancroft flows in 1903 was probably a mere coincidence. The precise
point where the main water-bearing bed of the Grosse Isle well out-
crops and takes in its main supply can not be stated. On the basis
of the dip of the rock formations froin southeast to northwest, at the
rate of about 20 feet a mile, it would seem probable that the bed
struck at 450 feet in this well will come to the surface somewhere
west of Leamington in Canada. The supply seems, therefore, more
likely to come from the Canadian than the Michigan side of Detroit
River.

Newport guarry.—The underdrainage caused by the quarry at New-
port was, next to the Grosse Isle well, most commonly advanced as a
cause of the shortage along Swan Creek. A visit was accordingly
paid to the locality and the conditions were investigated. It was
found that a few of the wells near at hand have been affected, but
the decrease in water supply is not universal even within a few hun-
dred feet of the quarry. A quarter of a mile back no effect has been
noted. From this it appears that the quarry can not be considered
a factor in the shortage along Swan Creek or in the Rockwood
region.

Low stage of streams.—The level of streams generally deterimines
that of the ground water in their vicinity, the latter subsiding as the
streams fall. During 1904 both Huron River and Swan Creek were
unusually low, and thus drew unusual quantities from the surround-
ing water table, which was thereby naturally lowered. Huron River,
belng a longer stream, and one having its source in a region of greater
rainfall, was not so low as Swan Creek, the entire course of which is
within an area of low rainfall. Moreover, the latter, flowing over clay
nearly destitute of water, receives in considerable portions of its
course only slight additions by percolation. It is probably for these
reasons that the shortage is most marked along its course rather than
in any other part of the region.

Early winter of 1903.—This appears to have been an important
factor in bringing on the present acute shortage. According to the
official records, the permanent freezing of the ground took place on
November 17, which was before heavy snows and heavy winter rains
had fallen. There was, therefore, little chance for the rainfall to soak
into the ground during the winter and early spring months. This
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was made manifest by the low water in many of the wells during the
winter, the result being that when spring opened the ground water
was at an unusually low stage.

Deficiency of rainfall in 1904.—The opening of the spring of 1904
with a low ground-water supply was followed month after month
during the summer by a deficient rainfall, and the shortage conse-
quently became very serious. This is brought out by the following
table, which gives the precipitation by months of 1904. Detroit les
about 25 miles northeast of the area; Grape and Dundee about 10
and 20 miles southwest, respectively; Eloise less than 15 miles north,
and Ypsilanti 20 miles northwest. The deficiency, it should be noted,
has been restricted to spring and autumn months, and thus causes a
dry year even though the annual precipitation is about up to the
normal:

Rainfall, in inches, in the vicinity of the lower Huron River region.

: Grape.

| Detroit. Eloise. ’ Dundee. Y psilanti.
Month. ‘ O | S - ‘
Nor- Nor- Nor- Nor- Nor-
| 1904 Thap 1904 [ mal. | 194 Tnal 10041 gy o 1904 ' mal.
January. . ......... 3,34 194, 3.98 E 1.69 ! 5.37 ..o..... 4.54 1.90 4.17 | 1.44
February.......... 2.55 233 ........ 2,16 4.06 ... ... 2.98 2. 46 2.62 1.80
March............. 4.00 1 2.29 ... ... 3.01 5.45 ... 4.92 2.4 3.16 2.32
April.. ...l 65} 2.24 1,01 1.32 2.36 2.41"' 1.66 2.24 2.04 2.24
May. ...l 2361 3.51 1.19 3.27 3.06 2.88 2,58 4.09 2.7 3.61
June._............. 1.08 ' 3.60 LTe 3.26 1.30 4.53 ! .56 4.25 1.49 | 3.57
July. ..ol 2.94 3.36 2.52 4.16 2.84 4.06 ' 3.03 3.33 2.96 ‘ 2.63
August.......... .. 3.200 271 3. 69 1.95 4.73 3.52 3.92 2.14 4.31 2.52
September. .. _..... 4,23 "' 2.47 3.83 2.61 4.30 | 2.64 6.21 2. 86 4.67 2.36
October.... .. .86 2.53 0 2.61 .82 2,11 i 1.09 2.64 .93 2.00
November. . .19 2.69 0 2.38 | .05 2.09 | . 3.23 1 .02 2.75
December._......... 1.83 2.57 1.88 2.20 1 2.53 2.02 ] 1.96 2,38 [ 1.90 2.02
| 28.32 32.33 N 30. 62 | 35.87 ... 33.54 ‘ 33.97 30.98 29. 26
A \ L S
CONCLUSIONS.

The low rainfall, which in the spring of 1904 varied from one-
eighth to somewhat more than one-half of the usual amount at the
stations in the tables, was, on the whole, even less in the lower Huron
River region itself. The deficiency of rainfall, following as it did an
autumn and winter during which little water was absorbed owing to
the frozen condition of the ground, together with the preceding dry
season of 1903, seems ample to explain much if not all of the observed
shortage.

Although considerable rain fell in July, and even more than the
normal in August, it came largely as short heavy showers, and the
water, instead of soaking into the ground, as in more gentle rains,
formed streams and ran off rapidly. The part that soaked into the
ground was entirely insufficient to compensate for the many dry
months which had preceded, especially as the relatively wet months

- of August and September were followed by several months when al-
most no rain fell. In this connection it may be remarked that,
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while the shortage was felt in the region under discussion sooner than
elsawhere, the drought became severe enough later in the summer to
be felt through all the States bordering the Ohio and eastward to
New England, causing much shortage in wells.

If, as seems probable, the failure of the wells is due largely to the
severe drought of 1903-4, the return to the normal rainfall should
result in an increase in the water supply, although, because of the
excessive dryness of the ground, the increase in the available water
may not be immediately noted. The full supply may not return
until a wet year, or perhaps a succession of wet years, occurs.

In some cases the return of the water may not bring restoration
to the wells, for water passages in clayey material when dried out
may, to a certain extent, crumble and become more or less clogged,
so that their capacity for carrying water is lessened or destroyed
even when the ground again becomes soaked. The return in any
case will probably not be complete, as the thorough ditching which
the region has undergone will result in a permanent lessening of the
water supply of the region.

The wells in the lower Huron River region obtain their supplies
largely in the upper few feet of the rock. The water, judging from
its head, is derived from glacial deposits overlying the rock in the
region northwest of the area under discussion. It probably trav-
erses the upper more open and jointed portion of the rock, because
there is less resistance to its flow through the crevices and openings
in the rock than through the compact clayey deposits which so gen-
erally overlie the rock formations of the region. The rock forma-
tions appear, therefore, to take in the water from the overlying gla-
cial deposits, and, as shown above, a deepening of the wells into the
rock has generally met with at least partial success. The great
majority of wells now are exceptionally shallow compared with
those of large areas in Michigan, where depths of 100 to 150 feet or
more are common. It seems probable that wells of such depths in
the region under discussion would yield permanent and abundant
supplies.

WATER SUPPLIES OF WAYNE COUNTY.
By Wirriam IHITTELL SHERZER.

GENERAL STATEMENT.

The county of Wayne, with an area of 601.6 square miles, has,
according to the State census of 1904, a population of 386,827, or
"one person for each acre of ground. Outside the cities and incor-
porated villages the average is 61 to the square mile, or one to every.
10 acres.
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RAINFALL.

The following table, constructed from data supplied by the State
weather service, shows the average monthly and annual precipita-
tion in or near the county:

Precipitation, in inches, for WayneCounty and for adjoining portionsof Oakland, W ashtenaw,
and Monroe counties.

Periovd [

‘ Monthly precipitation.
. f obser-j— ——— ————— — - - -
Station. County. | 0bser) ; ‘
v vation e |
‘ (yents). ‘ Jan. ’ Feb. | Mar. / Apr.  May. ‘ June.
—_— S B { — ki,,( — —
Detroit. .. ... ... ‘ Wayne...... ! 34-35 1.91 2,28 2,42 2,22 3.30 3.83
Grape.... ‘ Monroe...... 17-18 | 1.59 ‘ 1.82 2.32 2.24 ‘ 3,566 | 3. 45
Eloise.........o............ Wayne_ .. ... 7~ 8 ‘ 1.93 2,32 2.68 1.71 2,83 3.09
Birmingham...... ........ Oakland..... | 14-18 f 1.71 1.89 2.16 f 2. 46 3.14 3.10
Ypsilantioe. oo Washtenaw.. 2023 2,00 | 2.54] 250, 2.24] 390 405
Dundee® .. Monroe. ..... I s | 2,25 ( 230 271 | 2.40 ) 2.0 3. 80
) . |
Monthly precipitation. ‘ | Annual
— e e e — . precy -
| | | Average i
Station ‘ ' ! Total | annual  1210ON
S July v Se J o | N "D \ years. [ precipi- .5l
- Jualy, ’ Aug. | pt. Ct. | Nov. | ec. ( tation. | r(fct(
or
[ ( | ‘ ‘ [ epoch.b
. | e e I . -
Detrolt .. ooee e 33| 269 2.63 s 2s6l 23 | o3¢ sn3 o
Grape.... 2.65 J 2. 69 2.50 0 1.94 2.60 2.01 17, 20.43 30.72
Eloise 303 234 2.79 2.4 | 191 | 2,16 5' 28.70 20..9
AR AT A
psilantic oo ooLiollL N 2 3.02 R 3. 2,37 8 33.7 34. 66
Dundee...... .10 s | 377l 29 tss| Les! 2l 4 3383, 33.8

| i ! ! !

a Private instruments. perhaps not in accord with Government instruments,

& The last column contains corrections for epoch made by averaging the Detroit annual records for
each term of years represented by observations at other stations. The monthly averages have not
been corrected for epoch. In the case of Ypsilanti the average annual precipitation for cighteen years
was taken, since there are gaps in the record for the longer period on which the monthly averages
are hased.

The monthly averages are based on all the records available for
cach station, whether consecutive or not, and include March, 1905.
It is unfortunate that they do not all cover equally long periods of
time, for then the totals would be more strictly comparable. The
distribution of the rainfall over the year is a matter of no little impor-
tance, since a frozen condition of the soil leads to the run-off of much
water that would otherwise be absorbed and contributed to the
underground supply. The average rainfall for the county is about
31 inches: over a belt extending across the middle, from Monroe
northward into Oakland County, it is 10 to 15 per cent less, but it
increases eastward to the Detroit River and still more rapidly to
to the west. For the last seventeen years the records for a station
in each belt are complete: Ypsilanti, 33.91 inches; Grape, 20.43
inches; Detroit, 30.78 inches. In all the yvears for which we have
records at Kloise and Birmingham, located in the central belt, the
precipitation is less than it is immediately to the east and to the
west. It is interesting to observe that this central belt, with its
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diminished precipitation, is in a sand-covered region, the covering
having been produced in a way to be presently descrtbed, and it
seems that the extra heat radiated from such a soil might readily
reduce the amount of moisture precipitated over the region. A
study of the above table shows that the reduction is most pronounced
for the month of June, when we have maximum sun power com-
bined with least protection of the soil by crops. This, however, is
only a partial explanation, since the reduction in the precipitation
for this belt extends over the entire year, when the question of soil
must be largely eliminated. Prof. M. S. W. Jefferson has sug-
gested that the series of high moraines extending in a northeast-
southwest direction across Washtenaw and Oakland counties may
cause the increase of precipitation in the western belt, while the
descending and slightly warmed currents, having a prevailing east-
erly course, would part less readily with their moisture until the
immediate effect of the Great Lakes was felt. In other words, we
may have here some such effect as is produced by the “Chinook”
winds of our Western States. The moraimic belt stands from 800
to 1,100 feet above tide, while the drier belt east of it is only 650 to
660 feet above. Further observations upon rainfall, temperatures,
and directions of storms in this and adjoining areas would throw
light on the subject.
SURFACE WATERS.

RESERVOIRS.

From data obtained from Prof. M. K. Cooley, of the University
of Michigan, State Geologist Lane has estimated that 38 per cent of
the total precipitation may be collected from roofs and secured in
cisterns,® and that with a rainfall of 32 inches, practically the same
as that of Detroit, every 100 square feet of horizontal surface will
vield 100 cubic feet of water annually, or about 25 barrels. This is
but a little more than one-third of what actually falls on a roof of
such area, the remainder being lost in wetting the roof, evaporation,
blowing or sliding of snow, ete. Where limited quantities of practi-
cally pure water are required, as for laundry or domestic purposes,
nurseries, and boilers, simple precautions would secure a much larger
percentage. In addition to the dust, coal dirt, and organic matter
derived from the collecting surface, this water contains similar
matter taken from the air, and in addition appreciable amounts of
ammonia, nitric and nitrous, sulphuric and sulphurous acids, carbon
dioxide, and other gases of the atmosphere. There are large reser-
voirs in the brickyards to the west of Detroit, where excavations
made into the old lake clays, to be presently mentioned, serve as

a Lane A. C., Water resources of Lower Peninsula of Michigan: Water-Sup. and Irr. Paper No. 30,
U. 8. Geol. Susvey, 1899, p. 45.
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collecting basins for the surface drainage and supply the necessary
water for softening the stiff clays, the driven or bored wells at the
brickyards supplying merely drinking water. Throughout the
county cisterns are used in dwellings, and in districts where wells are
hard to obtain they are connected with barns for use of stock.

IAXES.

Location.—In striking contrast with its neighbors, Oakland to
the north and Washtenaw to the west, Wayne County is surpris-
ingly deficient in lakes or permanent ponds. Aside from the small
bayous on the river flats, the only natural lakelet lies 1 mile east of
Northville (sec. 2, Northville Township), and is known locally as
Yerkes Lake. It has a maximum dianmeter of about 1,000 feet,
and is drained by a small stream into the middle branch of River
Rouge. Occupying a depression between the morainic knolls of
the region, it receives considerable surface drainage, and is said also
to be fed by springs and to be well stocked with fish. Owing to its
slight elevation above the village of Northville, it has not been
utilized for water supply. Although so poorly supplied with inland
lakes, Wayne County touches Lake St. Clair on the north and
extends to Lake Erie on the south.

The water of Lake St. Clair is utilized to a greater or less extent
by the residents of Grossepoint Township. Many of those who
adjoin the lake pump the water direct by means of windmills and
distribute it over their grounds from elevated storage tanks. Drink-
ing water is ordinarily procured from wells, to be described later.

Waterworks.—The village of Grossepoint Farms is supplied with
water drawn from the lake at a point about 1% miles from the shore,
this great distance being necessitated by the shallowness of the lake.
The plant was installed in 1890 by the Grossepoint Construction
Company and is operated in connection with an electric-light plant.
The original cost was $65,000. The water flows by gravity intoa
settling basin, from which it is pumped direct. Two Walker pumps
are used, with a daily capacity of 5,750,000 gallons. The ordinary
pressure is 35 pounds to the square inch and the fire pressure is 90
pounds. In 1897 there were 4 miles of mains, 110 taps, and 27
public hydrants. During the year 1904 the pumpage was 76,600,140,
or a daily average of 209,290 gallons. There is a resident population
of only 615; but this large daily average does not mean a daily per
capita consumption of 340 gallons, for the excessive amount is due
in part to the large number of summer transients.
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STREAMS.
DETROIT RIVER.

General statement.—The water supply of about seven-cighths of
the entire population of Wayne County is derived from Detroit
River, naturally one of the most magnificent streams of potable
water in the world, when volume, purity, temperature, and constancy
are considered. Opposite the center of the city of Detroit its breadth
is 2,200 feet, its average depth is 37 to 38 feet, and there is main-
tained a rather constant velocity of 2 miles an hour. With the leve!l
of Lake Erie at normal, it is calculated by the United States engineers
that there flows by Fort Wayne in the southern part of the city each
second 209,900 cubic feet. In the American channel the maximum
velocity is 23 miles an hour, and the average somewhat less than 2
miles. During July and August, 1897, detailed measurements of
the flow were made by Clarence W. Hubbell, engineer of the Detroit
waterworks. Float methods gave an average flow of 65,000 cubic
feet a second and current meters one of 53,00¢ cubic feet for this
channel. When the channel is covered with ice and the Canadian
channel is open the flow is reduced to 36,000 cubic feet a second.
The temperature of the water ranges from 32° to 70° F., and the
greatest vertical range between the top and bottom has never been
observed to exceed one-half degree. Between shore and midstream
the temperature of the water may vary as much as 8° or 9°, and
this fact may be used to detect possible contamination from tributary
streams.

Lake St. Clair, which extends nearly to Detroit, has served for
many vears as a great settling basin, as is shown by its shallow con-
dition and the growing delta at its head. The turbidity of the river
water is low except after storms, when the bottom of Lake St. Clair
may be more or less disturbed and the small tributary streams bring
in sediment. The following is the latest available mineral analysis
of the river water:

Mineral analysis of Detroit River water.a

Parts per Parts per

million. | million.
Caleium (Ca). .. .. ... ... ... 24.61 ‘ Sulphate radicle (SOy)....._._..... 7.62
Magnesium (Mg). ... ............. 7.44 | Chlorine (Cl)._............_...... 2.99
Aluminum (AD). . .. ... .. .. 1.80 | Silica (SiOo). ..o ool 1. 59
Iron (Fe). ... ... .......... Trace. | B
Sodium (Na). ... ... ......... 2.76 Total. ... ... ... 99. 66
Potassium (K. ... ... ... _...... Trace. | Total mineral matter. . .. .. ... ... 101. 24
Carbonate radicle (CO,). ... .. ... 50. 85 ' Organic and volatile matter. ... __. 36. 39

a Twenty-first Ann. Rept. Michigan Board of Tealth. 1902, p. 63. Expressed by analyst in hyvpo-
thetical combimations; recomptited to ionic iform at United States Geological Survey. For other
mineral analyses see Lane, A. . Lower Michigan mineral waters: Water-Sup. and Irr. Paper No. 31,
U. 8. Geol, Survey, 1899, pp. 18-19.
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Waterworks.—The city of Detroit, with a population of 317,591 ¢
and an area of approximately 29 square miles, is supplied with Detroit
iver water from a single pumping station, believed to be the largest
in the world. The reservoir formerly used has been given up and the
pumping is direct, through two distinet systems, an upper and a lower.
The central station is located in the extreme eastern part of the city,
opposite Belle Isle, and the water is taken from the American channel
through three boiler-plate intake pipes, 5 and 6 feet in diameter,
srovided with box strainers placed in 28 feet of water.? These
‘ntakes are 1,030 feet, 1,505 feet, and 1,505 feet in length, respectively,
and reach out from the west shore into the channel 500 feet and 1,000
‘eet. Through these pipes the water flows by gravity into a settling
Dasin 365 by 775 by 16 feet deep. Straining wells are interposed
Hetween this basin and the pumping wells.

In order to secure water from nearer the center of the main chan-
‘1el there has been constructed a 10-foot tunnel 3,160 feet long, lined
with 1.5 feet of vitrified brick and terminating in a substantial stone
~rib located about 800 feet above the head of Belle Isle. This tunnel
“as above it about 36 feet of stiff blue clay and about 30 feet of
vater. Connecting with this river tunnel is a shore tunnel, lined
wvith common brick and leading to the receiving basin or direct to
the pumps.

The pumps used are six in number: One 30,000,000 comp. beam,
two 24,000,000 comp. beam, one 24,000,000 triple Allis, two 25,000,000
triple Allis-Chalmers; total daily capacity, 152,000,000 gallons. IFor
the year 1904 the average daily consumption was 59,385,121 gallons,
or 183 gallons per capita. The average cost of pumping is $3.37
per million gallons. The total length of mains is 644 miles, of which
559 belong to the city proper and 85 to the suburbs, heing paid for
by the villages supplied. The total number of fire hydrants is 4,100,
and of service taps in the city 63,656. The total estimated cost of
the plant is $7,344,456. The income for 1904 for metered water was
$155,266 and for unmetered water $277,126.

The suburban villages supplied are Hamtramck (population 1,559),
Highland Park (612), Woodmere (5,034), River Rouge (2,474), and
Delray (6,627). These villages present a combined population of
16,306, of which it is estimated that 12,926 are supplied with water
through 2,570 taps. The water is all metered and double city rates
are charged.

With the system of direct pressure it has been found impracticable
to force the water to all parts of the city, portions of which are 60 to
70 feet above the river, or to the upper floors of the taller buildings.
Accordingly in 1898 a double system was installed, each with its own

a State census, 1904
b An interesting article by Clarence W. TTubbell on the Detroit waterworks is to be found n the
Engineering Record, vol. 47, No. 25, 1903, p. 650.

IRR. 182—06——5
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set of pumps and mains, one operated under low and the other under
high pressure. Frequent tests at various points in the two systems
show a mean pressure in the lower of 17.4 to 51.8 pounds per square
inch, and in the upper of 26.6 to 60 pounds per square inch. Build-
ings more than five stories high are provided with their own private
punps.

Below the city of Detroit the people along the river front, owing to
the nature of the ground water and the poor drainage, are dependent
on Detroit River. The villages of Ford and Trenton and the city of
Wyandotte are supplied by pumping plants drawing water from
near the west bank. On Grosse Isle water is pumped by windmills
directly from the river into elevated tanks and used for stock and
lawns and for domestic supplies, although good well water is also
procurable. Wyandotte and Trenton own their own waterworks
systems, operating them in connection with electric-light plants.

Ford is supplied with water by the Michigan Alkali Company,
whose plant was installed in 1893. The village (population 1,372)
laid 5 miles of mains at a cost of $18,500, the company having 1 mile.
The water is drawn from within the harbor line and pumped direct
by five pumps—one Holly of 5,000,000 gallons capacity, two Snow
of 6,000,000 each, and two Nordling of 3,000,000 each, giving a total
daily capacity of 23,000,000 gallons. The average daily pumpage
is 17,000,000 gallons, large quantities being used for manufacturing
purposes. The village possesses 40 hydrants and 163 service taps.
No meters are in use, the ordinary dwelling paying a flat rate of $4
per annum. The village is without sewers.

Immediately to the south of Ford, and adjoining it, is located the
city of Wyandotte, with a population of 5,425. The water plant was
built by the city in 1889-90 at an original cost of $61,371. The intake
pipe reaches out 150 feet beyvond the harbor line and the pumping is
direct, with a Hughes pump of 1,500,000 gallons capacity and a Laid-
law-Dunn-Gordon of the same capacity, making a total daily capacity
of 3,000,000 gallons. The average daily consumption is 500,000 gal-
lons, which, based on the entire population, represents a per capita
consumption of about 92 gallons. It is estimated that about 90 per
cent of the people are actually using this water, the remainder
depending on shallow wells. There are 120 public hydrants, 1,300
service taps, and 11 miles of mains. The ordinary pressure is 45 pounds
and the fire pressure 80 pounds. Only a small amount of water
is metered and this to the few larger consumers. Lying so nearly
at a level with the river itself the drainage is poor, while the prevail-
ing sandy soil acts as a sponge and retains much impurity. The city
is sadly in need of the best system of sewers that can be procured.
Money has already been appropriated for building these, and it is
unfortunate that suflicient unanimity of opinion can not be secured
to push the work tc completion.



WAYNE COUNTY. 55

Four miles south of Wyandotte lies the village of Trenton, located
on higher ground and with a clay soil. The village, with a popu-
lation of 1,201, installed its own plant in 1896 at a cost of $11,300.
The intake pipe reaches out 210 feet into the American channel,
between the mainland and Grosse Isle. A Worthington pump of
1,000,000 gallons capacity is used, with a second high-pressure pump
of 750,000 gallons capacity. There are 22 hydrants, and in 1897
there were 160 taps and 4 miles of mains. The ordinary pressure is
35 pounds, and the fire pressure 100 pounds. The annual cost of oper-
ating is estimated at $1,700. Tt is further estimated that 85 per cent
of the population use the river water. The average daily pummpage
is 130,600 gallons, or 109 gallons per capita for the entire village. No
sewers have yet been projected.

(ontamination.—Although naturally of excellent quality, Detroit
water is not above suspicion and safety lies only in constant vigi-
lance. Not far from 400,000 people dwell in the St. Clair drainage
basin between Detroit and Lake Huron. Connors Creek, just above
the city, drains a region of cemeteries and truck farms, rich in com-
post, and in the early spring is a menace to Detroit. The melting
snows and heavy rains have swept the accumulations of the winter
into the river five-eichths of a mile above the present city intakes
and on the same side of the river. This condition of affairs will
be remedied by the new tunnel. The city board of health conducts
monthly sanitary analyses, but these should be more frequent, espe-
cially during the spriig, summer, and fall. The following table is
taken from its 1902 report, and is of especial interest, as it shows
the variations in the character of the water through an entire
year:

Sunitary analyses of Detroit River water, July, 1901, to June, 190.2.

Septem-

October, | Novem-  Decem-

‘ July. | August. her. her. her.
. i I — - -
Appearance @............................ ! C, C. C. C. ‘ C. C.
Total solids.......... parts per million..| 108.4 104.2 103 111 104 1t
Volatile matter................... do....| 4L.4 36. 4 44. 4 41.8 348 41,0
Nonvolatile matter. . ...do... 47 67. 8 38. 6 64,2 69.2 69. 4
Free ammonia............ ....... do._..0 .008 ' 006 . 020 016 024 . 012
Albuminoid ammonia........_.... do.... 074 ‘ L0580 L1126 116 . 092 L 102
Nitrogen as nitrates.._ ... ... ... do.... L1154 L082 . 164 .210 . 099 . 198
Nitrogen as nitrites 0 01 0 0 0 0
Chlorine S 2.80 ' 2,00 ! 2.60 2.80 2.70 3.15
Oxygen absorbed in 15 minutes. . .do._.. .40 .32 .44 .48 .44 AR
Oxygen absorbed in 4 hours...... do.... L7H .72 .88 . 96 .84 .72
98 106 i 37 37 103 104
i i i : 7 a4
Bacteria per cubic centimeter....... ... ]‘llg 1% ' 123 12; . 1 gg {1_,65’
62 47 L2 206 204 9
Growthin 2 per cent carbolic-acid gelatin.  Nomne. None. '+ None. None. None. ' None.
| f

a(C=clear; N. C.=nearly clear: S. T.=slightly turbid.
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Sanitary analyses of Detroit River water, July, 1901, to June, 1902—Continued.

]

) J:muarv ‘ Fglr)‘l;u- March. =~ April. ! May. } June.
Appearance a. ... ... ... ... ‘ C. 1 N. C. N.C. S. T. S. T. N. (.
Total solids.......... parts per million.. ’ 106.2 115 116. 4 116 118.2 112
Volatile matter.. ... .. .. .. ... do 39. 6 39 36.8 39 40 40
Nonvolatile matter... .. _.._...... do...0 666 76 796 7 78.2 72
Free ammonia. ... _............ do._.. . 026 028 .024 L016 L0022 ‘ . 020
Albuminoid ammonia._...._...... do.._. . 082 . 086 . 092 . 086 L0082 .118
Nitrogen as nitrates____.__....... do. . 230 .148 115 164 .108 165
Nitrogen as nitrites.......... .do 0 0 0 0 0! 0
Chlorine. ...l : 2.70 3.15 2,50 2.7 3.10 2.7
Oxygen ahsorbed in 15 minute ' .40 . 36 .44 .40 .32 .28
Oxygen absorhed in 4 hours. . . .76 .84 .88 .80 .84 .88

‘ [ 87 124 170 105 31 | a8

2 . .

Bacteria per cubic centimeter. ... ... ‘ 1;& ‘ ?gg’ égg %2% ég 11(4)

L 204 402 333 302 115 ! 69
Growthin.2 pereent earholic-acid gelatin None. + None. Nomne. None. None. 1 None

a(‘~ele)r T\I C.=nearly clear; 8. T =shghtlv turbld

Since, the first erude pumping plant was installed, in 1825, with its
horse-driven pumps and tamarack mains, the city of Detroit has
repeatedly suffered from epidemics of disease, the germs of which,
without reasonable doubt, came from the river water. In 1832, atl
the time of the Black Hawk war, a boat load of soldiers on their way
to Chicago, with cholera aboard, anchored at the head of Belle Isle,
and very soon the disease was epidemic in the village of Detroit, 96
citizens succumbing. Two years later cholera again appeared and
7 per cent of the population died in one month. Similar outbreaks
occurred in 1849 and in 1854, causing 35 to 40 deaths daily.

Danger from cholera to-day is remote, but that from typhoid is
constantly at hand. The average number of deaths in Detroit from
this disease from 1886 to 1904, inclusive, being 72, ranging from 39 to
209. The maximum was reached in 1892, following the dredging of
the delta of Black River, at Port Huron, by the United States Gov-
ernment.® This delta contains sewage deposits from the city of
Port Huron, and its disturbance appears to have contaminated St.
Clair and Detroit rivers. Although some dredging had been done
previously, the dredges were especially active in the river in 1892, the
excavated material being loaded on barges and dumped in St. Clair
River below Port Huron. Gardner S. Williams, at the time civil
engineer to the Detroit water board, has estimated that it would
require about ten days for this material to reach Detroit. Allowing
twelve days for the incubation stage and twenty-six days to produce
death, this gives a total of forty-eight days. The dredging began on
April 16, and on June 5 4 deaths from typhoid were recorded in
Detroit; in the next twenty-five days 38 deaths were reported from
this disease. Since the dredging was completed the typhoid rate
dropped back to what appears to be the normal. From July 1, 1903,
to JulV 1, 1904, 64 deathq were reported, or 2 deaths for each

aW 1111&1115, G. 8. T5 phoid teverand the water supply of Detrmt Proe. Samtary Conventlon Detroit,
1807, p- 90.



WAYNE COUNTY. 57

10,000 of population. This is low when compared with many other
cities, and it is possible that some of.the cases were contracted else-
where; still, the great city of Detroit should not rest satisfied until
it has the lowest attainable rate. The mortality rate for this disease is
given by Dr. V. C. Vaughan as 7.5 per cent, so that 64 deaths during
the last year would indicate that there had been about 850 cases, and
since only about one person in from 3 to 10 actually contracts the
disease on exposure, we may assume that 2,500 to 8,500 people are
annually exposed to this lingering and expensive disease; say one in
every ten families. As pointed out by Professor Williams, nothing
but the expense stands in the way of a filtering plant that would
obviate such danger, and until this is secured it is on the side of safety
to filter or boil the water in the home.

I there is reason to view the water secured from the head of Belle
Isle with some suspicion, there are still better grounds for viewing
with positive distrust that which has received the full contamination
of the city of Detroit and the Canadian towns across the river. Since
practically all the water that is pumped finds its way sooner or later
into the river again as sewage or surface drainage, this means that
60,000,000 gallons in this condition are daily returned to the river.
The Canadian towns opposite Detroit (Walkerville, Windsor, and
Sandwich) have a combined population of about 18,000, and contrib-
ute to the river daily about 5,800,000 gallons of polluted water. If
we assume that within the limits of Detroit 50 per cent of the rainfall
finds its way to the river after having taken up the filth of the roofs,
streets, gutters, and walks, we have on an average 22,000,000 gallons
daily from this source. The total, to say nothing of the pollution
received below the city of Detroit, is 76,000,000 gallons daily of sew-
age, slops, and street washings. This represents 11.7 cubic feet a
second, or 1 gallon for every 1,800 gallons that flow by the fort in the
south part of the city, where gaging was made. This assumes that
the two are uniformly mingled. Since, however, Ford, Wyandotte,
and Trenton are on the same side of the river as Detroit and the con-
tours of the river banks are such as to crowd the shore currents to the
west, the case is certainly more serious even than the above figures
indicate. Then, too, it must be remembered that it is really a ques-
tion of the quality of the contaminating material rather than the
quantity, and that there are in Detroit on the average nearly 1,000
cases of typhoid each year. As a direct line by river from Wood-
ward avenue to the Wyandotte intake is 104 miles and the average
velocity is somewhat less than 2 miles, the outflow from Detroit sew-
ers may be pumped to unsuspecting victims at Wyandotte in from
six to eight hours after its discharge into the river. This does not
give time for the process of oxidation to complete its work of purifi-
cation, nor to secure the death of the organisms causing disease. In
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the case of Ford, Iying between Wyandotte and the souree of pollution
the condition would be still more unfavorable, while with Trenton,
there is the additional contamination from Wyandotte, which will be
still more serious with the direct low from the sewers when these are
finished. The following sanitary analyses of the watér from the river
at Wyandotte, together with one of water from a well for comparison,
are supplied by Dr. V. C. Vaughan:

Sanitary analyses of W yandotte waters.

[Parts per million.]

|
1 2 ! 3. ‘ 4 5

Total residue. ... .. ... ....3 N 179 173 187 221 1,090
Inorganiecmatter......................_.. 112 101 106 191 850
Organie matter............. .. ... ... Il 2 O 240
Earthy hases, as oxides. . ... . i i e ‘ 10.976 20. 798
Chlorine. . ... ... 25. 45 ‘ G 25.57 27.57 | 161. 44
Sodium........ ... ... 20.75 3. 90 16.63 ' 14. 67 104. 96
Sulphate radicle (SOs)... . . .. [t . None, Strong

| trace.
Free ammonia.......oooeieiiiianeaaa.. .024 . 0106 . 008 .08 .46
Albuminoid ammonia......._..._. ... . 032 .016 .016 52 .56
Nitrogen as nitrates. . ... ... oo i i ! .15 3.40
Nitrogen as nitrites. ... | i - 003 .91
Bacteria developed in 72 hours.. ... ....._ 38 82 45 1, 890 2, 580
[0 Slightly Opales-| Opales- Clear..... Sedimen-

+ opal. cent. cent. . tary.

ITardness._............. e 120 114.29 114.29 | 100 ) 185. 72

Nos. 1-3, river, 1898: 4, river, 1890; 5, well, 1890.

Nos. L and 2 were pronounced safe by Doctor Vaughan, while the other three caused death of rats
and guinea pigs and were pronounced unsafe. The last two analyses were made at the time of a typhoid
epidemic, which was believed to have been cansed by milk contaminated from the well. Until some-
thing can be done the residents of these places should both filter and boii their drinking water. 1n the
way of securing a hetter supply of water several propositions may be considered: (1) Installing a filter-
ing plant: (2) extending the Detroit mains from River Rouge to Trenton; (3) using the Swan well, in
case the water from that well proves potable and not too hard (see analysis p. 44); (4 putting down
wells into the Sylvania sandstone.

SMALLER STREAMS,

v

feneral statement.—Named in order from the north, the main
streams crossing the county are Connors Creek, River Rouge with its
three branches, Ecorse River, Mouguagon Creek, Hale Creek, and
Huron River. Owing to the comparatively narrow drainage basine
and the very direct slope of the land these streams attain no consid-

rable size in southeastern Michigan.

The highest and roughest land in Wayne County is found about
the northwest corner, where the greater parts of Northville and Ply-
mouth townships are covered with morainic knolls and ridges, the
extreme northwest corner of the county attaining an altitude of 975
feet above sea level. The average surface slope from there south-
eastward to Detroit River is 16 feet to the mile. East of this
morainic area the surface is remarkably flat and even, with an average
slope of 8.7 feet to the mile, not enough to be detected by the eye
alone. The cutting of their beds, especially in their upper courses.
has considerably reduced the average fall of the streams, but the
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loose condition of the materials over which they flow is suficient to
keep them supplied with more or less sediment and unfitted for gen-
eral use. In only one or two instances do the streams touch bed
rock, and then only for very short distances.

Farmers whose places adjoin these natural watercourses use this
supply for their stock, for irrigation of their truck farms, ete. At
Dearborn the Arna mills use the water of River Rouge, after settling,
in their dyeing business. At the former Dearborn power house of
the Detroit, Ypsilanti, Ann Arbor, and Jackson Electric Railway the
Rouge supplied water for the boilers.

Waterworks.—The Wayne County Infirmary, at Eloise, has its own
system of waterworks, the plant having been installed in 1902.
Previous to that date the water was pumped from the lower branch
of River Rouge, but it is now taken from a large well on the flats of
the middle branch near Perrinsville. This well, which is 35 feet in
diameter and 18 feet deep, receives the flow from the river as well
as some surface water, necessitating a plant at Eloise. The water is
pumped by a Worden & Hughes pump having a daily capacity of
1,152,000 gallons and driven with a 40-horsepower engine. The
water is conveyed through 3% miles of 8-inch cast-iron tubing, buried
to a depth of 5 feet, and emptied into an artificial lake, which is also
partly filled by surface drainage. From this reservoir it is again
elevated by pump and filtered through four steel tanks, 6 feet in
diameter by 9 feet in height, filled with crushed quartz. The daily
capacity of the filters is 200,000 gallons. There are 19 hydrants on
the grounds. The cost of the plant was $30,000 and the annual cost
of operating is $1,800. This water is not used for drinking and
cooking purposes, the inmates being supplied from springs (see pp.
63—64). The number of inmates cared for in 1904 (year closing Sep-
tember 30) was 1,088, with about 100 emiployees. River Rouge water
is used mainly for the boilers, on the grounds, and for flushing the
sewers. The following analysis of this water from the nuddle branch
was made by L. M. Gelston, assistant in the hygienic laboratory of
the University of Michigan. It is considerably harder than that of
the lower branch, owing undoubtedly to the fact that the middle
branch receives the flow from so many springs, especially those from
the glacial deposits.

Analysis of water from Middle Branch River Rouge.

Parts per Parts per
. million. million.
Inorganic matter. .. .._......... 732 Free ammonia. .. ... ... ... 0.133
Organic matter.._......._ .. ... 96 Albuminoid ammonia. . .. ... ... .124
Chlorine. ... .. ... .. ..._. 37 Total residue by evaporation. . ... 828
Potassium. .. ... ... ... ... 1.5

Reaction neutral. Alge, protozoa, and bacteria present.
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Contamination.—In a suit brought against the infirmary in 1898
for the pollution of the stream the following analyses were made by
Prof. J. E. Clark, M. D., of the Detroit College of Medicine. It was
then legally decided that the Rouge was being seriously contaminated,
and the infirmary was required to put in settling basins for its sewage.
A series of such basins now in use treat the sewage with alum and
lime and then run it through gravel.

Analyses of water from River Rouge, showing contamination.

[Parts per million.]

250 to 300

1
I
Above From
sewer. sewer. ‘ feitevtgiow
Mineral matter. .. .. ... ... L. 280 | 740 720
Organic matter........ 150 380 370
Chlorine........ 7" i 5 105 ‘ 95
Free ammonia ......... . 302 48.8 1.512
Albuminoid ammonia. . 366 32. 58 1. 44
Total solids............ 430 1,120 1+ 1,090
Bacteria. ... .. .. iiiiiiiiiiiaie 10.900 325,000 ‘ 12,500

The table is of interest because it shows the ordinary condition of
the water in this stream, and in addition those substances derived
from sewage which suggest the presence of dangerous bacteria. The
amount of chlorine, combined to form common salt, has been increased
19 times, while the ammonia has not risen in proportion to the
amount actuallv present in the sewage itself. A complete analysis
of the water would have shown that much of this had been oxidized
into nitrites and nitrates, which along with the chlorine furnish an
index to the probable amount of sewage contamination. The per-
centage of bacteria added to the stream is small and to but a slight
extent capable of producing disease, but there is a likelihood that
sooner or later those of a more serious nature will have to be reckoned
with.

Huron River, the largest stream of the county, receives before
entering the county the sewage and drainage from Ann Arbor and
Ypsilanti, with a combined populatlon of 22,200 people, and is still
more seriously polluted by the sanitary works at French Landing.
None of the villages in Wayne County, however, draw on the river

for a public supply.
GROUND WATERS.

WATERS FROM LACUSTRINE AND RIVER DEPOSITS.
FORMATION OF DEPOSITS.

A series of old shore lines and beaches, made by the predecessors
of the present system of Great Lakes, traverse Wayne County in a
general northeast-southwest direction. In some places these are
closely placed, and a single township may have as many as six; in
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other places they are broad and rather widely separated. Through
the work of the United States and Michigan geological surveys these
ancient beaches are being carefully followed and maps showing their
location will soon be available. The waves of the lakes, as they stood
at successive levels, threw up broad, rounded ridges of sand, or sand
and gravel, attaiming a maximum thickness of 25 to 30 feet and con-
sisting of cross-bedded deposits resting upon the underlying clay.
Where sand was especially abundant it was seized by the lake winds
and heaped into mounds and ridges (dunes) and sometimes carried
landward for a considerable distance, being there spread out into a
relatively thin, unstratified sheet. A broad belt of such deposit,
the joint work of wind and wave, extends across Sumpter, Romu-
lus, Nankin, and Livonia townships, reaching over into those adjoin-
mng. A similar belt, but with less breadth, passes across Huron,
Taylor, Dearborn, and Redford; and a third, less continuous, passes
through Brownstown, Ecorce, Springwells, Detroit, and Hamtramek.
At the several levels of the old system of lakes, Huron and Rouge
rivers formed delta deposits opposite their mouths, spreading sheets
of stratified sand and gravel over a considerable area. This was
particularly true during the stage known as Lake Arkona, when the
Huron covered from 30 to 35 square miles of Van Buren and Sumpter
townships with such a dressing, extending eastward as far as French
Landing and attaining a maximum thickness of over 20 feet. A
similar but less extensive formation was laid down where the middle
branch of the Rouge discharged into Lake Arkona east of Plymouth,
covering the eastern part of Plymouth Township, western Livonia,
northeastern Canton, and northwestern Nankin. These delta depos-
its are continued up the stream vallexs, where they form terraces of
stratified sand and gravel, the former flood plains of the Huron and

Rouge. -
WATER SUPPLY.

These loose, unconsolidated deposits, mantling the clay. are very
porous and readily absorb a large part of the rainfall. They are at
the same time very permeable and deliver this water readily. For
a precipitation of 32 inches, with a surface run-off and seepage flow
of 25 per cent, there would be an average daily addition of 132,210
cubic feet over every square mile, or nearly 1,000,000 gallons. The
water sinks to the underlying clay and is there held, or works its
way slowly by underground passages and seepage down a gentle
slope. This brings it quite near the surface, though, owing to the
way in which it 1s held, it possesses no head. Only shallow wells,
ranging from 5 to 25 feet, are required to tap this supply; a very
common depth is 10 to 15 feet. In sinking these it is usually not
necessary to reach the clay, but when the supply is reduced it is
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frequently desirable to make an excavation into the clay, which will
serve as a reservoir. These wells as a rule are dug, but are some-
times driven, and are cased with barrels, planks, brick, stone, or
crocks. The water is obtained usually by suction or chain pumps,
the windmill being occasionally used. In the case of wells in sand
the bucket, with chain, rope, or pole, is used for dipping, the old-
fashioned **sweep’’ being still oceasionally found. While the supply
is ordinarily sufficient and very frequently abundant, it fluctuates
with the amount of precipitation, and after prolonged drought may
disappear or be so lowered as to require deepening of the wells.
How much any particular well will be affected, and how promptly,
will be determined by the extent and thickness of the deposit sup-
plying the water.

In one-third of the wells from which data were secured the owners
report the water to be soft and suitable for laundry use, so that no
cisterns are required. This shows that there has been but little
calcinm or magnesium carbonate dissolved from the sand, gravel, or
clay, either because these substances were not present originally or
have been leached out, or because the water has not had time to get
them in solution. In two-thirds of the wells, particularly in those
which approach or reach the clay, the water was pronounced hard.
In a few cases the water was reported to have changed from soft to
hard and vice versa. Other mineral ingredients, so common in other
types of wells, are absent here or only very sparingly present. The
temperature of the water in these wells fluctuates more than m the
deeper wells, being more affected by the surface temperature of
the air and soil. From what is known of other wells we may
assert that the temperature will be highest in midfall and lowest in
midspring. )

Although obtained with so little ditliculty and expense, this water
is especially liable to contamination from house and barn drainage
and privies. Dupuit's experiments in France have shown that the
area drained by a well is in the form of an inverted cone, the radius
of the base of which may range from 15 to 160 times the depth of
the surface of the water in the well. This means that if it is 10 feet
from the surface of the ground to the level of the water in the weil
this well may receive drainage from buildings 150 to 1,600 feet dis-
tant from the well. It has also been found by experiment that a
shallow well heavily pumped will drain a larger area than a deep
well subjected to moderate pumping. Although sand and gravel
may serve as filters for the removal of solid substances, subterranean
channels are liable to be opened in time and direct pollution occur.
The sudden opening of such channels may explain why some wells,
wholesome up to a certain time, become suddenly a source of great
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danger. This is probably what happened to the Millspaugh well at
Wyandotte, the analysis of which is given in the table (p. 58). It
is a mistake to suppose that the direction of the surface slope com-
pletely controls the direction of underground drainage. Wells of the
type here discussed should be placed as far as possible from sources
of infection and should be tightly cased with solid pipe or sealed
crocks extending above the general level of the ground sufficiently
to prevent any surface water from entering.

Around the margins of the sand dunes, where the superficial beds
of sand and gravel thin out, exposing the clay, or where these beds
are cut by surface streams through the clay, the water seeps out and
gives rise to one type of springs. The flow may be slight and simply
moisten the surface or it may be concentrated into a single flow of
some volume. Most of these springs are found along the banks of
Rouge and Huron rivers where they have cut across the old lake
beaches or the deltas of their own formation. In Van Buren Town-
ship some of the farmers adjoining the Huron and its tributaries are
utilizing the strongest of these flows, elevating the water to tanks
by means of hydraulic rams. These waters show only small quan-
tities of salt, gypsum, and calcium carbonate, with some iron. The
largest spring supplied from this class is located on the place of
G. E. Barlow, sec. 29, Livonia Township, just north of the middle
branch of the Rouge, where it has been flowing strongly for many
years. It now discharges through a 2.5-inch tube with considerable
force—a hard water which contains calcium carbonate and calcium
sulphate, but gives no reaction for salt. Thisis of significance, since
it might prove to be of superior quality in the manufacture of beet
sugar. If this spring were fully developed, along with others on the
neighboring bank, the supply might prove sufficient for the village
of Wayne, to which it could be carried by 7 miles of pipe. The fall
is about 14 feet, enough to give the water a flow by gravity, but
not enough to secure pressure. Wayne has made an unsuccessful
attempt to secure a public supply by means of deep wells and had
a survey made looking toward the extension of the Detroit city
mains to the village. The expense of the latter plan was prohibitive
for the time.

At the county infirmary at Eloise some 1,100 people are supplied
with drinking water from a sand dune about one-half mile to the
south, the water being collected into small reservoirs, from which it
flows by gravity through 3-inch tiling and is distributed by pipes to
the basements of the buildings and by hand to the drinking tanks
on the upper floors. The effect is said to be somewhat constipating,
but the water is pure and abundant. It is said to be soft, but does
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not make a free lather. The following analysis of this water was
made in April, 1888, by Dr. Samuel P. Duflield, of Detroit:

Analysis of drinking water at Wayne County Infirmary, Eloise.a

Parts per | Parts per
million. million.

Caleium (Ca). ... ... ... 587.48 | Sodium (Na). ......_.._. .. __. 172.86

Carbonate radicle (COg).... .. ... 181.66 | T

N ‘ Total.. oo 2, 472.75

Magnesium (Mg).. .. ... ... 54.83 F bon dioxid > 014, 39

Sulphate radicle (SO .. .. .. ... 1,050. 67 | *'Tee carbon dioxide. .. ... .. ... = %02
Chlorine (Ch._..... ... .. ... 425. 25

WATERS FROM GLACIAL DEPOSITS.

FORMATION OF DEPOSITS.

The great Canadian ice sheets, which made at'least two advances
across this section of the State from northeast to southwest, reduced
much hard rock to fine fragments and spread it over the bed rock in
a sheet varying in thickness from a few to more than 200 feet. This
deposit, consisting of tough unstratified clay, generally of a bhlue
color and containing subangular fragments of bruised rocks, is tech-
nically known as ‘“till.”" Stony portions of it, probably largely of
an early ice invasion, have become compacted, and are popularly
known as *‘hardpan.”” While this great ice mill was at work reduc-
ing the rock to powder streams of water beneath the ice, resulting
from surface melting and rains, were assorting the deposits into
gravel, sand, and clay. The pebbles, rounded by mutual grinding,
and the sand were arranged in layers in certain places favorable for
deposition, to be covered by beds of later-formed till. In this way
was built up the so-called *‘ ground moraine’ of these great ice sheets.
Much of the finest sediment seized by the subglacial streams was
capable of being held a longer time in suspension and so was carried
forward into the quiet bodies of water into which these streams
drained, forming either deltas at the border or, where spread over the
bottom, beds of finely stratified clay, quite different from the till
itself. Beds of similar nature were formed in the ancient lakes, pre-
viously referred to, by the action of the waves on the till, the pebbles
and sand during times of storm being tossed upon the beach, while
the clay was carried into deeper and quieter water. Although nearly
the entire county was covered by these waters, the only extensive
deposits of these lake clays are found to the north and west of
Detroit, where they are extensively used in the manufacture of brick.
The result of this wave action was to cut down elevations left by the
preceding ice sheet and fill in depressions, giving the entire region a
more subdued aspect and more gentle slopes.

a Expressed by analyst in hypothetical combinations; recomputed to ionic form at United States
Geological Survey.
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WATFR SUPPLY.

Character of beds.—The beds of ancient lake elays, as well as the
till itself, are practically impervious and impermeable, and hence can
vield no water supply. Water is to be obtained only from the inter-
bedded sheets of sand and gravel, the occurrencé of which, owing to
their method of formation, is very irregular and uncertain. This
makes the securing of a suitable water supply over these areas diffi-
cult, uncertain, and expensive. Especially is this true in the north-
eastern part of Van Buren, the northwestern part of Romulus, and
certain parts of Dearborn townships. The rain water finds its way
into these permeable beds, often in regions remote from the place at
which they are tapped and frequently at a considerably higher level
than the bottom of the well. Hence the water enters the well under
pressure which may ecause it to rise nearly to the surface or to over-
flow. As the water generally comes from a greater distance and
from a greater depth than that of the type of wells previously dis-
cussed, its temperature is more uniform and the supply is more abun-
dant and more constant. In general, also, the water is more highly
mineralized, owing to its better opportunities for taking the minerals
it encounters in solution. Of all those wells from which data were
secured, 22.4 per cent were reported by the owners as soft and 77.6
per cent as hard. Where the water is drawn from just above the
bed rock it is sometimes highly charged with minerals, such as salt,
sulphur, iron, etc., which characterize the waters from the rock
itself, and the inference is that the rock water has mingled with that
from the glacial deposits.

Nonflowing wells.—The nonflowing wells generally vary in depth
from 18 or 20 feet to 100 feet or more, 60 to 75 feet being a common
depth. The shallower ones are dug and lined with stone or brick;
the deeper ones are driven, bored, or drilled. In some instances no
casing at all is used, the clay being firm enough to maintain “the
necessary opening to the water-bearing stratum. Owing to the con-
siderable depth, heavy suction pumps are generally required and
windmills are in common use. The deepest wells of this type are
located in the northeastern part of Van Buren, northern Canton,
northern Hamtramek, and southwestern Grossepoint townships, the
maximum found having a depth of 182 feet. Owing to the nearness
of bed rock to the surface in Monguagon and Brownstown town-
ships, the wells of this class are®necessarily shallow, many of them
stopping just short of the rock in a bed of gravel. The height to
which water will rise, with reference to the surface of the ground,
depends on the head and the elevation of the ground at the mouth
of the well, and each of these factors grows less toward the south-
cast. In the belts immediately surrounding the areas of flowing
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wells, to be next described, the water comes very near or quite to
the surface and drops back from it as we pass to the east or the west.
In the wells of this class from which data were secured 80 per cent
were reported hard and 20 per cent soft. When tightly cased to a
level above ground the wells are safe from contamination. If the
casing is too short at the top, or if no casing at all is used, they may
receive surface drainage and become a source of danger. The col-
lecting areas of this water appear to lie in the high morainic regions
to the west and north, as shown from the general diminution of head
toward the south and east. In a strip of territory extending north-
eastward from southern Canton and northeastern Van Buren town-
- ships many of the deeper wells give much salt, which presumably is
received from the underlying bed rock. A few data are here given
concerning three of the most striking. It is likely that the Barker
wells penetrated the Antrim shale without the driller knowing he
had entered bed rock.

The well of C. F. Bevernitz, NW. { sec. 12, Nankin Township, is
60 to 70 feet deep, the Antrim shale lying at a depth of 70 to 80 feet.
The elevation of the mouth is approximately 635 feet. The supply
is good, but there is too much salt in the water to permit its use; a
tobacco pail full is said to have yielded, on evaporation, a pint of
salt. There has been some gas in the well. The water lacks only 4
feet of reaching the surface, its actual elevation being about 631 feet.

Edward Barker, NE. 1 sec. 27, Canton Township, has two wells,
which were sunk to a depth of 108 feet in 1901. The Antrim shale
is supposed to be from 100 to 110 feet from the 'surface. The approx-
imate elevation of the mouth of the well is 657 feet and the head is
—12 feet, giving the water an elevation of 645 feet. Salt water was
secured from near the bottom, 6 to 7 quarts yielding a teacup of salt.
This water has been used for preserving pork. The well was plugged
below to shut off this supply and fresh water was used from a higher
level in the well.

W. A. Wallace, SE. 1 sec. 32, Canton Township, has a bored well
70 feet deep. The Antrim shale lies at 80 to 90 feet. The elevation
of the well mouth is 695 feet and of the water surface 687 feet. The
water is secured from just over hardpan and is hard and salty, too
much so to drink, but may be used for other household purposes.
Cattle will drink it, and require no other salt.

Some of these mineralized waterg not so highly charged with salt
are being put on the market for their medicinal properties and sold
in Detroit by the gallon. One of these sources of supply is on the
Rouge flats at Plymouth. Tt is owned by Dr. M. V. B. Saunders,
of Detroit, and is advertised as the ** Plymouth Rock Mineral Well.”
The depth is 74 feet, the first 25 feet of which were dug and the re-
mainder drilled. The elevation of the mouth of the well is about
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700 feet, and, as the rock surface here is believed to be from 630 to
640 feet, it is likely that the well penetrated the Coldwater shales.
The water was said to have been secured from beneath an exceed-
ingly hard 18-inch stratum. It is reported that 3,000 gallons are sold
annually, and that it has been found especially efficacious in cases of
rheumatism, kidney and bladder troubles. The following analysis,
taken from the advertising circular, was made by Prof. John E.
Clark, M. D., of the Detroit College of Medicine:

Analysis of Plymouth Rock mineral water.a

Parts per Parts per

million. ! million.
Potassium (K)......_._........... 11.38 Carbonate radicle (CO;)........... 192. 95
Silica (S10). ... ...l 857 Caleium (Ca). .. ... ... ... ..... 24.22
Tron and alumina (Fe,0,A1,0,).... . 20.76  Magnesium (Mg)................. 14. 36
Chlorine (C. ... ... ... 149. 43 Organic and volatile... .. ... ... . 22.25
Sodium (Na) ... ... 124. 01 —
Sulphate radicle (SO,) .. .......... 4.3l pelaE

Carbonic-acid gas and carbonate of lithium present, but not
estimated.

A similar well near the above is owned by H. P. Peters and has a
depth of 80 feet, possibly also reaching bed rock. The water is said
to have originally flowed, and has been put on the market as **hydro-
carbon mineral water.” Bubbles of gas, apparently carbon dioxide,
are continually rising to the surface.

Flowing wells.—When the head or pressure with which these waters
enter the wells 1s sufficient, the water reaches the well mouth and
overflows. Two belts of such flowing wells cross Wayne County,
being the continuation of similar belts in Monroe and Washtenaw
counties. One of these belts begins in the northwestern part of Van
Buren Township (secs. 3, 4, 5, and 6), extends northward across Can-
ton, with a breadth of 3 miles, reaches into sec. 34 of Plymouth, and
continues into the western part of Livonia Township. The belt is
not continuous, and nearly all of the wells that are still flowing lie to
the east of the gravel ridge formed by the waters of Glacial Lake
Whittlesey and known as the Belmore beach. This 1s due to the
fact that the water does not have sufficient pressure to reach the-
level of this beach, which is about 740 feet above sea level. A sec-
ond belt of flowing wells lies in the eastern part of the county, reach-
ing its fullest development in the southern part of Brownstown Town-
ship, where it is about 5 miles across. In the northern part of the
township it is interrupted. A few isolated wells occur in eastern
Taylor, in Ecorce, and in Springwells townships, where they cease
because of the elevation of the surface-on approaching Detroit. In

a Expressed by analyst in hypothetical combinations; recomputed 1o ionic format United States
Geological Survey.
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Grossepoint Township, near the lake level, there is at least one flow-
ing well. There are also scattered flows up the Huron Valley to
Willow.

The average temperature of the wells of the county, as measured
in May and June, is 52° F.; or slightly less, but some show a rise of
1° to 3° in the fall, owing to the effect of the summer heat on pipes
through which they slowly discharge. 1t is probable that if the bot-
tom temperature were taken it would be found to be more constant,
especially in the case of the deeper wells and wells with a weak flow.
In these the waters are either warmed or cooled as they approach
the surface, except at times of year when the surface temperature
correspouds closely with the temperature of the bottom of the well.

To the farmers these wells are a great saving in time and expense
of pumping, while the low summer temperature and constant flow
are of great service in caring for milk in the dairy. The tanks do
not ordinarily freeze over in winter and are thus available for the
stoek. The wells are about equally divided between hard, and soft
water, some of unusual softness occurring at Dentons, where they
take the place of cistern water.

The two following partial analyses, furnished by M. O. Leighton,
of the United States Geological Survey, show the relative composi-
tion of drift and rock waters at Dearborn:

Partial analyses of drift and rock waters at Dearborn.

* [Parts per million.}

19

|
|
|
|

L0 0 SN ‘ 32 32
Iron (Fe)............. " Trace 2
Chlorine (Chy.......... 19 15
Carbon dioxide (COq ... . R7. 04 97. 61
Sulphur trioxide (SO .. ..ol R 522

8. J. Lewis, analyst. 1. Al Wagner; depth, 28 feet. 2. \. Wagner (rocki; depth, 115 feet.

These waters are sald to produce only a very little scale in the tea
kettle, even after several years' use. Simple tests show slight traces
of salt, iron, and lime carbonate, but no lime sulphates, or but a
trace. This condition of the water may be due in part to contin-
uous leaching, the result of which would be to change flowing welis
from hard to soft. The breaking in of new veins might, however,
suddenly change the water from soft to hard. The water in the
eastern belt is almost invariably charged with either iron or sulphur,
along with the other minerals commonly present, owing to the near-
ness of bed rock. The pressure is generally low and sufficient only
to elevate the water a few feet above ground level, but is somewhat
greater in the western district. In the Penny well, sec. 3, Canton
Township, there is a strong flow which will rise 12 feet, thus having
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an elevation of about 727 feet above tide. Most other wells in the
western part of this belt indicate an elevation of 710 to 720 feet,
which, as a rule, drops to the southeast more rapidly than does the
surface slope of the land, ranging from 6 to 12 feet to the mile within
the belt. Most of the flowing wells in the eastern belt are from the
bed rock, and thus belong to the class next to be described. The
similarity in the character of the water would indicate that the
shallower wells derive their supply and head from the same source,
and hence that the two belts of flowing wells are genetically distinct,
the western coming from the drift and the eastern from bed rock.
The table on page 70 shows the chief characteristics of this group
of wells.

The head and volume of the flow are reported to be on the decrease
and the flowing well areas are being reduced. This may be due to
several causes—climatic, clogging by sand, sinking of new wells,
and constant and useless waste of water. Nature may be expected
to attend to the matter of precipitation; sand pumping and deepening
will give temporary increase of flow; but concerted action is required
in order to prevent the waste of this valuable resource. Wells that
are not being used should be plugged and others in use should have their
flow reduced to meet only the immediate requirements. One driller
reports that he rarely finds a farmer willing to make any reduction
whatever in the size of the flow.

The following partial analysis of an unusually soft water from
the parsonage well (depth 75 feet) near Denton, in the western part
of the county, has been furnished by M. O. Leighton, of the United
States Geological Survey. The water tested is one of the softest

in the State.
Partial analysis of well water at Denton.

Parts per Parts per

million. million.
Color. ... ...l 10 | Carbon dioxide (COp) ........... 97.61
Tron (Fe)......... ... ... ... Trace. | Sulphur trioxide (8O,).......... .29(Y
Chlorine (C)...................... 875 | Hardness.. ... ... .. .. ... 56. 1

S. J. Lewis, analyst.

The following partial analysis of the well water at the Commercial
Hotel at Wayne is furnished by M. O. Leighton, of the United States
Geological Survey:

Partial analysis of well water at Commercial Hotel, W ayne.

Parts per Parts per

million. million.
Color. . .. ... ...l 19 | Carbon dioxide (CO,)... .. ... .. ... 99. 81
Iron (Fe).. ... ... ... ...... Trace. | Sulphur trioxide (SOg)._............ 88
Chlorme (C1. ... ... ... ... 15

S. J. Lewis, analyst. Depth of well, 14 feet.
IRR 182—06——6
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Boiling springs.—The western half of Plymouth and nearly the
whole of Northville townships are covered with ridges and knolls
of till, interpersed with similar masses of stratified gravel and sand,
giving a very rough aspect to the country. The features are those
of a moraine formed at the ice margin during a temporary halt in
its general eastward retreat. The Glacial lake waters subsequently
covered the lower knolls lying to the east, but elsewhere the original
roughness left by the ice has been very largely retained. The
undrained depressions commnon to such regions are not of sufficient
magnitude to give rise to lakes of any considerable size, the largest
being Yerkes Lake, previously noted. Some of these lake sites
have been filled with vegetation and are now drained, yielding a
black mucky soil especially adapted to certain crops. Securing
water from these clay knolls and ridges by means of wells is as dif-
ficult and uncertain as on the clay plains to the east, and at times
becomes impossible. The deposits of sand and gravel, however,
serve as reservoirs for water, and, owing to their extent and height
to the north and west, frequently yield large quantities under pres-
sure. Along the hill slopes and in the valleys heavy natural flows
oceur, giving rise to what are known as **bold”” or *‘boiling” springs.
They difter from the seepage springs in that they have a head, and
generally stronger flow, are subject to less variation, show a steadier
temperature, and yield a harder water. In numerous cases the
waters are piped to dwellings and barns and yield an ideal supply,
as on the Starkweather place in the southwest part of Northville
Township, where a spring located in the NW. I, sec. 8, is piped to
the house, having a fall of 16 feet, delivering a 1-inch stream and
keeping 5 troughs supplied with most excellent water for stock.
This water contains considerable calcium carbonate, a very little salt,
and gives no reaction for calcium sulphate.

Two similar springs are utilized by the United States fish hatchery
at Northville (see Pl III, A, p. 44). After cleaning in 1896 the flow
from the larger was somewhat more than 500 gallons a minute, but
has been gradually declining since. In the fall of 1904 a second
cleaning failed to increase the flow much. According to the earlier
reports the temperature was 47° F., but is now 48°, with only shlight
variation from season to season. This is the coldest water observed
in any part of the county. It is rendered hard by considerable calcium
carbonate, but gives no reaction for salt or gypsum. Immediately
beneath the hatchery building is a second spring which has yielded
136 gallons a minute and has a tempetature of 48°. There are two
flowing wells having a depth of 106 feet, which yield 1% and 2 gallons
a minute, with a temperature of 50°, but the water contains sulphur
and iron and is destructive to both eggs and fish.

The villages of Northville and Plymouth are favorably situated for
utilizing similar flows from springs sufficiently elevated to give the
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necessary pressure without pumping. The water is cold and pure; is
rendered hard by caleium earbonate; gives no reaction for gypsum, and
only a slight one for salt. The supply is sufficient except during times
of prolonged drought. The water is not metered and no estimates are
kept of the amount used. Neither of the villages are supplied with
sewers, the drainage being good in both cases. The plants are owned
and operated by the villages themselves. Northville, with a popula-~
tion of 1,627, draws its supply from two springs in Oakland County,
about 4 miles distant. The springs are about 1,000 feet apart and
empty into a small receiving basin, from which the water flows by
gravity, with slight fall, to a reservoir overlooking the village and 100
feet above it.  The reservoir is 260 by 160 feet, with a depth of 18 feet
and an estimated capacity of 2,500,000 gallons. The plant was
installed in 1892-93, the village bonding for $30,000 at the time and
for $8,000 later. Vitrified 12-inch crocks were first used and found
unsatisfactory because of breakage and leakage, and at much addi-
tional expense were replaced with 10-inch iron ecasing buried 4 to 6
feet in the ground. The domestic pressure is 50 pounds and that in
the hydrants 70 pounds to the square inch. There are 9 miles of
mains, which consist of 4-inch and 10-inch pipes. There are 40
hydrants not paid for by the village and 325 service taps. The
income derived from private consumers is about $950 per arnum,
and the cost of maintenance about $200. A severe test of the system
was made In 1899 at the time of the burning of the plant of the Globe
Manufacturing Company, when ten streams were kept playing from
3 a. m. until 2 p. m., and then three streams until evening, at the end
of which time it was found that the reservoir was lowered hut 18
inches.

The village of Plymouth, with a population of 1,663, has a system
similar to that of Northville, its springs being in the NE. 1 sec. 8,
Northville Township, in the bottom of an old drainage channel from
the ice sheet. The village has here purchased an acre of land on
which an excavation 50 by 60 by 6 feet has been made, lined with
cobble, and surrounded by a high wire fence. From this the water
flows by gravity to a reservoir, which is located 2 miles from the
village and 103 feet above it, and which has dimensions of 100 by 80
by 14 feet, giving an estimated capacity of about 500,000 gallons.
The system was installed in 1893, 43 miles of 12-inch sewer pipe being
laid at a cost of $30,000. Plymouth has had the same expensive
experience as Northville, which competent advice would have pre-
vented. The sewer pipe is now being replaccd by iron casing, which
will swell the expense to near $50,000. The annual income 1s $2,200
to $2,300, and the expense of operating about $150, aside from the
fire department. There are 10 miles of mains, 60 hydrants, and 300
service taps. The average pressure is 42 to 45 pounds. It is esti-
mated that 75 per cent of the population use this water, the remainder
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WATERS FROM BED ROCK.

GEOLOGIC FORMATIONS.

Beneath the mantle of clay, sand, and gravel, resulting from the
joint action of wind, water, and ice, there lies a series of stratified
rocks, consisting of sandstone, shale, limestone, and dolomite. In
past geologic ages these beds were formed in the sea, in approximately
horizontal layers, but they were early upheaved and tilted, so that
their edges have a general northeast trend in Wayne County, and the
beds themselves dip to the northwest at the Tate of some 30 to 35
feet to the mile. They still retain some of the minerals belonging
to the concentrated brines of the primitive seas, and others deposited
at the time the rocks were forming or subsequently. These beds
supply a limited part of the county with a more or less highly mineral-
ized water, much of which flows, but some of which must be pumped.
The youngest and highest of this series of beds in Wayne County cuts
across the northwest corner. It consists of shales, with some sand-
stone, and is known in the State as the Coldwater shale (Waverly
and Cuyahoga). Beneath this lies the dark Antrim shale (Genesee),
generally yielding gas and faint traces of oil. Next in order come
the bluish beds of shale and limestone, making up the Traverse group
(Hamilton), and frequently referred to as ‘““soapstone;’’ beneath
which lies a solid, light-gray limestone known in the State as the
Dundee (Corniferous). Below this limestone is a drab dolomite, the
Monroe group (Lower Ielderberg), which drillers do not ordinarily
separate from the preceding. KEmbedded in it and of the same geo-
logic age is the so-called Sylvania sandstone, a pure glass sand,
cutting across the extreme southeastern part of the county; this is
the oldest of the formations reached directly beneath the clay in the
county. Still older and lower, however, and coming near the surface
in Monroe County and bordering parts of Ohio, lie, in order, the
Monroe beds below the Sylvania sandstone (Lower Helderberg and
Salina), the Niagara, Medina, Hudson, Utica, and Trenton, the last
being the oldest bed reached by borings in the county.

WATER SUPPLY.

Flowing wells.—The wells of this class comprise most of those in
the eastern belt described above (p. 67). They are heavily mineral-
ized, as a rule, and frequently rendered rank by sulphur and iron.
The average temperature is 51.4°, as compared with 52° for the
flowing drift wells, but rises slowly as the water comes from greater
depth. Theoretically the temperature should be still more constant
than in the drift wells, but it must be affected in the same way and
to the same extent as it rises to the surface. With reference to the
level of the ground the head is generally slight, ranging from a mere
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rise to the surface to 15 and 25 feet above in exceptional cases. At
Dentons, in a well along the railroad track, the water is reported to
have reached the second story of a building, indicating its rise to
about 715 feet above sea level. The Swan well on Grosse Isle is the
easternmost of the flowing wells in the county and has a head of
597 feet. Measured between these two extreme wells the average
reduction in head toward the southeast is 5.6 feet to the mile.
Between the Flat Rock wells and those on the lake shore the average
reduction per mile is 3.5 feet. Although the rock strata are dipping
to the northwest, these facts indicate that the source of supply is to
the west, as pointed out by Fuller in his report on the failure of wells
along lower Huron River (p. 37).

The table on page 76 gives the principal data concerning the flowing
wells from bed rock. The most wonderful of the entire set is the
Swan well, described by Fuller (pp. 43-44), which flows 3,000 gallons
a minute, or 4,320,000 gallons a day—enough to supply several times
over the entire river front from Trenton to Detroit. It has recently
been stated in the papers that the Grosse Isle Mineral Company has
been organized to put the water on the market under the name
“Kathairo” (see p. 44 for analysis).

Springs.—In the Brownstown region of flowing wells there are
numerous natural flows charged with iron, sulphur, caleium sulphate,
caletum carbonate, and sometimes considerable salt. These are most
numerous along Huron River, from Flat Rock to Lake Erie and north-
ward to Gibraltar. The water is generally too rank for use and is
believed to come from bed rock, having made for itself a natural chan-
nel through the clay. Such springs are found in Brownstown as follows:
T. 48, R. 10 E.: NE. { sec. 28, SW. I sec. 30, SE. 1 sec. 31, NE. 1
sec. 36. T. 58S, R. 10 E.: SW. 1 sec. 5, NE. 1 sec. 9, SE. 1 sec. 13,
NW. 1t sec. 1, eastern and southern portions of see. 24.  An analysis
of the *“Wyandotte White Sulphur Springs,’’ the location of which is
unknown to the writer, is given by Peale® and is quoted by Lane.?

Nonflowing wells.—The principal facts relating to the nonflowing
wells from rock have been grouped together in the table on page 77,
from which the character of the water from the various geologic hori-
zons may be seen at a glance. The water is generally hard and highly
mineralized. In a few cases only is it reported to be soft. Time did
not permit the securing of records of the temperatures of the water of
these wells, but owing to the fact that it stands more quietly in the
pipes, frequently not far from the surface, it is undoubtedly more
variable than in the artesian wells. The head of these rock waters
also drops as we pass castward. The following analysis of the water

a Peale, .\, C., Lists and analyses of the mineral springs of the United States: Bull. U. 8. Geol. Sur-
vey No. 32, 1886, p. 150.

b Lane, A.C., Lower Michigan mineral waters: Water-Sup. and Irr. Paper No. 31, U. 8. Geol. Survey,
1899, p. 72.
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from an 850-foot well at the Wayne County Infirmary at Eloise shows
how heavily charged with minerals these waters may become. The
well was drilled for gas by C. C. Nims. The Traverse group was
struck at 130 feet (the elevation of the well mouth being about 625
feet) and yielded a flow of fresh water. The well passed through this
formation and the underlying Corniferous and entered the Monroe
group, from which a strong brine was secured, with some suggestions
of oil. The analysis was made by Dr. S. P. Duffield, of Detroit, April
18, 1888. :

Analysis of water from salt well, Wayne County Infirmary, Eloise.a

Parts per
million.
Caleium (Ca) .. i iiiiiaaio. 9,714.65
Carbonate radicle (COy) ... .. . . i iiiiiiiiiae.oo.- 3,970.25
Magnesium (Mg) ... aiiiaaiol. 150.17
Sulphate radicle (SO,) .. . ... i 12, 354. 88
Chlorine (CI) .. e 40, 214. 11
Sodium (Na) .. . i 25, 354. 54
Total SoNds. .- .o .. 91, 758. 60
Hydrogen sulphide. ... ... L.l 405

These highly charged mineral waters are used for bathing purposes
at two places in Detroit—the Clark Riverside bath house and the
Detroit sanitarium. The well at the latter place has a depth of 307
feet, entering the Corniferous, and yields a mineral water strong in
sulphur. The depth of the Clark well either is not known or has not
been given out, but it is probably not very different from the other.
An analysis of its water is given by Lane.? Along Detroit River from
Delray to Trenton artificial brines are made by forcing water to the
salt beds of the lower Monroe series, where they dissolve the solid
rock salt and flow to the surface. The salt is then secured by evapo-
ration or used in the manufacture of soda, soda ash, and bleaching
powder. The most promising horizon for securing a supply of fresh
water is the Sylvania sandstone, a porous bed of pure sand rock hold-
ing an abundance of water. Although fresh, it is liable to contain sul-
phur and iron, carried up from the dolomites of the underlying Monroe
group. In the northern part of Monroe County and the southern part
of Brownstown Township this bed lies immediately beneath the clay
and furnishes an abrndance of good water. In the 6 miles to Trenton
it drops to 280 feet below the surface, or at the rate of about 40 feet to
the mile. Toward Wyandotte the bed thickens, with practically no
dip, and in the Eureka well it was reached at 230 feet, while in a well of
the Michigan Rock Salt Company at Ecorse it was reached at 220 feet.
Beyond Ecorse it drops rather rapidly again, having an average thick-
ness of 99 feet in ten wells of the Solvay Company at Delray.

a Expressed by analyst in hypothetical combinations; recomputed to ionic form at United States
Geological Survey.
b Op cit., p. 73.
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78 WELLS AND WATHER SUPPLIES IN SOUTHERN MICHIGAN.
WATER SUPPLIES OF LENAWEE COUNTY.
By Fraxx LEVERETT.

GENERAL.STATEMENT.

This county is the second west of Lake Erie on the southern border
of the State. Its southeastern part is a plain once occupied by
Glacial-lake waters, while its northwestern part is traversed by a
series of moraines trending northeast and southwest. Most of the
county is tributary to Raisin River, which crosses the northwest
corner and also the eastern part. The southwestern part of the
county is tributary to Tiffin River, also called Bean Creek. The
four northwestern townships have an average altitude of about 1,000
feet, with points that exceed 1,100 feet. South and east of these
townships there is a gradual descent through the morainic tracts to
about 800 feet at the edge of the old lake plain, which, in turn,
drops to less than 700 feet at the edge of the county.

It is a topography well calculated to give artesian conditions.
The drift beds dip eastward with the slope of the surface, and water
which is absorbed in the elevated northwestern section is under
strong hydrostatic pressure as it passes into the low southeastern
part. The flowing wells are found on the lake plain and also in
sags and narrow plains between morainic ridges. In places on the
lake plain, either through the absence of a water bed or through
the fineness of its material no flows are obtained, thus breaking up
the flowing-well territory and forming several somewhat indepen-
dent areas. Further exploration, however, may so extend these
areas as to run them together, leaving only comparatively small
island-like tracts where the beds do not contain a good supply of
water.

Wells have been sunk to rock at Cement City, in the northwest
corner of the county, where a good supply of water is found in sand-
stone at depths of 65 to 70 feet. There are also numerous wells in
the eastern end of the county that have reached rock, which is
found at depths of 80 to 150 feet. In the district south of Blissfield
the wells are often carried through shale to limestone at about 200
feet, but from Blissfield north the wells generally obtain a supply
near the top of the rock if none has been found in the drift. Wells
in the vicinity of Clinton, Tecumseh, and Adrian that have been
drilied to rock find a salt water, unsuitable for drinking. In much
of the central and western parts of the county there are no borings
deep enough to strike rock.

The writer's studies of water supplies were made chiefly in 1899
in connection with the mapping of moraines, shore lines, and other
features of surface geology, and only brief notes were taken as to
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the extent of flowing-well districts, depth and strength of flowing
wells, and such other data as chanced to be readily available. This
resulted in a general acquaintance with each of the tracts in which
flowing wells are obtained, but hardly formed sufficient basis for
a report. Mr. Jon A. Udden made a special investigation of each
flowing-well district in 1904, and prepared the tabulated data given
below. The public supply of Hudson was also examined by Mr.
Udden, but those of Adrian and Tecumseh were examined by the
writer.
WATERWORKS.

ADRIAN.

The Adrian water supply is in the hands of a private company.
At one time wells were in use, but the entire supply is now pumped
from South Fork of Raisin River, which flows through the city. In
the dry seasons the stream carries about 6,000,000 gallons a day,
and the waterworks at times use one-third of the flow. Some
dissatisfaction is manifested by the residents, because of the quality
and of the limited quantity of the low water of the stream. The
supply from wells also proved inadequate and tests made by the
water company have not yet resulted in the discovery of an adequate
supply from wells. One well sunk to a depth of 1,980 feet gets a
salt water, with some gas at about 500 feet.

The following analysis was made by Dr. A. B. Prescott, at the
University of Michigan:

Analysis of water at 500 feet in deep well at Adrian waterworks.o

Parts per Parts per
million. million.,

Magnesium (Mg)._ ... ......... 67.29 | Potassiumsalts. .. ... _.....___ Trace.
Calcium (Ca). .. ... ... ._..... 249.51 | Phosphates._..................  Trace.
Chlorine (Cly. ._ .. ... __._.....7,095.02 ‘, Sulphates.. . ... . ______. Trace.
Bicarbonate raaicle (J1COg).....  483.98 " Silica.. ... ... ... ... 10. 14
Aluminum. .. ... ... ... ... 7.19" . T
Lithium . o oo Trace. | Total solids_ ... .._...... 7,923.13

.S gas, 160 c. c. per liter. Reaction alkaline. Specific gravity 1.0093.

The drift, which is mainly sand, is 180 feet thick and contains
fresh water. Another well was dug, 24 feet square and 9 feet deep,
and then bored with a 12-inch auger to 78 feet. This well barely
flows, though at a level only 3 or 4 feet above the stream and nearly
10 feet below the waterworks station. When first made it yielded
by pumping 750,000 gallons a day, but got so clogged with sand as
to greatly diminish the yield, and is now abandoned. The temper-
ature of the water as it flows from the pipe is 51.75° F. The water
from this well is hard and chalybeate.

a Expressed by analyst'in grains per gallon and hypothetical combinations; recomputed to parts
per million and ionic form at United States Geological Survey.
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STATE INDUSTRIAL HOME FOR GIRLS,

The State Industrial Home for Girls, located in the north part
of Adrian, has an independent supply for drinking, cooking, and
bathing, obtained from three wells on the grounds. The Adrian
Water Company furnishes the supply for closets, lawn sprinkling,
and fire protection. About 350 inmates and 50 officers and other
employees are supplied from the wells. ¢

HUDSON.

The village of Hudson has municipal waterworks, built in 1890,
and supplied from a group of tubular 6-inch wells 70 to 80 feet deep,
in Bean Creek vallev. The water rises in these to within 20 feet
of the surface. The supply is 500,000 gallons a day and is highly
esteemed by the residents. The pumps have a capacity of 2,000,000
gallons, but the consumption is less than one-half million a day.
The ordinary pressure is 45 to 50 pounds and the fire pressure 80 to

90 pounds.
TECUMSEH.

Tecumsech, which is located on a gravel plain traversed by Raisin
River, obtains its supply from a large excavated well about 35 feet
deep, sunk into the gravel. The water is pumped to a standpipe
120 feet high. The village first constructed waterworks in 1877 and
rebuilt in 1892. The well from which water is drawn is in the
thickly inhabited southern part of the village, near the bluff of the
river. It seems to be favorably situated to receive contamination
from the cesspools around it, and should be abandoned as soon as
a supply can be secured from a better source. The prospect for
obtaining an adequate and safe supply just above the village seems
good, for the gravel there is saturated with water as fully as inside
the village hmits.

MISCELLANEOUS VILLAGE SUPPLIES.

So far as known, no other towns of the county have yet developed
public supplies. The village of Morenci is, however, contemplating
a supply from flowing wells. Weston has fire protection for business
houses in a tank which is kept in order by the business men. This is
filled by & windmill from a public well and connected with a hydrant
and hose attachment. Clinton also bas fire protection in the busi-
ness portion of the village, there being a distribution system paid
for by abutting property owners, into which water is pumped by the
Woolen Mill Company free of charge, Raisin River being the source
of supply.

a Data supplied by Mrs. Mary Sickels, superintendent of the home.
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At Clayton the common depth of wells is 30 feet, but the wells
range from 20 to 70 feet. The water is from gravel veins in till. At
Cement City, or Woodstock, wells are generally drilled 65 to 70 feet
and obtain water in sandstone. In places the drift is only 10 feet
thick. At Addison wells are commonly dug about 30 feet and obtain
an ample supply of water in gravel or sand under till. At Onsted the
dug wells are 20 to 25 feet deep, and the tubular 80 to 160 feet.
Water is abundant, especially in the tubular wells. At Clinton wells
are about 30 feet deep, some being dug and others driven. The water
is found at about the level of Raisin River. The wells are through
gravel and sand from top to bottom in the western part of the village,
being in a line of glacial drainage. The eastern part of the village is
on the slope of a moraine, and wells there are through till and in some
cases have been driven to considerable depths. At Britton wells are
usually 20 to 30 feet deep, and in some cases 50 feet or more. A few
on the lowest ground flow, and in the rest water rises nearly to the
surface.

At Ridgeway the wells are usually shallow, water being obtained
at the base of the beach gravel at about 15 to 20 feet. A few tubular
wells have been driven to considerable depth to test for flowing wells.
The fine sand encountered is difficult to screen, and thus far wells
have not yielded a flow. Flowing wells are obtained, however, within
a short distance from the village along the same lake beach as that at
the village. At Holloway and Raisin Center essentially the same con-
ditions prevail as at Ridgeway. The water level in the tubular wells
seems to be slightly lower than the beach on which the villages stand,
so that flows are not obtained.

At Bhssfield wells are often drilled to the bottom of the drift, 100
feet or so, there being a compact clay from top to bottom. The water
found at the base of the drift and that in the upper part of the rock
has enough salt to be noticeable in the tests, but not enough to make
the water objectionable for drinking. The head in these deep wells
is nearly level with the surface, and one well (that of W. E. Gelson)
flows with a head of 2 feet above the surface. It is 80 feet in depth
and is situated on the north side of Raisin River, at an altitude of 683
feet above tide. .

At Deerfield wells are about 40 feet deep, or to the level of Raisin
River. A few wells in the vicinity of the village have been driven
to the base of the drift, about 85 feet, and have a head near the
surface. :

At Fairfield and Jasper wells are usually obtained at 20 to 30 feet
and the head is only a few feet below the surface. The gravel-beach
ridges in places yield water at the base, but usually wells are drilled
a short distance into the till. According to information obtained by
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Mr. Udden, a well which was put down at Jasper by Ed. Service to
a depth of 158 feet passed through clay 108 feet, dry gravel 14 feet,
brown clay with small shells 23 feet, gravel 3 feet. The water in it
rises to within 6 feet of the surface and is salty. At Weston the wells
are about 20 feet deep and obtain water in gravel under clay.

Other villages in the southern part of the county depend largely
upon shallow dug wells, except Morenci, which, as indicated below,
has a large number of tubular flowing wells. The entire district
seems to have large quantities of water at only 50 to 100 feet depth,
or within easy reach of tubular wells, and these should be substituted

for dug wells.
FLOWING WELLS.

YORK DISTRICT.

The York flowing-well district comprises about 14 square miles in
northeastern Lenawee, northwestern Monroe, and southern Wash-
tenaw counties (see fig. 4, p. —), and includes the village of York, in
Washtenaw County, whence its name is derived. The wells within
the village appear in fig. 5. The extent and general conditions were
examined by the writer
in 1903, but a more
detailed study was
made in 1904 by Mr.
Udden, who tabulated
the data presented
below. Samples of
water near Milan were
examined by Mr. Lewis
sufficiently to deter-
mine that what is
termed soft water is
only relatively so, most
of the water being very
hard; it is in thissense
that the terms should

be understood.
F16. 5.—Plat of York village, showing distribution of flowing : Tatr 3
e This district lies

Scale in feet
40|O 800
M

along the Belmore
beach, which has a uniform altitude of about 738 feet along its
crest. Taking this asa datum, Mr. Udden worked out with some
precision the height to which water rises, though he did not thoroughly
bring out the fact that in not a few wells it will rise several feet
higher than its present point of escape. It will rise to 720 to 725
feet on the southeastern edge of the district and to 755 to 760 feet
on the northwestern—a difference of 30 feet or more in the 3 miles
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across the district, a loss of head of at least 10 feet a mile in a
southeastward direction, corresponding closely with the most rapid
slope of the surface. In this connection it is of interest to note that
the McIntyre well, in Macon Township, Lenawee County, which is
the oldest well in the field (made in 1834), is still flowing at an altitude
of 758 feet, or about as high as any well in the district. This seems
to indicate that there hasbeen little if any lowering of head through
the development of the field. There have been only a few instances
of the cessation of a flow, and in nearly all, if not in all, of these
cases the cessation seems due to clogging.

The catchment area is probably found in the morainic tract to the
northwest, with perhaps some additions from the lake plain between
the moraine and the wells. As a rule the lake plain is underlain by
a clay so compact that it will absorb but little water, but the moraine
has a looser-textured drift that should absorb a large amount.

The wells usually pass through considerable blue clay before reach-
ing the water bed that yields a flow. The water beds appear to be
better developed near the bottom of the drift, yet some very strong
wells have been obtained in its upper part. The water seems to rise
about the same in wells that are near together whether the water is
in the upper or the lower part of the drift or in the rock, there being
much less difference on account of stratigraphic position than on
account of geographic position. This fact seems to indicate that the
underground waters at the various levels have connection with or
source in the same catchment area. Possibly beds at various levels
have connecting porous beds, for in the drift deposits the porous or
water-bearing beds have very irregular distribution.

A few wells have been carried a short distance into rock, but the
quality of water and the head are so similar in such wells to those in
neighboring wells supplied from the drift that the water seems likely
to be contributed by the drift deposits. The rock surface is some-
what uneven, being in places within this district as low as 550 feet
and in other places over 600 feet above tide. The wells obtaining
a supply from the rock usually reach it where its altitude is highest,
for the depressions in the rock surface seem generally to have been
filled with sand or gravel.

The temperature of wells that have a rapid flow and but little
~exposure of pipe is 51.5° to 52° F., and those with higher tempera-
tures seem to have acquired them through surface conditions, for
the temperatures were taken in hot weather. In cold weather the
exposed pipes in weak wells are liable to be cooled sufficiently to
give the water a temperature below that reached by stronger flows
or those with little exposure of pipe.

In but few cases has the addition of new wells caused a decrease
in flow of those in operation. By distributing wells properly a much
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larger number could be made without taxing the limits of the field.
It so happens that in York village and in some cases on the farms
new wells are needed within short distances of those in operation.
It will be advisable in such places to reduce each well to a discharge
that simply meets the needs of the owner. To restrict strong flows,
even if remote from other wells, should be the practice, for the dis-
tance to which a flow will draw down a supply may be great under
certain conditions, and the owner himself will have less waste water
for which to provide drains.

There is a small group of flowing wells in sec. 17, York Township,
in the valley of an eastern tributary of Saline River, which are some-
what distinct from the main district. However, it is probable that
flows could be obtained between these wells and the main district
by following the valley through secs. 18 and 19, though the uplands
bordering the valley in these sections are too high to furnish flows.
These wells are included in the tabulated data given below.

Wells in York flowing-well district in Lenawee, Monroe, and W ashtenaw counties.

MACON TOWNSHIP, LENAWEE COUNTY.

g | N P A S R R
=) ! e T2 . = <~ o \ e I R e .
81 Lo owner. 2% Zf T ZEi5gienE FEE 25 EE ¢
& (BEF A A m“gsg,m 8| & ¢ (af| <
] ! I
| In. Ft.| Ft.| Feet. Qals °F.
1 .| Alfred Lewisa........ L 2100 | 737|737 | B ee.....
1 .| Milton Phillips....... ...... 2 40 | 725 | 727+ 1 52,
1| Center. ... .do........ 1874°3 | 4007 T | ...
i 1880 1 501725 | 7T+l 53.
1 P 1903 2 135 | 730 | 733 1 51.
T NW. A 1892 |....| 33| 740 | 742 75 53
1 ..l David Young.........l..._.. 2| 740 | 742 5 53.
| NW. BT do......... 100172 |50 740 | 742 Lol
1 ..l W. L. Eastlake. 1869 2.5 | 48 | 736 | 739 5 52
1 ' James Harmon . 1886 2 48 | 736 | 740 5 52
1sW. i ' . do.......... 1874 2 736 | 740 ) A T
1 . Geo. Fulkerson. 1886 1.5 | 112 | 735 | 737+ 1.5 52.
2 ©Geo. Martin. ........ . L 2 ... 740 | 743 5 53
21 E.side. .ol A 738 | 741 5 53
2 SOM M.Dillon., ...l ool 1.5 60 | 740 | 742 1.5 51.
2 e dO. 1.5| 45 | 735 | 7374 1 52
2 A D.Laveny % .. ... ... 2 50 | 740 | 742 1.5 52
2 L [ 2 45 | 740 | 742 1 52
2] A .o CCE. Collins..........'...... 2 |-.... 750 | 752 3 53
11 SE. 1..0 John Smith. .. .00 1000 0000 156|740 | 742 |0 53
11! 8SW.%_.| C. McIntyTebd. .. 183471 L 756 | 758 75| 52
111 SE. ... J. Hendershott... 1864 ‘1 36 | 755 | 757 75 52
11| SE. 1..7| Mrs. David Boyd.....|...... o | ...| 736 | 41 1.5 52,
11 SE. L. A Boyd. .o iaenas 2 112 | 730 | 7334 1.5 53
11 { SE.1.. | G.Hausman......... |-..... 2 122 | 737 | "0 5 52
11§ SW. .. John Smith. ... ... .. |...... ‘2 ..... 737 10 ... 54
12y NW. 4. .| Anson Harmon e .....|...._.[....[..... 730 V314 ........ 51,
12 NW. 1. F. Whiting._.... 1887 ‘ ..| 407 731+ 1 52
12 ' W.side., S. E. Henryd. 1894 |2 127 | 735 | 737+ 37 53
12 W.side.| School well e. . 1893 2 125 | 730 | 733+| 9 52
12 W.side.| Sam. Gibsonf 1898 2 108 | 718 | 721+ 1.5 52
12 S.side..| Sam. Boyd... _1 1894 2 102 | 718 | 721 |........ 53
12 NE.1...' Alfred Lewis. . 1900 '2 36 | 722 | 725 1 ‘ 52 ...
13 NW.%..0 A. Hoaglandg.. . . ... 1903 @ 1221720 723 ...l .

a The Lewis well penetrated sand 12 feet, blue clay 55 feet, gravel 30 feet, and entered limestone 1 foot.

b The McIntyre well is probably the oldest flowing well in southeastern Michigan.

¢ The Harmon wells are five in number, all shallow, but varying in rate from 1 quart to 2 gallons
a minute. One had an original water elevation of 745 feet.

d The Henry well had an original water elevation of 741 feet; 1t entered limestone about 1 foot.

¢ The schoolhouse well had an original water elevation of 741 feet; it entered limestone 1foot.

f The Gibson well had an original water elevation of 740 feet; it penetrated clay 30 feet, gravel 28
feet, and quicksand 50 feet.

g The Hoagland well struck limestone at bottom; it penetrated blue clay 120 feet and gravel 2 feet.
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Wells in Y ork flowing-well district in Lenawee, Monroe, and W ashtenaw counties—Continued.

MACON TOWNSHIP, LENAWEE COUNTY—Continued.

dl R -5 G I B el
2| Part of L] g 2188 PR ¢ K 3 .
£ | section. Owner. |25 55 & 28 5z | ZEE 5;3! S5 5E 4
3 | (ER AT A ETEE | e “G’JQ"SQ
In.| Ft.. Ft. ‘Feet.‘ Gals. !
13 | E. side..| George East.......... ' 1893 2 108 718 7214+ Weak.
4| NW. 1.0 J. Harrington. ........ ......|2 ... 735 137
14 | N. side..| Louis Feldmanz«a 1899 2 125 728 731
14 | N. side..! Warren Miller........., 1895 2 122 728 731
14 | NE. 1} l Tom Boyddb _._....... 1900 |2 117 728 730
|
MILAN TOWNSIIIP, NORTHWESTERN MONROE
6 School well. .. .............. 2
6 W. Young. . 1902 |2
6 P do. .l 2
6 F. Holcomb (2 wells). .2
6 W. C. Sanford e....... . .2
6 J. H. Vescelius d - .2
6 . 1--.| W. Gauntlett. L -2
7 W. R.J. Gregg... p 2
7 | W. side.' Henry Dibble. [
7| SW. 1 .., John Mooney... ‘ 1884 2
7 | NE. 1.2 John Burnett. ...l 2
7 | NE.1...| Glen Hubbard. . LRI |
7| NE. 1 .| James Kinch...._.._._ ... ... 2 7
I |
SALINE TOWNSHIP, WASHTENAW COUNTY.
o _ ‘ ‘ =
36 | NE. ...] F. Dieterle............ 2 94 | 734 | 741 1 52,3 | Soft..|..o...lo....
36 | NE.1...| M. Eberling....... P I P 740 | 743 15 52 ...do ..
36 | SE.4...| A. M. McKennye. 2 96 | 735 | 7384 Weak. 51 l...do..
36 | S.side..| C. Bacon........ 2 ... 738 | 740 | Weak. 53 ...do..
36 | 8. side..| J. L. Harris /.. -2 138 | 7 760 20 52 ...do..
36 | SW. i .| Elias Oldsg_ ... ............ 2 1126 | 740 | 746 .5 4.8 ...do
0 SRR | N
YORK TOWNSHIP, WASHTENAW COUNTY.
17 | Center..| A. Actonh...... . 1890 !2 52
17 | W.side.| A.J. Lawrence. _._... ... ... .l.....
17 | W.side. W.McKendry i. 1896 '2 | 106 |
20 | S.side..| J. M. C'arkyj.. .. 1890 2 140
21 | W.side.| E. L. Dennis.... . 1903 |2 123
21 | Center..| Frank Gooding._..... .._... 2 123
21 | SE.1...| Lee Draper........... ...... 2 q..... 39
21 | 8. side..| John Kellogk. . 1892 2 170 | 737
22 | SW. 1 .| Ed. Alchini.... .1 1894 |2 129 735 | 739 75 52 ...do .| 129 ...,
22 SW.31.. J.N.Lawrencem ... .'._.... 2 18 734738 | 3.5 L R .
22, Center..| F.S. Oldsn 1894 12 | 153 735 | T40 1.5 52 ' Soft .| 60.00

a The Feldman well had an original water elevation of 743 feet; it carries a little oil from the lime-
stfone; it penetrated blue clay 25 feet, sand and gravel 92 feet, hardpan 1foot, sand 4 feet, and limestone
3 feet.

b The Tom Boyd well penetrated blue clay 15 feet, and was then in sand to bottom. The water is
in the lower part of the sand.

¢ The Sanford well, on farm owned by John Campbell, enters rock 55 feet and is cased to the rock.

d The Vescelius well is thought to have struck rock at hottom.

e The MeKenny well penetrated clay loam 21 feet, sand 4 feet, blue clay 86 feet, sand and gravel 4 feet.

f The Harris well struck a weak water vein at 118 feet with head of 1 foot, and a strong flow at 138
feet in gravel with a head of 20 feet.

g The Olds well penetrated clay 106 feet and sand 20 feet.

k Sand 15 feet, blue clay 35 feet, gravel 2 feet, water has slight sulphur taste.

i Dug well overflowed and was filled, and the 2-inch well sunk near it.

J Sand 20 feet, blue clay 129 feet, hardpan crust with sand and gravel beneath, yielding water.

k Flow 1 gallon a minute; g[x"avel 4 feet, hlue clay 129 feet, quicksand 35 feet, shale rock 2 feet.

! The wells of Alchin and T.awrence interfere with each other. The Alchin well penetrated sand
20 feet, clay 109 feet, and apparently struck rock at hottom.

n Qilicksand 90 feet, blue clay 26 feet, hardpan and gravel 2 feet. At 90 feet a small low of gas was
struck.

» Beach gravel 12 feet, blue clay 136 feet, quicksand 5 feet, Temperature 51° when made; consid~
erable iron.

IRR 182—06——7
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Wells in Y ork flowing-well district in Lenawee, M onroe, and Washtenaw counties—Continued.

YORK TOWNSHIP, WASTITENAW COUNTY—Continued.

A. E. Montagne j._... 125 | 735 73T
. T.Josenhaus ......._.
P, dok ool

30, SW. 1. John Moody . ...

: i = wl 1w o' 0, . .
::‘ | I T O I T B B A R A B S
& | Part ot ; o I T - R TRl R N
B | section 1 Owner [SE 25 B |2S|FE - &5 J oEE| 2§ ©F, 8
% | | BREAT 2 IR®EE = EleT ] o7 Asg)

t | |
! \ | In. Ft. | Ft.| Feet.| Gals. | °F. | Feet
22 1 SE.1...! C. Harringtona....... [ 2, 15 | 718 | 722 .4 56 | Soft . \ ............
23 \ NW.i.. B.F.Davis........... CiseaT 144 | 737 | 739 16
28 | NE. 1... A.Meclntyre. .. .. ... CIN92 2 | 124 | 730 | 734 3.5 ‘
28 ' NE. ... D.C.Newcombh............. 2 17 | 727 | T30+ 1
28 NE.i... A. Woodmanseb?...... CIsud 2 120 | 730 | 733+ ' Soft . . ...... 50.00
28 NW.! . F.H.Moore......._.. Fisss 2 ) 151 | 715 | 7194 37 53.5 ...do..| 151 100.00
28 W.side. M. E. McMulline..... 188 2 124 | 735 | 738 1.5
28 Center.. Mr. Brownelld. ... ... 1804 2 148 | 730 | 732 23
28 N.side.. E.Davenport......... 1801 2 112 | 715 | 718+ 1
.. Bradleye... ... 1876 2 | 118§ 735 | 737 | Weak
O.W. Sangree 7 ... ... ...... 2 118 | 735 | 737 | Weak
CKrautg.....ooo.... 1500 2 | 104 | 695 | 6OT+ 5
AL Pullem. Lol ool 2 104 | 695 696 | .25
. O.W. Sangreeh : 1221735 737 | 1
CWLIL Culver. ... 115 | 736 737 | Weak. !
ceodO e | 125 | 735 737 3T
[.N.Clarki .. ... l...2 1241735 739 37
Frank Haines......... [ P 118 735 737 LA
O. E. Fulkerson............1 20 W83 7139 ...
' D. E. Davenport... .. ... .: It .
Mr. Sl 2 [
Do...... J. L. HobbS. ..o oo 2 w0002 553
Do...... Daniel Rankin........ 5120|735 I3T i ;
29 | NE ‘ Mr. Clarke. . ... .. 130 | 715 1 TlT

© ot
&3
Z7Z
===
b e

30 | SW. 1. | Charles Elis.......oom oeeenoonn
30 | SW. 1 | E. Warner._.......... 1003
31 | Center_.| W. G. Roberts.__.._._. ...__.

33 | NW. %..] R.G.Bird............ ... :

e Flow greater in wet seasons. The temperature is high on account of great exposure and small flow.

b Flowed 3 gallons a minute when made.

¢ Large amount of inflammable gas, probably from the underlying Devonianshales. It penetrated
sand 3 feet, blue clay 121 feet, and struck water and gas in gravel.

d Limestone at bottom; flow may be from a thin bed of gravel above the rock. The well penetrated
gravel 5 feet, blue clay 120 feet, gravel 2 feet, limestone 2 feet.

¢ When first opened flowed a full 2-inchi stream, but is apparently clogged with sand.

7 Softenough to he used in boilers at factory.

g Blue clay 100 feet, hardpan and black gravel 2 feet, limestone 6 inches.

h Sand and gravel 4 feet, blue clay 110 feet, hardpan 1 foot, sand 1 foot, limestone 3 feet.

2 Well when opened lowered head of other wells near it, and is now closed.

J 8and and gravel 20 feet, blue clay 100 feet, hardpan and gravel 2 feet, limestone 3 feet.

k Sandy loam 8 feet, blue clay 75 feet, quicksand 85 feet, and gravel 10 feet.

A strong flowing well was obtained many years ago in the Saline
River Valley, in sec. 1, Saline Township, Washtenaw County, at a
depth of 150 feet, when making a test boring for salt, but it is now
plugged. This well suggests the possibility of extending the York
district up the Saline Valley to Saline.

It is probable also that flows could be obtained along the Saline
bottoms from York down to Milan, thus connecting the York district
with the Milan-Cone district. Another line of connection with that
district may be found along the valley of North Macon Creek. Out-
side of the valleys there seems no chance of obtaining flows in the
tract lying between these two flowing-well districts, the water head

in wells that have been made being a few feet below the surface.
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HOLLOWAY DISTRICT.

This district lies along the southeastern border of the Belmore
Deach, in the eastern part of Lenawee County. Tt is about 10 miles
in length and from 2 to 4 miles in breadth, thus embracing an area
of about 30 square miles lying between Britton and Lenawee Junction,
vith Holloway near the middle of its western border. The flowing
vells occur in Ridgeway, Raisin, Blissfield, and Palmyra townships.
Tlows have not been obtained everywhere within this area. In
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Fra. 6.—Map of Holloway flowing-well district, Lenawee County.

<ome cases the texture of the water-bearing beds is too fine to permit
< copious discharge, while in others the head seems to be a little too
low to give a flow. This district is practically a continuation of the
“Tork district, which extends from Washtenaw into northeastern
Lienawee County, there being only a narrow interval near Ridgeway
'n which flows have not been obtained, and even there the failure
e3ems to be largely due to the fine texture of the water bed. Further
rilling may develop wells with good flow in this intervening territory.
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The data on wells in this district were collected chiefly by Jon A.
Udden in 1904. The data on wells at Britton, however, had been
previously collected by the present writer. No estimates of rate of
flow nor observations of temperatures were made at Britton. The
temperatures reported in the table are, in many cases, higher than
the normal temperature of water from wells of these depths in this
latitude, but are probably due to exposure of the pipes through the
summer heat. The normal temperature is about 52° F. The alti-
tudes are estimates made from comparison with altitudes of the old
shore lines which traverse this district, except at Britton, where
they are determined by comparison with the railway crossing, which
is 701 feet, by levels run in making the Ann Arbor topographic sheet.
The Britton wells are so much shallower than most of the other wells
in this district that they should perhaps be considered a separate
supply. In the village the wells are not deep enough to test condi-
tions for a flow from depths corresponding to the average for the
district, but on farms in the vicinity wells carried to the rock are
found to have heads similar to those obtained at a shallow depth.

Below are given two partial analyses for the purpose of comparing
the composition of the drift and rock waters at Britton. There has
been much typhoid in the town, and the shallow drift waters should
be looked upon with suspicion. The analyses were furnished by
M. O. Leighton, of the United States Geological Survey.

Partial analyses of rock and drift waters at Britton.

[Parts per million.]

2.

!

|

1
L7 e 1 19 i
|

|
!

32
Tr0n (e o o oe i . Decided | Decided
| trace. trace.
Chlorine (Ch) . ...t 16.5 14
Carbon dioxide (COsz)......_. . . . 66.83 83.98
Sulphur trioxide (SO3) . i 20 20
Hardness (as CaCO,) ...t 118.7 146

S.J. Lewis, analyst. 1. Haight (rock). depth, 142 feet. 2. Vandeveer (drift); depth, 32 feet.

The altitude to which water will rise decreases rapidly in passing
southeastward across this district, being about 740 feet in the vicinity
of the Belmore beach and less than 700 feet 3 miles southeast.

The catchment area may be anywhere in the region northwest of
these wells where water is readily absorbed.
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As suggested above, the area is likely to be extended somewhat
by sinking further wells. The present limits are outlined from the
few tests indicated in the table below:

Wells of Holloway flowing-well district.

| 7 p
< ! | ‘ Log
. s . | S = o
u; = ‘ % o . ; g é

o2 R g Owner. I g < ’ § = o) g Quality.
S Ziyg & g, g = 2 &

25 % 3 g JE1E 2128 &,

S 215 % S - A T I g g |
& &g E g & 2=, 2 &

: " In. Feet. Feet.| Feet.! Gals. | °F.

24 604 J. MeIntyrea. ... ...l

256 4! A | James Lane.... 1803 290 738, T4 0.75 | 54 lard.

256 |4, B | ——Munch._............... [ 710 713 .75 53« Medium.

27 ‘ 614 A | W. Judsond. 1809 2 47 740 743 .25 62 Do.

34,614 A A HOXY...o.oooiilaioan 2 ... 720 722 .25 53

34 ‘ 6|4 DB IJ W.Ashe. . R 1894 | 2., 191 25 727 | Weak. 65 Do.

3 |6|4 C|John Raineyd. 185 | 2 116 720 | 722 .75 | 54 | Medium; salt.

35,6 |4 A D.T. Mitchellc 1896 ‘ 2 178 712 T4 Do.

35 ‘ 64 ]z LWL Miller.... 1894 ... 110 7(})0 70(3; .25 55 Do.
2,74 A W.Damlow.._............. 2 ... 715 71 .25 2 | Medium.
2'7/4 B |ILP Woodard..... 189 2 134 715 718 .75 56 Do.

6 i 65 i <A& Henry Palmer/.....; 1903 2 136 733 7%3 ‘20 K 53 | Hard.
71615 H. Pocklington.....| 1896 2 ...... 728 731 Weak. |...... Soft.
7[6]5 B |C.Pocklington...... 1899 2 135 726 729 .5 54 Do.

18 ‘ 65" A | Thos. Florenceg....| 1893 2 140 Y36 740 .75 54 | Hard.

20|65 A | Schwabh....... ... © 108 60 690 ... L.

Britton .. _.. ' New schoolhouse...| 1903 |.._.| 45 697 608 ........|[......

Do....... I Kitshbaugh & Brit- ‘ 1903 |.... 26 697 [ 608 ... ...
on. }
John Winsley....... ........ ‘ 28+ 7007 698 ... |......
.| Ann Exelby.......... ...l 45 6971 698 ... ... ..
Dutch Chureh par- ........ 20 45 697 | 698 ...
sonage. }
Do....... 0Old schoolhouse .. . . ‘ 45 607, 698 .. ...
Do....... Britton Hotel...... ........ o820 699 698 L. oLLll.l...

31 6 5° A W.Riddlej........ 1898 | 2 | 100 690 891 | Weak. |...... ‘ Soft.

31 6|5 B Mrs. Stahlerk.. .o 1894, 210 105 690 691 L5 54 Do.

31 6,5, C J.Pangburni....... ‘[ 1899 2 g ¢ Do.

715 2 02 .5 55 Soft; salt.

| 108 690 | 696 | Weak. 56
£ | A ! August Mmsterm...'.... ..

1 i

2 No data.

b The Black seam called coal is struck at 32 feet, hut glacial deposits underlie it; lugh temperature
due to exposure of pipe.

¢Water comes from a seam in blue clay at 97 feet: rock at 125 feet, stream too weak to give correct
temperature at bottom.

@ Water sulphurous; from limestone at 113 feet.

¢ Flow interrupted apparently hy gas which comes up with the water. Well penetrated blue clay
with occasional streaks of sand, and did not reach rock.

f When opened had a head of 740 fret; water strong in iron.

g Original head 744 feet and flow much stronger than now; shale at bottom.

2 Rock at bottom.

iSeveral wells in Britton are bored and walled with large tile. Water is dipped from top of tile,
which 1n some cases is carried high enough to prevent overflow.

iDoes not flow above surface at present, but runs into a reservoir at a lower level. Clay, 60 feet;
large sandstone (?) bowlder, 6 feet; quicksand, 40 feet; limestone at bottom

k Limestone at bottom; gas; water has a salty taste.

I'When first opened water was very hard. It rose 6 feet above surface: well now elogged with sand.
Gravel, 3feet; blue clay, 35feet; gravel, 12feet; quicksand, 2feet; hardpan, Xinches: gravelat bottom.

m \Water lowered when Pangburn well wasopened. Waterhas asulphurous taste and deposits a white
sediment in pipe; it is slightly salty, but not hard.

OGDEN TOWNSHIP (T. 8 8., R. 4 E.).

In Ogden Township, which ds in the southern tier, flowing wells
have been obtained in a small district extending northward from
Ogden Center. About 20 wells overflowed when first made, but in
1904, when Mr. Udden canvassed the district, only seven were in
use, the others having been filled with material from above. The
wells are usually bored with a large auger and cased with tile, and
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if properly cared for would in all probability have continued to
flow. The first well to obtain a flow was that of F. Pence, made
about twenty-five years ago, but this has now become choked. The
flows now in operation are in secs. 9, 10, 16, and 17.

A. 8. Burdsley has a flowing well at Ogden Center which dis-
charges 1 gallon a minute and has a temperature of 53° F. The
water is slightly saline and sulphurous. It was used for a time in a
boiler at the mill, but is not used at present. It had a head of 5
feet when made.

R4 E.
rR~"TOgden T~
M 5 ar Feisir
6 /ﬁj&c/@/ 4 y 2 |
/ W -,
7 8 // I 9 AeleA 'nIO 11 12
/ 1
! (B B
V%A /
| 7
\ A
18 17, ) 6 - 15 14 13
! //
/ e
/ éq il A
! =7
il JOgden Center @
(1% W
19 20V 21 22 23 24
30 [9 28 27 26 25
3t 32 33 34 ) 35 36
F1G. 7.—Flowing wells in Ogden Township, Lenawee County.

The well of Henry Case, in the west part of sec. 10, is 96 feet deep
and was made in 1884. A 12-inch tile extends to 45 feet and a
7-inch thence to the bottom. The well now flows about 15 gallons
a minute, or a quart every second. - It flowed 12 quarts in ten sec-
onds when made. The water is sulphurous and chalybeate, and has
a temperature of 52.5° F. The well penetrated 10 feet of sand and
83 feet of blue clay to the water-bearing sand at the bottom. At
the southwest corner of sec. 10, on the Brockway farm, is a very
weak flow.
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In the eastern part of sec. 9, on the Stauf farm, is a flow amount-
ing to 1 gallon a minute. The well is 100 feet deep and was made in
1892. It has a 6-inch tile to about 45 feet and thence a 3-inch
wooden penstock to bottom. On the western side of sec. 9, N.
Henderson has a flowing well 80 feet deep, with slightly saline taste
and medium hardness; temperature, 53° F. W. Emmons, in the
southwest corner of sec. 10, has a flowing well 85 feet deep, with
slightly saline water; temperature, 53° F. It has a 12-inch wooden
casing. In the northwestern part of sec. 16 is the well of William
Comley, 80 feet in depth, with 12-inch wooden casing for 40 feet
and 8-inch casing thence to bottom. It was made in 1882. There
is a slight discharge of gas with the water. Several wells of similar
“depth near these flowing wells have water 3 to 6 feet below the sur-
face. On the plain between Ogden Center and Jasper water rises
nearly to the surface in wells 90 to 200 feet in depth. In nearly all
cases the water is slightly saline, and in several a small flow of gas

has been noticed.
SAND CREEK.

At Sand Creek station, just east of the depot, is a well 103 feet
deep, which barely flows at the altitude of the station, 779 feet
above tide. Tt is owned by F. M. Smith, and was made in 1889. Tt
discharges about 3 quarts a minute and has a temperature of 53° F.
The well now has a half-inch pipe that extends 6 feet into the 1%4-inch
pipe. It is stated that the water will not flow from the larger pipe.

There is lower ground in the village of Sand Creek in which flows
should be obtained, but as yet there has been no occasion to develop
the field, shallow wells which supply the needs of the residents being
easily obtained. Some families resort to the flowing well for drink-
ing water.

It is probable that the catchment area is i the higher land

northwest of the village.
MORENCI.

The village of Morenci is situated on Tiffin River (also called Bean
Creek) near the State line of Michigan and Ohio. Data on the
flowing wells of this village were collected and tabulated by Jon A.
Udden. It will be observed that wells have been in operation since
1887 which still have a good flow. The wells are all 2-inch, but
differ widely in rate of flow, ranging from 32 gallons a minute down
to a mere trickle. The strongest flows are in the eastern part of the
village. The certainty of obtaining a flow within the limits of this
district is such that drillers need take no risk and can afford to make
wells at a lower price than where a risk is involved. This explains
the low cost of $15 to $20 for certain wells 70 to 80 feet in depth,
the ordinary charge per foot, including pipe, in a 2-inch well being
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75 cents. In some cases a driller is paid about $6 a day to make
the well, instead of receiving pay by the foot. The 2-inch casing
used costs ordinarily 20 cents a foot. The wells have been made by
two drillers, F. Paine and B. Thomas.

The water has considerable iron, and brown algz are developed in
many of the pools or troughs into which it discharges. The water
appears to be of medium hardness and is often used without the
addition of softening compounds.

The wells show only occasional instances of interference, and the
field admits of still fuller development and may be extended some
distance farther both up and down the valley of Tiffin River. In the
central part of the village the altitude is 3 to 4 feet above the head
reached by the wells. Flows are obtained on each side on lower
ground.
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F16. 8.—Plat of Morenci, Mich., showing flowing wells.

The catchment area is probably in the higher land to the north-
west of Morenci.

At the time of Mr. Udden’s visit to Morenci, in July, 1904, there
was a strong sentiment in favor of putting in waterworks, and it was
proposed to drill about five wells to supply the plant.

The following partial analyses are results of the examination of
two characteristic waters of flowing wells near Morenci. The wells,
however, do not appear in Mr. Udden’s list, and therefore these
analyses can not be compared with the notes collected by him. The
data are furnished by M. O. Leighton, of the United States Geological
Survey.
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Partial analyses of waters from flowing wells near Morenct.

[Parts per million.]

|
1. J 2.
Color... ... R 10 19
Iron (Fe). 1.5 2.5
Chlorine (CI)...... 1.5 4
Carbon dioxide (CO,) . 115.2 121.8
Sulphur trioxide (SOs). 20 .207
HaTrdness (a8 CaC0s) . o . i 139+ 1394
1. Crabh well; depth, 104 feet. 2. Young well; depth, 75 feet.
Wells at Morenci.
‘ Flow
Letter - Water Tem-~
. When . Eleva-) " per - i
ﬁg.n& Owner. made. | Cost-" Depth. "1/ ‘ tlgsfsa Igén- gﬁfg Quality.
e.
Feet. Feet. | Feet. | Galls. °F.
...... Town of Morenci........| 1889 $35 70 755 758 4 53 Medium.
1889 30 75 755 758 4 52.8 Do.
1889 35 75 735 736 1 53 Do.
.......... 1903 23 i 76 | 755 ‘ 767 32 52.5 | Soft.
...... R.P.Boodyc........... 1887 | 30 2l 75 (/NI 54 Do.
______ Geo. Webberd ... 1904 30 74 ‘ 755 756 | Weak. |....... Do.
) 8.B. Millere...._........ 1895 15 73 757 760 1 53 Medium.
...... J.H. Eldridgef.........| 1801 | 18 0 75 :{ . . 53 | Soft.
5 1 53 Medium.
1 53 Do.
1 53 Hard.
.75 53 Medium.
1 53 Soft.
8 53 Do.
1 53 Do.
1 53 Do.
1 53 Do.
.75 53 Do.
.75 53 Do.
H 53 Do.
60| 1 | 53 Do.
., F. Kennedy. ..., 1888 35 78 755 i 758 1 53 Do.
I T, Warren .1 1888 35 78 757 760 2 52,5 Do.
.1 J. Bailey.. J| 1890 35 90 755 758 1 r 53 Do.
27| Mr. De Merrits. | 1sss | 35 90! 733 ‘ 756 | 1 53 Do.
..... Kellogg & Buck.........; 1900 35 54 755 758 2 53 Do.
" Burn Leem... .. [1100 | 002 | 35| ¢ 6| 7| 2 | 3 Do.
. F.Noesom. .. ........... 1801 50 108 755 ‘ 758 1 10 . 83 Do.
.1 8. 8. Beattyo ... 1894 14 K 756 | 758 1 |53 Do.
- 8. A. Schofieldp. ....._.. 1896 18 100 755 757 1 . b3 Do.
...l W.S8.8cotte.. ......... 1892 35 125 755 758 ‘ 1 53 Do.
...... C.C. Wakefieldr.__.... I 1805 36 104 755 757 1 53 Do.
)

a Where two altitudes are given, the first refers to the original head.

b Gravel 25 feet, blue clay 50 feet, hardpan 4 inches, sand at bottom. Head 12 feet: flow now reduced
to 8 gallons a minute.

¢Sand and gravel 20 feet, blue clay 51 feet, hardpan 1 foot, sand at bottom.
First fountain in this section.

4 This is the east limit of flows.

eIron present; alge brown; clogged by sand.
" f%{ead 12 feet when opened: now clogged by sand. Sand and gravel 65 feet, blue clay 4 feet, gravel 1

00t.

98and and gravel 22 feet blue clay 56 feet, hardpan, sand.

h Carr's & Sehering’s wells have lowered the head of the Hass well about 16 inches.

i8and 9 feet, blue clay 61 feet, hardpan 18 feet, gravel at bottom.

78and and gravel 5 feet, blue clay 60 feet, hardpan with pebbles 5 feet, fine sand 75 feet.

& Sand and gravel 9 feet, clay 60 feet, hardpan 3 feet, gravel at bottom.

! Sebering’s well has lowered head slightly.

m Used for boilers and brickmaking.

7 Used in creamery for boiler, and also in manufacture of hutter and condensed cream.

o Sand 4 feet, blue clay 65 feet, gravel 1 foot.

?Sand and gravel 15 feet, blue clay 85 feet, gravel 1 foot.

¢ Sand 6 feet, blue clay 95 feet, pebbly hardpan 24 feet, gravel.

rSand 12 feet, blue clay 40 feet, dark-brown and very pebbly hardpan 6 feet, dark-blue clay 56 feet.
Weak flow at 60 feet; a good flow at 104 feet.

Original head 11.8 feet.



94 WXLLS AND WATER SUPPLIES IN SOUTHERN MICHIGAN.
MEDINA.

In the eastern part of the village of Medina, in the valley of Tiffin
River, is a single flowing well on the Seeley property. It is 20 feet
in depth, and flows one-half gallon a minute, with a temperature of
53° F. The water is of medium hardness. The well has been in
operation since 1900. Other flowing wells may be obtained along
the creek bottom, but the head seems to be insufficient to secure a
flow on the bluff or bordering uplands.

ROLLIN TOWNSHIP.

East of the village of Rollin, in Rollin Township, Lenawee County
(T. 6 S., R. 1 E.), is a small flowing-well district in a sag between
morainic ridges. In 1904 there were a few wells located in secs. 22,
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¥16. 9.—Map of southern part of Rollin Township, Lenawee County, showing distribution of flowing
wells.

26, 27, or 32. They are so widely scattered that it is uncertain
whether they occupy independent pools or form a single pool. The
data were collected by Mr. Udden, and if his determinations are cor-
rect the wells display a difference of 65 feet in altitude, the shallowest
being on the highest ground. The wells are probably supplied from
an elevated catchment area to the west and north. How much the
area may be extended is difficult to forecast. The wells are strongly
chalybeate. In some cases they appear to have a decidedly stronger
flow just before a storm. The deeper wells obtain water from gravel
under a heavy bed of blue clay. The Foster well, in sec. 27, which
is only 27 feet deep, was dug 20 feet and bricked up, and then low-
ered 7 feet by drilling in the bottom.
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Wells at Rollin.
ol e |
Letter J - ! Di Water | Flow ! Tem-
on ES(:; ner. ::lhgél "ame- |Depth. Etllf\)‘na- 1 rises |Cost. per pera-[ Quality.
fig, 9. | VO™ ade. ‘ er. | to— minute,' ture.
In Feet. | Feet. % Feet. | \ Galls. ‘ °F.
Al ‘ 32 1900 2 9 985 986 | $100 | 2.8 Medium.
AL 27 1880 36 27 1,050 1 1,052 1...... 1 ,4 Hard.
B. Lo, 2] 1022 | 1,02 J.lil 1 5 (| Do
A. 26 1902 2 90 1,020 | 1,021 80 | 1. | Do
Al 22 | F.Seeleyal .o Ll ‘ ....................................
N I | T
a No data.

HUDSON TOWNSHIP.

There is a single flowing well on the farm of Mr. Buck, 14 miles
east of Hudson, in the western part of sec. 16, Hudson Township
(T.7S., R. 1 E.). Tt is only 16 feet in depth and has a weak flow
from a l t-inch pipe. The water is from sand under clay. This well
is on the western slope of a moraine that furnishes the probable
catchment area, and it is possible that other flows may be obtained
near by, especially if made in depressions.

TIPTON DISTRICT.

This district leads both northeast and southwest from the village
of Tipton, in northern Lenawee County, and at the southwest may
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F1a. 10.—Flowing wells near Tipton, Lenawee County.

find continuation in the scattered flows along Wolf Creek Valley.
The district is about 1} miles wide and 10 miles long if the Wolf
Creek wells are included. The Tipton district proper lies entirely in
Franklin Township (T. 5 S., R. 3 E.), and runs from sec. 13 south-
west to sec. 31. West of it is a small isolated group of flowing wells
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in a basin near the line of secs. 19 and 30, Franklin Township, which
is separated from the main district by a till ridge too high to permit
flows. There are also numerous knolls within the district on which
flows can scarcely be expected. In the flowing-well district there is
a perceptible southeastward descent, the altitude of wells on the
northwest border being 20 to 30 feet higher than that of those on
the southeast. The altitude of the water declines more rapidly
southeastward than this somewhat rapid descent, for wells east of
the flowing wells lack a few feet of rising to the surface.

In the village of Tipton flowing wells can be obtained only in sags
a few feet below the general level, while wells east of the village, on
ground lower than these, do not flow even when driven to depths of
100 feet or more. The wells usually pass through a clayey till, yel-
low at top and blue from a depth of 10 feet onward. The water is
found in thin beds of gravel and sand in the till. These beds appear
to occur at various levels, so that neighboring wells may differ mark-
edly in depth.

The water is hard and carries so much iron that it coats vessels
rapidly and soon rusts tinware. In some wells the iron is percepti-
ble to the taste. The writer listed about 20 wells in this district
north and east of Tipton in 1899, some of which are not included in
the list prepared by Mr. Udden. As the writer's examination was
incidental to other investigations, data on the wells are meager.
Two of these wells are on a tributary of Evans Creek along the lines
of secs. 13 and 14, and are about 2 miles from any reported by
Udden. Possibly the intervening territory is too elevated to per-
mit of flows. The wells referred to are only 20 to 25 feet deep—
much shallower than the average depth of wells in this district.
There are two shallow flowing wells, not noted by Udden, near the
center of sec. 22 on the farm of Mr. Whelan, the depth of which is
even less than of those in secs. 13 and 14, being but 22 feet. The
altitude, however, is about 30 feet lower than at a flowing well, 50
feet deep, at Mr. Whelan’s residence. .

The flowing wells in the isolated basin on the line of secs. 19 and
30 are on ground about 20 feet lower than Pentecost station, which
is at the south edge of the basin. The wells, 8 in number, are on
the border of a peat bog used for a celery farm, and range in depth
from 40 to 60 feet. They are controlled, and the water is distributed
as needed. They are said to fill the 2-inch pipes and discharge many
gallons a minute. The head, however, is not great, being estimated
at 10 feet or less. Wells and basins of this kind may have their
catchment areas on the bordering high land.

The catchment area for the Tipton district probably lies along its
northwest border, though some of the supply may be from still higher
land to the west and north.
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Wells in Tipton flowing-well district.

Letter ‘ Di- ; le-| Wa- | Flow | Tem-
Sec- When ter .
n Owner. ! ame- |Depth., va- ° per | pera- Quality.
fig. 10, | tion I made. | "o, tion. 5% minute.| ture.

I
‘In. Feet. Feet. Feet. | Galls. + °F.

Loren Taylor.....'.......
14 ' Smith Munger. .. .‘ ............
15 E.J. Whelan...... |
16 F. M. Dibblee... 1
16 A. Morseman... ..
21 John Conlin.... ... .......

Hard: iron.
Hard; sulphur,
iron.

i g 51 | Hard.
|

21 Thomas Conlin...".._ ...

21, Orville Kemp..... i Hard.
21 | B. F. Noreross.... Hard; iron, sul-
phur.
20 1. 0.
21 3 Hard: iron.
21 W E. Camhburn.. Do.
22 | John Conlino. .. .. I 1Tard.
22 | Mart in Whelan . |
2. ..dooll
22 bLhool district Hard; iron.
No. 3.
E..F_.. 22| Martin Whelan. ..
Aol 28  Charles Lewis..... Hard: iron, sul-
‘ phur.
B...... 28 ..... do....o...o.. Do.
C...... 28 ..., do.. .. ....... Hard: strong in
iron.
28 [...do....Lilll 1 Hard.
28 | John Buttrwk. 2 Hard. iron.
29 | R.Kerro.......... 2 i Do.
29 | John Cook........ 2 Hard.
29 | W.S. Pentecost. .. 2 Do.
20 1 A, Prestonec.... ..l ... .. 2 965 ' 4 20 2 Do.
29 ' W.S. Pentecostd.' . .... ‘ 2 903 905 2 52
29 Lilly & Strong. ... ....... 2 a15 918 2 52, Hard xron.
20 R.\Varrene ... Feeees i 2 912 914 2 | 52
30+ C. Ridgebridger... ....... 2L 912 914 1 ‘ 51 Do
32 C.B.Beebef ... ... ... [ 905 907 ........ 51, Hard.
32 F.E Derby..... .2 895 897 5 I 52 Do.
33 Charles Kemp..... ..... .2 905 906 2 " 51 Tard: iron.

! ! i

a Four other flows have been in use but are now plugged. Black muck 24 feet, gravel 1 foot, blue clay
2 feet, hardpan ¢ inches.

b Flow decreased on account of sand and gravel filling pipe. First well 1n village of Tipton.

¢ Three-fourths inch reducer used: head origmalty 932 feet.

d Needs sand pumping, flow has decreased.

¢ Original head, 930 feet, weak flow at 27 feet; one-half inch reducer used.

/ Has had 6 wells.

WOLF CREEK DISTRICT (TPS. 6 8., RS. 2 AND 3 ®).

There is a narrow strip along Wolf Creek Valley, in northeastern
Rome and western Adrian townships, in the vicinity of Wolf Creek
post-office, in which flowing wells Lhave been obtained. The head is
not sufficient to give a flow except in ground 25 feet or less above
the creek. Wells on higher ground show a rise corresponding to that
in the flowing wells, so that water is frequently very near the surface.
This district may, as indicated in the discussion of the Tipton district,
be a coutinuation of that district. Data on these flowing wells were
obtained by the writer in 1899, and it is not known whether other
flowing wells have since been obtained.

C. E. Marshall has a well at Wolf Creek village, 94 feet deep, which
penetrated till 50 feet and then sand to bottom. There may have
been a crust of hardpan above the water. The water rises fully 10
feet above the surface, and the well is about 15 feet above the stream.
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A well at L. B. Knoll's store at Wolf Creek, 78 feet deep, flows
with a head of about 10 feet. This well has till at the same level as
the sand in the Marshall well.

Richmond Ross has a flowing well, 81 feet in depth, a mile south
of Wolf Creek, in sec. 7, Adrian Township.

On the Wilcox farm, in sec. 13, Rome Township, 14 miles south of
Wolf Creek, is a strong flowing well about 40 feet deep. It is a dug
well, into which the water came so rapidly that it was not walled,
but was filled with bowlders.

Across the road from the strong well on the Wilcox farm, on the
farm of Henry Thomas, is a weak-flowing well, thought to be 76 feet
deep.

There is also a shallow and weak-flowing well one-half mile north
of Wolf Creek, in sec. 1, Rome Township.

There were, in 1899, two weak-flowing wells, 70 feet deep, 1}
miles northeast of Wolf Creek post-office, in sec. 31, Franklin Town-
ship, on the farm of Cornelius Derby.

WATER SUPPLIES OF HILLSDALE COUNTY.

By Fraxk LEVERETT.
TOPOGRAPHY.

Hillsdale is the most elevated county in the southern part of the
State, its altitude ranging from about 830 feet in the southeast
corner to 1,284 feet at *‘Bunday Hill,”” a prominent gravel hill near
the north border. This county includes the sources of Grand, Kala-
mazoo, and St. Joseph rivers, tributary to Lake Michigan, and also
of Raisin River and St. Joseph, of the Maumee tributary to Lake
Erie. A prominent morainic system traverses it from northeast to
southwest, constituting the divide between the Lake Michigan and
Lake Erie drainages. Parallel with this on the southeast are other
moraines at lower altitudes, and below these moraines are sags and
narrow plains. The northwestern part of the county is broken by
sandstone ridges, which in some cases are only thinly veneered with
glacial deposits. In the sandstone ridges, and also in the loose-
textured drift that make up the bulk of the morainic ridges, the
ground-water table is usually at considerable depth, so that wells
75 to 125 feet in depth are not rare, while a few extend 200 feet.
On the plains and in depressions among the ridges the distance to
water is usually but a few feet. There are, however, places in which
a compact clayey till underlies the plains, and there it may be neces-
sary to go to considerable depth to find a good well. Flowing wells
have been found in valleys or deep depressions at several points,
and may perhaps be obtained at other points. They are usually



HILLSDALE COUNTY. 99

from the drift, but near Reading they are obtained from the rock.
In addition to these valley districts there is a district covering sev-
eral square miles in Ransom and Amboy townships, where flowing
wells have been obtained.

WATERWORKS.

There are but three towns in the county in which public water
supplies have been developed: Hillsdale, Jonesville, and Reading.

HILLSDALE.

The public water supply of Hillsdale is drawn from Bawbese Lake,
which lies in the valley of a tributary of St. Joseph River, about a
mile above Hillsdale. The waterworks plant was built in 1886 at a
cost of $75,000, and has 12 miles of mains, 81 hydrants, and 1,180
taps. There are two Block pumps with a capacity of 2,000,000

gallons.
JONESVILLE.

This village, which stands in the St. Joseph Valley, obtains its
supply from three tubular wells, two of which are in gravel at about
55 feet and one in rock at 80 feet. It enters rock at about 60 feet.
By pumping, the wells yield about 500,000 gallons a day.

The following 1s a partial analysis of the village supply at Jones-
ville, furnished by M. O. Leighton, of the United States Geological
Survey. The supplies are from three wells, two in gravel and one
in the rock, so that the sample represents a mixture of the three.

Partial analysis of well water at Jonesville.

Parts per | Parts per
> million. million.
Color. .. ... ... 19. Carbon dioxide (COp).. .. ... .... 110. 80
Tron (Fe). ... ... ... ... ... 2. Sulphur trioxide (SO;)... ... ... 29
Chlorine (CHy. .. ... ... ... 1.5 | Hardness (as CaCOy) . ... ... ... ... 1394

S. J. Lewis, analyst. Depth, 56 feet.
READING.

This village derives its supply from 4 tubular wells 58 to 65 feet
in depth, which enter rock at about 28 to 30 feet. The water stands
7 feet below the surface. The wells are on low ground outside the
village. The plant was installed in 1900 at a cost of $22,500, and
has 4% miles of main, 38 hydrants, and 165 taps.

Below is given a partial analysis of the public supply at Reading.
Tt is obtained from shallow wells in the lower part of the village.
The data are furnished by M. O. Leighton, of the United States
Geological Survey.
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Partial analysis of well water at Reading.

Parts per Parts per

million. million.
Color. .. ... .. 19 Carbon dioxide (CO,)...._........ 106.76
Iron (Fe). .. . ... ... _....._.. .8 ' Sulphur trioxide (SOQ,)._....._.... 25
Chlorine (CI). ....... ... ... 4 | Hardness (as CaCO,) - oo 139+

S. J. Lewis, analyst. Depth, 56 feet.

Private wells 15 to 30 feet deep are still in common use.
MISCELLANEOUS VILLAGE SUPPLIES.

At Cambria, which is located about 6 miles southwest of Hills-
dale, in the valley of a tributary of the St. Joseph of the Maumee,
wells are all shallow, ranging from 8 to 35 feet in depth. The best
supplies are at about 30 feet.

At Litchfield, in the valley of St. Joseph River, in the northwestern
part of the county, many wells are drilled into rock and obtain
strong supplies at 45 to 60 feet. The deepest wells are about 100
feet. Some wells obtain water from the drift at 10 to 15 feet.

At Mosherville, in Kalamazoo River Valley, in the northern part
of the county, wells are generally 20 to 30 feet deep. A few in the
vieinity are drilled in rock to depths of 100 feet or more.

At North Adams, in the north-central part of the county, wells
are usually 40 to 80 feet, though a few are shallower. Rock is entered
at about 80 feet, but supplies are usually found in gravel above the
rock. Fire protection is provided in a reservoir supplied from wells.

In the vicinity of Pittsfield some wells are 150 to 245 feet deep,
and a depth of 150 feet is common. In some the water stands 100
to 130 feet below the surface.

At Waldron wells are usually about 30 feet deep, but the largest
supplies are from 90 to 120 feet.

FLOWING WELLS.
RANSOM TOWNSHIP.

This district embraces half a dozen shallow flowing wells scattered
over three sections in Ransom Township south of Ransom Center
and only 2 or 3 miles from the Ohio-Michigan State line. (See fig.
11.) They are on a till plain sloping southeastward, the catchment
area probably being on higher land immediately northwest. The
data on these wells were collected and arranged by Jon A. Udden:
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Wells near Ransom, Hillsdale County (T. 8 8., R. 2 W.).

Letter . . Flow  Tem-~
Sec- 1 When | Diame- i
on hee- Owner. Depth. | 1Tead. | per  pera- Quality.
fig. 11. | tiom- ‘ made. | ter. ! minute. ture. v
E Inches“ Feet. | Feet J Galls °F.
A.. 27 | Charles Moore o 1900 4 26 +1.5 2.5 50 | Hard, iron.
B 27 | Frank Day.. Jo1900 | 4 20 + .83 15 51 Do.
c. 27 | I. Geara... 1883 4 7 o+8 | 4w Do.
AL 28 | Isaac Ely.............. ..., 4 2 +1.26° 1.5 51 Do.
B 28 | M. Weider. .. R ! 4 212 1.5 511 Do.
A 331 J.C.Gear............. 1883 4 27 48 4 50 Do.
B.oooo.. 33 (®) L. e L .
I 1 i I

¢ When made this well flowed 32 gallons a minute; it now has a }-inch reducer. The water in this and
otgl%qr v‘(rients in this group is from the gravel below the till.
o data.

R.2W.

2l 24

30 29 28 Blg 27 N\ 26
A.ltc
~A]
31 32 33 34 35! 36

Fic. 11.—Flowing wells near Ransom, Hillsdale County.
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JEROME.

At the village of Jerome, in northeastern Hillsdale County, in a
basin at the head of Raisin River, is a group of shallow flowing wells.
They are obtained only on low ground near the stream. The well at
the Jerome Creamery is 35 feet deep and had a head of 8 feet in 1901.
Mr. Udden visited it in 1904 and found the head only 6 feet. The
well is 3-inch, and in 1901 discharged 5 gallons a minute. In 1904
its flow, as determined by Udden, was 7 gallons. The temperature
in April, 1901, was 53° F.  The well was through blue clay most of its
depth, and obtained water in gravel. Thewater isslightly chalybeate.

At the public school there was a very weak well in 1901, but Udden
reports a well drilled there in 1904 that had a flow of 3 gallons a

IRR 182—06——38
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minute. It is on ground 5 feet higher than the creamery well, and its
depth is correspondingly greater, being 40 feet. The Cincinnati
Northern Railroad had a well at its station in Jerome in 1901 that
flowed vigorously a few feet below the surface into a shallow dug well.
The well is about 60 feet deep. H.S. Walworth had a flowing well at
his barn that discharged in 1901 into a dug well 1 feet below the sur-
face. Udden reports a well 40 feet deep made by Mr. Walworth in
1904 that has a head of 1 foot and a discharge of 2 gallons a minute.

Another flowing well reported by Udden is that of J. Chandler,
which is 40 feet deep, has a head of 1 foot, and discharges 21 gallons

a minute.
Wells at Jerome.

When‘ Diame- Depth. Eleva- | Water |Flow per Quality.

Owner. made. | ter. tion. rises to—| minute.
|
l Inches. Feet. Feet. Feet. Gallons.
Creamery well......_........ 1900 | 3 40°? 1,107 1,113 7 Hard, iron.
Public school. ... o 1904 2.5 40 1,112 1,113 3 Do.
H. 8. Walworth............. I 1904 | 2.5 40 1,110 1,111 2 Do.
J.Chandler................ ... ; .......... 40 1,109 1,110 2.5 Do.

MOSCOW TOWNSHIP (T. 5 8., R. 2 W.).

A single flowing well was in operation in 1901 on the farm of R. O.
Showday, about 1% miles south of Moscow, in Moscow Township, in
Kalamazoo River Valley. No further data were obtained. This
valley is much lower than bordering uplands, and may prove to
have conditions favorable for flows along its course down to Moscow.

WHEATLAND TOWNSHIP (T. 6 8., R. 1 W.).

A flowing well on the farm of H. E. Williams in sec. 16, Wheatland
Township, is reported by W. F. Cooper to have a depth of 50 feet, a
head of 15 feet, and a temperature of 52° F. The altitude is about
1,100 feet, or a little lower than the general elevation of the region.

ALLEN TOWNSHIP (T. 6 s., R. 4 W.).

A well on the farm of Walter Jones, in Allen Township (sec. 34),
is reported by W. F. Cooper to flow in the spring and through wet
seasons but usually to fall to about 5 feet below the surface in dry
seasons. The well is 55 feet deep, and the altitude, as determined by
Mr. Cooper, is 1,113 feet. Other wells in that vicinity vary several
feet in accord with the rainfall, but no others ever flow.



HILLSDALE COUNTY. 103
CAMDEN.

There is a single flowing well in the valley of a tributary of St.
Joseph River about 1 mile northeast of Camden village, on the prop-
erty of B. R. Alword, in sec. 22, T. 8§ S., R. 4 W_, or about 3 miles east
of the northeast corner of the State of Indiana. It was made in 1892,
is 120 feet deep and 3 inches in diameter, and obtains its supply from
gravel. It flows about 6 gal-
lons a minute, and the water is
reported by the owner to have a % ,
temperature of only 49° F. Tt 18 7 16
is used in a creamery and cheese. . e
factory for cooling purposes as [ . 3
well as by residents for drinking. |8 Cambria
The water contains considerable s o 21
iron and is hard.

R.3 W.

SZ°4

CAMBRIA TOWNSHIP.

In the western part of Cam- 30 . 29 28
bria Township (T. 7 S., R. 3 W.) \,’—-/ /—”%

are three flowing wells from rock. 7
They are along a valley consid- |
erably below the general level of 3l 3e 33
the region. The water is softer
than that from neighboring wells
that terminate in the glacial
deposits. The wells are cased
to the rock, and in some instances a short distance into the shale,
which is the upper rock. Water is found in sandstone.

The catchment area is not easily located where wells are so deep
seated, and is especially hard to ascertain when the water has a shale
cover. It is probable, however, that this cover has been eroded in
places, allowing waters from the drift to have access to the sandstone.
The tabulated data are from notes by W. F. Cooper and Jon A.
Udden.

F16. 12.—Flowing wells (from rock) near Cambria,
Hillsdale County,

Wells near Cambria.

Letter . .
Sec- When Diame- Flow per | Length | Temper-
ﬁgonlq }tion Owner. made. | ter. | DePth.| Head. | iiie’ ! ofcasing. ature.
.12, !
I
‘ ‘ . Inches. Feet. | Feet. | Gallons. Feet. e F.
A... ..l 18| Arthur Lane.......... 1902 2, 90 13 2.5 65 51
AL " 19, U. Woodring.......... 1904 2 125 14 [ 2 PR 51
B...... 19' E.Meada.._....._.... o 1900 | 2. 104 2 25 85 | 51
. , ! ' '

a Sand and gravel, 20 feet; blue clay, 57 feet; shale, 27 feet; water probably at top of sandstone. The
other wells each entered sandstone a few feet, and the drift in them is largely sand and gravel.
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WATER SUPPLIES OF BRANCH COUNTY.
By Fraxk LEVERETT.
GENERAL STATEMENT.

Branch County is in the south tier of counties, about midway
between Lake Erie and Lake Michigan, its county seat being Cold-
water. St. Joseph River crosses the northwestern part and its
tributaries drain the entire county. A broad gravel plain along the
river and others along the tributaries together cover fully one-third
of the surface, the remainder being a till tract in which moraines are
not conspicuous, much of it being a gently undulating plain.

So far as ascertained no flowing wells occur in the county.  The
wells are generally too shallow, however, to test the chances of a flow.
Water in abundance is ordinarily found at depths of 20 to 40 feet, or
even less on the gravel plains.  On the moraines and till plains, also,
wells are shallow and usually dug. Near Sherwood and Union City
there are a few driven wells 75 feet to 100 feet in depth. The driven
wells are usually on the high points and show but little rise of water.

WATERWORKS.
COLDWATER.

There are public water supplies at Coldwater, Quincy, and Union
City, all from tubular wells of moderate depth. Those at the Cold-
water waterworks are 50 feet deep and 6 inches in diameter. They
will yield by heavy pumping 1,500,000 gallons a day, which is the
maximum consumption. The average consumption is about 500,000

gallons a day.
QUINCY.

The public supply at Quincy is from a 6-inch well 30 feet deep, in
which water is found at 15 feet and at 35 to 38 feet. The well will
yield by heavy pumping 20,000 gallons an hour. Below is given a
partial analysis of the water from this well, the data being furnished
by M. O. Leighton, of the United States Geological Survey. The
water is very hard and not entirely safe for drinking purposes
because of liability to contamination.

Partial analysis of well water at Quincy.

Parts Parts
per million. per million.
Color. ... ... _ . ... ...._.. 15 . Carbon dioxide (COy)...... ... 110. 80
Iron (Fe). .. ... ... ... Slight trace.  Sulphur trioxide (SO,)........ 20
Chlorine (C1) .. ._._....... _. 2.75 |

S. J. Lewis, analyst. Depth, 36 feet.
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UNION CITY.

Union City is supplied from a group of nine drilled wells, but little
information could be obtained concerning them.

MISCELLANEOUS VILLAGE SUPPLIES.

The table below gives data furnished by residents to whom water-
supply blanks were submitted:

Tillage supplies in Branch County.

Ele Depth of wells. Depth }
Popu-| .~ Depth -
Town. 1atign t" (1;1 Source. to rlock‘ From_| To_.| Com- svlter | Head.' Springs.
| lon. T mon. | bed.
_— ~7’; J— - — —_—— ] —]— —_——
‘ Fect. Feet. | Feet. |Feet. | Feet.| Feet. \ Feet.
Batavia..... 100 945 | Open and driven +25 20 25 25 25 —15 Small.
v«ells ! .
Bronson.... 1,176 26 |.....do. | 12 40 30
Butler...... U 1 015 Dug “ ell< .......... ! 30 20 40 30
California... .......L...........do.....o...... N IR 30
Coldwater... 6,216 982 Dn\ en wells. ...... 115 30 50 50
Girard...... ....... ‘ 960 | Dug and driven |........ 18 30 30
i wells.
Kinderhook. _...... .. ... Dug wells....._._..j-....... 18 40 25
Quincy...... 1,563 | 1,026 | Driven wells....... 30 15 35 20 [
Sherwood. .. 366 875 | Shallow wells, dug |........ 15 20 RO
or driven.

WATER SUPPLIES OF ST. JOSEPH COUNTY.
By Franxk LEVERETT.
GENERAL STATEMENT.

St. Joseph County is very largely occupied by gravel plains on
which water is easily obtained at depths of 20 to 40 feet or less.
It has a morainic tract along its western edge and another leading
from Centerville southeastward on which the wells vary in depth
from 20 to 100 feet or more. There also is a till tract in the north-
eastern part of the county where wells are of various depths up to
100 feet, a common depth being 70 feet.

Flowing wells have been obtained on the border of Klingers Lake
in the southern part of the county and in St. Joseph Valley at Three
Rivers. Tt is probable that flows would be obtained at other points
along St. Joseph River if deep wells were sunk.

FLOWING WELLS.
KLINGERS LAKE.

A large number of excellent flows have been obtained on the border
of Klingers Lake, some yielding as high as 15 gallons a minute. The
wells are mainly 40 to 50 feet or less in depth, but some are 75 to
80 feet. The water will rise to a height of about 20 feet above lake
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level. The temperature is quite uniformly 53° F. Resorts which
have been built up on the shore are known as “Mound Springs”
and ‘“Mineral Springs.” Nearly all the cottages have wells, which,
when fully developed in fountains and grottoes, will form a very
attractive feature of the resorts.

Below is given a partial analysis of a representative saniple from
a flowing well near Klingers Lake, together with a sample of lake
water from the same locality. The data were furnished by M. O.
Leighton of the United States Geological Survey.

Partial analyses of well and lake water at Klingers Lake.

[Parts per million.]

’ -
; 1. 2.
I _

COOT. . .. 19 10
003 0 T3 1 e 2.5 Slighttrace.
Chlorine (C........._ 1.5 1.5
Carbon dioxide (COqg) ... 100. 56 59.14
Sulphur trioxide (SO, . . . 15 15
Hardness (as CaCOs) .- .. ..o e R . 118.7

S.J. Lewis, analyst. 1. George Corson; depth 47 feet. 2. Lake.

The basin in which Klinrgers Lake stands is so much lower than
bordering tracts that the latter may easily furnish the head displayed
in these wells. Whether the supply is from a moraine north of the
wells or from the gravelly plain forming an outwash east and south
of the lake is not determined.

WATERWORKS.
THREE RIVERS.

The flowing wells at Three Rivers constitute the supply for the
waterworks. There are nine 6-inch wells 75 to 100 feet in depth,
obtaining water in sand, but thought to have reached shale at the
bottom of the deepest. The supply is ample for the present needs
of the town. The water will rise only a few feet above the sur-
face, so that flows can be expected only on ground of similar eleva-
tion or on the low bottom along the river. There are occasional
private flowing wells in Three Rivers. It has been reported that a
single well has been obtained in the St. Joseph Valley, in sec. 14,
Lockport township, in which Three Rivers is located.

The following is a partial analysis of the public supply at Three
Rivers. The water comes from a number of connected wells vary-
ing in depth from 75 to 108 feet. The analysis was furnished by
M. O. Leighton, of the United States Geological Survey.
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Partial analyses of well water at Three Rivers.

Parts per Parts per
million million.
Color. . ... .. 5 Carbon dioxide (COy) ............. 101.13
Tron (Fe). oo 1.5 ; Sulphur Trioxide (SO3) ... .. ..... 10
Chlorine (Cl) . ... ... ... ... 2.75 Hardness (as CaCOg) .. .. ._....... 139

S. J. Lewis, analyst. Depth, 75 feet.
STURGIS.

The public supply at Sturgis is from a large open well 30 feet in
diameter by 60 feet deep, in which four tubular wells 6 and 8 inches
in diameter have been driven to a depth of 140 feet. The water
stands 40 feet below the surface. The supply exceeds the present
needs of the town, there being seldom a consumption of more than
125,000 gallons a day. The superintendent of waterworks has kindly
furnished the following analyses, one being from the large open well,
the other from the tubular well.

Analysis of Sturgis water supply.o

[Parts per million.]

Open Driven
well. | well. .

Caleium CarbOnMAte . ... ..ot e e 263. 99 282, 46
Magnesium carbonate . e 94. 50 104. 42

Caleium suiphate....... - - 45.34 45.02
Sodium chloride. . .. ... 45.02 45. 02
Iron oxide and silica. ... ... Ll 3. 42 3.94
Volatile miatter. o ool 69.70 | 105. 44

Total SOTAS . -« oottt ettt 521,97 | 586.30

a Expressed by analyst in grains per gallon; recomputed to parts per million at U. 8. Geol. Survey.
CENTERVILLE.

Mr. S. J. Lewis reports that the Centerville plant is nearly obso-
lete and supplies water for little besides the main street. 1t seems
to be largely for fire protection. It has three wells sunk so as to
tap a large spring located at the head of Hawk Creek just below the
town at 10 feet below the surface.

Below is given a partial analysis of the water, the data being fur-
nished by M. O. Leighton, of the United States Geological Survey.

Partial analysis of well waler at Centerville.

Parts per Parts per

million. million.
Color......................... 15 Carbon dioxide (CO,).. .. ..._..... 89.22
Iron (Fe)...._...._...._Very slight trace. | Sulphur trioxide (SO,)............ 10
Chlorine (C1). ... ... .. ...... 2.125

S. J. Lewis, analyst. Depth, 10 feet.
CONSTANTINE.

This village uses Fawn River water as a public supply, but there
are many private wells in use that range in depth from 15 to 60 feet.
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WATER SUPPLIES OF CASS COUNTY. -
By Fraxx LEverETT.
TOPOGRAPHY.

Cass County consists of a series of prominent moraines, between
which are strips of gravelly plain, formed as an outwash from the
bordering moraines. The moraines have wells of various depths up
to 100 feet and more, there being apparently no uniform water table.
The gravel plains have a water table usually 20 to 40 feet below
the surface of the plains, but in places 60 feet below.

MISCELLANEOUS VILLAGE SUPPLIES.
The following table contains data furnished by residents:

Village supplies in Cass County.

4 Depth of wells. by
. < .
g . S |—- E .
i o = Iy . I o
Town IR Source 2 | 1 § | =2 g
. =} .
'3 slgl g8 l58 5| £
3 & < 2 o 1) il 3
‘ S = & A &9 im = &
{ Feet Feet.' Feet. | Feet. 'Feet. | Feet. | Feet.
Cassopolis..... ‘ ............ Public supply from .. ... ... . ... ... ..... S .
Stone Lake. \ )
Dowagiac...... [ 760 | Waterworks from driv- 202 ‘... ... .. ... 47 ] a7 -2
! en wells. ] i
Edwardsburg . 400 {834 | Dug and driven wells...".... .. | 25 27| 25 25|—22| None.
Glenwood ..., 721 750 | Drivenwells............ 138+ 14 138 18+ 18 | + 8 Large.
Jones.. ... ... ...... 921 | Driven wells and lakes..|.._.... 14 60 50 40 (D
Marcellus...... [P 983 | W at(;]rworks and driven | 265 |......l...... 35 35 ......
' wells. |
Newburg ...... S A Driven wells.................. 12 60| 50 50 ...
Penn.......... \ g a 18| 75| 25| 20|40 Small
Vandalia 7 - 10 60 30 30 | —25 Do.
Wakelee....._. 25 65 ..., 50 | —35 Do.

FLOWING WELLS.

Flowing wells have been obtained along Dowagiac Valley at Glen-
wood and north and west of Dowagiac, as well as in that town; also
northwest of Marcellus at Fish Lake, and in a valley 2 miles east of
Wakelee. None have been reported from other points in the county.

GLENWOOD DISTRICT.

There are three wells near Glenwood on the Hampton stock farm,
two in the SW. 1 sec. 3, and one in the NE. 1 sec. 10, T. 5S.,, R. 1 W.
One well has a depth of 138 feet, and the others are similar. They
yield strong flows of hard water carrying iron. The catchment area
seems likely to be in the moraine lying southeast of the wells. Springs
are also abundant along the base of this moraine near Glenwood.
Mrs. C. Wells has one in sec. 11, T. 5 S., R. 15 W, piped to supply
house and barn.
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LONG LAKE.

About 5 miles west of Glenwood on the bank of Long Lake is the
flowing well of William Peterbaugh, but no data were obtained as
to depth or rate of flow.

South of this well in sec. 18, Wayne Township, A. F. Hatch has
a flowing well 36 feet deep that flows 2% gallons a minute; tempera-
ture 53° F. The well was made May 10, 1904.

WEST OF DOWAGIAC.

L. J. Pray, a driller at Dowagiac, states that J. C. Becker has a
flowing well west of Dowagiac near Dowagiac River, 77 feet deep,
with a head of 6 feet that will flow a barrel a minute from a 2-inch
pipe. The well was made in 1893. Water beds were struck at 20,
30, and 40 feet, as well as near the bottom.

Another Well reported by Mr. Pray is on C. E. White’s farm, west
of Dowagiac, and this has sufficient force to brlng up fine gravel
It flows about a barrel a minute. The well is 152 feet deep.

A flowing well west of Dowagiac on the farm of J. F. Cook in
sec. 33, Silver Creek Township, was visited by M. I.. Fuller and Jon
A. Udden in 1904. It flows 15 gallons a minute from a 2-inch pipe.
The depth is 76 feet and diameter 2 inches. The water is hard and
chalybeate and has a temperature of 52° F.

Across the road from Mr. Cook’s well, in the northwest part of
Pokagon Township, is the well of J. C. Becker, noted above, which
was shut off in August, 1904, while Fuller and Udden were there.

A well a mile south on the farm of E. W. Whitmore in sec. 9,
Pokagon Township, had just been made in 1904, and flowed about 30
gallons a minute from a 2-inch pipe. The depth is 86 feet and alti-
tude about 745 feet. The temperature is 52.5° F.

FISH LAKE.

A single flowing well is in operation on the shore of Fish Lake 3
miles west of Marcellus. It was put down for Doctor Davis and
has a depth of 90 feet.®

WATERWORKS.
DOWAGIAC.

The waterworks at Dowagiac have eleven wells 100 feet deep, and
two 47 feet deep, all but one being 6 inches, and that is 4 inches in
diameter. There is also an open well 30 feet in diameter and 16
feet deep. The deep wells flow, and in the shallow ones water
stands about 2 feet below the surface. The water has a temperature

a Data furnished by W. F. Cooper.
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of 52° in the deep wells. The deeper wells appear to penetrate
some- clay near bottom, but the shallow ones pass through sand in
which there are gravelly beds which yield water rapidly. The
strongest supply is from the upper beds, which yield about 400
gallons a minute by pumping, while only 600 gallons a minute are
obtained from the eleven deeper wells.c

The wells are not so strong as when first made, but the superin-
tendent reports that water comes in as rapidly as the pumps can
take it, for the water is pumped direct from the wells, and the vacuum
gage shows that it does not decrease with pumping.

The superintendent furnished the following record of the shallower

well:
Record of shallow waterworks well at Dowagiac.

} Thickness. Total.

Feet. | Feet.
Muck and fine sand. . ... ... ‘ 2 2
Coarse sand, pebbly... ! 3 5
Finesand....._........... o 2 7
Gravel with cobblestones. - 15 22
Cemented sand and gravel. ... ... .. .. .. iiii.iiiiiaaao. ... 10 32
Fine gravel, water-bearing . ... ... . i i iiiiiiiiiiaaae 15 47

CASSOPOLIS.

The public supply for this town is pumped from Stone Lake, but
private wells are in common use, the depth being from 15 to 40 feet.

MARCELLUS,

The village of Marcellus obtains its public supply from driven
wells 35 to 50 feet in depth. The pumping is direct with an ordinary
pressure of 40 pounds and fire pressure of 90 pounds.

WATER SUPPLIES OF BERRIEN COUNTY.

By Franx LEVERETT.

TOPOGRAPHY.

Berrien is the southwest corner county of Michigan, with Lake
Michigan on its western border and the State of Indiana on its
southern. St.Joseph River traverses it nearly centrally from southeast
to northwest, and, with its tributaries, drains all the county except
the southwest corner and a narrow strip along the lake shore. In
the southeastern part are plains of sand and gravel in which the
water table is adjusted to the streams and lakes, and is tapped by
wells at depths of 20 to 80 feet, the greatest depth being on an
elevated plain west of St. Joseph River, just north of the State line.

a Data by superintendent.
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The city of Niles has sunk wells to a lower water horizon beneath a
sheet of clay for its public supply, and thus obtains flows. A promi-
nent morainic ridge east and south of Buchanan is surrounded by
gravel plains and carries wells of depths ranging from 25 feet to
more than 100 feet. The Valparaiso morainic system forms a belt
5 to 10 miles wide that runs northward from Galien and Dayton,
crosses St. Joseph River between Buchanan and Berricn Springs,
and then passes eastward out of the county south of Watervliet.
Between two members of this morainic system, in Pipestone and
Bainbridge townships, is a depression in which an important flowing-
well district has been developed. Flowing wells have also been
obtained along the inner or northwestern border of this morainic
system near Galien and near Watervliet. In the moraines wells are
of various depths and differ widely in head. Between the Valparaiso
morainic system and the shore of Lake Michigan are till plains
interrupted by small till ridges. A narrow strp between the western-
most till ridge and the shore of Lake Michigan has been covered by
lake waters, and in- places is capped with dunes. A few flowing
wells have been obtained in low places along the lake shore. This
western part of the county, though much lower than the eastern,
and probably in the'line of underground drainage toward the lake,
does not display as strong hydrostatic pressure as might be expected.
The wells are of various depths and seem to be supplied from water
beds that are not widespread at any one horizon. A large amount
of Dblue clayey till is found throughout the district between the
Valparaiso morainic system and the Lake Michigan shore, but in
this morainic system the blue till is interbedded with thick deposits
of sand and gravel, while east of this morainic system the till is
relatively scarce, except perhaps at considerable depth.

WATERWORIKS.

Several towns in the county are supplied with waterworks, as
indicated below. In those not thus supplied, the residents depend
to a large extent on tubular wells driven to moderate depths, seldom
over 40 feet. The dug wells made in the early days of settlement
are being superseded by the less easily contaminated driven wells.

NILES.

Two systems of waterworks are in operation in Niles; one, taking
its supply from Barron Lake, is owned by a private company; the
other, taking its supply from driven wells, is owned by the city.
The private works were built in 1879 and were the sole supply for
about 16 years, when the city built its own works, because satisfac-
tory terms could not be made with the private company.
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The wells in the municipal plant are in St. Joseph Valley and are
reported to have a head of several feet. The water is pumped from
the wells to a standpipe and also direct to the mains. The reservoir
pressure of 55 pounds may be doubled in case of fire. The average
daily consumption is about half a million gallons. Water power is
used in pumping. There are 15 miles of mains, 158 hydrants, and
763 taps. The cost of the plant is $175,000.

BUCHANAN. ¢

The public water supply of Buchanan is furnished by six wells 27
to 40 feet in depth and 6 inches in diameter, having a head nearly
level with the surface. The water is pumped direct to the mains,
with a day pressure of about 65 pounds and a night pressure of 30
pounds. In 1904, in prospecting for additional sources, the wells
were carried to the rock. The water for the present supply is from
gravel. The plant is municipal.

There were two flowing wells on low river bottom at Buchanan,
but since the dam was built the land has been flooded and the wells

abandoned.
THREE OAKS. ¢

The public supply of Three Oaks is owned by the municipality
and is from one 6-inch well 76 feet deep and one 8-inch well 86 feet
deep. The wells are largely through blue till but obtain water in a
sandy gravel.  The water in each well stands 30 feet below the
surface. The combined yield is 125,000 gallons a day; this supply
is scarcely sufficient in case of fire, but arrangements have been
made with the Warren Featherbone Company to pump directly
from a well at their factory into the village mains in case of fire.

BENTON HARBOR. ¢

Both springs and wells are in use and furnish an adequate supply
for present need, but Lake Michigan will probably become the
source of supply should the present prove inadequate or unsuitable.

The plant is municipal. The wells range in depth from 43 to 80

feet.
ST. JOSEPH.®

The public supply of St. Joseph is pumped from wells sunk in the
bed of Lake Michigan a half mile or more south of the mouth of St.
Joseph River. The wells are 25 feet deep and filled by gravity from
the lake. The water is pumped to standpipe and to the mains direct,
the ordinary pressure being 50 pounds and the fire pressure 100
pounds. The plant is municipal.

a Information furnished by Jon A. Udden.
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EAU

CLAIRE.
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The village of Eau Claire is reported to have a partial public
supply, which is obtained from wells and used for both fire protection
and drinking.

MISCELLANEOUS VILLAGE SUPPLIES.

The following table is largely made up from data furnished by
officials to whom water-supply schedules have been mailed; it

shows the conditions in 19 of the most important towns:

Village supplies in Berrien County.

Town.

Baroda

Benton Harbor

Berrien Springs

Bridgeman
Buchanan

Coloma

Dayton........
Eau Claire
Galien
New Buffalo. ..

Riverside
St. Joseph

Sawyer

Stevensville....

Three Oaks. ...
Vineland. ..

Watervliet

Popu-
lation.

‘Com-
mon.

Feet.
18

\ ' Depth of well
Ele- Dopth ep ol wetls.
va- Source. ‘ ‘
tion. rock From—! To—
Feet. Feet. ‘ Feet. , Feet.
640 Driven wells; cis~ [....... 10 50
terns. 1
596 | Driven wells; 140 L 15 1,200
Dcprmgs
{Dug and driven
650 ]MWCHS . 110 ! 15 | 670
|{Mostly riven 140
G0 ™ pells. +208 }‘ 12, 800
680 | Driven wells; 60 40 60!
springs.
647 | Driven wells......|....... 48 99 ‘
- {Driven and dug
6 {Vie, %0 20| 90
18 ... [ +120 16 120 "
680 . Driven wells. ... .. +100 7 100
587 | Open and driven 200 12 212
‘ wells, X
| 625 |..... do....oo....l. 652 [ .. i 120
{ gg’g }Driven wells; lake,{ %ég } ....... 1,438 .
637 | Driven wells. ... ... j. ... ...
500 | Lake Michigan; | 133 |........ 165
driven wells.
640 | Open and driven 125 12 | 150
wells. i
630 | Driven wells......l.... .. 30 50
667 ... do............ [ 4140 40 | 140
587 Wells and stream.! +100 20+ 100
045 | I Driven wells. ... g w0l o
3
i |

‘ Depth
to
water
bed.

Head.‘ Springs.

| Feet.

— 6 None.

—12 ‘ Large.

—15
o)
— 6 None.
— 3 Strong.

Do.

—15 ‘; Medium.
—20 ' None.
—15

‘} ~15

Large.

FLOWING WELLS.

GALIEN DISTRICT. ¢

Two flowing wells have been obtained on low ground, elevation

about 660 feet, a short distance northeast of Galien village.

One on

the farm of Wllham Goodrich, in the north part of sec. 2, was made
in 1897; it is 44 feet deep, 11 inches in diameter, and flows 2.5 gallons
a minute, with a head of 6 feet.
other well is in the northeastern boundary of Galien, in sec. 3, but
no data concerning it were obtained.

The temperature is 53° F. The

a Information furnished by Jon A. Udden
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The catchment area for these wells in all probability is in the
higher land in the Valparaiso morainic system to the south and east,
and flowing wells can probably be obtained in other similar low tracts
along the inner slope of the Valparaiso morainic system. One of
these forms the next district discussed, but in most of these depres-
sions no explorations have been made.

WEESAW TOWNSHIP.

There are three flowing wells along the valley or depression heading
in the Valparaiso morainic system in southeastern Weesaw Township,
about 3 miles north of Galien. The well of John Beckwith, in sec. 25,
was made in 1895, is 92 feet in depth, and 2 inches in diameter; it
flows 2} gallons a minute, with a head of 5 feet or more, and has a
temperature of 53° F.

The well of F. Prinkert, in sec. 27, is 42 feet deep and 1% inches in
diameter; it obtains water from gravel at 28 feet. It has a head of
12 feet, flows 8 gallons a minute, and has a temperature of 53° F.

A flow on sec. 23, on the property of Mrs. Gallivan, is noted, but

no data are given.
NEW BUFFALO DISTRICT.®

There were several flowing wells near New Buffalo in 1887 when
the writer mapped the glacial features of the region. These were
on low ground, scarcely 10 feet above Lake Michigan, and had a
depth of about 30 feet. From the lake there is a rapid rise to a till
ridge in the eastern part of the village, which probably serves as the
catchment area. The drift at the village extends to a level about
200 feet below Lake Michigan. Mr. Udden visited New Buffalo in
1904 and learned of three flowing wells in or near the village.

The well of Mr. Williams is 117 feet deep, 2 inches in diameter,
and has a head of 14 feet. The well mouth is noted by Udden at
619 feet. It flows one-half gallon a minute, with a temperature
of 53° F.

Henry Gallwitzer has a well, which appears from Udden’s notes to
be at New Buffalo, that struck a flow at 46 to 50 feet in sand and
gravel. The water is hard and is impregnated with iron.

Murdock & Co., of New Buffalo, are also reported by Udden to
have a flowing Weli but no data are given.

PIPESTONE DISTRICT.

The Pipestone district lies between two morainic ridges of the
Valparaiso system in northeastern Berrien County in a basin drained
by Pipestone Creek. The wells are mainly in Pipestone Township,

a Data by Frank Leverett and Jon A. Udden.
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but also are obtained in the southeastern part of Bainbridge Town-
ship. They occupy a belt about 5 miles in length and 1 to 2 miles
in width, forming an area about 6 or 7 square miles (see fig. 13).
The first well was made in 1877, in the southwest part of sec. 2,
Pipestone Township, and several have been flowing since 1878. In
1904, 51 wells were in operation. Within the limits of this district
only about a dozen wells were noted which do not flow, and these
2s 022D

i

F1G. 13.—Map of Pipestone flowing-well district, Berrien County.

‘are too shallow to reach the beds from which flows are obtained.
The combined discharge of the 51 wells was 116 gallons a minute,
or about 170,000 gallons a day, but many of the wells have reducers
or are regulated by faucets, so that this discharge represents but a
small fraction of what the wells would flow if the pipes were left open.
Probably the district, as now developed, would yield more than
1,000,000 gallons a day, or enough to easily supply a city of 10,000
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population. The water is used for cooling as well as for drinking,
its uniform temperature of about 52° F. being well adapted for
creameries.

Wells which have received proper care appear to show little, if any
decrease in head, and seem to possess a uniform rate of flow through-
out the year. Many of the wells have not been properly looked after,
and are clogging with sand or are in need of new screens. The wells
best cared for have been cleaned about once a year.

If properly distributed, many new wells could be put down in this
region without drawing seriously from those now in operation. A
well made in sec. 13 in 1904 flows 12 gallons a minute, and seems not
to interfere with the flow of neighboring wells.

The catchment area for this district appears to be in the moraine
lying east of it, which rises in places to an altitude of more than 100
feet above the wells. Probably the gravel plain east of the moraine
also contributes to the supply, for it stands high enough to furnish
considerable head at the level of these wells.

The wells pass through a large amount of clayey till before reaching
the water-bearing sand and gravel, which forms an excellent cover
to prevent natural escape, and springs are consequently rather scarce
and weak. The water is highly mineralized in most wells, and forms
a yellow coating where it discharges; the amount of mineralization
is such as to sustain the view that the water passes underground for
some distance—probably more than a mile—before it is tapped by
the wells. It is from medium to very hard.

The tabulated data given herewith were collected and arranged
by Jon A. Udden.. The wells are all 2 inches in diameter, except
a 3-inch well of J. H. Price (E 10), and a well with 12-inch wooden
pipe (E 15) on the Rosenbaum farm:

Wells in Pipestone district.

‘ | 1 |
Letter | Water| ©-°% | Tem-
on1 éig. ﬁg;‘ Owner. ‘I‘Xgl(fél Depth. %li%;? ilses nrl)ierf— gera— Quality.
. | 0— ute.a ure.
Feet. | Feet. | Feet. } Galls. | °F.
1 Fred Wolf..........................._.. 725 | 725 R 0.5 53
2| J.F. Hastens..._........... 1901 60 720 71 | .75 53
2 | W.Bateman........01100] 1878 16| 7| 79 | 75| 52
2 | M. G.Matranb_ .. ... 1901 130 720 723 R 3 52.5
3| E.Collins.................. | 1902 28 720 7209 R .25 52
3 | P.L. Northrop.. . ...l 01T 712 | 714 \ 2 52.5
9 JH.PICe ... oo e i s 705 | 707 R L5 52
10 | E.O.DavIS- e ot ol 710 | 712 .5 53
10 | W.B. Graham. .._......... 1885 55 710 | 712 R L5 52
10 | Mr. Grieme ¢.._............ | 1902 40 715 | 7184+ R 1.5 52
10 | J. H. Price. .. .. .| 1903 97 710 | 710 75| B2
10 |..... do..... 1899 57 675 | 679 |R 2 52
10 | Clarke ——d._. | 1882 52 720 723 R2 52.5
10 | Irvin Hague. J PR P 718 | 719 R 2 52.5

a Where wells are reduced the letter R is prefixed.

b Original head, 730 feet. Clay, 30 feet; quicksand, 30 feet, from which water came to the surface;
blue clay, 65 feet, with hardpan crust at bottom covering the water gravel.

¢ QOriginal head, 719 feet. Clay to within 2 feet of bottom.

4 Original head, 732 feet. Water strong in iron.
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Wells in Pipestone district—Continued.

| * Flow |
Letter l ’ | Water Tem- ;
A Sec- When " Eleva- ' per : 5
onuf;g. | tion Owner. made. ‘ Depth. tion. ?ge_s min- [‘E?ﬁ%— Quality.
T ] ! ' ute. | :
{ ) I B I
Feet. | Feet. | Feet. | Galls °F,
C.Baileya..... . 1901 4 7200 722 10 51.5
M. J. Sheppard. U, S P, 7120 714 R 2 52 Hard.
F.Hackstedt.............|.......doooi 714 . 716 .75 53 Do.
Fred Holler.. ... ... .. .|...oooiiiiiii.. 720 | 722 2 52.5 Do.
Joe Dupree.._....... 720 | 721 1 53
Charles Rush........ et 720 | 723 |R 3 52.5
John Cannon...._..._. 720 | 721 1 53
H.Vaneckenbd.......... 715 | 17 .75 53
Bert Collinse.......... 1900 62 15| 7117 R 2 53
Frank Johnson........... ..., 712 | 715 [R1 53
B. Putterbanch._...........|........ 40 712 1 714 1 53
Charles Haskins...........J........ 40 712 ] 715 1 53
0O.Collinsd....._..... 1899 117 7121 713 2 52
School District No. 3. 1902 |........ 715 | 716 |R L5 52
E.W.Claussen....... 1890 60 713 715 |R L5 52
II. Freckye_ . _...... 1885 60 710 | 712 10 52
JoW.Kelley. ... oo ! 700 | 703 3 51.5
T.Langlin/.......... 1896 100 712 | 715 .5 52
Guy Hawkesg....... 1900 60 715 715 R 2 51
C.F. Hartelrack. .. .. 1902 60 710 | 712 [R12 51.5
Louis Whiteh....._.. 1880 60 710 | 714 .5 53
C.F.Hartelrack........o.|oeeeeia]ienanaas 710 | 714 R 1 52
W. Rosenbaum ¢ 1889 50 710 | 710+ ........ 52
J. Aumeck. . 1886 62 710 | 712 2 51.7
N. Prestonk. 1900 75 710 | 7124+ 1.5 51.5
Mrs. Walsh.......... 1887 108 712 | 714 2.5 51
Robert Ganoé..... 1880 87 710 | 712 1 51.4
John Aumeckm ... . 1904 97 702 | 705 12 51.5
Fred Ochn ... ... .. J 1878 |LL.... 710 | 712+ 1.5 53.5
Mrs. Kingsleyo.. .. .| 1880 30 725 | 726 2 51.5
Henry Pricep...... .| 1902 36 710 | 713+ 7 52
Wm. Ferry......... R PO 30 710 | 711 /R .25 53
John Smith........ N 96 730 | 732 1 53
L.C. Goodrich g.... .| 1894 96 730 | 732 1 53
A M. Stewart. ... ... ... 96 733 | 135 .75 53
F.Batemanr __ . 1891 160 715 | 717 'R 1 52.5
T.Morlock s............... 1889 146 725 727 R 25 | 53

?lBlue clay, 35 feet; quicksand, 5 feet; water in gravel at bottom, strong in iron. Pipe has a 1-inch
reducer.

b Clay, mainly blue, 40 feet; quicksand and gravel, 5 feet.

¢ After penetrating 50 feet of clay a weak flow was struck, but the well was continued through 10 feet
g1o$re of blue clay to a stronger vein in sand and gravel. The pipe has a 1-inch reducer. Cost said to

e $30.

d Blue clay, 75 feet; sand, 30 feet; gravel, 12 feet. Cost, $30.

e Original head, 718 feet. Entirely through clay to gravel at bottom. Cost, $40.

7 Blue clay, 60 feet; sand, 40 feet; gravel at bottom with water strong in iron. Cost, $45.

g Blue clay, 20 feet; sand and gravel, 20 feet.

& Flow has decreased because of filling by sand.

¢12-inch wooden pipe.

J Entirely through clay to gravel bed at bottom. Well needs cleaning. Cost, $75.

k Vein at 27 feet had a head of 10 feet, and one at 75 feet had a head of 12 feet.

! Pipes are rusted and flow isless on this account. Cost, $1.25 a foot. Sand and gravel, 12 feet; blue
clay, 74 feet; gravel with water at bottom.

m Original head, 716 feet; clay, mainly blue, 97 feet; flne sand, 20 feet. Cost, $46.

= Needs cleaning. Formerly flowed 7 gallons a minute.

o Clogged with iron rust.

? Clay, 10 feet; quicksand, 18 feet; coarse gravel at bottom.

¢ Original head, 736 feet. Water strong in iron. Cost, 65 cents a foot.

r Original head, 723 feet. Blue clay, with streaks of sand, 155 feet; hardpan, 6 inches; gravel at bot-
tom.

s Original head, 743 feet, and original flow, a barrel a minute. Blue clay. 20 feet: fine sand, 80 feet;
clay and quicksand, 45 feet; blue clay, very hard, 1 foot; gravel at bottom. Cost, $90.

BAINBRIDGE DISTRICT.

There is a recess on the inner border of the Valparaiso morainic
system, in the northern part of Bainbridge Township and southeast-
ern part of Watervliet Township. Tt occupies about a square mile,
chiefly in the west half of sec. 2 and east half of sec. 3, Bainbridge
Township, there being but one well north of the township line (see

IRR 182—06——9
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fig. 14). In this district the principal group is on the farm of Henry
Gerling in the southwest part of sec. 2. One well farnishes water
power to run a feed mill and 5 others are used to supply the house and
stock. Mr. Udden visited this group of wells, but in the absence of

the owner was unable to get data

R. 17 W as to the yield and the power

- furnished. The wells vary in
- o 36 w  depth and obtain water appar-
w .

. ¢ 7 ently from two or three different
WATERVLIET TOWNSHIP beds of gravel or sand in the till.
BAINBRIDGE LINE . -

i, This district may be capable
3l o~ | of extension to the north, but
15 A the morainic hills which border
(L j) it on the east, south, and west
Moo * prevent extension in those direc-
0 L 2 tions. The catchment area in

Fi1G. 14,—F}0wing wells in Bainbridge and Water- all probabilitv lies on these
vliet townships, Berrien County. . ey
bordering hills.

W. F. Cooper obtained data concerning a well reported by the
owner, Charles Wasco, to be in sec. 6, Bainbridge Township. This
was not visited by Mr. Udden. If correctly located it lies in a dif-
ferent district from that under discussion.

The data collected by Mr. Udden and also data from Mr. Cooper
are embraced in the following table:

Wells at Bainbridge.

Letter | go0 ! When Diam-

Waver/ Flow | Tem-

Eleva-| "/ | |
on : { Owner. , Depth. [ rises per pera-
fig. 14. ‘non.[ ] made, | eter. { tion. 1 to— ‘minute.} ture.
PR | ! - . O N
; | | I
i | l Inches.| Feet. Feet. | Feet. [Gallons. °F.
A 2 | Nicolas Moser............... (U 2] 100 3
5
B-G 2 | Henry Gerlinge_. ... .. .. ... {%gg:, %
A | 3, I . Warskob.. ... | 1903 2
B | 3 | Township well. 1904 2
A | 62 Charles Warsko 1862 2
A | 3| Il W.Harrd...... | 1903 2
' N 1

a Henry Gerling has five 2-inch wells and one 4-inch well ranging in depth from 30 to 80 feet. The large
well furnishes water power to run a feed mill for home use. The wells obtain their supply from sand
and gravel beds, the principal bed being at about 50 feet. The average cost per well is $50.

b Blue clay, hard toward bottom, 43 fect, grave! 2 feet. Cost, 85 cents a foot.

¢ Data are from a schedule filled out hy Mr, Warsko, in which he placed the well in sec. 6, but possibly
itisin sec. 3.

dData furnished by driller. J. Fritz of Coloma. Water veins occurred at 36 and 55 feet. The casing
is 17 feet. The well supplies house, barn, and fish poud. It islocated just north of the line of Water-
vliet and Bainbridge townships in Watervliet Township. Cost $64.40.

PAWPAW LAKE.

On the north side of Pawpaw Lake in Watervliet Township, north-
ern Berrien County, is a flowing well on the property of J. K. Blach-
ford. It is 75 feet deep and 2 inches in diameter, but has only a
half-inch escape pipe. The altitude is about 625 feet and head 3
feet or more.
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WATER SUPPLIES OF VAN BUREN COUNTY.

By Fraxk LEVERETT.
TOPOGRAPHY.

Van Buren County lies north of Berrien and Cass counties, with
a narrow frontage on Lake Michigan. Its principal stream is Paw-
paw River which runs westward through the central part of the
county. South Black River drains the northwestern part, and
Dowagiac River the southeastern. A part of the lake shore is bor-
dered by high sand dunes.

Morainic systems traverse the county in a northeast to southwest
direction, the Kalamazoo system crossing the southeast corner, the
Valparaiso system the central part, and the Lake Border system the
western part. The Kalamazoo system is largely of loose-textured
drift which absorbs rainfall rapidly and presents a rather deep-lying
ground-water table. The loose-textured drift is unfavorable for
flowing wells on its inner border though the altitude there is much
lower than on the morainic ridges. There are sandy plains between
the Kalamazoo and Valparaiso morainic systems in which flowing
wells seem to be obtainable only on the low ground along streams or
around lakes.

In the Valparaiso morainic system there is great variation in tex-
ture of drift as well as great irregularity of surface. In low parts of
the moramnes till is usuvally present, and water rises nearly to the
surface in the wells and in a few places overflows. The high parts
of the moraines are usually of loose-textured drift, and the head is
not sufficient to bring the water near the surface. West of the Val-
paraiso system are plains partly of till and partly of sand, in which
water rises about to the surface and occasionally flows from wells
that go to considerable depth. The head is especially high in recesses
on the immediate inner border of the Valparaiso morainic system,
and flows are obtainable in some of these recesses. Flows are also
obtainable in this plain near South Black River in the northwest
part of the county.

A ridge of clayey till, known as Covert Ridge from Covert village
standing on it, runs across the western end of the county at a distance
of 2 to 4 miles back from Lake Michigan. On this ridge and on its
inner slope wells often reach considerable depths, and the water does
not flow even on the slopes or on the plain between this village and
the lake.

Hon. €. D. Lawton, of Lawton, who is one of the early settlers in
this region, states that springs seem to him to be weaker in the south-
western part of Michigan than when the country was first settled.
They are still of such strength, however, as to supply a strong dry-
weather flow to most of the streams,
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WATERWORKS.
BANGOR. ¢

The Bangor waterworks are municipal. The supply is from wells
about 60 feet deep, in which water stands 7 to 9 feet below the sur-
face. An excavated well 14 feet deep receives the water, which is
pumped to a tank with a capacity of 50,000 gallons. The pressure
is 55 pounds to the square inch. The plant was put in operation in
1903.

DECATUR. ?

The supply is from two 6-inch wells 90 and 115 feet deep, with
water 32 feet below the surface. The wells yield 400 gallons a min-
ute, and are seldom lowered more than 10 feet by pumping. One
well is cased 81, and the other 90 feet. There was some water at 36
to 60 feet but this was cased out. The waterworks, which are munici-
pal, were installed in 1895. The pumps are placed in a pit 28 feet
deep and deliver the water to a standpipe 115 feet high.

HARTFORD. ¢

The Hartford supply is from wells 40 to 42 feet deep, with water
about 10 feet below the surface. Water is pumped to a tank. The

plant is municipal.
LAWRENCE.

The supply is from two 6-inch wells, 60 feet deep, which yield about
40 gallons a minute. The water is pumped direct to the mains. The

plant is municipal.
PAWPAW.?

At Pawpaw there is a large well 20 by 25 feet, in the bottom of
which two 6-inch wells are drilted about 40 feet; the water rises into
the excavated well about 17 feet. Four hours are required in dry
weather and about three hours in wet weather to fill it to that level;
the first 9 feet will fill in one hour. The water is pumped to a stand-
pipe 120 feet high, which gives a pressure of nearly 60 pounds. In
case of fire direct pressure is applied. The works are municipal.
They were installed in 1893 at a cost of $20, OOO There are 6.5 miles
of mains, 40 hydrants, and 318 taps.

SOUTH HAVEN.?

The supply is from horizontal Cook wells pumping to a standpipe.
The wells are pushed into sand 8 feet below the bed of Lake Michigan,

e Information furnished by Jon A. Udden.

b Information furnished by I. B. Galbraith, superintendent of waterworks.
¢ Information furnished by postmaster

d Data mainly from Mandal of American Waterworks.
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and consist of several 8-inch pipes 150 feet long. The standpipe has
a capacity of 140,000 gallons. The plant was built in 1892 at a cost
of $37,000; it is owned by the village.

The following partial analysis of the water from the Rector well
at Hartford was furnished by.M. O. Leighton, of the United States
Geological Survey:

Partial analysis of well water from Hartford.

Parts per Parts per

million. million.
Color ... ... .. ... ... 5 Carbon dioxide (CO,) .. .. ..... 122. 46
Iron (Fe) ................... Good trace. | Sulphur trioxide (SO,) ... ..... 20
Chlorine (Cl).................. 2.75 | Hardness (as CaCO,) ... .. ... +139

S. J. Lewis, analyst.
MISCELLANEOUS VILLAGE SUPPLIES,

The following table presents data on village supplies which have
been obtained largely by correspondence with residents:

Village supplies in Van Buren County.

Depth of wells.

Source. Springs.

ter bed

Population.
Elevation
From—

’ Common.
Depth to wa-

|
<
=

|

Fect. . ‘Feet‘ Feet. Feet.‘Feet. Feet.
Bangor........ 1,021 | 650 ‘{Dg{‘e’ﬁ‘;_“'e“““d waterworks L 1| 7o f 30} 60 | —10 | Small.

/
Bloomingdale . 379 | 730 | Flowing wells, other driven | 20 [ 290 38 ‘ 35 [+ ? \} Do.

1 750 wells. =1

Breedsville.... 236 " 667 Driven wells, river, springs.. .| 78| 100 40 40| —15

Covert.........L. .l Driven wells.................. | 10 [ 110 | 80| )| —23 | None.
Decatur.......| 1,356 | 780 | Driven wells at watorworks..I 40 | 125 | 90 { 59 a2 |
Gobleville. . ... 506 | 800 | Driven wells.................. ©35 | 100] 350 50 | —40 | Small.
Grand June- e 680 {..... AOn e |12 72 ‘ 30 3010 Do.
tion.

Hartford...... | 1,077 | 662 | Drivenwells, including water- 12 42 25| 25| 12

works.
Keeler.........coo.... 800 | Driven wells. . .oooeeiiieennn. 20! 1250 350 35 0..... | Do.
Kendall . 12| 50| 25 250220 Do
Kibbie . 1| 25| 15| 15|10 | None.
Lacota do 25 80 ... ... —15 ‘
Lawrence 700 Drivelﬁwells,includingwmer~ | 25 i 100 60 1 35 ‘ —20 | Small.

WOorks.
Lawton.. 776 | Driven wells 0] 60 25 25|-15, Do
Mattawan. 858 i _do... 5 28 i 115 35 ‘ 35 ...,

o ({Driven and op 3 + 2

Pawpaw....... 730 ll ing waterworks. 20 | 60 30 ‘ ...... I %

igan and private driven
| wells. |
) |

{Waterworks from Lake Mich- }

FLOWING WELLS.

HARTFORD TOWNSHIP.

Flowing wells have been obtained in 4 small pools in Hartford Town-
ship (T.38., R. 16 W.)—one near Rush Lake,in the northwest part;
another in the valley of Pawpaw River, in the west part; a third along
a small tributary of Pawpaw River, in the southwest corner of the,
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township; and a fourth in the headwaters of Pine Creek, in the south-
east part. No data were collected concerning the first and second
districts. In the third the data on a single well, that of O. S. Mc-
Gowan, was obtained by W. ¥. Cooper through correspondence with
the owner. The well is in sec. 31, and was made in 1885. The depth
is 44 feet, water being struck at 40 feet in gravel under clay. The
head is 10 feet above the surface, and the flow is about a half-inch
stream. The water has been piped to the kitchen and also supplies
stock. It is medium hard, with some iron. The cost of the well and
piping was $75.

The fourth district, in secs. 26 and 27, includes 4 wells on the farm
of Easton Brothers, of Hartford, and 4 others on farms of ¥Fred War-
ren, W. P. Smith, John Ray, and Charles Floate, all of which were
reported to W. F. Cooper by Easton Brothers. The Easton wells are
about 58 feet deep, and obtain water in gravel near the bottom.
There are 30 feet of sandy drift at the surface, below which is blue
clay to the water-bearing gravel. One or more of the wells have been
in operation since 1887, and together they now yield about 300 bar-
rels a day. The flow appears to be regular throughout the year.
The Smith well, made in 1886, is about 68 feet, and the Warren well,
made in 1892, 58 feet deep. Mr. Udden visited these wells in 1904,
and found the Smith well to flow 3 gallons and the Warren well 24
gallons a minute, while one of the Easton wells flowed 7 gallons.

This district and that in sec. 31 are each in a recess in the Val-
paraiso moraine, which forms the catchment area and governs the

head.

PAWPAW TOWNSHIP (T. 3 8., R. 14 w.)."

In addition to the lowing wells at the Pawpaw waterworks, which,
as noted above, discharge into a large open well, there are occasional
flows on low ground in that vicinity. The head is probably from a
catchment area on higher ground to the southeast. One well, on the
farm of Aaron Hathaway, in the southwestern part of sec. 23, 2 miles
south of Pawpaw, in the valley of West Pawpaw River, is flowing
about 2 gallons a minute, with a head of 13 feet. The well is 45 feet
deep, 1} inches in diameter, and cost $30. It was made in 1901.

The two partial analyses given below show the qualities of waters
obtained from the shallow wells at Pawpaw. The situation of this
type of shallow wells within the city is such that they are liable to
contamination and are unsafe sources of domestic supplies. The data
were furnished by M. O. Leighton, of the United States Geological
Survey.

a Data collected by Jon A. Udden.
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Partial analyses of well water from Pawpaw.

[Parts per million.]

1 2.
|
L3 7 P 24 | 5
Iron (Fe).. Very slight trace. None.
Chlorine (Cl) 15 2.75
Carbon dioxide (COq) . 76.73 80.03
Sulphur trioxide (803 . 0 0
Hardness (as CaCO3)... 139+ 15

S.J. Lewis, analyst. 1. Clt\ well; depth 20 feet 2. Dykeman House; depth, 30 feet.
ANTWERP TOWNSHIP. ¢

Mr. Fred Bassett has a flowing well 2 miles northeast of Lawton,
in the valley of a tributary of Pawpaw River, in the northwest corner
of sec. 22, Antwerp Township (T. 3 8., R. 13 W.). It was made in
March, 1904, is only 13 feet deep, and has a head of 8 feet. It dis-
charges 12 gallons a minute from a pipe 14 inches in diameter. The
temperature is 52° F. The water supplies a trout hatchery known
as the “Glen Spring Trout Company.” This valley could probably
be developed for other flows, either from this shallow source or from
deeper sources. The prominent Kalamazoo moraine to the east
forms a good catchment area.

WAVERLY TOWNSHIP (T. 2 8., R. 14 w.).?

About 8 wmiles northwest of Pawpaw, in the valley of Pawpaw
River, is a group of 8 flowing wells, 7 being 1n sec. 30 and 1 in sec. 31,
Waverly Township. (See fig. 15.) One well iz 63 feet and the others
are between 45 and 50 feet deep. They are mainly through blue clay
to water-bearing gravel at bottom. Most of them were made between
1880 and 1884, and, with one ex-
ception, are reported to flow with
as much strength as when first 8,30,
made; indeed, the owners think N
some of the wells are increasing fE
in rate of flow. They have always J
been very weak, however, flowing aipd
a gallon or less per minute, except /’3\!% 3e
in one well, that of W. North, which
flows about 9 gallons. It is this
stronger well that s thought to ™™ poMap \"in‘vé‘lfeﬁvcgﬁ‘ﬂ?g el et
have decreased in rate of flow; it
is about 15 feet deeper than the others, and probably struck into a
lower and better water bed. Tt rises to about 6 feet above the sur-
face, while the others will rise to but little more than. 1 foot. The
water is hard and strong in iron. The wells are all north of the river,

2N Rebe,, O

33

a Information furnished by Jon A. Udden.
b Data mainly collected by Leverett in 1887, but the district was visited by Udden in 1904 The
tabulation is by Udden.



124 WELLS AND WATKR SUPPLIES IN SOUTHERN MICHIGAN.

the ground on the south side being too high for a flow. The country
to the east probably serves as the catchment area.

Wells at Waverly.
Letter : Flow
Sec- When | Diame- : Former
Oli ';ig tion. Owner. made. | ter. |Pepth.) Head.|Casing. miIr)furte. flow.
Inches.| Feet. | Feet. Feet. | Galls.
A . 30 W.North............... 1884 1.25 63| +5.5 50. 4 9 Greater.
B...... 30 { O. Y. Culver..... c..-| 1880 2 49 | +1 9 .75 | Less.
C...... 30 | C. B. Smith...... L. 1884 2 49 + 8.l 5 Do.
D...... 30 | L. Crawell..._.... ...l 1903 2 50 { 41 ...... .5
E...... 30 | Albert Cornell. _.| 1889 1.25 50 +1 |....... .5 Do.
F...... 30 |..... do... ..., N ) 490 +1 ... 1
G...... 30 | W. Beeching..... oo.. 1884 1.25 49| +1 14 .5 Do.
AL, 31 | John Brooks............ 1880 1.25 45 +1 15 .75 Do.

On the Snow farm, in sec. 2, there is a single well at the western
base of a morainic ridge that runs north toward Gobleville. The well
is 58 feet deep, and is in clay, except 8 feet of gravel at the bottom.
The head is scarcely 1 foot. Probably other flowing wells could be
obtained on the lowest ground along the inner border of this moraine.

ARLINGTON TOWNSHIP.

There is a group of flowing wells in a marsh in the northeast part
of Arlington township (T. 2 S., R. 15 W.), in secs. 11, 12, 13, and 14.
(See fig. 16.) Four of the wells were put down by H. Hogmire to
obtain water for use in a pepper-
mint factory to strain and dissolve
the peppermint and to cool the
coils in the distillery. The others
are used to supply stock in pas-
tures. With the exception of the
two shallow Hogmire wells, 27 and
28 feet, the wells are about 50 feet
in depth, and pass through 40 feet
or more of blue clay. There is a
thin deposit of muck and marl
above the clay, usually 5 to 10 feet
thick. The water is from sand or
gravel, and is hard and strong in
iron. The catchment area is prob-
ably in the higher land on the im-
mediate border of the basin in
which the wells are situated. The
further development of flowing
wells will be restricted to the low
marshy ground on its immediate borders. This marsh extends south-
eastward into Waverly Township, about 2 miles farther than wells
have yet been developed, and farther extension of the district in
that direction may be expected.

F1e. 16.—Arlington Township flowing wells,
Van Buren County.
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Wells in Arlington district.a

Sec~ When | Diame- Flow per
oxi éig. tion. Owner. made. eter. Depth. [ Head. | Cost. Tninute.
Inches. | Feet Feet Gallons
AL 11 | Mr. SlupecK..oovevieeeeaanen 1902 2 50 +1 $70
B...... 11 | M. H. Hogmire. ... . ...........l........ 1.25 27 A6 e
Ao 12 ... 1S Lo TSI PP 1.25 23 PR FN PO
B...... 12 o0 e L5 153 1 DO PO .5
Ao, 13 ... 1S 1 T O 1.25 a7 [l 5
B...... 13 | Charles Mohns._................ 1904 2 68 +3 50 3
Ao ‘ 14 | A. Couleson........ocoemereennns 1898 1.25 50 +3 15 5

BANGOR TOWNSHIP.

The greater part of Bangor Township (T.2 S., R. 16 W.) is unfavor-
able for obtaining flows, but there are occasional low tracts, either
basins or long sags traversed by drainage lines, in which it is possible
to obtain flowing wells. Mr. Udden noted the following wells:

Davis Clinard, in sec. 8, has a well from gravel; depth, 47 feet;
diameter, 2 inches; water within 1 foot of surface. Bruce Kinney, in
sec. 15, has a flowing well; no data concerning it.

G. W. Overton, in sec. 18, has a well 42 feet deep that flows with a
head of 1% feet. The well penetrated muck 10 feet, blue clay 30

feet, and gravel 2 feet.
GENEVA TOWNSHIP.

A flowing well was obtained some 20 years or more ago on the
farm of Irving Pierce in the southwestern part of Geneva Town-
ship (T. 1 S., R. 16 W.) at a depth of 230 feet. It penetrated 190 feet
of drift, largely blue till, and 40 feet of shale rock. The water rises 7
feet above the surface and the flow is weak.?

Mr. M. W. Hyenga has a well, in sec. 24, that flows 2 gallons a
minute. JIts depth 1s 48 feet, diameter 2 irches, head 16 feet, tem-
perature 52° F. The well is said to flow stronger than usual if a
stiff southwest wind is blowing. The water is from fine sand.

The head in the waterworks well, in Bangor, is such that a flow
could be obtained at the level of the lowest ground along Black River.

COLUMBIA TOWNSHIP.

Mr. Udden ascertained that thirty years ago there was a flowing
well at Breedsville on P. A. England’s property near Black River,
about 15 feet below the level of Breedsville station, or 652 feet above
tide. The head was 7 feet above the surface. The well was very
popular for drinking. The notes seem to indicate that it has ceased
flowing.

a Data collected in 1904 and arranged by Jon A. Udden.
b Information obtained by Leverett in 1887.
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F. L. Pease has a weak flowing well in Breedsville that barely
drips. Tt is about 25 feet de~p.

About 2 miles east of Breedsville, in sec. 34, Columbia Township, is
a flowing well on the farm of John Quackenbush, that has been
running for twenty years with no apparent decrease, and now dis-
charges 3 gallons a minute. It is 54 feet deep, 2 inches in diameter,
and has a head of at least 2} feet. It penetrated sand 3 feet, blue
clay 50 feet, and gravel at bottom.

Tt is probable that flowing wells may be obtained along the low-
land bordering Black River from Breedsville eastward past the
Quackenbush well, and also down the valley to Bangor. The high-
land south and east furnishes a natural catchment area capable of
giving strong head to wells along the valley.

BLOOMINGDALE.

In the south part of the village of Bloomingdale are several flowing
wells about 40 feet in depth. They are all south of the Michigan
: Central Railroad, the alti-
Ve, c:: 5 . g L tude north of the railroad

. being too great to permit a

=d flow. The water rises 3 to
r—\—) [ 9 feet above the surface,
& according to height of well
l\‘ [: mouth, the full elevation
ryrTar” ':r § being but littlg a.bove the
1 } [ I“r level of the Michigan Cen-
tral tracks near the depot,
F16. 17.—Map of part of Bloomingdale, Van Buren 732 feet. The land east
County, showing distribution of flowing wells. from Bloomingdale rises to
about 810 feet on the moraine between Bloomingdale and Goble-
ville.
The plat of Bloomingdale village (fig. 17) shows the distribution

of the wells. This plat and the few data concerning the wells just
given were obtained by Jon A. Udden.

HALAMAZOO

i)

/

ERRY

VAN BUREN
ESTNUT

C

PINE GROVE TOWNSHIP.

Mr. A. M. Todd of Kalamazoo has flowing wells on his mint farm
in sec. 25, Pine Grove Township (T.1 8., R. 13 W.), which is in a
swamp bordering Pine Creek. No data concerning the wells were
obtained. They were reported by D. W. Broadhead of Kendall, Mich.

This swamp is several miles long north and south, and lies at the
base of a very prominent drift ridge. The situation seems favorable
for flowing wells the entire length of the swamp.
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WATER SUPPLIES OF KALAMAZOO COUNTY.
By Fravk LEVERETT.
TOPOGRAPHY.

A gravel plain about 15 miles wide runs across Kalamazoo
County from north to south through the central portion and another
covers most of the northwestern township. The Kalamazoo mo-
rainic system, which traverses the northwestern part, lies between
these plains and includes another plain between its two ridges,
which are largely of gravel and sand. It occupies northwestern
Cooper, southeastern Alamo, most of Oshtemo, and the western part
of Texas Township. In the eastern part of the county, in Charleston,
Climax, Wakeshma, and Brady townships, there is a till tract cover-
ing about 100 square miles, including, however, around the village of
Climax, a gravel plain of several square miles. Kalamazoo River
traverses the northeastern part and drains much of the northern half
of the country. The southern half is mainly tributary to St. Joseph
River. T.akes abound in the moraines and gravel plains, but are
not numerous on the till tract in the southeastern part.

On the Kalamazoo morainic ridges and on the elevated gravel
plain in the central and northern part of the county, water is seldom
obtained at a depth of less than 50 feet, and frequently only at
more than 100 feet. The water table in these tracts is probably
about on a level with the surface of lakes and streams, which are
usually in deep basins or channels. But toward the south end of
the county the lakes are about on a level with the gravel plain and
wells are obtained at shallow depths. Tn the gravel plain in the
northwestern part of the county also wells are shallow, for it is a
comparatively low plain, with the water table near the surface. The
till tract in the eastern part of the county usually affords wells at
moderate depths of 25 to 40 feet, but in places they are driven 100
to 200 feet if water-bearing beds are wanting or inadequate for a
strong well. Flowing wells are obtained only in the valley of Kala-
mazoo River in or near Kalamazoo.

WATERWORKS.
KALAMAZOO.

The city of Kalamazoo obtains its public supply from wells in
the drift at its pumping station in the southern part of the city.
The wells are in the edge of a shallow valley excavated in the broad
valley of Kalamazoo River and are near the south bluff of the river.

The first waterworks plant was built in 1869 and reconstructed in
1884. The total cost to date for construction and repairs has been
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about $750,000 There are at the pumping station two Gaskell
pumps with a capacity of 3,000,000 gallons each. The distribution
system April 1, 1905, comprised a total of 297,042 feet, or about 561

miles, as follows:
Kalamazoo distribution system.

Feet.
24-inch suction pipe or siphon. .. ____ ... ... ... ... 2,939
20-inch mains. . . ... e 1, 300
16-inch mains. . . ... e 4,741
12-inch mains. ... . 2,275
10-inch mains - . ... . e iiiieo--..... 35,0687
8-inchmains. ... .. ... ... 50, 770
6-inch mains .. .. .. ... 102, 508
4inchmains. . .. ... ... ... ... ... e 94, 622
2-nch mains . - ... 200

297, 042

The ordinary pressure is 45 pounds to the square inch and the
fire pressure 80 to 90 pounds at the pumping station. The city
stands mainly in the river valley at a level differing but little from
that of the pumping station.

The water supply is in part from a large open well 22 feet in diam-
eter and 32 feet deep, and a second large well around which are 13
tubular wells 6 inches in diameter and 80 to 120 feet deep, which
overflow into it. The wells from top to bottom are in sand and
gravel saturated with water. The depth of the tubular wells varies
with the distance to a gravel bed that screens readily, much of the
material passed through being rather fine sand. The water would
rise in the tubular wells to 2 or 3 feet above the surface, but is turned
into the large well, at 8 to 10 feet below the ground in order to increase
the yield. The rate of flow from these wells is as high as 250,000
gallons a day from a single well when working most favorably, but
some wells have diminished because of rusting of the pipes and con-
sequent leakage. In one case a well which at first yielded only
50,000 gallons a day was so developed by proper adjustment of the
screen as to yield a much larger amount. The maximum yield from
the 13 tubular wells has been about 2,000,000 gallons a day, but the
yield at any particular time will depend upon the condition of each
well at that time. The open well can be depended on to furnish
about 3,000,000 gallons a day, and constitutes the chief supply for
the city.<

The insane asylum at Kalamazoo has a waterworks supply inde-
pendent of the city system. It is derived from nonflowing drift
wells. The number of inmates is about 1,660 and of employees 300,
making a total of nearly 2,000 consumers.?

a Data obtained from the engineer of waterworks.
b Data obtained from Dr. E. A. Christian, March, 1906.
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Analyses of Kalamazoo waters.a

[Reduced to parts per million.]

Total matter..
Total hardness. ....... - e s

Permanent hardIiess ... ... ...
Nitrates. ...l .

Free ammoOnmia .. . ..o .. . .
Albumineid ammonia. ... ... . . 02l
Oxygen from permanganate. ... ... ... ... ... ioiiiiiaeiiaooo. ' .28 225 feiioao..

In the following table are given a number of additional partial
analyses from the vicinity of Kalamazoo, showing the relative com-
position of the public water supply in the river water and the water
from flowing well at the Bryant paper mill. The data were fur-
nished by M. O. Leighton, of the United States Geological Survey.

Partial analyses of waters near Kalamazoo.

[Parts per million.]

1 2 ( 3
Color..... e e e e e e eniiieas 10 46 5
Iron (.Fe) . .. 2 1 0
Chlorine(Cl) . PR 4 L5 2.5
Carbon dioxide (COg).............. e 95.85 87.68 88.73
Sulphur Trioxide (SOs). ..o ‘ 0 —29 —29
Hardness (88 CaC08) .. oo im ittt oo 4139

S.J. Lewis, analyst. 1. Bryant paper mill; depth 125 feet. 2. River. 3. Public supply; depth 30
feet.

VICKSBURG.

The public supply at Vicksburg is from three 6-inch wells 60 feet
deep, from which water is pumped direct to the mains. An ordinary
pressure of 50 pounds, and a fire pressure of 90 pounds is given.
The works were established in 1897 at a cost of $12,000.

FULTON AND OSHTEMO.

Fulton and Oshtemo have partial systems of waterworks, water
being pumped to a tank for village use. The village of Fulton built
the tank and sunk the well, but the tank and well at Oshtemo were
put in by M. Gibbs. The terms on which water is furnished have
not been ascertained.
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MISCELLANEOUS VILLAGE SUPPLIES.

Reports showing general conditions in several towns in this county
have been obtained by correspondence with residents, and the results
are tabulated below:

Village supplies in Kalamazoo Clounty.

Pop- ! - ! Depth of wells. ! Diptht
eva- | i E— o .
Town. t\_l(l);;{ tion. Source. From~‘ o _\‘ Com-| water | Head. | Springs.
1om. ; ! ’ | Lo jmon.| bed.

] Feet. Feet. Fee{.! Feet.| Feet. } Feet.
Alamo..... .. .. .. 765 [ Driven wells.._... ... ... 2. 50 25 25 .. Small.
Auvgusta.._ .. 541 | 800 | Driven wells; Kalamazoo 25 \ 150 \ 30 30 ...

| River. '
Climax...... 398 \ 975 | Open and driven wells_ . _. 20 40, 30 30 \ —20 | None.
Fulton...... 275 900 ... do 10 Al 25 25 —10 Do.
Galesburg. 689 785 | Driven wells 18 50 30 30 | —20 | Small
Oshtemo. . : \ 960 |..._. do 90 ' 100 100 95 =7 o
Portage.....! ! 860 | Driven well 12 35 28 2 —13 Do
Richland._. .| 312 ! 928 | Driven wells.. 45 1 130 50 50 } —415 | None
Schooleraft. .| 859 883 ... do 15 30 40 40| —20 Do.
Vicksburg.__) 972 | 857 | Lakes and driven wells, 20 60, 50 50 i —10 Do.

\ including waterworks !

| | wells. l

Yorkville..i...... 972 | Driven wells. ... | sl =0l 70| —40| Do

N I

FLOWING WELLS.

There are two flowing wells in Kalamazoo at the Bryant paper
mill in Portage Creek Valley a short distance east of the waterworks
wells and on ground perhaps a few feet lower. One well, 6 inches in
diameter and 143 feet in depth, which was made in 1901, has a head
of 24 feet, and is estimated to flow 300,000 gallons a day. The strong
flow was struck at 122 feet, and the water bed is 22 feet thick; the
well passed through 50 feet of blue clay under the surface gravel
before striking the vein.

The data concerning this well were furnished by the driller, James
A. Newell, of Kalamazoo, who states that this is only one of several
artesian wells in the vicinity. He has never struck a flow in a well
closer to the river than these, which are about a mile from it. Notes
collected by Jon A. Udden state that Henry D. Knowles drilled a
well 122 feet for this paper company that will flow 250 gallons a
minute from a 6-inch pipe.

In notes collected by Mr. Udden reference is made to three other
flowing wells which appear to be in Kalamazoo. One on Vine street
is 47 feet deep, 1% inches in diameter, and flows 3 gallons a minute.
Another, not located, is 78 feet deep, and 2 inches in diameter, and
flows 5 gallons a minute; it passed through coarse gravel 25 feet,
black soil 15 feet, blue clay 35 feet, and gravel 3 feet; it was drilled
by Mr. Knowles and cost $68. A gas company, apparently in Kala-
mazoo, has a well 60 feet deep and 6 inches in diameter, in which
water rises to the surface. It penetrated gravel and clay 48 feet,
blue clay 4 feet, and gravel 6 feet; the cost was $120.
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WATER SUPPLIES OF CALHOUN COUNTY.
By Frank LEVERETT.
TOPOGRAPHY.

Calhoun County, which lies east of Kalamazoo County, has exten-
sive gravel plains following its principal streams, and loose-textured
drift in moraines and uplands outside the gravel plains. The Marshall
sandstone, which forms the bed rock under the drift in much of the
county is also loose-textured and a great water-bearer. This sand-
stone rises in hills in the eastern part of the county, but in the central
and western parts the drift knolls and ridges give the relief above the
gravel plains. A prominent moraine of the Saginaw lobe runs across
the northern part of the county, and a somewhat complex system of
moraines across the southern half, all trending from east to west.
Kalamazoo River runs westward across the county a little north of
the middle, and together with Battle Creek, a northern tributary,
drains the northern half of the county. The southern part of the
county is drained by the St. Joseph and its tributaries.

This county has generally abundance of water for wells at moderate
depth, wells being usually but 20 to 40 feet, though on the high gravel
plain north of Kalamazoo River they are 75 feet deep. Outside the
cities water is generally obtained in the drift, but # the cities many
wells have been sunk into the Marshall sandstone. This sandstone
furnishes the public supply for Albion and Marshall, and tests are now
being made to determine if the city of Battle Creelk may not also
take its supply from this source.

WATERWORKS.

ALBION.

The city of Albion draws its supply from a group of flowing wells
on low ground near Kalamazoo River. Those first made are 110 to
114 feet, but one made in 1902 is 176 feet. They have a head 8 to 10
feet above the surface or about 940 feet above tide. In the well made
in 1902 the principal supply is from a depth of 164 to 176 feet, and
it will furnish by pumping 400 gallons a minute. TIts head is 9 feet,
and it, as well as the others, discharges into the waterworks reservoir,
whence the water is pumped to a standpipe 128 feet high with a
capacity of 108,000 gallons.

BATTLE CREEK.

The present supply is from Goguac Lake, which stands near the
southwest edge of the city at an altitude about 80 feet above the
business part. Water is pumped to a standpipe. Wells are being
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sunk (in 1904) in Battle Creek valley and at other points near the
city to obtain a supply less objectionable than the present, since
inhabitation of the shore of the lake threatens to pollute the water.

MARSHALL.

The city of Marshall is supplied from wells in the sandstone, as
at Albion, and water is pumped to a standpipe 100 feet high, with a
capacity of 235,000 gallons.

MISCELLANEOUS VILLAGE SUPPLIES.

The following tabulated data on village and city supplies were
obtained from personal visitation and correspondence with residents:

Village and city supplies in Calhoun County.

Depth of wells.
T Popu- | it S Depty Digthﬁ als
own. va- ource. o 1 ead. rings.
lation. | .} | Com-! water pring
’tlon‘ rock. |From— To— mon.| bed.
Feet. Feet. | Feet. | Feet.| Feet.| Feet. | Feet.
Albion....... 4,519 | 940 | Wells in sandstone 10 20| 176 | 110 164 | +8 | Large.
and drift; Kala-
mazoo River.
Athens.......l........ 885 | Driven wells........|l....... 20 40 30 |....... —20
Battle Creek.| 18,563 | 820 | Goguac Lake and 10 20 | 100 80 80 | + 5| Small.
rock wells; Kala-
mazoo River;
- Battle Creek.
Burlington.. . 334 |£930 | Open and drilled 30 10 | 108 |12-20 | 16-20 | —15 Do.
wells; stream.
Clarendon....|........ 973 | Driven wells 75 10 | 100 20 20 | —25 | None.
omer....... 1,097 | 990 |..... (o JR . 90 24 | 190 30 f....... —-17
Joppa........ ! 20| 916 |..... do.....o........ +65 8 65 18 |
Marengo. .. .. [ 920 | Driven wells; Kala- 60 20 60| 30 50 | —20
, mazoo River.
Marshall.....| 4,370 | 820 | Wells in sandstone; 20 20 | 100 80 80 | —20
| Kalamazoo River.
Partello...... | 100 {950 | Open and driven | +50 16 50 45 45 | —30 | Medium.
i wells; springs.
Tekonsha.... 573 | 945 Ope]i1 and driven |....... 15 30 20 20 | —15 | Small.
wells.

FLOWING WELLS.

So far as ascertained no flowing wells from the drift have been
obtained in Calhoun County, except around Battle Creek, in tests for
a city supply, and there the water is obtained at the top of the rock.
Flowing wells may be obtained from the Marshall sandstone on low
ground along Kalamazoo River and Battle Creek, from Battle Creek
up to Albion, at depths of 75 to 200 feet or more. Tests of the
capacity of wells at Verona, a suburb of Battle Creek, in Battle Creek
Valley, showed that strong pumping of one well would affect others
to a distance of about a mile; pumping 5,000,000 gallons a day for
ten days lowered the head in wells one-fourth mile distant about 3
feet, and in wells one-half mile distant about 6 inches, while at a
mile it was scarcely perceptible. This wide connection between
wells leads to the conclusion that if a large well is opened on ground
a little lower than those now flowing it is very liable to draw down
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the water level and perhaps stop the flow in wells for some distance
around.

If reports concerning a decrease in the supply at Albion are correct,
it would seem that the wells in rock are supplied from a catchment
area close at hand, for they are said to become weaker in dry weather,
when the ground-water table in the surrounding region is lowered.
Dr. A. C. Lane mentions a shortage in the Albion wells in July, and
a cessation of the National Bank well in that city in dry weather.®
The hardness of the water is such as to favor the view that it is taken
from the overlying drift deposits. The head displayed by this water,
like that from wells in the drift, may depend entirely on the height
of the water tablé in the drift deposits in the region adjacent to the
valley.

Several analyses of flowing wells at Albion and Battle Creek have
been made. Those at Battle Creek are from the prospective water-
works wells and were made at the hygienic laboratory of the Uni-
versity of Michigan. Those at Albion are from wells 100 feet or more
deep, and were made by Delos Fall, of Albion College.

Analyses of sandstone waters.

[Parts per million.]

J 1 i 2 , 3 4, ‘ 5 6 T
T i B T B
TrON. oo L R PO IO 2.5 4.0
Chlorine. ... ... .. ......... | 36.88 | 4.5 4.5 5.6 13.2 8.0 ) 8.0
Sulphuricacid.. ... ... e e { .......... 33.59 Trace. i Trace.
Hardness...................... } 307 293 | 293 243 250 230 230
Total solids................._. 386 309 % 305 - 232 385 290 310
I )
1. Albion. 5-7. Battl: Creek.

The iron in the Battle Creek waters will stain crockery ware placed
under the flow. The presence of the iron is thought to lead to a
clogging of pipes by organic growths (Crenothrix, ete.), and keep the
supply below the original estimates from flows made when the wells
were sunk. The hardness is largely temporary in the Battle Creek
waters.

WATER SUPPLIES OF JACKSON COUNTY.
By FraNxk LEVERETT.

TOPOGRAPHY.

Jackson County, like Calhoun, has a large amount of loose-textured
drift both in moraines and in gravel plains, and also is like Calhoun
County in being underlain by Marshall sandstone. In part of Jackson
County other sandstones of Carboniferous age, which are large water-
bearers, overlie the Marshall sandstone. The gravel plains are

a Ann. Rept. State Geologist for 1903, p. 103.
1RR 182—06——10
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extensive in the eastern half of the county, but in the western half
the glacial drainage was restricted to channels running among the
moraines. In the southwestern part of the county sandstone hills,
rather than drift deposits, give the surface its inequalities. Else-
where the knolls and ridges are principally of drift. Rock, however,
1s within easy reach of the drill all through the county, and wells
in rock are very common on the farms as well as in the villages.
About three-fourths of the county, chiefly the northern and south-
central portions, is drained by Grand River and its tributaries,
Portage River and Sandstone Creek. The southwestern part of the
county 1s tributary to Kalamazoo River, and a small area in the
southeastern corner to Raisin River. The drainage is thus chiefly
toward Liake Michigan, only that of the Raisin being to Lake Erie.
Good wells are ordinarily obtained at depths of 25 to 50 feet, but
in the sandstone hills in the southwest part of the county they are
often 75 to 125 feet or more, and have but little rise of water.

WATERWORKS.

JACKSON.

The city of Jackson, with a population of about 25,000, is near the
geographic center of Jackson County, and is the only town in the
county having waterworks. The plant was built in 1870 and is
owned by the city. The wells and pumping station are in the valley
of Grand River, in the south part of the city, at an altitude about
930 feet above tide, and the wells are distributed over a length of
three-fourths of a mile. The supply is from twelve wells drilled into
sandstone and ranging in depth from 200 to 400 feet. Kight are 10
inches and four 8 inches in diameter. The water stands only 2 to 6
feet below the surface. Its underground course is northward, for
heavy drafts at the pumping station have more effect on wells to the
north than on wells located in other directions from the pumping
station. The wells, as stated by the engineer of waterworks, are
capable of yielding about 6,500,000 gallons a day when siphoned at
a level 17 feet helow the natural head, or 19 feet below the ground
at the pumping station. The average daily consumption, however,
is only about 2,000,000 gallons, and the highest less than 5,000,000
gallons. The temperature of the water in the collecting basin Novem-
ber 25, 1905, was 50° F. At the pumping station are two Holly
pumps, one with a capacity of 4,000,000 gallons, the other of 8,000,000.
The distribution system at the time of the last annual report, Feb-
ruary 28, 1905, embraced about 64 miles of mains, with 3,963 taps
and 564 fire hydrants. The ordinary pressure is 60 pounds per square
inch, and the fire pressure 80 to 100 pounds. The cost of the plant
was approximately $500,000, but the precise figures are not available.
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The income is $35,000 and the running expenses, including fuel,
$12,000 a year.

The State penitentiary, located within the city limits of Jackson,
has a water supply independent of the city system. The source of
supply for boilers is Grand River. For all other purposes water 1s
pumped from wells in sandstone located on the prison grounds. The
number of inmates supplied is about 700 and of free employees about
100.¢

MISCELLANEOUS VILLAGE SUPPLIES.

Village supplies in Jackson County.

| | i
\Depth Depth of wells. | Depth'

1
Po
. ; Eleva- to :
Town. Ilatlon : Source to ' \ R Head. | Springs.
(1900, tion. sock. |From— To— ! o= Water
_ e e e — ‘ o _
Feet ‘ Feet. | Fecet. ‘ Fect. Feet. Feet, | I'eet
| . - . .
1y ! Drilled wells; mill If 25 . [+ 21
Brooklyn..... Codoa om0 [PEORE 14185 } 0185 W w (| *)5 sman.
‘ ' [fDrilled wells; | (47 h
Clarks Lake...! 56 ' 976 { mainly from iy 40! 22 . 118, 40 oh = s ‘\ Do.
rock. | ' -
Concord....... 534 ‘ 1,010 | Drilled wells; ? 40 6 9 75 65 —30 | Large
! Kalamazoo
River. . I
Devereanx. ... ....... ! 995 {O&eﬁlsnd driven | 40 25 85 30 1{ 388 } —20 | Small.
Francisco..... Ioges ! 1,014 | Drivenwells. ... __... .. ! 20 45 40 40 —14| None,
Grass Lake... (4% | 1,000 | Wells and lake.... 60 20 .8 60 60  —18 | Small.
Hanover...... I37% | 1,122 Drilled wells. ... 50 | 80 100 | 80 80 —80 | None.
Horton....... Ioes0 Ll A0 CT5 50 | 100 . 60 60 —33 ! Large.
4 | @ : 1
Nupoleon..... j ....... ‘{ ggé !}Drivcn wells...... { 38 ______ ‘}"10 30‘30{ ~6 }Smal].
Norvell. ... ... 942 | Driven wells; ....... 15, 75 351 33 =15 Do.
! Raisin River. } i |
Parma........ R {OI"fgljnd driven B } % | 75 8% s, —2| Do
I H
Pulaski....... ... . Drilled wells. ... "53] S| 120 100! 100| —$0 None
Rives Junction . Driven wells. . 60 | 251 150 | 100 |....... ‘ —10 | Small.
Spring Arbor.. _._._._ 30 30 75 60 60 1 —25 i Large
Springport.... 9 35 30 60 60 60| —35, Do.
Waterloo..... ' 50 20 | 200 50 50

FLOWING WELLS.

Flowing wells are obtained at several places in the county, usually
from rock, as indicated below.

JACKSON.

Wells similar to those at the waterworks are not uncommon in the
city. Some of the earliest ones made between 1865 and 1885 had
sufficient head to flow about 10 feet above Grand River, but the head
has been gradually lowered with the increased demands made on the
water beds. The prospects for a long-continued supply, however,
are good, for the lowering of head thus far amounts to but a few feet,
and the loose-textured sandstone in which water is found transmits
it with sufficient rapidity to prevent even temporary exhaustion by
pumping. It is probable that flows could be obtained along Grand

a Information furnished by the warden, A. H. Armstrong.
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River and its tributaries in the northern part of the county by pene-
trating the Marshall sandstone, and possibly they could be obtained
in the drift deposits. So far as known no such wells have been made
in this vicinity, though they have been obtained to the north in adja-
cent parts of Ingham and Eaton counties, at Leslie, Onondaga, Win-
field, and Eaton Rapids.®

The character of the water from this sandstone is excellent, being
sufficiently soft, as a rule, for laundry use or boiler use, and free from
all surface contamination.

NORVELL-BROOKLYN-CLARKS LAKE DISTRICT.

Flowing wells have been obtained on low ground along Raisin
River and its tributaries, both in Norvell and Columbia townships,
from near Norvell to Clarks Lake. They are either from sandstone
or at the base of the drift.

The easternmost well noted is on the farm of J. M. Horning in sec.
13, Norvell Township (T. 4 8., R. 2 E.). Itison the edge of a swamp,
standing about 940 feet above tide or 100 feet lower than Mr. Horn-
ing’s residence. It is 95 feet in depth and entered a blue rock at 80
feet which yields a weak flow that will rise 43 feet above the surface.

L. M. Greene, of Brooklyn, has a well 41 feet deep and 3 inches in
diameter, made in June, 1902, which flows about 3 feet above the
surface. The water is chalybeate.

George C. Greene has two flows 30 and 40 feet deep which strike
sandstone at 29 to 30 feet. They penetrate about 10 feet of surface
gravel, then a bed of blue clay, below which is another gravel bed
resting on the sandstone. They flow about 1 gallon a minute and
have a temperature of 52° or 53° F.

At the railway station in Brooklyn a well 45 feet deep strikes sand-
stone near bottom and water rises about level with the surface.

G. M. Barstow, of Brooklyn, has a well 10 feet deep which flows a
1i-inch stream from a 2-inch pipe. The well is cased to rock at 25
feet.

Clyde Beckwith, of Norvell, has a well on ground 15 feet below the
railroad station that flows one-half gallon a minute, with a reported
head of 13 feet and temperature 53° F.

There are several flowing wells in the village of Clarks Lake and
east from there on the border of the lake and its outlet. The head
is scarcely 10 feet above the lake, so flows are obtained only on the
low ground. There are a number of wells in the village that lack
about 2 feet of flowing. The majority of the wells enter rock shightly.
They are usually about 40 feet deep, but some are deeper.

a See pp. 165-166,169-170.
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A well owned by Dr. W. W. Lathrop obtains a supply from gravel
without reaching the rock. It is 36 feet deep and 3 inches in diam-
eter, and has a head of 7 feet above the lake. Tt is on the south bank
of the lake, only 10 feet from the water's edge. It passed through 8
feet of mixed clay and gravel, and then 19 feet of blue clay to water-
bearing gravel. A strong stream gushed up, bringing small stones to
the mouth of the well. After two years the flow, which had become
somewhat reduced, was restored to its full strength by plunging a
gas pipe into the well.

There is a flow about a mile south of Clarks Lake at the side of
the road running to Cement City. It is situated in a swamp that
heads westward from Grand River to Goose Creek, a tributary of
Raisin River, and thus is on the divide between Lake Michigan and
Lake Krie. The wells in Clarks Lake village are just east of this
divide.

The water in the wells around Clarks Lake is said to be rather hard,
and as the wells terminate in sandstone, which would furnish but
little calcareous material, there is a strong probability that the cal-
careous water from the drift fills the sandstone. The higher land
hordering the depressions in which the flowing wells are found may
thus have a water table in the drift which gives the head to the
flowing wells. The following data concerning flows at Clarks Lake
were obtained by Mr. Udden in 1904:

L. W. Beach; 3-inch well, 61 feet deep, drilled in 1895, struck sand-
stone at 59 feet; flow 33 gallons a minute, with head exceeding 5 feet;
water hard, sulphurous, and chalybeate. It is carried to a hotel by
hydraulic ram.

Jacob F. Loeb; 14-inch well, 30 feet deep, made in 1901, struck
sandstone; water chalybeate, with head of 21 feet, and flow 2 gallons
a minute.

E. B. Cooper; 2-inch well, 42 feet deep, made in 1900, struck sand-
stone; flows 12 gallons a minute, with a head of more than 5 feet.

B. F. Grazioni; 21-inch well, 51 feet deep, drilled in 1899, struck
sandstone at 31 feet; flows 15 gallons a minute, with head exceeding
3 feet.

J. F. Ebbert; well 40 feet deep, one-half inch diameter, made in
1899; flow from gravel, one-half gallon a minute, with temperature
53° F.

The names of 19 other well owners are given in Mr. Udden’s notes
in connection with these flowing wells, but it is not stated whether
flows were obtained in every case, nor any data given concerning
them.
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WATER SUPPLIES OF WASHTENAW COUNTY.
By Fraxk LEVERETT.
GENERAL STATEMENT.

Washtenaw County, of which Ann Arbor is the county seat, has a
great diversity of surface, ranging from the sharpest of morainic
knolls to very flat old lake bottom. A prominent morainic belt
with accompanying outwash gravel plains occupies the western range
of townships and swings eastward across the northern edge of the
western half of the county. It is dotted with lakes, many of which
are held in deep basins among sharp knolls. The wells in this region
are often sunk to depths of 100 feet or more. East of this morainic
belt is a tract of 150 square miles or more in which the surface is
gently undulating and largely of loose-textured till in which wells
are generally shallow. This is succeeded on the east by a prominent
morainic belt that runs from the northeast to the southwest corner
of the county and occupies a strip 4 to 6 miles wide. In this belt
wells are frequently 100 to 150 feet, and occasionally 250 feet in depth,
though wells.50 feet or less in depth are not uncommon, and in the
southwestern part are generally shallow. East of this morainic belt
is a sag which was utilized largely as a line of glacial drainage outside
or west of a later moraine, known as the Defiance moraine. The
wells are generally shallow along thissag. On the Defiance moraine
they frequently reach depths of 100 feet or more in the northeastern
part of the county, but are generally shallow from Huron River south-
westward. Immediately east of this moraine the lake plain séts in
which extends eastward to Lake Erie. The elevation of its western
edge 1s about 800 feet, but drops to less than 650 feet i the south-
eastern part of the county. This lake plain is largely covered with
gravel and sand in Ypsilanti Township and southward to the county
line, but is mainly clay elsewhere. The wells are ordinarily shallow
on the sandy tracts, but on the clay they reach depths of 100 to 150
feet in many instances, this being about as difficult a region as any
in the county in which to obtain shallow wells. It is on the clay in
the southern part of the county that the flowing wells of part of the
York district occur, which are discussed in connection with those of
Lenawee and Monroe counties (pp. 82-86).

The use made of flowing wells in this county is probably as great
as in any in the State. Aside from the large flowing-well district
that extends from York and Saline townships into Lenawee County,
there are strong flowing wells at Ypsilanti supplying the waterworks,
and at and near Ann Arbor supplying the waterworks and a few
family wells. Another strong supply is on the Steere celery farm,
4 miles south of Ann Arbor, and in the district extending thence
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nearly to Ann Arbor. T