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PREFACE

The investigation which has led to the publication of the following
veport was started by the United States Geological Survey in 1903.
The work was undertaken by Mr. Alfred R. Schultz, under the direc-
tion of Mr. M. L. Fuller, at that time Chief of the Eastern Section,
Division of Hydrology. The manuscript report of Mr. Schultz, en-
titled ‘‘Underground Waters of the Wisconsin Distriet”’, describihg
the area of northern Illinois and the Northern Peninsula'of Michigan,
as well as of Wisconsin, was completed for publication in 1905. The
publication fund of the United States Geological Survey was exhausted
at that time and the report was turned over to The Wisconsin Geolog-
ical and Natural History Survey for publication.

As a part of the manuscript dealt with territory outside of Wiscon-
sin it seemed advisable to alter and amend the work to make it conform
to the state boundaries before publishing it as a State Survey report.
Unforeseen circumstances arose to delay publication, and in the mean-
“time new facts were obtained in the course of work by the Wisconsin
Survey which made it appear advisable to add to the report before pub-
lication. This work was assigned to Mr. Weidman of the Wisconsin
Survey in 1908, since which time he has devoted such time to this work
as was not required by his other duties. He has collected additional
data in parts of the state not visited in the original investigation, and
has added to the deseriptive details of bther portions of the State. In
revising the descriptive details of localities, the data was rearranged
and rewritten into separate county deseriptions, as presented in Part
II. Additional ‘mineral analyses of Wisconsin water. supplies were
collected and these, together with those of the original report were
correlated with their geologic source and arranged by counties in
order to be accessible and more convenient for local use. Mineral an-
alyses of surface waters, as well as additional underground waters,
have been compiled. Three of the chapters of the report, namely Chap-
ter IV, ‘‘Prospecting for Flowing Wells”’, Chapter VII, ‘‘The Chem-
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ical Quality and Factors Affecting the Mineralization of Underground
Waters”’, and Chapter VIII, ‘“‘The Surface Water Supplies and Their
Chemical Quality’’, were added by Mr. Weidman.

Since the report is made up .of important contributions by both, to.
the knowledge of water supplies it is issued under the joint authorship
of Mr. Weidman and Mr. Schultz.

N E. A. Bmweg, Director.

»



THE UNDERGROUND AND SURFACE WATER
SUPPLIES OF WISCONSIN.

BY
SAMUEL WEIDMAN AND Avrrep R. ScrULTZ
Wisconsin _Geological and Natural United States Geological Survey
History Survey’ )
INTRODUCTION.

The investigation of the water resources of Wisconsin has been under-
way for some time, having been carried on at intervals during the past-
ten or twelve years. Since the work was started the original plan of:
the investigation has been altered with reference to the area described,.
and modified with respect to the various phases of water supplies dis--
eussed.

THE WORK oF ALFRED R. ScuuLTZ, -

During the summer of 1903, A. R. Schultz, was assigned by the United
- States Geological Survey to the study of the underground waters of
Wisconsin, Northern Illinois, and the Northern Peninsula of Miehigan,
the territory comprised being referred to as the Wisconsin District.
The more important parts of the district were visited and examined and
the remainder was covered as eomipletely as possible by correspondence.
In 1905 a brief account of the underground water conditions in the
Wiseonsin Distriet by Mr. Schultz was published.? In 1905 the prepar-
ation of a report on this district was completed, which was then sub-
mitted by the United States Geological Survey to the Wlsconsln Geo-
logical and Natural History Survey for publication.
The manuseript report of Mr. Schultz consisted of something over
400 pages of typewritten copy and numerous illustrations, with tables

1 U. S. Geol. Survey, W. S. P. No. 114, p. 233-241.
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of well records, and mineral analyses of underground waters. About
cne-half of this manuseript with the well records and analyses dealt
with territory outside of Wisconsin. The following is quoted with but
slight change from the Introductory Chapter:

““In the preparation of this report the writer has endeavored to use
all the available data, including that derived from other observers, as
well as that gathered during the present investigation. A number of
records for Illinois have already been collected and published by Mr.
Leverett.! These records have beén used by the writer and compared
with the records obtained through correspondence and all available ad-
ditional data have been added. A large part of the earlier records in
‘Wisconsin have been taken from the ‘‘Geology of Wisconsin’’ partic-
ularly Vol. II, by T. (. Chamberlin. The same report has repeatedly
heen referred to for the geology of the district. The Michigan, Ilinois,
JTowa, and Minnesota Survey reports have been consulted and the few
records embodied in these reports, throwing light upon the condition in
the Wisconsin district, have been utilized. A report by Prof. D. W.
Mead on ‘‘Thé Hydrology of the Upper Mississippi Valley and Adja-
cent Territory’’? was furnished the writer by Prof. Mead and some
data not previously obtained were taken from this source.

““From the 12th of May to the 18th of July, 1903, the writer was as-
sisted by Mr. . W. Crane, who visited a large number of localities in the
Green Bay Valley and southward along Lake Michigan as far as ‘Wauke-
gan, Illinois. Mr. Craue obtained much valuable data concerning the dis-
tribution of the drift wells, the description of wells from the various
horizons west of Green Bay, and the logs of wells which throw eonsid-
erable light upon the conditions of the St. Peter sandstone over its
northward extension. The writer’s observation covered the more im-
portant parts of the remaining district in Wisconsin, while the outlying
sections and those of minor importance were covered by correspondence.

¢‘The writer wishes here to acknowledge his indebtedness to the per-
sons who aided him in the preparation of this report, cither direetly or
by so generously responding to his letters of inquiry, withou't w:hi‘ch
much of the material could not here be presented. He is especially in-.
debted to Dr. Alfred C. Lane, State Geologist of Michigan, wh? by cor-
respondence and published material, has presented valuable _1nforma-
tion regarding the underground waters'in‘the Northern Pen}ngula of
Michigan. Thanks are also due Mr. Henry Rettinghouse, Superintend-

.
»Seventeenth Ann. Repi., U. S. Geol Surv., Pt. 2, 1896, pp. 701-842: U. 8.
1. Surv., Mon.. XXXVHI 1899.
GiOAssoc. of Eng. Societies, Jour., Vol. 13, No. 7, 68 pp. 1894,
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ent of Bridges and Building for the Chicago North-Western Railroad,
for numerous logs of wells sunk by that Company on the Ashland Divi-
sion, and to Mr. W. (. Kirchoffer, Consulting Engineer of Madison, for
many valuable records and suggestions on field ‘observations. (The
records and data of Mr. Kirchoffer were published in 1905 and have
been freely utilized in the final preparation of this report.)

*“The writer should also acknowledge his indebtedness to Prof. T. C.
Chamnberlin and Dr. W. C. Alden of the United States Greological Sur-
vey, for the use of their field notes on southeastern Wisconsin; to Mr.
M. O. Leighton for the use of data turned over to him by the Chicago,
Milwaukee and St. Paul Railroad; to A. C. Veateh for numerous sug-
gestions; and to Mr. M. L. Fuller for suggestions on field work during '
the summer months.”’

THE WORK OF SAMUEL WEIDMAN,

As the original plan of the work of Mr. Schultz included the investi-
gation of the underground water resources of a large part of Illinois
and Michigan, it was necessary, on this account, to alter and amend the
work very considerably in preparing it for publication as a report of
the Wisconsin Survey. The labor of making the best use of the manu-
script of Mr. Schultz, and the task of obtaining additional data to ecom-
plete the work for publication was undertaken by Mr. Weidman in
1908 and has been carried on by him as the time available from other
duties has permitted.

The report, submitted by Mr. Schultz, has served as the .principal
basis for some of the chapters of the present publication, and has been
used verbatim by Mr. Weidman whenever it was convenient to do so.
Tt was found necessary, however, as already stated, not only to deduct
the descriptive matter pertaining to Michigan and Illinois,‘but, also,
10 collect much additional data, and to greatly add to the descriptive
matter of considerable portions of Wisconsin. In revising the deserip-
tive details of localities, these were rearranged and largely rewritten in-
to separate county deseriptions. Many additional mineral analyses of
‘Wisconsin water supplies were collected, and these were likewise ar-
ranged by counties, in order to be more accessible and more convenient
for local use as well as for the reason that such arrangement is more ap-
propriate for scientific discussion and correlation. Mineral analyses of

- surface waters, as well as of additional underground waters, have been

1 The Sources of Water Supply in Wisconsin. Bull. Univ. of Wis. No. 106,
1905.
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:i:':‘éomplled one of the additional chapters of the work being on surface
‘water supplies of the state.

Besides Chapter VIII “The Surface Water Supplies and Their
Chemical” Quality”’, Chapter IV, “Prospectmg for Flowing Wells”’,
and Chapter VII, “‘The Chemical Quality and Factors Affecting the
Mineralization of Underground Water Supplies’’, were added by Mr.
Weidman. He also prepared most of the illustrations. Although the
manuseript report submitted by Mr. Schultz contained many illustra-
tions, only 4 of - these could be conveniently utilized on account of
changes in the scope of the report, these being Plates III and IV and
Figures 30 and 57.

Briefly stated, therefore, the original manuscript report of Mr.
Schultz has been greatly revised and has been utilized by Mr. Weidman
asa basis for a more complete report. Many additional facts have been
Lomplled from both published and unpubhshed sources, as well as from
original investigation, and the various data from all available sources
regarding water supplies, artesian conditions and mineral analyses have
been classified and correlated in ds scientific a manner as possible, with
their geologic and geographic environment.

OBJECT OF THE INVESTIGATION.

The need of an investigation of our water supplies is obvious to all,
as water is used for many industrial purposes, as well as £for drinking
and domestic use. The quantity of water available; as well as the qual-
ity, are two prime objects that should be kept in mind by those in
search of a supply. Local well drillers, while quite fully conversant
- swith local conditions for common farm wells, cannot be expected to
know, either the gquantity or quality of certain sources of supply, espe-
cially of artesian supplies, or the depth at which they can be reached,
for the larger use of villages and cities. For obtaining the largest and
best supplies for municipal or industrial use there is needed the skillful
interpretation of geologic data collected from a considerable area and
a general acquaintance of the quantity and quality of the supply likely
to be available in the locality.

The detailed descriptions of local geological conditions and of the
sources and character of water supplies presented in this work are for
the purpose of furnishing to each county and locality the best informa-
tion and deductions available concerning the water resources in the -
various localities. For this purpose the general depth of the water-
béaring strata in each county is given and illustrated by appropriate ~
" diagrams; the character and thickness of each water-bearing formation
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is described ; the artesian conditions are discussed; and the mineral
quality of the water in the various water-bearing formations is indicated.
In addition more or less detailed descriptions of well sections and water
supplies for each city or village are given as space available.appeared to
warrant and the data permitted. Itshould be stated that alarge amount
of data bearing on the subject of water resources has been compiled
from various localities which it appears to be unnecessary to publish.
The data,” however, have been studied and have been. used as a basis
upon which generalizations and deductions have been made eoncermng
the local undergound conditions. - Ay
The value of this published investigation will depend largely upon 1ts :
intelligent use by local well drillers, municipal officers, engineers and
others in search of water supplies. If it is desirable to obtain additional
information coneerning certain localities, this information will be fur-
nished by the State Survey from additional data, so far as available.

(GEOLOGIC INVESTIGATION OF WELLS,

The records and logs of wells in various localities of the state furnish
data of the greatest importance to the geologist or engineer in any in-
vestigation of local water resources. While the geological structure
of the state is relatively simple on account of the fact that the succes-
sive strata overlie each other in regular order from the central to the
outer portions of the state, like an imbricated pattern, and therefore
the general geological relations and general thickmess of strata are
known in all parts of the state, yet the loeal econditions, depending upon
various factors, are variable to a certain extent; hence it is important
to have as complete records of the strata as possible in each locality.
‘While the approx1mate position and thickness of strata-can be inferred
from the position of local surrounding outerops, the local well records
are necessarily relied upon to furnhish the exact data.

Well Records—The data on which deductions eoncerning the artesian
conditions in various parts of the state are largely or entirely based,
have been the records of wells put down in the various artesian dis-
tricts and localities. A large number of these records are necessarily
second hand and many are incapable of verification. In many instances,
however, either the owner or the well driller has placed on record much
valuable data as to diameters of the bore and casings, fluctuation of
water in the tube, depth, discharge and head of water-bearing horizons,
and in some instances the driller’s log'and samples of the drillings “have
been obtained. It is unfortunate that little or nothing is now known ex-
cept the present head and discharge of many of the artesian flowing
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wells of the state. Even where artesian wells are non- flowing or are
now abandoned detailed information of such wells would be valuable
for later use in the search of water } in the same locality.

Of equal importance with artesian phenomena is the value of ac-
curate data as to the exact source gf supply in the investigation of the
chemical quality of the water for industrial uses. There are very gen-
erally appreciable differences in the mineral content of water from vari-
ous water-bearing strata, hence it is of much importance to have all the
information that is possibly available coneerning the source of supply,
in order to forecast the probable mineral quality of the supply that is
obtainable,

The well driller or the owner should compile and preserve the follow-
ing data concerning each deep or otherwise important well drilled for a
municipality, industrial plant, or other publie or private purpose:

1. Ownership and location of well.

2. Location with respect to surface features (in a valley or upon a

hill.) _
Character and thickness of surface formation.
Character and thickness of first kind of rock. :
Character and thickness of each succeeding kind of rock.
Total depth of well. o
Length and diameter of casing.
Diameter of well below casing.
If an ordinary groundwater well, glve depth of water in well.
10. If a non- flowing artesian ‘well give depth or depths at which rise
of water was obtained, and height at which water rose in
the well, and depth of water in the well
11. If a flowing artesian well give:— -
a. Depth at which first \vater rise was obtained and head of
same,
b. Depth of each succeedmg rise and head of same.
¢. Artesian head above curh.
d. Average discharge of well at eurb.
e. Change in head or dlscharge if any noted.
12. Additional mformatlon or remarks.

PN G

" Samples of Drillings.—A full set of samples of the drillings of all the
deep wells of the state should be preserved The samples can be taken
at 1ntervals of preferably 5 or 10 feet and ‘at every change in the strata -
and never less often than every 20 feet even in the same kind of rock.
The drillings should not be washed, but transferred direetly from the
slush bucket to a clean receptacle, and after drying," preserved in separ-
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ate cloth bags or in one to four ounce bottles. When samples are prop-
erly taken and labeled at once with the exact depth from which they are
drawn they form a very valuable record of the strata penetrated.

Interpretations of Records and Samples.—The rocks penetrated in

.deep well borings are often difficult to interpret from descriptions given
by well drillers. - Even a careful examihation of well drillings under the
microscope by a geologist sometimes does not suffice to determine the
exact character of the formation from which such drillings are sup-
posed to have been derived. Varicus modifications in the character of
the formations tend to be misleading in the interpretations of well rec-
ords, and hence a detailed geological knowledge of the locality and a
careful examination of the well drillings, are uSually necessary before -
exact horizons in deep well borings can be definitely determined.

Preservation of REecords and Samples—The State Geological Survey
or the Geological Department of the State University will be pleased to -
receive and preserve all records and logs of wells and the samples of
drillings. The drillings and the geological strata penetrated may then
be identified, and the samples preserved in uniform, receptacles, and all
data and samples filed and made readily accessible for present use-or
future reference. Upon application to this Survey sacks for preserving
samples will be sent free of charge.

The carefully made well records and the preser vatlon of samples are
uot only of the greatest value in acquiring an understanding of the best
available underground water resources of various localities in the state,
as described in a general report like the following, but the information

_ecompiled from these records and inferences based thereon are very
often called for and utilized by many municipal authorities, either di-
_veetly or indirectly, in developing new or additional water supplies,

The authors are indebted to Mr. F. T. Thwaites for the compilation

and interpretation of many of the wellt records presented in this report.

CHEMICAL INVESTIGATION OF THE WATER SUPPLIES; o

In the investization of the mineral quality of the underground and
surface water supplies no analytical work direetly for this report has
been undertaken by the State Survey. The mineral analyses.compiled,
however; appear to be sufficient in number and in their distribution to
represent the average mineralization of the water in the various parts
of the state. Undoubtedly additional analyses could have been made
in certain localities obtained from certain water-bearing horizons that
would have thrown much light upon the local mineralization of under-
ground water supplies, but in a general way these additional analyses
would not have added appreciably to our general knowledge of the
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.chemical quality of the water of the various counties and districts of
‘the state. : :

Additional analyses, however, are very essential in the investigation
.of the mineral quality of local water supplies in the various water-
-bearing horizons, where these have not already been made and definitely
‘correlated or where treatment of the water by softening processes is
deemed advisable. In this future analytical work, the general condi-
tions and conclusions described in this report concerning the chemical
«quality should be of much real aid and importance.

Most of the mineral analyses of water of the underground supplies
have been made for industrial purposes, mainly in investigating the
quality of the water used in railroad locomotives. Many of the analyses
©of the surface water, mainly the lake waters, have been compiled from re-
ports of the State Geological Survey and of the United States Geological
Survey. The various analyses are properly credited to their respective
authors in the county tables of . mineral analyses, but acknowledgment
of generous aid received from various important sources may also ap-
propriatly be given here.

‘The report contains about 600 analyses of well and spring waters,
and over 200 analyses of river and lake waters. Of these about 400
analyses have been furnished by the Chicago, Milwaukee and St. Paul
" Railroad, mainly through the courtesy of Mr. G. N. Prentiss, Chemist
of the Motive Power Department, and about 200 analyses have been
furnished by the Chicago and Northwestern Railroad through the cour-
“tesy of Mr. G: M. Davidson, Engineer of Tests. - The other railrpads
of the state have furnished copies of incomplete mineral analyses, which
have been of value in this investigation, but because of their incom-
pleteness are not included in .the tables of mineral analyses. * About 40
- gnalyses, many of them being of city water supplies, have been fur-
- nished by the Dearborn Drug and Chemical Works, Chicago, and a few
by the Milwaukee Industrial Chemical Institute and by the Lasché In-
. stitute of Fermentology of Milwaukee. Many of the analyses of inland
_lakes are compiled from the published work of E. A. Birge, and C. Juday
' Wis. Survey Bulletin No. 22, and the series of analyses of Wisconsin and
' Chippewa rivers, and of Lake Superior and Lake Michigan, are taken
from the published work of R. B. Dole, U. S. Geol. Survey, Water
Supply Paper No. 236. Others to whom special credit should be given
" for numerous analyses are Professor E. G. Smith of Beloit College, and
the late Professor W. W. Daniells of the State University. The authors
_are indebted to Prof. Richard Fisher for briefly criticising the chap- .
" ters relating to chemical composition of the waters.

e
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PART 1

THE GENERAL CONDITIONS AFFECTING
WATER SUPPLIES |



Under general conditions affecting the water supplies, a- description
-of the topographic features, elimate, rainfall, and geolozical formations.
of Wisconsin is given, and the conditions affecting the movement of
underground and artesian water, and the flowing artesian wells, and:
thé mineral springs of the state, are described. The general mineral
composition and uses of water supplies are explained, and the chem-
ical qualify of the underground and surface water supplies and the fac-
tors affecting their mineralization are discussed.

The general description of the water supplies of Wisconsin are
described in eight chapters, as follows:

Chapter I.
Chapter 1L

Chapter III.
Chapter 1IV.
Chapter V.
Chapter VL.

Chapter VII.

Chapter VIII.

Geography and Geology.

Conditions Controlling Underground and Axrtesiam
Waters.

The Flowink Artesian Wells of Wisconsin.

Prospecting for Flowing Wells.

Springs and Mineral Waters. )

The General Composition and Uses of Water Sup-
plies.

The Chemical Quality and Factors Affectlng the
Mineralization of the Underground Water Sup-
plies.

The Surface Water Supphes and Their Chemlcal
Quahty



CHAPTER 1.
GEOGRAPHY AND GEOLOGY.

GENERAL STATEMENT.

The value of a sufficient supply of pure wholesome water for drink-
ing purposes, in both city and rural districts, can not be overestimated.
Large quantities of water are also used for manufacturing purposes,
for fire protection, and for watering stock. ‘It is also used for irriga-
tion and for water power. :

The inhabitants of Wisconsin obtam their potable water supplies.
from underground water, from both shallow and deep artesian wells,
and from surface supplies obtained from the rivers and lakes. Prob-
ably more than one-half the population mainly in the rural districts
is supplied from relatively shallow groundwater wells. Less than one-

fourth of the supplies, including both private and public city supplies,

is obtained from deep artesian wells. The supply of much more than
one-fourth of the population, namely that of the largest cities, is ob-
tained from lakes and rivers. -

- In the settlement and development of a region there are several stages
in the use of the water supplies. In-the early days of settlement, al-
most without exception, spring water or water from streams is used,
the first buildings in villages and in the rural distriets being located,
primarily, with respect to natural sources of water supply. In rural
districts this may be the only source for some time to come, but usually
in both rural and urban districts resort is soon made to shallow wells.
With the increased growth of the city, the supply from shallow wells
becomes inadequate, or the water becomes contaminated, and a change
to deeper or artesian sources is the next step. Where such a ehange to-
deep wells éan not be made because of the lack of the artesian supply,
the water supply is pumped from streams or lakes and usually .is puri-
fied by means of a filtering plant.

Private Water Supplies.—In Wisconsin relatively shallow ground-
water wells, as a_source of water supply, are of much greater import--
ance than all other sources. At present about one-half the population
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of the state, malnly in the rural districts, obtains its water from such
wells.

As the country has become more thickly settled, the water level in the
shallow wells has become permanently lowered, and many of the wells
have been made deeper. The yield in many cases does not exceel sev-
eral barrels per day. The largest drafts made upon the wells in the
rural districts are for watering stock. Many of the wells durmg dry
seasons are barely deep enough to supply sufficient drinking water for
20 to 40 head of cattle. In wet seasons, an abundant supply is usually
available.

Public Water Supplies—The most important souree of public water
supplies in  Wisconsin, is the surface water of the lakes and rivers.
‘Water of Lake Michigan is supplied to Milwaukee, Racine, Kenosha and
‘Sheboygan. Other cities of - the state, such as Portage, Merrill and
Rhinelander get their supply from the Wisconsin river. The next
most important source for public use is artesian water obtained from
-deep wells, as in Madison and Green Bay. Shallow groundwater
wells and springs also supply a number of Wisconsin cities. A econ-
densed statement concerning the ownership of public water supplies
and the pumpage, pressure, mains, services and meters is given in the
tables, pages 134 to 141.

Conditions Controlling Water Supplies—The water of the rivers,
lakes and underground rocks is maintained by the rainfall, which is
raised by evaporation from the ocean, lakes, rivers and the surface of
the land. " The water that falls as rain upon the land is removed from
the surface in three principal ways: (1) by evaporation; (2) by run-
«off in rills and streams as surface drainage ; and (3) by absorption into
the surface deposits and underlying rocks.

The various natural conditions affecting the amount and character
of water supplies, are such geographic features as the drainage and re-
lief, the climate, the vegetation, the soils, and by such geologic features
as the character of the superficial deposits, and the underlying rock.
with respect to their water-bearing capacities.
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GEOGRAPHY.

The total land area of Wisconsin'is 54,450 square miles. The alti-
tude of the land along a portion of the eastern boundary, the shore of
Lake Michigan, is 581 feet, and along the northern boundary on the
shore of Lake Superior is.602 feet. The altitude of the Boundary along:
the Mississippi river from Prescott to Dubuque ranges ‘from 667 at.
Prescott to 595 feet at the southwest corner of the state, opposite Du-
buque. From these lowest altitudes-about the boundaries of the state,
the land rises to about 1,000 to 1,200 feet in the southern half of the
state, and to about 1,500 to 1,800 feet in the northern half of the state..

TOPOGRAPHY,

Dominant Topographic Features.—The dominant topographic fea-
ture of Wisconsin consists of a broad arched dome with its highest
point in the northern half, from which the surface ﬁppes downward in.
nearly all directions towards the borders of the state. The principal
slopes are northward towards Lake Superor, eastward and southeast-
ward towards Lake Michigan, and westward and southward to the
Mississippi river. ‘

The slope to the north is relatively short and steep as compared with:
the southward slope, the two slopes intersecting along an irregular
cast-west "dividing ridge which extends across northern Wisconsin:
from Minnesota into the Upper Peninsula of Michigan, the divide being-
located about twenty-five miles south of Lake Superiom. Northern Wis-
consin is. a region of erystalline rocks nearly 20,000 square miles in area,
and apparently marks the position of an early uplift, which gave rise
to what has often been called the ‘“Isle of Wisconsin.”” To the north,
the surface declines from an elevation of 1,700 or 1,800 feet, along the
‘divide, down to 602 feet, along the Lake Superior shore. - ) ;

The southward slope contains a broad, low swell extending south‘
through the middle of Wisconsin which is primarily due to a broad
arching of the rocks. - This swell, which forms the divide between the:
Mississippi and Green Bay drainage, is best developed in the vicinity of
the northern crystalline area; it gradually becomes less conspicuous
southward and finally dies out in northern Illinois, at an elevation of
600 to 700 feet, where the rivers cut dlrectly across it on then- way to
the Mississippi.
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In central Wisconsin, the low north-south swell is broken by other
minor elevations, one of the most important forming the watershed of ..
the Wisconsin, Fox, and Rock river drainage basins. Thréuéhout Wis-
consin, the rock structure, the position of the strata, controls the larger
drainage systems, and determihes, to a considerable extent the move-
ment of the underground waters.~

Minor Topographic Features.—The minor features of topography, or
such as are represented by the ordiriary hills and valleys, are due
largely to the modification by stream erosion of the broader topographic
features just described. The picturesque deep narrow valleys,-and the

" massive battlements of rock rising 200 to 600 feet along the Mississippi
River, are striking illustrations of the work of weathering and stream
erosion. No less notable are the mounds of southwestern Wisconsin
which are remnants of formations which at one time covered the entire
area, but which have been removed, in large part, by stream action.
These mounds rise abruptly from 100 to 600 feet aboye the surrounding
uplands. The height of Blue Mound is 1,729 feet, while the elevation of
the general upland in the vieinity is but 950 to 1,150 feet. Somewhat
analogous topography may be seen about Camp Douglas, where the iso-

- lated mounds of the Potsdam sandstone rise 150 to 200 feet above an

. almost'level valley bottom plain. The Baraboo, Barron, Chippewa and

Wausau quartzite areas, likéwise, give rise to hills rising high above the

surrounding plain. Similar knobs of granitie rocks are scattered throuzh
the Fox River basin. In the northern part of the state, the Penokee-

Gogzebic iron range possesses a rugged topography, while in northwest-

ern Wisconsin, the Keweenanwan trap rocks form a broad ridge rising

100 to 300 feet above the adjoining plain. -

Glacial Features.—The minor features of topography thus far con-
sidered resulted largely from stream erosion in pre-glacial and inter-
glacial times. Other minor topographic features, over large portions
of the state, outside the driftless area, have resulted in a great measure
{from the action of the several ice sheets whose deposits generally comt
pletely covered the pre-glacial features, including many minor river val-
leys and basins. Well records, for example, in southern Wisconsin have -
brought to light many buried valleys which reach a maximum depth of
300 to 400 feet. ’

- The glacial features of topography are quite unlike those developel
by normal stream erosion. The land forms made by the glaciers con-
sist of low rolling hills of loose drift associated with numerous small
Jlakes and swamps. The topography of the glacial moraines is more
rugged and, is characterized by irregular knolls and kettles. The glacial
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ridges generally rise from a few feet up to 100 feet above the adjacent
lowlands, and occur in belts or zones whese widths vary from a few -
miles up to 20 miles.

. Hyprograrhay.
The principal river systems of the state are the Wisconsin river,
" Chippewa river. St. Croix river, Rock river, Fox river, Menominee
river, Peshtigo river, Oconto river, Black river, and the rivers flowing
into Lake Superior.

Wisconsin River System.—Because of its length and its great drain-
age area, the Wisconsin river is preeminently the main river of the
state. Its extreme source is found in Lae Vieux Desert, a body of wa-
ter of about 10 square miles in extent, on the boundary of Michigan
and Wisconsin, at about 1,650 feet above sea level. The drainage basin
of the Wisconsin system includes 12,280 square miles, with an average
width of 50 miles, and a length of about 225 miles. . The principal tri-
butaries of the Wisconsin river, beginning at the north, are the Pelican
river, Tomahawk river, Prairie river, Rib river, Eau Claire river, Big
Eau Plaine River, Little Eau Plaine river, Yellow river, Lemonweir
river, Baraboo river and the Kickapoo river. :

Chippewa River System.—The Chippewa drainage system has its
source mn over 100 lakes, large and small, with many connecting
swamps, near the Michigan boundary, and only 20 iniles from Lake
Superior. The drainage area has a length of 180 miles, a maximum
width of 90 miles, ai;d an average width of nearly 60 miles. The to-
tal area drained by the river is 9,573 square miles, of which about
6,000 square miles includes the thinly settled region of Wisconsin.
- The headwaters of the system rise at an elevation of a little over 1,600
feet above the sea, and it empties into the Mississippi river at an al-
titude of 664 feet. The principal tributaries of the Chippewa are the
-Flambeau river, Jump river, and the Yellow river on the east, and the
Red Cedar on the west.

Fox River System.—The Fox river system, the main drainaze line
"in the eastern part -of the state, has a drainage area of 6,449 square
miles. The average flow is caleulated as 3,007 second-feet, at Rapid
Croche dam. The Lower Fox, below Lake Winngbago, has a rapid
fall of 170 feet in 28 miles. The Upper Fox, that portion above Lake
Winnebago, descends only 35.3 feet in the 106.8 miles between Portage
and Lake Winnebago, an average fall of less than 0.5 feet to the mile.
The Wolf river, the principal tributary of the Fox, is over 160 miles
long, and has a fall from 1,562 feet at its source to 746 feet at lake Poy-
gan: Between Shawano and Winneconne, a distance of 80 miles, the
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river has a descent of only ahout 42 feet, less than 0.5 foot per mile.
In this portion of the river, the banks are low, and in high water the
surrounding flats are covered for several miles in width,

Menominee River System.—The Menominee- drainz{ge basin is nar-
row in its lower portion, but widéns as the stream is ascended, the river
receiving. many important branches near its source. Its total draindge
area is abouit 4,000 square miles, of which only 1,450 square miles is in

- Wisconsin. - ' '

Peshiigo Itiver System.—The drainage area of the Peshtigo river in-
cludes 1,123 square miles, and has an extreme length of 80 miles, with
an average width of only 14 miles. The upper two-thirds of its length
is in the Pre-Cambrian, while in the lower one-third it crosses sucecess-
ively the Potsdam sandstone and the Lower Magnesian and the Trenton
limestones. At Crandon, the Peshtigo river has an elevation of 1,620
feet above the sea, and has an average gradient of 11 feet per mile in
it descends 945 feet to Green Bay. ‘ .

‘Oconto River System.—The Oconto river rises in a number of small
lakes and swamps at an elevation of 1,530 feet above the sea. It has.
.a drainage area of about 1,100 square miles. In its length of 87 miles.
it descends 945 feet. s o

Black River System.—The Black river drainage area is hemmed in
by the Chippewa river on the west and the Wisconsin river on the east,
and is restricted to a long and narrow watershed of about 2,270 square
miles, with an average width of only 20 miles. The Black river rises
at an elevation of about 1,400 feet above sea level, and after a sinuous
course of 140 miles, joins the Mississippi river at La Crosse, with a
descent in this distance of 772 feet. i ‘

- The St. Croiz River System.—The St. Croix river rises at an eleva-

tion of 1,010 feet in the St. Croix lake, on the Liake Superior divide,
only 20 miles from Lake Superior. The total drainage area comprises
7,576 square miles, the greater part of which is in Wisconsin. The
Wisconsin portion of the drainage basin has a width of 50 miles on its
- northern margin and extends southwesterly, to the Mississippi river a.
distance of about 150 miles. The principal tributaries of the St. Croix,
in Wisconsin, are the Willow river, Apple river, Yellow river, Nemaka-
gon river, and the Eau Claire river. :

Rock River System.—The Rock river occupies the southern half of
a depression that extends from Green Bay and Lake Winnebago south-
west to the southern end of the state. The total drainage area of the
river, above the state line, is approximately 3,500 square miles, not in-
cluding the valley of the Sugar river and Pecatonica river. The Rock
river valley has an extreme length of 85 miles and a width of 65



GEQGRAPHY AND GEOLOGY. 17

miles. The headwaters of the Rock rise at an elevation of about 950
feet. The average fall of the river, between Horicon and the state
line, is only a little over one foot to the mile. The principal tribu- -
taries of the Rock river are the Bark river, Crawfish river, Yahara
river, and the Sugar and Pecatonica rivers, the latter two of which
flow into the Rock river below the state line. ‘

Lake Michigan Drainage~—~The principal rivers flowing into Lake
Michigan are the Menominee river and the Milwaukee river, flowing
into Lake Michigan at Milwaukee, the Sheboygan river, flowing into the
lake at Sheboygan, and the Manitowoe river, entering at Manitowoc.

Lake Superior Drainage—The primcipal rivers flowing into Lake
SQuperior are the Montreal river, Bad river, White river, Iron rivery
Brule river, Amnicon river, and the Nemadji river.

Great Lakes~Two of the Great Lakes, Michigan and Superior, lie
respectively on the eastern and northern boundaries of the state. These
lakes are so large that they materially effect the climatic conditions, not
only greatly moderating the climate within 10 or 15 miles of the lake,
but also directly and indirectly influencing weather conditions over

" much larger portions of the state.

Inland Lakes—Besides the two Great Lakes, Michigan and Superior,
that lie respectively on the eastern and northern boundaries, there are
over a-thousand inland lakes-in Wisconsin, that profoundly affect the
the general water supply conditions of the state. In most instances
these lakes occupy basins left in the irregular surface of the glacial
deposits.

Lake Winnebago, the largest of the inland lakes, lies in the Fox
river valley, and has an area of about 200 square miles. Other impor-
tant lakes in the Fox river system are Lake Big Buttes des Morts, Lake
Puckaway, Green Lake, and Rush Lake; and on the Wolf river are
Lake Poygan and Lake Shawano. Lake Noque Bay is an important
lake drained by one of the tributaries of the Menominee river.

In the Rock river valley are Beaver Lake, Lake Koshkonong, Lake
Mendota, and Lake Monona.

At the headwaters of the Wisconsin river are many lakes, chief
among which may be mentioned Lac Vieux Desert, Pelican Lake, Toma-
hawk Lake, Fence Lake, Plum Lake, and Trout Lake.

, At the source of the Chippewa river system are the numerous large
lakes at the head of the Flambeau river in Iron and Vilas counties, Lac
Court. O'Reille on the Chippewa proper, and such large lakes on the
Red Cedar as Lake Chetek, Red Cedar Lake, Long Lake, and Bear

Lake.
2—W. S.
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The St. Croix river system drains many lakes in Northwestern Wis-
consin, a few of which are Lake Nemakagon, Lake Owen, Upper St.
Croix Lake, Clam Lake, Yellow Lake, Spooner Lake, Summit Lake,
Bone Lake, and Sucker Lake.

‘Liake Pepin, an expansion of the Mississippi river, and Lake St. Croix
an expansion of the St. Croix river at Hudson are important lakes on
the western border of the state. For a condensed statement concerning
the areas and depths of the inland lakes, see the tables, pages 208209,

Marshes—Much the same agencies that produced most of the in-
land lakes caused the extensive marshy and swampy traects that oc-
cur in the eastern and northern-parts of the state. In many counties
there is less than one per eent marsh land, but in one or two counties
30 to 40 per cent is marsh and swamp land. Probably 10 or 15 per
cent of the entire state should be classed as wet marsh land. Much
has already been done to reclaim these wet lands, and net works of
drainage ditches have so reduced the water level in some of these that
they are now annually plowed. Only a small percentage of the marsh
lands, however, have been drained.

RaINFALL,

Intimately associated with the geological outerop, as a factor in de-
termining the amount of water supplies, is the amount of precipita-
tion, or rainfall, that the area annually receives, and its distribution
through the various seasons of the year. If the precipitation is uni-
formly distributed throughout the year a much larger proportion will
be absorbed than if it all falls within a few months. In the latter case
the per cent of run-off will be greatly increased, and the per cent ab-
sorbed as phreatic water will be considerably less. The difference be-
tween run-off and phreatic water is still greater if most of the precipi-
tation occurs during the winter season when the ground is frozen, as the
amount of water that the strata or outerop may then take in, is consid-
erably reduced. For these and similar reasons, the essential factor is
not the total precipitation alone, but its seasonal distribution.

The annual precipitation in Wisconsin usually ranges between 25
and 35 inches, the average being not far above 31 inches. In the fol.
lowing table (Table 1) is shown the mean monthly and mean annual
precipitation at 12 Weather Bureau stations located in various parts of
the State
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Tasre [—Wonthly and annual precipitation in inches for various Wisconsin

stationx.
2 | [
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£ =S| .| B gl .1 gl g
Station. 2% B 5| . s 2l 5l 21 2 4
= B < S| = . . % g @ g 5 =
g 18| 5] E| ¢} % < gl g 5| ¢ & 2
' ¢ |53 5| 2| 5| 5|22 2% 5]zl g2
2l S & 8|l <|B| |8l < & 8zl &)<
Feet. Ye'rs
Ashland ........ 647 19 | 1.14; 1.23| 1.58| 2,11} 3.30| 3.43| 4.07] 3.14{ 3.13| 2.84| 1.53! 1.21} 28.66
Osceola ......... 806 | 19 | 1.00( 0.92; 1,90 2.33 4,27‘ 4.75) 4.12) 3.28; 4.05| 2.95| 1.39) 1.17| 32.13
Eau Claire...... 800 | 19 | 1.00| 1.28] 2.04 2.58( 4.37| 4.66{ 3.47| 8.26 3.93] 3.22| 1.67: 1.48| 32.96
Medford ........ 1420 26 0.96| 1.09, 1.45| 2.26| 4.26) 5.10( 4.09; 3.52; 4.05| 3.41| 1.57| 1.2¢] 33.05
Koepenick...... 1683 | 19 | 1.35| 1.28| 1.86: 2.71| 3.62; 3.96] 3.84| 3.41) 4.21| 3.17] 1.98} 1.26} 32.65
Florence........ 1293 | 18 '} 1.08| 1.39: 2,05/ 2.44; 3.76| 3.53| 4.10| 3.20; 3.27| 2.60| 2.11| 1.54| 31 07
l.a Crosse....... 681 37 1.1z 1.06: 1.61' 2.39| 3.75| 4.38| 5.93( 3.66/ 4,08 2.39 1.59] 1.35| 31.31
Lancaster.......[ 1070 ) 18 11.04| 1.13| 1.75° 2.95) 4.35| 4.15! 4.11| 2,70} 2,31| 2.06| 1.76( 1.28| 30.59
Madison ........ 974 | 31 ] 1.63) 1.50| 2.08] 2.54{ 3.66| 4.01| 3.80| 8.15| 3.08| 2.32{ 1.76! 1.72{ 31,25
Beloit......oot. 750 34 1.8¢1 1,71 2.21] 2.77 3.56| 4.05| 3.65| 3.61 3.39| 2.08] 1.91| 1.89 32.71
Manitowoc...... 616 37 1.7¢) 1.51] 2,13/ 2.49| 2.76 3.47f 3.57| 2.99} 2.11| 2.54] 2.08] 1.82{ 30.18
Milwaukee...... 681 | 29 | 2.08 1.86 2.60( 2.75| 3.39| 3.62} 3,10, 2.84| 2.96| 2.15| 1.93| 1.90{ 31.19
Means.....oovveufiiaiiifiinnns 1.33( 1.33] 1.93| 2.52( 3.75| 4.09| 3.82{ 3.23| 3.38| 2.73| 1.77 49| 31.48

From this table, it may be seen, that for the six months, April to
September inclusive, a little over 65 per eent of the annual fall is reg-’
istered, while for the six months of winter, less than 35 per cent of the
precipitation is registered. The amount falling in December, Janu-
ary and February is less than 14 per cent of the annual. A consider-
able part of the precipitation of central and northern Wisconsin falls
in the form of snow. The amount of water falling annually as snow
generally varies between two and ten inches, the average for northern
‘Wisconsin being six or seven inches, and for southern Wisconsin two or
three inches.

The extreme conditions for precipitation as above stated are impor-
tant factors to take into comnsideration in studying the various influ-
ences affecting water supplies. At Madison, in the last forty-five
years, the cxtreme variations in the total annual rainfall have been,
from a minimum of 13 inches to a4 maximum of 52 inches, the minimum

being only 25 per cent of the maximum. (See Fig. 1.)
~ As a gencral rule, however, the minimum rainfall is about 50 per
cent of the maximum in the upper Mississippi valley,

TEMPERATURE.

The temperaturc conditions that prevail in any region, are closely
associated with and intimately related to preeipitation, as influences on
the amount of water absorbed by strata. The mean annual tempera-
ture ranges from about 47° F., in southern Wisconsin, to about 40° F.,
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in the northern part, along the divide south of Liake Superior. The
mean temperature for the winter months is about 12° to 30° F., and
for the summer months, between 60° and 70° ¥. The extreme tem-
peratures range from -30° to’-50° in winter to over 100°F., in sum-
mer. '
Temperature has its most marked effect on the relation of precipita-
tion to run-off. This is especially true in the freezing weather of the
winter months. Ordinary ground, even though pervious and unsatur-
ated, may be rendered impervious by surface freezing and thus per-
mit a rapid flow of the rainfall into streams. On the other hand, in
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Fig. 1.—Diagram illustrating the fluctuation of the annual rainfall in inches at Madi-
. son, Wis., from 1869 to 1913.

regions of heavy snow fall, as in northern Wisconsin, the soil remains
unfrozen during winter and the conditions of absorption and stream
flow are rendered more uniform. '

Fo. EvVAPORATION.

The evaporation of the rainfall is more important, though far less
conspicuous, than ‘other methods of removal. The amount evaported
depends upon climatic conditions, mainly temperature and dryness of
the air, amount of vegetation and water surface, and commonly amounts
to one-half, or more, of the total water falling as rain in a locality or
district.

RUN-OFF.

The amount of rain that is removed as run-off, or surface drainage,
is partly dependent on evaporation and partly on the nature of the
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rock material and the slope of the land on which the rain falls. The
percentage of run-off to rainfall in Wisconsin as stated by Prof. D. W.
Mead! is sometimes as low as 16 per cent and sometimes as high as 70
per cent. Prof. Mead states that, as a general rule, the rivers of Wis-
consin may be divided into two groups—one group, which ineludes the
Menominee, Peshtigo, Wisconsin, Chippewa and Flambeau (rivers
which rise in the granitic highlands of the state), average about 55 per
cent run-off ; the other group, which includes the Rock, and Fox, (rivers
which originate on territory underlaid by later geological deposits)
averages about 27 per cent run-off. (See Table 2.) The departure
in each group from the average conditions may be regarded as the
‘measure of the effect of other factors besides quantity of precipitation
in affecting run-off.

TABLE 2.—57Lb1,0ing mean annual rainfall and runoff, and the percentage of

runoff.

Mean Mean Runoft in per

River. Years. Rainfall Runoff Cent of Rain-
Inches. Inches. fall.
WISCONSIN. . cviiiiiiiied o 19031908 33.71 21.82 64.8
Peshtigo.. e 1907—1908 24.96 11.02 43.2
Chippewa .. 1904—1908 32.54 16.16 49.6
Flambeau ... vees 1903—1904 39.29 19.07 48.5
St. Croix............ 1902—1909 31.28 9.51 30.4
Menominee . e 1903--1907 32.83 17.54 53.4
Rock ....... . 1904- -1908 32.20 6.84 21.2
FOX tiriiiiiiiini i 1897—1906 32.58 7.97 24.5

The run-off in percentage of rainfall of the Chippewa river and the:
Fox river is shown in the following table:

TaBrE 3.—Annual relation of rainfall and runoff’ on the Fox River.

Year, - Rainfall Runott ggﬁfgtlﬁﬁﬁf
: Inches. Inches. fall.
26.08 6.04 23.2
26.15 5.47 20.9
29.74 6.26 21.1
36.76 6.70 18.2
30.27 8.07 26.7
30.50 6.66 21.8
38.75 9.00 24.1
25.31 9.27 26.2
36.87 11.97 32.3
36.36 10.81 29.8
32.62 10.48 32.1

A Flow of Streams and Factorsthat modify it in Wisconsin, Bulletin, Uni-
versity of Wis., No. 425, p. 125.
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TABLE 8. Annual relation of rainfall and runoff on the Clippewa River.—-Continued

3

Runoft in Per

Cent of Rain-
fall

o Rainfall Runoff
Year. Inches Inches

37.97 21.07 59

35.86 16.83 47.0
36.95 17.62 47.7
31.80 16.55 52.0
23.36 14.27 61.0
20.31 10.63 36.3

ABSORPTION.

A part of the rainfall sinks into the ground, and becames ground-
water. The pores and fissures in the surface deposits and through the
underlying rocks become saturated below a certain level, known as the
groundwater level, or the groundwater table. The groundwater, after
sinking below the surface, mainly moves downward to the ground-
water level, below which all the pores in the rocks are filled. After
it reaches the groundwater level, it flows mainly in a lateral direction
in econformity with the dip of the rocks and the gencral trend of the
surface drainage.

The amount of rain absorbed by the soil and rock depends upon the
porous character of the soil and of the underlying rock formation, and
varies considerably in different parts of the state and within different
drainage systems. '

The mechanical analyses of soils on page 23 illustrates the size of
grain of the soil from which the size of pore space and capacity of the
flow of water through such soils can be readily determined. The sand
or sandy loam soils, consisting largely of coarse and fine sand, with
relatively large pore-space, absorb the rainfall much more freely than
the clay loams and elay soils, which consist largely of fine silt and elay
particles, with enly minute porc spaces between the soil particles.

AGRICULTURAL AND FOREST CONDITIONS.

Soils.—The soils of Wisconsin vary from light sandy soils to heavy
clay soils. Most of the farm lands are characterized, however, by me-
dium phases of sandy loams.and clay loams. The heaviest clay soils
are the red lacustrine clays that lie along the shores of Lake Superior,
Lake Michigan, and Green Bay, and up the valleys of the Fox river, as
well as to a limited extent over the limestone uplands in the eastern
part of the state. The sandy loam soils occur over a large part of
northern and central Wisconsin.

The loams that predominate over most parts of the state are rich.
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fertile soils and are mainly of glaeial or loessial origin. The soils in
general are fertile, and are not subjected to conditions of erosion, be-
cause of the favorable conditions of gentle slope and the general open
physical texture of the soil. )

The following mechanical analyses of various types of soils, made by
the U. S. Bureau of Soils, are compiled to show the approximate range
in physical texture of the various common soils in the state.

TABLE 4.—-Mechanicalanalyse3 of typieal soils of Wisconsin.

;| =]
6 BE138 |23 |58 | g
I P e (%S |8 B
. General location | Geological ; | ®g E° o |E2 |eE1S.
Name ot Soil in Wisconsin character B | ¢o |58 €3 | Sw|<E
usg I-S ,5.@8 cf\an “:-—48 9= ;,'E
x| 8~ |8SR|ESE|TSE] B3 | 8o
& o = = = @ O
Pr.ct|Pr.ct|Pr.ct|Pr.ct|Pr.ct|Pr.ct|Pr.ct
Plainfield sand... Cetrklltral and nor-|{ Alluvial........| 0.5|17.8|30.9{33.9| 5.8| 6.5 4
ern.
Plainfleld sandy!| Central and nor-] Alluvial........| 0.1 | 25,5 23.6 | 16.5 | 2.0 | 22.6 9.1
loam. thern.
Boone fine sandy| Western and Residual on} (.2 5.9|13.5|54.9 | 5.8 14.7 5.1
loam, southern. sand stone.
Chelsea (Coloma)| Northern........ Grapi%ic glact’ll 0.1| 5.7 4.0} 4.0[19.453.61 12.8
oam, rift.
Colby silt loam...{ Northern........ Gx(‘ia.nfitic glaci’li 0.1 3.2 | 4.0/ 3.6{12.6|61.9| 13,6
rift.
Knox silt loam...| Western andj Loess.......... 0.1° 0.6; 05 1.2 5.3|80.8, 11.6
southern,...... -
Miami fine sandyi Eastern and| Limestonegla-| 0.9 5,9) 9.4 24.6 | 18,5 | 33.1 7.4
loam. southern. . cial drift,
Miami clay loam.| Eastern and} Limestonegla-| 0.8 | 4.0 | 4.0 | 11.5]12.4 | 43.2 | 23.2
southern. cial drift.
Superior clay..... Adjacent to| Lacustrine.....;, 0.2 1.1} 1.5} 5.4 53} 28.6 | 58.2
Great Lakes,

Besides these soils there are muck and peat soils, oceupying bottom
lands and marshes. Muck and peat .consists of much organic matter,
in the form of partially decayed vegetation, with which is mixed a var-
iable amount of sand, silt and clay.

The capacity of the soils to absorb and transmit water, depends di-
rectly upon the size and amount of the pore spaces of the soils, as de-
termined by the size of the grains. The coarse sand soils absorb and
iransmit water much more rapidly than the fine clay soils. However,
the fine clay soils generally possess a larger total pore space than the
sand soils and therefore are capable of holding a larger amount of
water. Most of the rain that falls upon sandy soils, whether hilly or
level, is immediately absorbed, readily transmitted downward to the
water level, and thence moves off laterally and seeps out of the ground
along the banks of rivers and streams and along the borders of marshes
and lakes. Most of the rain, however, that falls on the clay soils, espe-
cially if the clay lies on slopes and the rains are heavy, can be absorbed
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only slowly, and is removed as surface run-off, and thus, almost immedi-
ately, reaches the streams and rivers.

Vegetation—The native vegetation, originally developed over most
parts of the state, consisted of mixed hardwoods and pine forests in the
central and northern part, and a somewhat lighter growth of hard-
woods in the southern part. Light forest growth, so-called ‘‘prairies,’”
oceurred in the southern and central counties only to a limited extent.

Agriculture.—The principal agricultural industries are grain rais-
ing and dairyng. Oats, barley, rye, and wheat are the principal small
grains. Corn is raised, mainly, only in the southern and western
parts of the state. Dairying and stock raising are important indus-
tries over the entire state. Such special crops as tobacco, potatoes,
sugar beets, and peas are also very important crops in certain parts of
the state. ‘ .

The daily consumption of water by different crops at the average
maximum development during the growing season is shown by the fol-
lowing:

Amount of Water Daily Required for Different Crops.

Meadow BrasSs ....vvttrinnnennrreneeannnenns 0.122 inehes of water.
Oats ............... N PR 0.140 inches of water.
10703 o P 0.140 inches of water.

There appears to be no close agreement in statements regarding the
transpiration of forests. Some statements are to the effect that trees
consume much more water than agricultural crops, and others that trees
consume only from 50 to 100 per cent that of crops.

PoruLATION.

The population of Wisconsin, as determined by the U. S. Census in
1910, was 2,333,920, an average of about 43 inhabitants to the square
mile. The average distribution of the population, however, is irregular.

In Sawyer county, settlement is least dense, there being but 4.6 people
to the square mile, while in Milwaukee county the average is 1,856 to
the square mile. The high average in the latter county is due, of course,
to the large city of Milwaukee, which has a population of 373,857 in
1910.

The population throughout the well settled counties, in the southern
half of the state, is rather evenly distributed, and is approximately 60
~ people to the square mile. |
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GEOLOGY.

The indurated or hard rock formations of Wisconsin range in age
from the Pre-Cambrian to the Devonian. The formations between the
Devonian and the Pleistocene, or Glacial, are not represented, although
certain high-level gravels have been interpreted as possibly of Tertiary
age. The Pleistocene, or Glacial period, however, is represented over
most of the state by a superficial mantle of glacial drift, except in the
driftless area of about 10,000 square miles, located in the central and
southwestern parts of the state.

OUTLINE OF THE GEOLOGIC HISTORY.

The geologic history of Wisconsin, represented by the rock forma-
tions, falls into three great periods which are widely separated from
one another. The first, or earliest period, is the Pre-Cambrian ; the sec-
ond, is the Paleozoic; and the third, is the Pleistocene, or Glacial. The
various geological formations of Wisconsin, and their relative position
in the complete geological series, is shown in the following table,
Plate II.

The earliest, or Pre-Cambrian period, or era, is the oldest period ree-
ognized in geology, and the various formations deposited in this period,
represent portions of the oldest land areas in existence. The forma-
tions are both sedimentary and igneous in origin. The sedimentary for-
mations, now greatly metamorphosed, were originally deposited as sand-
stones (now metamorphosed to quartzite), clays (now metamorphosed
to shales and slates), limestones (now metamorphosed to marble), and
iron deposits (now metamorphosed to iron ore formations). The vari-
ous igneous formations are such rocks as granite, trap, and porphyry,
of both plutonie and voleanie origin. (Near the close of the Pre-Cam-
brian, during the long period of the Keweenawan, extensive deposits
of probable glacial drift and other land deposits were laid down in close
association with voleanic extrusions.) The various Pre-Cambrian for-
mations are themselves widely separated in age and are divided into
distinet series or groups, such as the Kewatin, Laurentian, and the two
or three series of the Huronian, and the Keweenawan.

The Pre-Cambrian was characterized by such activities as the deposi-
tion of sedimentary rocks, the intrusion of voleanic rock, and the up-
heaval and folding of the strata into mountain ranges.

Before the beginning of the Paleozic age, a long period prevailed, oc-
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cupied mainly by sub-aerial erosion; and, as a result, the Pre-Cambrian
land was reduced by erosion from a mountainous region to one of com-
paratively gentle slope (a peneplain of erosion). In the general base-
leveling of the Pre-Cambrian, only the hardest and most resistant for-
mations were left as remnants projecting above the plain. These pro-
jections (Monadnocks) of the Pre-Cambrian are characteristic features
of Wisconsin topography, and are illustrated by such well known ex-
amples as the Baraboo Bluffs, the Rib Hill and associated group of
quartzite mounds in Marathon and Wood counties, Flambeau Ridge,
the Penokee Range, and the various mounds of granite and porphyry
in the Fox river valley.

After the Pre-Cambrian had been base-leveled, the waters of the
early Paleozoic era encroached upon the land and approximately hori-
zontal beds of sandstone and limestone were deposited. The earliest
Paleozoic formation (excluding certain beds of sandstone which are
grouped with the Keweenawan) is the Upper Cambrian (Potsdam)
sandstone. The deposition of the Upper Cambrian was followed by the
successive depositions of the Oneota and Shakopee (Lower Magnesian)
limestone, the St. Peter. sandstone, the (talena-Platteville limestone, the
Cinecinnati shale, the Niagara limestone, and some Devonian shale and
limestone. Most if not all of these formations are marine deposits and
contain marine fossils.

It is probable that some of the earlier formations, such as the Upper
Cambrian (Potsdam), may have extended over the entire area of the
Pre-Cambrian ; but if so, they were entirely removed from it in north-
ern Wiseconsin. The later formations (see the geologic map, Plate I),
such as the Niagara limestone and the Cincinnati shale, oceur only in
the eastern part of the state and in oceasional mounds in the south-
western part.

The later part of the Paleozoic era, the whole of the Mesozoic era,
and most of the Cenozoic era are not represented by geologic forma-
tions in Wisconsin. There are no records, therefore, of the geologic
history of these periods in the state, the time being apparently repre-
sented by sub-aerial erosion.

The Quaternary, or Pleistocene period, the latest of the Cenozoic era
is well represented in Wisconsin by extensive deposits of glacial drift,
alluvial deposits, and loess. These deposits overlie the uneven and
deeply eroded surface of the older indurated formations, and represent
the activities of several distinet and separate invasions of continental
ice sheets, the extensive deposition by water of alluvial and lacustrine
formations in the valleys and lowlands, and the deposits of loess made
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by the wind, the latter being confined to the western part of the state,
in the driftless and in the old drift regions. .

THE PRE-CAMBRIAN (OTHER THAN KE\\'EENA\VAN).

The rock formations of the Pre-Cambrian age occur at the surface,
mainly, in the north central and the northern parts of the state. In
other parts of the state, the Pre-Cambrian underlies the Paleozoic sand-
stones and limestones. Isolated outliers of the Pre-Cambrian also are
exposed within the area of the Paleozoice, in the southern part of the
state, as illustrated by the Huronian quartzites of the Baraboo Bluffs
and the granite and rhyolite knobs of the Fox river valley.

The Pre-Cambrian formations consist principally of crystalline or ig-
neous rocks, and highly metamorphosed shales, sandstones and lime-
stones, such as slates, quartzites and marbles. The Lake Superior and
Baraboo iron ores, and the copper-bearing rocks are Pre-Cambrian for-
mations. These igneous and metamorphosed rocks, as above stated, have
been folded in an intricate manner by mountain making forees.

RELATIONS OF UNDERGROUND WATER TO THE PRE-CAMBRIAN.

‘While the Pre-Cambrian formations differ in character, their influence
is much the same on groundwater conditions. Most of these forma-
tions are very fine-grained and close textured, so that very little water
percolates through the rocks. Continuous crevices and channels are
abundant, usually, only at the surface. As a general rule, no large
amount of water, such as amounts needed for villages or cities, can be
obtained from this source. In very exceptional cases, however, consid-
erable water may be obtained, and in one or two instances, artesian
flows are known to occur in the Pre-Cambrian.

Aside from furnishing a sufficient supply for domestic use on the
farms in the northern part of the state where these formations consti-
tute the surface rocks, the Pre-Cambrian ervstalline formations exert
an important influence on the underground water supply, as the rela-
tively impervious basement controlling the abundant artesian flows in
the southeastern, southern, and the southwestern parts of the state. In
in other words, the hard fine-grained Pre-Cambrian rocks, which are of
minor importance when considered as aquifers, or water-bearing for-
mations, serve admirably as impervious basements for the higher water
horizons.

As the Pre-Cambrian, lying deeply buried below the surface in the
eastern, southern and southwestern parts of the state, limits the depth
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of the water-bearing horizons in those parts of the state, it is important
to know the approximate depth of the Pre-Cambrian impervious base-
ment in those regions. As a general rule, the greater the distance of’
any locality from the area of outcropping Pre-Cambrian of northern
‘Wisconsin, the greater is the depth of the Pre-Cambrian below the sur-
face. The exceptions to this rule are the uneven surface features of the
Pre-Cambrian floor which may be caused by undulations in this floor
by. folding, after the overlying formations were deposited upon it, or
to the unevenness in the surface of the floor due to unequal erosion, be--
fore the overlying formations were deposited upon it.

On the general geological map of the state, Plate I, is shown the ap-
proximate elevation of the Pre-Cambrian above or below sea level, rep-
resented by brown lines with the elevation indicated. In order to as-
certain the approximate thickness of the water-bearing strata, in any-
locality or county, a comparative study should be made of the map with
the general elevation of the land surface as described under the surface
features of each county, and by ecomparison also with the geologic cross.
sections for each county. The approximate elevations of the Pre-Cam--
brian, where deeply overlain by later strata, has been calculated from:
a study of many deep well records and from general knowledge of the-
thickness of the overlying strata at the outerop. In the following table:
.(Table 6), is shown the exact elevations of the Pre-Cambrian in vari-
ous cities of the state, as determined by deep wells drilled down to the-
Pre-Cambrian:

TABLE 6.— Table showing elevation of the Pre-Cambrian in deep wells.

Elevation above (+)

Eastern Wisconsin. Depth below Sur- or below (—) Sea
face, in feet. Level, in feet.

Marinette oot i i i e 917 326—
Green Bay... .. 911 311—
Oshkosh .... 680 75+
Iond du Lac . 1,060 300—
Mount Calvary... ... voriiiiiiiiiiiiiacinis cavinns 1,176 - 116—
Two RIVers.....oviiiiiiis v cee 1,800 1,199—
Milwaukee...ooooviiiiiin it it i aiaeaas Atleast 2,100 At least 1,430

Southern Wisconsin.
Portage ....oivneeniiiinannnn. 530 288+
Madison .. 750 100+
Watertow . 1,085 262—
Janesville............. 1,087 313—

EDET A 1 0o RS R 1,725 865 —
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Western Wisconsin.

DT T ' 100 320+
B3 05T T + R I ' 375 £0N+-
Hastings, MInn ..o i i e 820 110—
B 0 T 524 125+
Rlchland (87 13 73 665 71+

Boscobel.. . it re e, 965 275—
“Cassville ..... 1,102 460—
Platteville cooiiiiiiiiin it iritiianiiraas ¢ 1.718 618—

* The Upper Ca.mbnan at Hudson and ilastings probably rests on Keweenawan sandstone
-and shale.

KEWEENAWAN SYSTEM

The rocks deseribed as Keweenawan in northern Wisconsin appear to
be referable to three divisions or groups. (1) Lower Keweenawan, con-
sisting mainly of conglomerate and quartzitic sandstone or shale, (2)
Middle Keweenawan, consisting of diabase and gabbro in the form of
trap or voleanic flows, interstratified with beds of conglomerate, (3) -
Upper Keweenawan, consisting of conglomerate at the base overlain
by red sandstone and shale, known as the Lake Superior sandstone. On
the geological map of the state, Plate I, the Keweenawan trap (2), and
-the Lake Superior sandstone (3) are each shown as separate formations.
"The Lower Keweenawan conglomerate and quartzite (1) are shown on
‘the map with the Huronian quartzite, as final conclusions concerning
-correlation of certain quartzite areas, probably Lower Keweenawan,
:such as the Barron Quartzite, have not been reached.

Relation of underground water to the Keweenawan rocks—The char-
.acter of the Keweenawan formation with respeet to groundwater con-
-ditions is very similar to that of the Huronian formation. This is espe-
cially true of the ridges of Keweenawan trap rocks which appear at the
surface or immediately underlie the drift in portions of Polk, Burnett,
Douglas, Washburn, Bayfield, Ashland and Iron counties.

The Lake Superior sandstone formation lying adjacent to Lake Sup-
erior, mainly in Douglas and Bayfield counties, contain numerous beds
of shale, and the formations as a whole is relatively impervious. It is
usually a firm and well cemented rock, colored red or brown by iron
oxide. While this formation attains a thickness of several thousand
feet it is unimportant as a source of water supply. ‘

‘While sufficient water for farm use can usually be obtained in this
formation, the drift overlying the sandstone is very generally a much
better source of water supply. Many of the deep wells that penetrate
the sandstone in Ashland and Superior contain highly mineralized or
brackish water and hence deep wells in this formation are generally ob-
jectionable as a source of water supply. However. wells that reach only
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a few hundred feet into the sandstone, very generally, obtain good fresh
water of either low or moderate mineral content.

THE UPPER CAMBRIAN (POTSDAM) SANDSTONE

The Upper Cambrian or St. Croixan (Potsdam) sandstone oceurs in
nearly horizontal beds and rests uncomformably upon the Huronian
crystalline rocks and the Keweenawan trap. The sandstone extends in
a crescent-shaped area around the southeast, south, and southwest sides
of the Pre-Cambrian. The narrow northeast horn of the sandstone
creseent extends through Oconto and Marinette counties, and into Mich-
igan, while the much broader northwest horn abuts upon the Keweena-
wan trap along the St. Croix river, in Polk county.

The Potsdam sandstone outerops over a large area in central Wiscon-
sin and reaches a maximum north-south width of 100 miles or more,
while at the northeast horn of the crescent, the width dwindles down
to 10 and even 5 miles, leaving only a small exposure of sandstone be-
tween the crystalline rocks and the later limestone formations.

‘While the sandstone has usually been mapped as a single formation
or group it really consists of several formations or groups each of which
possess a fairly distinet lithologic and faunal character. It was only
in certain parts of southern and eastern Wisconsin that certain hori-
zons, such as the Madison and the Mendota beds were recognized and
mapped, by Irving and Chamberlin, of the former State Geological
Survey,* 1874 to 1881.

During the past season of 1913-1914, Dr. E. O. Ulrich of the U. S.
Geological Survey, in codperation with the present State Survey, has
been investigating all the Wisconsin formations, from the Uppcr Cam-
brian to the Devonian, for the purposes of correlating the seve:al for-
mations within the various parts of the state as well as with formations
of similar age outside the state.

In a recent paper by C. D. Walcott,? a provisional classification of
the pre-Ordovician formations of the Upper Mississippi valley was
suggested by E. O. Ulrich which had been based on the short field
study of 1913. From additional investigations earried on in 1914, it
is evident that certain changes in the provisional classification will
have to be made before the final conclusions coneerning the thickness,
character and correlation of the several formations below the Lower
Magnesian dolomites can be reached.

1 Atlas of the Geol. Survey of Wis. Plates XIII and XIV.
2 Qmithsonian Institution Collections, Vol. 57, No. 13, p. 354, 1914.
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On the geologic map of the state, Plate I, the various formations of
the Tiower Magnesian and the Upper Cambrian ‘‘Potsdam’’ ave re-
ferred to in the legend. As these names of formations are likely to be
used to a considerable extent.in subsequent geologic reports of the
state, it seems advisable to present in the table, Plate II, the provi-
sional or tentative classification of these Lower Magnesian and Upper
Cambrian formations at the present time, with the understanding that
changes are likely to be required in this classification as the several for-
mations are later studied in detail.

In the legend on the geological map, Plate I, the Mendota and Madi-
son formations are described as overlying the Jordan and St. Lawrence
formations. However, the formerly accepted correlation of the Madi-
son as essentially equivalent to the Jordan, and the Mendota as essen-
tially equivalent to the St. Lawrence, is probably the correct interpre-
tation, as is indiecated in the general geologic section, Plate I1.

On the geological map of the state accompanying the present work
on the water supplies, Plate I, the Upper Cambrian or ‘‘Potsdam’
sandstone group includes all beds below the Oneota dolomite, and the
Lower Magnesian group includes the two formations, the Oneota and
the Shakopee dolomites as these two formations have not yet been
mapped separately in the field.

Much of the Potsdam sandstone where it forms the surface rock has
been eroded, and in places entirely removed, so that the present area of
outerop, which is about 15,000 square miles, is much smaller than the
original extent of the formation. These conclusions are supported by
evidence of the occurrence of numerous Potsdam outliers found far out
in the crystalline area.

Thickness.—The thickness of the Potsdam sandstone on account of
erosion varies greatly. From very thin eroded deposits along its con-
tact with the much older crystalline rocks, the thickness increases, as
the distance inereases from the crystalline area.

As estimated by Chamberlin, the average original thickness in east-
ern and western Wisconsin is between 700 and 800 feet, the usual
maximum thickness being about 1,000 feet, In southwestern Wiscon-
sin, however, a maximum thickness of over 1200 feet is reached. In
northeastern Wisconsin, the average thickness is between 400 and 500
feet. The thickness of the sandstone and its characteristics, as illus-
trated by well records at various places, may best be obtained from the
individual well records described later, under the county descriptions.

Underground Water Conditions.—The Potsdam sandstone is usually
poorly cemented and is unconsolidated and varies from a coarse gran-
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ular rock to one which is exceedingly fine-grained. Although, as a rule,
it is so soft as to crumble in the hands under slight pressure, in a few
rlaces, the rock is so firmly cemented by silica or calcium carbonate that
it is suitable for use as a building stone. The beds of shaley sandstone
vary in thickness from a few feet to over 150 feet.

The pore space between grains of sand in the sandstone, generally
comprise 25 to 35 per cent of the roek, in both the pure sandstone and
in the shaley sandstone beds. The size of the pores, however, are very
much larger in the pure sandstone than in the shaley beds, hence the
water-bearing capacity and ease of transmission of *water is much
greater in the coarse beds. The relatively impervious shale zones divide
the sandstone into several water horizons. Although not everywhere
continuous, these shales extend over large areas and influence the
various heads to which the artesian water will rise in wells drilled into
the sandstone within its outerop area.

Flowing artesian wells are found at various places, as at Sparta, Ar-
cadia, Whitehall, Menomonie, Durand, Elroy, Reedsburg and Baraboo.
Conditions for flowing artesian wells are by no means confined to the
outerop area of the formation, but extend throughout the state where
the sandstone is covered by many feet of later formations.

In a few places, the water from some of the horizons has a reddish
color, and is unfit for drinking purposes. In most cases, it is not very
difficult to drill through such horizons and shut off this unfit sup-
ply by proper casing. In some localities, wells end in the upper or
middle horizons of the Potsdam sandstone in order to avoid the waters
highly impregnated with iron which are occasionally found in the lower
horizons of this formation.

LOWER MAGNESIAN LIMESTONES

Lying on the Madison or Jordan sandstone, is a group of siliceous
dolomitic beds, the Lower Magnesian limestones. It corresponds in
part to the calciferous sand rock of Michigan, and essentially to the
combined Oneota and Shakopee dolomites of Iowa and Minnesota. (See
above classification in the geologic section Pl. IT).

These formations of dolomite form a band on the convex side of the
Potsdam sandstone. Their outerop has a varying width from 10 or 15
miles in the northeastern part of the state to 40 or 50 miles in the south-
western part and extends northward along the western part of the state
as far as Polk county.

Thickness.—In some localities, the dolomite beds of these formations .
are entirely lacking. At such places, the well records, as usually stated,
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show the passage of beds direetly from the overlying St. Peter sand-
stone into the underlying Potsdam sandstone. In such cases there is
a great thickness of St. Peter sandstone that occupies the usual horizon
of the Lower Magnesian formations. The thickness of the Lower Mag-
nesian varies greatly, but is usually between 150 and 250 feet. The
variation in thickness of the Lower Magnesian and in content of sand-
stone beds is sometimes very marked.
Underground Water Conditions—The Lower Magnesian is largely
" dolomitic limestone, but it also contains varying amounts of siliceous
material in the form of scattered and aggregated quartz crystals and
beds of flint or chert nodules and variously shaped masses. Beds of
sandstone, also of local extent and sometimes of oolitie struecture, are
distributed rather irregularly throughout the formation. The presence
of sandstone toward the base, makes it often difficult, if not impossible,
to distinguish this formation in wells from the nearly conformable un-
derlying Potsdam sandstone though a considerable break in sedimenta-
tion occurs between. The passage of water through the limestone is
greatly aided by systems of joints and fissures, both transverse and
oblique to the bedding planes.

“The close association of the Lower Magnesian formations of dolomite
with the thick Potsdam sandstone below and with the St. Peter sand-
stone of quite variable thickness above, makes it difficult and usually
impractical to consider them separately with respect to artesian condi-
tions where overlain by the thick later formations in eastern Wiscon-
sin. 'While there is usually an increase in artesian head in passing
down from the St. Peter through the Liower Magnesian to the base of
the Potsdam, there are many exceptions to the rule, on account of the
irregularity in character and thickness of the Lower Magnesian and
St, Peter formations.

ST. PETER SANDSTONE

The St. Peter sandstone lies on the eroded and somewhat uneven sur-
face of the Liower Magnesian limestone formation. Along its contact
with the underlying limestone beds, is more or less caleareous matter,
derived from the formations below. At the base, a little ferruginous
and clay material often mingles with the sand and calcareous ingredi-
ents, and forms a variegated rock, not unlike the colored shales of the
Potsdam. In the upper part of the horizon, usually oceurs another
shaly seam, very thin and mixed with clay material, upon which rests

the Trenton limestone. Usually, however the transition beds are thin
and abrupt. ‘ ’ :

3—W. 8.



34 THE WATER SUPPLIES OF WISCONRIN.

The formation fringes the convex side of the Lower Magnesian lime-
stone (see the geologic map, PL. 1.). It extends under the later forma-
tions and underlies the southeastern part of the state, both east and
south of its outerop area. The outerop has been traced from Marinette
county on the east, to Vernon county on the west side of the state. Small
outliers are also found in Pierce and St. Croix counties, in the northwest
part of the state, near the junction of the St. Croix and the Mississippi
rivers. In-eastern Wisconsin, its outerop is very narrow, but it widens
around the south end of the crescent, and in the vicinity of Jefferson,
Edgerton, and Albany becomes rather extensive.

Thickness.—The thickness of the St. Peter sandstone is very irregu-
" lar, the usual thickness ranging from 20 feet to 60 or 80 feet. The
formation becomes somewhat thinner toward the northeast and prob-
ably does not extend very far into the northern peninsula of Michigan.
In many places, where the St. Peter sandstone rests directly upon sand-
stone beds of the Lower Magnesian or the underlying Potsdam, it is im-
possible to ascertain, in well records, the exact thickness of the St.
.Peter. Even where the Lower Magnesian limestone beds are present
the thickness of the St. Peter apparently varies greatly.

While the thickness of the St. Peter sandstone and of the underlying
Lower Magnesian formation of dolomite is usually very irregular, on
account of the erosion interval between them, their combined thickness
is usually quite uniform, Where the St. Peter formation is very thick
the Lower Magnesian formation is very thin, and where the former is
thin, the latter is thick. Hence, in stating the approximate thickness -
of geologic strata in each county, the combined thickness of the St.
Peter and Lower Magnesium is usually given as 200 to 250 feet, with the
understanding that over such a large area as a county the combined
thickness will represent quite variable thicknesses of each formation.

Underground Water Conditions—The St. Peter sandstone is usually
composed almost execlusively of well-rounded quartz grains of medium
sizes, in places very. coarse and porous. It is weakly cemented by thin
coatings of iron oxide and calcium earbonate, is porous and ineoherent,
and is usually not compact enough to allow handling without crumbling.
However, in certain localities, the rock is-hard and compact, as at Red
Rock, Lafayette county, where the St. Peter sandstone is-used for build-
ing purposes. The color is chiefly white, varied with yellow, bluish,
‘and gray.

The sandstone is somewhat broken and ﬁssured both transverse and

oblique to the bedding. These fissures and the coarse porous nature of
the sandstone make it an excellent water-bearing horizon, and in the
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easterni and southern part of the state, it frequently furnishes artesiau
water, and numerous flowing wells.

As referred to in the above description of the Lower Magnesian dolo-
mites, the Upper Cambrian sandstones, the Lower Magnesian dolomites
and the St. Peter sandstone, where overlain by the later thick forma-
tions of dolomites and shales in the southern and eastern parts of the
state cannot easily be considered separately in deep wells with respect
to their artesian supplies, and for this reason the entire thickness of
these sandstone and dolomite beds are conveniently referred to as a
unit, or single group, in their relation to deep artesian supplies.

GALENA-PLATTEVILLE (TRENTON) LIMESTONES

The Galena-Platteville limestones consists of two well-defined mem-
_bers, both dolomitic limestones. The lower member, the Platteville,
“however, contains some pure limestones. In a considerable portion of the

state, the Platteville and the Galena have not been mapped separately,
and hence are shown by the came color on the accompanying geological
map, and they will therefore, be treated as one formation in this report.
In Pierce county, the Decorah shale, 30 to 40 feet, thick, is present, lying
between the Platteville and the Galena. In other parts of the state the
Decorah appears to be represented by dolomite beds.

The formations have a relatively large areal extent in Wisconsin.
They extend from Marinette County on the northeast, to the southwest
side of the state near the Mississippi river in Central Vernon county.
"Small outliers are also found capping the hills in Pierce and St. Croix
counties, northeast of the junction of the St. Croix and Mississippi
rivers. Their extent and irregularities of outcrop as well as the man-
ner in which they fringe the Liower Magnesium and St. Peter formations,
may be seen best on the geological map.

Thickness.—These formations, in common with the other sedimentary
formations, dip gently to the east and southeast on the eastern side of
the state, and to the southwest on the west side. The thickness of the
Galena-Platteville is somewhat irregular, but generally varies from
250 to 350 feet, where it is fully preserved, to only a few feet, where
it has been largely removed by erosion.

Underground Water Conditions.—The Galena- Plattevﬂle formations.
consist of blue and buff dolomite, containing in the upper horizon many
flint and cherty nodules. The texture is somewhat open, but becomes.
more close-grained with depth. In the lower horizon the dolomite beds
are interlaminated with beds of clay and shale several feet in thickness.

The various shale beds and the oil rock form first-class impervious
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basements that largely control the underground circulation within this
formation. Not infrequently in this formation, are interstratified beds
-of water bearing sandstone which are several feet in thickness and are
composed of nearly pure sand. Over limited areas in eastern Wiseon-
sin, these sandstone layers form an important part of the formation.
They are usually thin, however, and of irregular distribution. . The
Galena-Platteville is an important water-bearing horizon, mainly, only
in its general area of outerop in southwestern Wisconsin.

" CINCINNATI SHALE

The Cincinnati (Maquoketa) shales rests nearly conformably on the
Galena-Platteville limestone. This formation is composed largely of blu-
ish-and greenish shale, with oceasional thin beds of limestone. Some of
the shales are fine, soft, and even textured and contain a little grit and
sand. Others are, more slaty in structure, and split readily into thin
plates, while some are sandy and more closely resemble soft fine-grained
sandstone. The softness of these shales causes them to be easily eroded
and they are, therefore, seldom exposed, but lic close to the base of the
overlying outerops of Niagara limestone. This shale formation is
found, mainly, in the eastern part of the state.

Thickness—The thickness appears to vary considerably. For the
most part, it is 150 to 250 feet thick, but it increases in thickness to the
northward. Along the east shore of Green Bay, it reaches a thickness
of 540 feet as shown by the records of wells in this locality. Farther
east at St. Ignace, Michigan, Dr. A. C. Lane estimates that the thick-
ness may reach 600 feet or more.

Underground Water Conditions—This formation is of no value as a
water-bearing horizon or stratum, but it forms a good impervious base-
ment for the overlying water-bearing strata. - Along its euterop are
located many fine springs.

CLINTON BEDS

The Silurian system is represented in Wisconsin by the relatively un-
important beds of Clinton iron ore, and the very thick formation of
Niagara limestone. The Clinton beds are very poorly represented
within this state. The Clinton sandstones, shales, and limestone, so
characteristic and well developed in New York and other Eastern
states, are not represented in Wiseonsin.

The iron ore formation at Iron Ridge and Mayville is about the only
member of the Clinton epoeh in Wisconsin. The ore rests upon the soft
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Cincinnati shale at various places, being between the shale and the over-
lying Niagara limestone. The ore deposits are peculiar in their occur-
rence and distribution. They form irregular lenticular beds of iron
ore, composed of small concretions of hematite, resembling ‘‘flax seed’’.
Its maximum thickness of about 25 feet is reached at Iron Ridge, Dodge
County. The beds seem to occupy limited depressions in the surface of
the -underlying Cincinnati shale. It is unimportant as a source of
water supply.

NIAGARA LIMESTONE

The Niagara limestone forms a broad belt in the eastern part of the
state, along the shore of Liake Michigan. It extends as a continuous
formation, from Door County on the north, to Kenosha County on the
south, and forms the summits of isolated mounds farther to the south-
west, as illustrated in the Blue Mounds and the Platteville Mounds.

The Niagara is a pure dolomite and in places it resembles the lime-
stone of the older metamorphic formations very closely. The number
of beds composing the formation is greater in the north-central part
of the belt than farther south. Chamberlin, in his report on Eastern
‘Wisconsin,! divides the Niagara in the south, into f8ur groups of beds,
while in the north, he recognizes six. In some places these beds are
uniform in color and texture, while in others they possess many irreg-
ularities. The upper part of the Niagara limestone is highly siliceous
and cherty. The limestone beds are of varying colors; gray, blue, white,
and buff being common.

Thickness.—The thickness of the formations is somewhat irregular,
varying from 200 feet in the southern part of the district to over 600
in.the central and northern part. The greatest thickness apparently
occeurs at about the center of the limestone belt in the vicinity of She-
boygan. North of Shchoygan only two wells have penetrated the Nia-

. gara limestone; one at Two Rivers; the other at Algoma. From these
records it is apparent that the thickness in the northern half of the
belt.is considerably greater than in the southern half. '

Underground Water Conditions.—In plaees, the beds are coarse, cry-
stalline, and granular, somewhat inclined to be soft, and occasionally
earthy. Other beds of siliceous limestone, closely resembling sandstone,
are not infrequently entered by the drill. These sandy beds, and some
of the more porous limestones, are the chief aquifers found in this hori-
zon. The Niagara limestone, as a whole, is fairly well intersected by
transverse and bedding joints, which greatly inerease its permeability,

! Geol. of Wisconsin, Vol. I1. pp. 335-390.
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and it is, therefore, the chief source of water supply for many of the
wells along the Lake Michigan shore. Flowing wells are obtained at
various depths in this horizon in eastern Wisconsin.

WAUBAKEE BEDS

Near the village of Waubakee, in Ozaukee county, and also near North
Milwaukee, are beds of brown shaly limestone having a total thickness
exposed of 10 or 12 feet, whose stratifraphic position was formerly re-
ferred to the Lower Helderburg, but which has recently’ been placed
in the Cayugan group, and given the local name of Waubakee beds.
Similar beds occur under the Hamilton cement rock in the quarry of
the Milwaukee Cement Company. In the deep artesian well at Lake
Park, about 30 feet of brown limestone was passed through, overlying
the Niagara group, and about 10 feet of the same limestone lies between
the Hamilton beds and the Niagara group at the intake tunnel at North
Point. , '

The Waubakee beds are correlated with the Silurian. The formation
is not important as a water-bearing horizon.

» .
4 ) HAMILTON SHALE FORMATION

The Devonian system is very incompletely represented in Wisconsin.
Only a few limited patches ocecur and these have only a local interest as
water-bearing horizons. The Hamilton (Middle Devonian) oceurs in
two localities. Outerops of Hamilton rock on the shore of Lake Michi-
gan indicate an area of this limestone in the vicinity of Milwaukee* and
another area in the vieinity of Lake Church, ten miles north of Port
‘Washington.® These remnants in the vicinity of Milwaukee lie along
the lake shore immediately north of the city limits and are exposed, in
places; over an area about 6 miles in diameter. It rests in part upon the
laminated Waubakee shales, in part upon the Niagara limestone. The
deposits consist of a bluish-gray or ash-eolored impure dolomite broken
into layers by seams of clay. The limestone layers vary from homogen-
eous to lumpy texture, and the upper layers are sometimes shaly. Their
thickness varies from a few inches to 3 feet of heavy-bedded limestone.
The intercalated clay seams vary from 0 to 5 inches in thickness. The

1W. C. Alden, Prof. Paper 34, U. S. G. S. p. 13-14; Folio No. 140 U. S. G. S.

*Teller, E. E., The Hamilton Formation at Milwaukee, Wisconsin, Bull.
Wisconsin Nat., Hist. Soc., Vol. 1, pp. 45-56.

3 Monroe, Charles E., “A Notice of a New Area of Devonian Rocks in Wis-
consin Journal of Geology, Vol. 8, p. 313, 1900. Clelland, H. F., “Middle
Devonic of Wisconsin”., Bull. Wis. Survey No. XXI. :
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total thickness is here about 26 feet, and the slight dip is southeastward.
The shafts and tunneling for the present water supply of Milwaukee
are, for the most part, in these rocks and in the underlying Waubakee

beds. S

PLEISTOCENE FORMATIONS

All the formations thus far considered consist of indurated or hard
rocks. Lying upon the hard rock formations in most parts of the state,
are glacial drift deposits consisting of unconsolidated clays, sands,

" gravel and boulders. While the indurated rocks were mainly deposited
as marine sediments, the unconsolidated deposits were mamly the: re-
sult of glacial and river action,

Three-fourths of the state, the southeastern, the eastern and northern
parts are covered with a variable thickness of drift. In the central and
southwestern parts, known as the ‘‘Driftless Area’’, no glacial deposits
oceur. In the driftless area, however, there is usually present on the
uplands, a variable thickness of loess, or of residual or colluvial soil;
while the valleys are usually filled with thick deposits of alluvial sand
and gravel,

THE GLACIAL DRIFT

The drift was deposited over the glaciated parts of the state by sev-
eral ice invasions, probably four or five, separated by inter-glacial Pér-
iods. The loose material deposited by the glaciers was .distributed ir-
regularly over the surface, either in the form of extended sheets of drift,
or as terminal moraine ridges. The nearly level areas constitute the
so-called ground moraines, composed of sand, gravel, boulders, at;d
clay, variously arranged and spread irregularly upon the rock surface.
The terminal moraines oceur as small knolls and ridges and basins with
a characteristic surface which is more or less undulatory.

Fig. 2.—Diagrammatic section showing thick drift over rock.

Thickness.—The thickness of the drift generally varies between a few
feet up to 100 feet. In those glaciated parts of the state where pre-
glacial valleys exist, or where the drift is in morainic ridges, the thick-
ness usually exceeds 100 feet, and often reaches 200 or even 300 feet.
The irregular thickness of the drift is illustrated in figures 2 and 3.



40 THE WATER SUPPLIES OF WISCONSIN.

Underground Water Conditions—As much of the drift occupies the
upland areas and the stream divides, it receives most of its water direct
from the rainfall. The drift in valleys, however, doubtless receives an
additional supply by seepage from the rock, and also from the drift
lying on the higher slopes.

Fig. 3.—Diagrammatic section showing thin drift over the underlying rock.

Much of the drift is composed of a heterogeneous mixture of clay,
sand, and boulders, and the amount of water absorbed by the drift de-
pends on the proportion of these constituents in the deposits. The larger
the percentage of sand in the drift, the larger is the amount of water ab-
sorbed, and the more readily it circulates through the deposits. In gen-
eral the latest drift sheet, the Wisconsin, contains more sand, and is also
less consolidated, than the older drifts, hence it is a better water-bear-
ing formation than the older drift. In the low flat areas of drift the
water table generally approaches very close to the land surface.

The terminal moraine deposits which form the hilly and undulating
‘““Kettle Range’’ of the state, generally consist of more porous drift
than the level till plains, and are usually well supplied with groundwa-
ter. These terminal moraine deposits overlie the older till plains, and
springs often issue along their borders. 'The terminal moraines contain
many basins occupied by lakes and marshes from which there may be
seepage into the outlying lower drift. Most of the wells in the terminal
moraines obtain their supply of water from the beds of gravel inter-
stratified with the drift. The depth at which the water is obtained in
the moraines, is somewhat irregular, but usually the water is found near
a common level for any locality. ‘

LACUSTRINE AND ESTUARINE DEPOSITS

Associated with the terminal and ground moraines are those forms
of deposits that have been modified by the glacial rivers or by local
marginal lakes. In these deposits a portion of the glacial drift has been
sorted and worked o%er by the water and deposited in stratified beds
of clay, sand, and gravel. In certain localities such accumulations of
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stratified beds consist of alternating pervious and impervious material,
giving rise to local artesian areas.

Beside the above mentioned stratified beds, we have the much more
extensive lacustrine and estuarine deposits mainly near the shores of
Lake Michigan, Green Bay, and Lake Superior. The material com-
posing these deposits consists chiefly of silt, sand and gravel, eovered
with stratified beds of clay. They were probably deposited in the
waters of expanded interglacial or glacial lakes, the predecessors of Lake
Superior and Lake Michigan, and in interior lakes and estuaries. The
clay contains much calecareous sediment, probably mainly of organie
origin which is stratified with the silt and sand.

Underground Water Conditions.—The lake clays whieh border the
shore of Lake Michigan and Lake Superior, and extend for some dis-
tance up the Green Bay and Fox river basins, are important as imper-
vious confining strata to the water-bearing sands and gravels with
which the clays are interstratified or upon which they lie. As a result
of the presence of the overlying clays, the groundwater in the under-
lying sand and the gravel beds is held under hydrostatic pressure, and
where the deposits are in basins and along slopes, flowing wells are
readily obtained.

" The lacustrine fermations, therefore, are important in the develop-
ment of conditions for shallow artesian slopes, in which the flowing
wells are generally less than 100 or 200 feet deep and are wholly con-
fined to the superficial deposits. The source of the water is mainly by
seepage along the higher slopes of the basins, though in some instances
the water is probably fed from the underlying indurated rocks.

VALLEY ALLUVIUM

Along all the large rivers of the state oecur deposits of gravel, sand,
and clay. Many of the valleys within the driftless area are filled to a
depth of 100 feet to 200 feet, or more, with river-washed sand and
gravel. Many of the large rivers of the driftless area were drainage
channels for water during the melting of the ice sheet, as well as dur-
ing the interglacial stages. In this way glacial material was taken by
the rivers into the valleys of the driftless section.

The alluvial deposits form the low, nearly level, sandy lands along
such large streams, as the Mississippi, the Wisconsin, the Chippewa,
the St. Croix, and many other large rivers and their important tribu-
taries. In many places the alluvial estuarine and lacustrine deposits
grade into one another. They appear to indicate a period of low eleva-



42 THE WATER SUPPLIES OF WISCONRSIN.

tion of the lJand with many lakes and sluggish rivers, during middle
Pleistocene time.

Some of these rivers have alternately eroded and filled their valleys
several times, as may be seen from the series of terraces along theu
courses. On the lower Chippewa river, as many as five distinet ter-
races may be seen above the present river bed. The highest terraces
are from 80 to 125 feet above the Chippewa, Black, and Wisconsin, The
level surface of the highest terraces stretches back on either side of
the river to the undulating uplands of indurated rock. (See Figure 4.)

Fig. 4.—Section showing terraces in the Chippewa Valley below Eau Claire.

‘Where tributaries join the main streams, low bottom-lands are
formed, stretching for some distance back along these branches., The
lowest terraces or ‘‘bottoms’’ are separated from the older and higher
terraces by steep slopes, varying from 5 to 30 feet in height.

Underground Water Conditions—Many cities and villages, as well as
the farms located upon these river terraces, draw their supply of water
from the sub-soil of river-washed sand and gravel. The water level
usually lies from a few feet to a hundred feet below the surface, and
a sufficient supply of water is readily obtained from dug or driven wells
sunk into this formation. ,

The stratification of -the alluvial gravels, sands, silts, and clays is
similar to that of the lacustrine deposits; in fact, lacustrine and allu-
vial material are often interstratified with each other, not only in the
glaciated areas, but also in the driftless region. The interbedded
gravels, sands, and clays in the valleys, give rise to the development
of artesian slopes, in the same manner as the lacustrine deposits fring-
ing the basins of Green Bay and of the Great Lakes. In nearly all the
valley alluvial deposits, shallow flowing wells have been obtained, as il-
lustrated by the flowing wells along the tributaries of such rivers as the
Wisconsin, the Baraboo, the La Crosse, the Chippewa, and the St.
Croix. , o

There is a larger proportion of water-bearing strata, such as sand
and gravel, in the purely -alluvial deposits, than in the lacustrine de-
posits. The areas of flowing wells in the valley deposits are usually, if
not always, more irregular, and the artesian pressure or head is more
variable than in the artesian areas of the lacustrine deposits, due in
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part to the fact, that the confining strata of clay are not so thick or so
continuous in the valley alluvium as the elays in the lacustrine deposits.

LOESS

Loess of eolian, or wind origin, consisting mainly of silt and fine sand
and a small amount of clay, forms fairly abundant deposits overlying
the rock in the southwestern and northwestern parts of Wisconsin, The
mantle of loess is mainly restricted to the driftless area in southwestern
‘Wisconsin and the regions of the old drifts in the northwestern part of
the state, extending as far north as Pierce, Dunn, and Chippewa coun- -
ties.

The distribution and thickness of the mantle of loess is somewhat ir-
regular within the general area of its occurrence, usually being thick
and more eontinuous along the Mississippi river and thinning out grad-
ually to the east, the border generally being within 50 to 75 miles east
of the Mississippi. Its thickness generally varies from a few inches to
10 or 12 feet on the uplands. During the long period sinece the loess was
deposited, much of it has been washed from the uplands and slopes into
the valleys, where it overlies, or is mingled with, the valley alluvium.

Underground Water Conditions.—The loess consists of 50 to 75 per
cent of silt, the remainder being mainly fine sand and clay. In gen-
eral it is of quite porous texture, though quite fine-grained. It has the
capacity 'to absorb the rain quite readily, and unless raing are copious
most of it sinks into the loess.

The deposits of loess on the uplands are very generally too thin to fur-
nish water in wells. Occasionally, however, shallow wells in relatively
thick deposits in wet seasons furnish small supplies on the farms. The
loess mantle exerts a good influence in conserving groundwater as soil
moisture for the growth of erops, and only relatively slowly allows the
seepage of groundwater to the underlying rocks, where it later becomes
a source of water supply in wells. '
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CHAPTER II.

CONDITIONS CONTROLLING MOVEMENT OF LOCAL UNDER-
GROUND AND ARTESIAN WATERS

The body of underground water has its source in the precipitation
which falls upon the earth, and is transmitted below the surface through
the various pores and openings in the under-lying rock formation. The
total precipitation, asalready stated, can be divided into three parts:
(1). That which is evaporated directly or is transpired by vegetation;
(2) That which runs off the surface at once; (3) That which is ab-
sorbed and becomes underground water.

Underground water, therefore, is water from any source which is
below the earth’s surface. The underground water receives practically
no-supply from the lakes and rivers, but on the contrary, the streams
and lakes receive their permanent supply from the body of ground-
water in the rocks. )

Locar, UNDERGROUND WATER AND ARTESIAN WATER

The underground waters are conveniently deseribed in two groups:
(1) Those that are termed shallow or local waters, as they are fed by
Jocal rainfall absorbed through the soils directly above, and are some-
times referred to as local underground waters, and (2) Those that are
confined under pressure within the rock strata and to some extent have
been transmitted laterally for some distance underground from the
point fed by local rainfall, and are termed artesian waters.

The distinction between the country rock water or local groundwater
and artesian water in many loealities ean not be always sharply drawn.
In accordance with present usage, the term ‘‘artesian’’ is applied, not
only to the water of flowing wells, but also to the water in non-flowing
wells which rises to a considerable height in the well tube above the
source of supply.



CONDITIONS CONTROLLING MOVEMENT. . 45

TaE LocAL GROUNDWATER

The movement of local groundwater is both downward and laterally.
It moves mainly downward to the level of the groundwater table, to the
groundwater level, below which all the pore spaces and openings in the
rocks are filled with water. After it reaches the groundwater level of
the locality it flows mainly in a lateral direction.

Movements in the Surface Zone—The unsaturated surface zone, or
partially saturated zone of flow of ordinary groundwater, extends from
the land surface down to some distance below the top of the fluctuating
water table. In coarse loose material the rapidity of the movement of
the water is much greater than that in fine-grained clays. The water
near the surface of the water table also moves laterally much more
rapidly than that more deeply situated. Near the surface of the water
table there is a close agreement in the direction of the movement of the
groundwater and the slope of the land surface. This is especially true
in the superficial deposits of drift and alluvial sands.

Depth to Groundwater Level.—Because the surface over a large part
of northern and eastern Wisconsin is relatively flat or gently sloping
the groundwater level, in many places, is within only a few feet of the
surface. In many instances, in flat lying areas, where the ground-
water level is near the surface, a common cistern pump, with its cyl-
inder above ground, is used to raise water for domestic purposes.

Fig. 5.—Diagram illustrating relations of groundwater to streams and wells.
The dotted line AA represents the usual groundwater level which rises to
A” A” in wet seasons and sinks to- A’ A’ in dry seasons.

In the hilly and more undulating parts of the state, like that portion
adjacent to the Mississipi river, the water table, or the surface of the
underground water, conforms primarily to the grades and slopes of the
surface. In the valleys, the level of the groundwater stands very near to
the surface, while on the slopes and hills it often stands 50 to 200
feet below. The water table in Wisconsin is usually at a depth of 20
to 50 feet, seldom lower than 80 feet in the gently sloping part of
* the state. In the driftless area and in the undulating and hilly parts
of the state there is the greatest variation in the level of the water
table, the usual depth being from 50 to 200 feet below -the surface.
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Change in Groundwater Levels—The head of the groundwater, or
groundwater level, rises and falls from season to season depending up-
on the seasonal rainfall. It also changes locally from year to year, due
to variation in amount of annual rainfall. The groundwater is ap-
preciably lowered where considerable pumpage from wells takes place.
The relation of the groundwater level to streams and wells is shown in
Fig. 5.

ARTESIAN 'WATER.

In many parts of Wisconsin the water in certain beds is under suf-
ficient hydrostatic pressure to cause it to flow above the surface when
penetrated by driven or drilled wells. . The flowing wells are much
prized as they furnish a continuous supply of fresh, pure water, and
are essentially free from all possible sources of contamination. The
flowing artesian wells have their source in the rock strata, mainly the
St. Peter and Potsdam sandstone, and in the surface formations of
glacial drift and of alluvial or lacustrine silts, sands and gravels. As
the factors controlling the oceurrence of artesian flows in the indurated
" rock and in the surface formations are somewhat different, the ar-
tesian wells from these two sources will be deseribed separately.

Definition of artesian water—The term ‘‘artesian’’ has been often
used to convey different meanings, but in this report, following the
usage now prevailing, artesian water includes all underground water
held under pressure whether the wells are flowing or not. In mnearly
all cases, the only difference between a non-flowing artesian well and a
flowing artesian well, is due to the difference in the relative elevation
of the surface of the ground at the wells.

Artesian head.—Under artesian pressure, the water rises in the well
tubes above the water bearing stratum that is pierced by the drill hole.
The water may rise high enough to overflow above the surface or it may
fall short of reaching the surface. The height at which the artesian
water ceases to rise or exert upward pressure, is called its static head
or level. The head may be expressed in relation to the sea level, the
altitude, or to the surface of the well curb.

Measurement of head.—The head of flowing artesian wells may be
measured at the well mouth, in pounds per square inch by means of a
gauge, and the head then computed in feet. As a column of water one
inch square and 2.3 feet high weighs one pound, the number pounds
pressure at the well multiplied by 2.3 equals the head in feet. The
head may also be measured by tubing coupled water-tight to the well-
casing and carried up a trestle or ladder until the water stands at the
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top but does not overflow. To obtain the true hydrostatic pressure,
the measurement should extend over several days and for this reason
the use of the pressure gauge is most convenient.

CoNDITIONS CONTROLLING ARTESIAN SUPPLIES,

The movements of the deeper underground or artesian water un-
der hydrostatic pressure, are determined by a somewhat different set of
factors from those controlling the movement of shallow or local rock
water near the surface. Much has been written by various authors
concerning the leading conditions upon which flowing wells depend.
. Prof. T. C. Chamberlin’s® classical article on the ‘‘Requisite and Qual-
ifying Conditions of Artesian Wells’’, is one of the best general
treatises upon the subject. Prof. C. S. Slichter’s® report on ‘‘The
Motions of Underground Waters’’ clearly shows the difficulties that
may arise when large drafts are made upon a subterranean basin. A
recent contribution by Myron L. Fuller?, ‘“Summary of the Control-
ling factors of Artésian Flows’’ is an excellent condensed statement of
the subject. '

The principal eonditions and rquisites on which flowing wells in
stratified beds depend were summarized by Chamberlin in 1885 as fol-
lows:

“l. A pervious stratum to permit the entrance and the passage of the water.
2. A water-tight bed below to prevent the escape of the water downward.
3. A like impervious bed above to prevent escape upward, for the water,

being under pressure from the fountain-head would otherwise find
relief in that direction.

4. An inclination of these beds; so that the edge at which the waters enter

will be higher than the surface of the well.

5. A suitable exposure of the edge of the porous stratum, so that it may

take in a sufficient supply of water.
. An adequate rain-fall to furnish this supply.

. An absence of any escape for the water at a lower level than the sur-
face of the well.”

3o

The three essential factors for the development of artesian flows in
all kinds of rock recognized by M. L. Fuller are as follows:

“l. An adequate source of supply.

2. A retaining agent offering more resistance to the passage of water than
) the well or other opening.

3. An adequate source of pressure.”

Geol. of Wis. Vol. 1, 1881, p. 689-701. Fifth Annual Report U. S. Geol.
‘Survey, 1885, pp. 125-173.

*Water Supply & Irrigation Papers U. S. Geol. Survey, No. 67, 1902.

*Bulletin No. 319, U. 8. Geol. Survey, 1908.
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There are, however, many other factors modifying artesian flows re-
- ferred to by Fuller as secondary factors, as follows:

Secondary factors of artesian flows.
1. Hydrostatic factors (relating to pressure and movement).
1. Factors mainly affecting pressure.
a. Barometric pressure.
b. Temperature. - .
c. ‘Density.
d. Rock pressure.
2. Factors mainly affecting movement.
a. Porosity.
b. Size of pores or openings.
c. Temperature.
II. Geologic factors (relating to reservoir).
. Character of reservoir.
. Retaining agents.
. Structure of reservoir.
. Topographic conditions.
. Conditions relating to supply.
a. Catchment conditions.
b. Conditions of underground feed.
6. Conditions of leakage.

O b Q3 DO =

Although the basi¢ principles of artesian wells are simple and easy
to understand, many of the practical problems associated with them are
often varied and complex, involving the most careful study and atten-
tion, ‘

All'of the foregoing requisite and qualifying conditions for artesian
systems may occur in the same region at different depths, giving rise
to independent systems differing entirely from one another in geologic
origin and structure. Such is often the ease in Wisconsin, as shown by
the faet that artesian waters are found in various geologic horizons,
some of the horizons being quite similar while others are quite unlike
in structure and origin.

Yig. 6.—Section of an artesian basin. A, Porous stratum; B, O, impervious beds below
and above A, acting as confining strata; F, height of water level in porous beds 4,
or, in other words, height in reservoir or fountain head; D, E, flowing wells spring-
ing from the porous water-filled bed A.

No attempt will be made to present a complete discussion of all the
important factors modifying and controlling artesian flows in this re-
port. For a short and fairly comprehensive discussion, the reader is
referred to the Bulletin No. 319 of the U. S. Geol. Survey, by M. L.
Fuller.

Artesian Basins and Arlesian Slopes—While the most common ar-
tesian system is generally supposed to be the artesian basin, it is in re-
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ality far less common than the artesian slope. A section of an ar-
tesian basin is illustrated in figure 6. and of an artesian slope in figure 7.

It may be recalled that the dominant geological structure of Wis-
eonsin is a broad anticlinal fold with the arch of Pre-Cambrian gran-
itic rocks in the north central part, and the overlying Paleozoic strata
dipping down towards the outer boundaries of the state. It is along
the slopes of the anticlinal arch that the waters within the Paleozoic
water-bearing strata are confined under artesian pressure, and it is
therefore, in artesian slopes, between the center and the outer boun-
daries of the state, that artesian areas in the Paleozoic strata are de-
veloped. k :
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+ + 4+ + 4 + + =
eI NIR N ++“4 «+‘++4+4—¢‘

Fig. 7.—Section of an arteslan slope. A and C are water-bearing beds; B and D
are relatively impervious beds acting as confining strata; E, F and G are
flowing wells springing from the water-bearing beds.

The artesian slope is characteristic not only of the Paleozoic strata
but also of the surface deposits of the Pleistocene. While ecompletely
enclosed basins may be developed occasionally in the surface deposits
adjacent to lakes, it is most usually the case that the areas of surface
flows are dependent upon the development of struetural conditions fa-
vorable to the flow of the underground water down the valleys, as il-
lustrated by the artesian wells in the surface deposits about Lake Poy-
gan and Lake Winnebago in the Fox river valley, and by the artesian
wells in the Potsdam sandstone in such valleys as the Lia Crosse, Kicka-
poo, and Baraboo rivers.

An important, though by no means, necessarily essential, factor in
the development of effective artesian pressure is the presence of per-
vious beds that are continuous with the porous beds of the outcrop.
Fissures and crevices in the overlying or underlying rock which are in
direct communication with any collecting area, or any porous vein that
serves as a water carrier may develop effective artesian presure. The
continuous beds of pervious rock, however, are the most reliable sourees
of artesian wells. The fissures and porous veins although they furnish an
abundant supply of water in many artesian wells, are eagily influenced
by adjacent wells and are more irregularly distributed and therefore
not so easy to strike.

Transmitting beds—The transmitting beds may all be united into
one large porous bed, or they may be separated, as in the Potsdam sand-

4w, S.
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stone, into numerous beds independent of one another. Their useful-
ness depends upon numerous factors, such as the ¢ontinuity of the beds,
the porosity, the fineness of grain, and the mixture of fine and coarse
‘material. The Wisconsin water-bearing formations consist in large
part of sand, gravel, sandstone, sandy limestone, conglomerates, bould-
ers, and other material of loose granular texture. In some of the beds
may be found almost every possible intermixture of coarse and fine ma-
terial. In places fine sand, shale and clay are interspersed to such a
degree that the water-bearing capacity of the beds is greatly reduced or
completely destroyed. Porosity in -the transmitting beds as well as in
the outerop rock is a very important consideration, when the volume
of flow is taken into account. This condition of porosity varies greatly
thus making it impossible to formulate any set rule. For the most
part, however, the porosity of the water horizons or water-bearing beds
of sands and sandstones is equivalent to, if not greater than that of the
most porous sandstone!, used for building purposes.

Darton? estimates the rate of flow. of water in the sands of the Da-
kota sandstone, from which the remarkable artesian wells of South Da-
kota draw their supply as not exceeding a mile or two a year. It is.
very probable that in the Wisconsin sandstones the velocity in many
cases does not exceed 0.25 miles per year and seldom reaches 0.50 miles
per year. The movement may be even much less than 0.25 miles per
year. '

The velocity and flow of ground water through the various materials
under a 10 foot gradient has been calculated by Prof. C. S. Slichter.
For a complete discussion of the principles underlying the motions of
-underground. water the reader is referred to various papers® cited be-
Tow. .

. The leading factor in artesian circulation is gravity which determines
the amount of the pressure. Three essential conditions control the
amount of pressure. (1) The elevation of the gathering ground above
the artesian slope or basin where the wells are located, (2) the degree
of slope of the pervious beds from the intake area tq the region of the
wells, (3) the presence of an overlying and underlying impervious

'Wis. Survey Bulletin No. 5, p. 402-3.

? Darton: New Developments in well boring and- irrigation in eastern
'South Dakota, Eighteenth Ann. Rept. U. S. Geol. Survey, 1897, p. 609.
: #Slichter, C. S., Motion of Underground Waters, Water Supply and Irriga-
_,.tion paper, U. S. Geol. Survey, No. 67. ’

King, F. H., Principles and Conditions of the Movements of Groundwater,
Nineteenth Ann. Rept. U. S. Geol. Survey, P. 2, 1899, p. 50.

Slichter, C. S., Theoretical Investigation of the motion of ground-waters,
Nineteenth Ann. Rept. U. S. Geol. Survey, P. 2, 1899, p. 285.
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stratum for transmitting the water. When the water is confined in
. porous beds without means of escape, the aquifer becomes a great reser-
voir. In regions of sufficient rainfall, as in Wisconsin, this reservoir is
kept filled to the level of the gathering ground, or to that height at
which the water may escape from the confining beds. When the aquifers
thus are saturated any increase of the rainfall has little or no effect,
for the excess flows away on the surface, or is lost by evaporation, and
fails to relieve any stringency that may be due to an excessive loss of
water from artesian wells in a local district to which the excess water
can not readily be transmitted.

It is usual, though not always essential, as pointed out later, that the
gathering ground be higher than the region of the wells from which a
flow is expected, so that there may be a sufficient head to insure a flow
in spite of leakage through confining beds, and obstructions to passage
of water within the aquifers themselves. The steeper the surface grad-
ient from the outerop down to the mouth of the well, the greater the
pressure at the well and the higher will the water rise, if the other fac-
tors remain constant.

In its action, an artesian slope in stratified rocks into which wells
have been sunk may be compared to a city water works plant. The
outecrop corresponds to the standpipe, the aquifers to the mains, and
the wells to the private taps in the houses. To make the analogy more
complete the standpipe and mains may be considered filled with pebbles
and coarse sand so the water can only occupy the pore spaces between
them, thus retarding the motion of the water through the pipes.

Available Artesian Head.—In Wisconsin, the outerop of the artesian
water-bearing stratum, mainly the Potsdam sandstones, lies only a few
" hundred feet above the lowest ground within the state and the lower
edge of the porous outerop is considerably lower than the surface of
the divides in the artesian districts. In these inter-stream areas, al-
though the water often rises in the wells considerably higher than at
points wherc flows are obtained in the valleys, it will not rise to the
surface on the divides. Sinee the difference in elevation between out-
crop arca and artesian area, under the most favorable conditions, over
most parts of the state, lics between 600 and 1000 feet above tide, it
cannot be expected that water will be foreced very high above the sur-
face when deductions for frictional resistance and leakage have been
made.

If an artesian basin or slope is again compared to an artificial sys-
tem, some of the Wisconsin artesian areas are like systems in which the
standpipes are low and some of the taps or faucets are a little higher
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and some are on a level with the standpipes. In both these eases the
water would have to be raised a short distance by pumping. On the
other hand other artesian areas in Wisconsin are more favorably situ-
ated and are like systems in which all of the taps are considerably be-
low the level of the water in the standpipes and would therefore obtain
flows.

However, elevation of the well with respect to the feeding area, as
will be shown later, is not the only factor to be taken into considera-
tion before predicting whether a flow can be obtained. Many other
factors must be taken into account such as distance of the well from
source of supply, the porosity of the beds, the nature of the confining
beds, temperature, kind of well, continuity of water-bearing beds, and
the relation of the local ground-water table.

Confining beds—Water confined to the aquifers under hydrostatic
pressure has a great tendency to seek the level of its sources. It is,
therefore, necessary that the water be imprisoned in the aquifers, other-
wise the artesian effect will be lost. This is usually acecomplished by
layers of impervious rock (or their equivalents), either above or both
above and below the porous rocks. The best impervious layers are
heavy clays, as they are practically water tight. Others less effective
are shales, slates, shaly limestone, limestone, argillaceous sandstone, and
erystalline rocks.

‘As no rock or stratum is entirely impervious and free from minute
partings and pore space, no rock is absolutely impenetrable to water.
Therefore, some of the water always escapes, the amount increasing as
the pressure and temperature inereases. It is, however, not necessary’
to confine all of the water, but only enough to make the aquifer service-
able. In Wisconsin, the lowest water-bearing formation, the Potsdam
sandstone, is underlain by impervious crystalline rock which cuts off
the downward escape of the water. In-the formations above the Pots-
dam there are numerous beds of shale and limestone which act as im-
pervious basements for higher aquifers. It is of much importance,
though not essential that upper beds be impervious for the most favor-
able development of artesian conditions. Loss in pressure may also
result if overlying beds are cracked and fissured, or are displaced by
faults which offer a ready upward passage to the water.

Complete destruction of artesian conditions or the rapid decline in
the artesian head, may result from the opening of terminal escapes for
the water as in the deep, pre-glacial valleys of southern and southwest-
ern Wisconsin. The aquifers in the Potsdam sandstone have there been
dissected sufficiently by the rivers to offer the local groundwater as well
as the. artesian water a ready means of escape. .
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In artesian slopes situated near the Great Lakes, as well as in those
areas where the aquifers have been cut across and drained by drift-
filled pre-glacial valleys, or where the aquifers have been cut by fis-
gures or faults, a possible terminal escape must always be taken into
account. Artesian water is lost by terminal escape, by slow leakage
through the confining strata, and by leakage at the well itself, either
between the casing and rock or through the corroded casing, Where
many of the old wells have been abandoned, as at Fond du Lac and
‘Watertown, the head of new wells may be greatly lowered by the eseape
of water from these wells into the overlying drift.

Terminal escapes occur at various places in Wisconsin, not only in
the deeper artesian zones, but also in local shallow artesian slopes in
glacial drift. In various places within the state there is less hydro-
static pressure than should be expected, probably because of the devel-
opment of pre-glacial erosion of a terminal escape for the underground
water. However, erosion does not always completely destroy the ar-
tesian conditions as soon as an aquifer is exposed, for associated lower
impervious beds may effectually confine the water. A typical case of
this kind oceurs at Prairie du Chien, where the upper part of the
Potsdam has been eroded and the ancient valley offers an escape to the
water from the upper horizon; but the next underlying confining bed.
is not quite cut through so an abundant supply of artesian water can
be obtained from the Potsdam aquifers only a few feet below the old
valley. Although not destroying completely the artesian conditions,
terminal escapes are always a potent factor in modifying them.

Influence of the local ground water table.—It seems very apparent,
that the height of the local water table is a very important factor in de-
termining the artesian head in any locality. The stratified beds of sand,
shale, and limestone which constitute the artesian group, appear to be
especially favorable to the transmission of pressure from the overlying
water table to the confined waters within the artesian reservoir, While:
the artesian reservoir is separated into beds of varying degree of im-
perviousness, the presence of vertical joints ramifying throughout the:
group, as well as the sandy and semi-porous character of the beds as a.
whole, furnish conditions favorable to the transmission of water and
pressure from above. _

Prof. Chamberlin® appears to have first pointed out the relation be-
tween the height of subterranean water level and that of the artesianw
head. He says: :

““If the subterranean water stands as high as the fountainhead (ex-

‘Fifth Ann. Rept. U. S. Geol. Survey, p. 140, 1885.
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cept at the well, where of course, it must be lower) there will be no
leakage, not even if the strata be somewhat permeable, for the water
in the confining beds presses down as much as the fountain-head causes
that of the porous bed to press up, since both have the same height.

“‘If the water between the well and fountain head is actually higher
than the latter, it will tend to penetrate the water-bearing stratum, so
far as the overlying beds permit, and will, to that extent, increase the
supply of water seeking passage through the porous bed, and will by
reaction, tend to elevate the fountain head if the situation permit.

‘‘If, on the other hand, the water surface is considerably lower than
the source there will be considerable leakage, unless the eonﬁnlng beds
are very close-textured and free from fissures.’

The height of the water table over many points in the artesian sys-
tems of Wisconsin undotibtedly exerts a strong influence on the pres-
sure, and in many places is a far more important factor than the pres-
sure transmitted through continuous water bearing strata, from the
more remote catchment arca. -

As pointed out by Fuller!, while the level of lakes and streams is
commonly a function of the height of the ground-water in the vieinity,
yet sometimes the reverse is true and the ground-water level becomes
a funection of the level of the water bodies on the surface. The latter
may also in some cases influence to a considerable extent the pressure
on underlying confined waters. Fuller, summarizes the effects of sur-
face water bodies on the underground water as follows:

Effects of height of surface water bodies on underground waters.
I. Changes of ground-water levels,
1. Changes due to variation of level of surface streams receiving
ground-water discharge.
2. Changes due to movements away from surface water bodies.
II. Variations of pressure on confined waters.
1. Changes due to communication between surface and under-
ground water bodies through intervening beds.
a. Communication through joints and other passages.
b. Communication through the body of the intervening beds.
2. Changes due to transmission of préssure through intervening

beds.
3. Changes due to plastic deformation.

It is calculated that a very slight movement from the water of sur
face bodies on the ground water table is sufficient to produce a pro-
nounced rise in the waters of wells. Considering an area 1,000 feet
square, a downward water movement of only one-thousandth of an inch
through the overlying confining strata would be equivalent to a rise

'U. S. Geol. Survey Bulletin 319, p. 31-2
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of approximately 25 feet in a single well, or one foot in 25 wells. The
transmission of pressure through the so-called impervious strata may
sometimes be a factor of artesian head, even though no movement of
water takes place.

The influence of the pressure of the local ground-water table on the
- artesian head appears to be well illustrated by. the profiles of artesian
heads of the La Crosse, Kickapoo, and Baraboo rivers, Figures 10, 11
and 12.

The head of the flowing artesian wells at Waupun at 886 feet and
at Beaver Dam at 889 feet is at least 100 feet higher than the effective
artesian head obtained by artesian wells along the Fox river valley lying
to the west in the direction of the courses of the movement of the ar-
tesian water confined to the Potsdam aquifers.

 Areas of maximum artesian head.—The important influence of the
groundwater table on the artesian pressure appears to be well illus-
trated in many parts of the state, and it is only by recognizing this in-
fluence that the relatively high heads attained by many of the flowing
wells can be explained. "In general, therefore, the artesian pressure in
areas of high groundwater tables on the inter-stream divides is much
greater than the pressure in the valleys, though it is only in the val-
leys that artesian flows above the surface can be obtained. The con-
tours of equal artesian pressure shown on the map (Plate 1) conform
in a general way to the contours of the groundwater table, and since
the latter conforms in a general way to the contours of the land surfaee
the artesian eontours are found to approximate the topographie con-
tours.” Areas of maximum artesian head occur in various parts of the
state and these areas conform to the areas of maximum altitude of land
surface and groundwater level. The areas of maximum artesian head
are located on the inter-stream divides between the major drainage
lines of the state, and as shown by blue lines on the geologic map are
as follows:

1. Area of maximum artesian head on the divide between the Chippews

. ) and St. Croix rivers.

2. Area of maximum artesian head on the divide between the Chippewa and

Black rivers.
3. Area of maximum artesian head on the divide between the Black and
Wisconsin rivers.

4, Area of maximum artesian head on the divide between the Wisconsin

and lower Rock rivers. (Southwestern Wisconsin).: - -

5. An area of maximum artesian head on the divide between the Fox and
the upper Rock rivers. (East-Central Wisconsin).
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SoME PROBLEMS RELATING TO ARTESIAN WELL SUPPLIES

Experiences at Madison, Wisconsin, Rockford, Illinois, and dJoliet,
Illinois, prove conclusively that in favorable localities artesian supplies
of 6,000,000 to 10,000,000 gallons per day may be pumped by install-
ing the proper pumping systems. However, wxere the artesian head
stands considerably below the surface, no such quantities of water will
be obtainable. For the ordinary city or village one artesian well is
sufficient, but if it becomes necessary to drill more, it is advisable to so
place the wells that they shall receive the least possible interference
from one another. In all cases the wells should be located on a line
at right angles to the direction of the underground flow, and at least
1,000 to 1,500 feet from one another. If the wells are to be heavily
pumped this distance should be inereaséd. On the whole it is easier to
increase the supply by pumping the water from lower levels in the well,
but in those localities where few artesian wells have been drilled and
where the interference will be a minimum, it may be considerably cheap-
er to drill new wells to increase the supply. Much depends upon local cir-
cumstances as to which one of the methods should be used,—in some
places the first, in others the second, would be more economieal.

Yields of Wells.—As pointed out by Slichter,® the conditions affect-
ing the amount of ground water available for wells are: (1) Magni-
tude of the area contributary to the wells; (2) amount of the rainfall
upon this area; (3) geologie strueture, such as (a) the arrangement of
stratification of the material, (b) the breadth and depth of the water-
bearing medium, and (e) the character or composition of this material
such ag its fineness and porosity; and (4) physiographic features of
the land surface, such as mountains, plateaus, hills, valley, plains, for-
ests, prairies, cultivated areas, etec.

The yield of an artesian well depends on the preceding factors, and
especially upon frictional resistance which the water encounters in
flowing through the drill hole or casing of the wall. This frictional
resistance to the flow depends upon the length and the diameter of the
casing. Formulae for determining the discharge under varying con-
ditions are given by Slichter in the publication cited, in which the ef-
feet of friction in the pores of the transmitting medium outside the
well is also considered. Because of the lack of accurate knowledge of
the exact nature of the water-bearing bed and other factors affecting
the flow, the computation of yields is less satisfactory than actual mea-

! Water-supply and Irrigation Paper, U. S. Geol. Surv. No. 67, pp. 73, 83.
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surements. Such measurements can be made by the aid of a foot rule,
it simply being necessary to measure the height of a jet and the dia-
meter of a pipe in the case of vertical casings, or the amount of drop
of horizontal jets in a fixed distanee. On pages 90 to 93, in the publi-
cation already quoted, Professor Slichter has given tables for use in such
computations of flow.

Character and arrangement of wells—If several wells are drilled,
they should be arranged as nearly as possible at right angles to the
general trend of the water and inclination of the water-bearing strata,
80 that the largest amount of water may find its way readily into the
tubes or collecting pipes. In any locality where the number of wells
has caused an overdraft, or where an overdraft is feared, it will be
advisable to place the wells as far apart as possible. Wherever the
water is obtained from flowing wells, the distance between the wells
may very well be as great as the cost of piping and the contour of the
country permits. Where the water is pumped, from either flowing or
non-flowing artesian wells, the extra cost of separate pumping stations
will usually prevent the distant separation of the wells. The mutual
interference of wells will limit the number in the vicinity of the station,
and the air leakage in long suction pipes, which greatly reduces the
vacuum at the pumps, will prevent the locating of the wells more than
several thousand feet from any given pumping station.

The cause of the rapid decrease in pressures and available supply of
water in the localities where a large number of wells have been put
down, must be sought in the supply obtainable from the water-bearing
beds themselves. The flow of water through porous beds depends upon
the size of the pore space and size of grain. The coarser the sand, the
greater the amount of water which may get to any particular well. The
amount of water that can enter the local reservoir depends upon the
ease with which the water is transmitted through the porous beds. The
most favorably situated wells get the greatest supply. Omne of the
potent factors to consider is the height of the water level in the well
Other factors being equal, the well that is most heavily pumped, will
receive the greatest supply, the rate of inerease being nearly propor-
tional to the decrease in pressure due to lowering the head.

Interference of Wells.—Sometimes the amount of water in a porous
bed is not equal to the quantity in demand. This condition often devel-
opes where a new well i8 sunk near an old one and only a small increase
in the amount of water is obtained. In this case, the water is divided
between the two wells, and they are said to interfere. The interference
of wells depends upon many factors and no definite statement can be
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made as to the distance within whiech wells interfere unless a concrete
case is taken. The condition of porous beds, the position of wells with
respect to the direetion of underground flow, the head at which the
water in the well is to be pumped, all tend to modify the results. Where
the heads in the wells under pumpage remained the same, the interfer-
ence with other wells 1,000 feet away and located at right angles to the
direction of flow may not be noticeable. But as soon as one well is
pumped much harder than the others and. the head greatly reduced, its
sphere of interference will be greatly extended. In wells located parallel
to the direction of the flow, they usually interfere with one another
within a distance of several miles.

Friction tends to prevent oue well from obtaining the entire supply
from an artesian basin. The extent to which frietion is effective de-
pends upon the texture, and thickness of the porous beds. The possi-
bility of a well’s decrease in flow due to the clogging of it’s pore space
near the well must also be considered. Special experimentation is re-
quired to demonstrate that loss of head or flow is due to this cause, but
that some wells are so affected is certain, as was pointed out by Slichter*
in the case of the Savannah wells.

Causes of Decrease in Flows.—In the case of old wells and sometimes
of new wells, where the flow has greatly diminished or ceased entirely,
the decrease may not be due to a diminished supply in the artesian res-
ervoir. Before any remedy to increase the flow can be suggested the
special cause of the decrease must be known.

Leakage commonly due to corroded pipes is a common cause of a de-
crease in the flow. In some wells the iron pipes have been corroded
within a period of two to five years and the artesian flow completely
destroyed. Cast iron and galvanized pipe last considerably longer than
iron pipe. .

The water may escape through the openings, or the enlarging of the
crevices in the rock where the well was left uncased. The well may
have become partly filled with sand and clay and the flow thereby de-
creased, or the casing itself may become partly clogged with detritus
thereby shutting off the yield. The tubing or packing may have been
insecurely placed, allowing the water to leak back into the natural sub-
terranean water-ways. Old neglected wells in the vicinity, and in
places there are many, may have their pipes corroded and thus allow
the water to escape, thereby reducing the artesian pressure of the en-
tire locality, New wells at lower levels, as in Germantown, Wisconsin,
destroy the heads at the older wells by allowing the waters free escape.

"Water-supply and Irrigation Paper No. 67, C. S. Slichter, pp. 95-101.
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In places, it appears also, that the pore space of the water-bearing
strata becomes partially filled, either through mechanical means or by
organie growths.

Many other factors and unfavorable eonditions may develope tending
to decrease the head or lessen the flow. Any one of these or any com-
bination of them may bring about the destruction of the flow of a well,
and more or less decrease the efficiency of a local artesian district. In
order to apply the most satisfactory remedy for increasing the flow,
it is necessary to have a complete rec01d of the underground condlnons
by which to direct the work.

Methods of Increasing Supply of Wells:—The flow of water into a
" well may be increased by torpedoing the water-bearing stratum, there-
by opening more crevices through which the water may flow into the
well. This has been tried in several cases with marked success, and has
been employed in shallow wells, e. g. the ereamery well, at Wittenberg,
with remarkable results. This method might be resorted to if the
crevices or pores of the strata became filled near the wells either by
mechanieal filling or through the growth of Crenothrix or other plant
and bacterial growths. ’

In some localities, the discharge of artesian wells may be greatly in-
creased by the use of deep-well pumps. The lower the head of water in
any given well is reduced, the greater will be the amount of water
available. The increase in discharge is not direetly proportional to the
amount of lowering but lags somewhat behind. In the case of the Madi-
son wells, lowering the water in the well 18 feet furnished an increase
of about 500,000 gallons per 24 hours, and a drop of 72 feet increased
the capacity to 1,500,000 gallons in 24 hours. In this case the capacity
increased about three-fourths as much as the head decreased. There
are, however, not a sufficient number of tests at hand to warrant any
definite conclusion, and since the conditions of the strata and pore
space, as well as the friction at the different wells varies greatly, it is to
be expected that conditions at no two wells will be axactly the same.

CONTAMINATION OF (GROUNDWATER SUPPLIES

Most people living in villages and in the rural districts rely upon
wells from which to obtain their water supply. Open wells are com-
monly 3 to 5 feet in diameter and from 15 to 30 feet deep, though in
many instances, open dug wells are from 50 to 100 feet deep. They
are generally walled up with stone or brick, though not infrequently
boards, planks and logs are used. The water seeps into most open wells

_and the depth is determined by the general water level of the locality.
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Contamination of Open Wells—Qpen wells are subject to contami-
ntion both from above and below the ground. The usual protection of
the wells above is a board platform, in which cracks are soon developed
by constant wetting, warping and shrinkage. The drippings from the
pump upon the platform, wash down into the well whatever accumula-
tions there are of dirt from shoes, domestic fowls, and other sources.

Many open wells are polluted from below the surface. The seepage
from cess-pools and the drainage from manure piles enters the ground
and becomes a part of the body of underground water upon which the
wells depend. ] .

Drilled and Driven Wells.——In recent years drilled wells have gradu-
ally supplanted the old type of open dug wells. Drilled wells are not.
only cheaper to make than dug wells, but they are also usually more’
sanitary.

Drilled wells are made by first drilling a hole and then driving a pipe
into it. The drilled wells in rural districts generally range in diameter
from 4 to 8 inches, and usually go to a depth of 100 feet or more, de-
pending upon the depth of the groundwater level.

Driven wells are those which are made by driving a pipe, provided
with a well point, into the loose surface deposits. They can be sunk
only in unconsolidated material, such as valley alluvium or gravelly
and sandy glacial drift. The pipes are generally from 2 to 4 inches in
diameter, and the wells usually vary in depth from 20 to 40 feet, though
in some localities they are driven to much greater depths.

PorLuTION oF FARM WELLS, SPRINGS, AND CISTERNS,

Farms, which are generally remote from towns and cities or other
areas of congested population, are especially favorably situated for ob--
taining pure and wholesome water. As a matter of fact, however, pol-
luted water is exceedingly common on the farms, and typhoid fever,
generally contracted from drinking water, is usually more prevalent in
country districts than in cities.

Many of the failures to protect water supplies used for drinking are
due to a lack of knowledge of the manner in which waters circulate
through the ground, and of the ways in which the ground water may
become polluted. The diagram, fig. 8, illustrates the location of safe
and unsafe wells, and the general relation of these to the location of
farm buildings and to the ground water level.

Springs may also be contaminated, especially the seepage springs, if
proper care is not taken in the location of buildings near the spring..
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Open or dug wells may be polluted by material seeping through the
ground and the curbing or entering from the top of the well.
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Fig. 8.—Diagram showing location of safe and unsafe wells and their relation
to farm buildings.

The distance from a source of pollution, such as eesspools and barn-
yards, at which a surface or open well may be sunk with a fair degree
of safety varies with the formation, but generally should never be less
than 100 feet and often should be at least 200 feet. The more open and
porous the soil and the more rapid the movement of the ground water,
the greater is the safety distance required. Well waters that become
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Fig. 9.—Diagram showing danger of pollution
where casing is carried only to rock.

muddy after rain storms indicate surface contamination and should be
avoided if possible. Wells should be protected from surface water by
properly constructed curbing, stock should be kept away from the well,
and protection from pump drippings, from small animals, and from
dust should be ensured, as they are all possible sources of pollution.




62 ' THE WATER SUPPLIES OF WISCONSIN. .

The waters of deep wells are usually safe and hence mauy people
go to the expense of drilling for deep well water. Deep wells, may
however become polluted by the entrance of surface waters (See fig. 9)
unless the casing is carried into the well a sufficient depth to shut off all
surface water entering through fissures.

Cisterns, which are especially valuable in supplying soft rain water
or in furnishing supplementary supplies from wells, if properly con-
structed, are safe sources of water supply. The disadvantage of cis-
terns is the liability of comtamination by dust from the roof, and the
liability to erack and admit shallow and possibly polluted waters.
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CHAPTER III.
THE FLOWING ARTESIAN WELLS OF WISCONSIN

While flowing artesian wells oceur to some extent over the entire state
most of them are located within the area underlain by the Paleozoic
rocks, as shown on the accompanying geologic map. (Pl. I in pocket).
A small number of flowing artesian wells in the surface formation oc-
cur along the shore of Lake Superior. Only a few flowing artesian
wells have been found in the crystalline district, and these are due to
very local conditions. (See pp. 85-T).

The water horizons in the Palezoic rocks lie deeper and deeper as
the distance increases from the outerop of crystalline rocks of northern
‘Wisconsin, but the inclination of the strata is so gentle that in the
southern part of the state, the bottom of the lowest water horizon, the
Upper Cambrian (Potsdam) sandstone, is rarely more than 2,200 to
2,500 feet below the surface. The entire water-bearing strata down to
the impervious granite may, therefore, be easily penetrated by the
well drills. ‘

While all the water horizons of the state give rise to artesian wells,
they may not do so in every locality where they occur. The conditions
favorable for obtaining artesian waters from formations overlying the
Potsdam sandstone, are usually found only in eastern Wisconsin, south
of Green Bay. The artesian wells, with source in the Potsdam sand-
stone, are found over all the Paleozoic area except near the edge of
its outerop adjacent to the area of the ecrystalline rocks, and in the
Kewaunee-Door Peninsula east of Green Bay.

FrowiNng ARTESIAN ‘WELLS FROM THE ST. PETER AND THE UPpPER (CAM-
BRIAN (POTSDAM) SANDSTONE.

‘While artesian areas, with source of flow in the Upper Cambrian
(Potsdam) and St. Peter sandstones, are confined, in a general way,
to areas of relatively low altitude, yet there is a considerable range in
Ahe altitudes of the artesian heads, not only over the entire state, but
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also over each individual district of flowing wells. The areas of flow-
ing wells are within the river valleys and along the shores of Lake Mich-
igan and Green Bay. In the following descriptions of the flowing
wells from the sandstone group, the distriets of flowing wells along the
rivers and lakes are first considered, followed by a deseription of the ar-
tesian conditions along the shores of Liake Michigan and Green Bay.

FrowiNg ARTESIAN WELLS ALONG THE MISSISSIPPI RIVER VALLEY.

The water confined within the Upper Cambrian sandstone aquifer is
'very generally under sufficient pressure to produce artesian flows along
the Mississippi river from the vicinity, a short distance north of Minne-
apolis, Minn, to St. Louis, Mo., the maximum head above the river
probably being obtained somewhere near Dubuque where a head of 153
feet above the river has been recorded. The head of the flowing artesian
wells along the Mississippi river bordering Wisconsin is shown in the
following table:

TABLE 7.—Maximum initial head' of flowing wells in the Mississippt Valley,
‘north to south.

Head abovel Head

. . Head above| \ivgr low-| above

City. Owner. sea level. water. curb.

‘ Feet. Feet. Feet.

Hastings, Minn. 4 C. M. &5 . P.R.R. 724 53 14
Red Wing, Minn JC. M. &S8t. P. R.R. 760 90 75
Maiden Rock, W .{ Maiden Rock L. Co.. 709 44 34
Fountain City, Wis.. .| City Well 690 46 20
‘Winooa, Minn .| City Well.... e 686 49 20
Onalaska, Wis ....| City Well 664 34 5
T.a Crosse, Wis............. ...|C.B.&Q.R. R..... 659 31 12
Stoddard, Wis.......... .. ...| H. H. White......... 706 86 60
Genoa, Wis.......ovevnennn. ...| Johr: Franzen........ 602 75 25
De Soto. Wis....... ........ ...| Peter Loftus......... 661 47 21
Prairie du Chien, Wis....... ...| Stock Co..... veas 704 100 59
McGregor, Towa . .| City Well. 684 87 62
Cassville, Wis., . .| City Well... .... .. 658 41 16
Dubuque, Towa.........c.oae ...| Butcher’s Ass’n..... 740 153 133

1 All tigures referring to head in the following tables are given in feet,

The present head at many of the wells cited is much below that given
in the table as the mazimum inilial head, on account of local interfer-
ence of the many wells drilled in the same locality, and in many in-
stances loss of pressure due to leakage from corroding of the casing
developed since the well was first drilled. At Red Wing the present
strongest head is about 30 to 40 feet above the river whereas the maxi-
mum initial head was 90 feet above the river level. At Maiden Rock,
the well was only recently drilled, in 1912, and the maximum initial
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head is still maintained. At Prairie du Chien, the well cited was
drilled in 1875, and the present head is only a few feet above the sur-
face, though the well at McGregor, Iowa, is reported to have as strong a
pressure as originally. At Dubuque, the present maximum head is
probably between 80 and 100 feet above the river level in wells properly
cased and protected.

FLOWING ARTESIAN WELLS IN VALLEYS TRIBUTARY TO THE MISSISSIPPI
River

Certain sections of many of the river valleys, tributary to the Miss-
issippi, are favorable for the development of flowing artesian wells..
The artesian water is confined to the Upper Cambrian sandstone forma-
tions in typical artesian slopes, the artesian heads declining relatively
rapidly though very generally with increasing height above the river,
in going down the valley. (For definition of artesian slope see page
49).

Chippewa Valley.—The maximum initial head of the flowing artesian
wells in the lower course of the Chippewa Valley is shown in the fol-
lowing table:

TABLE 8.—— Maximum inital head of wells in the Chippewa Valley.

N Head above/Head above
City. sea level. river. Remarks.
Meridean......cceeevvnnena..| 741 1 Head 5 feet below curb.
Durand.......eovveenennanann 751 48 Prindle’s Inn. Head 28 feet above curb.
At mouth of Chippewa
6 8-> 710 to 730 40 to 60 Hiead ilul'erred at 40 to 60 feet above river
evel. .
i

The only flowing wells known along the Chippewa river are located
at Durand, where a head of 48 feet above the river has been obtained.
At Meridean, 13 miles farther up the river, a well drilled to the gran-
ite failed to flow, although the water rose in the tube some distance above
‘the local groundwater level, within 5 feet of the surface. The flowing -
wells'in Durand are located at the base of a high bluff, and it seems
quite probable, that the artesian pressure in this sitnation is reinforced
by the pressure of the underground water in the adjacent bluffs, while
the non-flowing well at Meridean is located farther out in the valley,
several miles from high bluffs.

The chances for finding flows along the Chippewa river, above the
mouth of the Red Cedar river, are not very good because the river and

5—W. 8.
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adjoining low bottoms on which the flows would have to be located, are
situated near the middle of the old filled valley and some distance from
the bluffs, thus furnishing opportunities for leakage of the artesian
water into the old valley, besides the loss of favorable conditions for re-
inforcement of the artesian pressure due to a high ground-water table
in the adjacent uplands.’

South of Durand, no artesian flows are known, but the chances for .
obtaining flows from 30 to 50 feet above the river, are good, especially
along the western side of the river where the low ground of the river
bottoms is close to the high bluffs. On the other hand, where the low
ground of the river bottom is some distance from the bluffs, for reasons
above stated, the chances for obtaining flows are not so favorable.

Red Cedar Valley—At Menominee, Dunn County, located on the
Red Cedar river, a large tributary of the Chippewa, the ecity wells
drilled to the granite flowed about 10 feet above the surface, or about
30 feet above the river, when first drilled. The flow was not sufficient
for the city supply and the wells are pumped. The Red Cedar flows
in a narrow rock-bound valley from Menominee to Dunnville, and
throughout this streteh of the valley the prospects for obtaining artesian
flows, with head from 10 to 30 feet above the river, are fair. ‘

Beef (Buffalo) Valley.—In 1912 only two flowing wells, were known
to be along the Beef river, namely one far up the valley at Mondovi,
with original head of 6 feet above the surface, and one 3 miles above
the mouth of the river, with head about 24 feet above the level of the
river. The flowing well at Mondovi is 418 feet deep, drilled to the
granite, striking the sandstone at depth of 80 feef, with 10 in. easing.
to depth of 90 feet. The altitude of the curb is not known but is prob-
-ably near that of the railroad station which is 738 feet. From our
knowledge of artesian flows along the Chippewa river to the north, and
along the Trempealeau river to the south, it seems reasonable to pre-
dict the probable development of artesian flows at various places along
the valley. If a profile of the Beef river were available it would be
possible to predict what sections of the valley are likely to be productive
of flows.

Since the above was written and sent to the press information has

_been obtained of the drilling of a number of flowing artesian wells in
1913 and 1914 in the Beef valley, from the vicinity of Mondovi up to
Eleva and Strum. The artesian wells are generally drilled down to the
granite and usually have a head 5 to 15 feet above the valley bottoms.
See also the local deseription of Buiffalo and Trempealeau counties.
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Trempealeau Valley.—Flowing wells oceur in the Trempealeau val-
ley as far up the river as Whitehall, as indicated in the following table:

TABLE 9. Mazimum head of flowing wells in the Trempealeau Va.lley.

Head above Head |

City. sea level. |above curb. Remarks.
Whitehall.......oooevuen 790 12
Arcadia...covevvveeniinnns 740 12 Head at Winona 40 feel above Mississippi
At mouth of river........ 686 l.....eeeeel river. : )

The head, from Whitehall to the mouth of the river, declines from
about 790 feet to 686 feet. While no flows are known to oceur between
Arecadia and Winona, at least a part of this streteh of the valley, ap-
pears to be favorable for the development of flowing artesian wells.
Flowing wells might be developed above Whitehall, though any pre-
diction would have to be based on data, which is not available, showing
the relation of the artesian profile to the river profile.

Black River Valley—No flowing wells are known to oceur in the
Black River valley execept those reported at Galesville in the tributary
Beaver Creek valley. However, the prospects appear to be good for the
“development of flows on low ground adjacent to the river, possibly as.
far up the valley as Melrose, but probably not beyond.’

La Crosse Valley—Flowing wells along the La Crosse river are
developed only in the vicinity of Lieon and Sparta, the area of flowing
wells extending from Rockland as far up the La Crosse river as 2 miles
east of Trout Falls, 11 miles east of Sparta, and up the Little La Crosse
as far as Melvina. The approximate head of the flowing wells in the:
vieinity of Sparta and at La Crosse is indieated in the following table:.

TaBLE 10.— Marimum tnatial head of artesian wells in the La Crosse Valley.

Locati Head above (H_f)ad %bi)ve R K
cation, or below emarks.
. sea level. |(_jgurface.

Frank Rawin’s farm. 870 + 8 Head about 30 ft. above river.

Trout Falls 850 +10 Head about 20 ft. above river.
Angelo..... 834 +14 Head about 40 ft. above river.
Sparta...... 811 +18 Head about 40 ft. above river.
Rockland... 764 + 17 Head about 20 ft. above river.
Bangor..... 735 —10 Head 10 ft. below surface.

West Salem... 720 —25 Head 25—20 ft. below surface.

La Crosse..... 659 +12 Head 30 ft. above Xississippi river.
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The decline in the head, from the highest points up the valley down
to Rockland, is estimated to be about 100 feet in a distance of about 15
miles, the initial maximum heads generally being 10 to 20 feet above
lowest ground along:the river adjacent. Probably 200 to 300 flowing
wells have been obtained in this productive area. Below Rockland, no
artesian flows have been obtained, though attempts have been made at
various places along the river at Bangor and West Salem. The lack
of favorable conditions for artesian flows from West Salem to Rock-
land, is apparently, on account of the flat slope of the valley from Rock-
land down to West Salem.

. -The La Crosse river may be divided into three parts: 1st, The upper
end of the valley, with a steep slope from the head waters down to the
vicinity of Rockland, the fall between Melvina on the Little La Crosse

" to the vicinity of Rockland being over 120 feet in a distance of about
12 miles, or 10 feet per mile, and the fall from Trout Falls to Rockland
being about the same amount in about 15 miles, or 8 feet per mile;
2nd, The middle part of the valley, with a very gentle slope from Rock-
land down to West Salem, with a fall of only about 20 feet in 10 miles,
or about 2 feet per mile; and 3rd, The lower end of the valley, with a
relatively steep slope from West Salem down to the Mississippi river,
with a fall of 60 or 70 feet in 10 miles, about 6 or 7 feet per mile.

If the hydraulic gradient within the flowing artesian area above
Rockland, which is approximately the same gradient as the valley slope,”
8 to 10 feet per mile, be maintained below Rockland, the artesian head
would necessarily soon fall below the surface of the valley below Rock-
land, in the very gently sloping stretch of the river between Rockland
and West Salem. If a hydraulic gradient closely approximating 5 feet
per mile, be maintained between Rockland and La Crosse, as indicated
by the available head at Rockland, about 764 feet, and at La Crosse,
about 660 feet, a decline of 96 feet in 20 miles, the artesian head would
also necessarily fall below the level of the river on account of the slight
fall of the valley bottom between Rockland and West Salem. A 5-foot hy-
draulic gradient, in faect, appears to approximate between Rockland
and the mouth of the river, as indicated by the available head at West
Salem at 710 to 720 feet, about 25 below the surface. Somewhere
below West Salem, therefore, in the steep lower course of the river, the
artesian head would rise above the level of the valley, reaching to 30
feet above, as at Onalaska and La Crosse. The relative positions of the
valley gradient and the hydraulic gradient in the La Crosse valley are
shown in the accompanying section, Fig. 10.
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Coon Creek Valley—Flowing wells along the Coon Creek valley, are
developed at Chaseburg and Coon Valley, with approximate heads as

indicated in the following table:

TasLe Il —Marimum initial head of ﬂawiné wells in Coon Creek. Valley.

Head above sea

 Location. level,

Head above surface.

About 780 32
About 730 30
706 60

Flowing wells occur as far up the valley as 3 miles east of the village
of Coon Valley, at the farm of Rev. Rualkamm, where a head of 14
feet above the surface is obtained. In the village of Coon Valley, are
5 flowing wells, from 450 to 500 feet deep, each cased about 300 feet
to the shale or ‘‘soapstone.”’ Conditions appear to be favorable for ob-
taining artesian flows 6 or 8 miles east of the village of Coon Valley, up
to an altitude of 850 to 900 feet on low ground adjacent to the ereek.
Springs are abundant. along the valley sides above altitudes of 900 to
950 feet, the highest springs at the source of Coon Creek being at eleva-
tion of about 1100 feet. :

At Chaseburg, are several strong flowing wells, the pressure of one

being utilized to operate a small motor plant at the Geo.-Carson black-
smith shop, and the pressure of another is used to operate a hydraulic
ram which supplies water to farmhouses in the vicinity. The wells at
Chaseburg are about the same depth as those at Coon Valley.
1 At Stoddard are several flowing wells, ranging from 400 to 500 feet
deep, cased about 130 feet, having heads of 50 to 60 feet above the sur-
face. Two of these flowing wells are utilized for the development of -
power. : co

Kickapoo Valley.—Artesian flowing wells are located at the lower
end of the Kickapoo valley, and also in the upper half, but none are
known along a considerable portion in the lower middle part. The
maximum initial heads at various points in the valley are shown in the
following table:
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TABLE 12.— Mazimum initial head of flowing wells in Kickapoo Valley.

City Head above | Head above | Head above
1ty. sea level. river. curb.
Wilton (3 mlles north of).. About 991 |................ 2
Ol Cit¥..vevverirnrennnaes » 920 29 25
ontario.............. t 880 fiiiiiiiaiaiineen 10
Rockton. .. 830 liiiiiiiieiininnen 32
LaFarge..coooveueriinierinnniennienine, 795 19 16
.10 £ 759 lieviiinionnanes 4 to6
Readstown...., 730 |oveiiinvinennnes ?
Soldiers Grove.... hresveraneteraionanans .. 720 loevuennisennenns ?
Wanzeka, oo eirieiineaiamniieibonaeierran., e 688 55 36

'The highest head of a flowing well from the Potsdam aquifer in Wis-
congin, thus far recorded, appears to be in the upper part of the Kicka-
poo valley, 3 miles north of Wilton, at an elevation of 991 feet above
sea level. From the vicinity of Wilton to La Farge, the valley declines
nearly 200 feet in about 25 miles, establishing a gradient of about 8 feet
per mile. From La Farge to Viola the valley slope is about 4 feet per
mile. From Viola to the mouth of the river, near Wauzeka, the slope
of the valley is only 2 to 3 feet per mile, falling about 110 feet in about
45 miles. See the cross section, Fig. 11.

The flowing wells along the Kickapoo valley, ocecur at Wauzeka, at
the lower end of the valley, and from Soldiers Grove, near the middle
portion, up to Wilton, with heads as ihdicated in the table, The arte-
sian gradient from Wilton to La Farge, closely approximates the valley
slope of about 8 feet per mile. Below La Farge, at the Robinson farm
above Readstown, and at Soldiers Grove, the altitude of the artesian
head is not known, but the head very probably declines more slowly
than in the section of the valley above La Farge. The high artesian
head at Wauzeka, 34 feet above the curb and 55 feet above the river,
seems to indicate the probability of favorable conditions for artesian
flows throughohit the gentle slope of this valley between Soldiers Grove
and Wauzeka though none are now known to occur between these points.
Favorable conditions for flows should oceur at least as far up the val-
ley as Barnum.

Baraboo Valley—Flowing wells from the Upper Cambrian (Pots-
dam) sandstone, the artesian pressure, reinforced to a variable extent
by the favorable character of the valley deposits, occur along the Bara-
boo river, from Elroy to Baraboo, as indicated in the following table:
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TABLE 13.—Maximum initial head of flowing wells in Daraboo Valley.

Head above | Head above

City. sea level. river. Remarks.
Elroy...ccooviiieiinns.s 950 12
Wonewoc .. 910 2 Ilead 2 ft. above crest of dam.
Reedbburv ............ 876 12 Head about 12 ft. above river below dam.
Ableman.............. 870 15
North Freedom ...... 860 15
5 Head about I5 ft. above crest of waterworks

Baraboo.............. 830 . 1

dam.

The artesian héad declines from an altitude of about 950 feet at El-
roy, to about 830 feet at Baraboo, a fall of 120 feet in about 40 miles,
as the railroad runs, indicating an average artesian gradient of 3 feet
per mile, approximately the same as the valley gradient.

Artesian flows have been developed in exploring for iron ores sev-
eral miles below Baraboo, but they are not likely to be developed far
down the river, not beyond the Lower Narrows, on account of the very
gentle slope of this part of the valley, the descent of the river, below
Baraboo, being only 13.7 feet in 24 miles, an average fall of only 0.6
feet per mile, as compared with a valley slope and artesian slope of 3
feet per mile above Baraboo. The relation of the valley gradient to
the artesian gradient, along the Baraboo river, is shown in the accom-
panying section, Fig. 12.

Within the past two or three years, since 1911, the flowing wells in
the vicinity of North Freedom, within one or two miles of the Oliver
Iron mine, have ceased flowing, on account of the contihuous pumping
of water at the mine. Appreciable lowering of the artesian head in
the village of North Freedom is reported, but no influence on the head
of the flowing wells at Ablemens is noticeable. ~Should the pumping
at the mine cease, the former artesian head will be regained.

Rock River Valley.—Flowing artesian wells from the Potsdam aqui-
fers, as well as from the overlying surface formations, are found along
the valley throughout the entire course of the Rock river in Wisconsin,
as well as in Illinois. The highest heads, above sea level, are found near
the source of the head water streams, as at Waupun, Beaver Dam, Madi-
son, and Whitewater, from which points, the artesian gradient declines
down through the main valley of the river. The approximate maxi-
mum initial heads at various points in the Rock r1ver valley are indi-
cated in the following table:
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TABLE 14. —Mazimum initial head of flowing artesian wells in the Rock River valley
and tributary valleys, north to so_utlg.

City. Name of valley. H;:;] lg‘l.)&s.'e Head above surface.

Beaver Dam...... Beaver Dam......... 886 About 16 ft. above Beaver Pam Lake.

Waupun .......... Rock River (West 883 | Present head 879, only a few feet above
Branch) river.

Horicon........... Rock River.......... 860 Only a few feet above river.

Madison........... Yahara River....... 863 Aboul 4: feet above Lake Mendota.

Stoughton ........{ Yahara River....... 843 Only a few feet above river.

Watertown.. ..| Rock River,.... 833 . About 15 feet above crest of upper dam.

Cambridge ..j Koshkonong Oreek.. 840 About 6 feet above curb.

Waterloo . ..] Waterloo Creek..... 835 About 9 feet above curb.

Whitewater, ..| Whitewater Creek.. 839 About 19 feet ahove curb.

Jefferson,,........ Rock River.......... 823 About 20 feet above curb.

TFFort Atkinson....| Rock River.......... 808 About 28 feet above river.

Edgerton ......... Rock River,......... 833 * About 45 reet above river,

Janesville........ Rock River.......... 802 Agout 40 reet above crest of Montersy

am.
Rockford. 1il..... Rock River.. 74 About 44 feet above river.

The decline in the artesian heads down the valley of the Rock, in a
general way, is about 1 to 2 feet per mile, not only along the main val-
ley but also along the tributary valleys. The relatively high head at
Edgerton, at approximately the same altitude as at Watertown, Water-
loo, and Whitewater, is probably explained by the fact that Edgerton,
though located on the present course of the Rock river, is really some
distance from, and therefore outside the old pre-glacial valley of the
Rock river, This pre-glacial! valley, now filled with sand and gravel
to a great depth, extends directly south from Fort Atkinson, and is
about 6 miles east of Edgerton and very near to Janesville and Beloit.
The bottom of the old valley lies about 300 feet below the present level
of the Rock River between Ft. Atkinson and Beloit, and it is probably
on account of leakage of the artesian waters into this old valley, that
the heads of artesian wells outside the old valley are relatively higher
than those within or near to the old valley.

It is of interest to note that the artesian head at Whitewater east of
the Rock river, is approximately the same as it is at Waterloo and at
Cambridge on the west side of the river, showing, therefore, no apparent
declinie in the hydraulic gradient, in following eastward down the dip
of the Upper Cambrian sandstone, and in increasing the distance from
the area of outerop. The artesian head of the Potsdam water on the
east side of the Rock river valley, is probably maintained by the influ-
ence of the local groundwater level in the upland divide, between the
Rock river and the Lake Michigan drainage systems.

* See W. C. Alden, Professional Paper No. 34, U. S. Geol. Survey, Pl. II.
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Fox River Valley (of Ill.).—The Fox River of Illinois risés in north-
western Waukesha county, and flows southward through the western
parts of Racine and Kenosha counties. Flowing artesian wells are
known along this valley in the vicinity of Mukwanago, and at Burling-
ton, and farther south in Illinois, at Elgin and Aurora, as 1nd1cated in
the following table:

TABLE 15. —Maumum initial lead of artesian wells in the Fw Rue’r Valley (of

i { llmow)
s Head above Head ‘abové
vCltvy' sen level. - surface.
Mukwanago. Wis, oivieiieiivinimreerireeieiirineseessenarsans 830 About 15 feet.
Burlington, Wis . 79 About 30 feet.
Elgin, I . oeerivrininniainetviienoianssennenasenauenenennmienenens 730 About 24 feet.
0 S W 1 710 About 60 feet.

The decline of 35 feet in the artesian head, from Mukwanago to Bur-
lington, indicates an artesian gradient of about 2 feet per mile in the
upper section of the river, while the decline from Burlington to Elgin,
and to Aurora, indicates an average gradient of much less than one foot
per mile.

Judging from the altitude of the artesian head at Mukwanago, of
830 feet, as well as that of the strongest flow in Milwaukee, at altitudes
of about 790 feet, artesian flows from the Upper Cambrian sandstone
should be obtainable on low ground along the Fox river in the city of
Waukesha at altitude of 800 to 810 feet. However, while artesian flows
have been obtained in Waukesha from the Niagara limestone, the head
of the water in the sandstone. in one well drilled to depth of 1,500 feet
was reported to have been as low as 60 feet below the curb. The failure
to obtain a flow from the sandstone in Waukesha may be due to some un-
favorable local condition, and may be exceptional. '

FrowiNg ARTESIAN WELLS ‘ALONG THE Fox RIVER VALLEY TO GREEN
~ Bay

The Fox river, emptying into Green Bay, has artesian flowing wells
from the Upper Cambrian sandstone aquifers developed along its
course, from the vicinity of Berlin and Fond du Lac to its mouth at
Green Bay, as indicated in the following table:
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TaBLE 16— Mazimum initial head of wells in the Fox River Valley, south to north.

City. Head above | Head above curb, or the river or lake adjacent.
sea level,

About 53 feet above Lake Winnebago.

About 15 feet above }ox river.

About 15 feet above Lake Winnebago.

About 30 feet above foot of locks in Fox river.
About &;feet above foot of locks in Fox river.
About 35 feet above curb, Badger Paper Co.
About 90 feet above Fox river. .

About 92 feet aboveé Fox river and Green Bay.

The maximum initial head at Berlin, on the Fox river, was about
15 feet above the level of the river, and at Fond du Lae, at the head
of Lake Winnebago, the maximum head recorded was 53 feet above
the lake level which is about 35 feet higher than the head at Berlin.
The artesian gradient along Lake Winnebago is relatively steep up to
the divide between the head of the lake and the head of the Rock river
drainage, this section of the valley having the usual characteristic
steep artesian gradient at the head of a valley.

The artesian gradient from Berlin to Appleton has a gentle slope
showing a decline of about one foot per mile for a distance of 30 miles.
- From the rapids at Appleton to the foot of the rapids at Kaukauna
there is a sharp decline in the artesian slope of 80 or 90 feet in about
10 miles, in conformity with the steep valley slope, the section between
Appleton and Kaukauna being characterized by a series of falls and
rapids.

From Kaukauna to Green Bay there is only a slight decline in the
artesian slope in eonformity with the slight fall in the valley floor
between these points.

The relatively slight decline in the artesian slope down the Fox river
valley between Berlin and Appleton, and between Kaukauna and
Green Bay, is probably due, in part at least, to the fact that the valley
follows a direction nearly normal to the inelination of the water-
bearing strata rather than in the direction parallel to the greatest in-
-clination of the water-bearing strata. The sharp decline in the arte-
sian slope in the vieinity of the rapids, between Appleton and Kau-
kauna, is probably due, mainly, to the occurrence of a monoclinal fold
of the strata in this locality, with the usually accompanying jointing
and fissuring of the strata, allowing excessive leakage of the artesian
supply.
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FrowiNg ARTESIAN WELLS ALONG THE WEST SHORE OF (JREEN Bav.

Flowing wells, with source of flow in the sandstone and also in the
immediately overlying Galena-Platteville (Trenton) limestone, occur
along the west shore of Green Bay with approximate initial heads as
. indicated in the following table:

TaBLk 17. Mazimum initiol head of artestan wells along the west shore of Green Bay.

City Head above | Head. above | Head above
ity . sea level. - curb. Green Bay.
Marinette..oo,ovuiiiniiiiiiiiiiiiiiiiiiiii i e 613 21 33
Marinette....oovviiviiiniiiiiieninen, . 614 23 34
County Line......coooiiiiiiiininen, AN 624 14 44
Oconto,...... . 648 15 - 68
Oconto,......... 630 11 50
Little Suamieo. 629 40 49
Little Suamico. e 671 90 8
Green Bay. oo it e 672 90 92 -

At Marinette, the artesian head when the wells were first drilled,

reached 30 to 35 feet above the level of the bay; at Oconto the maximum
-heads reached 50 to 68 feet above the level of the bay; and at Green Bay,
the head was orginally 92 feet above the bay. There is very clearly a
decline in the artesian heads in going north from Green Bay to Mari-
nette, and this decline may continue for some distance farther north
into Michigan, though the heads of the artesian wells in Escanaba, Glad-
stone, and Rapid River appear to rise again, and closely approximate
or slightly exceed those at Marinette and Menominee.

The decline in the artesian head in going north of Green Bay to Mari-
nette, is probably due to the decrease in the thickness combined with the
relatively low altitudes of the sandstone in going northeast, as well as the
lower altitude of the land and consequently lower water table, in the dis-
trict west of Oconto and Marinette as compared with the higher land
and the higher water table in the vieinity both west and east of Green.
Bay. :

FrowiNg ARTESIAN WELLS ALONG THE SHORE oF LLAKE MICHIGAN

The maximum initial head of artesian flowing wells along Liake Michi-
gan, with source of flow in the Upper Cambrian (Potsdam) or St. Peter
sandstone, is shown in the following table:



THE FLOWING ARTESIAN WELLS OF WISCONSIN. 79

TABLE 18.—Maximum initial head of flaweing artesian wells from the St. Peter or
the Upper Cambrian sandstone along Lake Michigan.

1

\ . Head
X - Depth Head above . above
City. - Owner, \V sea level. |Head above curb.| . Take

ell Michigan.
Algoma......... City Well......... o ... 1,336 | § Fiows from | No pressure from| 0
Two Rivers..... City Well, ......c.cvenn. 1,860 | ithe Niagara.| the sandstone. 0
Sheboygan.. .... City Well........... b 1,476 727 104 146
‘Iheboyg n Fahs H. Giddings 1,200 773 55 192
» Story Bros.,Highbury P1.J 1,550 738 55 158
‘| National Soldiers Hofhe.| 1,507 766 106 i 186
. Elm Grove Convent..... 1,507 790 20 { 210
Jd. T Foxeaaii e e 1,500 710 80 | 130
C M, & St. P. Ry. Co,..| 1,263 765 60 185
Pennos er Sanitarium...| 1,280 720 107 140
Zion City....... 59’ .. 665 20 85
Waukegan...... Old Waterworks .. , 675 . 1B 95
Lake Forest....| C, B. Farwell... .. 700 50 120
Evanston.... ..| Clty Well. 612 5 37
Chicago......... Union Stock Yards......| 1,200 580 Non-flowing. 10
Harvey ......... Waterworks.......... .. 2,075 603 Non-flowing. 13

The productive area of flowing artesian wells with source of flow in the
sandstone along Liake Michigan appears to extend from Sheboygan, or
a short distance farther north, to Evanston, I1l. (See fig. 13). Many
of the earlier flowing wells with strong pressure have ceased to flow,
on account of leakage through the well casings and the interference of
other wells. The maximum initial head in the various cities from She-
boygan to Kenosha, appears to have usually ranged between 150 feet
above the lake level near the shore, up to about 200 feet above the lake
5 or 6 miles west of the shore. The decline in the artesian gradient
from west to east, towards the lake, is relatively steep, from 8 te 10 feet
per mile, as indicated by the head of 773 feet at Sheboygan Falls, 6
miles from the lake, as compared with the head of 727 feet at Sheboygan,
and also by the head of 7656 at Corliss, about 6 miles from the lake, as
compared with the head of 710 feet at Racine.

South of Kenosha there is a rapid decline in the head, as available
records appear to indicate that the strongest flows obtainable from the
sandstone at Evanston is only 37 feet above the lake, while in Chicago
no flowing wells are obtained from the Potsdam, although flows have
been obtained from the Trenton with head as high as 110 feet above
the lake. While the artesian head at the Union Stock Yards and at
Harvey are a few feet above lake level, the pressure is too low to
develop flows. At Lemont,* 25 miles west of Chicago, the artesian head
of the Potsdam has an altitude of 656 feet, developing a flow 60 feet

1W. C. Alden. Chicago.Folio No. 81, U. S. Geol. Survey, p. 13.
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Algoma .

! above the curb, and at Aurora, 40 miles
west of Chicago, the artesian head is at an
altitude of 710 feet, approximately the
same as at Kenosha.

The gradual decline in the artesian head
in going south of Kenosha along the lake
shore to the vicinity of Chicago is prob-
ably due, in part to the greater distance of
the Chicago district from the outerop area
of the Upper Cambrian (Potsdam) sand-
stone, as compared with the distanee from
those cities farther north along the lake,
and in part to the lower land, and in con-
sequence a lower groundwater table, about
Chicago, as compared with the higher land
and the higher water table, in the district
farther north.

North of Sheboygan, there appear to be
no flowing wells with source of supply in
the St. Peter and Upper Cambrian sand-
stone, although flows from that region are
often obtained from the overlying Niagara
limestone. The lack of favorable artesian
conditions in the Potsdam sandstone in
this region ig illustrated at Two Rivers and
Algoma. Only a small flow was obtained
in the Niagara limestone and no flow from
the underlying St. Peter and Upper Cam-
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tesian area in the Upper Cambrian sandstone north of Sheboygan
county are as follows: (1) The gradual decrease in thickness of the
sandstone (from 800 down to 400 feet) north of Fond du Lac and She-
boygan counties, and the consequent decrease in the extent of the out-
crop area in north-eastern Wisconsin; (2)the relatively low altitude
‘of the sandstone outcrop in mnorth-eastern Wisconsin; and (3) The
great increase in thickness (from 300 to over 500 feet) of the Cincin-
nati shale group in the Green Bay distriet. The three conditions are
all probably influential factors in developing unfavorable artesian con-
ditions in the sandstone group in Manitowoe, Kewaunee, and Door coun-
ties. The third factor mentioned, however, the great thickness of the
impervious shale, may have the most important effect in developing un-
favorable artesian conditions within the sandstone, by preventing the
transmission of pressure from the local groundwater table upon the
water confined in the sandstone group.

The profile of the artesian head along the shore of Lake Michigan is
shown in the section, figure 13.

FLowING ARTESIAN WELLS FROM THE (GALENA-PLATTEVILLE LIMESTONE ’

The Galena-Platteville limestone is mainly important in the Wiscon-
sin artesian system as a confining stratum of telatively impervious roeck
overlying the water-bearing sandstones. While a few flowing wells are
obtained from the Trenton limestone, as at Oconto and Fond du Lae,
the source of the flows are usually, if not always, from the joints and
other openings leading up from the underlying sandstone group with-
in which the artesian water is confined. While artesian wells have pene-
trated the Galena-Platteville (Trenton) to the underlying sandstone
artesian waters in many localities, imperfect casing through the lime-
stone formation has often allowed sufficient leakage from below to de-
velop flows, when wells are later drilled into the limestone. In most
cases, however, the artesian pressure is greatly increased by drilling
through the Galena-Platteville limestone into the sandstone, thus indi-
cating that the artesian supply in the limestone in eastern Wisconsin
has its principal source in the artesian reservoir in the underlying Up-
per Cambrian and St. Peter sandstone formations.

FrowiNg ARTESIAN WELLS FROM THE NIAGARA LIMESTONE.

Water eonfined under hydrostatic pressure within the joints and -
other openings in the Niagara limestone is mueh more common than

within the Galena-Platteville limestone. The thickly bedded imper-
6—W. S.
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~ vious shales of the Cincinnati group, underlying the Niagara, offer an
excellent. lower confining stratum for the Niagara It is not uncommon,
therefore,: to find strong flows from joints in the Nlagara at or near .
the contact with the underlying shale formations.

The red clays of eastern Wisconsin which overlie the Ni 1agara serves
as an upper confining stratum and flows are often obtained in the open-
ings in the jointed and fractured limestone immediately underneath .
the surface clays on the lower slopes of many of the Niagara uplands.
The presence of the overlying confining :stratum of clay is: not always -
essential, however, for the underground water in the Niagara ridges
and uplands is also, undoubtedly, an important factor in .developing
artesian pressure on the water confined in the joints and fissures of the
limestone. \

The flowing wells in the Niagara and those in the overlying surface
formations in eastern Wisconsin appear to be so closely related, that
it does not appear practicable to separate them on the map (Plate I).

The Niagara formation of jointed rock confined by relatively im-
pervious strata above and below, while furnishing adequate conditions
within itself for the development of an artesian system, may also re-
ceive important reinforcement in some localities by means of circula-
tion from the underlying artesian reservoir in the Potsdam sandstone
group. The reinforcement of artesian pressure in the Niagara through
upward circulation from the Potsdam may, in only a few places, be
sufficient to be an important factor in developing flows in the Niagara,
but the fact that actual circulation of water or at least diffusion of
mineral solutions through osmotic pressure operates throughout the
deep ‘artesian reservoir in the Potsdam and the shallow reservoir in
the Niagara seems to be clearly indicated by the relatively uniform de- .
greé, of mineralization of the deep and shallow waters in the regions of
the Niagara outcrop, as well as in all other parts of the state. ‘

‘The fact, however, that ihere is very generally much irregularity in
the head of the Niagara artesian supply seems to indicate that the ar-
tesian conditions in this formation are largely dependent upon favor-
able local conditions with reference to joints, topography, elevation and
character of the surface deposits, In some places the artesian head of
the Niagara is higher than the artesian head of the Potsdam, and in
other places it is lower. Near the shore of Lake Michigan south of
Manitowoe, the head of the Potsdam artesian supply is higher than
that of the Niagara, but as the higher land is reached back from the
shore on the divide, flows from the Niagara may be obtained at higher
altitudes than from the Potsdam. However, near the shore north of -
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Manitowoe at Two Rivers and Algoma, flows of 10 to 20 feet above
the lake are obtained from the Niagara and no flows obtained from the
St. Peter or Potsdam. A similar condition exists in the vicinity of
Chicago, where much stronger flows have been obtained from the Nia-
gara than from the deeper water horizons of the St. Peter and Potsdam.

The numerous flowing wells in the vieinity of Rockfield and South
Germantown, in southeastern Washington County, are about 160 to
250 feet deep and get their water from the fissures in the Niagara lime-
stone. There are also some springs in the Niagara in section 4 and 5
(see map Plate I111). Eight of the springs out of a cluster of 10 on the
farm of H. Kramer dried up two days after J. Buescher finished drill- .
ing his flowing well in section 16. The same well also dried up the
spring on J. Klumb’s farm in See. 9.

List of flowing wells in the Niagara limestone shown on map of Geérmantown,
7.9N.. R. 20 E.

DEPTH.
Location Artesian
Owner, in ) head,
section. Drift, Limestone, feet.
feet. feet.

............................ Cen, 4
..................... Cen. &5
................. SE. £+ 5

........... [SW. 1 5

................ Nw.i 9

........... SW. 1 9

......... NE. 1 9

NE. & 9

SE. 19

SE. 1 9

NwW.110

SW. 110

Gus Haefem Nw.i 11
H. Haefemeister... SE. 1 4
. Hinrich....... SW, 1 14
L. Blater......... | SE. $15
Jacob Buesher..... cees] SE. %116
CAfbert Braun.......oiiiiiiiiiiiiiiien. NE. 20
Geo, Betzhold ..... O ) O ]
Dlrich lluber.......covviiiviiiiinivaenas Nw. 121
Dlrich Huber........oovveviiiniiiin NW.i21
Wm. Hayes. . ccoveriiiiiiererisisisanians |SW. 121
Thos, Trinwith......co.oooviiiiienin, |W. 121
P.Schnelider...........coceviiiiin, i, Nw. 122
Jno. Kissinger...........oooooiiivn, |Ww, 122
Reingruber.....oo.vviiiviiieinenaaieans Nw.: 22
L] el Nw. 122
M Braun ..oovviiiiiie i enieroriennnans NW.123
Mr, Schalefer..........cocoiviviniiinans NW. 123
Louis Goettelmann............vevvennes NE. % 27
Jacob Straub.......iiii el Nw. 127
San Trinwith.....ooiivviiiiaieeniennnes NE. 28
And. Merkle.......oovvvniennnnninainans NW. 128
And. Kohl.........oooiiiiiiiiiniiiiien., NE. 1 29
And. Merkle.......cooiiiiiiiiiiiiinnn NE. 1 29
Pavid Klumb..........ooiiiiiiiian, NWwW. 129
John Bernard........... .0 ..cvviiineinnns NW.:29
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Most of the flowing wells about Rockfield and South Germantown,
shown on the map, were put down between 1898 and 1902.

The first well striking a flow was drilled by the Chicago and North-
western Railway Company at Rockfield, in 1898,

Section of C. & N. W. Ruilway well, Rockfield.

Formation. Thickness,
eet,
Drift
0 PPN 2
. Niagara

Soft rotten limestone ves e e 78
Hard blue limestone........ ves e el 030
Very hard blue limestone. . 30
Softer limestone .....c.ovvveviiiiianiinees e aee e 40
Harder 1iMesSiOne. vue.cviviuiiitiies serusnsnsscnssrtasoossssocssssressrosorsonsenssonan 20

B 10T 8 5 1= 1 200

The altitude of the curb is 891 feet and the original head was 59
feet above the curb or 370 feet above the level of Lake Michigan, and
flowed 1,300 gallons per minute. After other wells were drilled, the
head decreased and at present the well flows only part of the year and
the water must be pumped to the tank. ‘

The other wells of the locality resemble this one very closely. Wells
on lower ground take the flow from the higher ones and in some cases
have dried them up entirely. At some places, as in Sec. 9, on F. Kaul’s
farm, the wells flow only occasionally. Most of the owners maintain
the pressure of the well by reducing the eap and allowing only enough
water to flow for their use.

The character of the Niagara limestone is such as to indicate that
the movement of the underground water within it, is almost entirely
through fractures, joints and fissures, hence the movement of the
water is very likely largely local in extent. The head attained by the
artesian wells, also is far above that at all likely to be developed directly
or indirectly from the sandstone aquifers. The ready interference in
the flow of the wells is also.evidence of the essentially local origin of
the artesian pressure. The artesian flows in the Niagara, about Rock-
field and South Germantown, appear to illustrate very clearly the potent
influence of the loeal groundwater table as the controlling factor in the
development of artesian flows.

Litigation relating to Flowing Wells—In 1900 Andrew Merkel
drilled his second well in the N. W, 1/ of Sec. 28 near the Menomonee
river, (see map, Pl III) at the lowest point at which a well had been
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sunk, Water was struck in a bed of soft rock, but in other places it
seems to come partly from fissures in the limestone. This well was al-
lowed free flow into the Menomonee river. This free flow, however,
soon made itself felt throughout the district. In three weeks it had
stopped the flow of U. Huber’s well, about a mile farther north, in the
N. W. 14 of Sec. 21, which is located on land 20 feet higher, and had
also affected most of the other wells of the surrounding area to a greater
or less degree. About this time, an injunction was served upon Mr.
Merkel by Mr. Huber, for the purpose of compelling him to check the
flow of his well, and reduce it to a flow that would approximate that
used by his neighbors, and also furnish a sufficient supply for his do-
mestic use. The injunection case was tried in the Circuit court, and the
decision was in favor of Huber, and Merkel was ordered to check the
flow. The case, however, was carried to the Supreme Court' where
the law under which it was tried was declared unconstitutional, and the
decision was reversed, granting Merkel the right to do with his well as
he wished. Sinece this time very few flowing wells have been drilled in
this locality, unless the ecurb was as low or lower than at the Merkel
well. It is unfortunate, that local parties will not agree to maintain
so fruitful a source of water supply, by keeping the head throughout
the district as high as possible.,

Frowming ARTESIAN WELLS FROM CRYSTALLINE ROCKS

The principles controlling the rare occurrence of artesian flows in the
crystalline rocks are the same as those applying to artesian wells in the
stratified rocks, but some of the conditions are quite different, as most:
crystalline rocks have a much closer texture than stratified rocks, and
therefore they do not absorb as much water. As a result underground
waters are very much less uniformly distributed in the erystalline rocks:
than in stratified rocks and the chances for obtaining artesian water,
or in fact any large quantity of underground water, is relatively very
slight. . ,

In view of the faet that large areas of crystalline rocks are either av
the surface or immediately underlie the drift and other surface forma-
tions in Wisconsin, a somewhat extended diseussion of this phase of our
water resources appears to be warranted.

Surface Conditions.—Since the crystalline rocks do not so readily ab-
sorb and transmit water it is necessary that they should possess some
means for allowing the surface waters to sink into them. These condi-

* Northwestern Report, Vol. 94, p. 354, and Wis. Reports, Vol. 117, p. 355.
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tions are nearly always present in the form of more or less nearly ver-
tical joint fissures, crevices, planes of schistosity, and the like. The
amount of water absorbed depends upon the number of such openings.

These fissures, which are often not as broad as a knife’s vedge, carry
off only a small portion of the water. offered to them, but the amount
of absorbed water may be increased if the crystalline rocks are covered
by a more absorbent layer. In many places in Wisconsin the crystal-
line rocks are more or less deeply buried under the mantle of drift. The
drift varies in composition from place to place, but where no layer of
clay intervenes between the crystalline rock and the looser-textured drift
the water absorbed by the drift will tend to seep into the fissures of
the crystalline rock and even be forced into it under pressure. The
pressure would originate from the column of underground water main-
tained above the crystalline surface in the drift. It would vary directly
with the degree of saturation of the drift, with the porosity of the drift
materials, and with the height of the column of water in the drift; that
is, it would depend upon the thickness of the drift and the amount of
rainfall.

Underground conditions—The surface waters,  conducted under-
ground by the means above indicated, may move laterally, from place to
place, along horizontal joints, fractures, or schistosity planes. Perhaps
the most favorable channel for the lateral movement of these waters is
along the line of intersection of one or more steaply inelined joint planes
with a more nearly horizontal plane. Here water may penetrate down-
ward along two paths and be concentrated at their intersection where
it may be led along horizontally for some distance.

Since the crystalline rocks are generally very dense, the waters caught
in their joints and fractures, and led or forced down deep enough to
penetrate some of the horizontal fractures, will be confined to these lat-
ter channels in part on that account alone. A second important factor,
however, is the friction encountered by the waters in moving through
such fine fissures. This friction, added to the downward pull of gravity,
" prevents the waters from rising to the surface again by means of the
fine cracks. If one may assume here that laws® analogous to those hold-
ing for pipes express the friction met with by water flowing in cracks"
of definite width, then it is easy to understand how these waters once
siowly forced down by gravity against such friction can not easily rise
again, except along unusually large fissurés or channels.

~ Besides these conditions, which may be desighated internal, there

1Sllchter, C. S, Water Supply and Irrlgatlon Paper, U. S. Geol. Surv.
No. 67, 1902, pp. 84 and following.
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may occur external conditions tending to confine the ground waters in
the fissures. Such favorable external eonditions are well represented
by beds of clay overlying much fissured erystalline rock. It is evident
that if the pressure upon the buried waters was insufficient to overcome
the friction within the layer of impervious clays which covers the crys-
talline rocks their escape would be prevented. If an artesian well be
driven from the surface ‘of the overlying clays down into the fissured
granites it is evident that the many small fissures opening into freer
passage through the rock afforded by the well-bores must give up their
contained waters, which will rise to a height in the well corresponding
to the hydrostatic pressure under which they were confined below the
clays. Even if the clay covering were absent, such a well by reason of
its larger opening and consequently greatly decreased friction would
afford relatively free passage for the waters of the granite.

It is clear that the amount of water supplied to a well under these
conditions, depends chiefly upon the number of water-bearing fissures
opening into it. This number may be increased by any means calcu-
lated to fissure the granite. The most common means is that of explod-
ing a dynamite or other explosive cartridge at the bottom of the well.
Even wells which originally yielded no water may be made productive
in this way, because the artificial fissures connect the shaft of the well
with important water-carrying seams in the rock.

It is evident from the above description of conditions in the crystalline
rocks, that the water in these rocks must be irregularly distributed, de-
pending entirely upon the courses followed by the water-bearing fis-
sures. The water is concentrated into channels of greater or less im-
portance, and the chances for striking such channels in crystalline rock
is, of course, very small, as compared with the chances of finding a good
supply of water in a widely distributed and fully saturated stratum of
porous sedimentary rock, like the Upper Cambrian sandstone.

Flowing wells in the erystalline rocks are known to occur only at
‘Wittenberg, Shawano county, in fissured granite overlain by water-bear-
ing drift, and at Penokee, Ashland county, in fissile slate standing at a
very steep dip.

FLOWING ARTESIAN WELLS FROM THE SURFACE FORMATIONS

The artesian wells from surface formations oceur wherever the condi-
tions are favorable, but are most regularly and abundantly found in the
Tegion of the alluvial and lacustrine deposits near Lake Michigan and
Lake Superior. They also extend up many of the rivers emptying into
these lakes. Notably is this true for the Fox River in the Green Bay
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Valley, where hundreds of flowing wells obtain their supply from be-
tween and beneath the alternating beds of clay and sandy gravel. The
distribution of the surface flowing wells is shown on the map. (Plate
I).

FrowiNng WELLS FROM THE SURFACE FORMATIONS ALONG LAKE MICHI-
GAN ’

The surface beds of alternating sands, gravel, and clays which fringe
the shore of Liake Michigan, give rise to favorable artesian conditions
along the shore and up many of the rivers that drain into the lake.
‘Whether flows can be obtained from these glacio-lacustrine deposits in
any particular valley, depends upon the topography and the many other
factors that affect artesian flows. In some places along the lake shore
the gravel deposits have been completely removed, while at other placés

they have been so eroded that the waters are no longer confined be-
tween the clay beds, but escape by surface streams into the lake.

Lake Michigan and the other Great Lakes formerly covered a much
larger area than at present, extending over the more prominent eleva-
tions and filling the intervening depressions. Thus the waters in these
larger valleys and those of the main lakes were connected and the de-
posits were probably more or less continuous.

The general distribution, structure, and composition of these glacio-
lacustrine and alluvial deposits, and their artesian horizons are dis-
cussed in an earlier chapter. The point at which these gravel beds out-
crop or where they underlie porous sand and gravel is generally the
gathering ground for the water in the artesian slopes. Usually the
sand and gravel outerops occur near the base of the moraines or drift
ridges bordering the lake or river basins. Some of the outcrops where
the rainfall enters may be several miles from the flowing wells, while
others may be within a few hundred feet.

Since the glacial, lacustrine, and alluvial deposits, quite generally
fringe the shore of Lake Michigan, it might be inferred that artesian
water could everywhere be obtained within the district covered by these
deposits. This would likely be true if the deposits were uniform in
thickness and were continuous over the entire region, but such is not
the case. The gravel beds in many cases are entirely pinched out, in
other cases the surface deposits rest upon rock which stand so high as
to shut out the lower deposits, thus making it impossible for the devel-
opment of artesian conditions. In other places, Lake Michigan waters
have cut through the gravel beds, and have given the confined waters
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a chance to escape. For these and other reasons, artesian water, there-
fore, cannot be obtained everywhere from the surface formations.

Flowing wells, except those derived from the tracts among the mor-
raines of the ‘‘Kettle Range’’ are confined to low-lying lands along
the river valleys and the great lakes. While the boundaries of the
artesian areas can not be given exaetly, wherever the gravel beds are
present within the area of the low-lying lacustrine deposits, and ero-
sion has not advanced so far as to furnish a lateral escape, water under
hydrostatic pressure, or artesian water, ought to be obtained. In this
conncetion the use of the published topographic maps is of considerable
value in determining conditions most favorable for obtaining flows in
any given locality.

Since most of the flowing wells in the many small valleys in the east-
ern part of the state, adjacent to Lake Michigan, are described under
the county reports, they will not be referred to here. Relatively im-
portant areas of surface flowing wells oceur in the valley of the Pigeon
river in,the town of Meeme, Manitowoe county, and in the town of
Herman, Sheboygan county. In these areas is a large number of good
flowing wells in the drift which are used extensively for farm pur-
poses. Most of these wells are from 30 to 75 feet deep. )

Flowing wells having their source in the drift are very common on
low ground along tributaries of the Milwaukee and Menomonie rivers
m Milwaukee and Washington counties. The following wells in the
drift about Mayfield and Jackson, Washington county, are shown on the
map, Pl. IV, and the location and depth of the various wells is shown
in the following list:

List of flowing wells in the drift shown on map of area near Mayfield and Jackson,
T.10 N., R. 19 and R. 20 E.

. Location Depth Artesian head
Owner. in section. feet feet.

Thos. JeNNer....c.covriieiiieeierienioianes SE.1 4
Phillip Straus...c.cveviiviienrisnriaeiennnnas Cen. 24
2 iieniesiernicirsirieasaatesarin SwW.i 24
Wm., Schmldt........coiiiiiiiiiiiiii i SW.1 24
Mr. Kany... SE.1 24
Mr. Hoefor... IW.1 36
Mr. Rosendale. o SW.i 18
Mr. GeAL. e ivitieiiirirseiraiesseriannsinns NE.1 19
NE.1 19
SE.1 19
SW.i 19
NE.1 30
NW.i 30
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SHALLOW FrowiNg WELLS ArLoNg Fox RIVER AND TRIBUTARIES.

In the drainage basin of the Fox river is the largest shallow artesian
-area in Wisconsin. It has.an extent of several hundred square miles,
mostly in the vicinity of Lake Winnebago and Lake Poygan.

The formations in this valley are similar to those along the small
rivers emptying into Lake Michigan. The wells derive their flow from
the drift or from alluvial deposits between the impervious clays, and
from the junction of the drift with the underlying indurated rock, the
rock crevices in places being filled with the water from the gravel seams
above, and from the rock below.

Green Bay, De Pere and Kaukaune.—On lower Fox River and its
tributaries flows from glacial drift are obtained at various places at
Green Bay and De Pere. At Kaukauna, both wells and springs sup-
ply water from this horizon along the river banks. The water is often
highly impregnated with hydrogen sulphide. In one of the small val-
leys south of the Paper mill at Kaukauna several flows have been ob-
tained. Some of these wells are as much as 50 feet above the lowest
flows along the Fox River bottoms.

Flows have also been obtained from the same horizon east and south
of Kaukauna, in the vicinity of St. John, Forest Junction, Chilton, and
various other places on the divide in Calumet county. The lacustrine
deposits on the divide lie relatively high and the flows are very irregu-
lar. For the most part the alternating beach and lacustrine deposits do
not oceur, but the clay rests directly upon the rock, or upon a thin bed
of sand or gravel over the rock, from which the water is obtained.

Appleton.—At Appleton and vicinity flows similar to those at Kau-
kauna have been obtained from the gravel seams. The well at Mr.
Heid’s farm may serve as a typical example. It is 55 feet deep and
gets its supply from gravel below red clay. The clay is from 40 to 80
feet deep, beneath which leaves, twigs, and logs are often encountered.
The water rises several feet above the surface and flows a strong stream.
At Menasha and Neenah similar surface flows have been obtained.

Lakes Buttes des Morts.—On both sides of the Upper Fox River,
above Oshkosh, flows are obtained from the gravel seams and from the
junection of the gravel with the underlying rock. About Big Butte des
Morts lake, the area for artesian flows becomes very wide where the
lowlands of the former lake basin extended back some distance from

_ the present shore. The same is true for the vicinity of Little Butte des
Morts lake. The artesian basin about these lakes extends under the
lakes, as was demonstrated near Boone a few years ago, when during
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the winter months a camp was established on the lake and in order to
get good water a well was sunk through the ice into the gravels below
the lake bottom. The water here rose twelve feet above the surface of
the water in the lake and furnished an abundant supply for camp pur-
poses. During the summer months the water continued to rise in the
pipe and flowed into the lake. '

Omro.—At Omro, flowing wells have been obtained along the river
banks and the low marshes bordering the river. In places these low-
lands extend back several miles from the river, and flows are very gen-
erally obtained around their margins. Within the city of Omro, flow-
ing wells from drift are scattered along the Fox River and within the
distance of a mile between the two creameries seven flowing wells have
been drilled. These wells get their supply from gravel after passing
through 20 to 40 feet of clay, and those on the lowest ground interfere
and check the flow of the wells on the higher ground.

South of Omro about the large marsh, flowing wells are obtained at
depths of from 40 to 60 feet. The water has.a temperature of 48° to 50°
F. and is said to be soft, while the water from wells in the rock is hard.

Omro to Berlin—~From Omro to Berlin, numerous flows have been
struck on the flats along the river, the gathering ground lying near the
margin of the valleys. At Eureka, the wells are very shallow on the
east side of the river, some being only 19 feet deep, while west of the
river, they are from 32 to 50 feet deep before striking the gravel seam.
Six or eight wells have been drilled within the village of Eureka.

South of the village, between Eureka and Berlin, strong flows are ob-
tained all around the south and east side of a large marsh. Near the
margin of the marsh, in the vieinity of the large ridges, the water rises
2 to 4 feet above the surface, while on lower ground, it often rises 8 to
18 feet above the surface in 3 or 4-inch pipes. The wells from Eureka
to Berlin are from 20 to 60 feet deep. The ridges bounding this marsh
are composed of either limestone or gravel and sand. On some of these
ridges the sand and gravel is 97 feet thick and affords an admirable
catchment ground. :

Berlin and Vicindty.—In the vicinity of Berlin flowing wells have
been obtained from the gravel and sand horizon at depths of 40 to 60
feet, but at present these flows are largely stopped by the city water-
works plant near the river which draws out one-fourth of its supply
from this gravel seam, and the remainder from the underlying Potsdam
sandstone ; there is a very slight difference between the heads of the two
horizons at this place the water being used from both horizons.

South of Berlin along the Fox River muech the same eonditions exist
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as between Berlin and Oshkosh. ~ Flows from drift have been obtained
near Princeton, and as far south as Puckaway lake, and are also ob-
tained on the low lands still farther south, about Buffalo lake at Mon-
tello, Packwaukee and Endeavor.

Lake Poygan and Vicintty—Where Wolf river, from the north, emp-
ties into Fox river, occurs the most extensive area of artesian water
from the drift found within the Fox river and Lake Winnebago basin.
This area oceupies large tracts of lowlands about Lake Poygan, extend-
ing far back to the ridges and hills surrounding the lake. Artesian
areas also extend several miles up the stream that empty into the lake,
thereby greatly extending the productive region, and increasing the
irregularity of its boundaries.

Three miles north of Berlin on the Aurorahville road is a broad low
marsh. Along the lowlands surrounding this marsh and up a number
of the valleys flows have been obtained. Some of the farms have three
and four wells, but fail to get flows at the house or barn-yard because
the elevation about the buildings is too high. Most of the wells are 2
inches in diameter "either driven or bored, passing through 40 to 60 -
feet of clay, then into a gravel bed that supplies the water.

From the vicinity of Berlin to Aurorahville, flows have' been ob-
tained everywhere along the road on low ground, while on the higher
elevations the water rises nearly to the surface. Klows have also been
obtained 2 miles west of Aurorahville, at Packerville, at Fargoville, an¢
at Terrill.

Aurorahville and vicinity —The oldest well in Aurorahville was
drilled about 1868 and is still one of the strongest flowing wells of the
locality. It is located mear the mill pond, opposite Well’s store. The
well is cased with 4-inch pipe for 10 feet and the remainder is 3 inch
casing. The depth of the well is 95 feet, and the temperature of the
water is 50 F'. which is also the temperature of the other well waters.

There are many flowing wells in the vicinity of Aurorahville. The
water is struck at three or four distinet horizons separated from each
other by beds of clay 20 to 60 feet thick. The wells usually range in
depth from 25 to 350 feet without entering rock, but at some few wells
the Potsdam sandstone is entered at 100 or 120 feet. No doubt this
underlying sandstone helps to supply the gravel seams in certain locali-
ties where the artesian head of the water in the gravel seams is lower
than that in the Potsdam. :

Along the road'from Aurorahville to Poysippi, the same type of sur-
face flowing wells are seen on the lower elevations. As Poysippi is ap-
proached, the ridge swings toward the east and confines the productive
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area nearer to Lake Poygan. Numerous flows have been obtained in
the village of Poysippi, near the banks of the little creek flowing
through the town. Artesian flows have been obtained for some distance
up this little valley to the vicinity of Pine River and Saxeville.

The productive area of flowing wells about Poysippi swings east-
ward from Poysippi along the base of the ridge around the eastern pro-
jeetion, and extends westward on the north side of the hill to.a point
within a few miles west of Brushville. Flows may be obtained any-
where along the small creek between Brushville and Tustin.

In the latter village it is claimed that no pumps have been used, all
the water eoming from artesian wells whose waters generally flow gev-
eral feet above the surface of the ground.

North of Brushville, in the vicinity of West Bloomfield, numerous
flows are reported. At Fremont many similar flows are obtained. At
Dale the wells range in depth from 72 to 300 feet, and obtain flows
from the gravel seams.

At Medina a flowing well at the stock yards is 65 feet deep. Other
flows have been obtained on favorable ground. Similar wells are struck
in the vicinity.of Medina J unction, particularly along the small streams.

South of Lake Poygan, flows are obtained all along the lake from the
Aurorahville marshes to Winneconne, at Borth, and at Poygan, and be-
tween these places. The porus drift ridges surrounding the basin,
furnish the gathering ground for the artesian waters. 1t is to be ex-
pected that flows may be obtained wherever the topography i is favorable
and the land is low.

‘Within the towns of Warren (T. 18, R. 12) and Aurora (T. 18, R.
13) the flowing wells are numbered by the hundred, and the following
records compiled in 1903 by A. R. Heald, driller, show the various kind
of wells obtained. Water is struck in sand and gravel after passing
through beds of clay of various thickness. For the most part only one
of the gravel seams is used -at a given well.
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TABLE 19— Logs of flowing wells in Warren, Aurora and vicintly.
(Authority, A. R. Heald, Driller).
.Location. Strata passed through
Year Size, | Total
Owner. driled. | inches. | depth, Sand or .
T.| R. |Sec. feet. | Clay. | gravel, | Bock,
feet. | feet.
A. Moshen................ 18 12 12 |oieeiensnn 3
Michael Albrlght .18 13 1 1888 2
O. Schonschek.. 18 13 1 1894 2
8. A. Harrison . 19 13 3. 1889 2
A, Stewart.... 18 13 3 1895 2
P. Morrow.. 18 13 3 1899 2
W. 1. Eimer. 18 13 4 1899 f..........
E. Smith.. 18 13 5 1888 2
E. Chapm 18 13 6 1888 2
Levi Warren 18 13 [ PN P .
E.E. Wells.....ccc...... 18 13 6 1895 2
Aurorahville Creamem 18 13 6 1894 2
Aurorahville School...... 18 13 [ 3 PO 2
J. .. 18 13 6 1895 2
J. 18 13 7 1895 2
T, 8. Hall 18 13 7 1805 2
Aurorahville Fountain...| 11 13 7 1896 4
J. Ostram......ovvveeneen, 18 | .13 11 1801 2
J. Pralish.. 18 13 11 1899 2
Clark... 18 13 13 1897 2
Geo Eldredge 18 13 pus 1901 2
M. Rivers....... 18 12 14 1902 2
B 18 13 17 1895 2
B. T Davenpolt... 18 13 17 1808 2
M, Hoose.......... 18 13 19 2
T, Curren. 18 13 20 2
Elliot Davis. 18 13 20 2
Dave Evans. 18 13 21 2
Wm. Owens... 18 13 22 2
M. Meesick.. 18 13 26 2
Mrs. Clou=1.. 18 13§ 29 PPN
18 13 29 2
19 12 34 [P
19 12 34
19 12 33 4
e. . 19 12 35 2
E. M. Ma.thews . < 19 12 36 2
M. Mathews, Vu 2... 19 12 36 1892 2
A.Heald....... 19 12 36 ... [ P A
Mis, Heamsberg.. 19 13 1 2
Chas. -Benedict. . 19 13 7 2
Chas. Eilet.... 19 13 15 2
¢. Eilet... 19| 18 | 20 2
P. Hanson, 19 13 20 4
T. Schroeaden. 19 13 25. 2
G. Schonschee 19 13 25 2
A. Borth...... 19| 13 | .25 2
F. Cassady 19 13 27 2
E. Gherkie 19 -} 13 29 4
Mrs. Cate................. 19 13 31 2
Mrs. Cate.... 19 13 31 2
Mrs, Blase................ 19 13 F:3 S PR PN
ahin.......... ..., B9 13 31 3
N. Pierce.......... erenaes 19 13 32 3
C. Rodencil.. 19 13 32 2
E. Gherkie . 19 13 32 2
D. Thomas.. 14 13 32 3
MT. Rockitt.. 19 13 33 2
19 13 34 ©2
19 13 34 2
19 13 34 2
19 13 34 2
19 13 34 2
19 13 .34 2
19 13 35 2
19 13 35 2
19 13 35 2
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TABLE 19— Logs of flowing,wells in Warren, Aurora and vicinity—Concluded.
’ ‘Authority. A. R, Heald, Driller, ’

Location. Strata passed through. -
: . 1 Year Size Total
Owner. drilled. inches. | depth. Sand or Rock
T ‘R.. | Sec ; Clay. gfravel feet
eet. e

Mr. Belter.......0...oohne
E. Trehtow.......covevnee
W. Batkie...
Mr. Laymen. . ..

Berry Creamery .
Chas. Nitzki.
Chas. Nitzki..............
Poyan Creamery. vaee
Mr. Palmeter.
L. Wares. .
H. Barden...
W, W. Noble
M, J, Rounds
A. M. Goucher
Mr. Craig........
Koro Creamery .

NRURETRERRN

...l Eureka...

R. OakS.......... .. Boreka. ..

T 183 TV 10 000 00 BN 132 13 033 i 13 1D 4 B3 09 B2 13 07 b D

A. Oaks...... ...| Eureka.....
Mrs. Lee .| Rushford...
M. Heisinger. ..| Rushford... .
Mr. ZinK...ivoovvuininnnnn Rushford........

- Frowing WELLS ALONG WOLF RIVER AND ITS TRIBUTARIES

North of Lake Poygan along Wolf river and its tributaries the lacus-
trine deposits occupy a considerable area extending from Lake Poygan
northward to and embracing Lake Shawano. This area has a width of
20 miles at the south, in the vicinity of New London, and about 12
miles at the north, near Shawano. The area extends on each side of the
river bank to the sand ridges which form the divides and serve as a
catchment ground. Over most of this area water under hydrostatic pres-
sure.is obtained, but flowing wells are chiefly obtained only on the low-
lands along the Wolf river and its tributaries.

The depth of the wells ranges from 30 to 250 feet and water is drawn
from three distinet gravel horizons. Water is obtained at depths of
20 to 30 feet, of 120 to 150 feet and of 202 to 250 feet.

The flows are generally small. They range however, from a stream
which breaks into drops in falling, to strong flows filling a 3 inch pipe
as in the case of Mr. Ramm’s well of New London. The watér is clear
and wholesome, has a temperature of 48° to 50° F. and in some in-
stances is impregnated with moderate amounts of iron and hydrogen
sulphide.
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In New London are a number of flowing wells in the surface forma-
tions of sand clay and gravel drilled to a depth of 200 to 250 feet, strik-
ing either the granite at bottom or a thin bed of sandstone overlying
the granite.

The National Condensing Milk Co. has a well 252 feet deep, 8 in
casing, with average tlow a few feet above the river of about 72,000
gallons per day. At the Chair Factory, water is piped from a flowing
well having an estimated capacity of 36,000 gallons per day.

Ramm’s Fountain has a depth of 220 feet, 4 in. pipe, and a daily
flow of about 30,000 gallons. The curb of this well is 20 or 30 feet above
the river level.

. SHALLOW FLowING WELLS IN Rock RIvER VALLEY

Flowing wells from the surface deposits are fairly common along the
Rock River, and also along the many tributaries of the Rock, the flows
coming from the sand and gravel beds lying below impervious beds of
clay.

Flows are obtained irregularly along the banks of the Rock River
from this horizon all the way from the mouth to the source. Flows of
this kind are obtained at Dixon, Illinois, from wells 94 to 120 feet deep;
at Oregon, Illinois, where the supply may be in part from the under-
lying St. Peter sandstone which in this locality helps feed-the sand and
gravel seam ; and at Beloit, Wisconsin where the supply again is partly
from the St. Peter horizon. The water at Beloit is struck in a graver
seam below clay at a depth of about 90 feet. More than 36 of these
wells have been driven within the city of Beloit. The water rises a few
feet above the surface and in some cases as high as 8 feet. Flows are,
however, confined to the lowest ground near the bank of the Rock river.

Flowing wells from glacial drift are obtained all around Lake Kosh-
konong, and up Rock River and many of its tributaries. Flows have
been obtained along the banks of the Rock, Koshkonong, Bark, White-
water, Scupernong, and their important tributaries, covering a large
area in Walworth, Rock, Waukesha, and Jefferson counties.

Frowing WELLS ABouT LAKE KOSHKONONG

All these are on low ground about the lake or near the river bottoms.
In this vieinity is a lake basin covering the area once occupied by the -
predecessor of the present Liake Koshkonong which extends up the
present tributaries of the various streams that flow into the present
lake. Flowing wells south, north and east of Whitewater, around Heb-
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ron, west of Palmyra, as well as around Lake Koshkonong, do not strike
rock. They are confined to the drift and are possible because the bed
of lacustrine clay, forming the level plain about the present lake and
along the river beds, rests upon the flank of much higher lying drift
hills to the southeast with sandy and gravelly prairies behind them.
These sandy and gravelly plains are admirably adapted to serve as col-
lecting areas for the shallow artesian area. :

These collecting areas surround the entire basin and extend along
the sides of the streams and are much higher than the region where
flows are obtained. l

Strong flows are obtained as soon as the drill or auger passes through
the clay bed into the gravel seam. South of Lake Koshkonong flows are
struck at several coarse gravel horizons, at 40 feet, at 151 feet, and at
186 feet. At Koshkonong a deep well on the Black Hawk was drilled
almost entirely through clay and shows the extreme depth of the clay
deposits as well as the pinching out of certain gravel seams.

Flows have been obtained at other points along Rock River, up such
tributaries, as the Yahara and Crawfish rivers. At Madison a flow was
obtained from the drift near Lake Monona at a depth of 119 feet This
well was drilled by the American Plow works in 1903.

On Crawfish River flowing wells are struck at various places in the
drift near the river banks. At Columbus many of the wells are in part,
at least, fed by the underlying St. Peter sandstone which also furnishes
good flows. Although no exact basin can be outlined for these wells,
it seems probable from the data thus far gathered, that flows will be
obtained from glacial drift at other favorable points along the Rock
river and its tributaries, particularly along the low basins.

Other flows have been obtained farther north on Rock ‘River in the
vicinity of Waupun, and on its tributaries as far up as Beaver Dam on
Beaver Dam River, but not enough data are at hand to state whether
they are all of the same general type. However, since most of them
are struck along the river valley, or around lakes, it appears that they
receive their flow from the deposits of sand and gravel beds covered with
impervious clay that were laid down in these drainage basins.

Frowing WELLS ALONG LAKE STPERIOR

Along the south shore of Liake Superior are surface deposits like those
that occur along the shore of Lake Michigan and of Green Bay. The
general structure and geological relations are the same in the two
regions, although the general distribution of the deposits is probably

T—W. S.
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more irregular along the shore of Lake Superior than along Liake Michi-
gan. The artesian slope along Lake Superior is mainly confined to the
immediate vicinity of the lake. The alternating beds of sands, clays,
and gravels fringe the shore of Lake Superior and dip toward the lake.
The gathering ground for the waters lies between the lake and the
prominent trap ridge some 10 to 20 miles south. These clays with in-
terbedded gravels and sands extend from Superior, Douglas County,
Wis., eastward to Ontonogan county, Mich., and give rise to flowing
wells along the lowlands bordering the shore. Farther back from the
shore, where the ground is considerably higher, the water usually fails
to reach the surface. At Superior the water rises 22 feet above lake
level, while at Ashland it rises 30 to 44 feet above lake level. These,
however, are maximum initial heads and in most wells the present heaa -
is considerably lower. At other places various heads are maintained de-
pending upon the local conditions. See also the local descriptions of
Douglas, Bayfield, Ashland and Iron counties.

TsoLATED AREAS OF SURFACE FLOWS

While most of the surface flowing wells occur along the shores of
Lake Michigan and Lake Superior and along the large river valleys.of
the eastern part of the state, occasionally favorable conditions in sur-
face deposits are found elsewhere for the development of artesian flows.

At Arkansaw in Pepin county on the banks of the Eau Galle river; a
good flow has been obtained at depth of 120 to 140 feet in the alluvial
gravel under clay strata. At Hudson in St. Croix county, the trout
springs along the Willow river are supplied by numerous shallow flow-
ing wells consisting of pipes driven into the surface gravels and sands.
In the vicinity of Osceola, Polk county, are numerous flowing wells
along Osceola creek, in the surface formation, at depth of 10 to 20 feet.
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CHAPTER IV. T
PROSPECTING FOR FLOWING WELLS

The head of any artesian well depends upon a number of factors,
and cannot be predicted with any degree of accuracy, unless the local
geological and topographie conditions, are fully considered in connec-
tion with the general principles controlling or modifying artesian pres-
sure. The influences of certain artesian factors are probably not as
fully understood as they should be, and required data concerning the
actual underground geological conditions is also not available in cer-
tain localities, hence, it is necessary, to exercise considerable caution in
making predictions in regard to flows. However, the prospecting for
flowing artesian wells, as well as for non-flowing artesian wells, is an:
important practical problem, and the possibility or probability of ob-
taining flowing wells has always attracted the attention of well drillers.
and property owners in search of the best available water supplies in
nearly every part of the state.

In Chapter II, the general condition eontrolling or modifying artesian
wells have been briefly referred to, and in Chapter III., the various
flowing artesian wells over the entire state have been described. In the
present chapter, a repetition of some of the statements already made
will be necessary in conneection with the diseussion of prospecting for
flowing wells.

The influence of the local water table on artesian pressure. While
Professor Chamberlin was probably the first to call attention to the in-
fluence exerted by the local ground-water level on the artesian head, in
his geological report* of Wisconsin, he apparently, did not, at first,
fully appreciate the importance of this factor. In his later work® on
artesian wells, however, he called attention to the loeal groundwater
table as exerting very favorable conditions for securing flowing wells.
He stated:

“I conceive that one of the most favorable conditions for securing a foun-
_ tain is found when thick semi-porous beds constantly saturated with water

1Geol. of Wis., Vol. 1, p. 689-70, 1881.
~ *U. 8. Geol. Survey, 5th Ann. Rept. pp. 125-173, 1885.
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to a greater height than the fountain head, lie upon the porous stratum and
occupy the whole country between the well and its source.”

Concerning the height of adjacent water levels M. I.. Fuller® has
recently stated:

“The height of the water table over any point in an artesian system may
exert a material influence on the pressure. In fact, this may be a far

more important factor than the pressure transmitted from the more remote
catchment area.”

It is apparent when the distribution of the flowing wells in the water-
bearing Paleozoic rocks in Wisconsin is considered, that the occurrence
of many of the flowing wells at relatively high clevations can be ex-
plained only on the theory that the local groundwater level in the over-
lying strata is the principal factor in determining the artesian head.

The influence of the pressure of the local groundwater on the ar-
tesian head, is called especial attention to, as it undoubtedly, is not onty
far more important in Wisconsin, than has been gemerally supposed,
but is, very apparently, far more important, in many other localities,
than the factor of transmitted pressure from the more remote caten-

ment area of the various artesian systems involved.

In considering the influence of the local groundwater level, the effect
does not appear to be conditioned upon, or restricted to, the location of
the groundwater table between the proposed well and the catchment or
outerop area of the water-bearing stratum in which the well has its
source. The high water table may be located on either side of the pro-
posed well with reépect to the catchment area, and exert an equally
potent influence on the local artesian head. The essential truth of this
inference is based on such facts-as the occurrence of the relatively high
head attained by the flowing artesian wells in the Upper Camiiian
(Potsdam) on the east side of the Fox river valley, at Beaver Dam,
‘Waupun and Horicon, at elevations respectively of 886, 883 and 860
feet, as compared with the much lower artesian head, between the above
flowing wells and the sandstone outerop, of 765 fcet at Berlin, and
under 800 feet elsewhere farther up the Fox river valley. In a similar
way, as high a head is maintained in the artesian wells at Whitewater,
on the east side of the Rock river, as at Waterloo and Cambridge, on
‘the west side, though the latter places lie much nearer the sandstone out-
.crop than does Whitewater. Other conditions being equal, the greater
the prozimity of the local high water table to the well, the greater is the

*U. 8. Geol. Survey. Bull. 319, p. 31.
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influence exerted by the local water table on the artesian head of the
well. )

For this reason, therefore, the artesian or hydraulic gradient rises
and falls with the height of the local water table, being lower within
the valleys than upon the divides, causing the areas of estimated equal
artesian pressure, indicated by artesian contours on the general map,
to follow the general contours of the land éurface, (see also page 55)
thereby developing regions of high artesian pressure on the high divides
between the principal drainage systems of the state and regions of rela-
tively low artesian pressure within the adjacent low valley plains.

The factor of the increased pressure upon the artesian aquifers in
consequence of the height of the local water table, therefore, must al-
ways be taken into consideration in predicting favorable areas for ar-
tesian flows. Because this factor was largely overlooked former estima-
tions® concerning the head of artesian wells obtainable in various parts
of the state and especially in the Mississippi river distriet are far too -
low. In these earlier estimates, it was predicted, that although flows up
to 200 feet, and even higher, might be secured in the Mississippi river
district, the probabilities were fair for success, at elevations not more
than 100 feet above Lake Michigan.

Artesian flows, however, have been obtained at much higher eleva-
tions than were predicted in 1881, the flows along the valleys tributary
to the Misgissippi being as high as over 400 feet above Lake Michigan,
the flow at Wilton in the Kickapoo valley being at an elevation of 991
feet above sea level. '

Artesian flows in eastern Wisconsin, along the Rock river valley, and
adjacent to Lake Michigan, are obtained at least over 50 feet higher
than the usual maximum head formerly predicted, and may reasonably
be predicted at still higher elevations.

These former predictions, as already stated, were largely based on the
relative elevation of the outeropping edges of the water-bearing strata,
as compared with that of the well from which the artesian water was ob-

" tained, after giving an allowance of about one foot per mile for the dis-
tance between the collecting area and site of the well, for obstruction of-
fered by the transmitting rock, and leakage of the econfining strata.

1t now appears, from later investigation and the development of many
additional data concerning artesian wells, that the height of the water

. table over any point, very generally, is a far more important factor in
Wisconsin in developing pressure in the artesian systems than the pres-
sure transmittéed from the more remote catchment area.

* Geol. of Wis., Vol. 1, p. 698.
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The following predictions, concerning areas in which success is prob-
able, are based on the inference, that the pressure exerted by the local
water table, is usually, the most important factor in developing condi-
tions favorable for obtaining artesian flows.

AREAS IN WHICH SUCCESS IS PROBABLE

The general geological map Plate I, in pocket, showing the artesian
contours of the St. Peter and Upper Cambrian (Potsdam) artesian sys-
tem, should be studied in any-investigation of the artesian eonditions of
various localities of the state. The contours, as drawn on the map, are
necessarily very much generalized, partly because sufficiently exact
knowledge of the artesian conditions over considerable areas cannot be
secured, and partly because of the small scale of the map. The artesian
contour lines refer to the artesian head of the non-flowing as well as the

_ flowing artesian wells, and, therefore, the contours do not themselves in-
dicate the exact height at which flows are obtainable. It is.usulaly only
on low land, within the valleys, that flows are secured, the flowing wells
being located where the bottoms of the valleys fall below the artesian
contours thus bringing the artesian head above the land surface.

Western Wisconsin. In western Wisconsin, in the valleys tributary
to the Mississippi river, artesian flows from the Upper Cambrian (Pots-
dam) sandstone have been obtained with head, in one instance, reach-
ing an elevation of over 400 feet above the level of the Mississippi river.
The relatively high heads of the artesian wells are not exceptional nor
confined to any particular localized area in western Wisconsin, but are
general over the entire territory, However, the artesian conditions of
each valley, such as that of the main Mississippi river as well as that of
each tributary, must be eonsidered separately in any discussion of lo-
cating artesian wells. The description of the artesian wells of the vari-
ous valleys in which flows have been obtained, has been quite fully
stated, and need not be repeated here, except merely to mention that
flowing wells are common in the following valleys: The Mississippi val-
ley; the Chippewa valley; the Red Cedar valley; the Beef valley; the
Trempealeau valley ; the La Crosse valley; the Coon Creek valley; the
Kickapoo valley; and the Baraboo valley. (See pages 64 to 74.)

The distribution of the flowing wells within these valleys, and their
respective initial maximum heads, are fully deseribed and explanations
offered for the non-productive sections of these valleys, and in some
cases suggestions are made concerning the probability of suceess in lo-
cating flows in portions of the valleys not already explored.
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The available head of flowing wells, within the Mississippi valley is
usually from 25 to 100 feet above the river level adjacent, while the
available heads in the tributary valleys are usually below 50 feet above
the adjacent river level. The general range in artesian head in the small
valleys, is usually, from a maximum of 50 feet above river level down
1o a minimum some distance below river level.

The development of artesian flows along the Mississippi river and
within the tributary valleys illustrate clearly the very potent influence
of loeal geological and topographic features, and the consequent devel-
opment of favorable local groundwater pressures on the artesian reser-
voir. The artesian gradients, within the valleys, conform closely to the
gradients of the valley bottom, and local conditions of valley topog-
raphy are features of paramount consideration in predicting the loca-
tion of areas, within valleys, where success in obtaining flows may be
attained. While the artesian head is always higher in the uplands than
within the valleys, as already stated, it is only on the low ground, with-
in the valleys, that favorable conditions for obtaining flows above the
surface are developed.

In connection with the discussion of the subject of flowing wells in
western Wisconsin, it may be helpful to point out at least two local
conditions that should be taken into consideration in prospecting for ar-
tesian flows. These conditions are undoubtedly applicable to all parts of
the state, but they appear to be best illustrated along the Mississippi
river, where the valleys have not been abruptly modified or blocked by
glacial deposits. .

Sections of valleys with the average, or higher than the average slope,
are more favorable for the development of flows, than sections wilh
Little, or less than the average slope.—The distribution of flowing wells
in the La Crosse valley and in the Baraboo valley, shows that the flat
parts of these valleys are characteristically non-productive of artesian
flows. The diagrams, Figs. 10 and 12, illustrate the artesian conditions
in these valleys, and indicate how the artesian heads above the surface in
the upper parts of the valley, decline at a relatively constant gradient
in passing down the valley, and fall below the valley surface, where the
latter is nearly flat for a considerable distance. In the La Crosse valley,
the nearly flat section of the valley, lies in the lower-middle part of
the valley, between Bangor and West Salem, while the nearly flat part
of the Baraboo valley, lies at the lower end of the valley, a few miles
below Baraboo, near the Wisconsin river.

The head of the flowing wells in passing down the valleys declines at
a certain fairly uniform rate, and this decline is generally known as the
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hydraulic; or artesian, gradient. The valley bottom in passing down the
valley also declines at a more or less uniform rate, and this decline is
generally known as the valley gradient, or the stream gradient. There
is also a decline in the level of the groundwater, the surface of the
groundwater table, conforming closely to, but located some distance be-
low the land surface in passing down the valley, which may be conveni-
ently referred to as the local groundwater gradient.

“While the pressure upon the artesian reservoir transmitted from the
more remote catchment area, is an important factor, the height of the
water table over any point usually exerts a still more powerful influence
on the artesian pressure, and, therefore, the resultant artesian head in
valleys is largely a function of the local groundwater level within each
valley area.

The artesian gradient, illustrated in the diagrams, Figs. 10, 11, and
12, is above the valley bottom in some sections of the valleys and below
in others, depending upon the relative position of the artesian gradient
to the slope of the valley. The artesian gradient, which is the head, or
height the water under pressure will rise in the artesian wells, very ob-
viously, forms a more uniform slope in some valleys than the local val-
ley bottom, and hence, in those sections of such valleys that are nearly
flat, or are below the average slope of the rest of the valley for a con-
siderable distance, the more uniform and consistent artesian gradient
will usually fall below the valley surface.

It may not be out of place at this point, to refer to the generally er-
roneous belief, that flat sections of valleys are more favorable for the
development of artesian flows than the steeper slopes, whereas experi-
ence has shown, that the flat parts of valleys, in most cases, as above in-
dicated, are the least favorable for the development of flows. This er-
roneous belief is based, in part at least, on the supposition that pressure
within the artesian reservoirs was mainly transmitted from the more re-
mote catchment area., While the dip of the water-bearing strata in the
artesian system, and the consequent pressure transmitted from the
catchment area, is undoubtedly a factor of some imporfance, it is, appar-
ently, not so important in the semi-porous strata of the Wisconsin sys-
tems, as the pressure exerted by the local groundwater table.

Areas near high uplands or at the base of bluffs in the valleys are
more favorable for flows than areas more remote.—The location of flow-
ing wells adjacent to high bluffs in valleys appears to be due to the
fact that these places are more favorably situated for receiving the pres-
sure transmitted from the local high water table standing in the adja-
cent bluffs and uplands than locations farther out in the valley that
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are more remote from the high water table. The artesian gradient
deseends down the sides of valleys just as it desecends down the middle
of the valléys the descent down the sides of the valleys, however, being
much more rapid than that down the middle of the valley. The differ-
ence in head immediately adjacent to the bluffs and that out in the mid-
dle of the valley may not be great, depending much upon the width of
the valley, but it may be sufficient to determine whether the well is of
the flowing or non-flowing type.

It is also very probable, that conditions for the maintenance of the
artesian head, are much more favorable in locations immediately adja-
cent to a high water table than in locations more remote from such a
high water table. Favorable conditions for the maintenance of {he ar-
tesian head, is undoubtedly, far more important than that of obtaining
a high initial head.

The difference in head, obtained by artesian wells along the Missis-
sippi river, is very probably largely due to the relative position of the
wells with respect to the adjacent upland, containing relatively high or
low groundwater tables. The lowest artesian heads, attained along the
Mississippi in Wisconsin, (See table 7 page 64) atre those in the
vieinity of La Crosse, where, on account of the great width of the valley
and lower adjacent uplands, the most unfavorable conditions for rein-
forecement of the artesian pressure from the more distant and lower
groundwater table are developed. Farther north, at Red Wing, which
lies at the base of the river bluffs, and also farther south, at McGregor
and Dubuque, which also lie close against the high river bluffs, the ar-
tesian head is high, because in these locations the conditions are very
favorable for the utilization of p1 essure from the adjacent hlgh ground-
water table.

The relatively strong artesian head of the wells developed at Du-
rand on the Chippewa river, is undoubtedly due to the favorable loca-
tion of the wells along the base of the high bluffs, where reinforcement
of artesian pressure from the adjacent high water table is effective.

The above deseribed two sets of conditions are features generally
characteristie of all the valleys of the state, and should be considered in
prospecting for flowing artesian wells.

There are various valleys in Wisconsin, in which no flowing wells
have been located, but which appeaf from their location and topography
to be favorable territory for exploration. The general statement
should perhaps be made, that the localities for obtaining flowing arte-
sian wells in Wisconsin are by no means exhausted. The prospect for
finding flows in many valleys not yet productive appears to be good. In
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‘the following statement, some of the valleys where success is probable,
will be pointed out. In many instances, the valleys or sections of val-
leys where prospects for obtaining flows are good, are also pointed out
Tunder the county descriptions. '

Valleys in Western Wisconsin in which Artesian Flows may be Ob-
tmined—Flowing wells with source of flow in the Upper Cambrian
{Potsdam) sandstone occur along the Mississippi and tributary valleys
from Polk county on the north to Grant county on the south.

Beginning at the north, flows are quite common along the St- Croix
river between Osceola and St. Croix Talls. The flowing wells in this
district are generally shallow, usually less than 100 or 200 feet deep,
and depend upon favorable local geological and topographic condi-
tions. The source of the flows may be developed entirely within the
sandstone formation, consisting of alternating shale and sandstone beds,
or they may be developed at the contact of the sandstone formation
with the underlying Keweenawan trap, the latter type of artesian well
‘being illustrated by the flowing salt well, about 3 miles north of Osce-
ola. '

‘While flows have not been developed along the St. Croix river at
Hudson, the econditions being unfavorable, as described on page 548, it
seems quite likely that flows with low head may be developed in por-
‘tions of the Apple River valley, at favorable locations below rapids in
‘the section of the river lying between the St. Croix river and the vil-
lage of Star Prairie. Several flows have been obtained in the Kinnick-
‘inick valley at River Falls, and conditions appear to be favorable for
obtaining additional flows on low ground, along the very narrow river
valley below River Falls. Conditions should also be favorable for
strong artesian flows near the mouth of St. Croix river, below the Ilwa-
-co springs,

Some of the valleys tributary to the Red Cedar, Chippewa and Missis-
8ippi rivers in southern Pierce, western Dunn and western Pepin coun-
ties appear to furnish conditions favorable for the development of flows.
Most of these valleys head in St. Croix county, but the valley bottoms in
St. Croix county are probably too high in elevation for developing flows.
Although no flows have been developed in these valleys, in sections of
such valleys as the Trimbelle river, the Isabelle creek, Rush river, Plum
creek, Eau Galle river and lower tributary valleys, Gilbert creek, Wilson
creek’and Hay river, conditions appear to be favorable for obtaining
flows. The flows probably will be restricted to the lowest ground along
the valleys with head not exceeding 20 or 30 feet above the level of the
Tiver adjacent. The lower sections of the valleys mentioned in Pierce
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county, 5 to 10 miles above the lower end, are probably the productive
portions. Farther north along the Eau Galle. and in tributary valleys of
the Red Cedar, the favorable sections may be located at various places
farther up the valleys.

South of the Chippewa river, flows are developed in certain sections
of such valleys as the Beef and Trempealeau rivers, and it seems reason-
able to believe that additional flows can be obtained in other section of
these valleys, and in favorable sections of the Waumandee valley, and
other tributaries. Flows should also be obtainable on low ground up the
Black river, probably as far as Melrose, and up the La Crosse valley,
several miles beyond their present development, west of Sparta.

In Coon Creek valley is a very productive area of artesian flows ex-
tending for 15 miles up the valley. Although no flows are at present
known in the valley of the Bad Axe immediately to the south, it is rea-
sonable to suppose that flows may also be developed some distance up
this valley. ,

East of the Mississippi along the north side of the Wisconsin river
many flowing wells have been developed within the Kickapoo and Bar-
aboo valleys. The productive areas of these valleys may be extended so
as to include the west branch of the Kickapoo, and some of the headwater
tributaries of the Baraboo.

No flowing wells are known to occur in the valley of the Eagle river
and of the Pine river in Richland county, although these valleys are
located betwen the productive Kickapoo valley on the west, and the
Baraboo valley on the east. While favorable conditions for flows may
1ot be developed in the Eagle river valley, it scems reasonable to believe
that flows may be obtained in the Pine valley, at least above Richland
Centre,

South of the Wisconsin river in Jowa, Grant and Lafayette counties,
no flowing wells are known except those along the Mississippi river at
Cassville, in Grant county, and on the Iowa side of the river, at Du-
buque. It seems very probable that conditions are not favorable for ob-
taining flows in either Jowa or Lafayette counties, in valleys tributary
to the Wisconsin river or within the Pecatonieca valley which is a very
round-about tributary of the Rock river. However, conditions appear
to be favorable for artesian flows with reasonably strong pressure in

Grant county, within certain sections of the valleys of the Grant, the
" Platte and the Little Platte rivers which empty directly into the Missis-
sippi. : '
* Eastern Wisconsin, south of Lake Winnebago.—In eastern Wisconsin,
flowing wells with source of supply in the Potsdam and St. Peter sand-
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stone formations, occur at Waupun where a flow has been obtained with
head of 883 feet above sea level (level of Lake Michigan is 581 feet), and
. farther east, ncar the lake at Sheboygan Falls, with head of 727 feet.

Farther south flows have been obtained -at Whitewater with head of
839 feet, at Mukwanago with- head of 830 feet, and at the Elm Grove
Convent, west of Milwaukee, with head of 766 feet.

‘The maximum initial head of the flows obtained from the upper Cam-
brian (Potsdam) aquifer, in southeastern Wisconsin, is about 250 feet
above the level of Lake Michigan, while the maximum head of flows ob-
tained farther north, south of Lake Winnebago, is somewhat higher,
about 300 feet above the lake. The ﬁowmv wells back a few miles from
the shore of Liake Michigan are all confined to the relatively low lands
within the valleys, and the artesian head of non-flowing wells on the up-
land divides is still higher than that of the flowing wells within the val-
leys, though flows are not obtainable in the uplands, because of the re-
latively high elevation of the land surface.

In a general way, it may be stated, that south of Lake Winnebago,
in eastern Wisconsin, the probability of obtaining flows from St. Peter
and Upper Cambrian (Potsdam) sandstone are good, dependent upon
favorable local conditions, up to 150 to 200 feet above Laké Michigan,
within 5 or 10 miles of the lake shore, and up to 300 feet or over, in the
valleys within the higher upland divides, 30 to 50 miles west of the lake.
It should be stated, perhaps, that flows from the drift and the Niagara
limestone, with heads at still higher elevations than those from the sand-
stone oceur in various parts of tliis région.

Eastern Wisconsin, north of Lake Winnebago.—North of Lake Winne-
bago, the artesian head of the Potsdam water declines relatively rapidly
in goinz north, down the valley of the Lower Fox river and along the
shore of Green Bay. At the lower end of Lake Winnebago, ‘at Neenah,
the artesian head is 760 fet above sea level, at Green Bay, 672, at Oconto,
630, and at Marinette, 614 (for respective heads above the curbs see
tables on pages 77-8). The decline in the artesian head in passing down
the valley, while conforming closely to the slope of the valley, has a fall
much less than the valley itself, as indicated by the fact that the initial
head: at Neenah was 15 feet above Lake Winnebago while the initial
head at Green Bay was 90 feet above the bay.

" Between Green Bay and Marinette; the artesian head declines from 90
feet above the bay at Green Bay, to-50 feet at Oconto, and to 33 feet at ‘
Marinette. While the decline in the artesian head along the west side
of ‘Green Bay niay be partly due to the decrcase in the thickness and in
the extent of the outerop area of the Upper Cambrian sandstone in go-
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ing north, the decline in artesian head is probably mainly due, to the
greater flatness of the area adjacent to the bay, and the consequently
less favorable condition for reinforcement of artesian pressure from a
high water table adjacent to the shore.

In general, it may be stated, that north of Lake Winnebago in eastern
‘Wisconsin, the probability of obtaining flows are good (with the ex-
eeption named below) from 100 to 200 feet above the level of Green Bay,
in Brown and Outagamie counties,—probably about 200 feet being the
maximum head in the valleys 20 to 30 miles back from the bay, and 100
feet the probable maximum within 5 or 10 miles of the shore. Farther
north, in the southeastern parts of Shawano, Oeconto and Marinette
counties, flows will probably not be obtainable over 100 or 125 feet
above the level of the bay, probably from 50 to 125 feet above the bay,
10 or 15 mlies up the valleys leading back from the bay, and from 25
to 50 feet above the bay within a few miles of the shore.

Kewaunee-Door Peninsula.—Although it was formerly predicted that
flows would be obtainable from the St. Peter and Upper Cambrian sand-
stones (Potsdam) for the whole of the border of Lake Michigan, subse-
quent developments seem to indicate that the sandstone formations are
barren of artesian pressure along the lake shore, north of Manitowoec.
While slight flows of about 20 feet above the level of the lake have been
obtained from the Niagara at Two Rivers and Algoma, no additional flow
was obtained at either of these places, in a well that penetrated through
thie Potsdam to the granite at Two Rivers, and through the St. Peter to
the middle part of the Lower Magnesian at Algoma.

An explanation for the absence of artesian flows from the St. Peter
and Upper Cambrian acquifers north of Manitowoc is offered on p. 81,
three changes in the geological conditions being pointed out as un-
favorable to artesian development in the peninsular distriet east of
Green Bay, as compared with the favorable conditicns developed farther
soutfx._ ‘Whatever the principal causes operative in preventing the dev-
clopment of flows from the St. Peter and Upper Cambrian at Two Rivers
and Algoma, there is very apparently, in the peninsula east of Green
Bay, a change in the geology and topography sufficient to develop con-
ditions unfavorable for securing artesian flows. It is probable that fiows
may be obtained along the west shore of the peninsula, 5 or 10 miles
north of Green Bay, but it is not likely that the productive areca extends
farther north.

Rock River Valley.—In the tributary valleys of the Rock River, flows
have been obtained at Beaver Dam, as previously stated, with head 886
feet above sea level. It is reasonably certain that flows may be obtained
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at still higher elevations near the summit of the divide surrounding the
Rock river drainage basin. - The areas of probable success are neces-
sarily confined to the low ground within the valleys, and the available
head in these favorable localities is not likely to be more than 10 or 15
feet above the curb or above the adjacent stream level, the artesian gra-
dient following closely the gradient of the valley bottom. Local geologic
and topographic features, favorable to the development of a high
groundwater table in adjacent uplands, are essential requisites for the
development of artesian flows at these higher elevations, and the favor-
able conditions should be considered as having only local, and not gen-
eral application. :

‘While it is not always possible to draw a sharp line between deep-
seated surface flowing wells, as both classes depend largely on local con-
ditions, and both often oceur in the same localities, the foregoing state-
ments have been confined to artesian wells having their source mainly in
the Upper Cambrian (Potsdam) sandstone, and to a minor extent in the
overlying St. Peter sandstone or Lower Magnesian limestone form-
ations, the latter formations being drawn upon, only in the eastern part
of the state. Occasionally, artesian wells have been obtained from the
Galena-Platteville (Trenton) limestone where this formation is the bed
rock in the valley bottoms, as in the upper part of the Fox river valley,
illustrated by some of the artesian wells in Fond du Lac, but usually
the source of the artesian flows in the Trenton is indirectly in the un-
~ derlying St. Peter and Potsdam aquifers.

PROSPECTING FOR SURFACE FLOWS,

The surface flowing wells indicated on the general map are far more
abundant and are scattered over a much larger area of eastern Wiscon-
gin than the deeper-seated flowing wells from the St. Peter and Pots-
dam horizons. In the southwestern one-fourth of the state, however,
within the driftless or thin drift area, the surface-flowing wells are re-
latively rare.

The surface artesian wells derive their flow from beds of sand or
gravel, sandwiched between beds of clay within the surface formation,
between the surface clay and the fractured rock below, and from within
the fractured jointed rock underlying the surface formation. The frae-
tured and jointed rock may be any formation, but it is usually the
Niagara limestone, and only occasionally the Pre-Cambrian Crystal-
line rock. The essentials of these surface artesian flows are as follows:

1. An adequate source of water supply, which is the precipitation,
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mainly in the form of rain, that falls upon and sinks into the adjacent
porous uplands,

2. A retaining agent, offering more resistance to the passage of
water than the well, which is mainly a bed of clay or other relatively-
impervious material, overlying the water-bearing sand or gravel bed,.
or the fractured and jointed rock.

3. An adequate source of pressure, which is mainly the weight of the
groundwater table in the adjacent uplands, pressing down upon the
water confined within the water-bearing strata from which the flow is.
obtained.

The surface flows are, therefore, local in origin and depend upon:
favorable underground and topographic conditions, developed.within a.
few hundred feet to 5 or 10 miles of the well. The location of the flows is-
always confined to relatively low ground in valleys, or along the lower
slopes of the uplands, or within the slopes of former lake basins. The
available head is generally low, usually less than 20 or 30 feet, though
occasionally 50 or 60 feet, above the lowest ground of the immediate
locality. ,

Flows from the drift—The surface flowing wells from the drift are
cheaply obtained and are very serviceable. They will undoubtedly be
found in certain parts of the state where not yet developed, and their
areas may be extended in some cases much farther up the slopes and
the valleys where already developed. No detailed statement of local
areas in various parts of the state where success may be obtained is
warranted. It may be well to point out, however, that the favorable
areas for the surface flows in the drift, as may be inferred from the
above described essentials, are necessarily located some distance below
the general groundwater level of the adjacent uplands, and are confined
to water-bearing surface formations of glacial, alluvial or lacustrine
origin in which the water is capable of being held under hydrostatic
pressure. Especially favorable places for the development of surface
flows in the drift are in the sand, gravel and clay beds within the former
expanded Great Liake basins and estuaries, adjacent to Lake Superior,
Lake Michigan and Green Bay.

Flows from the Niagara limestone.—Flowing wells in the Niagara
limestone are quite common in the general outerop area of this forma-
tion in eastern Wisconsin. The Niagara formation has a usual thick-
ness of 300 to 400 feet, and overlies the impervious shale beds of the
Cincinnati group. The numerous fractures and open joints in the Niag-
ara formation, combined with the impervious shale at the base, undoubt-
edly develops conditions favorable for artesian wells in some localities,
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entirely independent of the artesian conditions developed in the over-
lying surfdce formation. The area of flowing wells about Rockfield and
South Germantown, in southeastern Washington county, (see PL III)
is a good example of conditions under which flows from the Niagara are
developed. In this area, flows with maximum initial head of 30 to. 60
feet above the curb, or up to 370 feet above the level of Lake Michigan,
were obtained. '

Many of the artesian wells in the Niagara, however, appear to de-
pend wholly upon favorable conditions developed in the overlying sur-
face formation as the flows are obtained at the contact of the two forma-
tions, and hence on the map (Plate I) the flowing wells in the Niagara
and in the surface formations are classed together.

Flows from the Pre-Cambrian Crystalline rock.—Occasionally flow-
ing wells with low head have been found with source of flow in the gran-

_ite, slate or other Pre-Cambrian crystalline rock, the flows being usually,
but not always, restricted to areas where the latter is overlain by porous
drift formations. The flows from the granitie rock are dependent upon
the same conditions as those developed within the Niagara, or at the con-
tact of the Niagara with the overlying drift. The flows from the granite
and other crystalline rock are of interest as a type, but are relatively
rare and unimportant in occurance, on account of the generally flat
slope of the crystalline area, combined with the relatively shallow depth
of the fractures and joints and the consequent shallow depth of the
water-bearing zone in the granite.

‘While predictions can be made concerning favorable areas for obtain-
ing surface flows from the drift and from the Niagara, no predictions
are warranted concerning sutface flows from the crystalline rocks. On
the contrary, it may be stated, that any general or systematic attempt to
obtain flows, or even any considerable quantity of ordinary groundwa-
ter, from the crystalline rocks is wholly unwarranted, and drilling
should very generally cease within 10 or 20 feet after reaching this
formation.

MEeTHODS OF DRILLING FOR FLOWING WELLS.

" While driven wells are occasionally used in obtaining very shallow
flows, the standard drilled well is the type very generally used in drill-
ing for artesian and ordinary groundwater wells in Wisconsin. The driv-
en wells consist of small iron tubes, usually 1 to 3 inches in diameter,
provided with a point and screen. The well points are likely to become
clogged in a relatively short period, and hence this type is used only in
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very shailow wells, and to a limited extent where the well tubes can be
readily replaced.

The standard drilled well is the usual type in Wisconsin and is sunk
" by percussion of a heavy drill, usually 2 to 12 inches in diameter, lift-
ed and dropped from a portable rig by means of power, generated by
steam or gasoline engines. The drill hole is eased with iron pipe in the
surface formation and soft rock, and is usually not cased in the rock.

While the special operations in drilling of non-flowing and flowing
wells is much the same, certain precautions are essential in drilling a
well to obtain flowing water, that are not necessary in drilling ordinary
groundwater wells.

Packing and Casing.—In constructing a flowing well, it is very gen-
erally necessary to make a water-tight joint between the well casing and
the rock, otherwise the water ascending from below will find an outlet
" outside the casing and fail to reach the surface. In some instances, also,
if porous rock is penetrated below the point to which the well is cased,
it may be necessary to insert casing through such porous material to
prevent escape of water. In other instances when a water bed is weak,
it may be protected  with casing perforated to admit the entrance of
water. The proper method of casing artesian wells is illustrated on
page 503.

The diameter of artesian wells materially affects the yield, for the
larger the diameter, the less the frictional resistance. The cross-section
of a tube varies as the square of the diameter, and disregarding other
factors, an 8-inch pipe would carry 16 times as much as a 2-inch pipe.
Taking into account both the frictional resistance and the cross section,
the discharge of a pipe has been caleulated to vary as the 2.5 power of
the diameter. While several small wells will yield a larger inflow than
one large well, the yield of any well is controlled by the maximum diam-
eter of the bore hole at the water-bearing stratum rather than the max-
imum diameter at the mouth of the well.

Records of flowing wells—It is very important that drillers and own-
ers of flowing wells should make and preserve the records of flowing
wells drilled, as described on pages 5-7, in order that as complete in-
formation as possible may be available for the future exploration of ar-
tesian supplies in the locality.

8—W. S.
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CHAPTER V.
SPRINGS AND MINERAL WATERS

Much underground water relurns to the land surface through springs
or by diffused seepage into lakes, rivers, and marshes. The supply of
groundwater furnished to the surface run-off by springs varies greatly.
In places the discharge is very limited and the water differs but little
in character from ordinary seepage water, while in the other localities
the water gushes forth in small streams. At many places the water bub-
bles up through sand or gravel and the spring is not infrequently called
a bubbling or boiling spring.

Springs, like wells, are of two classes, surface and deep-seated. The
conditions giving rise to springs are in part the same as those for ar-
tesian wells. The water of a spring flows out of the ground by natural
processes alone, while in a flowing well the water is made to flow at the
surface through the agency of man. In the case of some springs the
water may move downward and have a free zone to escape above some
impervious bed, while in flowing wells the water reaches the surface on-
ly by hydrostatic pressure. Hydrostatic pressure therefore may or may
not be one of the requisite conditions of springs. In every case gravity
forces the spring water to the surface.

SURFACE SPRINGS.

Surface springs, or seepage springs, are usually associated with out-
crops of impervious strata. In this class of springs the water escapes at
the contact of an overlying porous bed with an underlying non-porous
béd. See fig. 14. .

Seepage springs may also ‘oceur along the contact of the drift with
underlying shale or limestone, the water flowing along the impervious
basement until it reaches the lowest point of escape.

Most of the springs in Wisceonsin are of the surface type. -Many of
them have dried up, and disappeared, but many others are still yielding
large quantities of water and in thinly settled districts form one of the
chief sources of domestic supply. During the unusually wet years, as
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in 1903, many of the springs which had formerly gone dry began flow-
ing again owing to the unusually heavy rainfall and the consequent rise
in the water-table.

Fig. 14.—Seepage spring fed from unconfined waters in porous sand.

DEEP-SEATED SPRINGS.

In the deep-seated springs, the water rises to the surface afong joint
planes, fissure and fault planes in bed rock. See fig. 15. The watersin
the deep-seated springs are under hydrostatic pressure, confined in im-
pervious channels or between impervious beds, and in their mode of
origin are artesian springs. The temperature of the water from the
deep zones of flow is more constant and, as a rule, somewhat higher than
that of water from surface springs.
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Fig. 15.—TFissure spring. The water springs from the underlying sandstone up
: through fissures in the limestone.

The conditions affecting the amount of groundwater available for

springs are essentially the same as those already described for artesian
wells.

DISTRIBUTION OF SPRINGS.

Springs flow from all of the water-bearing horizons mentioned in the
geological formations; but certain horizons are more important than
others and give rise to a much larger number of springs. Although the
various springs seem to a casual observer to be scattered promiscuously
over the state, such does not appear to be the case when their distribu-
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tion is studied a little more carefully. Both classes of springs above
referred to, originate in the various geologic horizons and owe their
distribution and occurrence to a variety of geologic features.

. SPRINGS IN THE CRYSTALLINE AREA.

The springs in the crystalline area are largely due 1o faulting and min-
or displacements in the rock. The crystalline area abounds in springs
which are often the chief source for domestic supply, but the springs
have been very little studied and are scracely ever developed commer-
cially. The erystalline area is so completely covered with drift that it
is rather difficult to determine whether a particular spring derives its
water from the underlying crystalline rock or from the overlying drift.
Data that would throw light upon their source, are in nearly every case
lacking and before such springs can be classified a much more extensive
study is necessary. '

SPRINGS IN THE UPPER ('AMBRIAN SANDSTONE AND THE LOWER
) MAGNESIAN LIMESTONE,

The springs of note in this lower zone of water-bearing sedimentary
roeks, are at the contacts of the relatively impervious and pervious shale-
beds in the Upper Cambrian (Potsdam) sandstone formation and be-
tween the sandstone and the overlying Lower Magnesian limestone. The
contacts are the source of supply, although the springs may not always
escape or rise to the surface near them. The water often flows under-
ground several miles from the contacts before coming to the surface.
This is notably true where the surface is composed of dlsmtegrated
sandstone which allows the water ready passage.

A number of springs in the valleys rise from the Upper Cambrian
(Potsdam) sandstone where this formation has been eroded so as to ex-
pose its impervious beds thus giving the water flowing along its con-
fining walls a chance to escape.

A pecularity of some of the springs arising from the sandstone is
worthy of mention. The point of escape or the location of the spring
is often at the end of a projecting sandstone ridge that extends out into
the valley, either along the side, or at the head of the main valley. The
water follows the ridge as far as possible and finally, when no longer
protected by the overlying cap, escapes to the surface, near the extrem-
ity of the ridge projecting out into the valley.

At the contact of the sandstone and the overlying Lower Magnesian
limestone the water may come to the surface at the foot of a hill, where
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the two formations join, and then disappear, within a short distance,
only to reappear again several miles farther down where the under-
ground channels open into the river valley. A fine example of this may
be seen on Silver Creek one of the tributaries of La Crosse River. Springs.
may also escape at levels higher than the contact, by escaping through
fissures or crevices in the limestone as illustrated by the Ilwaeco springs
on the St. Croix River west of River Falls, They then seem to come en-
tirely from the limestone. The farther from the line of contact, the less
numerous do the springs become, but there is usually a wide area along
this contact in which the springs arise or reach the surface.

From the Lower Magnesian limestone springs arise that derive their
water entirely from the limestone and are not connected in any way
with those found at the junection of the sandstone and limestone. They
are, however, few in number and not important.

The spring water from the Upper Cambrian (Potsdam) sandstone:
and Lower Magnesian liniestone usually has a temperature of 48° to 50
F., is clear, sparkling, comparatively free from organiec impurities, and'
usually low or moderate in mineral content. It econtains small percent-
age of lime and magnesium carbonates, little iron, some silica and alu-
mina, with small amounts of chlorides. The water has a very pleasant:
taste and the small amount of free carbonic acid makes it very palat--
able. 'The springs arising from the Upper Cambrian and the Lower
Magnesian are not present along the eastern part of the state. (See-
Geological Map Plate I in Pocket) but are plentiful along those streams.
tributary to the Mississippi river, and especially along the St. Croix
river, as at St. Croix Falls and Osceola. Although these springs are-
used very little at present for watering stock and general farm use, ex-
cepting those at St. Croix and Osccola, they furnish favorable conditions.
for developing trout ponds and for domestie supply. The waters of the
springs are far superior for domestic use to much of the shallow well.

waters used.

SrriNGS IN THE ST. PETER SANDSTONE AND GALENA-PLATTEVILLE
LIMESTONE.

The second horizon for springs, that of the middle zone of water-bear--
ing roeks, oceurs near the junction of the St. Peter sandstone and the-
Galena-Platteville (Trenton) limestone. The shaly impervious stratum
that usually forms the base of the overlying Platteville limestone, rest-
ing upon the underlying St. Peter sandstone, divides this spring horizon
into two classes, giving rise to springs either above or below this imper-
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vious stratum. Under normal conditions, the water descending through
the fissured limestone is caught by the shale beds and caried along their
surface to some point where erosion has furnished & means of escape,
thus giving rise to springs directly from the limestone flowing from
above the shale. The springs from the St. Peter sandstone usually flow
from the sand below the dense shaly beds. However, some of the water
of the limestone may find an opening ipto the sandstone at some adja-
cent higher level and thus give rise to springs from the limestone issu-
ing below the impervious bed, while the sandstone water under certain
favorable conditions may be the source of springs that flow out above
the shaly beds. Asin the first horizon, there is a zone within.which
most of the springs are found, but a careful study of each spring is re-
quired before its exact souree can definitely be stated.

A number of springs flow from different levels within the limestone,
some from the contact of the Platteville and Galena beds, others from
higher levels in the Galena but they do not appear to be confined to any
well marked stratum. Although many are found within the Galena-
Platteville water horizon, they are rather irregular in their distribution.
The springs in this horizon are much less abundant than in the last men-
tioned Upper Cambrian-Lower Magnesian horizon but the general ehar-
acter of the water is very similar in both horizons. The quantity of
mineral ingredients, however, in the water flowing from the Galena-
Platteville limestone springs is usually somewhat greater, and the waters
as a whole are harder, than the spring waters from the Upper Cambrian-
Lower Magnesian horizon. They furnish water of the most excellent
quality and purity, that may be safely substituted for well water in these
localities in which they oceur.

SPRINGS IN THE (INCINNATI SHALE AND THE NIAGARA LIMESTONE.

In some respects, the most remarkable horizon giving rise to springs,
is that found at the upper surface of the Cincinnati shale. The water
flowing from the springs at this horizon, which may be called the upper
zone of sedimentary rocks, all comes from the fissured, cavernous, and
.decayed limestone of the Niagara formation. The direction of the flow
is along the surface of the beds of the upper portion of the Cincinnati
* shale, either along the dip of the strata, or in some other direction that
sooner or later offers an opportunity of escape. The water that flows in
the direction of the dip, gives rise to flowing wells farther toward the
east and is the source of many of the springs scattered over the area
underlain by Niagara limestone.
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The water that flows in the direction opposite to the dip of the shale
strata finds an outlet along the western outerop of the strata. The out-
crop of the shale is exposed at frequent intervals along the east side of
the Lower Fox and the Rock River valleys and forms a well defined zone
along which the springs are located. In some localities, however, a heavy
deposit of drift nearly conceals the horizon, while in others, a heavy
mass of clay lies against the contact and prevents the escape of the
water. The water is then forced to rise higher and seek an outlet
through joints in the limestone wherever opportunity offers,

‘Where the glacial drift or rock fallen from the Niagara limestone
cliffs above conceal the contact, the spring water may run in concealed
channels down the slope, and issue some distance below its true point of
escape from the shale strata. Some of these springs may, therefore,
easily pass as drift springs, although their source is only indirectly in
the drift. However, with a little care the line of contact itself, or its
trace as indicated by the line of springs may be definitely followed. In
most cases it is thus possible to determine the source of any spring in
the viecinity.

In places along the east side of the Fox river valley, in the vicinity of
Lake Winnebago, much of the water passing underground does not re-
appear in the form of surface springs, but is caught beneath a clay bed
of lacustrine or glacial origin, is once more confined, and later appar-
ently carried in underground channels directly into Lake Winnebago.

Along the east side of the Fox river valley, under the protection of
the Niagara escarpment, are hundreds of springs marking this most re-
markable horizon. Some of the springs are very small while others
furnish sufficient power for small industries.

As mentioned before, springs which flow from various horizons within
the Niagara limestone are scattered over the entire eastern distriet of
‘Wisconsin, Their distribution, is irregular, depending somewhat upon
the occurrence of fissures and character of the topography of the lime-
stone. Their source is much the same as that of the artesian wells ob-
tained from the limestone at Rockfield and South Germantown. A num-
ber of these springs have dried up since the settlement of the country
and the development of agriculture, but many of the deeper-seated
springs remain as strong as ever. These scattered springs from the
Niagara horizon include some of Wisconsin’s most famous springs, such
as the noted springs at Waukesha.

The water from these springs is clear, cool and refreshing, the tem-
perature, ranging between 46° to 48° I\, remaining rather constant
throughout the year. The water, from springs in the Niagara, as a
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rule, is harder than other Wisconsin spring waters and contains con-
siderable amounts of mineral matter. Within this horizon are found
many travertine springs. Large specimens of the travertine have
been picked up out of the streams and springs east of Fond du Laec.

SPRINGS IN THE DRIFT AND OTHER SURFACE DEPOSITS

The foregoing springs all have their source in the bed rock. Besides
these, however, there are a number of springs, both large and small, that
issue from loose unconsolidated material, overlying the bed rock. This
surface horizon gives rise to more §prings than any other horizon con-
sidered. They are, as a class quite superficial and are subject to
great variations in volume. They are more liable to contamination
from surface impurities, and the temperature of the water is more var-
ied, than from springs that issue from the rocks. They are, also, the
first to be affected by any deficieney in the annual precipitation, and are
controlled more or less, by merely local conditions of the drift material.

Some of the surface springs have their source in gravel and sand in-
terbedded with layers of clay. Of this class, are those issuing under
hydrostatic pressure from the junction of the porous and impervious
beds of the lacustrine deposits, bordering Lake Michigan and Lake
Superior. In places, a continuous line of small rivulets may be seen is-
suing from the junction, either below or above the bed of clay.

Other springs owe their origin to seepage and flow from loose mate-
rial, which may give rise to seepage springs on the slope or at the base
of hills, cven if the loose material composing the slopes be of a homo-
geneous nature. Between these two classes there is every degree of
gradation. To the latter class of seepage springs, belong the vast num-
ber of springs scattered over northern Wisconsin that help feed the
numerous lakes, rivers, swamps, and marshes that abound in this region.
They are, for the most part, of little importance and but seldom used.
They belong to the class that will be affected most when the country is
cpened up to agriculture. Even at the present in the forest areas some
dry up during long continued droughts.

‘While, in general, the seepage springs, are small and subject to local
surface conditions they are, occasionally, very large. In the glaciated
area, most of the springs are found along the terminal moraines. The
hummocky topography and porous drift of the moraines are well adapt-
¢d to cateh and temporarily hold the precipitation, and finally discharge
it through the springs at the foot of the range or in the flats adjacent
t0 it, or at some other convenient point midway between the summit and
the base of the drift hills. ’
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The numerous lakes that are distributed along the important terminal
moraines are largely fed by springs that pour their water into the lake
either directly along the shores or through small streams that have their
source in springs some distance from the lakes. This accounts in part
for the clearness and purity of the water found in many of the lakes.
The number of springs opening into the lake below its surface level, is
not known but is probably not large, although some of the very small
lakes are probably maintained from this source alone. The ‘‘Kettle
Range’’ is lined tliroughout its entire extent with springs, and it has
been observed that where lakes are located on either side of the main
terminal moraines the springs are most abundant on that side of the
lake lying nearest to the moraines. Many of the springs, besides fur-
nishing large quantities of water, are also very constant and uniform

in both flow and temperature.

¢

MINERAL SPRINGS OF WISCONSIN.

To give a detailed description of springs supplying mineral waters,.
their location and general features is beyond the purpose of the present.
report. Howevex, a few of the more important springs are mentioned
in order to show the importance of mineral springs in Wisconsin. From
the drift are obtained the so-called sulphur springs, the water of which
varies considerably in chemical composition. The sulphur exists as sul-
phuretted hydrogen in the water and readily escapes on exposure to the
atmosphere. Other springs are so charged with iron that.they readily
pass as chalybeate springs. The total mineral matter in spring waters.
may range from almost nothing to seveal hundred parts per million,
as shown by the table of spring water analyses. (Page 124).

MINERAL WATERS.

All waters are mineralized, as described on pages 127 to 132, but the
term ‘‘mineral waters’’ is made to include only those that are sold on
the market as such. Mineral waters include every gradation from waiers.
containing a very low percentage of mineral in solution to those con-
taining a very high pereentage of dissolved substances. In addition to
the natural composition, some mineral waters are subjected to artificial
treatment, such as the addition of mineral salts or the addition of car-
bonic acid gas, but so far as possible, waters that have been subjected
to considerable change are excluded from this classification.

On the basis of use, mineral waters are separated into two groups,—
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those sold for their therapeutic vaiue (medicinal water), and those sold
for use as drinking water (table water).

Quantity end Value—In 1863 the first attempt was made to colilect
statistics of mineral waters in the United States, and since that year,
Wisconsin has ranked among the first states, both in production and
value. Wisconsin is generally considered the leading state iv the Union
in the value of mineral water and third in the guantity of mineral water
sold on the market, generally ranking first in value of table waters and
generally fifth in value of medicinal water. In 1911! the quantity
of mineral waters sold in Wisceonsin was 5,716,162 gallons, the value of
table water being $862,965, and of medicinal waters, $93,023.

The production of mineral waters in Wisconsin for the past seven
years is shown in the following table:

TABLE 20. —Production and value of mineral waters in Wisconsin, 1907—1913.

o Springs report-| Quantity sold

Year. ing sales. (gallons). Value.
29 6,839,219 $1,526,703
28 6,084,571 1,239,907
34 6,101,882 1,132,239
36 6,400,812 974, 366
31 5,716,162 955, 988
31 - 6,045,719 869,495
30 7,234,217 790,552 .

Thirty springs reported sales in 1913. There were resorts at four of
the springs, which acommodated over 1,800 guests, and the water at
three was used for bathing. In addition to the sales, more than 645,000
gallons were used in the manufacture of soft drinks.

Besides the quantity of water used in the manufacture of soft drinks,
a large amount of water, usually artesian water, is annually used in
Wisconsin in the manufacture of beer and other malt liquors. In the
production of malt liquors, Wisconsin generally ranks about the 4th
state in the Union, the quantity of beer, ale and porter produced in
1913 being 5,171,179 barrels, or 160,306,549 gallons. About three-
fourths of the production is manufactured in Milwaukee, the water util-
ized being obtained from artesian wells. About 92 per cent of fer-
mented liquors consist of water, and the quality of the product depends
much upon the character of the water.

'Production of Mineral Waters, Mineral Resources for 1911, U. S. Geol.
Survey, Pt. II, p. 1173.
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The following list of 37 springs (including a few wells) have reported
sales in the last 8 years, 1911-13:

List of Wisconsin Mineral Springs.

Allouez Mineral Spring Co., Green Bay, Brown County.
Arbutus Mineral Spring, Oconto, Oconto County.
Badger State Mineral Water Co., Darlington, Lafayette County.
Bay City Spring, Ashland, Ashland County.
Bethania Spring, Osceola, Polk County.
Bryant Silver Springs, Madison, Dane County.
Castalia Spring, Wauwatosa, Milwaukee County.
Chippewa Spring, Chippewa Falls, Chippewa County.
Crystal Spring, Sheboygan, Sheboygan County.
Crystal Springs, Waupaca, Waupaca County.
Elysian Spring, Prairie du Chien, Crawford County.
“Famous” Ginseng Bottling Co., Menomonie Falls, Waukesha County.
Kusche Spring, Oshkosh, Winnebago County.
“Lebenwasser” J. J. Handeln, Green Bay, Brown County.
Maribel Mineral Spring, Maribel, Manitowoc County.
Maskanozes Spring, Butternut, Ashland County.
Nee-Ska-Ra-Spring, Wauwatosa, Milwaukee County.
St. John Mineral Spring, Green Bay, Brown County.
‘Sheboygan Mineral Spring, Sheboygan, Sheboygan County.
Sheridan Mineral Springs, near Lake Geneva, Walworth County.
‘Solon Springs, Solon Springs, Douglas County.
Spring Grove Epsom Spring, Green Lake, Green Lake County.
‘Wilmette Springs, H. Tolfson & Son’s Cooper Station, Racine County.
“Waukesha Springs, Waukesha County.

Almanaris Spring.

Anderson’s Spring.

Arcadian Spring.

Bethesda Spring.

Clysmic Spring.

Crystal Rock Spring.

Fox Head Spring.

Glenn Rock Spring.

Horeb Crystal Spring.

Minniska Spring.

Roxo Spring.

Silurian Spring.

‘White Rock Spring.

It is quite probable that a number of spring waters are sold in vari-
ous parts of the state which are not ineluded in the list of mineral
springs above enumerated. In the various tables of mineral analyses
of waters of the various counties of the state, is included a large num-
ber of spring waters which have been placed on the market during the
‘past years.

Composition. Mineral waters represent rain water which has become
mineralized in its journey underground, from the point at which it
-entered the soil to its point of recovery at the spring. The chemical
-charaecter of the soil and rocks traversed, the length of the journey, the
length of stay of the water underground, the depth, as affecting tem-
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perature and pressure and the general mineralization of the surround--
ing body of underground water are all factors influencing the character-
of the mineralization. Springs flowing from beds of sand and gravel,
or from the sandstone, in those parts of the state where the body of un-
derground water is relatively shallow, yield only slightly mineralized:.
water ; but springs that issue from rocks, the waters of which ave in con-
tact with deep bodies of underground water, yield more highly mineral--
ized waters. '

The mineral analyses of many of the spring waters in the abuve list.
of mineral springs are given in the following table:

TABLE 21. Analyses of Mineral Waters.
(In parts per million)
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Arbutus Mineral Spring,
V03117 TN 16.8] 2.7{ 0.1!....[ 64.5/ 27.2) 8.6 1.2{163.7} 14.8] 4.0[....] 304
St. John Mineral Spring,
Green Bay.......... 20.0] 2.5 .7[....| 24.81 22,00 8.2I 4.4 56.4] 27.8; 38.0l....; 205-
Bryant Silver Spring, P
Madison ............ 16.6}..... ....] 4.3 57.8 32.0 3.4 165.8( 3.7 5.2)....] 289
White Cross Spring, —t—
Madison ....eoveenen 18,00 7.0l....0....[ 77.8/42.0 1.9 213.5) 7.6 7.0[....] 3875
Badger Mineral Spring.
Darlington.......... 10.4] 1.1] 6.5/....| 59.4] 45.8] 4.5 .8] 200. 4. 4.1]....] 332
Maribel Spring, . .
Maribel............. 14.00 2.1 1.4[....| 46.1] 27,0/ 4.6l 2.2| 141.5{ 2.9 T7.0|....] 249
Nee Ska Ra Spring. o~
Wauwatosa,........ 12.44..... w..) 2,07 83.4) 36.3 11. 178.6! 58.1 17.1i....; 399
Rethesda Spring,
Waukesha .......... 12,7/ 2.1} 0.2|....] 8.2} 35.2| 17.7) 3.5 200.8/ 9.6; 8.0|....] 358
Arcadian Spring.
Waukesha.......... 11.5) 1.5 0.3....] 68.7] 31.00 7.1} 3.5|179.8/ 14.8) 3.2 tr 321
Clysmic fpring,
Waukesha..... .ol11.8l 2.0 0.45....] 76.8/ 35,5/ 14.2] 4.1)199.8/ 26.2] 4.6..... 375
. Crystal Rock Spring.
Waukesha.......... 8.1] 1.5/ 0.2....] 56.9| 27.1] 19.0| 15.9{ 149.1} 35.3] 14.5{ tr 328 .
Fox Head Spring.
Wankeshs ..... od1el o7t te .. 44.00 32,7 2.7t 1.3] 145.5) 9.4 4.2....t 263
Horeb Crystal Spring, —A
Waukesha.......... 12.5{ 4.0} tr {....| 73.6) 34. 8. 194.5) 14.3] 1.8|....] 343
Minniska Spring,
Waukesha .......... 26.71 1.5/ 0.7)....] 71.3/ 36.3] 3.9 0.6 194.3} 17.7) 4.9.....} 358:
Silurian Spring, —m
Wankesha .......... 12, | 10. | 1.1}....| 67.9} 33.6 14.7 186.5) 3.4] 19.9i....] 349
White Rock Spring, —tm
Waukesha .......... 9.1i..... 0.6|....] 70.7;57.2 15.9 170.6] 50.1] 10.5l....] 38
Sheridan Mineral Spring. ~—Am
pear Lake Geneva..| 15.8; 0.7 0.5)....| 113.6] 62.3 25.2 345.6| 7.7 6.5(....] 578
Spring Grove Epsom Spr., —~A
. Green Lake......... 4. ... ceeddenad] 59050 62,4 1.3 89.2! 246.5| 2. l....| 475
Sheboygan Miner’]l Water;
Sheboygan.......... 15.8 81.6! 0.6}....1 341.6| 81.3) 806.4] 160.3] 9.8} 673, {1272 |....] 3541.




SPRINGS AND MINERAL WATERS. 125

Some of the Wisconsin mineral waters are cxceptionally free from
‘mineral matter. The slightly mineralized waters, like the Chippewa
Spring water, are ohtained from the region of the Upper Cambrian
.sandstone and the Pre-Cambrian crystalline rock in the central and
northern parts of the state. Some of the springs are more highly min-
eralized, and those of this elass oceur in the arca of the Niagara lime-
:stone formation of eastern Wisconsin. The mineral waters from deep
wells at Sheboygan and Prairie du Chien are highly charged with chlo-
rides. The well known springs at Waukesha yield carbonate waters .
-0of only moderate mineral content.

As mineral waters arce usuvally classified, most of the Wisconsin wa-
ters placed on the market are calcie-carbonated-alkaline waters, this
type-being well represented by the well-known mineral spring waters at
"Waukesha. While the Chippewa spring water belongs to the calcic-car-
honate type, the remarkably low content of mineral solution in this wa-
ter makes it an unique type by itself. The Spring Grove Epsom spring
“water belongs to the magnesic-carbonated-alkaline waters or epsom salt
water. The Sheboygan mineral water, which is a type of salt water,
belongs to the class of sodic-calecic-muriated-sulphate waters.

USE oF MINERAL WATERS.

Most mineral waters sold are used for table waters and only a re-
latively small proportion for medicinal purposes. . About 10 per cent
of the Wisconsin product is used as medicinal water. Necessarily no
sharp line can be drawn between the two classes. In general, however,
the table waters are less mineralized than those sold for medicinal use.

Medicinal Waters.—Medicinal waters are generally grouped in three
classes, purgative, ‘‘lithia’’, and sulphur waters. The first class in-
cludes many widely advertised waters, which usually contain high per-
centages of sulphates with much magnesium or sodium, or both, prob-
ably in the form of Epsom salts and Glaubers salts, to which they owe
their distinctive properties. The ‘‘lithia’’ waters contain lithium, but
nsually in only very small quantity, and their use is generally ad-
vocated for all forms of uric acid conditions. The cures attributed to
such waters are usually attributed to copious use quite as much as to
the physiologic action of the lithia compound. The sulphur waters in-
clude the abundant waters drunk at various sulphur springs. They are
usually not sold in bottles and therefore are not included in the statis-
ties, but the total quantity annually consumed is very large.

The therapeutic application of water, or its use for the correction
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of diseased conditions of the body, has always been recognized in
scientific writings. That natural waters have curative properties seems.
to be indicated by the continuous and increased patronage at mineral
spring resorts. Yet the claims of miraculous recovery by use of min-
eral waters, and extravagant statements in regard to the waters, should
be regarded with considerable skepticism, because the curative proper-
ties of such waters are frequently attributed to minor ingredients that
are present in comparative insignificant quantities. The physiologic
effect of these minor ingredients, such as lithium, bromine, iodine, are-
usually overshadowed by that of other substances present in much
larger quantities.

No statement ecan be made here concerning the medicinal value of the:
various ingredients of mineral water, or the quantity of such constitu-
ents required to produce physiologic reactions. Those interested in.
this subject will find it fully discussed in a recent paper by R. B.
Dole.* This paper also econtains a fairly complete list of references to
this subject.

Table Water.—The waters sold for table use in Wisconsin include the-
names of many springs that have been widely published, and for which:
the state is famous. Table waters must be agreeably light and pleas-
ant, and few are strongly mineralized. Many of them are artificially
carbonated to make them more palatable and to make them keep better.
Table waters may be divided into two classes,—the still waters sold in
large bottles or barrels for households, offices and factories, and those
sold in smaller packages,—quarts and pints, much of which is carbon--
ated. The former group is largely sold for less than 10 cts. per gallon
to dwellers in towns and cities where public supplies are objectionable
or suspicious, and meet the demand for pure and pleasant drinking
water. The latter class are mostly sold at .over 50 cts. per gallon for
bar, restaurant, and hotel trade, and are to be classed as luxuries rather
than necessities. By reason of their high selling price the total value
of the annual sales of the latter is greater than of the first group, al-
though the quantity sold is much smaller. :

The possibility of the contamindtion of mineral waters sold on the
market should constantly be taken into ‘consideration by the owners of
springs and also by the purchasers of table and medicinal waters. If
the water is obtained from a seepage spring especial caution against
possible sources of pollution within the catchment area should be ob-
served. The spring reservoirs should be protected with proper casing
and extreme care should be exercised to prevent contamination in
handling water in the bottling works.

“The concentration of Mineral Water in Relation to Therapeutic Actiy-
jty.” U. 8. Geol. Survey, Mineral Resources of the U. S., 1911.
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CHAPTER VI.

THE GENERAL COMPOSITION, USES, CLASSIFICATION
AND TREATMENT OF WATER SUPPLIES.

Water, as it issues from underground channels, by means of flowing
wells, natural springs, or as it is pumped from wells, or as surface water
in rivers and lakes, is never chemically pure, but always contains various
solid and gaseous compounds in solution. Furthermore, the waters from
two neighboring springs, only a few feet apart, or from two artesian
wells near one another very rarely have precisely the same composi-
tion. Two waters may have the same appearance yet be very unlike in
taste. :

Source of Matter Contained tn Waler.—The rain, in falling from the
clouds, absorbs gases from the atmosphere, and on its way through
the soil and rocks -absorbs other gases and takes into solution mineral
and organic material with which it comes in contact. Other matter,
as bacteria, soot, various wastes of life, organic and mineral matter, are
washed from the land and carried along as suspended matter in creeks
and rivers.. The difference in the quantities of ingredients convained
in the groundwater are due to the different paths along which the
water travels, the variable composition of the country rock and of the
soil, the time during which the water is in ¢ontact with the rock and
soil, the length of the underground channels, and the differences in tem-
perature and pressure. After long droughts surface waters are com-
posed largely of water from springs and are, therefore, more highly
mineralized than after spring floods or heavy rains, when they are most-
ly obtained from rain or from the melting snow.

Materials in Solution.-—-The materials in solution in the surface and
underground waters belong to two classes—gases and solids. The sub-
stances of either class vary widely in their solubilities and the presence
of members of one class greatly affects the solvent action of the water
upon members of the other. The degree of mineralization of a water
varies with the solubility of the constituents of the strata, the tempera-
ture, pressure and .composition of the solvent.
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WATER ANALYSES,

There are, in general, two kinds of water analyses,—the chemical or
mineral analysis of water, and the sanitary analysis of water.

Sanitary Analyses of Water—Sanitary analyses of water are of two
classes, chemical sanitary analysis and bacterial sanitary analysis. A
chemical sanitary analysis of water usually consists of the determina-
tion of nitrogen as free ammonia, albuminoid ammonia, nitrites and nit-
rates, the amount of chlorine, sulphate, iron, oxygen consumed, total
solids, hardness and ‘‘alkalinity’’. In addition, especially in case of
surface waters, observations on such physical characteristies as color,
turbidity and odor are usually made. Bacterial sanitary analyses con-
sist of the determination of the numbers of various species of bacteria,
the numbers developed at certain temperatures, with special reference
to the quantity of colon bacteria. It is the common practice in report-
ing the sanitary quality of a water supply, to make some form of a com-
‘bined chemical and bacterial sanitary analysis.

Mineral Analyses of Water~—The present report, beside describing
the sources of water supply, deals mainly with the chemical or mineral
composition of the water supplies, the discussion of the sanitary charac-
ter being reserved for some other report, to be based on the research
work of sanitary chemists.

Although the amount of mineral matter dissolved in the Wisconsin
waters is usually small, there is a great variety of the compounds,
.as will readily be seen on referring to the tables of water analyses. All
of these constituents in solution are obtained directly or indirectly from
the minerals in the soil and rocks through which the water passes. Some
are taken in solution by the solvent action upon the rocks; others result
from the interaction which takes place when solutions from various
‘sources intermingle, while some result from the reaction of the constitu-
ents upon the chemical compounds within the strata through which the
waters pass. Of no small consequence is the solvent action of the dis-
solved gases. Hydrogen sulphide will precipitate some of the mineral
compounds in solution, thus decreaisng the amount of or entirely re-
moving certain minerals carried in solution, On the other hand, lime-
stone, for example, though searcely soluble in pure water is readily dis-
solved in water containing carbon dioxide.

SorLibs.

Silica (Si0,).—Silica is present in most waters, in only very small
amounts, and is therefore generally regarded as a constituent of minor -
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importanee. In boiler waters it is classed as an incrustant. In many
of the slightly mineralized waters of northern Wisconsin, however, silica
is one of the most important constituents, and while the content is very
low, it forms an appreciable amount of inerustation in boilers after some
time of service.

Iron (Fe)-—Iron is usually present in natural waters in only very
small amounts, probably as ferrous biearbonate. In most of the mineral
analyses in this report the iron has not been determined separately, but
together with aluminum. As little as half a part of iron per million in
water is detectable by taste, and more than 4 or 5 parts renders the
wdter very unpalatable. ’

Ferric Ozides and Alumina (Fe, 0,-+A1,0,) —In all the mineral an-
alyses reported by industrial chemists the iron and aluminum is deter-
mined together and reported as the oxides. In boiler waters these con-
stituents are classed with the inerustants but form only an insignificant
amount of seale. Most of the analyses show a content of only 1 to 3
parts per million of iron and aluminum oxides.

Calcium (Ca).~—Calecium is the principal scale forming constituent
in water. The heating of waters containing caleium bicarbonate results
in the precipation of calcium carbonate. Caleium is also one of the soap

,consuming elements in water and is therefore the principal cause of
so-called hardness in water. '

Magnesium (Mg) —Magnesium is present in all waters that contain
caleinm. In Wiseonsin waters there is usually about 50 per cent as
much magnesium as calcium, but the water of some of our inland lakes
contains more magnesium than calcium. In most Wisconsin waters
calecium and magnesium are the predominating bases. Caleium and
magnesium are very similar in their industrial effeets.

Sodium end Potassium (Na-+K).—In most of the analysis of this
report, the sodium and potassium are not reported separately. The
amount of potassium in most waters is very small, being much less than
the amount of sodium. Sodium is an abundant constituent of all saline
waters in the form of common salt and sodium sulphate. The salts of
sodium and potassium in water are non-incrusting solids, but if pres-
ent in large amounts are likely to cause foaming in boilers.

Carbonates and Bicarbonates.—Most waters contain bicarbonates
rather than carbonates, but in the analyses reported by industrial chem-
_ists the results are stated as carbonates. Henee, for the purpose of this
report it was more convenient, in recomputing analyses to the form of
statement adopted, to report the caleium, magnesium and sodium and
potassium as metals, i. e.; as Ca, Mg, and Na}-K, and the carbonate as

9—W. S.
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the bivalent radicle, CO,, although it is certain that bicarbonates rather
than carbonates were present in the waters analyzed. Most of the
groundwaters, and all the surface waters of Wisconsin are earbonate
waters rather than sulphate or chloride waters.

Sulphates.—In Wisconsin waters, sulphates are common, but much
less abundant than earbonates. The industrial quality of sulphate wa-
ters depends largely upon whether caleium is also present in consider-
able amount, when upon heating there is precipitated calcium sulphate
which is the most objectionable incrusting solid. Sodium and mag-
nesium sulphates are readily soluble in hot or cold waters and therefore
do not form inerustations. ' '

Chlorides.—The chlorides in Wisconsin waters oceur only in small
quantity and are very generally much less abundant than sulphates.
Most of the high chloride waters are from deep wells or from waters
that are confined to certain kinds of rock formation. The distribution
of chloride waters in the state is such that it appears possible to con-
struet a normal chlorine map of the state, which would be of much value
in interpreting sanitary water analyses.

Organic Matter—Nearly all water contains organic matter, though
spring and well waters usually carry very small amounts, -Surface
water, however, very generally contains appreeiable amtounts of or-
ganic matter.

(GASES.

‘While the gaseous content of water is generally not determined in
making mineral analyses of water, nevertheless certain gases are very
commonly contained in waters. In none of the analyses quoted in this.
report were quantitative determinations of the gases made, though oec-
casionally the presence of certain gases are indicated by qualitative
tests.

The solubility of a gas varies directly with the pressure and inversely
with the temperature to which it is subjected. The gases most commonly
present in appreciable quantities in water from natural source are Car-
bon Dioxide (C 0,), Ammonia (N H,),Oxygen (O,), Nitrogen (N,),
and Hydrogen Sulphide (H, S).

Carbon Dioxide (C O ,).—This gas is found in many of the natural
waters of this state, but is not always reported in the analyses. Usu-
ally no pains are taken to retain it in the waters sent for analyses, while
in a large number of cases no record is made of the carbonic acid gas,
because the parties concerned are interested only in the dissolved solids
present. This gas is a valuable constituent in drinking water, making
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it more palatable and stimulating the digestive organs. As a solvent,
it often inecreases the amount of less desirable minerals taken into solu-
tion.

Carbon dioxide is derived in part from the air, where it is absorbed
by the waters before they reach the ground. It also results from the re-
action upon limestone of the various acidic solutions derived from the

- decomposition of iron pyrites. It may also be evolved by the oxidation
of organic matter lying beneath the surface at various depths, as in
certain Paleozoic rocks and in the vegetable accumulations of the
Pleistocene deposits. The presence of an excess of free carbonie
acid holds in solution an excess of mineral matter, which excess is us-
ually deposited as soon as the underground waters reach the surface
where the carbon dioxide passes off into the air,

Ammonia (NH,).—Ammonia is frequently present in the waters, be-
ing washed out of the atmosphere by rain, leached from the soil, or is
the result of bacterial decomposition of organie nitrogenous matter. In
surface water it usually is a measure of pollution and when present in
considerable amounts the water is generally considered unsafe for drink-
ing purposes. However, in artesian waters, which are above reason-
able suspicion, the percentage of ammonia may run high and still
not indicate pollution or the presence of decaying organic matter. The:
ammonia in artesian waters is either carried in from the zone of decay-
ing organic matter or from the air itself and kept from oxidation. It
may also come from the decomposition of organic matter or nitrates
within the rock. As stated by Prof. E. H. Smith,' ‘‘The extraordinary
ammonia can be explained on the basis that the sulphuretted hydrogen
has exerted its well-known reducing action, either reducing the higher-
oxidized compounds of nitrogen baeck to ammonia, or preventing en-
tirely their formation.”” In most artesian waters the ammonia has al-
ready passed into partially oxidized nitrites or fully oxidized nitrates..

Ozygen (0,)—No doubt free oxygen is present in all surface and.
groundwater, as shown by the oxidation of organie matter, but its pres-
ence is not indicated in the analyses. Whether it is present or absent
in the deep artesian waters has not been determined in any of the an-
alyses quoted in this report, but the corrosion of iron casings in wells.
indicates its general prevalence.

Nitrogen (N,).—Besides the nitrogen in the form of ammenia and as
nitrates and nitrites in water, the free, or uncombined, gaseous cle-
ment, nitrogen, like oxygen, is readily obsorbed from the atmosphere

*“Artesian wells as a Soyrce of Water Supply’—Technies Publ. Co., New
York, 1893, quoted by W. H. Norton, Iowa Geol. Survey, Vol. VI, 1897, p. 361.
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by the solvent action of water. In the free state, however, nitrogen un-
like oxygen, is chemically inert and although all surface waters of lakes
and rivers are generally saturated with nitrogen, it exerts mo appreci-
able influence upon the character of the water.

Hydrogen Sulphide (H,S).~—Hydrogen sulphide is present in many
of the artesian waters and in springs and wells of certain distriets, al-
though it is seldom reported in the analyses. This gas is probably the
result of the reaction of hydrocarbonaceous matter in the strata acces-
sible to artesian water with such alkaline sulphates as are usually pres-
ent in solution in the waters, or by decomposition of some of the sul-
phides, either in the rock, in the solution, or in both.

PuBLic WATER SUPPLIES OF WISCONSIN.

Many villages having a population above 500 and nearly all villages
and cities with a population above 1500 in Wisconsin are provided with
public waterworks. Public water supplies are much more convenient
than supplies obtained. from private wells, and there is the further ad-
vantage of abundant water and high pressure for protection from fire.

A still more important advantage of public supplies is the health of
the consumers. - In thickly settled communities, especially in.towns
without sewerage systems, a great quantity of liquid sewage soaks into
the ground, some of which finds its way into shallow wells used for
drinking purposes. The best and safest solution of the water problem
is a earefully planned public supply.

The best source of public supplies are deep wells, wherever these are
possible. In those parts of the state where granite lies near the surface
and only shallow wells are available the wells should be located as far
as possible from any source of pollution. In many cities surface water
supplies from the lakes and rivers are drawn upon. Where surface
supplies are utilized, and in all large cities, those above 40,000 or 50,-
000 this is probably the best source, on account of the large quantity of
water required, care should be taken to prevent pollution of the supply
or it should be properly purified.

When proper protection from pollution is assured for the supplies
of public waterworks, it is still essential that care should be taken to
prevent pollution of the waters while they are stored and before their
distribution through the mains. Open reservoirs should be carefully
guarded to prevent the entrance of surface waters or of sewage by un-
derground circulation. In water mains in which the water is under
pressure any defect will cause a leak outward, but where water flows by
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gravity through the mains, or where suction is used a loose joint or
opening may permit the entrance of contaminated water from without.

In the accompanying table of public water supplies much valuable
information is given concerning the water supply systems in operation
in the cities of the state. This table is taken directly from the latest,
1914, annual report of the Railroad Commission of Wisconsin. As
there is constant change in the amount of pumpage and extent of service
of the various water systems the statements in the descriptions of the
local water supplies under the county deseriptions may only approxi-
mately agree with those in the table with respect to thege features. In
some instances also references are made to recently developed public
supplies in the local deseriptions not given in the table. For revised
editions of this table the reader is referred to subsequent annual re-
ports of the Railroad Commission. .

Municipal and Private Ownership of Public Water Supplies. In the
table there are 201 public water supplies referred to, of which 31 are
owned and operated by private companies, and 170 by municipalities.
The latter are referred to as ‘‘ Municipal Water Works’’ and the former
as a company which usually assumes the name of the city in which it
operates.

There are certain advantages inherent in both private and municipal
ownership. The principal arguments generally accepted in favor of
private ownership are as follows:

1.. The officials of a private water company do not hold office by po-
litiecal favor, but their connection with the business is permanent and
their interest in and knowledge of the details is proportionately great.

2. As a result of better business methods, the cost of running a water
plant is usually less in private than in publie concerns.

3. The installation of improvements by a private company is simpler
and does not require the tedious city-council legislation often necessary
for such expenditures in a municipal system.

4. Tt is to the advantage of a private company to furnish as good and
as cheap a supply as possible, in order to encourage the use of the
system.

On the other hand, there are many advantages in a system owned by
the village or city: :

1. Tt is not necessary in a municipal system to charge enough for
the water to pay a dividend on the capital invested. .

2. In private companies there is always the tendeney to insist that
the water is pure, no matter what the actual conditions are. In mu-
nicipal supplies there is a better opportunity for knmowing the actual
condition of the water,
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TABLE 21. A. PUBLIC WATER SUPPLIES! OF WISCONSIN-

Number. Depth, feet.
Location. Name of Company. |Source of Water Supply. - 5 % %
2 5]
: = 2| g Of well,
[ - -
£12%) 3
—_ - o
Algoma*..........| Municipal Water Works| Lake, Wells............. 1 2 20 16-1336
Alma Center..... e - . Well.......... .. 1 ... 318
mery*........ . “ “ © Wells.......... JUTUD R T SO 312
Antigo........... .| Antlgo Water Co........ R. Tmp. Res. and “weils 2 2 146 25-16
Appleton ... Municipal Water Works| R. Imp. Res. and wells| 1 4 8 600-823
Arcadia ..... Arcadia El. Lt. & W.Co| Well ..........ccvvnvenan. RPN S U 385
Ashland.......... Ashland Water Co...... Lake, wells........ 1 11 23 38. 60-70
Augusta........... Municipal Water Works Well and well points ...\......| 23 veen 20-30
VOCA............. “ * - Well ....oooooviininld, 1 |..... 50
Baldwin .......... ‘e © “ Well P O 1 ... 120
Bangor............ Hussa Bros. Co.......... Wells ... Ll ces 2 [ 135
Baraboo.......... Municipal Water Works River, wells............. 7 8 15-12-93
Barron............ o o " Wells, River.. ......... B P 6-8
Bayfield .. ....... ' Lake Superior .......... 1 [oeeee] 43 [oeviiennniien .
Beaver Dam...... Beaver Dam Water Co.| Lake and wells.......... 1 3 |......] 300-500
Belleville.........| Municipal Water Works| Well ............co.oof.lL. 1 |..... 325
Belmont .......... Well .. c.coiiiiiinniaa., RPN B N P 130
Beloit............. Beloit W. G. & E. Co...! Spring and wells........ e B il 40-80
Benton Munlcipal Water Works| Well 1 ]..... i
Berlin o - " Wells 2 .
Birnamwood ..... * i t ell 1 .
Black Rlver IFalls - “ " Creek, spring
Blalr.............. - - * Well
Blanchardvllle © o “ Wells
Bloomer .. ¢ “ N Wells
Boscobel. . o - N Wells .........oovul ot
Boyd.............. - : * Well
Bruce.. C e “ ‘o b Wells .....ooviiienennn...
Brodhead. . - “ v Wells
Burlington . i “ “ Wells
Cambridge .. . b - Flowing well
Cameron . * . Well .
Cashton........... o ' “ Welis coevveniiveana. cinfune, . 2 ... 214-240
Cassville. " - ¢ Well ) N PO 1,102
Chetek....... . o * o Wells 3 ... 40
Chippewa Falls..| Chip.V.Ry. Lt.& Pr. Co| Springs, well.. 9 |...... 9
‘Clear Lake ....... Municlpal Water Works| Well I |...... 200
<Clinton......... .. Municipal Water Works 1 |...... 960
Clintonville . ... . N » 6 |...... 12
Colby ........ o - ‘o - P 10-22
Columbus ... “ “ t 3 84-197
Corliss*.. ........ Wisconsin Engine Co... 1 ..., 00
Cuba City......... Municipal Water Works| Well................co.oo. boeaoe, ) U PN 225
Cudahy........... Milw. Mun, Water Wks Lake Michigan....... ..locoo e ei]oeeean] onns s eeanes
Cumberland...... Municipal Water Works; Well..... .... ......oovoioeeen, 1 ...... 35
Darlington........ " o ) Nprlng and wells....... |,..... 1 ... 6
Deerfield ... ... ¢ * “ Wells...cooivninninnnncaii]unnnns 2 | 129-152
De Forest......... N N - Well,, oo ciieiiiies e 1 j...... 400
Delavan .......... - * - Woll’ fed by springs....|...... 2 ... 125-110
De Pere........... o - . WellSooooviiniivenven ot 5 |iee.s 800-1000
Dodgeville........ ) * v Wells.ooeoieneuas cunviiasfvnenns 4 f..... 130-450
Durand ........... ¢ “ * Well... ..oooviiiniiiii]in ou 1 ... 303
Eagle River*..... E. Riv. Lt. & W. Co..... Well, river..............[... .. 1 {...... 12
E. Milwaukee ....| Milw.Mun. Water Wks | Lake Michigan...... ...[......lveeeecfeenecdieeii s
E. Troy........... Munjcipal Water Works) Well..................... ] ...... ) B 690
Eau Claire........ "o . - Wells.....ooovuiinniiiniaeen, 103 |...... 40-70
Edgerton.......... * N N el iiiiies i e e, ... 1,000

1 Report to the Railroad Commlsswn for the year ending June 30, 1914.
*Report incomplete.
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SOURCE, PUMPAGE, PRESSURE AND CON3UMERS.— Continued.

Average| Range Consumers. Miles
daily of Rfagge - 5 No. |of dis-
ump- i of fire . . s |y . as-
pamp g;g;’;&: ¥l pressure Purification 3ystem. s |1 E 18 mect)efxrs trtlil())g
M. inlbs. | inlbs. = | § | E4 |Total mains.
gallons. 2 o 5'5
& 813
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TABLE 21, A, PUBLIC WATER SUPPLIES OF WISCONSIN—

Location.

Name of Company.

3

i

i

|
{Source of Water Supply.

2
g
g
I3
@
=

Depth, feet.

Intakes.

Elkhart Lake....
Elkhorn ..........
Ellsworth

Evansville........
Fennimore
Florence..........
Fond du Lac.....
Fort Atkinson....

Frederick*........

Fox Lake.........
Galesville ....,...
Gays Mills........
Glenwood.........
Glldden. .

Grand Rapids....
Green Bay........
Greenwood........
Hartford..........

Hurley....

Independence....

Iron River........
Janesville.........
Johnson Creek...
Juneau

Kilbourne
La Crosse.

Ladysmith
La Farge..........
Lake Geneva.....
Lake Mills........
Lancaster.........

Marircette.........
Marshfield........
Mauston
Mayville..........
Mazomanle.......

Medford...........
Mellen.. ..
Menasha..........
Menomonie.......
Merrill,...........

Merrillan.........
Middleton.........
Milton Ject...
Milwaukee........
Mineral Point....

Municipal Water Works
" M “«

Elmwood Water Works.
Municipal Water Works

“ . .
“ 0 ‘s
“ “ e
‘0 . .
“ “ “
“ “ “«
“ m .
. “ “
N . «
. . ‘

Municipal Water Works
Green Bay Water Co....

Munjcipal Water Works W

“ I “

Hillsboro City W. W....
Mun}pipa] Water Works

Hurley Water Co........
Municipal Water Works
Iron R.W.L.& P.Co....

Janesville Water Co....
Municipal Water Works| V

“« . “

‘ “ o

“ « o

. “ «

“ " o

. " “

. « A.

" o «

o “ .

«“ . “

. “ “

. “ “

“ « “

. o “
City Water Co...........
Municipal Water Works

. “ «

. “ M

. « .

Peoples W.&Lt.Co......
Municipal Water Works
Menomonie W.W._Co....
City Water Works Co...

Municipal Water Works

Milton Jet. Water Wks.
Munjcipal Water Works

Wells and well points...

River, lake and wells...
Imp. res. and wells veen

Wells.....ooooceenvnnn..
Imp. res. and wells......
Fox river............
River and wells...
Prairie River......

WellS.iovviininnnannnn,

.-

o

COTS bt OO b ek

Of wells.

Springs.

I Wells or
© ] Of intake.

480-650
753
84

129-165
1

b ok G2 N bk 8D

=
P
[~}

*Report incomplete.
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SOURCE, PUMPAGE, PRESSURE AND CONSUMER3_Continued.

Consumers.
Ave!'age Range Miles
Se- loxdary) SHRSS 3|, No. jof die
= |ordinar, < = o o tribu-
age %x‘essurg pressure Purification £5~tem. 3} £ 1g meters| tion
M, in 1ps. | In 1bs. = £ E’; Total. mains.
gallons. S o | B
. o oL
=% — @]
22 54- 60 90-110 | Sand filtration..... 75 63 1 ?%
2
5
00 .
1,204 40 Sand filter.. . 488 83} 4,617 5,187] 4.5117 99.7
10 50 . 23 23 41
191 40- 60 620 620 8.95
25 30 45 11
15 20- 35 166 0 .26
36 60- 80 196 196 6.4
598 60- 85 821 729 8.75
145 70-100 | 100-125
331 8 3,75
28 70- 80 80-105 82 47 1.42
50 90-100 { 100-125 208 0 2,75
1,164 70- 73 | 100-120 2,793 973; 32.1
106 40-64 | 100-115 452 429 7.7
............. 69 1.82
.......... D 2.1 DR
249 229 10.63
3,268 3,205{ 46.88
.......... 158 3.1
58 319 6.
3,131 2,837 66.3
100 0 ¢.49
36 0 1.24
136 358 7.82
62 164 6.25
107 52 9.55
5 0 .88
.......... G 4.1
19 0 .96
2,207 5,720 75.96
2205 ' 32,
1,355 120 34.28
.......... 362|........
150 187 5.0
42 271 5.4
4 23 1.95
20 38-40 | 100-120 |........o.eeniiian.n Y P l ...... .. 137 129 3.3
............................ One open sand filter. 24 1| 216 251 4 3,70
336 50-- 66 100 |........ Neteneaaianen . 109 26| 574 709 604| 13.27
268 85- 05 |ieiiiiiii]iiiiii i e . 141 23| 534 698 268/ 11 .39
967 40- 55 80- 95 | 5 mech, open sand filters, ca- 19’ 171 1.043] 1,258 46| 21.32
pacity. 1,500,000 |
16
4
47,913
30
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PUBLIC WATER SUPPLIES OF WISCONSIN—

Number, Depth, feet.
oW
Location. Name of Company. Jource of Water Supply., ; | 5&| S
& --E 3 Of well.
2 38| &
W
sl s
Minocqua*........ Municipal Water Works| Lake and Well.......... 1 1 ]42
Mondovi. ......... - " - Well . 1 415
Monroe............ * - o 3 250-1,000
Montfort.......... ' ¢ ¢ 1 125
Monticello........ * “ “ 3 145
Mosinee........... * ¢ " 1
Neenah............ - “ - 5., 3 410 67’
Neillsville......... ) * . Black Rive .
Nekoosa*......... * “ “ ‘nrmgs. .
New Glarus....... “ e “
New London...... i ¢ o

New Richmond. ..
No. Fond du Lac.
North Freedom...
North Milwaukee

Oconomowoc......
[07¢'s) 117« NN
Oconto Falls......
Onalaska..........
Oregon............

Oshkosh...........

Palmyra*.........
Park Falls........
Phillips............

Platteville.......,
Plymouth.........
Portage...........

Port Washington,
Prairie du Chien.

Prairie du Sac*...
Prescott,
Racine ............
Raundolph....
Readstiown

Reedsburg........
Rhinelander......
Rice Lake........
Richland Center.
Ripon........ ...,

River Falis... ...
St. Croix Falls....
Sharon............

Sheli Lake........
Shullsburg........
Soldiers Grove...
So. Milwaukee....
Sparta ............
Spooner
Spring Valley..
. Stanley.....
Stevens Point..
Stoughton

Sand Rock Water Co .
Municipal Water Works
Milw. Mun. Water Wks,

Municipal Water Wks..
Oconto City W. Sup. Co.

Wells.

Municipal Water Works; Well

6 < 56
»

Oshkosh W. Wks. Co....
Munjcipal W‘a..t,er Works

Municipal Water Works
Phils, L. W, Ht.& Pr.Co,

Municipal Water Works

« " .
« “ «
e . «
« « “
. “ “
Racine Water Co........

Municipal Water Works| Well

Municipal Water Works

Ripon Lt. & Water Co..
Municipal Water Works

. " o
.“ “ N
.“ “ “
. @ &
. o I
“ @ .
. w“ .“
. & .
“ @ “
N % “
s e “

Stevens Point W. Co..
Municipal Water Works

750-829
318-548
187
470-493
198

280-960

*Report incomplete,
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SOURCE. PUMPAGE, PRESSURE AND CON3UMERS—Continued.

. . Consumers. .

Average| Range ) i Miles

daily of Range 3 No. |of dis-

pump- |orqingyry| Of fire Purification system. = | 4 of ltribu-

age | pregsure|Pressure B < E meters| tion,

M in Ibs, | 1n1bs, = El 2 | Toral, mains.
gallons. 3 3 %'5

&1 238

8.
114 50- 55 | 100-110 382 284 8.74
45 30- — 90-130 840 149) 14.59
..... viees] 50- 60 4 100-125 59 5 2,75
Ceereasens 60- 65 |.......... 192 84 2.95
61 48- 50 50- 80 ! 94 lli 2.0
2,424 35- 40 90-115 | 15 open, sed. and mch fitters., 520 91| 3,330 3,041] 1,188 60.34
! Total capacity, 4.500,00. 1 :
9 40-60 |......... Jdee ¢ : 2.06
60- 70 | 100-125 . 1.64
250 75-100 | 100-110 1.6t
129 80- 90 80-90 | iiiiiiiiiies viiiiiiieiie e, ‘ 19 120 94 978 806/ 15,22
110 70- 98 L O | 73 16! 543 632 592! ¢.43
487 60~ &0 80-120 | 3 (;iolvemd sand and sponge| 113 13| 1,040{ 1,168 18.58
ter;. :
212 70- 80 | 100-110 f..ooninviinneiiiiinniinnunnns- . B 501; 7.78
80 [ 122-125 | 122-125 fiiiiiiiiiiiiiiiiii i aae e 113} 14.05
0 3.5
6,457 78.14
571 1 .85
()I 1.04
485 7.05
3 15.37
485! 10.66
355 7.8
139 11.69
26 5.16
65 1.54
225 6.0
208 6.01
1,345, 72.72
[
0i 2.5
R 0 2.45
5 10: 3 2 0 1.68
688 60— 90 60-- 90 | 3 cov. gravity sand filters 139 14 706 859 728 8.02
capacity 1,500, 000. )
208 55- 80 472 481, 12.96
466 | 20- 30 W7 0 2.8
18 joi........ 48 0 .5
feeeeiaan. 60- 65 238 238 5.4
652 50- 60 895 2311 16.41
288 60- 70 938 408 13.94
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PUBLIC WATER SUPPLIES OF WISCONSIN-—
Number. Depth, feet.
. 7]
Location. Name of Company. |Sources of Water Supply.| , | § Eh <
i nE 2 of well.
s | =8| &
RIS R
= | B 1
Sturgeon Bay. Municipal Water Works 5 8 36-250
Sun Prairie * N . 2 712
Superior .. Superior W.Lt. & P.Co, 107
Thorp... Municipal Water Works 2
Tomabh.... - * - 4
Tomahawk . © “ I Springs, wells 2
Two Rivers. * “ ‘e Wells . 3
Union Grove Union Grove W. Wks.... 1. 1
Viola.... Municipal Water Works 1
Viroqua... N * * 3
‘Washburn Washburn Water Wks..! Lake Imp. Res..........] 3 |[......] 18 |.....c..vinin.
‘Waterford. Municipal Water Works' Well. 1 100
Waterloo . - ¢ i, 1 120
Watertown » - o 3 760-1,032
Waukesha .. " “ * 5 1,000-1.500
Waubpaca . “ o o 20 4 25-50
‘Waupun .. N “ It 2 755-965
Wausau. Munijcipal Water Wks.. 41 32-135
Wauwatosa. « * * 1 1,350
West Allis.. Milw, Mun. Water Wks.} Lake Michigan.......... ... oo eeiii oot
West Bend.. Muniecipal Water Wks.. 1 1,235
Westby* .. * * ' 2 310-325
West Salem " " o 1 420
Whitehall*.. “ © - 1 216
Whitewater Whitewater W. W. Co... 4 400-800
Municipal Water Wks.. I 44
« A W 1 140
- « . 1 430

* Report incomplete.
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SOURCE, PUMPAGE, PRESSURE AND CONSUMERs—Continued.

Consumers.

Average| Range Miles
daily 0 Range = 1., No. lof dis-
pump- |ordinary| of fire Purification 8ystem. 5|8 of |tribu-

age | pressure| Dressure 2] - meters| tion
M. 5p ps, | I Ibs. Z | & | Ef |Total mains.
gallons. ’S < 8'6
2 |8
B = 10
149 40- 60 ] 100-120 J..eiiiiiiienniiiii i 28 6 82 116 24 1.84
123 53- 63 . T I N T S 5.05
2,020 45- 70 80-135 | 3 covered sand filters, capac-| 871 56| 5,537] 6,464, 5,181} 68.41
ity 5, 000,000.
.......... 55- 65 | 100-110 91 ! 1.00
.......... 65- 75 85-100 781 413 7.1
165 50- 60 | 125-130 634 24 5.3
.......... 52 110 743 743 10.1
25 48 136 3.3
.......... 85- 95 87 0 .83
97 40- 53 550 37 111
472 40-110 487 2 6.67
.......... 50- 70 35 35 3.42
9 63- 67 98 92 3.92
723 75- 85 1,486; 1,276/ 21.01
746 60- 68 1,833f  1,900{ 27.46
243 50- 55 633 52 9.78
114 52- 60 52 602 349 7.5
2,650 B5- 60 [ 100-120 [.... iiniiiiiiiiiiiiiiiinnnedennae e e e 109]  32.48
212 45- 90 665 652 15,75
438 o 1,708 1,367 31.5
75 40- 70 306 302 6.1
20 35~ 50 159 22 2.63
.......... 30- 80 144 141 1.79
.......... 60 6 0.
162 70- 90 | 120-150 i 450 185 8.13
27 e Sand filter...........oooiiiiiii i 16f........ W74
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3. It is not necessary, with a municipal supply, to postpone improve-
ments until there is a sufficient increase in the receipts of the company
to insure dividends on the cost of extension.

4. As the public officers hold their position at the will of the people
there is a tendency for them to furnish as good a water supply as pos-
sible at a fair rate.

For these and other reasons municipal ownership of public water-
works has generally proved more satisfactory than private ownership
in Wiseonsin, as shown by the much larger number of municipal owned
systems as compared with those of private ownership.

USES OF WATER,

In judging the value of a water it is necessary to consider the sup-
ply in relation to its use, as well as its relation to other available sup-
plies. Besides the use of water for drinking and domestic purposes, it
is also used extensively in developing power by steam making in loco-
motives and in boilers in mills and manufacturing plants. In Wisconsin,
waters are used extensively in direet manufacturing processes, in paper
mills, sugar factories, breweries, tanneries, creameries, canning fac-
tories, woolen mills, soap factories, chemical works, and various other
manufacturing plants. The medicinal properties of disolved minerals
are supposed to give many waters special value. For every purpose the
relative amounts of certain ingredients in the water determines its value,
Considerable iron in a water may be harmful in an industrial process.
The amount of suspended matter in a water may be very importanr
and may determine its value for some purposes while for other pur-
poses the importance of suspended matter may be insignificant.

Standards for Classification.—Since the value of a water depends
largely upon its use, it is necessary to apply classifications dependent
upon specific purposes and discuss the analyses from diffsrent points
of view. It is essential to recognize that no one classification is con-
stituted for all purposes. It is also essential to explain the classification
adopted and define the usage of terms, and then apply the classification
by hard and fast rules. The various classifications adopted may not be
the best, but at least they will give definiteness to the descriptions of the
quality of the water, assist in understanding their character, and give
a better appreciation of the relative value of the various waters for spe-
cific purposes.
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WATER FOR DRINKING AND DOMESTIC PURPOSES.

The requirements for a drinking water are more precise than those
precribed in any other branch of water utilization. Water 1s necessary
to the very existence of life and it powerfully affects human beings
favorably or unfavorably, according to its character.

Much of the water supply of Wisconsin used for drinking and domes-
tie purposes is from underground sources. Groundwaters from wells are
usually drawn upon in the rural districts and villages, and in many of
the cities having a population up to 20,000 or 30,000. The largest cities.
of the state draw their water supplies from the large lakes, Lakes Mich-
igan and Superior. The Great Lakes furnish more than one-half the
public water supplies of Wisconsin, being used by a total population
of about 565,000. The rivers and inland lakes furnish supplies to about.
85,000. Groundwater supplies from deep wells and shallow wells sup-
ply a total city population of about 460,000, and a rural population of
about 1,225,000. (Estimated from the census of 1910.)

To be wholly acceptable as a domestic supply, water should be free
from suspended matter, color, and odor, and fairly cool when it reaches
the consumer; it should be free from disease-bearing germs; and it
should be low in dissolved mineral matter. The nearer a water ap-
proaches these conditions, the more satisfactory it is.

PrYSICAL QUALITIES,

Suspended matter in water used for domestic purposes often causes:
staing in clothes and bad odors. The occurence of the bacteria Cren-
othrix, forming a filamentous growth in water containing considerable
iron gives the water an unsightly appearance, and causes rusty staing on.
clothes. Odors may be caused by various conditions, a principal cause
being the content of free hydrogen sulphide (H,S) in the water. The:
presence of iron in Wisconsin water in sufficient quantity to be ob-
jectionable is known to occur in only a few supplies. Well waters if
properly cased are generally free from objectionable physical qualities,.
whereas, surface waters from the lakes and rivers are likely to contain
sufficient suspended matter to be very objectionable.

BACTERIOLOGICAL QUALITIES.

Before a water is used for drinking or domestie purposes there should
be reasonable certainity that it is free from disease-bearing germs. The:
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disease germs most commonly carried by water are those of typhoid
fever. The bacilli enter the water from some place infected by the dis-
charge of persons gick with the disease, and while the germs cannot
live long in the water, they persist in the fecal discharge and continue
to infect the water. Wells should therefore be so located and construct-
ed that infected waters cannot enter them (See under contamination
of groundwater wells, pages 59 to 62).

CHEMICAL QUALITIES,

The amounts of dissolved substances in water used for drinking and
domestic purposes depends much on their nature. Not more than mere
traces of barium, copper, zine or lead are permissable, as these sub-
stances are poisonous. However, these constituents are so rare in water
that tests for them are not usually made. Any constituent, present in
amounts sufficient to be perceptable to the taste, is objectionable. Iron
is often present in water in sufficient quanity to be detected by the
taste. Only two parts per million of iron makes water unpalatable to
many people. Iron in small amounts also causes trouble by discoloring
wash bowls, and in producing rusty stains on clothes. Waters contain-
ing much iron cause an inky black compound with tannin to form in tea
and coffee. Four or five parts per million of hydrogen sulphide are ob-
jectionable to the taste, and this constituent also corrodes kitchen uten-
sils. Only a few well waters of Wisconsin contain sufficient hydrogen
sulphide to be objectionable.

Small amounts of silica and aluminum are present in all waters, but
have no special significance in relation to drinking and domestic sup-
plies. The alkali metals sodium and potassium, are usually low in Wis-
consin water supplies, and therefore not of much significance in relation
to domestic supplies. However, waters high in chlorides are very gener-
ally also high in sodium and potassium, and approximately 250 parts
per million of chlorine make waters taste somewhat salty, and less than
this amount causes corrosion. ‘

In regions like Wisconsin, where the chlorine content runs as low as
5 to 10 parts per million in normal waters, the amount of chlorine may
be taken as a measure of contamination by animal pollution. In only
a comparatively few places in the state are there brackish or, saline
waters, and these, in nearly all cases, are found in waters whose source
is in deep lying rocks, some distance below the surface.

Salt Waters.—The distribution of salt water in Wisconsin is deseribed
more fully in another place, page 172. In, this report waters ranging
from 250 to 500 parts per million of chlorine are called salty, or brack-
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ish, and the term ‘‘salt water’’ is confined to those waters containing
over 500 parts per million of chlorine.

Because of the fact that the content of chlorine in most normal wa-,
ters is relatively low, the establishment of isochlors, or lines of equal
chlorine, in Wisconsin is entirely practieal and would be of much value
in interpreting the chemical sanitary analyses of waters from various
parts of the state.

Hard and Soft Waters—Calcium and magnesium, ‘‘lime and mag-
nesia’’, are chiefly responsible for what is known as the hardness of
water. This undesirable quality is indicated by the increased consump-
tion of soap and by the formation in kettles of scale composed almost
entirely of calecium and magnesium carbonates and calcium sulphates.
* In washing, sufficient soap must first be used to precipitate these salts
before lather is produced. Hardness, therefore, is measured by the soap
consuming capacity of a water expressed as an equivalent of caleium
carbonate (Ca CO;). The hardness can be computed from the amounts
of caleium and magnesium in a water, as determined by the mineral an-
alysis, or it can be determined by actual testing with a standard soap
solution.

The hardness of waters is of two kinds,—temporary and permanent.
Temporary hardness is due to the presence of bicarbonates of ealcium
and magnesium, and most of it can be removed by decomposing these
salts by boiling the water and precipitating the normal carbonates.
Permanent hardness is due to sulphates, chlorides and nitrates of cal-
cium and magnesium, and these salts are held in solution, and can be
precipitated only by adding certain chemieal compounds, usually soda
ash (sodium earbonate), to the water.

The general meaning of the terms ‘*hard’’ and ‘‘soft’’ waters is vari-
able and depends upon local usage, as determined by the relative degree
of hardness of the water in different regions.

In New England, for instance, waters considered soft usually have
- less than 100 parts per million of total hardness. In Indiana, Illinois,
Iowa and Kansas, however, it would be difficult to find water with a
total hardness of less than 100 parts per million, and yet many waters
in the latter states are called soft. This illustrates the uncertain signifi-
cance of general deseriptive words in classifying waters, and emphasizes
the need of defining the exact meaning of such terms.

The general understanding of the terms ‘‘soft’’ and ‘‘hard’’ water in
Wisconsin appears to be much the same as in New England, and the
general usage, therefore, appears to conform fairly well with the scien-
tific requirements. ¥or the present report, therefore, it seems. advisable

10—W. 8.
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to adopt the following classification of waters with respect to hardness,
which is much the same classification as that used by the U. S. Geologi-

~cal Survey! in discussing analyses:

Classification of Water with respect to Hardness.

Total hardness
as Ca COg
(Parts per million.) Classification.
Not less than.| Less than,
................ 50 Very soft,
50 100 Soft.
100 200 Medium hard.
200 300 Hard.
L S Very hard.

In the tables of mineral analyses of the separate county desecriptions,
the total hardness can be computed with a sufficient accuracy from the
calcium and magnesium as follows: Total hardness as Ca CO, = 2.5 Ca
-+4.1 Mg. So far as possible this classification is followed in the usage of
the above terms relative to hardness of the Wisconsin waters. In ac-
cordance with this classification most of the waters of Wisconsin are
hard waters. In central and northern Wisconsin, are many very soft
and medium hard waters, while in the eastern part of the state are
very hard waters. The water of Lake Superior is a very soft wa-
ter, while that of Lake Michigan is a medium hard water, being very
near the dividing line between soft and medium hard water as classi-
fied in the above table,

Waters of High and Low Mineral Content.—The classification of wa-
ter in respect to mineral content is useful in determining the value of a
water for domestic use. Waters of low or moderate mineral content
could be accepted for drinking and cooking if they are also low in iron,
below 115 parts per million of Fe. Waters very high in mineral content
will be unfit for drinking purposes, as such waters are usually brackish
or salty. Waters of high mineral content might give trouble in cooking,
although those with content up to 1,000 or 1,200 parts per million could
be used if no better supply is available.

1R. B. Dole, personal communication.
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- Olassification of waters with respect to mineral content.

Total solids.
¢ (Parts per miliion.) . )
Classification.

Not less than | Less than

......... saveees 150 Low.
150 500 Moderate.
500 2,000 High.
2,000 f..eee .l Very high.:

Most waters of Wisconsin are either low or moderate in mineral con-
tent. Only a few well and spring waters are very high in miner-
alization.

. WATER FOR BOILER USE.

The chief industrial use of water is steam making. The customary
way of interpreting the value of water for boiler use is based on its ten-
dancy to cause the formation of scale, and to cause corrosion and foam-
ing. '

ForMATION OF SCALE.

The most common trouble is formation of scale, the deposition of
mineral matter within the boiler shell. When the water is heated and
. evaporated in a steam boiler, some of the mineral matter is thrown out
of solution and solidifies on the flues or erown sheets, or within the
tubes. The scale or incrustation includes practiecally all the suspended
matter, or mud; the silica, probably preecipitated as silica (Si O,) ; traces
of iron and aluminum; calcium appearing principally in the form of
carbonate and sulphate; and the magnesium, principally in the form of
the oxide, but partly in the form of carbonate. Caleium and magnesium
are the principal bases in the scale forming salts, making up 80 to 90
per cent of the secale in most Wisconsin waters. If the magnesium and
the sulphates are comparatively low, or if the suspended matter is com-
paratively high, the scale is soft and bulky and may be blown or washed
out from the boiler in the form of sludge. On the other hand, if the
water is free from suspended matter and high in magnesium and sul-
phates, a compact hard scale is formed. nearly as dense as porcelain,
which offers great resistance to the transmission of heat and therefore
causes great waste of fucl. The value of a water for boiler use, there-
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fore, depends not only on the amount of scale produced, but also on
the physical structure of the scale.

The limits for the classification of water in parts per million, in re-
spect to scale-forming ingredients, are shown in the following table:

Classification in respect to scale-forming ingredients.

Probable Scale—forming
P Tugredients
(Parts per mlllion.) Classification.
Not lessthan.| Less than.
................ 90 Good.
80 200 Fair,
200 430 Poor.
430 680 BRad.
680 R TRy Very bad.

This classification ! is the one offered by the committee on water
service of the American Railway Engineers and Maintenance of Way
Association, reduced to statement in parts per million. These limits
must be interpreted liberally in practice; because of the comparative
hardness of the incrustation. Stabler’s®? method for calculating the
amount and character of scale likely to result from use of a water, are
given as follows:

A—=.0083338Sm--.00833Cm.+4-.0107Fe+.0157Al+4-.0138Mg+-.0246Ca.
—Sm--Cm-}1.3Fe-1-1.9A1 +1.66Mg--2.95Ca.

A represents pounds of scale per 1,000 gallons of water and B (com-
puted from the preceding formula) represents parts per million of
" scale. Sm, Cm, Fe, Al, Mg, and Ca represent, respectively, the’amounts
in parts per million of suspended matter, colloidal matter (gilica plus
oxides of iron and aluminum), iron, aluminum, magnesium, and cal-
cium in the water. In this formula Ca should not exceed .668CO,--
.328HCO,+.417S0,, in which CO,;, HCO,, and SO, represent, re-
spectively, the amounts in parts per million of the carbonate, bicarbon-
ate, and sulphate radicles present in the water as such excess would
not be precipitated. It is sometimes uncertain whether iron and alumin-
um are in solution or in colloidal state, but in applying these formulas
to Wisconsin ground waters little error is introduced by assuming that
Cm equals silica only. If it is desired to compute the scale-forming in.
gredients of waters, whose analyses in this report give no values for

Proc. Am. Ry. Eng. & Maint. of Way Assn., Vol. V, 1904, p. 595.
2 Eng. News, Vol. 60, 1908, p. 355. Also U. S. Geol. Survey Bull. 274, p. 176.
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silica, iron or aluminum, Cm may be taken as 10 and Fe and Al as
zero, without introducing great error. In clear waters Sm would of
course be zero; consequently for most Wisconsin ground waters the
amount of scale may be estimated practically from the figures repre-
senting silica, caleium and magnesium.

In the following Stabler formula, C represents the amount of hard
scale in pounds per 1,000 gallons of water and D the same in parts per
million, recomputed from the C formula; Si0,, Mg, Ca, SO,, Na, and K
represent the respective amounts in parts per million of silica, mag-
nesium, chlorides, sulphates, sodium, and potassium. If the alkaHes are
not separated, the figures representing sodium and potassium together
and computed as sodium may be used with 2.7Na coefficient in place of
the last two terms of these formulas.

C==8i0,+1.66Mg+ (1.92C14+1.4280,—2.95Na—1.74K).

The ratio (b) between the amount of hard scale and the total amount
- of scale is an index of the probable hardness of the scale, expressed thus:

' AB

=&p
If b is not more than 0.25 the scale may be classified as soft; if between
0.25 and 0.5, as medium ; and if more than 0.5, as hard. For other for-
mulas and the comments on those quoted the original article should be
consulted.

The importance of scale formation and of means of preventing or re-
ducing it in boilers, may be judged by considering the effect of a hard
water like the Madison city artesian water, which is about the average
composition of the water in the Potsdam and St. Peter sandstone, as
well as that in the Lower Magnesian limestone of the state (see p. 177).
In such waters, under ordinary usage in boilers without condensers, it
would form about 2.5 pounds of scale in 1,000 gallons of water. Be-
sides the increased fuel consumption caused by this deposit, the scale
itself would amount to nearly a ton in a 1,000 horsepower system for
every seven working days, and this mass would have to be shoveled,
scraped, and hammered from the inside of the boiler.

The State Capitol Power and Heating Plant uses Monona Lake wa-
ter, taken at depth of 8 feet where the lake is 16 feet deep. No com-
plete analyses of the Monona lake water is available, but it probably
closely resembles the Mendota Liake water in mineral eontent (see table
of analyses page 299) and is much lower in inerusting solids than the
Madison City artesian water. A water softening plant was recently in-
stalled at the Heating Plant and Supt. J. C. White estimates the saving
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due to the treatment in using about 48,000 gallons daily to be about
$500 annually over and above cost of the treatment, including interest
on the investment..

The medium hard water of Lake Michigan, which is taken as the stan-
dard of comparison in the testing department of both the C. & N. W.
Ry. Co., and the C. M. & St. P. Ry. Co., would form only about 1.04
pounds of scale in 1,000 gallons. The water of Lake Superior, which

is a very soft water, contains less than 0.50 pounds of inerusting solids
in 1,000 gallons.

CORROSION.,

Corrosion not only affeets the iron of boilers when water is heated
within them, but it is also a factor of great economie importfiance in the
cold water of iron pipes in water systems. The corrosion’ under alt
conditions is largely influenced by the character of the water.

The corrosion which takes place in water pipes is of various kinds,
tuberculation being an' important type of action. This tuberculation
not only deteriorates the pipe but it likewise decreases the efficiency
of the pipe by interfering with the flow of water. The inadequacy of
many water systems is due to this accumulation.

The author is indebted to Prof. C. F. Burgess for the followmv re-
sume concerning the eorrosion affecting boilers:

‘“Corrosion as it affects boilers may have various characteristics de-
pendent not only upon the qualities of water but upon the types of boil-
ers and methods of operation. The corrosion may be general over a
large part of the surface, or it may be localized in the form of pits. In
some cases the pitting may take the form of tuberculation in which an
adherent quantity of rust or iron compound builds up over the corro-
sion spot, forming mounds of considerable dimensions. In the locomo-
tive type of boilers, grooving of the tubes is of frequént oceurrence,
this taking the form of a circuldar rim of corrosion of the tubes inside of
the crown sheet. The corrosion may develop: primarily on the bottoms of
the boilers and where the heat is most intense, or in other cases it may
be most marked at the water line and around the bolt heads, rivets and
stays. That the constituents of the feed water may have an influence
on the kind of corrosion is shown by the fact that some water may cause
the most marked corrosion on the sides and crown sheets of boilers,
while other kinds of water may have the greatest influence on the tubes.

““Corrosion or pitting is a result of galvanie action and controlled by
the nature of the impurities in the water. Among the substances which
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promote corrosion most rapidly are acids, hydrogen sulphides, dissolved
oxygen, and such dissolved salts as produce acids upon heating.

‘‘Numerous theories have been advanced to explain corrosion phenom-
ena and among the leading authorities there is a wide variety of opin-
ion. An interesting and valuable compilation of theories and data on
corrosion is ‘‘The Corrosion of Iron and Steel’’ by J. Newton Friend.!
One important subject of controversy is whether the dissolved carbonic
acid is an important factor affecting corrosion. The evidence on this
point is contradictory.

““On the most generally accepted electrical theory of corrosion the non-
uniformity of the iron, caused not only by impurities but by differences
of physical conditions, such as strain, porosity, and the like, set up gal-
vanie couples. The iron being the positive element acts as the anode
and liberates hydrogen on the electronegative portions. This hydrogen
acts as a polarizing material or as a retardent to the further action, but
any substance in the water which will remove this hydrogen will acceler-
ate the action. Dissolved oxygen will readily attack the hydrogen as
will also various other oxidizing agents. 1t is in an indireet way, there-
fore, rather than by direct solvent action, that the substances in the wa-
ter affect corrosion. '

‘“While some materials accelerate corrosion, others may retard it and
depending upon this fact 1lhere are various meritorious methods of
treating boiler water. Among the retardents of corrosion are soluble
carbonates.

‘“There are so many factors influencing corrosion that a formulation
of definite data to show the corrodibility of water cannot be made. At-
tempts in this direction, however, are illustrated by the interesting an-
alysis given by Stabler.”’

It is very desirable in investigating the industrial value of a water
to determine from the analysis of a water whether it is likely to be cor-
rosive or not, but it is evident that the problem is somewhat complex.

According to Stabler? the following formula may be used to in-
dicate whether a water is corrosive or not. ¢ the coefficient of corrosion
is computed thus:

¢=1.008 (rH-+rAl4-rFe+4rMg—rCO,—rHCO,)
—=H-.1116Al4-.0361Fe-.082Mg—.0336C0O,—.0165HCO,
In this formula r is the ‘‘reaction coeffictent”™ of the respective ra-
dicles with which it is associated and the reeciproeal of the equivalents

*The Corrosion of Iron and Steel, J. Newton Friend, Longmans, Green
& Co., 1911. .

? Water Supply Paper, U. S. Geol. Survey, No. 274, p. 175.

3For definition of “reaction coefficient” and discussion of the formula, see
H. Stabler, U. S. Geol. Surv. W. S. Paper No. 274, pp. 165-182, and Eng, News,
Vol. 60, 1908, p. 355.
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of those radicles; H, Al, Fe, Mg, etc., are the weights of these sub-
stances in parts per million as determined by the analysis.

In interpreting the value of ¢ the fact that calcium carbonate may
be precipitated on boiling should be taken into consideration, since this
. carries out of the system the earbonate radicle CO, with which the hy-
drogen may unite to form carbonic acid. Assuming a maximum pre-
cipitation of calcium carbonate and a minimum action upon the same,
the effect of the carbonate radicle in the above formula to counteract
corrosion -will be reduced by 1.008 r Ca, or 0.503 Ca. With these con-
siderations three classes of waters with respect to corrosion may be dis-
tinguished as follows: :

(1) Corrosive. If ¢ be positive, the water will certainly corrode
the boiler,

(2) Noncorrosive. If e¢--.0503 Ca be negative, no eorrosion will
oceur on account of the mineral constituents in the water.

(3) Semicorrosive. If ¢ be negative, but ¢4-.0503 Ca be positive,
corrosion may or may not occur, the probability of corrosive-action
varying direetly with the value of the expression ¢--.0503 Ca,

There is reason to believe also, as stated by Burgess, that corrosion is
facilitated by other conditions, such as the development of electrolytie
action upon the metallic iron. Once the action of corrosion or rust is
started, it is likely to continue and spread at that place producing a
nodule of rust under which is a pit in the metal. A common illustration
of this action of rust is shown by knife blades and other steel tools that
remain bright as long as they are free from rust, but as soon as rust is
developed the action will continue in spite of all ordinary attempts to
prevent it. '

FoaMiNGg.

Foaming is the formation of masses on the surface and above the sur-
face of the water in boilers and it is intimately connected with prim-
ing, which is the passage of water mixed with steam from the boiler.
Foaming results when the free escape of steam from the water is pre-
vented. It is usually due to the organic matter in suspension, but a
very common cause also is an excess of dissolved substances in the wa-
ter, either from original sources or where the water has become very
concentrated by the use of treated feed water and continual evapora-
tion. The dissolved substances increase the surface tension and reduce
the ease with which the steam bubbles break. ‘
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The foaming tendency is commonly measured by the content of al-
kaline salts in 'solution plus the organic matter, since these constitu-
ents remain in solution in the boiler water. Nearly all substances dis-
solved in the water, as well as the suspended and organic matter, in-
crease the foaming tendency to a variable degree, and the exact calcu-
lation, therefore, of this tendency is not a simple matter. It is the usu-
al custom to attribute foaming to the sodium and potassium salts and
the organic matter because these substances are highly soluble and their
relative importance in different waters is easily determined from an-
alyses. = According to Stabler?, the expression 2.7 Na (Sodium) 4- 2 K.
(Potassium) will represent the sodium and potassium salts generally
within 5 per cent and always within 15 per cent. In most of the analyses
in this report the sodium and potassium salts are determined together,
and in transforming the statemenet of the analyses in theoretical com-
binations, in grains per gallon, to basic and acid radicles in parts per
million, the molecular weight of sodium was used as if no potassium
were present, because potassium occurs usually only in very small quan-
tity as compared with sodium. For the general purposes of this report
the expression 2.7(N-K) plus the organic matter may be used to calcu-
late the foaming constituents. It will correspond closely to the ‘‘non-in-
crusting solids’’ usually estimated from the hypothetical combinations,
and is sufficiently accurate for practical use.

The limits of classification in respect to foaming ingredients, as sug-
gested by R. B. Dole?, may be summarized as follows:

Classification in respect to foaming tngredients.

Probable foaming -
constituents
) (Parts per million.} Classification.
Not less than.; Less than.
L4
................ 70 Very good.
70 150 Good.

150 250 Fair.

250 400 Bad.

400 Clereeiesearenes Very bad.

To.a very large extent Wisconsin waters are either very good or good
in their classification with respect to foaming ingredients. It is usually
only in the highly mineralized waters of relatively rare occurrence that
bad or very bad foaming waters occur. The bad foaming waters are

'Water Supply Paper, U. S. Geol. Survey, No. 274, p. 172.
2 Statement from correspondence.
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mainly confined to the eastern part of the state, though they are also
of isolated or erratic occurrence in other parts of the state. Some soft
waters of moderate mineral content, in Kenosha county, are sufficiently
high in the alkalies (pp. 400-1) to be classed as fair or bad with respect
to foaming ingredients. Surface waters from the lakes and rivers, high
in organic matter, will cause excessive foaming.

REMEDIES FOR BOILER TROUBLES

The remedy for troubles caused by substances in bad boiler waters is
the treatment of supplies before they enter boilers. Among the im-
portant methods of treatment is the preliminary heating of a feed water
to reduce the dissolved gases. This may be done in an ordinary heater
under pressure, but preferably under a partial vacuum. Since dissolved
oxygen is an important accelerator of boiler corrosion, the analysis of a
water for boiler purposes should recognize this factor. The amount of
oxygen depends to some extent upon the depth from which the water is
secured and it is also influenced by the method of pumping. The air lift
system for example, which has a somewhat extended use, increases the
amount of dissolved oxygen in the water.

‘When treatment of the water cannot be given there are various ways
of partially reducing the injury. Low pressure large flue boilers are fre-
quently used to reduce the trouble caused by bad water with high scale-
forming ingredients. ‘‘Blowing off’’ is a practical way of preventing
foaming, particularly in locomotive practice.

Boiler Compounds—Boiler compounds are widely used in regions

where hard waters are abundant, but treatment within the boiler should

generally be given only when it is impossible to purify the supply before
it enters the boiler. Many substances have been recommended for such
use, but only a few have proved to be economical. Soda ash, the com-
mercial form of sodium carbonate (Na,CO,) and lime (CaQ) are the
most valuable substances of this character. The proper amount and kind
of boiler compound to be used is a question to be decided for each water
from its chemiecal composition and the style of the boiler. The nature
and reaction of various boiler compounds have been discussed at length
in various publications?, and it does not appear to be advisable to enter
into details in this investigation.

'Cary, A. A, The use of Boiler Compounds: Am. Machinist, vol. 22, pt. 2,
1899, p. 1153. *
Palmer, Chase, Quality of the Underground Waters in the Blue Grass Region
of Kentucky: In Water Supply Paper U.'S. Geol. Survey No. 233, 1909, p. 187.
Stabler, Herman, The Mineral Analysis of Water for Industrial Purposes and
its Interpretation by the Engineer: Eng. News, vol. 60, 1908, p. 355.
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‘WATER FOR OTHER INDUSTRIAL USES.

The use of water in the various industries cannot be discussed at any
length in a report of this nature. It is desirable, however, to point out
the fact that for each specific purpose the influence of the dissolved sub-
stances in the water should be thoroughly understood. The water used
in every industrial plant should be analyzed and otherwise investigated
and the quality of the supply, so far as it effects the product, should be
thoroughly understood by those in eharge of the manufacturing pro-
cesses. ’

The ingredients of natural waters affect the manufacture of many
articles. In paper and pulp mills, dyeworks, canning factories, pickle
factories, distilleries, breweries, woolen mills, starch works, sugar fac-
tories, glue factories, soap factories, chemical works, tanneries, cream-
eries, and many other manufaeturing establishments, water becomes a
part of the product or is essential in its manufaeture. A principal
function of water in many establishments is that of cleansing or as a
vehicle for other substances, and as such the supply should be free
from color, odor, suspended matter, microseopic organisms, especially
bacteria from sewage, and fairly low in dissolved substances, especially
iron. Water used in the making of beverages, starch, dairy or meat
products, or wherever it forms a part of food materials, should be hy-
gienieally acceptable.

Effect of Free Acids.—I'ree mineral acids, sueh as sulphuric and hy-
drochlorie acid, usually present only in polluted waters, are especially
injurious in paper and pulp mills, bleacheries and dyeworks, and gener-
ally require purification.

Effect of Suspended Matter—Suspended matter, consisting of ma-
terial of mineral, vegetable and animal origin. and mainly occurring in
surface waters, is objectionable in all processes in which water is used
for washing or comes in coutact with food material. Water should be
freed from suspended matter before being ussd for laundering, bleach-
ing, wool-scouring, paper-making, dyeing, stareh and sugar-making,

-butter-making, brewing and distilling, and other similar processes.

Effect of Color.—Color in water is objectionable in water for use in
the manufacture of fabrics, such as paper-making. and also in bleach-
eries and dyeworks.

Handy, J. O., Water softening; Eng. News, May 26. 1904, p. 499.

Davidson, G. M., the C. & N. W. Method of Water Treatmernt: Proc. Western
Ry. Club, vol. 15, No. 6, Feb. 17, 1903.

Booth, W. H., Water-softening and treatment, London. 1906.

Collet, Harold, Water Softening and Purification, London, 1896.

Christie, W. W., Boiler Waters, New York, 1906.
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Effect of Iron—Iron is a very undesirable constituent in waters, and
“even if it occurs in comparatively small quantities the water must be
purified. Waters containing iron become turbid on exposure to the air.
Such waters develop a growth of iron bacteria, Crenothriz that interfere
in many industrial operations. Waters that contain iron ag low as 1
to 2 parts per million have to be purified before being used industrially.
Iron is especially objectionable in paper mills, dyeworks, tanneries,
breweries, and creameries, and in many other industries, by discolor-
ing the manufactured product. In some Wisconsin waters iron occurs.
in sufficient quantity to be objectionable.

Effect of Calcium and Magnesium.—Caleium and magnesium are sim-
ilar in their industrial effects. These constituents are present in all wa-
ters in comparatively large amounts and are largely the cause of hard-
ness in waters. In Wisconsin waters they form the predominating
basic constituents. In all boiling processes some caleium and magne-
sium compounds are precipitated on whatever is boiled in the water,
and this deposit may interfere with later operations. They are a cause
of waste, as they decompose equivalent amounts of many chemicals em-
ployed in various industrial processes. The calcium and magnesium
content of waters render an important effect in the processes of manu-
facture of paper, pulp, distillery and brewery products, and in scap
factories and dyeworks. T

Effect. of Carbonates—Carbonates occur in the water mainly com-
bined with carbonic acid fn the form of bicarbonates. In the table of
analyses, however, it is stated as the carbonate (CO,). If hard waters
are boiled, the bicarbonate is decomposed, free carbonie acid is given
off, and the greater part of the calecium and magnesium is precipitated
as carbonate. For this reason these carbonates in water give it the qual-
ity of ‘‘temporary hardness’’ and hence such waters are generally more
desirable in many industrial processes than waters high in sulphates.

Effect of Sulphates—Calcium and magnesium sulphates in water
cause ‘‘permanent hardness’’, as boiling does not precipitate these sul-
phates, or at most only small amounts of ealcium sulphates. Hard wa-
ters with sulphates predominating are desirable in tanning heavy hides,
because they swell the skins, exposing more surface to the action of the
tan liquors. Sulphates, on the other hand, interfere with erystalliza-
tion in sugar-making, causing a larger amount of sugar to remain in
solution in the mother liquor. High ealeium sulphate is also objection-
able in canning peas and string beans.

Effect of Chlorides—High chlorides in waters are-generally acecom-
panied by high sodium and potassium content. Appreciable amounts of
chlorides are injurious in many industrial processes. Wisconsin wa-
ters high in chlorides are of relatively rare occurrence, and henee, troub-
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les due to chlorides can usually be readily obviated by securing unob-
Jjectionable supplies. The content of chlorides in shallow-well waters,
however, should be closely scrutinized, as the amount, if relatively high,
may be a fair index of the amount of pollution. Chloride waters have
a deleterious effect in tanning by causing the hides to become thin and
flabby. Chloride waters effect the quality of sugar, and effect the
growth of yeast, and the germination of the grain in the preparation
of alcoholic beverages. The only effective way of removing chlorides
in water is by distillation. :

Effect of Orgawic Matter—Water containing organic matter that
comes in contact with food produets should be purified: before being
used. If the organic matter is due to sewage pollution it is dangerous.
Care in this respect is particularly necessary in creameries, cheese fac-
teries, slaughter houses, canneries, pickle factories, brewerigs, sugar
factories, and starch works. Organic matter, not only may produce
disease, but it may cause decomposition in fabries manufactured by the
use of such water.

Effect of Other Substances—Silica and aluminum are usually not
present in sufficient quantities in water to be objectionable in industrial
processes, and the same is generally true for the alkalies, sodium and
potassium. ) .

PURIFICATION 0F WATER SUPPLIES,

Purification of water supplies is the removal or reduction in amount
of objectionable substances in the water. It is practiced for the pur-
pose of rendering supplies safe and unobjectionable for drinking and to
reduce the amount of dissolved minerals injurious to boilers, or other
machinery, or to manufactured products.

The most important purification plants are those installed for the pur-
pose of making surface waters pure and safe for drinking. The re-
moval of bacteria causing disease, and the removal of turbitity, odor,
taste, and iron, are the principal requirements in the purification of a
municipal supply. The usual methods of purification are slow filtration
through sand, and rapid filtration after coagulation, both methods be-
-ing combined with processes of sedimentation. The first method is
known as'slow sand filtration, and the second, as mechanical filtration.
The efficiency of these filters stated in percentage of removal of bacteria
should be as high as 98 and often reaches 99.8 per cent.

Slow sand filtration consists of filtering the water downward through
a layer of sand of such thickness that the removal of all suspended -
matter is accomplished. The filter consists of a water-tight basin, on
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the bottom of which perforated tiles are laid in the form of a grid,
over which is a one-foot layer of gravel graded in size from bottom to.
top, and over the gravel is a layer of sand 3 to 4 feet in depth. When
the water is applied on the surface it passes through the sand and gravel
and flows away through the underdrain. The filters require cleaning
at intervals, depending upon the amount of impurities in the water.
Filters have been installed in a number of Wisconsin paper mills.

Surface waters are usually screened of all coarse material, such as
sticks and leaves. Very turbid river waters are usually allowed to stand
in large sedimentation basins to reduce the cost of operating the filters.
Supplies objectionable on account of their iron content are aerated
and allowed to trickle over rocks, allowing the oxidation of the ferrous. -
carbonate in solution and the ferrie oxide can then be removed by filtra--
tion. ' .

The' distinctive feature of a mechanical filter is the use of a coagu-
lant and the high rate of filtration. Aluminum sulphate is the coagu-
lunt most commonly used. The water with the coagulant is allowed to
stand 3 or 4 hours in a sedimentation basin and is then passed rapidly
through beds of sand or ground stone to remove the rest of the sedi--
ment. If the alkalinity of the water supply is too low to give a proper
reaction with the coagulant, lime or soda ash is added. The perman-
cut hardness of the water will be increased if an excess of lime is em-
ployed.

Purification by the - application of chemicals kills organisms that:
may cause disease or give bad taste or odor. Copper sulphate and cal-
cium hypochlorite, and ozone, are the common disinfectants. Purifica--
tion in this manner must be done by the application of substances not
poisonous to animals.

Use of Hypochlorites.—An exceedingly important method of wafer
treatment is in the use of hypochlorites. This has become a widely ac-
cepted method for bacterial purification of city water supplies, especi-
ally of the Great Lake supplies. Since hypochlorites are active oxidiz--
ing agents they are used for destroying organic matter and coloring;
for bleaching, and other industrial uses of water. An excellent presenta-
tiom of the use of hypochlorites is given in the work of Albert H. Hock-
er,' ‘‘Chloride of Lime in Sanitation’’, )

Sewage Purificaiion—The problem of disposing of the sewage of’
cities is an important once with respect to the health of the communi-
iles. The purification of water supplies for drinking purposes, and the-
purification of scwage, are everywhere closely related, for it is usnally

1 Chloride of Lime in Sanitation, A. H. Hooker, Jno. Wiley & Sons, 1913.
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’

the case that only the sewage polluted water supplies require purifica-
tion. In only a few, cities of Wisconsin, (see reference below), is the
sewage treated in some sort of a disposal plant before being emptied in-
to the waterways of the locality. In most instances, where the public
water supplies are obtained from lakes and rivers, the sewage is emptied
into the source of the water supply, and in such instances the city us-
ing a lake supply, pollutes its own water supply, while the city using a
river supply pollutes the supply of the cities located farther down the
river.

The problem of sewage purification is outside the scope of this re-
port. Occasion, however, is taken in this place to refer the reader to
a bulletin by Davis and Bowles?, recently printed by the state, which
adequately describes the sewage purification systems in Wisconsin, and
which should be in the hands of all those interested in the public health
of our cities.

‘Sewage Purification with Special Reference to Wisconsin Conditions, Bull.
Univ. of Wis., No. 331, 1909.
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CHAPTER VII.

THE CHEMICAL QUALITY AND THE FACTORS AFFECTING
THE MINERALIZATION OF UNDERGROUND WATER.

The water supplies of Wisconsin, both surface and underground, show
a considerable range.in composition, the extent of mineralization vary-
ing in different parts of the state. Since the mineral content of the
surface waters of rivers and lakes is much less than that of the under-
ground waters of the same locality and is determined by influences
somewhat different from those affecting the rock waters, the surface
waters are briefly desecribed in a separate chapter. The present chapter
therefore is mainly confined to.a general disecussion, or summary, of the
chemical quality of the underground waters and the factors influenc-
ing the degree of migeralization. The chemical 'data upon which the
general discussion is based is fully stated in the tables of mineral
analyses of each county in Part II, pp. 223 to 639.

Information in regard to the analyses of both the underground and
surface waters of the state is wholly the result of compilation from
various sources. Some of the analyses quoted were made by chemists
to determine the value of waters for public supplies for cities, and many
were made by industrial chemists to determine the value of the waters
for boiler use in railroad locomotives. A few of the analyses of spring
waters and highly mineralized waters have been made for the purpose
of showing the therapeutic value of these waters. Only a few have been
made for purely research work. No analyses have been made in con-
nection with the present investigation on the water supplies of the state.

The mineral analyses, originally stated in the usual hypothetical
combinations in grains per gallon or parts per million, have been recom-
puted to the ionic form in parts per million, so far as possible, in order
that they may be compared with other analyses. The expression of the
results of water analyses in ionic form in parts per million is now quite
generally adopted by sanitary and research chemists, and also by many
technical chemists.



THE MINERALIZATION OF UNDERGROUND WATER. 161

THE CHEMICAL QUALITY OF UNDERGROUND WATERS,

The underground waters of the state show a very great range in
mineral content. Some of the soft water springs in the northern part
of the state are very low in mineral content, as illustrated by such
springs as that near Cedar, Iron county, containing only 22 parts per
million of mineral matter, the well known Chippewa spring at Chip-
pewa Falls with content of only 36 parts per million, and the Toma-
hawk spring at Tomahawk with only 41 parts per million.

On the other hand some very highly mineralized waters have been
encountered in a few wells and mining explorations in various parts
of the state. The highest mineralized water in the state, so far as
known, was reached at a depth of about 2,075 feet below the surface
in the Florence Iron mine at Florence in exploring for iron ore in the
Pre-Cambrian formations. This water contained 18,799 parts per mil-
lion of disso}ved solids, and 5,122 parts per million of organic and vola-
tile maater. See page 329. In exploring for eopper ore near Osceola,
a salt water was encountered at a depth of only 90 feet containing 16,995
parts per million of mineral matter. Salt waters eontaining over 10,000
parts per million of dissolved solids have been encountered in only two
other places in the tate; at Sheboygan, Sheboygan county, and at Pal-
myra in Jefferson county.

There are but few localities, only 18, in the state, however where un-
derground waters have been found that contain over 1,000 parts per
million of dissolved solids. The relatively rare oceurrenee of these highly
mineralized waters as well as their geographie distribution and geolo-
gical source appear to indicate that they are exceptional rather than
usual or common, and hence are considered as exceptional waters in
the following discussion. Among the analyses of underground waters
there are about 100 analyses of spring waters. As there is very slight
difference in the mineral content of spring waters and of well waters of
the same locality, the spring waters are included with other waters
from underground sources.

Leaving out of consideration the highly mineralized exceptional wa-
ters, the average mineral eontent of about 600 waters from springs and
from wells in the surface deposits and in the indurated rock, which
range in mineral content from 22 to 1,000 parts per million, is about
327 parts per million.

The degree of mineralization of the spring and well waters appar-
ently depends, not so much upon the character of the geological forma-
~ tions as determined by the chemical ecomposition, as uoon the general

11—W, 8.
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depth and thickness of the water-bearing strata in which is contained
the body of underground water. The relative simplicity of the geo-
logy of Wisconsin in its relation to the mineral quality of the under-
ground water supplies, gives opportunity to divide the state into areas
or districts characterized by waters of approximately equal degree of
hardness and mineral content, the boundaries of such areas being deter-
mined mainly, but not strictly, by the water-bearing geological forma-
tions, as these increase in number and th1ckness in passing toward the
outer boundaries of the state.

To facilitate the study of the chemical quality of the underground
waters, therefore, it is convenient to deseribe them first with respect
‘to their areal distribution or by districts, and seecond with respect to
their geologic horizons,

- CHEMICAL COMPOSITION OF THE UNDERGROUND WATERS BY DISTRICTS.

The underground waters of Wisconsin with respect to their general
Toineral quality and hardness can be divided conveniently into four
areas or districts as follows:

Distriect A. Area of soft water.* ,

District B.  Area of medium hard water.

Distriet C. Area of hard and very hard water. .

District D. Area of very hard water.

These districts are shown on the accompanying sketch map, Plate IV.
. Jt should be understood, of course, that the boundary lines between
the various distriets are somewhat arbitrarily drawn, as there is only
‘a gradual and not an abrupt change in the mineral content in passing
from one district to the other. Within each distict, however, the de-
gree of mineralization of the underground water is approximately the
.same. Such a map may conveniently be referred to, in a general way,
as a ‘‘water-composition map”’, or, a ‘‘hydrosystatic® map’’.

DistricT A. AREA OF SOFT WATER.

The area of soft waters, that is, with waters having a total hardness
. averaging below 100 parts per million, is mainly confined to the north
‘,‘,qentral part of the state, as shown on the accompanying sketch map.

(Plate IV). This area is underlain very largely by crystalline rock of
~the Pre-Cambrian formations and of (See geological map) relatively

"t For the definition of soft and hard waters, see page 146.
" *Hydrosystatic, from Greek, hydra, water 4 systasis, composition.
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thin deposits of the Upper Cambrian (Potsdam) sandstone in the south-
ern and western portions. The surface deposits consist mainly of glaeial
drift of crystalline debris on the uplands, and of alluvial deppsits
largely of quartz sand and granitie gravel, in the valleys.

The general character of the water in this area by counties is shown
in the following table:

TABLE 22. Average mineral content of underground water in the surface deposits
and tn the rock, by counties, in District A.
Parts per million.

Wells in the surface deposits, Wells in indurated rock, sandstone
alluvial and glacial formations. and granite.
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Oneida..:. 4 4111 )19) 7 742116 31103/ 0}.
Portage.. 431101301197 3193125 47197, 4
Vilas..... J 3| 8] 97 2] 3(14110] 3| 51}] 0
Washburn....] 116 (24| 7| 143 1| 3[109][ 0.
Weod.......... ]l 8. 421311318 |50 ] 9219 0.
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* The analyses shown in the above table are mainly of shallow well-
waters in surface deposits, a few analyses are of springs, and 9 are of
waters from wells in the sandstone and in the granitic rock. The wells
in the surface deposits range in depth from 10 feet to over 217 fect,
while the deepest well in the sandstone reaches only 320 feet. Tor
depths of the various wells, see the tables of mineral analyses under
the county descriptions. Most of the wells in this district are less than
50 feet deep, and relatively few are over 100 feet deep. In gemeral the
depth of the underground water over the distriet will probably average
“‘between 100 and 200 feet, as measured by the average thickness of the
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water bearing formations which overlie the impervious Pre-Cambrian
Crystalline formations.

The mineral content of the underground waters in this distriet which
comprises an area of about 20,000 square miles or 36 per cent of the
state, so far as available analyses indicate, ranges from 36 parts per
million in the Chippewa spring water to 278 parts per million in the
water of the railroad well at Junction City in Portage county. The
mean of 78 analyses shows an average content of 122 parts per million
of mineral mater, which would be ‘‘low’’ in the classification in respect
to mineral content. The average water of the distriet according to the
classification in respect to hardness adopted in this report is ‘‘soft’’
the average hardness being between 85 and 90 parts per million.

It should be understood, of course, that many of the underground
waters within this district are hard waters as the above table of mineral
analyses clearly indicates. Usually however, the underground
waters are likely to be low (below 150) in mineral content, and soft
(below 100 parts of calcium and magnesium carbonate and calcium
sulphate) and therefore would fall within the classification of soft wa-
ters as defined. According to the analyses the amount of boiler-scale
formed by these soft waters would usually be less than 1 pound in 1,000
gallons, below that of the water of Liake Michigan.

It is undoubtedly true that many of the waters whose analyses are
considered, are contaminated or polluted to a variable extent, and hence
are somewhat higher in mineral content than the naturally pure water
of the locality. To whatever extent the underground waters are con-
taminated, therefore, they represent waters higher in mineral content
than the pure waters of the distriet.

DistricT B. ARreAs or MeEpiuM Harp WATERS.

An area of medium hard water, that is of water with a mean content
between 100 and 200 parts per million of hardness, surrounds the area
of soft waters in the north central part of the state. This area, except
in the region adjacent to Lake Superior, is characterized by the out-
crop of thick beds of the Upper Cambrian sandstone and the re-
latively thin beds of the Lower Magnesian limestone (Oneota and Sha-
kopee formations), and to some extent the overlying beds of the St
Peter sandstone and the Galena-Platteville (Trenton) limestone. Ad-
jacent to Lake Superior the indurated rock in this district is mainly
the Lake Superior red sandstone.

The surface deposits cousist of glacial drift containing limestone
debris on the uplands except in the western part within the driftless
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area where loessial deposits are prevalent. In the valley bottoms and
adjacent to Lake Superior alluvial and lacustrine deposits are com-
mon, the alluvial deposits being largely sand and gravel, and the la-
custrine deposits being largely reddish and bluish caleareous clays.

The wells in the valleys are quite shallow, usually less than 100 feet
deep, while those on the uplands are relatively much deeper often from
200 to 300 feet deep. In general the depth of the body of underground
water in the district is probably between 400 and 600 feet.

The chemical character of the underground water in the surface de-
posits and underlying rock within this distriet is shown in the follow-
ing table:

TaBLE 23—Average Mineral Content of Underground Waters tn Surface Deposits
and the Rock, by Counties, in District ‘“‘B’’.

(Parts per million).

Wellsin the Surface Deposits. ” Wells in the Rock.
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This district comprises an area of about 18,300 square miles, or about
33.6 per cent of the state. While the maximum range in mineral con-
tent is between 45 parts per million and 430 parts per million in well
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waters, the usual range in mineral content is between 150 parts per
million and 275 parts per million. The mean of 51 analyses of water
from surface wells is 224 parts per million and the mean of 46 analyses
of water from wells bottomed in rock is 216 parts per million. Some of
the springs within the distriet contain as low as 22 and 33 parts per
million. The average of all the analyses of underground waters in the
distriet is 220 parts per million.

Caleium and magnesium are the principal basic constituents and on-
ly rarely are sodium and potassium more important than magnesium.
Nearly all are earbonate waters and only very rarely is sulphate more
important than carbonate.
~ The average hardness of the water of District “‘B’’ as measured by
the calcium and magnesium carbonates and calcium sulphate is about
170 to 180 parts per million, and is therefore ‘‘medium hard’’ as de-
fined in this report. See page 146. The average amount of encrusting
solids in the groundwaters of the district is less than 2 pounds in 1,000
gallons, the usual range being between one pound and three pounds in
1,000 gallons.

DistricT C. Areas oF Harp aND VERY HARD WATERS.

An area with ground-waters having mineral content, appreciably
higher than that in Distriet B, lies to the east and south of the latter
district. In this distriet there is a mean mineral content of the ground-
waters of 335 parts per million and of about 308 parts per million of
those constituents causing hardness. ‘

This district comprises an area of about 9,900 square miles, about 18
per cent of the state, and lies along the Fox river valley in the eastern
part of the state and south of the Wisconsin river below Portage in the
southwestern part. This district is approximately co-extensive with
the general outerop arvea of the (Galena-Platteville (Trenton) lime-
stone. - The eastern boundary of the distriet lies some distance west of
the border of the Niagara limestone. The western boundary is a line
approximating the western border of the relatively continuous out-
erop of the Trenton. The indurated rock immediately underlying
the surface deposits therefore; is very largely dolomitie limestone and
only to a small extent sandstone.

The surface deposits in the glaciated portion of the district consist
largely of limestone debris. In the valley bottoms of both glaciated
and driftless areas the surface deposits arc largely of alluvial origin
and consist mainly of sand and gravel. Calcareous clays of lacustrine
origin are common in the Fox river valley.
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The wells in the valleys are usually less than 50 or 100 feet deep,
" while those on the uplands are often 200 to 300 feet deep. The ap-
proximate average depth of the body of underground water in the dis-
triet, overlying the impervious Pre-Cambrian, is between 800 and 1,200
feet. .

The mineral content of the underground water in surface deposits
and in the rock in the district, by counties, is shown in the following
table: ‘ :

TABLE 24. —Average mineral content of underground waters in the surface deposits
and in the rack, by counties, tn District C.
Parts per million.

Wells in the surface deposits. Wells in the indurated rock.
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Crawford ...... 1| 1144 )14 17 84/ 52| 8 | 223 3] 2512624150 18 | 15 | 287| 271
Dane 6! 6[64|37) 917538 6'335|{ 121 86838 (15! 170| 54 | 17 | 374| 361
Dodge.. 1122 43 | 7 216] 7 {11 | 388 44 11§ 72 i 42| 4202/ 19| 4 | 363] 368
Green 6] 6175133 13| 182/ 28| 9351 7] 470134114166/ 18 [ 18 | 331) 341
Green Lake...| 4 |16 |63 |39 | 8152/ 76 | 4 | 362 1124 {5932 2158/ 18 308 351
Grant ........ 411015321 ) 71125 11| 51245} 12| 716740 | 9 | 184 43 [ 10 | 376{ 343
Towa..........] 3| 5|56 2817|151 18 {13 | 289) 11} 7|73 ;43|11 | 178| 63 | 17 | 396| 337
Jefferson......| 10 {15 { 67 {32 7 ;177,12 4 321{} 17| 7168 33 )11 18120 6 ! 336; 330
Lafayette ....| 4| 9172|438 |12 216] 512 | 374 3 9164 40} 6183 21| 8 | 339 359
Marinette ....[ 1] 20} 38 6, 72110 9 166 01. eeen 166
QOconto ....... 211215020 7128 7] 2)231; 2/ 7|35 +18 |26 | 63] 67| 29 | 250] 241

Qutagamie....] 311670141 | 3188133 53680 ol...0.... ...

Rock.......... 14 7693512167 44} 71342 10 6 )59 ,34 1016016 7 301§ 325
Shawano. 0 1'19 15131 | 14 | 1541 9| 14 | 296] 296
Waupaca 4118 [ 68 |35 S 177130 [ 7 1343, Oieoooferoufoceaforreloanaforandanaadians) 343
Mean .... 650106613410 168/ 311 7! 330 i 95 6663611174 33 |11 ; 339|....
Average of 160 analyses for the district.......... } 1600 8 : 6635 | 11| 172{ 32| 9 : 335/ 335

‘While the mineral content in the various individual counties of the
distriet ranges between 166 and 477 parts per million, the mean min-
eral content of the entire district as shown by 65 analysis of water
from springs and wells in surface deposits is 330 parts per million, and
the mean mineral content as shown by 95 analyses of waters from wells
in the rock is 339 parts per million.

‘While the underground waters in the district show a considerable
range in mineral content a large majority of the waters analyzed
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closely approximate the average mean analyses, which is about 335
parts per million of total dissolved solids, and about 308 parts per mil-
lion of solids constituting hardness. In the classification adopted in
respect to hardness, waters containing 200 to 300 parts per million of
calcium and magnesium carbonate and calecium sulphate are hard wa-
ters, and waters above 300 parts per million of these constituents are
very hard waters, hence, the waters of this distriet, according to this
arbitrary classification, consist of hard and very hard waters in about
equal proportions. v

The mineral analyses show a mean content of about 3 pounds of in-
crusting solids in 1,000 gallons, the incrusting solids usually ranging
between 2 and 4 pounds in 1,000 gallons.

DistricT D. AREA oF VERY HaARD WATER.

The area with underground waters having the highest mineral con-
tent in the state, lies in the eastern part of the state adjacent to Lake
Michigan. In this district the mean content of dissolved solids in the
underground water supplies is about 435 parts per million. The in-
crease in the content of mineral matter in this distriet as compared
with distriet C, is not very pronounced, but is sufficient to be character-
istic for the area.

This district, as outlined on the sketch map, Pl V, comprises an
area of about 6,250 square miles or about 11.5 per cent of the state.
It occupies a belt along Liake Michigan, from Door county on the
‘north, to Kenosha ecounty on the south, and geologically includes the
area occupied by the Niagara limestone with a strip of the underlying
formations on the west. The surface formations are mainly glacial
drift containing much limestone debris, and the red calcareous clays
of lacustrine origin.

The wells in the valleys are usually shallow, from 50 to 100 feet deep,
while those on the uplands are quite deep, being usually from 100 to
300 feet deep. The depth of the body of underground water in the
district in the water-bearing formations, overlying the impervious Pre-
Cambrian granitic rock is approximately 1,600 to 2,600 feet deep.

The chemical composition of the underground waters in the surface
deposits and in the rock, by counties, in the distriet, is shown in the fol-
lowing table:
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TABLE 25. —-Awmge mineral content of underground waters in the surface deposits and

the rock, by counties, in District D.
Parts per million.

Wells in the surface deposits. Wells in the rock.
. g g
g £ 2
2 % 19 | 2 % 19 %
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Llal2] 8|58 =3 ;-.:-—g 2 a0 Ealens2(88 eS8 | o =2 =g
Elo| 2| ul5zlee |22 |S0|24|| E (2% Bo|ws|2z|£0 |20 | O |24 8
sl12] 3| 2|8 50 |57 2T 2 1= 32|{sCi8C 52 52 | = |87 |97
Zim 0ol 8 a2 o | D |H ||z 0 = | [0 & o=
Ca,lumet 3{14. 158.7/38.0{18.4{207.0| 15.4/10.4;361. 3119.0! 57.3(33.4/19.6(156.8] 30.3/22,0|339 { 350
Brown.. 7111, 153.1]39.4{28.1(167.5( 34.0(24. 367. 5(15.0 78.3{38.8(31.9/157.4! 74.3!16.2/419.| 389
Dodge 13(16.3]87.4]47.3/11.5[191.5! 85.8115.7 454. 7:14.2| 75.5(36.4(22.6/176.9; 74.1|10.3(409 | 438
® ond du Lac..| 15(15.1/98.9/45.8|25.4{196.6]122.9!33.2]528 10{11.3] 75.7;31.6(48.7{154.6] 89.7|54.4(471 | 505
Kenosha... 515.8(20.2{20,3|62.2{134.5; 59.7| 5.0|322 4/11.0} 79.0(19.5/64.8/171.6{114.1) 6.3(467. 7
Manitowoc. . .. . 2|110.9/46.6(23.8(12.1/124.1| 14, {16.9|250. 2|....i 64.8{42.7|11.9{160.8| 78.6! 9.6(379.| 315
Milwaukee....| 17/14.7|76.1!37.5(26.9/170.5/107.3|14.11447.| 20i11. | 96.3(31.6{29.2|118.6|221.2} 9.3|525 | 401
Outagamie....| 2(15.0/50.6{27.2|18.7{141.5| 47.8| 6.2{308. 3] 6.4:158.6{22.3(17.7{158.9/2563 | ¢ 629 | 501
Ozaukee , 413 |74 (33 {1 79 | 34 |7 |358 218.175 (40 |14 [184, | 55 (10 (383 | 366
Racine... 4)....67 (3¢ )36 138 {148 | 6 |435 21i....1 96 |23 141 (137 (174 [10 |[489 | 481
Sheboygan 6....183.841, |21 (201 | 56 (23 |431 70....]1 79 |39 (21 (176 { 77 [26 |420 | 425
‘Walworth, 149 (78 |39 |11 (184 | 28 | 7. {370 718 | 68 [36 |15 |201 7 18 1346 | 366
‘Washingtorn .. 9/....|77 J41 |11 (183 | 73 ]13 {309 0l 3 (103 43 |28 (211 | 74 113 1477 | 438
Waukesha.,..| 4114 (73 |37 |19 |[190 45 113 (391 413 | 69 35 |10- (155 (107 ...|389 | 390
Winnebago.... 7)..../64 |41 |18 (198 | 47 385 0' ........................ veesfens.| 385
Mean........ 149!12 75 139 21 1184 (66 (14 (408 113 11 I 88 (32 (30 (157 13415 466 | 435
Average of 262 analyses for the District............ {11 | 81 136 (25 172 | 92 15 (435[....

‘While the maximum range in mineral content in the water in the
several counties is from 250 parts per million to 964 parts per million,
the usual range is between 300 and 550 parts per million. Including
the 26 analyses of spring waters at Waukesha and also some other
spring waters, the mean mineral content of 149 analyses of waters
from surface deposits is 408 parts per million, and the mean mineral
content of 113 analyses of water from wells in the rock is 467 parts
per million, the average of the total of 262 analyses being 435 parts
per million.

The numerous mineral springs at Waukesha appear to be appre-
ciably lower in mineral content than the usual groundwaters of this
distriet, the 29 analyses of these spring waters showing a mean con-
tent of 373 parts per million of mineral matter. The mineral waters
of the Waukesha springs are classed on the market, generally, as light
table waters. If the large number of analyses of these spring waters
be excluded in calculating the general average character and mean
mineral content of waters for the surface deposits, the average mineral
content in the surface deposit wells would be 420 parts per million.
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As in the other districts, calcium is very generally the most im-
portant basic constituent. However, sodium and potassiumt are rela-
tively much more important in this district than in the other districts
and is usually more important than. magnesium. Carbonate is very
generally the predominating acid radical, though sulphate is more im-
portant in this distriet than in the other districts. In many of the
waters, the sulphates exceed the carbonates. The underground wa-
ters of this district, therefore, are generally appreciably higher in so-
dium and potassium and in sulphates than in District C.

An area in Kenosha county contains ground-water in the surface de-
posits and the Niagara limestone in which sodium and potassium car-
bonate is relatively high and calecium and magnesium carbonate rela-
tively low. These waters are soft waters of a somewhat different type
from those in Distriet A, of the north central part of the state. One
of the waters analyzed from Kenosha County, see page 183 is appar-
ently a typiecal ‘‘alkali’’ water. ' '

‘With the exception of the soft sodium carbonate waters in Kenosha
county, most of the waters analyzed in this district contain more than
300 parts per million of those mineral constituents, calecium and mag-
nesium earbonate and caleium sulphate causing hardness in waters, and
hence, aceording to the classification adopted in this report, the waters
of this distriect would usually be very hard waters. The average hard-
ness of the 262 analyses is about 350 parts per million.

The hardness of the prevailing ground-waters of this district, how-
ever, as already stated, is about the same as that of much of the waters
in the so-called soft water districts in the adjoining states south of Wis-
consin.

The analyses show a mean content of about 4 pounds of incrusting
solids in 1,000 gallons of water, the usual range being between 3 and 5
pounds in 1,000 gallons, as compared with a little over one pound in
Lake Michigan water.

ExcEpTIONAL WATERS. HicHLY MINERALIZED WATERS

In various parts of the state, waters of very high mineral content have
been encountered. Sinece these are of relatively rare occurrence, they
may be classed as exceptional rather than normal, though they are of
course, of perfectly normal development in the rock strata in which they
oceur. ,

In some parts of the state, an underground water with mineral con-
tent of 800 to 1,000 parts per million would be. exceeptional, while in
other parts, water with only 500 or 600 parts per million would be
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exceptional. With respect to underground waters of the entire state, it
appears to be a fair assumption to consider waters containing above
1,000 parts per million of dissolved solids exceptional or unusual. Those
below 1,000 parts per million in mineral content are considered as of
fairly common occurrence and, therefore, have been included in arriv-
ing at general conclusions in regard to the average prevailing chemical
character of the waters likely to be encountered in the various districts
above described.

DigtriBUTION oF HIGHLY MINERALIZED WATERS

There appear to be only 18 places in the state in which waters above
1,000 parts per million in mineral content are definitely known to have
been encountered. Most of these places (See sketch map Plate V) are
-distributed about the border of the state, and many of the localities oc- .
cur along the shore of Lake Michigan. No highly mineralized water is
known to occur in the area of soft water in the north central part of the
state. However, highly mineralized waters are likely to be found in the
future in all parts of the state, although their relative abundance and’
distribution are very likely fairly well indicated by our present knowl-
-edge of their occurrence.

The location, geologic source and total mineral content of the highly
mineralized waters are shown in the following table:
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TABLE 26. Skowing locality and source of highly mineralized waters and salt waters.
Depth of . Total
County. Locality. well in Geological formation. mineral
feet. content.
Ashland ...... Ashland 3,095 | Lake Superior sandstone (Ke- 945a
WEENAWAN)...ctuierrrarssarsanas
Brown ........ Askeaton............ 1,000 | St. Peter and U an
SANASIONe. .. vvvuiivioerninninns 1,886
Crawford......| Prairie du Chien.... 960 | Upper Cambrian (Potsdam)
Sandstone.....ooviviiiiniennnnen 2,333
Florence...... Florence............. 2,075 | Pre-Cambrian carbonaceous 18,799 dis.
SChISt v vviiiiiiiiiiiiienieiens solids.
5.122 volatile
Jefferson ..... Palmyra............. 750 | Upper Cambrian sandstone..... 11,594
Jefferson ..... Waterloo .v.ovveueenes]innerenss. Probably Upper Cambrian sand-
Stone.. ..ol 2,372
Manitowoc ...| Manitowoc 110 | Niagara limestone. . 044
Manitowoc ...| Manitowoc 150 | Niagara limestone.......... 3,244
Marinette ....| Marinette ...... . 716 | Upper Cambrian sandstone..... 1,218
Milwaukee ...| Milwaukee Spring? | Glacial drift or Niagara lime-
SEODC. v e iieiiiorintianrcnssaces 4,643
Milwaukee ...| Mllwaukee .......... 160 | Niagara limestone............... 1,476
Milwaukee ... Milwaukee .......... 1,048 | St. Peter and Upper Cambrian
. SandStONe ..v.vuieiiviiinenirens . 1L, 419
Milwaukee ...| North Milwaukee,..| 1,600 | St. Peter and Upper Cambrian
sandstone 1,266
Outagamie ...} Town of Buchanan 8 | Galena limestone or Cmcmnatl
shale 2,132
Qutagamie ...| Kaukauna.. 798 | Upper Cambrian sandsto 1,350
Ozaukee...... Mequon..... 1,420 | St. Peter and Upper Cambria.n
sandstones.............. 2,552
Polk.........u Near Osceola........ 50 | Upper Cambrian sandsto, 4 1,457
Polk...ouvnne. Near Osceola........ 40 to 90 | Upper Cambrian sandstone at
. contact with Keweenawan .
17 1 « T NN 16,995
Sheboygan ...| Qostburg............. 550 | Probably Niagara limestone... 1,180
Sheboygan ...| Random Lake....... 1,038 | St. Peter and Lower Magnesian
. formations......oooerueinveannn. 1,246
Sheboygan ...| Sheboygan Falls....| 1,200 | St. Peter and Lower Magnesian
’ formations ......oeeiiveineieinn 7,382
Sheboygan ...} Sheboygan .......... 1,476 | St. Peter and Lower Magnesian
formations.......cooveiiiinnenns 10,053
Sheboygan ,..| Sheboygan........... 1,402 | St. Peter and Lower Magnesian
formations ......oveviviiininnss 10,441
Washington ..| Hartford............. 14 | Surface formation............... 1,313

a Average of 3 analyses of samples taken at 1435, 2000 and 2800 feet,

Besides the occurrence of highly mineralized waters at Ashland, salty
water is also reported in some of the deep wells at Superior.

The depth of wells in which highly mineralized waters have been en-
countered, range from only a few, feet up to over 3,000 feet. The depths.
of wells, as shown in the table, are total depths and the exact depth at
which the salt water was encountered is very generally unknown. In a.
few instances, however, the depth of strata in which salt water is en-
countered is known and is fully deseribed in the deseription of the wa-
ter supplies of the counties in which they occur.

The geological source of these highly mineralized waters range from:
the surface deposits to the Pre-Cambrian. Most of them, however, are
obtained from deep wells that penetrate a considerable thickpess of wa-
ter-bearing strata, for other factors being equal, the more water-bearing
strata tapped the more likely is a highly mineralized water to be en--
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countered. The deeper the sea of underground water, the higher is the
degree of mineralization of the water, as described more fully later.

Of the eighteen highly mineralized or salt waters twelve are sulphate
waters, five are chloride waters and one, in Milwaukee, is a carbonate
water. ‘‘Caleium’’ waters and ‘‘sodium”’ (sodium and potassium) wa-
ters oceur in about equal proportion among these highly mineralized wa-
ters. The salt water near Osceola in Polk county belongs to the rela-
tively rare class of caleium chloride waters. In only one, the Water-
loo well, are nitrates a prominent constituent.

RELATION OF THE CHEMICAL QUALITY OF THE UNDERGROUND WATER
TO THE GEOLOGICAL FORMATIONS

In the discussion of the quality of the underground waters in various
distriets into which the state has been divided no attempt has been made
to describe the quality of the water in respect to the geologic source
except as such districts are determined by the outcrop of certain geolog-
ical strata. In many instances, it is not possible to determine definitely
the stratigraphie source of the water. Especially is this true where the
wells extend to a considerable depth and penetrate several water bearing
horizons. However, the geological structure of Wisconsin, with the
successive strata lying over each other in regular order from the central
to the outer portions of the state, like an imbricated pattern, lends it-
self very effectually to the satisfactory study of the quality of the water
supplies in relation to the geologieal source. In a very large proportion
of the wells, it is believed the geological sourece of the water can be deter-
mined with sufficient aceuracy for the purpose of comparing the chem-
ical quality of the water in the various important geologic strata.

QUALITY OF WATER IN PRE-CAMBRIAN CRYSTALLINE ROCKS

Only a few analyses of water from wells in the Pre-Cambrian erystal-
line rocks have been made, and since the Pre-Cambrian is relatively im-
pervious, the waters in such wells have very generally seeped down from
the immediately overlying formation of drift or thin sandstone and thus
have the general quality of the water in the surface deposits of the
locality.

No analyses of underground water from granite rock are available
but judging from the analyses of water from glacial drift made up
largely of granitic debris, the waters are quite likely to be uniformly of
very low mineral content, and usually soft water. The chemical com-
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position and slight insolubility of granite is also such as to indicate that
waters of only very low mineral content characterize this class of rock.
The groundwater in dark colored basic igneous rocks which are re-
latively low in silica and high in caleium, magnesia and iron, such as
greenstone and the Keweenawan trap, are likely to be more mineralized
than the waters in the light colored silicious granites and gneisses. The
water in the Keweenawan trap rocks appear to be mineralized to a .con-
siderable degree in many of the deep copper mines in the region of up-
per Michigan.! It seems very probable, therefore, that somewhat similar
highly mineralized water may oceur in the Keweenawan trap in Wis-
consin, Such highly mineralized waters, however, are not so likely to be
encountered in ordinary shallow wells in the trap, as in wells of ton-
siderable depth.

The ground waters available for water supplies in the Pre-Cambrian
rocks are very probably mineralized only to a slight extent.

‘Waters in the quartzite are likely to be low in mineral content, and
the same is also probably true of waters in the slates and iron-bearing-
rock. Two analyses of water from the Pre-Cambrian iron formation
rock in the Baraboo district (See page 558) contain only 134 and 147
parts per million of dissolved solids. Slate formations, however, that
contain carbonaceous matter, and iron pyrites, (iron sulphides), are -
likely to be highly mineralized, as shown by the salt water from the
Florence iron mine. (See page 329).

While the underground waters from shallow wells in the Pre-Cam-
brian formations within the outerop area of the Pre-Cambrian arc
likely to be low in mineral content in granite, quartzite, slate, and iron
formations, highly mineralized waters may be encountered from deep-
lying sources and especially in certain phases of Pre-Cambrian gra-
phitic and pyritiferous slates and in the Keweenawan trap.

The depth of the sea of underground water in a water-bearing for--
mation, as a factor affecting the mineral content, is more fully re-
ferred to in the following pages and the application of this principle
to the mineralization of the underground waters in the Pre-Cambrian.
is briefly referred to on page 197-9.

QuaLITY OF WATER IN THE LAKE SUPERIOR RED SANDSTONE

~ Adjacent to Lake Superior some of the deep wells in the great thick-
nes of red sandstone and shale appear to contain water of relatively high
mineral content and often of distinectly salty taste. While only one an-

* A. C. Lane, “Mine Waters”, Lake Sup. Min. Inst.,, Vol. XIII, 1908, pp. 63-152.



THE MINERALIZATION OF UNDERGROUND WATER. 175

alysis of highly mineralized water from this formation is at hand (See
page 233) waters of salty taste have been reported to oceur in other deep
wells in this formation at Ashland and at Superior, and judging from
the character of the formation it appears to be likely that highly min-
eralized waters are a characteristic feature. Highly nineralized or salt
waters, however, are not so likely to be found in shallow wells as in deep
~ wells in this formation for in the shallow wells the slightly mineralized
surface waters are likely to predominate. In a general way also, the
deeper the well, the greater the chance for penetrating salt water hori-
Zons. ) :

The very great thickness of the red sandstone in the Lake Superior
basin (estimated to be 22,000 feet)-and in consequence the great depth
to which the underground waters extend, undoubtedly exerts a potent
influence on the high degree of mineralization of the underground wa-
ter and is referred to again on page 198.

QuALITY OF WATER IN THE UPPER CAMBRIAN AND ST. PETER SANDSTONE

The Upper Cambrian (Potsdam) and the St. Peter sandstone forma-
tions, as well as the interposed Lower Magnesian formation, may be con-
veniently discussed together, since there is generally no essential differ-
ence in the quality of their waters. Furthermore, it is generally im-
possible 1o separate these formations from one another in many of the
deep wells, on account of incomplete data, as well as the variable thick-
ness of the strata within the St. Peter and Lower Magnesian hori-
zons. The faet that the quality of the waters is about the same, whether
from the St. Peter sandstone or from the Lower Magnesian strata has
also been noted® in the outerop area of these formations in north-
eastern Iowa.

There is a gradual increase in the mineral content of the water in
the sandstone water-bearing horizong as their depth below the land sur-
face increases, and hence it is of interest to discuss separately the qual-
ity of the water in the sandstone horizons with reference to their posi-
tion under the overlying formations of Galena-Platteville (Trenton)
limestone, and under the Niagara limestone, as well as within the general
outerop area of the Potsdam and Lower Magnesian formations.

1“Underground Water Resources of Iowa”. TU. S. Geol. Sur. W. 8. P. 293,
p. 102. ~ -
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QUALITY OF THE SANDSTONE WATER IN THE OUTCROP AREA OF THE UPPER
CAMBRIAN AND LOWER MAGNESIAN FORMATIONS

Within this district, mainly Distriet B, above described, the wells in
this group may range in depth between a few feet up to 600 or 1,000
feet. However, in those wells, waters of which have been analyzed, only
a few are more than 500 feet deep. These wells are usually in cities lo-
cated in the valleys, and hence the waters probably represent a fair aver-
age of the water that has seeped through the entire thlckness of strata
extending over the surrounding region.

The average mineralization of the waters in the sandstone within the
general outerop area of the sandstone from 42 wells in Adams, Barron,
Chippewa, Columbia, Dunn, Juneau, La Crosse, Monroe, Pepin, Polk,
St. Croix, Sauk, Trempealeau and Vernon counties is shown in the fol-
lowing table:

TABLE 27. Average mineral content of the water in the Upper Cambrian (Potsdam)
sandstone in the general outcrop area of the Potsdam and Lower Magnesian.
(Parts per million.)

9 3 ;: g E ° E . k=]
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1 20 33 14 2 85 |...... 4 163

1 26 9 5 1 24 2 1 75

2 Jeiaeen 20 10 |11 45 4 25 117

2 Jeeeses 48 26 8 | 131 12 8 244

4 17 4 19 16 80 81 16 287

5 61 23 10 | 131 30 8 283

8 10 33 15 6 74 23 8 175

2 5 54 30 8 | 156 11 1 265

2 8 43 14 q...... 89 16 |[...... 170

4 12 44 17 9 116 10 7 217

4 10 37 17 3 98 1 3 173

3 7 41 22 8 121 14 5 228

2 ... 45 24 3 |11 12 9 216

42 1 41 18 8 98 20 8 209

‘Within this district of the outerop area of this group of water-bearing
strata, the average total mineral content of 42 analyses of underground
water is 205 parts per million of dissolved solids, the range in mineral
content usually being between 100 and 300 parts per million;
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QUALITY OF THE WATER IN THE SANDSTONE UNDER THE OUTCROP AREA
OF THE (GALENA-PLATTEVILLE LiMESTONE

This district corresponds closely to District C. (See Plate V), and
wells range in depth from about 200 or 300 feet, in the case of those
which penetrate through the Galena-Platteville and enter only a short
distance into the immediately underlying St. Peter sandstone, to those
1,000 to 1,700 feet deep that reach mainly or entirely through the Pots-
dam sandstone and all overlying formations. While there is undoubt-
edly a mixture of the water from the (Galena and Platteville limestones
with that obtained from the underlying sandstone in many of the wells
that penetrate both groups of strata, yet in most instances the source
of the water under consideration appears to be mainly or entirely from
the sandstone. Especially is this the case in those wells that obtain
strong artesian flows from the sandstone underlying the Galena-Platte-
ville in the eastern part of the state.

The ave