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THE UNIVERSITY AMD WAT™E SUPPLY PRORLEMS

Quantity and / Chemical Quality
Introduction

Waters ig one of the major natural resources. Because disease-
produeing bacteria do not exist far below the surface of the ground,
underground waters furnish the safest water for human consumpiion. True,
polluted surface waters can be vurified by filters and chemical treate
ment but such is neither an economical nor a practicable method of obe
taining drinking water for farms or small commnities, Because the
conduction of heat is slow throush the ground undergrounl waters derived
from modesnte depths of not more than a thousand feet have a mol;e equable
temperature than do the waterg of lakes and streams, one which is very much
below the average air temperature in the summer months. Increasing demands
are being made upon ground waters for cooling steam ani refrigerating conden-
sors as well as for air-conditioning and for certain chemical industries.
The total amount of ground water is determined by first the portion of the
average precipitation which enters the earth and second ;;:{e available openw
ings in the earth, The amount which can be obtained at a glven spot is
limited by the velocity with which water can pass th®ough the openings at
that place., Thus it comes about that not only is the amount of underw
ground water at any locality dependfnt upon geological conditions dut it is
possible vhere demand is concentrated to reach a limit of production beyond
vhich regovery is not economical. The usefulness of ground waters t0 man
alsoe depends upon the smount of and th- nature of the dissolved matter which
they contain, In times of extreme drought as from 1930 to 1934 the need f,,

conservation of ground waters is apparemt to all, for then rany surface

supplies from stireams and reservoirs faile



THE UNIVERSITY OF WISCONSIN
Department of Hydraulic

and Sanitary Engineering . March 24, 1936

Messrse. F. W. Thwaites W. B. Stovall

E. R. Jones E. A. Birge

M. S. Nichols C. Juday

L. E. Noland F. M. Dawson

H. ¥. Buf D. W. Mead

L. H. Kessler M. G. Glaeser

E. L. Sevringhaus ; A. T. Lenz
Gentlemen:

Owing to the fact that all the water resources studies
of the Science Inquiry overlap to a great extent and that I
am on three of the committees it oeccurs to me that a general
meeting of those interested in the Water studies might be
advisable,

Eventually it is logical to assume that these studies
will be integrated into & whole and it seems that much of the
correlation might be done to better advantage now than later,

I have discussed this question with several members
of the committees and now ask if it would be possible for you
to attend a meeting at the Hydraulic and Sanitary Laboratory

on Friday, March 27 at 4:30 to go over a general outline,

Sincerely yours,

;91hﬁw;§l~umn~

F. M. Dawson



Amount and Distribution of Waters in Wiecomsin

T econsin is particularly fortunate in the avallability of
water which is suitsble for human use. North and sast 1ie Lake Superier
and Lake Michigan respectively, wvast reservoirs the failure of which
is impossible so far as human experience can foretell. On the west is the
Mississippl River which has never been known to run dry. Throughout most
of the state lakes and streams are abundant, although the dry years of
1930 « 1934 showed that the lavel of these is subject o marked recession,
Low lake levels then caused serious loss to owners of shore property, and
it 48 evident that such lakes could not be drawn upon for humen consumption
without much increasing this damage during time of deficient rainfall.
with respect to underground water the State is almoet equally fortumate,
Pig. 1 shows that there is only a relatively small area in central Wisconsin
where wnderground water supplies are 4ifficult to obtain, The accompanying
table shows the geological dlstribution of waters and fig. 2 demonstrates the
enormous underground reservolr which exists in the sandstones which not

only underlie cur state but furnish water to deep wells in adjacent states,

The Problems « Ground Water

It can not be sald that there 1s a ground water problem; rather
there are many problems all more or less interelated, which involve
geology, chemistry, meteorology, physics, bacteriology, engineering, and
laws Only a few of the problems have as yet been solved in a satisfactory
manner, Many faets are lmown but the interpretation of these facts, the
ﬂ, of the existing conditions that remains uncertain in amay instances.

(1) Geologloal problemss The distribution, and the gemeral



character of the waterebearing materials is already well known gqualitatively.
The accorpanying cection from central Wisconsin southwest into Iowa indicates
that we can map the water<bearing formations quite accurately., DBut quani.
tative knowledge of porosity is still lacking; it is not yet possible elther
to define or to explain the areas where formatioms which are elsevhere

productive =re almost imperveous.

(2) Chemical problems. The dissolved mimeral matter in under-
eround waters ig in general closely connected with the mature of the material
in which they occcur and is, therefore, related to geology. In regions of hard
rocks, like gromite, the total maocunt is emall and the waterz are classed as
g9ft. In districts where limestone is present the waters are hard, consume
soap, and formacals in boilers and hot water heaters. However, geology is
not the whole story. In any civen wterwbearing formation there ig a change
with distance form the surface mterop. There is a relatively sharp contact
between the moderately hard waters at shallow depths and the extremely hard -
waters unier the cover of overlying impervious strata. Below that there
is another zone where the increase in content of common salt sppears %o be
abfapt. Below that 1ittle is known as the waters are not potable, The probe
lem 1s difficult of solution for most deep wells draw on more than one water-
bearing formation. 3t is probable that the key 1ies in rapidity of the
eireulation of the water but changes in the mature of the dissolved substances
through chemical sction with the containing rocks muet also be considered.
Three substances which, a!.t:hm:gh present in minute quanities, are most
annoying are iron, manganes, and f‘iwrim. Yery little 1s definitely knowm
of the origin and geologlc relations of these for most publiched water an-

alysess ignore them, Other unsolved problems invelve changes in mineral

content of waters as the result of variations in rainfall or of prolonged



withirawal from wells. Little is lmown of the composition of waters from

deep sources before the pressure is reduced by Wringing them to the surface.

(3) Meteorological problems. Studles of the variations in the
level of underground water as a result in changes in rainfall have just been
commenced by the Conmervation Commission. Until such scientific measurments
have been caried out for a term of years it is impossible to answer the probe
lem of the relztion between vegetal cover and the level of wder tsble or the
problem of chenges in amount of soakein as a result of deforestation, culti-
vetion, or pasturage. Many of theemmmonly accepted ideas on these subjests
will undoubtedly bde modified when accurate data are available. TFor instance,
a marked vecession of the waterwtable in Portuge County was formerly refered
without question to deforest:tion -nd cultiwation wheras heavy rainfall in
later yesrs proved that this conditien was due to the drought of the '90's,

(4) Physical problems, Problems of underground waters related to
physics comprise more knowledge of the pprosity and permiability of the water-
bearing formations, the temperatures of waters at varying depths and at dif.
ferent times of year, and the rate of movement under different conditions, Little

data i3 now available along these lines.

(5) Very little is lmown of the viability of disease-producing
bacteria vnderground. The classic experiments at Fort Caswell, W, C, are
the only attempt in this counitry to obtain scientific information on this
important subject. Except in fissured rock we know next to nothing as to the
actual behaviour of contaminating solutions such as those introduced by
drainage wells and other subsurface sources of pollutiom, or indeed of the role
played by the goll in protecting underground waters from dangerous organisms,

(6) mnomg problems. Wherever there is abnormally concentrated



demand for undergroun® waters there is grave danger of drawing upon the
supply faster than it can be replenished by transmiscion through the grm
from other localities., At Chicago the enormous amount of water pumped

from deep wells in the stock yards district has lowered the water level in
wells more than 300 feet in less tham HO years. This will secon mean thot

the recovery of underground water will be vmprofitable:. In other localities
prolonsed withdrawal has intreduced non-potable salt waters from below. In
other places improperly comstructed wells have allowsd the surface waiers
vhich were orizinally of good quality to become mixsd with nonwpotable waters
from below, In other places drainage wells and abendoned wells have caused
demage to water suﬁg,-ues. Yany wells have been cm&ma& ag unsafe; they
were themselves constructed improverly snd allowed contamin=tion to enter at
the top. The correction of these cénditiana involve problems in enginsering.
Undue lowering of the water at a given locallity may, for instance, be min-
imized by proper spacing of wells. In other places proper comstruction of wells
will prevent lowering of the water level in shallew wells by drainage down
deep wells to formationes where the preasure is less. In rany places it is
desirable to draw separately wpon differemt sources because the water level in
each is go different. The discovery and mpa; plogeing of aband oned wells
ig a problem in itself, The 1life of well casing ie also an important problem.

(7) Legal problems commected with ground waters imvolve interference
of wells, such as the drainage of shallow wells ani springs by large wells
adjacent. In some localities quarrying ani mining eperations have destroyed
shallow water supplies and in others unchecked flow of artesian wells, often
locally called "fountians®, has caused the cessation of flow in adjacent wells.
In some places the unrestrained flow has been from abandoned or improperly
cagsed wells into the soil rather than at the surface. Nonwpotable waters have



spread fram improperly constructed wells with disastrous results o ad jacent
ground water sup-lies., Under a declision of the %tate Supreme Court involving
interference of flowing wells well owmers are left without any legnl remedy
in most of these situations, "he possibility rmet also be frced th-t during
periods of extreme drought it may be necessary to restrict the use of ground
water for industrial purposes because such waters are more valuable for human
consumption, ¥ith increased use of ground weer for aireconditioning serious
interference with publie water suprlies mey arise.
The problemg-gurface waters,
Introduetion ;

~ Because of thelr accescibility swrfaee watsre lend themaslf to
accurate study more readily than do those below the ground., It 1s, thersfore,
possible to eetimate the available amount falrly aceurately and the sthay
engineering prodlems of develomment are in gemeral rmch more sirmle thon are
those of ground water supply. As mmach of the water of stresms an’ lakes ig
direct runoff from snow or rain the smount of mineral matter aversges much
less than in adjacent grownd waters, The -gzresate amount of available sure
face water is in most places far in excess of zimt- undereround, Ou the sther
hand disadvantages of surface waters for bhuman conewmption and ipdustrial
use include; (a) great varistion in amount with chenge in precipitation by
reason of the more rapld movement, although this statement does not aoply %o
the Great Lakes, (b) great variation in amount of dissolved subsiances which
reach a maximm when slight rainfall mekes them chiefly springs weter, be
great range in amount of suspended matter, (d) presence in many waters of
large amounts of organic compounds which cauce wndesirable color, odor, and
taste and vhose complete removal by treatment 1s almost impossidle 2t presenmt,
() great range in temperature vhich may be 80 hizh in summer as to make very
unpalatable drinking water or to require an uniuly large COnsumption for



¢dooling, md (f) contamination by humem and industrial wastes which invelve
difficult problems in frestment to renisr the water safe for driniing.

The problems of surfade waters from the stanipoint of human cone
sumption cover much the same field as deo those of underground -svpplies.-
(1) Problems in chemistry of surface waters meinly involve organic com
pounds derived from awamps. dron =nd mangzsnese are nod important in
surface waters. TVastes from certain industries such as paper mills and gas

works also invelve problems.

(2) studies of the discharge of streams and the level of lakes are well

in ahnd by various governmental agencies so far as the n-eds of waterpower
and navigation require. Data on small streams and most inlund lakes seem to
be lacking.

(3) The most important problems of the utilization of surfase waters are in
the field of engineeringz, ‘'lthough the bacterial purification an? softening
of walers has reached a stalsfactory state of perfection the problems of

taste and odor removal are «iill unsolved for many kinds of water, Temperature
reduction of public supplies during the snmmer months is an entirely untouched
problem which would ald very greatly in promoting the palatibility of many
supplies and combating popular prejulice againet curface waters. A most
important poszibility for the furure is the development of regional water
suppliss similar to electric power distridution systems., It would be entirely
feasable Lo supply & large part of the more densely porulsted section of 'M.i-‘
consin from a few large pumping and treatment plants on the shore of Lake
Michigan, The hardness of such a suprly would be decidedly less than thag

of most underground waters im the region and water gould then be ohtained from
the lake at pointe remote from contamination and st depths where ccol water

is always present, Studies to determine the ultimate cost of such a2 project



as comparsd to local supplies now in use are moqtj'duirahlo. Collection of
more data on stream flow and lake levels is also needed,

Studies which have been made at the University
Comparatively few stulies of water supply prohlems have been made at the
University. Published reports vhich refer to problems in Meconsin and ade
Jjacent regions are;
W, G, Kirchoffer, The sources of water supply in Wisconsin, Univ. of Wis,,
Bull, 106, pp. 153 « 249, 1905.
Samuel Weidman and A, R, Schultz: The underground and surface wateresupplies
of Wisconsin, Weconsin Geol, and Nat, Mis. Survey Bull, 35, 664 pp, 1915.
C. 8, Slicher, The motions of mdargr}md vaters, U. 5, Geol. Survey Water
Supply Paper 67, 106 pp. 1902,
Te C. Chamberlin, The requicite and qualifying comditions of artesian wells,
U. S, Geol. Survey Fifth Ann{ Rept., pp. 125 - 173, 1885,
7, C. Chamberlin, Artesian wells, Geology of Wigeconsin, wvol. 1, pp. 689 - 701;
1883,
D. ¥W. Mead, The geology of Wisconsin water supplies, 19 pp. 1894,
Moses Strong, Geology of the Missiseippl region north of the Wisconsim'River,
Geology of isconsin vol. Y4, pp. 57 - 63, 1882,
Annomyous, Public water supplies of Wisconsin, "isconein State Poard of
Health, 31 Pp. 1935.
F. 7. Theaitss, Stratigraphy and structure of northeastern Illinols with
special references to unmderground waters suprlies, I1llimois Geol.
Survey Rept. Invest. No. 13, 49 pp. 1927.
Anonymous, Public Water supplies of Wisconsin, Wiscongin State Board of Health

31 pp., 1935



Unpublished theses comorise:
dndrew Lel th, Waters of the St. Pster sandstone, Masters thesis, 1927,
R, C. Lund, Underground ¥aterg of the Niagara limestone, Masters thesis, 1928,
P. R. Wright, Geologlc Structure of the Cembrien of Southeastern Wisconsin,
Baghelor thesis, 19%0. o
Specian investigations of the ironemanganese problem at Ban Claire were made
both by E. F. Bean and F, T. Thwaites, Although the seisntific nspects can
practical

hardly be called settled the:net result was the development of a
new supply which up to date haé been a very great improvement over the former
source. Some of wne nvudies of the lakes waters have involved study of ad-
jacent underground waters and of other features important to human use,
Chauncey Judsy, B. A, Birge, and V., W, Meloche, The carbon dioxide and hydrogen
ion entent of the Lake Waters of northengtern Wisconsin, Wis, Acad, Sei., Trans,
vol. 29, pp. 6164, 1935,
Chauncey Juday and E, A, Birge, The trancparencey, the color and the specific
conductance of the lake waters of northeastern Wisconeing
Ibid, vol. 28, pp. 247-253, 1933.
Studies now being made at the University

In 1912 the U, S, Ggological Survey presented all of the samples of cuttings
from wells in Wisconsin to the museum of the University of Wisconsin. After a
few years this work was supportel im part by the State Geologieal Survey (now
a part of the University)., By gradual growth this work included all problems
connected with welles insofar as extremely limited funds and time allowed the
data to be ecollected, Oontacts have been made with many well drillers, water
superintendents, and engineers, as well as with the Conservation Commission, the
State Laboratory of H!’Elm and §he State Board of Health, but cooperation is
only informal although genaraliﬁr helpful. 7The work of Messers Birge amnd Juday
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on lakes has furnished mch valuable data on termpera‘ures as yst unpublished,
The work of the Stabe laboratory of Fyglene is mainly on the sanitary
quality of waters and omly incidently on their chemical quality. Amljw: are
limited to determinations of practical importancs anl to those made at minirmm
expense. ¥No utt.:mpt has yet been made to corrslate the available chemical data
there collected with geological econditions. Work on fluorine in ground water
is now in progress,
Regearch needede
The problems of water supply outlined sbove show very clearly the need of
cooperation between departments of tle University, Very few of ther can de
carried to satisfactory completion by a man whose training liees only in one
field, TFor instance, most publiched reports on unlergrouni waters neglect data
which is essential to encineers who rust estimate the cost of develooment and
recovery. Very few rapoétu have made anv serious effort to correlate the geol-
ogy of the region with the chemistry of the waters. The following sugrested
lines of research make no pretense to be eshaustive of the fleld,
In the field of chemistry |
Areal manping of other characteristics of underground waters than total solids
might furnish a c¢lue to the origin of iron and mesnganese in underground watere,
Suchdata would probabl- allow the construction of vells so as to minimize these
objectionable substances. In this connection it is quite probatle that deter
minatimu.othﬂr than kfgou made by most mly:intgf;;. would be of greater value
in the problem than théaa now available, Studies of the minerals in the rocks
which give rios to the natural soft waters -hiéh have undergone base~exchange
are important, The tracing of the chemical changes within a given waterbearing
formation with distance frorm ite exposure at the surface are of prime irportance
although hindered by the fact that most deep wells produce from more than one
such formation, Areal mapping of the chemiczl properities of the deeperwssated
potable waters would undoubtedly facilitate the extension of the area in which
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such waters can be recovered by proverly constructed wells, The dreu@lf-af

1934 showed how important "standeby" deep wells are when surface streams and
ruervoira !‘ail;

Study of changes in chemieal gpmnaition of waters ag related to precipitation,
time of year and prolonged withdrawal are nlse needed,

Problems of the distribution of saline waters and of taste, odor, and color
removal of surface waters are algo meeésiary,

In the field of geolosy

Extension and rev :ion of the eristing cross sections and subsurface contour

maps of waterewbearing formations is nesded to facilitate forecasts of the depth
at which production may be expected. Areal mapping of the capacities of proe
ductive formations would also be desirable could the data be secured, Correlation
of run off with zeology 1s also desirable.

In the field of vhysies

Determination of underground temperatures at different depths and, at the shallow
er depths; at differsnt times of the year are much needed, Such information is

of great value in securing waters for ecooling,

In the figld of bacteriology
Tuorther research into the viability of basteria umderzround and their spread

from a point of entry into ground water are greatly needed,

In the field of engineering.

The locating and pingeging of sbandoned wells needs studr to determine the beat
methodg, Use of the current meter or other instruments to find uwnderground
leaks in wells is important. It is also possible that electrical measurement
similar to those made in o0il wells would yleld waluable 1@%“@.

Changes in the yield of wells for a given amount of lowering of thﬁ water level
(specifie capacity) demand study to deterrine the cause or couses and their

remedy, Proper casing of wells o irprove the danitary or chenmical quality of
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the water and to prolong the useful life of the well is another rressing problem,
Study in part with modele of the lowering of water adjacent to produecing wells is
also needed for many of the mantematical formlae now in use are baged upon assumpe
tions rather than experiment., The problem of temperature control of surface sup-
plies is vital to their further development and it may be sugrested that it is
possible that proper construection of _stqm:ge regservoirs for treated water might
prove a satisfactory solution. Reesrch on the feesibility of regional water
supply asystems ig important in connection with the formulation of a national water

supply policy for the prover conservation of desirable sources of water supply.

Summary

It is evident t!-.-.nat few if any of the foregoing subjsctuy of reszearch can be
solved by men whose experience liss wholly in one field of science. They entail
the cooperation of men who are versed in several different hranches of learning,
"hen 1% comes to s bjects of research by advemced students it is a deplorable
fact that most students choose thelr "minor® because it is easy and not because
it will Telp them by broadening their Imowledze or becanse it is essential to
theiy research, It is rare for geology majors to minor in either physics or
chemistry, Tew students who major in chemistry or physics ever take any geolozy.
¥here the problem lies between two differsnt colleges of the Thiverasity existing
rules do not encourage students to take work in more than one, As a result few
engineers except mining enzineers have any extensive knowledbe of ~eclogy. It
is also evident that in the effort to solve any of the foregoing problems other

problems, many of them undreamed of, will be dlsclosed.
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Courses offered in the Universitr which bear upon ground water problems
Collasze of Letiers and Science

@clay Credits
Geology 1, General geclogy 10
9, Engineering geology 6
& 8 Survey of geology 3
weteorologyy .
W Wéather and climate. 3
106 Climatology 3
Chemi stry !
1 General chemistry 10
11 Quanitative analysis 6«10
130 Physical chemistry 3
113 Water analysis 1

College of Fngineering Hydraulie engineering

1or2 Wrraulics 3or b
110 Fydrology 2
s Mvanced hydravlies 2
121 Water surply engineering 3
119 Hydrological investigation 2
1 Sanitery Chemi:try 2

Collegze of Agriculturs
Bagteriology
1,2 Gsneral survey 8



December 2, 1935




December 4, 1935
POSSIBLE COMMITTYES ON CONSTRVATION OF NATURAL RESCURCES

Twenhofel, Clark, Wehrwein, E. R. Jones, Leopold
Soil maintenance (fertilizers):

Pruog, Christenson, Whitson, Aamodt.

Nichols, Woland, Ruf, Dawson, Kessler, Sevringhaus, $tovall

Lakes:
Birge, Julay
Forestry:

Hinslow, Sweet, Gaus, Rowlands, Sherrard, Trenk, Wehrwein, Harold Groves
Winerals: |

Bean, Leith
¥ild 1ife mansgement:

Leopold, Cole, Tassett, Herrick, Wagner

Hehrwein, Kolb, Lecpold, Aust
and nistrati t

Gaugs, Bunn, Wehrwein, Leopold, Clark.



When the undersigned started work on well records in 1912 the only
aim was to seeure data on the nature and position of the geologieal formations
but as time went on the bearing of geology upon the practical problems of
well drillers and engineers became more and more epparent. Several of
the problems related to the safety of water supplies and thus made necessary
eoooeration with the State Leboratory of Hygisne and the State Board of
Health., The use of walls for the disposal of sewsge also raised impértant
questions whieh ecannot be solved without eooperation with the above
departments. Studies of the minersl quality of underground waters raised
problems whieh ean only be solved by cooperative reseash with experts in
the field of echemistry. Problems related %o bacterial contamination of
underground waters also involve eooperation with bacteriologists and
involve a number of unknown factors,

A:‘J""-"iﬂ‘."!"{z;bl

Future problems of cooperative research whiech occur to mind at this
time are: :

(a) study of underground temperatures partieularly the annual changes |
above the isothsrmal layer and the mean gnnual earth temperatures of :
different loealities. ;

(b) undergrounl travel and life of pathegende Lseteria,

(e} esuse of mimeralizafiom Of watews partieularly wish iron.

{4} study of relation of groum® watzr lev~)l *o rainfall.

(e} veriation in mineraiizativa o7 underground waters with chanee

in rainfall '

F. T. Thwaites, in charge of well
records, Wisconsin Teological Survev



Dear Sir,

There will be a meeting of the Science Inquiry on
Tuesday, December 3, 4:30, in my office, 158 Bascom Hall.

I hope that you will find it possible to attend.

Very truly yours,
GLENN FRANK
President
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