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HISTORY OF GROUED-BATER SIUDIEE 1IN WISCORSIE

by
Fe o Fploy, ¥e Js Drescher ard Gu E. Hendriskson

Groundeveter investigations have Desn carried on in Wiscoensin
for many yesrs by several State agencieg, The Wisconsin Geoleglesl
survey, vader the directiorn of E. F. Bean, State Ceologist, lue
collected well saxples and has prepared well loge eince 1912, with
Fs ¥+ Thwmites in charge of well sazples and logss During the past
two years ¥re Thwmites hes examined over T500 well samples from 107
wollse There are approximetely 61;000 irdividusl samples or file
in the Wisconsin Geologicel Survey from many hundreds of wslls.

The szmples have been furnished by v§11 érillers throughout the
state. The geologle informetion and waZer-level and pumpage deia
on file have been and will be of very srest value to tha current

deteiled groundewetor studiess /

_/ Guamberiin, Te e, Geology of Eisconsims Vels II, Geolegical

Survey of Wisconsin, pps 128 « 175, 1877,

Ragional studies of water resources were made by the Wisconsin

Geolozical furvey mnd the United Stetes Geologiesl Survey during

the early yvears of the zenlury. (‘

x Taldmen, Se 2nd Schultz, ie Re, The Underground and Surfece

Feter Bupplies of Vilsconegin: Wiss Geole end Hat. History Survey, Bulls 35,

1915.
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The #iscorsin Btate Board of Healihr, Bureau of Sanitery
Inginsering, has Yeern interested in groundemmter mupplies, not
oenly in sommection with sanitation end chemleal problems but
alsc in prodlems of supply and ocnservation of ground waters
Their records are sxcellent and will be wery waluabls i: ocurrent
and fulure ipveatigations,

Ar investigation of the groundewnter resources of XilwmuXes
County has beer made by the ¥ilwaukee County Regionel Plannisg
Cormissions 4 report on thet imvestization is now belng prepared.

The 8cll Consarwition Service of tbs United Bitsies Department
of Agriculture has done soms dnvestigatien of ground water in
sonnection with soll~erosion studieces A rumber of obrervation
wells were ostablished in 153, in 8 of whieh water=level msasure=
ments sre still beiny mrde by the “Usr S« Geclogiesl Surveye

The Tiisconsic State Conserwalion Comnission has dons consider-
able exploraiion of shallow ground-water supplies as sources of
weter for fire fighting and in eounection with dralnage arsass
Viater levels in 5 wells sre still beln: measured by the State
Conservation Conzissions

In 194k, 10 observetion wells were esteblished by the U Be
Goological Zurvey in the northern iisconsin River Valley. MNetsure-
ments of weter levels in thal area are being tabulated by ithe
¥iscosnsin Valley Improvemeri Coupany, as well as by the Te Be

Geologioal Survey.
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Initistion of Current Investigmtions

For mary years artesian wells havs supplied water for
munieipelities, industries and domestic use iz Wisconsin, A few
of these wells were drilled prior te 1875+ By 1900 most of the
larger industries of the erxstern psrt of the state were using
artesian well weter, and munieipal supplies in the east and south
of the stats were obtained prinmeipally from artesian wellss. The
greatest concentration of artesian wells and the heaviest punpage
are in the sastern part of the state, pariticularly in the Hilwmukee-
Waukeshs ereas Thers are other local aress of hesvy pumpagze in
ths lerger municipelities. Water levels had been declining for
many yesre in the heavily-pumped artesiarn areas prior to 19L2,
Irerensed use of waler durlng the war years dceslarated the rete
of declire and it beeame meceszsry to lowsr pump settings in wmany
wellss The incressing desand und accelerated decline caused son-
oern anong ground-maber users in the state and it bessme apparent
:hat-nore should Ye known about Wisconsints grourd-mstsr resources.

As a result, & bill was introduced in the 1945 legislature
by the Joint femmittee vm Finence, by request of Hr, Ludvigsen,
zarin- an apgreprietion to the Board of Regents of the University
of Zisconsin, ®» = for the purptes of investigating the underw
ground weter regources of the state, determining the present use
and depletion thereof and recommendinz to the legislature such
action &z may be deemed neceszary te conserve theee underground

water supplies a» & public rescurce®™, The bill autherized the
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tnivergity, "= - t0 sooperste with the appropriate agsncies of the
federil govermment in conduetin: such gtudy®e 2 Uooperative Lgree~
mont was pigred op Jermuary 15, 1946, with the Goesloglesl sSurvey,
Trited Stetes Depertment of Intorior, to sonduct groundewnter gtudies
{n ¥isconsin, Trrunk {, Foley, of the Tnited Steiles Goolegienl Survey,
¥ater Resources Branch, Divigion of Oround Water, was placed in charge
of the federal pert of the imvestigatioms The Universiiy is repre-
serted by & commitiee consisting of E. Fe Bean, State oologlst,
Chairmen, and Professors Xoble Clerk end Arno Ts Levs,

EBre Foley arrived in ¥adison on Februery 1€, 1946, to stert the
investigationgs The deley in starting wes dve in s large part to
non=availebility of quelified personnel. ¥any technioxl mexn of the
Ue B, Geclogicanl Survey were still ez:.. uctive Suty with the armed
forces. ir office was set up edjecent %o the office of the Btate
Geolegist, in Scisnee Hall, st the University st Yadison,

Fergornel, in sdditior to Er. Foley, nov consists of Serth E.
Hendrickson, Gesloglst, who reported for duty si the same tizme as
¥rs Folers Wme. Js Drescher, imgineer, who reported April 30; end
a clerk-stenographer. Durinz the suxmzer months, Es Feo Spitser,

Ee X. Reln and H. Vo Skmirud, University of Eilsconsin civil engineere
ing students, worked full time and Spitger is cortinuiny on a pert
time bseie durins the schocl yeoars

Procuarement of necesssr; egquimnent hes besn difficulie Dellvery
hes been very slow on slmost everything that bas been ordered, but
most basle equipment 1s now or hand and in use. Trsnsportatien was
o dottleneck for & time bui one Ford Panel truck hes been loaned

by the Topographic Eramnch of the Ue Ss Goclogieal Survey and two

halfeton plekup trucks have beer procured from Army Surpluse
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Suffieient stecl tapes for baszic nseds have besn procured and
znore ere on orders Water~stese recorders orderad lest spring
have reesntly dean received ard ton heve beorn inetslleds A
groet 8ol of difficulty Las beon encountersd in odtaluing whe
small amount of malsrlals necessary for econgtrustion of shelters
for ths recoriders where installations must be in the cpen.
Cooperation

The current ground-mater investigations are based on sosperstiem
Betwoen federal, siate, looal and private personnel. It holde true
from the formal coopsratlive &greezent between the University and
the Us B« Cedlogicel Survey, to the collectiion of data from ownera
of private wells.: The cooperation im iHsconsin haa been mplendid
snd oonplstes The State Bosrd of Heslth is making its extensivs
records availadle and ip sotively coopersting iz ml%ecting basic
datas ZThe Milweukees County Reglonel Flaaning Commission has eade
sveiladle date collected during its siudy of ground-misr conditions
in ¥lweukee County ~ date very walwadble in eonnection with the
current inveetizntlonss A1l mupielpal officisls az well ug private
gorporstions end irdividuale kmve readily essisted in the esllection
of detn and have 2llowed scoesz to walls and well records. 7ho
cooporation is particulerly spprecistes in eonvection with pumping
tests where dimruption of normel operating scheduleg has been

NGLBBEEHT S

&wlqg ol ¥ieconsin

A brief review of the geology of %Wisconsin / is presented

/ Hotchkies, We Da And SBean, Bs Po, & briefl outline of the geology,

physierl geography, end ladustries of VWisconsing wWise Gesl. and Bat,
¥t atory Survey. Bulle 67, 1955
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hero, for the opcurrence of ground water and studiee relsting to it
are basically gsologics

The rock formetions of ¥isconsin include pre-Cambriar igneous
ané metamorphis rocks, Faleosoie sandstones, limestones and shales,
and Pleistocone depogits of sand, gravel, ard bowlder clay of
glecial orizin.

The pre«Cambrian rocks ars at the surface or are oovered only
by glaem drift 4n & large area in the narth and porthecentrel
parts bf the states To the eust, eouth, and west of thie ares they are
coversd by Faleotsic strate which dip generally awsy frem the area.
The pre=lssbrisre formetions are of low permeability and do mot yield
Inrge quantitics of water, but ir some placss furnish ensugh for
domestio use.

Cambrian sandstones orop oul to the east, south, snd west of
the sxposed pre-lambrimn., The outerop aree is grestest in the
south and west sections of the etates The Cambrian sxndstones are
the most importent arissien sgquifers in the state, sné in the outs
orop &res they sre also an important sgourse of ground water under

Y

water-table sonditions,

The Lower Mermesian limesgtone overlies the Caxbrian eandestonee
end occurs at the surfece or directly under the glacial drift in
e nsarly eontinuocus, ¢oncentric band arourd the eust, south, and
wast of the exposed Cambrien sandstoness Over a large area in the
wosterc pert of the stets, the Lower Emgnesian limestone osps the
hills with the urderlying Cembrian sandstones exposed in the stream
valleyss The Lowsr Magnesian furnishes water to shallow wells over

part of its outerop ;rad, Thers it occurs as a thin capping en high
hills, it generglily lies above the water table.
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Botwoen the lower Magnesian limestone and the everlying

8t+ Peter sandetone 1y an srosaional unconformitys Aecordingly,
both the Lower ¥agnesisn and the St. Psisr renge eonsidersily
in thiekness, and in some places the lewer Xazresian is entirely
absent.

The aresa in which the Ste Petsr sandstone lios at the surflece,
or directly under the drift, ie relatively smslls It ocours as
s2all patches overlying the ‘Lﬁer ¥aguesien uplands 1n the wost
snd crops out in valleys in the south ard southweszt. It alse
forms & very parrew tand from a point west of Marinette southwmrd
to the stats line just east of Beloit, It 1s an impertant water-
teble aguifer where it crops out in the valleys, and in the east~
ern part of the state 1% ix & soures of artesian water,

The Oslenp=-FPlaiteville limestonep overllie the 8. Peier mande
stone and are vxposod st the surfree, or under ths drift, ss u
esntinnous broad belt from Haripetie County scuthward to the state
lipe, mnd form the upland surfece in the south and southwest perts
of the states Relatively snall patcheg ocour oepping the Ste Peter
saxdstone in the sorthwest and wests The CalenawFlattevills line-
stonog forz ar impertant source of ground water in the outerop grea
in the soutkwesl part of the steta. In mome eress, the water tauble
iz the Galera~Fletteville is perched.

Zhe Richmond shele crops out as a nerrow continuous bend southe
westward from Green Bay, along the east shore of Leke Winnebego,
and southward to the Illinole state lins mear uslworths It alse
occurs as minor peatches capping the Culena~Platteville uplande in

the south and southwest. The sghals ig important as & sonfining

formeticn between the overlying Elsrgaran limostons and all squifers
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belew it, but in itgel? it is of no importance as an aguifer,

The Blagarz limestone overlics the Rishmond ghele in the
erss edjncent to la¥e Michizan, It extends éram Door County
gouthmard to the state lire in Kenoshe Countyi It i importamt
se 2 zouce of both weiler<table and artesgien ground weter, Nost
of the few present~dny llowing wells in enstern ¥iscongin derive
their water fron the Kiegarae In the heavilyepumped sectioms of
the ¥ilweukee ures, whers deep wells are open im both the Flagara
and in the underl:in: sandstones, the ¥iagars 1e losinz water to
the sendstone formstions.

The ¥ilwaukee formation veecurs 22 & nerrow bard alonz the
Leke ¥lokigan shore from Sheboygan to ¥ilweukss, It s compoeed
of limostone snd interbedded gheles It is ef minsr importance
#g & sourse of groupd water,

The pand and gravel of the giaeial drift ig an icportent
gource of ground wster over most of the glassiated area, With the
recent declive in waier level 4n deep welle in certain sreas, the
pogsibility of developing supplles from the glacisl drift s
roceiving fnoreseing attentions. Eecnuse of the eonelderable
vu;iatian in charsnter of the gluosiad drift, even ir- pmell aress,
it iz gemerally nmecsescry to drill test wells prior to the drili=-
ine of & producin: well, 1In the arez2 of pre-lembrian outerop thes
mantle of zlecial 2rift ie, with few sxcoptions, the only possidle
source of grourd waters

Investigatiors in Progress

Gaxneral Ubssrvation Vell Program

A geries of observation wells is beins established ir Wisconsin

wieh will sverntuslly cover the entlire state. Mgaguremsnts of weter
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Isvels are mads in the obssrvation wells et intsrvals, usually
once & weck, ©r ance & monthe Yells are sslected so that, as
far ss possible, sach typs of ground-water ocourrence is represented.
Fater<level dats obtained in order to show fluctuations es & re-
sult of oﬁimatic conditions, water use, and dreinrze are valusdle
in obtaining an oversll picture of grounieguter resources. I
detailed »tudies water=lsvel deta are sssentisl 1n determizing the
sffects o pumping end peasomal tr‘,snds, and for determining draw-
down and recovery durdny pumping terts.

Wherever poseible unused exisiing wells are set up as ob-
servetion wells but some of the shellew wslle have beer driven by
hend using well drive points for specific use ar observetion wells,

it of October 15, 1946, 108 observation wells had been
established in ¥isconsine. Loomtion of the observation wells is
shown in figure 1. Fet 21l individue] wells sre showm in the
¥ilwaukes aree ag thsy ars oo closely spaced to show gatisfactorily,
The group of 11 wellz in the Coon Cresk ares in Yernan and Mounroe
counties was esteblished in 133} by the Soil Couservetion Servios
of the United Steiss Department of Agriculture and wes later taken
over by the Us E. CGeologicel Surveys Recordz of water levels in
the wells have been published in U. S. Gecloglieal Burvey Water
Suprly Papers 777, 817, 840, 845, 886, 908, 9338, 9L6 and 988,
Water levels in 1943 are the latest to Be published but shose for

ter yesrs will appear in due course, both fer the Coor Cresek ares
welle and for mors recently-esteblishsed wells.

The wells in the mortharn ilzcongin River Valley were

established in 134N, A1l others have been established since

the current invesiigations were started, Five wells being mespured
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by the Wisconsin 8tete Conservation Commission are not abown
on the mepe They ere all im northern Wisconein,

Heagurenents of water levels sre made by members of the U. &,
geologlenl Survey staf?, state employees, loeal observers, usually
& person on whose land the well iz located, or sameone living nser-
by, and by munieipsl water deparitmente. Nessurements are mede
with a steel tape from & fixed metsuring poimt and are iaker to
hundredths of & foots

Teter level measurements in one key well, on which date ere
svailable since 193h, refute the belief held by some people that
water levéls generally have deolined Qrastioally in ¥Uisconsin
during the past several yeers. The well is & waterwtable well Il
feet deep, locsted £ miles southwsst of Cashton in Momros Oounty.
Koasurements weres started on Jume 25, 1331, at which time ths water
lovel wes 17.76 feet below land-surface datiume The water level was
at its loweet point durinz the more then 12 years of reecord on
Fedrusry 28, 1935, at whiech time the water level was 18.71 feet
below lend surface datum, The well gtarted to recorer in 1935
and reached the highest level duripg the perisd of record on

¥ereh 53, 1946, when the weter level was only 6410 fest below land-surface

datume

Punpage Dets and Vater Levels in Muniecipslities

The Mireau of Sanitery Engineerimz of the Rieconsir State Board
of Health, has started a very worth-while project to obtain records
of quantity of water pumped and gtatic aré pumpins water levels in
murioips] wells in Wieconsin. Bazic duta and monthly report forms

heve besn primted by the Bureau of Ssnitary Ingimeering.



11
The basic deta sheets are for record of basic informetien on
each well in & municipality, used or unuseds The report forms,
submitted monthly, ere for e daily report of guantity of water pump=
ed in each woll and for a report of siantic and pumpinz water levels
at intervele, preferably at lesst onoc a woeke The forms are sudb-
mitted in duplicate by municipal water superintendesnts with ans
eopy retained by the Surseu of Senitery Engineering end one oopy
going to the Te S» Geologloal Surveye ' Report forms have been gent
to 1) muniecipelities in Wisconsin and it is planned to eomplete
the ooverage of the states Data complled from the reports will
furnish a very velustle record of water used in Wiscornsin eand a
cortinuing check on trende of wnter levels. Nany runicipalities
have kept records of pumperge &nd water levels for years tut many
more have started keepirs records ag a result of the project, The
records are of value to the municipalities &¢ well as to the under-
stsoding and solution of ground-water problems in Wisconsin, The
informetion will be of incressing velue as the period of record
dogomss longers Reporte are dbein: returned, though pot a1}l the
munieipalities bhave resoried ag yet.

Zestern Wisconsin Aree

Fork is belny concernireted ai pressnt i;a esstern Wisconsin
where the decline in weter levels in deep ertesien wells hss
causcd greatest concerns The investigation iz & detailed study
of the water ressurees of the ares, nct only of the deep artcsian
aguifers but also of shallow sources. Hessuremsnte of water levels,
both static end pumping, are beinz mede to determine trends spd to
may; the plesomeiric surfaces. Pumping tsste have becn made and

_ .et)_xlou will be mac to determine the hydraulic characteristics of

- the verisue squifers.
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Btudies of past axd present quantities ef water pumped and the
uses Yo whiech the weter ig put are in progrsss dut are xnot yet
far sendugh advmnced to give total quexntitisg of growunmd water
being withdrawn, Recharge sress and ratss of rechargs will be
investigated, It is plenmed that the ecompleted study will show
present and futtg‘ei offects of withdrawal of ground water on water
levels, the 1nterfereance that cen de expected Letwoon wells, and
the qunt:itiu of water that ean bs withdrawn to develop the
groundewkier resourees to thdf fullest oxtent for pesrennial uss,

Twenty ohservution wells have beer established in Milwaukes
County where declitic in watsr levels ie most widespreeds In each
case the observation well is ar existinz well, XNosi of them are
urmused but & few that are beins purped intermittently are being
measureds Observaiion wolls have been established slso at meny
pointe outside ¥ilwaukee Coumty ae showe in figure 1.

Automatic wnter-stage recorders have bveen plsced o= #ight
wells in essterz ¥isconsine HNore will de set up as soan as recorder
shelters heve been comstructeds All tbose zow im operwtiosn in ir
mmp houses or buildinge where individuel shelters sre not Decessarye
As an illustration of the record provided by an automatic recorder,
shet of tho ¥ilweukee Journal well, leented at 333 ¥est State Street,
%ilwpukee, for the period Septemboer 18 to Octeber 5, is shown in
figure 3, Doily fluctuationg of from about 7 to 12 fest are showu.
The well is in an area of heavy pumpaze where nearby wells are used
largely for air conditiominzes EHote the recovery in static water

level or Sunday, September 23, when pumpare was rsduced.




13
It ig epparent that gpol measurement:z of water levels weskly or
ever daily do ot give a real plcture of coxditions in a well
waere fluctuations are larpge and repid.

Obgervation welles were first set up by the feoclogical Survey
i» esstern Wisconeln ip April 19L6 and additions] wells huve been
establiched durins macseeding monthse The period of record is
very short and little san he determined ys»t as to the presert trend
ip sater. levels. Statie levels in four of the Eilwaukee ares wells
for which the peried of racord by ths Seclogliesl Survey ir lonpeet
are shown in figure 2, Yater levels in threc of the wells reached
highest polnts in ¥ay while the Forest Home Cemetery well reached
ite posk in early June. lowest pointe were reached in Auguet end
September.

The grastest rapge in wnter levels meesured in 1346 wes in
the Hilwaulkee Journal well for which enly 15 deys of recoerd is
shown in figure 3. Weskly weasuromente with e tape wers started
ox April 23, 1916, before e wnter-stage recorder was sveilables
The highest water level meesursd was on Hay G, when it wee 7h.02
fest below the top of the easipg, and the lowest was on August 22,
vher it was 120,23 feet, a renpe of L7.27 feets On October 2, the
high poinpt shown in figure 3 war 77485 feet below the top of the
eBgingy

It 32 expected that wmber levels will rise during the winter
months diue to normul decresse in quentities of weter pwmpeds It
is probable thst the highest levels in 13L4 were resched in ¥ay
or June, s?mrtly eftor messurenents were started, It is evident

thet messurements must be continued indefinitely to show longeternm

trands.
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FUMPIEG TESTS

Cosfficients of Irmnsmiseibility and Sterare
The amount of water that esn be withdrawn from an artesian

aguifer depends upon the smcunt of water which is absorbed by that
aguifer in the area of ouwtorsp, upen the ability of the aguifer to
transnit water to the wells, ard upon the amount of water that is
reloased from storage ip the aguifer with a redustion in artesian
kead, The rete snd smount of declive of water levels due to pumping
fron an aguifer depend upen the tranemissiVility and storage capacity
of the aquifers

The abillity of an aquifer to transmit water iz expresssd as a

coefficisnt of transmissibility, which is defined / ae the mmber of

/ ‘i‘hais‘, Ce Te, The significence and neture of ths eone of

depression in groundewater bodlezi Zoons Getle, vole 33, pps 883-302,

1938,

gailons of water that will movs in one day through a wertical section
of ths aquiler one foot wide, with a height equal to the full thieke-
ness ol the sgquifer, with a hydraulie gradiest of 100 percente

The storeze capeeity of an ertesiexn aquifer is exprezssd by &

coefficient of storage, which is defined / az ths volume of water,

') ?ﬁeis’ Co E’" Idm.. 1938

meegured in euble feet, relensed frorn storage in esch eolumn of the
aquifer bavinz a base of ons square foot and & height eguel to the

thickness of agulier, wher the artesien hesd iz lowsrsd one foot.
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In order to detsrnine the evelficlente of transmissibility
ard gtoraze of the artesian sguifers thet underlie most of eastern
W aconein, punpinz tests have beon mAde at (reendale, Yown of lsake,
¥cGovern Park in Bilweukee County, Bedper Ordpance Works, and st
Waukreshes, The Weukeshe test wee the most extensive but was made
too recently for resulie to be included in thls reperts Other tests
will bs made throughout the State.

Cresndale Tgat-_c

A typicel serier of pumpins tects wes made of the St. Peter and
Gambrisz sardstores in June of 1946 st Greendale in ¥Milwrukee County,
" Both of the municipel welle that were used iz the test sre cased
tirougk tho Ricimoni shele thus shutting off &1l weter except ihet
wiieh somes from the undctoizeu. Each well ir turn was pumped at & ' ;
ooastant rate and the ﬂnc’kﬁ&tim of the weter level in the 1dle well |

wae woasurads The punmp wune then turned off and the amourt epd rate

of wracovery of the wnter level in exch well was measured, Measure~ !
merte t2 the nesrert hurdredth of 8 fool were made by means of & stesl

tapes Airline measurements of punping levels were made in the north

well dut eould not be mads in the south well due te mechanicel

217riculities. Firure J; shows hydrozraphs of the recovery of emch

well after pumpins end the effect of eseh well on the other, The

distance betweer the two wellez ig 2110 fact.

Certain fcatures of thie test should be pointeld out as differing
from the iden]l teste TWhersver poesible water levels should be measured
in at lesst two obzervetion wells other than the pumped wallj at
Greendsle only one observstion well was aveilebice DBefore a well s

turned on or off during a test it is desirasle tlt the water levels

be at equilibrium, ie,, the water level in all wells ghould be
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riging or fallinz et the reme rates It wasz Iimposeitle, at
Greendelo, sxoopt oxn the last day of ths test, Yo ellow the
water levels %2 reach equilibrive bacsuse of the nseessity of
mesting the muniedpal demand for smters

The nep-equilibrine feranlz / which vae devclopsd under

__/Theie, Ce Vo, The relstion betweon the loverins of the plesometric
surfese end the rete snd duratior of discherge of & well vaimg groung-

reter storege: Transs Amar. Oeophye. Union, pp. 513-52:, 1935.
Thelie, Os Ve, Upe Cits, Boon. Geols, vols 33, pp. 880302, 1935,

Jeeob, Ce Euy Om the flow of wuber In an elestle artesisn aquifer)

Tranze Amer. Deoshys, Unionm, pp. S7-586, 040,

« ot

the direction of Charles ¥. Theis of the Us Ss Cenlogicel Survey, was
need 4o Jfebermine the coaffliclents of trapenizsitllity and storages

The fermule i=

in whieh ¢ i the drewdown, in fest, 8% axy peist in the vieinity of
& well rumped at a uniform rale; ¢ ls ths discharge eof the well in
gallops & wmimotes T is the cosfyiclent of transmissiviiity, in
gallons & day per foot; r is the distance, in feet, {rom the pumped
well Yo the point of obgervetiong £ is tiae coelficient of storage

of the squifer; snd © ie the time, in dare, that the well has been

purpede
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In using the formula it is sssumed that the aquifer is infinite
in extent, %hat its trgmiasibility is the same st all places,
thet it is confined bebtween impermeable beds above azd below,
that the coefficient of siorage is constant, and that water is
releassd from storage instastanecusly with a decreasze ir artesian
hegds In detsruirning coefficlents the rone-egquilibrium formuls
mey bs applied iz three wayst (1) to the drewdown or reeovery of at
lenet two observation wells at soy time; (2) 4o the amount and rats of
drewdowr. or recovery of a single observation wellj or (3) to ths rate
of recovery of &« purped well &ftsr pumping eesses.

¥ethode (2) mnd {3) were used in mpplyins the formule o the
Greendale Yostes. The following teble gives the coefficients of

tranexissibility and storege obtained from the Grecndale testss
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RESULTS OF GREENDALE FOEFIRG ?EST$

Recovery Tests Interference Tests
Well Duration T Obss Pamped  Duration Fy . -
(hrs}  gpd/re %ell Fell {3rs) gpd/re _
W91 2 (ba) 21,600 Hl-91  ¥1<52 on 1 35,100 +O00LY
| . 14,300 aff 17 32,303 000532
M52 17 16,400 K52 M5 on 10 21,800 +00031
17 16,100 off g 20,700 ~OD0PT -. i
{
byeraze Cosfficlents
Roeovery and Drawdown Tests
b4
¥oe of Koe 0of Average %/rt , 8 _ [
¥ells Tests  Duration Yexe  Pit, AVOre Hoxy Yin, Avers
{zre) '
2 L I3 21,600 14,100 17,00
7 Interlerence
2 kL 13 ¥»,100 20,700 28,000 L0007  LBOOZT  L00037
A1l Tests

13-3 35,100 14,100 22,300
13 «000L7 »00027 +00037




DRAYDOYH (s} IN FEET

DISTANCE (r) IN THOUSANDS OF FEET FROM PUMPED WELL

oO 80 9 100
__—____'_——_w‘.
N
___....——:—-0'-'—‘""—'-
10 '
20
1 s = 114,60/ e “du

T / u
///1.87r23

30 Tt _

FIGURE 5+ THBORETICAL DRAWDOWL CURVES FOR THE ST. PEIER AND

CAI'BRIAN SANDSTONES AT GREENDALE, WISCONSIN

Q = 500 gpm

T = 22,300 gpu/Tt.

S = 0.00037

t = time in days since pumping started
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Applieation of Coeflfieients

The curves in figure 5 were somputed by meens of the none
equilibrium formuls, using the sveraze eosfficisnts obteined
from the Gresndale testss The curves represent the theorstioal
drawdowns in weter levels st variocus digtances froz s pumped wsll
at the end of & months, one year, 3 yesrs, 5 yeers, end 10 yoors
preduced by continuous pumping frozm the well it the rate of 500 galleng
a minute,

As stated, the non~sguilibrim formule ssruzes an aquifer of
infinite aresl extent; therefore, the drawdown figures obtained
from thess curves nust be corrected for ths effeets of lateral
boundaries &nd chances in thickansss end character of the aguifer
before they are applientle to the pardstcnes at Gresndsles

The lateral bounderies of the sandstones in the Hilwaukes
Faukesha ares are the cuterops of the sandes and poseidly pre-
Cenbrian highs to the narthwest or a 1ins betwesn Faterlec srod
Ford du lecs The effect of the oulcrops of the aquifers after
8 long periocd of contimuous pumpinz ig to establish a row distribution
of srtesien head sueh that weter withdrgwn fron the formstloens ic re-
pleced by reclmrge or by wuter drawn from storess in ard nesr the
outcrer Areas doundaries such as the pre<Cembriasn highs within the
formeiion whieh restrict the eapaclty of the form:tion ag an aguifer,
have the same effort &s resduted permesbility and canse an incressed

rete of decline of water levelse The mesnitude of the offsct of the

pre=Cambrien highs is as yeti unknown,
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{onclusgion

A good start has been mede on the study of the grounde
watsr resources of Wisconsin but very much remsins to be donss
The detailed fmvestipgetion of the eastsrz arteslec srea slone,
on which work is now being eoncentrated, will reguire at least
tws rvears. After a report has deer made meegurementis exd records
arould be mainirined indefinitelye ¥ater supply in the remsinder
of the state preseniz ¢ scries of intsresting and important

provless, the scivtion of which will requirs s great deal of work.



