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GROI!ND 'IIATE.R RESOUROES. OF IUSSISSIPPJ: BASlN IN 

ILLINOIS, IOJIA, MINNESOTA, AND l'llSOOt~SlN 

1· ~. Thwaites, September 15, 19?4 

Introduotion.- On September 7, 19;4 the writer Wall instructed by 

ProfQeeor Howard liJ, Siznpson to prepare a report on the ground water resources 

of the portion of the Mieeil!leippi Basin w.itbin the etateils of lllinoh, Iowt., 

Miaaoaota, and Wieo~nein. In the time allotted, two weeks, it.wae impossible 

to do ~ slgnifioant amount of field workJ ooneequeilntlt the material of the 

r11port wae drawn from the results of previoUs inv~Jstigation by the writllr and 

others. Lettere·Were sent out to repr~Jsentative well drillers and engineers 

throughout the territor,r and muoh information was obtained verbally from 

engineers and official$ in Madison and by correspondence with the ohai~en 

·of the state Planning Boards at Springfield, st. Paul, and Ames. 

t.OOAL HORIZONS OF QNDEroROtJND WATER 

Introduction.~ ~e aooompanying tab~e of formations SUllllllar~~ee the 

~J geological conditione under which underground waters coeur in the di~triot 
" under discu.asion. These formations can be broadly divided into (a) loose un .. 

consolidated surficial deposits, chiefly glaeial drift, whioh cover almost all 

of the district to variable depths; (b) •aoft rooks~, many of whion are water~ 
A A 

bearing" and which range in ag'!l from Cretaceous to Qambrian; and (a) nnard 

rooks" of pre-oOaJnbrian e.g& which contain little water. Plate X shows \hlil 
A 

areas where tho hard rooks ooour ~ediately below the glaoial drift and 

their approxilllate aurfaot~ beneath the overlying aoft roQkB· Plate U;,,h a 

section demonstrating how the different layers of soft rook a1opw away from 

the outcrop area~ of the pre~Oambrian. Plate XIX presents by means of contour 

-:~-

) 
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PlJI,TE III 

OUTCROP ~ (SOLID BLAOK) AND OONOEALiiD EXTEliSION OF S'l'. PEl'ER 
SANDSTO!Hl: · 

Oo;rtour interval 500 tt. 

j-c_ 



Foma:tion Thickp,er,a, tt.:Deaoripti01i 
surur:ter.A.M 
PleiatoQene ·bo 600 Till, saud, gravel 

(drHt) 
Terti~~y to 50 Gravel 

BEll :ROOK.,son 
Ol'etaoeourJ to 500 · Shale, sau(lEr~one 

Yield.'. Qua~it8::'-~y 

Variabl.e itariap;te 

V'a.t';!.abl(l S01J!e hard, some 
sot't alka:J.:te 

rermaylvrodan 
( Oo~ Meaauroa) to 2100 fihal-()1 saudJ?tono, lime- Small 

stone, O(Jal 
Fe.;i.r to vory poor 

,a~!:;!~)iau to 1200 sandstone, shale, ~arge 

(1do1'1lli\OC) 
(Osage) 

(~nderhook) 

l:i.mest0ne 
400~550 ~meston~J 
280~500 14-mestone, sandstone; 

shale 
50,.3'70 Sha.1.o1 l;l.nwston.e 

to $00 l:.tmestono1 shale 

Va,riable Hard 
Var.i.ablo Hard 

SJJjall He.rdY 

v a.,\':1. fJb l El Hard Devonian 

S~lurian 
(Sf-IJ.:l.na) 
(Nia.g!ll'a) 

·bo 500 Dolomite, salt, !fYPI.iU!!J, NoM ~-
to 600 l.)olomiteJ limestone Va:t'iablo Hard• som11 ~>oft 

()rdo'Vic:l.att · 
(Maquoketa) '75-300 · Shal.r>1 do lord to· 
( Q.a1.ena1 l'latt e-
Vil'.l.e1 etc•) 200'"'510 Dolomite, limestone 

(si;. .!.'!'iter) t•> 500 · Sandstone. 
(Pi'li.ir:l.e du Olrl.en) to 700 Dt>lomite1 l!.andstena 

Cambrian 
Sordan) 
Si;.; l.aV/ranoo) 
Ji'r.anoo.u:la) 
Dresbach) 
llla.u. Olaire) 
~t. Simon) 

Ago unknovn.t 
(Rod Clastics) 

l3ED RoOK~R~RD 
Huronian 

Igne()us e.nd mota-

to 200 Sand~tone 
100,.350 l'Jolomii;Q• ~;~Uty 
70~150 Sandstonl'l1 fine, dol. 
30-200 Sand~>tone, wldte 
l00-350 SandrJtol1.~?, shale 
to 1000 Sands·bono 

Variable 
Ltlig<? . 
X.arge 

--·----
Hard 
Mediw.a hard 
Hard 

L~go MeiJ.iU!!J, hard 
Small Hard 
J.!od.el'ate ModiU!!J, hard 
Large lltediur4 hard 
Small Hard1 soril.e soft 
V11iy lurgeSoft to hurd 

Soft 

morphia ~----- Granite, gneiaa 1 eto Very small Soft 

GEOLOGIC SEGTION OF :tLLINOIS, l:O\YA, MINNES~At A.lffi WISOONSlN SHOWING WMER• 
Blw.UNG QUALM Oli' Ji'QR.Mil,Tl:Ol<S 

ll'. T. Thwa:l.tes, 1934· 

Note1 All formations contain only salt water at depths. ot' over 2000-3500 ft. 



lines drawn on the top of the st. Peter sandstone, an important water­

bearing fo~tion, a more complete picture of the geologiQal structure. · 

Attention should be given to the two deep basins tn lowa and ~llinois 

respectively in which th$ formations of soft rooks reach their lowest 

elevations. 

Surficial deposits- Pleistocene•- The.major part of the surficial 

deposits ot the Upper Mieeiseippi Valley wasodePosited e1th$r directly 

by glacial ice. (till) or by the waters derived from its decay (sand, gravel, 

a.nd o1ey-). A relatively thin lJ1an.tlt~ Wai;l l!IM. d()wp. by tll.e wind (loeee) • 

'l:hee(! deposits are collectively called •dri:rt.•. .Theil<' wate;r..be!lring 
'"' ... }I 

:< q11e.Ut1 vad.e~;~ wi4ely •. 'l'he t,ilh vary frO!ll a llli~turfl of l:lot\lder• e.nd sand 

v 
/ 

in the regioll.t'l ~derl$-ln b,y }!e.fd pre.-~'\Jritm r(loks to dense oh1,1! W$. th. 

ecatterecl stme~J i~ the distrht!l o~ soft ehale .bed roo!(. ln gf/neral, till.s 

contain veru little water nlth0ugh thfl~~'ere extensively dra~ upon by the 

dUg welb ot t1w ear1r 111attler!l• The ssme rsm(!.r~ ~ bfl lllJ!.cle of the loei!B 

which contains water during humid ~easonll where ~derlain by impervious till. 

Although the s;J.l t11 end oleyl! which litre ldd iloWil in lakee of glacial time 

contain li!Uoh we..tar; the pores tn thslll are so SJM.ll that thh wat.Elr h not 

~elded to wells ani! they are of no praotioa1 importance. 'l'he eand and gravol 

deposits of the drift coeur (a) above the till, (b) int0rstratified with it, 

and ( o) between it, ll.{l.d th!i underlying hd ro*• II{ !llll.n.Y looal.i tiea 'hers 

is more then one layer of eend and gravel, but in others no euoll deposits 

ooour. suoh d$posi te are liiUOh J)ll)re abundant in region!l of finn r~>ok.ll :Uke 

limestone or granite where th$ glac'-al drift is etoey tbM they are ln 

difJtriots of vl.)!."f oJ.ayey till. Throughout northern llinn$sota., llllloh of :towa, 
qJ,;v"\ . . 

anA largG parte ~· Illinoie, iudee~ almo•t all ot the rivers which onee 
·[\ 



carried glaois,l floods, B!l.nd liXld gravel bed$ ( o"""wash) are ver:y important 

sourQes of water supply. Indeed, in~ localities the1& are the only 

sources of water or the only sources of potable water. Not all la.yera, ho~ 

ever, are product1ve1 some lie above the water .table and otnere do not eo~ 

munioate with the surface. Glacial outwaeh deposits ooour within the un" 

g1ac~ated areas in southwestern 'llieoonain ·ana soutnern Illinois. The limi to 

of the drift in these areas are for the most part ill-defined and are, there­

fore, not mapped. 

surtioial deposits - 'rert!!!';t•- So far as the information aV!11labl!l to 

the writer goes tha gravels of Tertiary age Which ocQur mainly in southern 

Illinois are not important as soY1ces of water. 
. '$ .>tt \ Ord~ . 

t7't·.ti.JT~,,.~<;\<t"' @of'l>·rooka.w The a.ott. rodka oonsi111t of limestone, dolomite (magnes~an 

limestone), ehal~, and sandstone and include all degrsre of mixtur~ of t~ 

above types. All of these rooks ll.re morf; or lees br~oken by jQ1ntll and :f.'.i ... 

auras and this is best developed ~ear to the ••e.tnered surtaoe. All ot them 

oontain more or hs~ater near to their c outoroptt. Jlan,v ilhe.lell there produce 

f!Uough water to suppl.y £ann wells· Whe?:e the openings in limestones have 

been enlarged by l!lOlUtiC>n, immenllli) e!l\Ounts Qf We:tel' 0.1'11 present • $ut, iat 

depths of more than a few hundred feet weathering has not been appreciable in 

amount and the eha1es, l~~e~toneil, and dolomites are not important producers. 

The sand!ltonoe are more up.iforml,y porous, but. do'!lll the dip~~~~ from. tlle out.­

orop the ®ll)Ullt o£ cementing miMrale lletween the aand grains gradually in~ 

orea11es and the pQroaity oorrespl)ndine;l.f deor~allee. The ooaraer grained 

sandstones, howtlv;~;r1 yield some water as far (\O'IIll as they have been penetrate(\ 

b;ll the d:rill. 

gretaeeoua.- Oom.pa;r~ively little is known of the deta,ile of 'Ul~;~ Ore'1;.aoeoue~ 

6.epQsite o:f we~;~tern IQwa and southwestern Minneaota. 'their be.ee contains more 



or l~ea flandetone and some conglomerate, for the moat part rather fine 

graiMd ~.nQ. charged with ~;<ulphides of iron. Only a few large wells h1l.ve 

be~n obtain~d in theBe deposita. 

Pennt;~l(lveni!m•• 'i'he Penneylvan:Lan depo$i·~s contain lll$)1,V water~bt~aritlg 

fl~l:l:t-0'4el'!l. bu.t the eltwnt of indiv.l.dual ~-ra is tor the moat part ve~ 

lbited and the roo~ b fiM""grained. !loth the eandstonelil and thltl rijaoent 

r~;~cks oonta.irl. mv.Cih sulphide of b~on.• ln (!. few looali ti&l!l, however. good 

wells of fe.trlJ abundant yield have been. obtained from Pennsylvanian rooks 

Md it ia p):'ob.ab.le that their. poe!i'd.hilitiee have never received a t)Wrough 

~at• 'llha b.e!!t opportunitiee for watltlr development lie nl'lar to pa.ndstone 

llisa.ie.sieJl1.M.• .. 1fe•u• to the outorop the tti!llai~aippirm sandstones and 
. . . . ' 

lime!lwnes Vielll. conf.IJ.d.•r!l.b},e ~0\mt$. of pot&.ble w~~.ter. In Illinois thlll 

steep dip tarde a thefUI atrata. teo cie0~ f'or 13a tiafMto~'¥ yield.s withill a 

few. miles of thdr outorop, but in Iewa t..ltti :l.Mlination b lesa and w~>.t.err 

l!lq h foUil.d illl. the J.U.llliltssippian for so1De dhts.nos uader ·l:.hll oover ot ove~"> 

l;rin.g beds. 

Day;oae.n•- 11~11 Mounts of watel," a~:e i'oun.d in the ll$vonian lime­

l!ltonea of' ~owe. and. northwe8torn IlU.nois. $'hey do ~Wt rooAk as irnpQrtant 

sowces for large supp.li.:filll• 

Si!Ur~!ID·- 'rhe fiL!fllU'fi!! oi' t® Silurian d.olomi t6 lo ce.lly yiel<l snorlJlOU!J 

ll)I1Qt!l1te of Y~Mtwr. ~arge wells are found i.n northeutern Il:l.iruliL! ~~nd nort.h-­

eastern Iowa, h.t tlul findil3g o£ ~ch sUp).lli&ll ie vecy unOei-'t!l.in• 'llhere 

ti'ds formation reBt$ on underlying j.mpe;rvioUS shale, Spl'i:<lgl:l are abundant 

wherever the' contact is e"P€11illl4• In perti,ons of Iowa th$ salt and gypsl!lll 

l,learing bell~ of tit• Sdina ;t'ormatiol'l ooov.r at tho top of' tho SiluriaJ~. bat 

<J,o not tnemeelvlle yield a el.lbsten.tia1 ell!Ot'a\.t. of water • 

.. 5-



. ~ ·• 
9rdo'flioian•~ Tht! Ordovician st~ta ~>,bove tho ~t. Peter sandatone~ yield. 

little water e~oept on the outQro~. So~ produstion ie reported from the 

Gal$na...,latwville in nortneaawm :towa a,n4 northom lll~oifl at cone14eirabls 

depthfil• Whl!lrevor there is a skla.lJ;:hed ())<>!)or®) ~>,t the bottOlll of thil GalE!n~>,1 

important springe it<Jeue along tne owt.oro~. ,~p ~ loo~>,liti~»e the st. Peter 

S1!11dstone :I.e the f1rst lfe:tel'"'!le(IJ':I.ns ~l?d enooi.IX!ctEI.l:ecl il\. well f). Although 

this formation 1a very tlereiltt!i>lltJ it is of onl:r mpdora,lle~ cioarlle gram and 

~ thi<l!mees b ve.ri!lhle. In. E!alltern l!iseonsin $. t il! loee.l4' abeent. a.., 
low thli! st. peter O!.lo or more sexul.atoM l83el'li! l).l'o fQUI"!d within the Prairie 

'l.'he principal one 1• ~t~ ~al.led ~New Richmond" and is . - ' . 
~ " 

an 1~orw.n:l; 11ource of wa~er in pS.l:ts ot northern Xl~~oia and nortneaswrn 

;J;oWI!. ~~nd to eo~ extent in MUtMrn M1nnellqia. 'l'he t,\o~ollli te al!lo yields con• 

s.ider!l!Jle water etlpePie.U~ where ~t O!i!Verel$. ... other forJUaticns. 

P!!!'bt~!J!·- 'lbrollghout .Iowa, Jlinneliq~, e.n~h.e wl)lstem pa1•t11 M: Wieoonsin 

Qnd X~linoi& the Jordan s~detone at the top of ~ oambrian is a va1,r tm­

por~t water producer. To the eaat it grades into ~an~ dolomite and is 

of l'l.Q prMtioal importance• 'l.'he under4'ins St. &allr!lnoe and Franconia fo1'JUa• 

tions ue of little illlpol't!mce e:Pept nell.l' th.e outcrop. l'lhere th.ere !11 a 

l.e.yer of so-called 1snale• (eiltl!ione) at the llott~ of tne Franoonia eand• 
~ ·' 

stone the outcrop of this hori~on is an i~or~t spring line• The very pure 

white Dteebaoh sandstone is an elttfelllf!l;v Valuable soUl'O¢ of watel" th:roughout 

Minnel!l)lta, Wisconsin, no1'the•Btem. Iowa, and ®rth(!)m. Illinois• l;lnderlying 

'til!> !Jroebacn the tine graine4, well cl$m.ente~ ku Ol~re aM<iawn~.te do net 

;vieU lS.l:go Q!ilounts of: l!tater. ~he basal tormat:l.~ ef th!l oauibrlan• the lit. 

1Ul11Q11 sandstone, iB pre-e$ent4' thl> bet~t we.ter producing formation in tb.e 

areS.• It ill 1111lch coarser grair!.od then a:q overlying asn<l.st.one. 

$!4 9\ntlc seriea.w Along tb.e l!lal,'gins of' the I!Cft. rock ares. the &tt. tlimon 
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ll!llldetA'Ine t~ste «<iteot.ly uppn pre-O!llllbri!lll oryetalline rooks. Xn the bottoms 

of tho b~sine, how~t.Vfllf, aavera1 h\!ndred to over 2,000 feet of pinJt lllld rod 

emdatoMfll and sh$-les i,ntorvene between the light colol."ed. ut. Simon Blllld.;. 

stoM and the oryl(ltalU.nE! basement. On the orose eeot:\.on no attempt has 

been ~d11 to l!lilParat~ these rook.s• ~heir a&e ill \!noer~~J they may be · 

eoither (a) the downward extension of the Mt• S:I.J~~Gn, or ~b) the southwa$~ 

w~d prol9!\gat:\.on of 'lille enQrtnouoly th:l.o)l: red shalf e!llldstone!l wr.:t.on H~e in 

· ~ tl'Qughil betweetl ridges of pre...O!llllbdan :l.gneQt<ll rocks in ne>rthweetem 

Wiee!'Jnilirl an<1 nori;h!la~te;rA ltinnesot\\• No attempt WM roa\i\11 '-n Plaw I to 

Contour the bottomt; of those y,toU&ll.G0(Se,~ (jUfltiltion)l"!ll$.l'kS,) o 
Vvfu ('i/~dvo · · 

,&u·on:t.~"' '£he J!\.ttoniea qll$,rtzS..te~ of tbe ·""raboo region, · Wis(lonsin, !llld 

of ~outhweat.em W.tm@t~ota field 11111\\U lll1PPli.el? ot we.~r f:'Ollt IH'e"Vioell· 

.Igqeq_uu n:ttt\ l!let.s.mgpp~:\.<1 rooks,- 'l'hro~\";ll91lt .~ttllh of !.linn(;Bota tltfl top 

of thl! ignecrus and met,\lnlorpnio l!Oolur i.e deeply wee.'ijlllred e.nd yields eome 

wa.tor• !3llep wellll, however, in tne f'o~tionl! invariably •noollnter little 

or 11.0 water• One driller inf'oJ'llled th!ll w•lter that 1.£ a well pasaee thr~h 

more than 200 f~et of' h\\rd rook witho"t ftnding e. water-~earing oreviqe, 

ein few well$ oPtatn ~ore ~ a ver.Y meager ~upply of water :from tho hard 

rock torroat.ions. 

£ntreduotion .... Wells Whioh flow at the eurfa~e were fonnerly called 

ulil..rl.e$:\.m~, llut When geologiete realized that thE>ae wells dit'flll' frQ)11. ad~ 
" " 
jacent onee wh:\.~h ponetra~ the same forma.t.ione.onlf by being loca~d on 

luw~r ground wltera the ata 'Iota hea.d lies above th!ll ~urfac~, thit3 tel'l!)fae 

eo widely e:ppU.ed thwt it h\\$ loat the 41l'i&il'lal me9,1'l.ing. '!:he term nflovQ.ng 
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roonly terll)ed -filWlta!npM. Plate IV ehowa the dietrih~t1on ot flowi.Jl.g w~lls 

' " 
according to available data• 

.. , gp.ue~t:iiltti'~owe .- newil\g 1vellt. 1!.'I!J:I! be oomparetl w1 tb. tap"' i.Y1. · a oi ty 

water f!YeyterA. wb.t.oll iq .supplied from an elevated tMk ae to~ ago elqlf.fained 
) !\ . ' 

by o~;:el.U\. . Reo!,lntlr ltaet!ell endeav<!l'!ld to snow t.he.t flows llligh.t be o~ 

plein~11l by· the llfe~e;4t. ot tim everl.ying ets:ttta. 'llhllll. tJ:;~;~. w9.tel" J.)resE!urC:l was 

retiav®A ey a. well, t;ett1~ tctil% p:l.Miil wj.th. diMharM <>f th"' oonbined 

we. tar. T'tl~a theoll' is oi.oubttess tnt• in part but 1 t. f9.ill! to expb.i!l. ei thor 

the ohara.oter ot mttn;V o.t the waters Wbieh are obviou!lltl deriJild tr9l!l rain 

water a.n<l Mt deposited in. ~te :t'ol:'l:llat.ion or tne. Pllll!1a!i,Ml\Oe of ~ flows. 

Al thOug!). the pr<l!eelu'& d'-:t'ff!l.'ll in di:t't';~rent water--bearit).g f.'o~<rJ.atiQl'l.~ in. tile 

ll!liUllll ~oil, the~e :I.e; a~ll!Q eviden(le that coneiderab~e l.el1k:age ooeu.n both 

in~ fl.ml. out of the f()rwation• For inl!tall.C!e the f'lowl!i in t~ Kicke.ppo 

· VaU(;;r ilt ai'JuthWellt&rn Wil!oonel.n OQo!U' higher than the outcrop of tn• 

farmation to tlw novth. 'fhttV mu~Jt be ln part !'lupplied by the high water 

~ble under the adjacent hills. In faptf moat f.lows ooour in deep valleys 

rather t~ out on tM plaine although in some plaoes the valley- ill very wide. 

An shown. by Sliohter the water pereo1at1ng frcm the higl:l Water level under 
s; 

the hill$ is laxg;ely mov~ upward, below e. valle)! where it eeoapeji, It 
- I 

there in a rolati.vely imperv:Loul\l le,y~:r U!'lder the valb:v, then $. well. offere 

eae:t.er outlet than. ne:ture he.s s.fforded and a flow :reeulte. 

-~lo.we from dr~.~ ~he :requieit9 oonditio~a for £1owing Welle are 

co~ i~ ~1e glacial drift and the mapping on Plate lV or·a~oh ~elle ie 

not oomplete. 'fll.tl wrl:ter ltae obllel'Ved M(tttered flowing drift welb :l.n 

.seven,.! pJ.e.oea in !louthe:rtt ll:t.inoie. In most casli)s the water-be11.r:l.ng; !iand 

and gravel is ooyered either by till or by lake clays, In some place$ water 
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ie ~onfined in th$ ~o~ r90~ by overlying drift. In few oases can the d&­

taihd etre:bigraphy of I!Uoh deposits be wor~d out M ~ be done with tb~ 

) bed rocll:s and the Probable extent of the basin cannot, th!ilrafore) be fore­

outed. One of the ear~ di£ulovertas waa th0 famQua .»Jumbo" well at Ilelle 
~ ' 

~laina, Iowa which r~ wild for a oon$idarable time• In ~ places it is 

difficult to drill $"oh wellq Without getting leaks OUtQide the driVe pipe. 

Some drift flow~ are left unoased below 20 to 4o feet from the aurfaoe and 

a.rp aubject to bridgtng if the flow b. stopped even for an inatant. 

Flows from bed rocks.- The map (Plate XV) shows that flowing wells oan 

be o b'l;~®d from tM ))eel. ro(lk along most of the pri.n!lipal river valley I!. N6 

attempt hM been madE/ tQ map the artesian head.o.tfvUAdergro\l,ll!l h~e b. ao 

collrtllon that the head iff dependent upon the method of oaaing the well ®.d 

tl'le eff'eetivonel!a of the ~shut off" s.e it is tel'llletl in oil well praotioe. 
. ' 

The map d.oee not attempt to separate a.reae of flows due to different 

wa ter ... \)earing forma tiozie s.l though f!ome 1Qcal1t.ie~J Of flows from the Ol'.,_. 
' 

taoeoua have bel!.n ind.ioated. 'l'heao l'l!!lliJ are silntlar to tha. fam()ue Or$-­

taoeoue (Oakota !!andetone) flQwe of the l.lakotaa. No attempt has been 

made to separate flowQ of potable and non-potable water. There were former­

ly flowing wells near Qb.ioago but heavy p11mping has ther!l lowered the head 
..... ,~.\, 

eo that they he.vo caeilidd· 'l'he l!~ ph11nom~mon occurs ehewhere but has 

DEl'WlON OF UNDERGROUND WATERS 

Introduc~ion.- The problem of the depletion of underground waters 

is a oomp1ex one and is int~ately tied up with questions of agriculture, 

forelltey, and metaorolOW• Vlithin the 11nrl.ts of' this report it is 1mpos­

eib1a to follow all the ramifications of the eubjeot or to summarize all 

the different opinione of previoue inveatigatora. This discussion is oonw 



tined to the l\IOrer important investigations of the subjeot and to e.otue.l ob• 

0£1&1n ~!underground water,~ Of the water whiPh falls on·the surface 

of the earth by far thill b.rger part is returned tl) the e."W!o~;~phere. by eve.pore.­

tion both dl.reotly and through the mediU!Il of growing J?lants. Som\!1 rune 

directly 1nto strei/.Dis1 and e. part. 130a.ka itt'~;() the ,rp:ound eo deeply that it 

reaolti\l~ the underground water. It. is Citf'ioult to el!timate the rel.ative J?ro­

portions ot thest three diepeeitione, for suo!t var1 widelY with weather, 

oharMter of the vegeta tio:11, ancl, local gl)ologiee.l ~heMDiitllll.• The d!.sohe.rge 

Of BWG!I.DIS i.e larger than the !ltorll! nan~of't, for it 1no~udee lll\l.Oh spri~ 

wat.er. mnimU!Il dteohuge ~~M~~ld~~g long dry spell.~ oitef: a f(lidy 

close e.ppr~Ximation of spring f'low exoept where tho watershed inctudee. lakes 

· and SW!I.DIPI\h 

me Jattr table.- The lsvst ~t whi~ water st~ds in op~ninge tn the 

ground is defined alf the •water tabl.S· ~ ljQst t·e)l.t books treat th~t subjl!lct 
~ " 

ELiil though. there were only ont watfir tabb. · Actual t'teld inveat,ige.tion 

~:~hQWs, however, that in rsgl<m• ~'l/·diveree material$ the distribution of 

underground w~:ter it! eJtt.tellUI:ty ~IP'.tahle. L!;,VstB of impervious material 

undsrl)'ing psrvioulil substances h~ld underground wa.tsr above them in 

1 psrohedn water tab~es. ~ regions of alte~ting pervioup and impervious 
. 

materials in more or less horizontal position tners may be ssveral perched 

water tablsll• Thill is the oaee in IDIUlY hills of weQ·~ern IU.soonsin. In 

materiall! of low porodty sue)!. tt.• the ol~ tills of :Iowa and Illinois it 

is ditf'icult to eq that there i!l srrp definite water table. ~ lakes, 

'ends, and streams do not o~ot with the subje.oent wati\lr table but are 

ptrched. In other plaoea de~Jpl.f buried \ft.ter-bearing leyel.'s oont.i~i.!l'W.Il,~ 
. ;- -· ' -,- ··. 
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under pl.'etHmre whiQ}l when rea!1hed br e. well rilles tar e.bov(l it11 orig$.u,al. 

po111ition. and over oolll)i.di:!X'!I.ble areas ll.bov~ the surfM!I wh!lr!'l the well 
. .. tf. 

was put dol'il'1• (~ee flowing wdllil, P• ~) It fQllowe, therefore, that 

well!l wltbin ehOrt dietanoes Clf one ~other obtain di~roe positions f'or 

tho we. t!lr table dep~molling upon their d!ilp~ ~d method of oallillg. Some 

mq allow the dre.iMge of underground waters whioh 1~ near the aur:fe.oo 

down into deeper we.tera ·of ~ower head• Others may perndt the ri~e ef' 

high~preseure del;IP we.tlilriJ into etrata wherlil the water he.e lower prenure• 

yuiatioWJ !!& tbe f1e.ter table•- The level o:f,' the water table varie!l 

with the ~ount of pl'eoipitation which reaohell it and to eome extont e.e the 

reeul t of Qhange!l in t~per11.ture of the ground and in at.!l!etpll.llr!o pressure. 

Adjao~t grlitll}.d water flew~ t9war4 the Wijll,l. 'l?4e g:ro~d. l'etarl!ls t~e flow 

eo that unlij!J!e t.~¥Jre e.re Vel"¥ large o~eningll the net reau.l t is a :!:'aU .in 

th& l~;~vel of 1;.h(l wawr ta.ble ~4ja.o$n.t w the weU d.ad.ng ~Uli1Jii~ anQ. :!:'or 

E!ol!l(! til!l$ after it Oll .• tEilll• 'l'his it! oa1l!;ld PQ.raw dom~ and tht yiel4 per 
~ A 

foot of lllrawdo'llll ill oll.lled "epe<lifill oap~oityft • X\\ '\;he ·sll.lllll way the 
. ' - ... . ... 

water table $lope• lio'llll towar.d springe ~d lin,ee of lleij!p!lge. 

Reoeseig,n of l:he· wator tab!$ •• ',rhe tiret eettler8 in thE! Millsi~sippi 

Dawin to a large eKtent obtained their water supplies frpm UAtural springs. 

Ne~ dug wella, whl~h for obvioua reasona extended only a feW fli!ot below 

the wat&r table,were made. M~ of these continued in use until the prod 

longed period of li!ubno~l rainfall dt.tr1ng the nilllt,iell• Tbe.Q, drille4 

Welle werlll wi_dely introduced. l!ost of these were oarried doYm into bed 

rook and, large~ on aooount of their P"Perior $anitar,y qwalitie,, ~ve 

almopt entirely displaced dug wellilr althOugh df:iven and bored well' are 

used :1.n l!lal\Y plaoeti. Many wells were al<Se drilled in tb.e effort to obtain 

fl.OI'l$• Moet of these deeper wells were eatiafaotoey untU the drougnt which 

-llw 



began in 19;;<)• SiM.e that 1\e:tfl there bas been oont.inued reoeeeton ot 

we:tt1r levels eo th~t now lllll.l1Y t'~-!ll.'ime village end otw wol.l!l e-re 

dey f()r the firBt ti~n&. lt ill reporwd th11.t, ill i;he 1!111"> few Ye~".r!l tJle 

water table hail ~~~Qally r(loede4 40 to GO fe~1t, end 11 1'1~ ot' l() to 15 

feet i~ vel''l oolr®<m· App~ent4t the r.e~ent lqw1u·~ i~ mt'lll~ 1!19-rlte.d 1n 

(a) perQhed water tabl.ea, (b) na.~·row ridteil1 ( o) lilfll\~ pl11i.n!11 81!¥<\ (d) 

relativel¥ tmperioue materials such ae till. 

oauee! ot rel>aiillli()n in sbalJ.gu welllil•• The l'lr~:\;er ha,a bl;len ab1e t-o 

t'it1d. in print veey few Mttlal ebserved;iollS f/n the telat!iln. b~>tween tp•oU!ld 

wa:l;sr levels in lilw.U.ow wells and lildjMeY.4t preoiptta:tbrh J;t is oJ.e1,1,r1 how~ 

enr,· th13.t replmillhr!Iant of th11 underground wa.t.~rl! m>rlW1.n1 tnl.te~ place 

ohhfly cluring vq.nwr ( e~cf!pt when tllfl gl'Ot\lld to ~$11) end spr:l.ng. SMrt,l,l,ge 

of $nOW ill prob11.l:lly1Uu®. llllll'fl illlpo:r~t t~ BUlllrllJ~r droll$h'tt! in lowel'ing 

tlv~ water t,l,l,blo. · Dur¥lg tb.e Blllll!n111rs tM gr~~ter deJ~Wt~.dll. ot vegetation 

oon!;ribuw to lQW<~r~ t.be levet la:rgely bf· the prnellt:l.on ~f repl!!I'IJ.ehment. 

v The et'fe(lt of shmrtagl) ln revt~is!Wlent ie .mnula.tilre end l!!gtJ oonBid(lrabl.f 

bel:lin<i change!! in pr!>~,):l,pitation. '!'he e.laboratl! eurv!ii;y oe.rrhcl. out by MCilee 

wllion hAll boen o:i ttill hf mG r;t autll£1re a. a posi t:l. ve proof Q:(! a permanent 

lowering ot'tho water ~ble due primarily to cultivation ot' the soil ie 
.') 
lv open to aevera~ oritioilllJii· First, no cons;dera.tion wu ~i.ven to the i'e.ctor 

o:t' replenishlm!nt and th11 etu.dy wall l!l!l.de 131).ot't1y e.f'tsr the great drought of '\'.ll$ 

nilwti.ell• aeoond, th~;~ ovidenoe we.e MCo&llarily basad upon hearsq rep(,)rt!il 

giv~ from memo+<V ·by olt inhaPitli\nts and the ~et1enGo ot the writer ia 

that fow, if WilY• wel:l, omers ktl:ow MOl.ll:'atel.y the level of water ill their 
I 

W11llt!. The writer. himtleli' docs not know tn.e pl'l'!sent or past water levels 

~ the four wellll at his raBid~cs. Fu!'tJlermo:re 1 t lmtet be realized that 

A 12-



tb.l'l walla o:r the ea.rJ.y l!ett~ers fol' thsm!let part lt!i~Ver Vi!!~lded very much 

water as judged b;y p:resent...dey at~dardll• S'\:.Qc~ jVS.Iil thliln we:t\!lrall alml'l$t 

a:r.:olueively at l'!tral@llit and: pQndl!l e.n.d '\.he. !tou11aheld uQe of )'later was muon 
.- -'-·- . 

emal1ei than now. M~, peeaibl;Y ~ very l~ga fraction, of the earlY welllil 

ware little hettertx~n oil!tN'll.lJ '4 whioh mel.too aM.W $tid tlpring rainlil M­

cumulated. Othel.'ll wer<!l .&1.\~P~ied by B!AQh al!)w aael)l.lfl:e that. it. would n9t be 

notiQed in a mOdel-.t' weU. of only a few inohes dbmeter. but Cll'luld ba utilized 

baeaulile ot tho etoraf111 at'fol'ded .1rl. thi'l l~ge d~ w~P.. Xt :1.$ eaoy to see 

11.)111 any prol•:mged sherta.ge of preo!.pitati!)n would, (latW) tha t'a.U.u~fl ~t llll~h 

1i~lle w:l.th<ilut th$ neeeestw 0:£ eal~4'lg 1,\l.)l!n the <~f:t'eots Qf detoreetati.O!l and 

eultbatiorh 'file wl.'ite:r dQe~;~ not deny t®t the:re ar!l effeot,e •. TM. changed 

l'tlgima of th.e st;re$.!!ll:l of' today; the l\\Ore w.arlted h'ltleMte ~d. floodt., the 

df!V&lopnwnt of gullies, end th!l dq~g Ut> ()f • -.u springll ~d, ponde 

1.1.te 6loqu$11.t teRtim~nr o£ th~ evU. et'f!'>ot~ of the ll$XO.l!. e£ oi.tr.i.li!,lat.ion. 

alit th$ l'ep1eniel!un<lnt Ocf the h1ain gl'QUnd we:i;e~ ie ;enotl:~G!T matter tmd apparent"" 

ly doee not deP!.ll'ld to a large !liK1\fmt ¢1. tile ODndition of the groun!l in the 

llliW<'ll01' t:l.mi1· An attempt b;v #J;lef! in 1927 tQ ))r~ ~;tp · tQ dat.fi in Iowa the 

t>urvaY of McGee i'a.Ue\1. to deuw>netrate eu,y tm'ther ohiu'Je;e. In. the opinion of 

the wrtter the Qhallgom wrought b;v 1111m wJ:t1o4 liUo/ !ilffallt tile· $.!!1CU!l.t Qf rel)lanio~ 

~nt of the watfil~ tablo ~d bri~ $bout $~~e pe~~t lowering area (a) sube 
s . . 

at:t.tution of oontpMt wod :f'o.r loose foteet lllould, (b) tra~~~p:l.nz of groun4 bf 

oe.ttle l'enl!eru'l.g it hu Pervious; l!!ld (!.!) 4ra~e of l!l$..r~nell~ There 11111 

110 dl\te. of trustworUw nat.u.rl! br Whhh. thaet't'~>ot~ ot ~~$;/f~$~t1tc.1\l,!&~;;>:i,.,:_ 

!lValue.ted and !l()ll1pare4 w:t.t:;, eftectt, ot ohangeil ~ pi'filoipitat.iQp. •. Welle P"-t 

dbll'll for the sQle purpos(l of observing t.he \VIl.te,r l.evel are n.e$1l.eci, for it 

ie uaelosi!! to •eek for a{!otu•e.te int'ormatiol\ in wells Whi~ are pUI!Ipod to a 

oonaidtn•able extent at e,re al!lloet aU 'l!el1h at thll present. time, e$!Jeo1a1ly 
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during a ~rolong<Jcl drt;~)lght. Veey 3.mpor~t factoro in goiTemine; the 

~ownt ot reoeQe~on of the top of. the first or eur~eo water are (~) 

poTotd:t~ t;~f thll grot.md, (ll) leak~ in. the rest.ml.ni:Ja lqC~r beneath p01ro!ted 

bC!disl[ of ground we:tf;lr, and (o) the size of a given bi>dy of ground watcu.•. 

!!ow porolli'I";V makl\it~ a given los!! or rePlenis~t eaulie a grse,ter a:llsolt\te 

c~e in water hvel tll,AA in the oaat 9f n3.g~ pjilrositY• On thli other lwncl. 

l)igl\ porosity allows re~atinl;y rapid le'!lelin$ out of' the water 'table dorm 

to th.e poinii of outlet wh~ replmt.ll~nt is slight or iabt:sli>nt. ,'lh11 writer 

has ~o~ of the f~l~e ot wells in Perched water tables even durtng Periode 

of h.eavy ra~!l;d rtatlu·a~~ tli.e ~Uso~.l! !lf I!"Oh 1!01'0 moab OOlli!~Ol<111 When 

1 · rt~""!~~ is at 11: ~~ , :tt h obvioull that· s~Uall bodiltlii of ~derground. 
/}.) ·c·,__;· __ ~:· --· ' -_, ·~ ·, ---) ' ~--:. -

water @.re tho firl!'t. to be emausted. b;y UliiEI a!!.\\ )ly nat.Ul'al le~e. 

' ,, 
' \ ' \ 

~l(elllJ!les ot recove~;Z ot grguq.d 'll§te:r level.- One of thll olMe1o in~ 

st.e.noos ot ~round water rooent~m ill 1n P!>rta&e Oounw, l'liscon.r;lin, rep!>rte~li 

by Wei®um cmd oit.l!d by Vall. Hille• J:n that regton of BAAdy outwash ple,ins 

l'iet®lan reportQd t~t tho wate.- ~ble h$.d by. 1900 sun.k 00 to 4o feot. ;tn. 

1927 the wriwr resurvey(i>d the Iii~& region and found. that th,e gf!>und water 

had ris(ln I!IElrkod.ly aga~n and that U( JDMY oft.he \!)nolooed lakes which Weill. .. 
(\ . 

man rel)ortod · M pernul.ll.cmtl;v d,ry th11 we.t(lr was ldlliug tl'ee_s ov(lr ;o year• 

oldL Similar observe.ttons ha.ve aho been. I!IElde by the writer in ~~~ Qounw, 

Wisoon11in. Be;yen.d question if many ot the old dug wolll! ot the pioneere 

h$.d been oleanll4 out dur!ng the timo ju!lt hf9rll lj);Q, they would have 

yielded ~m.oGt, if not q~U't.$, aa won water as they ever did.·. /!xJ, 111\l.atra­

tion of th~-pe~llnt dr,ring u~ of~ etream due to lowering of th~ water, 

table giv!ln by Weidll1El.J1 is abo lllialeading. He ~1 te.IJ a logging d~ on 

what ill now e,n. inte~ ttent l!tl'eam apparentt, not. real,ill'.t.n& tb.e.t euoh re­

el!rvoire were rill$4 w~th the n.ter fr'ol!l melting ~mow in tb.C!l spring 1).1?.4 
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Reo$BBion of deep wells.- For the purpose of the present ~tudy a deep 
.- -- ' . 

well ie def~ned ae one which either (a) e~tends more thrul 20 feet below 

the normal water table or (b) en¢ounters water underhi.gher or lower head 

than iQ '!;he auri'aqe water. '!,'he yi61d of SU\'Ih welliJ 1.e best measured by their 

epeoifio oapMitY ('and not by the statio laval of' the water ~1!wn not pUlllping. 

Sped:f'l.o capiJ.Qi ty w.ay be affeoted by (a) clogging of the pores of .t!:le r(>ok 

oloee tQ the well by mineral or bao'l;erial deposits, (P) reduction of the 

head supplying th<l wa'l;er by reoeaeil)n of~b,e ground W!).ter at the point of 

entey to the produeing formation, (d) caving or brddgl.ng of' the hole, (e) hf).ks 

below the !!Urfaos, (f) drawing off of W!l.ter by adjacent welle, 4nd (g) clogging 

of screen. Ohsnges in head of ~ deep well are aue to (a) olo$g~ng or bridging 

of the hole, (P) supsur.faoe leaks, (o) interfe~e~oe oi adj~oent wells, rutd (d) 

actual reosssion of the water at the source which ch~nge is probably very slow-

11 trenemitted beo~uss of the low rate of un.dergroun<l flow. In 'order to 

evaluate the. several factors involved and sea if there has been e.atual. 

llal,Ung of the water hvEll it is often neoee~aey to do coli\al.derable expensive 

work on the well whieh involves taking it out 9t service for some time. Vart~~ 

tiona of h(lad are most ee.ail.y ol3served in flowing wells,(f;';~~-;:¥Iff;ir 
... - ··- _......... . __ ... 

v~_ •• ,-.-

~~ deyice to mea.e1.1;re ... liluuia~et levd l;$ j;Il~J\<allelh l!oreovel' t!IWJ well a ---, .. '--

have ~ devi~e inetalled in them by Whieh the water level ean be measure~ 

end the f'aot. of reQeileion is not notlld unt'-1 the pUlllp suoks air. Data eol-

leoted by the writer :fr.om engineers end well drillet-s fails to indicate e.ey 
. 

permanent lowering of water levels in deep wells or even e.ey marked effect of 

the present drought. 

EXIUllples 'Of rgoeesion of deep well level~,. '!,'he olaesto e:llllJUple of re~ 

cession i!l around OhiQil&o• Originally wells thtl>re flowed but aa shown. :1.n 

Plate V-A t.bere has been a oonstent. deoline qown. to ;oo feet by 1927. The 

... 15 ~ 
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rather abrupt drop between 1908 and 19l5 too)j: plaoe before the war boom 

and may be the delayed eff'eot of the drought of the nineties, but thie is 

not proved. ·The major factor 1n caueing the fall is the increase in amount 

of water pumped to the poi~t where it is now estimat~that 501000,000 gallons 

a day ia being raised in ,Ohio~o and auburbs. A case investigated by the 

writer involved reoal!lsior~: of the atat;l.e head of' flowo in ths vicinity of 

Sparta, Wiseonsin. 'lieU driller$ stated that the level to whion water would 

rise fall on ac;c;ount crf the drought of' the m:l.n(lties and had not recovered 

by 1917 te more than hal:!:' the original dietanotJ above the gi.'Qund. ~ecourse 

to written reool·de bY Moses Strong of' the original head of wellel., however, 

showed that the l!lemoty ;~:r the driJJ.ere was at fault and that ~!.side from .a 

rather alight fall due to the numbar of' wells within the c~ty, particularly 

abandoned wells dhoharging i!\to the valley filling, there had been no 

pe~ent Qh~e· Possibly the drillers raoalled eome abnormal conditions due 

to the extremely Mav;v rainfall of the aeventiee, tor such. might, easily nave 

caused f'l<!wa wMre normal~' ilhere. would. be none. It was wid~;~ly held that the 

supply o£ water fr()m the Qambri.an B!llldstoMe at Madbon, Wisconsin was 

steadily diminishing and diagrams were published ehowing the progressive 

deoline in etatio level. Then, following the advice of' geolog:lste, .recourse 

was hall to the uni·~ well system. 'l'M new wells located more than two milee 

from the group at the waterworks discovered that the original conditione 

still prevailed and that the fall was dw~ pu~·~~l t.o.loc:al overdraft. The 

eame $tory <111uld be mul tiplie~ lllMY times within the dilitriot under dis­

oti.aeion. In many plQ.Oea new lar$l. !iiameter well.a or repair work on old 

wolls has restor'd crigir~al oonQ.iUona. It ia poasibl* that aoidizing now 

0 ao sucoeaaf\\lly t<sed in Cil wells ~uld be applied to the removal of 

oatbcnate deposita around water wells. 



Oompaction of strata.- The reduction of pressure in underground reservoirs 

near to a well in which pumping or flow lowers the original head to a marked 

degree undoubtedly causes the precipitat~on ot more or lese dissolved material. 

Thh :La mainly aooompliahed by the breaking down of bicarbonates and may be 

seen to be still in pto!lreee after the water iE! brought to the surtaoe. 1Ql~ 

orustation is a common phenomenon in screen wells and is no~ remedied by 

Mid treatment with an in!U.llitor to prevent aotion oi\ the metal. Th~ liberated 

carbon dioXide corrodes both oaeing and pumps• Anothbr result of decreased 

head is thought to be compaction of the strata. It is evident that formations 

wbioh conta~ water under pressure cannot be as compact as those whioh.are 

dey,fot the water supports a portion of the QVel;'lying burden.' The effect of 

complete wi,hdraw~l of water from a formation of sand 9r very soft sandstone 

11111st f!erta~ly b• oon.siderable. (At New Orleans a lowering of 7 feet in 

the ground water level has oaused mar~ed subsidenoe at the surfaoe.) · When 

w~ter ie nllt completely withdrawn, the effect is proportional to the diminu­

tion of pressure. In the Ohioago district the pressure in the water-bearing. 

formatillns has been decreased by more than 150 pounds to the square inch. 

The rooks, however, are fairly fi~ and it seems unlikely that any sensible 

amount of compaction has taken plaoe. Data Qn compar~tive specific oap~sities 

at different dates is not available e~oept ~t Rockford# Illinois• Thel;'e the 

L~ decrease was ascribed by Sliohter ~ organic growths in the pores (Anderson, 

P• 2~1). 

OoMlusions.- In the light of preaent information the following are 

eetab1ishedt 

(l) The level of ground watel;' has notably f~llen as a result 
ot the present drought and this .t~<;ineat pronounced 1n lllaterials of 
low porosity and in eitua:tione where sub.wofaoe eeoape is relatively 
rapid. 

(~) The yield Qf wells which enter small isolated or shallow 
bodies of ground water or do not extend more than a comparatively 
few feet intp the ground w~~oter has been out oft or seriously our--



tailed. 

(~) Ia lar~e bodies of ground water sueh ae that within tne 
major water~bearing formation& the proportion of ahortage to total 
em.qunt in the ground is .ao lllllall *hat the effect on the yield of 
welle is ne~ligible. · 

(4) It has not been proved~t there ie a large and progreseive 
P!i'Tmanent tall in ;til.~ :water table d~e to the w0rlt 9£ ~ alth,ough 
there hu ¢erte.inly hen come e:ffeot due to def()rel!t&tion and oul tiva~ 
tion. · 

· ( 5) t" c1.1rtain lo.ea~ft.iee wb,.re large n~b(lr~ of .wells are in. 
ue11 the withdrawal of water ill. at -~ rat!! greater than. can lie rePll;l)oo 
isheA by undergroUnd flow and the we:wr level l-11 progrer.lsively t'al­
lingJ lo)UOh fall ~ possibly re~~t in compaction or oam~ntation of 
the rook $!1.d tho;~reby t'urt.he:r slow u!i' r~>pl.llniabment. 

( 6) Lose of. eapMi w 9M hill re!Jl.edill!i at least in Pll-rt in msey, 
· it' nQt moat, 4eep welll! l!y re~ing, shooting, acidiz~g. ole®~g, 
replaoeD!ont. of screon; or recasing (\spendtxl.g upon the oir!lU111$'t.illl~es• 

Ql,IIW'l:I'l'X OF GROTJND I'IA'1'ER AVA~l;MliS 

General ~;~tatsllll!nt ... J!aJW are the computations whiell, have be~n lllade et' 

tM t.Qt.al q_~t:l.t.y oi' gr.<~und Yi!!.tor in thEI e.arth and the nU!llber of years 

l'ltorage of rainfall w!ltqh it :reprf!ilent.e• All of the. emmputationa lU'e 

\lased upon MSU!llptione mo~Jt Qt' w~h are tnoap11.blo of proof· Beoaue• 

they are e~pres.!led in figures tl\<~y ehould not h r<~garl$-ed as more than 

gue•l!elh M Artew.us Ward ill i!aid to 11;\ve wd;tt$ll.J "ll'igger• don't lie l:>\l.t 
~ 

!lome U.erl! figgf!e.• l)uffioe it to Be¥ "\;hat in the diQtr.bt under oQn-
~ 

dderation the de!i'th of tM . "Ilea oi' und('lrgrou.nd wateJ' " varies from (!.].moat 
~ 

nothing wher(l har.!l pre-Oambr19,1\ orystal~in\911 reat;~b the surfaile to probably 

as great 11. dept.b in tile dtleP basins Qf ~;~oft :rook~,t aQ i13 anywhere knOW!:),• 

'l'ne water-b0aring t'0~tions ot the oambr1an ~ lower Ordovician are 

Qlll~ th!il greatest in th.e world· Over w"de af'(!)aa potable ground water e~x~ 

tenda to a deptn of more thll-n 2,000 feet be~ow tbe surface. Xf we reck~ 

that there is !llore than ~.000 f'e!!t. of' t~and~tones t'J.Uec\ wi:th i're.ah lq(ter 

lleneath ~ thC!US!in4e· of eq~Pre lllilea 11nd that . tbie B!indllWM probablt 

.. l$ .. 



. \ /i •! ..._, 

L 
' 

\/\ 

vta:bQX' are appax'ell:b. :Sut theae :raael'Ves are by no means evenly distl'ibutod 

oveX' ·the area and wa muat consider ·the saye1•a.l. subdivisions. 

Drift pX'oduction 

,llil.r_d roc!& al'ea. Whorl'! lll.l'ge depoaitJ> of sand and grav;;Jl oz;tend below 

th.e wateX' tabh wel.ls with specific eapa\litiea of. sweral, hundl:'ed gt>llona 

per minut<:l per foot of drawdo\'/ll are CHlmmon. Grav<;Jl :h ·ve~"'f abundan;li in 
' 

this di.litdct. but oveX' considerable parts of it tho bed :roek erbends 

@;ll'i)tO the surtaoe. .Plate Vl snows the di.stribU'bion of mun:it;ipa.l. drift 

W6lla so ffll' as 1;1hown by aYa:i.lable data. 

Soft rook fll'ea. Within the area of so:N bed rocks tlw drift is for 

the mo:;r~ p¥Wl; leas stony 'lihan it is in hard rock diatdotlil. Mucll of .it 

i~; 110 largely composed or cb_y that it eonteJ.ns ·too little ~rater to supply 

WE>lh of the ITic;d OX"4 typ$, \'l}lGl'e t.hc<'e aN elt'i;ou&iVe depos;t1;s ol' sand and 
• 

g~a.vo;,l laJ'g(l oap~ity well~> lw .. ve 'Peen developed, 6ucll dt>posits QJ.'e more 

. abun~ ant tn thf> regions Of limestone, dolomt·tet at1.d mmdstoM than they 

are eleewhel'O• . lleoe.use these d!stlt!~cts (stw Plate Vl! aroa or rooks of 

OambrJ.an.to Altssillt!.:l.ppian flgil} also afford good eupplhs :l.n the rook (Plato 

VI) . dtilt wells .al'~ not e.B abundant M ill the regions· Ulidorla.i!l by bed 

rocks :f.n,i\V!U;9h'-;lill!!~VJ:e.te~~eivf llJl~_r q11ality (see ?J.e.te Vll arena of Cretae­

oO:u~ and ;Pennsy+Yiurl,an rooka). Ju some al'Gas, however, drill.;rs have befll~ 

prejudiced against llUClt wells because they were not fwn.il:i.IU' with proper 

method$ of development. lu one locality (not in this district) the writer . 

discovereli tlw.t a dtillar had driven pipe through a gravel bed whi<ah later 

yielded '750 g.p.m. 8ll.ii finished a dey hole in ·~he pra-<lwnbrit\nl '.l'ltt1 pi'esent 

l!.t:>ougb:t hau demonstrated, however, tha:b many o£ tht;~ drift reservoir~ al."e of 
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limited vortical and horizontal tlxtent and tWO aub~ect to. ex}laus·~ion. 

Moot of the wells in which troublo has been :reported to tho writer: MVor 

extended many feat below tho no.l'llla1. water table. 

Rook p:roduotien 

Ji_at<\ l'Ook m;_~a. \'/here htWd pl'o-Cil!llbl'ian rooks extend. abovo tho wator 

ta.ble the ou,ly undargroun.d wac\a);r ia that which i~ eontained il'l. tho crevices. 

·t .!t £ollowa that with ver:, !$W I>X.Oeptions the qu~ty of und()t'groand wate:r 

in the bed rocks of this distr~t ;is limited. l!Jlr.oeptions to tl\i.s l:'UlG tWO 

ve'lzy :raro f;)Xoopi; who);' a a wall draws diraotly from an ad3 acont body of 

su:rtaoo Wt\ter. Som~ l!U'ge open we;f.lfl ip.. the wee:~hered portion o;f the 

gl.'ll.l\ih yield aa much M '(5 g.p.m. ln<t this ia very Ull.OQmnJOll and holes . 

which ate omit'ely dry aro much morf) abundan·b~ (lne wal~ neal:' ReaiJavillot 

Wisconsin, pen'tra:hd ·the pre-Owil:ll.'ian tor lSOO teet and. ditl net Qbta.in 
. . ~ . . . . 

onough water to aupp:ly a hand llUlllp. 'eh:ia and other deop dr:( hol.aJJ should 

di!Jpoae of iiho idea aUll held ~ some dr.i.llera '!;hat !lll th!).t ia u.eoded 

to obtai.u watet' in the p:re-Crun1Jriun iu to ill'iU deep onough. '.l'hot'o aro 

very tmr :l.nduat:rilll or mun:tcipa1. supplies from iihe hard rooks. Four amall. 

towns in J\fil1nanota aro GUJ?pl:lod t1•om the $:1()\l.lt quafi;zite and two in 

IVil!CQllain from gr8.!u:l;G or. aoh:iat. l'lhero alato is. the bed :rook small vralla 

are possible. '.l'he woll at l?ipestoile,. blosota:D in quartzite is l.'oporlod 

·to havo had a apeeific Qapao:i.ty of 12~"7 but tlrl.o:: ia o~teept:l.onal and the 
. . . ' . 

11torege un.dergrourtd is un.doub·hedly very small. Sw~h walla 11.1.'0 aoon affected 

by' a period Of iJUbllOX'mal precipitation and th<>X'G has bee11 A notable l'6()Q~Sion 

of iih\l we.tG:r level throughout the tiitrl;riqj; in X'O()Gnt years although tho 

deeper wells which are Mt heavily pumped are still une.f'feeted. 



Soft l'Q.()k IU'e!lt"limastonE! wol1,!. Pt'oduoiiion of wato:r :f:rom lime.:J-bOM and 

dolomite is almost enti~oly from cra\>'ioes and OJ?OJ.'ling1~ Solution op<lnings 

IU'O ;!.argot and more abundant ill ·t;rl.lo lime1r~ono ·than in dolom1:~o. Af:J in 

the hard :rooks q:revicea . be coma vrogroollively loss ana los a abundant as the 
.. 

dop·th £rom the wea:bhered. surfaoa inol'owios. Wells in Umoat<n~o o:r dolomito 

hav<Ol ve~y Variable ttpecil.'iCi oapaoiUos \d;!;h in~.inity au tho U!lpor l!m.i.t 

proVided ·~h<il dGm/lWl: ia n.o'v too groat. · .l!ll>poX'ietlca ahows1 howeva~·, that tho 

yield o£ moat l,l.lueiltene wo;J.J.<J ill small and that a point. is soon reached 

whore :i.nol1a8.f.led ptl,lllping fa:i..l.a to produco rut @.lllOll.ltb o£ wa·~or in d:i.rl;)ct 

proportio~ to th61 @.lllOrutt o£ <4-a.wd<lmt~· Morooyer, tho storago oapac:i.ty ill 
. , . ' ·. . . . . 

ercvicfil& io in moav places veey litdted <U'l<i s(lriour~ dl)piation follows U!lOtl. 

drougltb; W)lo:ro aro mmy Jnm'lio:l.pal otlppl.iea in the dist);'i~ under d:i.~;~cusaion 

which .wo der:lvo!l t'rom walla :l.n limestone or dolomite and thoro !ill'$ et:i.ll 

moro whore .. ~ p()Tb;l.on of the P.roduction is £rom ·those rocks. on o,ccolm.t c£ 

·l;h:i.l! :taut :i:b is intposaa:PJ.i} to map ·tho Grl(lal dis·t:ribut:Lon ot limeotoue o.ud 

dolom:i.te aupplios.; 

.§.pj·t roqk at~.llr-aMiiwfioM '<tellg. !3t:m.il.otono h8.f.l fewer cl•avicoa than 
. ., . . {.~ VoltVv . . . . 

llmer,toM ·Ql' dqJ.o!llit<l becatuHI .t11~eks Gro mort> bdt'Ue« .Man,y of the 

sai'l.dstoues oi' th:i.rJ d;!.strict !l.l;'o oQ!UOll"~ed w;l;l;h t.ha saiao ma:t.,i:'.i.al as makes 

up adjMent l:l.mGatoneJ> or doloruitGs. Tht'l bullt o£ ·the water ;p:roduotion ill 

s®ldflton« Qomes £rom the pO.l;'es between tM grains* t~ W()Uld be e.. m:i.fl·te.k&1 

,teO how<>ver, to th:i.n~lt ·~hat sJ.l 1%.ndatones are produot:i.vt'l. Mtlll.y go so :tine 

gra1Md t:m.d well. eoment(ld that li·ttlo wat()r enters a d.rJ.J.l hole in tllom. 

!.1< sanda·tona th<> y'iel.d Of a Wl'll1 is directly proport:i.oM~ to ·th.(l di'~mdown 

until tho water levol fe.U.s into thG productivG layer. iln upper l;i.mit 

to p:ro~ction b tot'eGd in many ~r<ll.la by thr> pumping ot sand wh:i.ch begins 

Vfhen tno va:Looity or water entering the well :i.s iMroased to a p9int where 



~t disrupts and carries away the sott rook. The following table shows 

the ma:rtmum llpeei£'1(1 oapaoitiee of thli> several productive formations which 

may be etpeoted where they are buried to a depth. of a hundred feat or more. 

St. Peter sa1tdstone 
New RiohmQnd sandstone 
Jordan aap.datone 

5 g.p.m. 
. ~ g.p.m• 
5 g.p.m. 

Dresbaoh aru~dstone 
Mt. Simon sand11tone 

5 g.p.m. 
15 $•P•m· 

At Ldieon, Wiaoonain tb.e specific capaoi tha of we1h in the Dreabaoh, Eau 

Olaire, and Mt• Simon val'#M from 15 to 22. ln the Ohioil.$;0 district wells 

drawing on the st. Peter and upper parte of the Oambrian rarely have a 

speoif'ie oapMity of more than 5. · Ne#t' the outcrop where cementing miuerale 

have large~ been removed by weathering and crevice$ are more common the 

capacity ie high&r. At great deptha the reverlile ill true and some walla 

have £'oun4 almeilt no wate1· in formations elsewhere productive. Wherever 

the sandstone ia thick and the wen enters far into or paaa~e through it, 

the storage reservoir drawn upon is eo large that the effects of. even a 

long series of dey years are ironed out and have little aignii'ioanoe. 

There is little reason to fear any shortage of water in the major formations 

of water-bearing sandstone. 

Present production of ground water$.~ .Att.Y attempt to estimate the 

total prQduction of ground waters witb.in the area is f'rat,tght with much un­

oertaintw. The· recorda of maximum capMi t:v and actual use for public water 

supplies can be obtainea, but no information is available on private supplies, 

some of which are very farge. ~oet reports are silent on the important sub-
' 

je9t of' yield and drawdown of walls. ~berme:ver estimated the pumpage ·in 

the Ohioago district at 50,000,000 ga.&~e!le ~Eir day and f'or .the entire state 

of Illinois at ro,ooo.ooo to 75,000,000 gallone per dey. This estimate 

does not inolu4e the amount pumpl)d on farma. Lell!a eatimatea the total oonw 
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1
_p sumption of water in Iowa M over )35,000,000 gallons per day, but the portio/ 

of this whioh oomes from wells was not given. 

Sununaty ·- :tn reoent ysara there naa been a decided tendency to ahift 

('< from deep well BUJ:lPlh(J to shallow drift w¢lls largely on aooount of the -~a-' fouJ-Uv 

ooe-t. of pumping ;f'rom the latter. The present droUght w:I.U probably counteract 

this and oauae a change to the ~eeper and more reliable eouroea. ~o far 

these have not been seriously affected and it seems unlikely that they will 

be. So far as the a.ituation goal! in regions of deep ground water whe:re the 

soft rooks a.re wa·~er~bearing, the pr(laent emergency gould easily remedied by 
I\ 

deepening of w¢1le, The only reason that more of that haa not been done h 

the presence of tL;oo;oial ~tringenoy,for it so happens that in tne two last 

periods of' depression drought oo<d poor business conditions seem to go hand 

in hand. In regions where the b<ld rook is shale as over the P~nnaylve.nian 

or the hard rooks ot the pl'G--Oamb1·ian area (Plate VI) and tho ground water 

above the rock is shallow or seen~, the problem is muoh more serious. Efforts 

should be made to find the larger and deeper bodies of grovnd water in such 

areas: lenses of sandstone containing trash water and valleys filled with 

QUALITY OF lJNDERGROl)ND I'IATER!l 

IntroduQtion.- The underground wato~a of the district under discussion 

vary from almost as pure as rainwater to atrong brine. This variation is in 

:reapenee to different geological ~ondit:l.ona Md has been summarbed in the 

table of geological formations. The primary oontrolll are (a) nature of the 

BUX'rounding l'Qek, and (b) amount Qf l'llixture with rain water of the original 

waters which date from the time Of deposition of the rook. 4'late VII shows 

the r&lation between tot!>.l mineralization and the eurt'aca. distribution of 

different types of deposits. ~late V-~ shows some ~pioal waters. 



Oomparitlon of' waters.- Waterl!l rney be olaeael\ acoording to different 

qualities which control their uee:f'Ulnesa. Watara which oon·tain large 

numbers of' bacteria are not suitable f'or drinking by h~ beings he­

oau.se dises.ee pX'oduoing organiam$ YJJ£JY readily be a.mollg these. Thll 

be.oterie.l safety of' waters is determined by testing f'or the presenp of · 

G) en organilltll l3aaterium (B~ coli whi.()h is abund!int in sewage. Mineral IOUb­

ata.nce!O die solved l,n water alao affect it!'! \lee pal'ttoularly fot industrial 

purpoa(ls and forwaahing, although few of these seem to have much if arry 

direct effect on the health of persons drinking the water unless the water 

is very.~ighly mineralized• The mineral Qhs.raot~r of water is stated ae 

(a) total diseolved solids, (b) he.rdn~~as computed eithel' as if all due to 

Qa.lb'i'llw, oarb•;mate or g~v~ as pound$ of .mo;rusting sGlids for 11 000 ga~lt>M, 
~ 

or ( o) by a e"inpl.eta analytlb of' the substances .in it. ":Bardn~il<Jflli i~;~ due to 
~ . 

the presenol\l of' oarbonat(ls and eulphatae of the alkalie. earth metals, oal-

<~iwn Md megnedwn. OarboMte hardness or "temporary hardness» iB often 
" h 

determined as 6alkalin:l.ty"l it is removable by boiling whereas that due to 
~ . 

aulphatee is not, "permanent hardnaaan. Alke.linitf should not be confused 
-

with 'the Qoinpounds of the alkalies, sodiwn and potassium. These metals alae 

ooour as carbonates and sulphatea. They do not affect soap but causa 

foaming in boilers and if present 1n large amounts impart a· soapy taate to 

\ the water. Oommon aalt1 sodium ahlori\e, if present to the eletent of' more 

than about )00 parts per million imparts a dietinot taste to the water and 

even smaller amoll!tts oeuse the water to k•ll plants. 
-.·,~: 

Distribution of ~inds of wet~!!·- On aooount of the labor of reoalou~ 

lation the mep in Plate VII shows only total aolida and not hM·dnes!'l of' 

waters from the deeper wells, exo~~tpt ilnat where non~wate:r-boartng pre--

-4'4-
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Cambrian rook is Qlosa to the eurfaceo Thoro !a also a close ~ol~hion 

between tlto amotmt and kbd of nU.naraliza:t;ion end th,o na.ture of t!w fol'lll-< 

ation in which the water is :found,,but a11 moat deep walla dr<l.l'l' :h·om moro 
' 

tl1en one formation it ill not possibl6 at pX'ofJ6nt to map the nv:tul.'e of the 

water in. ind:l.v!dual rook :formations; . It :l.a known, 1:\owavor, that thf! naturo f 
and amount 'a. ot disselrod miMre.l.a doea VeJ:l in ¢tf.feren·~ fQnnatioilll ao 

' 
much tltwt; tht:J eouroe o:f a $ivan we:te,r 4an often be f:!.Jtqd by ito oompoaittl.on 

onoe tha data ia availabla. Efforts are now nnde!.' WJ;lf in Iowa to do'Gfill'llliM 

thelle fao·~~;~.> ;j;t). eyory fo~'lllat:i.Ol'l th~X'O is a c,htmgo :from X'elat:J.Vel¥ SOft 

water neal.' the outerop through progroaJCJiVely mo:ro and mor& minoftilillGI'l 

water to a!!lt water at a dep·bh :wW,ch ve.riaa from a f~ h\l.lldred fe<'lt ·h 

· ovo.r: 3500 f&Gt from the su:rf.aco. 'l!~e inoraa~~e in mineral !lonhnt is not 

at -!;he Jallll!e rata, however, fo~ tr-bo"f~ 500 p!Wiis per m.1.1lion !lf total solids 

it rapidly incroa~~ef!. There is: I' oq:uiJ;l.deral:lJ.o zone in whiolt the total 

solids p,.ee&ll 500 p;p.m. AAd tll~li ~ l;'l);l;hor $rupt increase in stl;lt contelii; 

at the uoptb.J3 noted abqyq&· / 
. - . - /<. ' '- ·_ . 
)Stp,da of minorql.:i.ll§tii>n. . l'lll;~ ·VB shows greyhico.1l.y the moat :l.mportMt 

d.i.fi'ereMo botw&Gn. di.ftorent ttpe!J !Jf. nd~eral.il>at:lon ;in the grotl.lld water<> 
' I . . ,. 

of· the ~a tl.lldor disousa:l.on,l No. J. !!hoWl! wp;to:!' front a region of cryetelline 
.·'. . ·, 

rookl! Where the tetal lloj.fd.lf diasolV<ll.d d~'nt:>t eaturato '!;he water. No. 2 
,// / ., 

is trom the non~l:tmast~~b~~~ng drift of north central M!nneaota Qnd 
:~- I ! . . 

shows mu.oh mor<~ minera1iza~.1i<P1.t:or possibly tl~n'e ia limestone in the 
;J F 

d&$po:r p~a of the drift.; ;~~. 3 demonat:ratea tho ol?.faci! o£ limostono 

pebbles end rook t'lour \Vh(1f(:J'~:l.t is prasen:b th!:'<lughout tile dri:f't. No. 4, " .. .. . 

. j 
I 

' y 

. ;· 



is typical ot waters in tho J.OO to 5QO :p.p;\n; zone (~:I.ato VJ;;tj;;; . S).(!lh 

watern go !Jaturated with oarbonatoa (OOa) of t:!alcill!ll (Qa) and l1i.~esitw 

(M~ but contain only a Uttl.e sulphate (SO!i.) ano. chloride (at}. Uo ~. 

from South Ghieago 0 ;tllinoist ill typieal ot tht'l more minetal5.zed £resh 

waters which are Qommon :l.n deep well~t •. XU comparison with No. 4 .:1:!; must bl'! 

~ noted thai; i;ho amqmrh of carbonate :l. a ltet vory dif£ oront but ·bhat a larg<~ 

amolmt of ou;l.phato has bolln added. · This is ehie£1y oaloiw. sulphate with 

some magMa.::l.ll!ll BUlphato thml add.:l.ng to thll par representing those substa:noeflo• 

There :ta also an iMroaae :i.n the amouut o£ ohlorida chiefly sod.:tu.m '(lla) 

and pottWld.wn (~) ehlorid.es. ~to. 5, from southern. Hinneaota is a:n . 
intenn.ediate t;vp$ with a moderate mn.otmt ot sulphate. no. 7 ;ta trom a well 

wheN water was tak~ i1:'0m only one formai;:i.qn, tha D:reabach IHmdatono. 

Tho low m:i.noral.:bat:l.o:n is d~o to tl,w purity ot the s!Uld.stoM.:' l>to& 8 iv 

a soft alkaU.e ( l't~·ir~t~) ~AJ.·'bonate water whiolt opeura in and adJacent to tha 

Ee.u. Qla:l.ro sha:I.y sand.stonil at il!)naidera'ble depth."l. A,l though low in 

s<l!il.e tonning matJ:lrial it ;is not goo~ tot: btdiot U:~e beQrruae .it follllla. 

Nos. 9 Md. l..O are avol'e.gea of the soft WJ.d hard waters from the (lretace(ma 

of aouthvtoatern 11ill11.esota. No WJ.alysis ot the brines which occur at. great 

depths is ine;J.uded. Some of tl;ese axoeed ~1;ooo p<p;m. of total solids 

and contain ohl.o.rides of cal.o.:i.wn rutd me.gnoaill.lil as W!;lll aa oolll!llon olll t (NaOl.). 

O®oe or mtnarali.ta:f;i'?Jl• AJ.l. ot th~ soft ro.okn of the d;tetl.'iot under 

study were de:poaited 1\':l.~her in the aea or ;!.n GMl.eeed desert basins. 

When first d«>posited they were, therefore, tilled with aa;tty waters. 

Locally some sal·~ and gypaw. ( caloill.lil sulphate) w11re depoaited in l!!¥ers 

and apparently conaideral>l.f! gypsw., Wl. abundant corflP~d. in sea waters, wa~~ 

soa.tte'l:'ed throuout the rocks. Mtezo the deposits hardeMd a:nd were upraised 
k 



abovo tho sea and bW.:b into the £oru J:~hown in Pla:l;e I:l:l rain wa.tets entered 

the exposed Gdgeo of· th\'1 di:tto;eont · ;!'ormat~.ona. ':!.'hose rt® waters washed 

a~tay tho l'la'l:l;y water; · 'm!is !?l'O<Hms won·!; on faa·~ oat in the mote porous 

rooks like the Q!llllbl.'{®. srui(btonen• ;tt h not yet \iompleto in lilomo of the 

inrpel'Vioulil 1;oqk~ l:l.ko pox-hs o! the l'erinayl.van:l.~~ Oar'bon d:lmdde (coll) 

and ox.ygon a'l/GaQkl;ld' i;hl;l mo);'e aoiublo matol."ialll of tho rooks e>nd a o the 

newer fresh waterl) · o!llllo to l):,o thl'mll!elvea m:l.ue:t!lli:;ed~· 'rha trash watora 

are lighter thQ!l tho o;rig:l,;~al, brine and !loa;~ on top o:t it. DowA ·~o tM line 

o£ 1000 llol)•mi of toiad aJtlda · eiroula.tion ot tho g);'OU!td water w:t>.;h ~·etut."'l . 

to '!;he s-ut!Mo ia £ari1y aotive. Below that dol'lll. to the salt WP,ter contact 

the :fresh watei:'r; ~o a11llowt 6tt;igmult. li ;ts not poaa;tb;l.e with pl'ellel'it 

informa:f;ion to map tM contact· between the !rGah and salt water~> e.n.d· t)IQ 

l>ono o£ trtW.Qiiiion;. al:hhough. ii;f.lelf abrupt, il} ~·ked by 'fQJJl.ly'·· :l.rr(lgUlnrit:i.eB 

; \ in hol'l>ontd distri.\lui;ioli tu; well as i't depth. ~ha'ao IU'e l'elatod to 

porosity ot the rol!k. .l:n a !rsw plaoos; lll!U'ked by the let·~er s, aaJ:b waters 

have beolt· !ound within the !liea which ave~'ago~:~ !;.eaa ·hhatt 1000 p;p;.m. .ln 

the -chicago dtstriet glll,t '\'1'8.ta:rs are toun.lil at depthS o£ :vroo to 21100 teet. 

'lo gWll'd illl;llinqt di:·i:tl:l.ug into aal.t wa:~er \'lith the result o£ ®. w..penaive 

J?lugging bl1.¢k Job it ia well to take samples of water from the bottom o:t 

the holo w!~h 'l;!w. ~ailet• (l.B won p~·gresear;. When e.n.alysis shows over 150 
0" + .::..:,·~. ,' ;~- 'I'" ; ,:T (.' 

·'\\ · Pil'!+m•/
1 

drill.:l.l!g f.iM~ld bo l'.ltopped. Even i;h~ pl."olong!id pU!llp:l.ng may 

ea.uao -tliil3 "b(rl;tom wiberii~ ~ it ia called in tlla o:tl. fields,· to riae into 

the well .• ·. Suelt seems to have ha,pponod at Davenporl, lowa (Norton., 1929t 

PP~ 4l3-52h Much trouble in experienced with salt water in Chicago. 

Bowco of aull!ltato~. 'rhe ·aulllhatos which are so characteriat:l.o ot 

tho do<>por waters lllight arise in two different wayaz (a;) :trom gypsU!ll 
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depoqited in tho rocks OJ:' Msaolved in the \lriginnl soa water, or (b) from 

the docompoait:l.on of sulphides ll1ainly oi il:'on. 7.'llo quoution Xufl¥ llo answered 

b;r comparing the amounts oi c!lloium e..'td magn~s:l.um. /.!oat of: ·~llo cru.•bonato 

rocks o;f tho d:i.striot l'lro dolom:i:bil ra:~hel~ than l:i.mestollo, · U ·lihe aul.phat~ 

oante from the aame S<Jurce &l the carbona"GOIJ tlwough notion oi sulphtWio 

no~d £ ormad by oXidation o£ sulphides, we l)houl.d axpeut 'ltlw x-atio of calciwn • • 

tmd ilragnel!:!.uni t<l b<1 about tho swne in the wa:l;o:ra M :Lt :!.a in the rookllt' · 

suoll :ta not the qal3e and oalc:i.t\Jll. is ~oa'i; avoryw:llore gl.'eator in !llll<;>Ul:lt• 

'l'hi.s demonat:rates that ll!Uoh i£ not ail ot the sulph~>f;<l como from gypswn. 

Sotb l.ab!:l!.> A water is soft if tho amount of oal.eiulll tmd magnesium · 

OQra;(JOU!ldll :ta aniall. ~10 types of ooi''l; watera <JQ()Ul' in tma !U'e! (a) ligh:tly 
. . ~ . 

miMr&J.;tsed t7a:tei-a sueh aS oocur ln tllo hard :r<Jol!: area <Jf n.orlht'll:'n W'is<:onaii11 

and (b) nr4oraliZ!id watara where CQl1lpolinils of the alknl.ies ( 1Ia1 X) otlt&r 

tha.ri.. o)'iJ.ozi?.drs p;redoniiilato over oiil.o;,zm. <m<i iilagnositim COllllJ(Il.UlQS• Watars of 

tho seoo~ tier • (}'{oa. a and 9, Plat(! va) Qocm· in. (a) tho ~t Claire aucl 
. ' ' t ... 

adjaoo~ m. ~~mon forntationa north and west of Qhioago, ('b) paris ot tho 

Oretao#u~ Jdep~sita app!Wently a ditio:reut 1ayox- than contains tho h~.~Td 
waters, ~d (:¢)'(rarely),Partfl of the Niagru.•a dolomite itl Wiaco~sin <md 

north~lern ti#.~~~u. th is i;hougllt that these waters were originally 

,,'::, tV Of ~~JqaloiU!n--m~neilitfu; typo but tliey\{l;:~i wore aJ.;·ho~d by oxohe.ngo o:f thase 

aubaiah~ee (l;laae exchillige} w;l.-~h sodium W~.d potassiwu contained ill iihe rooks, 
' . J(i 

J \ Tho ~~/n!).tUrf! of thi;. m:i.neriil.s ;responsible for tllia change, whioh ia tlw 

'"J sa,!l)a,t~ hat in a ;:eolhe wate;r aofteMr, is Mt known. 

); t~on, !J!¥maD.ese, !!\d hydrogen sulehidg. Substances which altll!>t!gh 
-' \\'·· ' . . - . 

~~~ly prosant only in small amounts ~o ~t:romoly ·broublesomo a1'e iron, 
/ -~; \ . . . . 

~e.n~e, and hylirogon sulphide (HaS). 'llle first two a,ppal:'ent:l.y e<Jm(} 
·' ~ ··:. ' .. 

~~ra (a) 11olution in the l>Oll<l of abundan;~ orga.uio math:r mtd (b) oxidation 

·\·---~~~- . -as-
"'···-. ~ 



of iron sul.phidth Hydrogen aylphide mey o:rlginata by (a) pa.rlial otidation 

of sulphides or (b) ro<tu<rtion of t:~ulphatos by baot<n'i.a. ;:ho relativo 
. ' ~ 

impo:rtanoo of thoso d.iftorout proeosserJ is no·t knovm.. ~he ot'!end:i.ng sub-

etsnoea may be removed from water by proper chemical treatment. Drift walla 

are pa:rtieuiarly apt to yield iron-bee.clng watoX' and many of the deeper 

wells of the district• par'hicularly tboso whioh roaeh tho base of the 

Cambrian, are also. lWdrogan sUl;t>hido if~ most abundant in waters w.hiGh 

pasa through deposits of sulphides. 

Control of water JJUa,li'(;z by q~aing. l{ost deep water wells have no 

casing below tho drivo pipe except where caving formai;i<ms occur. !n the 

gJraat majority of caaes no ef:fo:rt wa13 made to J.e!ll:'ll. ·the nature ot tho water 

in e.Mh formation~ Xn the d.eep well drilled for the Ollioago and N~!l'th 

Western Railwey OempMy at West 11hioago1 Xllino:!.s, 3.n l\123 tho waters were 

carefully sampled during drilling both br bailer oo1d pumping tests. As a 

result o£ these tests it was found possible to ease the w<;~ll in auoh a m£li'Ul.ol' 

as to greatly ).essen the smount of aoal.e-forming min.oral.s in the water in 

comparison with the former supply• A number ot similar soft wa:l;or wells 

hav~ been completed nox-th and west of Chicago but np sue~sa bas been. m~rt 

with in My other district witl:d.n this area, lt is very atr.i.ld.ng that in 

l'late VII the 100(:) P•P .mo line roughly paral.lele the bordero of the .Pollll­

sy:tvanian and Cretaceous depoeits 1 both o! which are known to contain 

· highly mineral.izeti watora. 'J;h(;l queation at OM(;l ari!les if it ifl possible 

to cn·ill through these deposits Qlld ahut off tlle:i.r waters in order to 

e/ olfl;ain better water trom the underlying formations. Some 1mo~ss has be£m 

attained in this effort in places not fer removeti from the border !Uld it 

ia nuapeoted that were more wat~r woll drillers aa skilled in making proper 

-29· 



ahwb otfa aa are drillers in the oil i'ielda the boup.dary o;f moderately 

. minerali2ied vratera might be ah:i.i'ted many miles to the weat ~d aouth. 

M,tect of drougiJ.i..QA minora'l.b!l,:tion. No. qurmt6.tativo information is 
. . . . '. . ' ,• l, 

ava:i.l.abl.e on tho et'fe(;li; of the d:r\lught on the mineralitat;l.oll, oi the Ul>per 

part o:f tho groU!ld water. However, the qua'l.~tativo observations which th<> 

writer haa)nad~> aeem to ~Jhow that; both irolt aud hardnaa.s have markedly 

increased :l.n suoh watorB•' ~h:i.s is in liM with observations in ar~.d ·and 

aemi.,.arid regions where loss of ground water to the aurfMe causes the 

llPPol'!l\Oat water ·to be markotiiy more minoralbed than .is the lower water. 

J&!feot of ~ug,ItJi Oll, saf.et;y; of. watel:'a. It ia generally believed that 
. ' . . . - . 

in d'q pej.'iods well waters are leas stlto i;Mn norJna.lly. 'l'hia il.l eXplained 

iu two W~Jfs: (a) sinking of the wato:r level at which bacteria seem to bo 

mor:rb abundant brings contaminated w~lior into wells, and (b) tho l~ger 

. rad;l.ua .trom Which wells then dx'ain brings aotu•oos of .oontrunination vlith:i.n 

rMge of tho well which ord5.narily. are, uot drawn upon. 

1't1W!J!!!D;• ~he fQJ,:l.pv.i.m; t'aoi;~ appear from present :t.ntof.Ule.tion to be 

demonriratad; 

(l) The degree of mineralization ot the waters is related ·to the 

ma.teriQlS tht•ough whi® they pass and to the eftioiency of :flusing of the 
. . . . ·. ~ 

original waters by percolating :rain water. 

{:l) Within the Jl;one of aotive eiroulation ot. ground watora aud escape 

to. the surf Me minera.liz.ation in f.Gw plMas exceeds 1000 p.p.;m,;· 

(3) Nllar the surface. waters contain mainly carbonates of oal.oiW!l Md 
. .. . I . . . . . . . :. . 

magnesiullll with a min~n·alization of 9ver J;!l~~ P•P~m.su~phates are preeent 

itl illlporl;ant amQunts mucll of whioh was derived from gy'PIJW!l. 

(4) At dopthB of 1500 to SSOO feet salt water wh:l..eh ie not pQi;able 



/\ 
app~a,rsw:i:th a narrow bol·t of t:ransit:ton; r>Mh a:ro or.!.gi.Jtal w~ters on which 

(\ 

the i'res}j wa.te:rs are floating a.'ld a:J,so \lOO~t· in £ormation~ wh:toh hava baen 

imper:l' eotly flushed up ·~o Vei'Y she~low depths. 

( 5) Th<:J. bo;r>der o£ water supplies with less thwtlOOO p.p;;m. total 

· sol.ids ;roughly coinoid.ea with the sur£aco bordQr Qi the fennsylv~M wul 

Cretaoe()us rooks .which themsalv~s conta1.l1 v0ry highly mineral.i!lad waters. 

( ~) lt :l.a possible lly prop13r c.ol1l:ltruili;ion o! wellf,l to p!¥is through . 

i'orm::rbiol1S iVhioh. oontain highly m.tner.al,bad we;te:t's and obta:tn bettor wa"!;Gr 

beJ,ow; this m<r~hod Qan oon!'liderabl.y· m~;t0t~4.;;1Jhe ?.rea. in which satist'ao·bor.r 
.,_;.~-'' . - . 

dllep we:U rmppl.:i.f/1~ oa11 lle obt!l."i.n<>d. 

(7) So!4o ot tha deeper WB,tera of both ·~he ()~fl!;e,ce9ua an<1 the GambriM 

ap:pt<l!U' to have been ao:fteitt;ld by ne:tul."&l b ·Me exchange and, prop":r casing 

ot wells al.lowa tliMe tQ lle aq.our€lii. 

(8) !oats of we:J;er :from (llv.ch proauctive to1:'nla·tien can gone:r&J.J.y be 

o btain.ea. wh."i.lo wells are bfng dr.i.lletl. &ltd are :i.nva~uable guilies to propllr 

casillg. 

(9) Furt;Mr stut'li"IJ of the causes ot soJ.ution o£ :l.ron, liiMg&ne~{ and 

ot the f9rmi:rt;ion of hydrogen aulpluda arG needed in. erder te guid,o oo;plo:r­

IX!iiol1 :l'er waterll ~:rae ot th<'lse rmbatanoea &ll.d avoid t.he axpan11e e:f Jol."ea·hmont.;: 

(10) It appeara that i;he currant d:r<lught l1aa- ineroaa-ad both ruineral.w 

illation end l:>acte~al. ooJt~!l.lllinat:l.on of the sv.ri':l.cial. ground watel'. 

Mroduotion. Wlwn tho neighbor's houae burnrl it is t.o be expected 

that spe.rks· will tall. on your house.; l'he d.t«tX'iot under. tiiscussion lias 

clos!> to thll Y~>~fG .iu':i.d and r;())Jl."i.wOJ'id :region o;f th<> \Vast au<i wa must expect 

~31-



I 

that oyery now and then the l'l'ea:Mler of that. distriot will apread o..atwe.rd. 

and involve ulil in difficulty. l'ieathexo ~eeorda ha:vo boen kept tow. too 

short a time and at too :tow loea:IJ.id.es to enable rw} to doo:ld,\'1 definitely 

whothe:r or no·t ·blliRJ occurs at :r-egular intervals. The ;I.Mt f!eve:N tl.ro~~t 
in the lippa~~ ltias5.ssipp;!. Valley ;t...a·!iad ( at Madi.eon, W.isoonsin). trom :we7 
1;o 1901; a space of l5 year<~• ,l:.<ilt US hope tht>.'G i;Jtl.p one mlJ. not l~y .Wl 

longl UeMt:l.me- vto l!lay reot a.assured. that it is not ll. p.enntm.®t aU:eiro 

~.t'.U~.JL~..2..f. Bl'eciJ?i,:wl,.~ .. Al¥1 ~l:.<J.lt. Tho aho:rtage o£ 

prooip:l:hQ:bll.on in the la.at ;i'ive years )las marla Heel! l1llllli!.est to uciora of 

(a) tiu.rlaoe waters fl'om resel'Voi:ra 1 atrel'lllla, !lll.d small lakoat Md (b) ''he 

shallower underground wa:l;a:rs. lt has Mt a..! footed ll~~ppli<M. tro!u deep wi>lls 
. . ·-- . ,, ' - ' '. ' . . 

exoept where tlwae. wai;'e f oroed.. beyond notmal o~aoity by the ino~;ealled 

dem.'¥1-d for we:l;er •. For mMy yeartl engineers l.!eem to hays prat!>rred llur.t'aoe 

water su~wlles ·~o ground water sli.pplios partly booMse they tGl.t more cer­

tain of an ad.equato supply Md l;llirlly because of the leaaer m;l.ner~~ation 

of stil'faQs wa:ters• Whe:NJ ground ~ter was used thoy advocated ahallow 

wells. rather than deop wells beoause of lower ptllllping oos·b and aoll!ewlla:b 

leas minernlir.;ation. The tl.rottgllt hi.W shown i;he dMgel' ot dGpendence upon 

either surhoe or shll.Uow well. litl.tJplies~ Xi; has also demonstrated the;(; ·bhe 

capacity 6:f .ro.a_v wat.er supply ayl!t(llll ahould be made .seret•.al timefj the:~ ordin-
~ :i Jt-· . 

arilly lle<Jded tip• aa . to be preplWed. against l'llllergerioies like tho pl.'esent one. 

'.fue valuo oi de!lp woll auppl:l.e:J whi..clh are properly oonatru<rterl Md maintainad 

has now been made oleat> to all. They are inl!ur!lll.oe ageinst dl;ought. Wh<iln e. 

reservoir becomes <1ry or a shallow bed.y of ground water di.lla;ppew:'s there :ta 

:no·hh.ing ·to ~o but .to wait for rain or snow. When a well wh:!.ob. norm~J.ly: 

eutGred. tho ground. water only a tew teet or was bottomed i.n a pQrohed. water 
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·ha'bl.e fail to\ the logical · ooUI'Sr.l :i.s to deepen :!;{;' lirov.!.ded (5GOl.ogical cond:i:{;ions 
/ . 

indioate ·l;n&li the dopth of potable gW<?und. w&tw :i.s t~uffii;ihnt~ A!anr wells 

appsxently tail be(lattfle of intorn,al de:t.octa as lto·~o~ abovo>: A v~t nu.mber 

<!f. wol,ll;l nOI'l' need deep~ng, ole$Ung1 and :repa.i.dng~ .Uilto:rt\Ul.e;'G<;>ly £inan­

l)iel Oonditians h!l,YI'l mnde wol,l dx'ill.era reluctant to do .work tor wl):l.ch thQy- . 

mi.&il-t .havo t(l w~%.,f" l<lng time -l;~e pai.G.. ,b..l'l.othar obl;ltaolo )las ll~(i)ll the 

f~ thtci; pdcea oi :t:ron and stool, impor-tant element"i :i.1t .welt eo)liOitl'Uo­

t:tonQ have ».oi; kept :i.n line wi:llb. thaso of other doll!Jllod;l:h:tos. :tt :l.a s, 

i;i)lle~{)onflV,m.i.ng 1':\ll.d OXpenaiVe job to ;l.ooato a ReiV I!IUppl:ft to th'ill a lWW 

well, or to repair rut old ona'i · WJt()n watel' ~e ahorl llll':\ll.lf p¢1.'sonfi do not d.e.re 
I . 

to ahu;b doWll. the PVil!J?fl tong ®ottgla t-Q :fiuli the oaua~ of the i;:I,'Ov.))l4lii 

The problGlll of WEill. suppl:l.oa is .moat e.quto .in :>OU'~he:rn lowa e;td. llottlihom 

;tl:L:i.no:l.a whol'~ do!lp wo:Ll auppliell. sxo not pos.sible mtd tho dl:'ift e~ontins 
. . . ~ 

fflw le.tge !3Md and grav()l bod.e.;· Be!:lid.o.s thia the d.\'ou~lrl( has been more 

. severo in just thotl.!l looal!tiea. ~ the pl.'G-OiiUllbl.'imt Dr€la of tho nGJ:th 

the d.opth o£ .. unde:rgro.und water :ts ~.ao .mnall but the oo».S:tflel'ablo thickn~o~ss 

of watt;lr .. )le~ing glMial d.rUh ha,B saved tho ei:hua:~:i.on. 

_$%@1\t'f.+ kf; I'IUCh It ·b:tnte as tho present it l~oho'Vos us ·~o r;oe if th()X'e 

are anymoasnres whioh·~ bQ tnkan to lll.i.;~egate aim:tlur t1•oubloa in the. 
~ r 

tuimre.O· Some o£ thos.o follow. 

(J.) :Oota:l.lod soiov.titic soaroh for mo:ro adeqnata grotmd wa:l;er !'luppU<;~s 

is Med!i!d in th!il rag:i.ons of greatest shortage; undoubtedl.y thGN sxa ;mdevol­

oped, gravel. .beds, .e.ud SllXl.datono :la;yers iu th:i.a rog:i.oll f1•om wh:i.oh wa:te:r 

ndght be piped tor oondderable rlista.noe.s. 

(2) ~perinto-Jtta are needed to sell U any change in agX'ioul:tural methods 
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av..eh as larger wood lotll which ru.•e not pe.aturod, ccmf;our plowi}lg, ;tell 

plowing; reflqoclJ.nz ()f llliU'sMs, or oonst:ruotio;t of ;lmpoundil1g Nt!Hl\"o:tro 

w5.ll incrofl.llo ·~he Mtotmt of wa:ter. whicli. ontors the :;toil~ 

(3) At present vaat amom>to o.f grotmd water· are used for cool:i.ne 

e11d a.baorpt:ton beoause they aN .cooler ;tn atuum.or thM ar~ actjac•mt su:r£aoo . 

waters. (1-hhor in<iltsia,•iaJ. US()fl ocmslll'n:e .muoh gronnd wate:r. lltv.die!J !Jl'a 

Meded to see where e;l:bl~or aur£aoa w~her or:- non-l)Otab;Le gromid Wil-t er oo.uld 

be aubst~:l;ute&.. for potable grou\'1.d wai)ar thtts oons(lrv;lng the le;~tcr :for 

puhlir.l supplieS• . F.oa• :tnst;moe t~w otoelt y!U"da in Ghioago oonall!lla .:!.nmlonae 

fJJJlOmli,_ r; of 11!Jll.l wat&.r AA<i l>we sm:·J.()usly ourta:tl~d the water supply of many' 

suburban 'bOll'!l!J no·b flU' l.l,~,(l (1~ till' .thG ~£fionlty Of. aeouti.ng e. ri~b,i; Of 

way !or a twm.ol haa PN'I'ented i;h.Q !!,40 Q;\' o<.H:>l~\a.t()l' t!:1l!;en. from the deap{ll' 
' . ' ·._ ·- - . ::1'}l·,:. . . . 

. part ot ~nko J&tch:i,g;m, In some plaOt.lt;.. thE>l"o 11.1'~ · ltndevaJ~opad wa-~t.ll' suppli~>E! 

in the dr.l..f·b !J,!td in othtW loc\JJ,:l.tias salt we.tor from wells might bo uaed 

for 1llaJ.1\V purpGsoa. . Some ;fOl."lll o.t: J?ubl:to sup~rv:!.aion is noedod in soma 

parts of tho distri.ot·to al.loev:l;e wa-tel' supplies to tho moa·!; pro:fits.bleuao. 

( 4) In !1la!l.1. places the into:r£oronc(! of walla :i,a marked Md yet thi'JN 

is no legal remedy or pubJ.ie supervision, In W;i.ooon.ein £lowing walla on 

low grotutd are n.tlowc;>d to ro)) the:l.w nQ.ighbors abov>7 tha!Jl, Lawa compelling 

tM re!'ltl'iction ot f).ow from wells to Mtual needs llll.'l'e been onaoi;etl. and 

ellforo<ld in ,,.f;hal.' atatea Md are l;,ndoubtQdly needed. in thia :regio.n M wen. 

( 5) lmprovat'ly oe.aed W<illla a.'td aba,'ldouod walla. are allow.l.ng the unde~-... 

ground ruixtlll'e of wa:hers. !!'or ;l.na·~;moet at )?l.•aicl.e dtt (lh:l.e1t1 l'lisoonsin, 

salt watel.' . :f:rom deep flovrlng wells i. n ... oon·hl1lJiinati.:Jw~. lle f.rosh w.a.ter. s above. 

Publio :regulat:ton. l'r.i;hh powel' to <P'mpel pro1>er oa.si~~f\ und the plugging of 

abandoned wells is badly li.eedad, 



(6) Many e:ttompta havo beou l11ad.e to use wells vr.Uh a low hoad of wat<ll:' 

i;o take oii;hGI' am-fao<!l 'l'fater ;('rom enclosGd depreesiOIIlil or Sffi!fRgO e;tfl\if!!lt.­

};losi; o£ theso efforts haifo boen faUm-es because of clogging but eve~·1 

e:l't'orl uhould be lliad<!l to discourage tlrls dMgii>1'ou.s praotico. Ua<;~ of s:i,llk 

hol.ea to ~·e<1e:l. 'V'e s<mnge a.hould r;>.lso bo proh:l.bHii>d and "dry vrella" should 

l,l~ confined to a #lla.l,lo\t> d(ipi;h l'iheie the ne;tm-at purify;tng agruwies of the 

so:i.l. oM !lo ·tMir work; Ab!lltdoned wells are nloo a n1emtoa as they often 

a.Uow surfM(') qqntamiull.ted wv:l;eril ·f;o <mter the clee1l watera. Suolt ;;~hould b& 

die ooye1'ed uud p;l.ugged.. 

( 'l) l't .1.~ ».ow mol'o illiW.~~sMi#h over to ehlori.ne;be 1\l.l wa'!!e1• BI<Ppl:!.~a 

e'i'en if not ;int~nd.<iid ;\'or drillld.ilg but 'l;o wlrlolt peraomJ hl'.Ve aocesJ>. GMh 

t1·ea:bment tl!l.U!les liO ·tru;te :Ltt. ¢rdin.ary gro\Uld wate>.>f! and tha taat £or i'a'~() 
. . .. (Jv 

oll3.orine shows at on()e whether or." not dW:tgoroua ooltt<km:i.na.t:Lon has. occurred. 

(B) Qbsarv;:.tion wells for study of gro<m<i. W!:\tor lev.elfl tl.'l:'e needed • 

.!!Q..~.Ql.:..lll..O.te stl1.l;J,ning Bpt\1"~• Welegrwua wore uor.li; ·!;o i;he IHat<l 

Pl.wtning Uoat'da of lowa, Illinois, an<i M:tnneaota w. d all th~se repl:i.ed, 

No x>eply was :i-eceived to a lett ~r to the .Vf.i.fHJonsilt Sta:be l'l.M.I'lillg lloard, 

2:he Illinois hoarcl baa oompUed mach data. 0n publ.~l>, water Buppl.ies ~Ul<\l on 

me-bhods of water treattQent. During the o. w. A. the St~te \Vf.tter $utve.r 

' ooJ,le<r~erl a great numbe~· of well records. Studio~:~ of underground wator 

~:~upply conditions aro being constantly carried on by tlw Si;a:te Geol,ogieo.l 

Su~ey aud th<l State Water Survey. Iowa has a 'vecy amb:i.tious pl'og:rron. 

?;his iMhl.des (a) a ~·eport on the souroe Mi:! adequacy of all. l'llU!li()ipel 

water supplies, (b) analy~:~es of surfa()e e,nd underground wa:l;ere for bo·bll 

mil•!'lral and bac·&tltial couto1rl;1 (c) ~tully of wel..l ctJ.i;tingl'l til.l1d otMr de:Ga 

an u:nderg:roilll.d 13ources qf watQr unlier direction of. the State Q-eQlogioal 
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SU1'Veyt end (d) a p:t.'opoaad study of ground watw leyele. l:li)\: geol.og:twtHl 

~e a:~ work (ltWlying g;t.'otul,d wo;l;e:r conditiona and looai;;l,ng tesi; WGJ.la, 

Studies Ill'() plamted !u eooporat:l,on w:!.th the 11. s. Geol.ogicfil &1-ll'VO¥ on 
. . . 

mtderground l.eukago ;tn deep wello. A m:el:tnrl.naw t'opo~i; :ts :tn P>'epa,rai:ton. 

W.lJ.\'l.t>SO~~Ii is mwd.ng llODIS minor etudies :tn thlil Twin oii;y area and'%:tJ,~ 
. ' •' l .. 

l'efloodi.ng of ni!l.rshea which were once drained is under di$!)uapiolt~ :.tt :tq 
' - . . ' __ J 

al-so report<ld that work ill going fol'V/fl:t'd to bdl~ up ·~o date tlll" l.\lll, 

ropot't on undergrotutd waters. WiaQonsin ill l:i.a·~ing puplio water rJUppl.ios~ 

som.e marahez he.yo been roflooded a11;hough pr;i.mariJ.y as game retuge13. 

Studie~> of groumt wat!Jl' ;Levels at'.o being start ad by the QoJisecyp.tion. · 

QollW!io~:l.on> Qbse~ation wells lll'\l to b,o irioial.lled. at tho ;tru.1g!)a' atat:i.on!l 

~d -!Hlst ltells wiU 'ba all.llk to d!iterm.{na the depth ·h!) ground water in. 

:to:re13·~ areas wh<WG t@llporary wella mt;cy' be nead~d ·~o figh:b ,!:l.rep, 's·buQ.iea ot 

. the geology of underground wa.i;ors ar.e being oorried out b"f .tho '1\'11:~ 0r 
I 

unde.r :the auspices of the state Geologioul suney. 
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