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GROUMD WATER RESQURCES OF MIBSISSIPPI BASIN IN
ILLINOIS, IOWA, MINNESOTA, AND WISCONSIN
F. . Thwaltes, September 15, 1934
_Introdugtion.— On September 7, 1974 the writer was instructed by

Professor Howard E. S8impson to prepare & report on the ground water resources

of the pcftion of the Hissiseippi Basin within the stetes of Illinolp, Iowa,
Mimmgsota, end WiscBnein, In the time allotted, two weeks, it was impossible
to do any-aignificant amount of field work; consequently the material of the
report was drawn from the resulis of previcus investigation by the writer and
cthers. Lotters were gent out 1o representative well drillers and engineers
throughout the territory and much information wes obtained verbally from

engineers and officlals In Madiason and by Oeréapondenoe_with.the chairmen

‘of the State Planning Boards at Springfield, 8t. Paul, and Amed o

LOOAL HORIZONS OF UNDERAROUND WAIER

Introductione~ The accompanying table of formations summarizes the

geological conditiene under which underground waters ccour in the diﬁtriot
A
under discussion. These formatiens can be broadly divided into (a) loose wne

econaolidated surficial deposits, ohiefly gimeial drift, whioh cover almost all

~ of the district to variable deptha;'(b) “soft rooke®, many of which are water-

bearing and wﬁioh range in age from Oret;eaaua to G;mbrian; and {c) "hard
rocke! of pre.Gambrisn sge which oontein little water. Plate X shows the
areaaﬂwhsre the hard réaka ocour immediately below the glaoial drift and
thelr appreximate surface benegth the ovexiying soft rocks. Plate ER:dp e
sootion demonstrabing how the different layers of soft roék 61opY eway from

the outorep areas of the pre~Oumbrien. Plate IIY presents by means of contour
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PLATE III
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OUTPCROP AREA (SOLID BLAGK) AUD CONCEALED EXTENSION OF ST. PETER
SANDSTONE -
Contiour interval 500 fi.
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Formabion Thicknens, £h¢Descripbion Yisld o  Qualidysil,

SUREICTAL

Fleighogene
(&rift)

ﬂ}erbn,ary

BED ROCR=S0F%
Grafaceous -

Ponnsylvanien
{Qoul. Mensuron)

massmsip dan .
(Ghenter,

E}&erm‘ee) '
Osago)

(Kinderhook)
Dgvonten
Bilurien

8aling)
Ningare)

ordovi eie:cz
(Maquokeba)

(Galena, Plabbe-

'Sfllleg e'h 0)
éﬁtﬁ Potor)

to 600 TLLL, send, gravel Yariable ‘T&z‘iabla
o 50 Gravel Largs? - Sofyl
o 500 - Shale, sandstons Varieble Bome hardg HOme

‘ soft alkalie
bo 2100 Shale, sendshone; 3.3.me-- smell  Fair 4o very poor

ghone; doal
to 1200 Sandstone,; shalo, Large Hoxd
) limestone 7 B
400550 Linesbone - Verisble Hard
280500 Jdmesbono, sandstone, Variable Hard
ghale .
50370 8hale, limestone Suall Hord?}
%0 300 Idmestone, shale Vaxieble Hexd
4o 500 Doleomite, ﬁal'b, gypsun  None )

Yo 500 Dolomite, limestone  Varlsble Herd, some soft

75-300 Ghels, dolomite None ey
200510 Dolomite, limestone Varishle Herd

o 800  Sendobone Lexge Modivm hard

Proirie du Chien) Ho 700 Dolomite, sandstone Lerge Herd

Gambrian
Jorden)
5ts* Lowrence)
Frangonia)
Preshach)
Bay Clairo)
¥t. Simon)

¢ unknowy
Red Clagtien)

BED ROCK-HARD
Huronian

Ignecus and meto~

morphle

bo 200 Sendstons Lerge KHeodium hard
100~350 Dolomite, silty Small Hard

70-150 Sandstone, fine, dol. Moderate Meodium hard
30-200 Bendstone, whilte Lorge Hedium herd
100~350 Sandstone; shale Smell Hard, soné soft
46 1000 Sesndstone Very largegSoft to hard
to 22850 Sendslone, shale, red Smell Salty

to 7000 guerbzite, slate, obto Swall gofh

| e Gpenite, gneiss, obe  Very small Soft

GEOLOGIC SEGTION OF ILLINOIS, IOWA, MINNESOTA, AND WISGONSIN SHOWING WATER~

BEARING QUALITY OF FORMATIONS
Fe T. Thwalbes, 1934

Notet ALL formations contefin only selt water ab ciapths‘ of over £000~3500 £

et




- yleldod to wells ond thoy are of no practical importence. The sand and gravel

lines dyawn on the top of the 8t. Peter sandstone, an impertent water-
bearing formation, & more complete ploture of the geclogicsl struoture. .-
&tténtien should be given to the two deep basine in lowa end Illinele

raepecﬁvaly in which the formatlons of soft rosks reach their lowest

elevations.

gurficial depogits ~ Pleistooens.. The major part of the surfiolal

deposits of the Upper Mississippi Valley wemodeposited either direotly
by glacial ice (till) or by the waters derived from its decay (send, grabel,
end oley)s A relatively thin mantle wes lsid down by the wind (losss).

- These deposits are collestively celled “ariftf. Their water-hoering

guality varies widely. The tills very %rqm aami%bm?jﬂ. of boulders and g_a_adi
in thg' reglons wnderlain by herd pre-Oambrian re_a.ék_s to één.ee olays with
seattered stones im the distriots of soft shale bed rock. In g;sneml, tills
oontain very little wa_tér slthough theﬁk—\vare extensively drams upon by the
dug wells of the early seitlern. The same vomayk kay he made of the lesss
which econtaing water during homid sensens where underlaein by impervious till.
Although the sllts end olays which were laid down in laekes of glacial time

sontain much water, the pores in them ars go emall thot this water is not

deposits of the drift ccour {a) sbove the 111, (b) interstratified with i%,
and (o) between 1% apd the underlying bed rosk. In meny localities ghere
is mors then one layer of sand and graevel, but in ethers no suoh deposits
ocour. Suoh deposits are mich mere abundent in reglong 6f firm yooks I;i.ke
lincatone ox granite whera t»he glaolal drift is stony thon they are in
digtricts of voxry eclayey till. Throughout nerthern Mimgaéta, mich of Jowa,
and large parte of Illim:ia‘, indeeéj\&;;;\ogt all of the rivers which once

w3 w




oarried glaciasl flosds, sand and gravel beds (cutwash) are very important
pourdes of water supply. Indeed, in many looalities theyc are thé 6nly‘
souroes of water or the only sources of potable wat.ar. »m all 1ayara;"how-»
ever, are productive; some lie above the walsr iable end athera do not emmu
muniaata with the surfase. Glasial ouiwash depoeite cosur within the unw
glaaiated aress in sauthweatexn Wisconsin and aoﬂtharn Illinaie. The limitg
of thoe drift in thesa areas aye for the most part ill-defined and ars, there-

fare nob mappada

gurfiolal deposits - Tertimry.- S0 far as the information available to

the writer goes the gravels of ?artiary age which ocour mainly'in gouthern

Illineis are not importent ad soggeaa of water.

§§%§igfgxrkaa‘\ gaft~rauks.u The poft reéka consist of limestens, delomite (nagnesian

/Q/

G

-E

M2

limegtons), shale, and sandstone and inslude all degreys of mixturg of the
above types. AlL of these rooks ars more or 1gss‘bg%¢kaﬁ by jointa and fise
surgs and thia is best developed pear to the wanthored surface. All Aoi’ them
contain mors or leaggater near to tha:l_.rgoutampg. Hany éhe.lea there produce
evough water to mupply farm wells. Where the openings in }imestqnea have
Saen enlarged by solution, immense amounts of weter are prsaenﬁ. But at
depthe of morse than a fow hunerAKfeet Woathering has not been appreciable in
amount and the shales, 11meatonaa, end dolomltes are not imgortant producors.

~ The gandsiones are more uniforaly poreus, bud domn the dipesay from the oub

srgp the amoust of ¢omenting minerals between the pand graine gradually ine
oYeanes gnd the quasitg aerrespgn@ingig deeregaoa. The coarger graiﬁed
sandstones, however, yleld some water as far domn as thay have been paﬁatrated
by tho drill, - o
.gretaaéoaa.m Oonparagively little is kmown of the detalls of the Orotaceous
deposits of wendern Iewa and southwestern Minnescta. Taeir base containg more

“l




or leps sandstone and some songlemerate, for the most part rather fine
grainoed and charged with sulphides of imﬁ. Only é. few large wells have
been obtained in these dopesits. .

Pennsylvenion.~ The Penngylvenisn deposits eontain meny we.ter-_«ﬁa;arigg
semdabones, but the extent of individual layers is for' the most part very
limited ond the rook is fine;f-grained_o Eem the sandswnéa,and the a&fjacént
rooks ocontaln wmeh sulphide of lren. In g few localities, however, good
wella of fairly abundant yisld have hem,_ahtai.aéd from Feqneyivaﬁim rooks
and it 1s p‘ztpbgb;e that their peseibilities have néver received a thorough
4teste The best apperﬁﬁaiti,eé fox water devslopment lie near to aaﬁstone
outorops. | | .
Hissleeipnian.- Hesr o the outoerop the Mississippian 'sandstoneg end
Linsotones _yi_eliweens;}.tl.%&b_},e ameaxrbs of ga*é,&bla watere In Iliinc.tg- the
abegp dip carries these a't»raﬁa t_én doep for gatisfactory yiems within a
fow miles of their c;ni‘é;rag, %;ut.ix; Iows the inclination iy less éﬁd‘ﬁa‘ber
may be found in the giga:,ifasigpian for somy distence wnder the cover of overe
lying bodse. |

Qﬂw_;m ﬁmgll emowntg of water are found in the Devonien '.!.ime%.
gtones of Jowa and northwestern Illincis. Thoy do not rank ag iﬁpariaﬁ
_sourees for largé supg}._iea.. |

8ilurian.~ The figeures of the Silurien delomite locally yield enormous
emounte of whter. harge wells are found in worthesstern Iilinois and northe
eastern Lowa, byt the finding of mich pupplien is very unsceiiain. Where
this formation rests on underlying impervious shale, springs ai‘é ebundent;
wherever the‘ conteet ip ezpése.a. In pertions of Iowa the salt end gypaim
boaring ha_elg of the Balina formation ocouy gt the tep of the Silurian but
do not théemsvlyes _yielﬁ & subgtential msmount of water. |

w G




Qrdovioian.~ The Ovdoviclan stPaba above the £t. Peter sandstone yield
1itile w&ter except on the outerop. Bome produstien is reported from the
GalenaPlatteville in ner_tﬁaga.tenﬂ;jxgwa and northern Illinois at considerabls
- éapﬂas; ¥herever there is a shg;%b@é.ﬁﬁegprgh) ab the bottom of the Galena,
Lnigortent springs 'iasﬁé glang the \autéxpg;, -3 meny L.Gﬁélitie_a the 8t. Peter
- Bandsione is 'i-,lhe,' fi..ra_t} aagﬁarwhear;z;g bed encountered m,a.ali:‘aa Although |
this formetion is very persistent, it 1s of only moderabely éoarse graln and
the ﬁii.almesé ig vari‘sﬁbl,éu In centorn ﬁiasnnsm i 19 locally absent. Bew
low the 8t. Peter azis. or more sandatone layors are found wiinls tho Prairie
éu Chien dolomite. | The pf.ine.i.pa; one in aft-ea ¢alled "Now Ric'hm;dﬂ wnd 18
an impﬁﬁa_nﬁ souree of water in pgx_?s of northerm il}.;r_x;is' end ﬂortﬁgast,em
Towe end %o some extent in eouthern Minnesota. The dolomite aleo yiolds cons

siderable vater especially where nob coveréd ttg obher formations.

aamhr » Throughout Jows, Minmesota, ané;c:h;eiwestam parts of Wisconsin
snd I31inois the Jorden sandetone at the top of the Omubrien 8 & very im-
portant vater produser. Fo the eset it grades into sendy dolomite and is

of no pradticsl imporisnce. The _unée-rl&ing 8t z;awr@noe end Praneonia formae
tlons are of 1ttle impartance gxaepﬁ iae_e,r_the, ouberope Vhere there iy a
layer of so-called shale® (siltstene) at the bottem of the Frenconia senie
gtone the outersp of this&hori.zqn is en importent spring line. The very pure
white 'Brésﬁaeh sandstone ip sn exteemely valusble sourcs of water ;hhxaug_hcut
Hinnesota, sisaana;n, xmrtaeggt_.am Yovwa, end Aorthern Illinois. Underlying
the Dré'ghahh the fine gra_i:ieé, wpll Q;aﬁan;ag Fan Olalye sendstones do not
yield lafge alounts of yatér- The baéal ‘fqrmatio!} of the Csmbrian, the Ht.
8imon sandetone, is pre-eminently the best water producing formation in the
aren. It is mach coarser grai#éd then any overlying eandstones

Red Glastis sories.- Along the margine of the seft rock eres the Mt. Simon

E’éﬂ
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sendetone rests directly wpon pre-Cambrien orystalline rocks. In the bottoms
of the basing, howeyver, sgveral hundred te o.va_rl 2,000 feet of pink snd red
gandstones and shales. intervene between the light colored Mb. Bimon sand~
stone end the orys.“taallﬁ.né bagement. On the eross sectien :.nb attempt has |
bash made to sepavate these rooks: Thelr age is .unée;'fga,m;‘ thoy may be
elthor (o) the Gewnwerd oxteonaion of the Mb. 'sm;?n,- or §b) the southwest-
weard prpz..g&;gaﬁiea of- ﬁh@ enormously thick red éhaly éan&aisnag ﬁhi.ah 1;11(6 in

the trougha between ridges of pre-Uambpien igneous rooks in northwestern

Wigeonsin and 'noﬁ,h_eaatem Minnesotas No abtempt wee mpde in Flate I to
eontour the bottoms of those }ffmﬁ'm {Bep queatienﬁ/ msrka Yo |
tf'i? "}‘3 . ) I
Huronlen.< The Huronien qua,r‘bziteﬂ‘ of the Beraboo reglon, Wisconsin, and
of southwentern Hinmesota yield small supplies of water from Grevieaa.

Igneous and metemorphis rooke.~ Throwghout much of Minnesota the top

of the ignsous and mataz_norphie _zeéka:i.e deeply waa&h,éreﬂ and yields some
water. Deep wells, however, in the fqrmgtiong- invariably Qnooﬁntez‘ little
or no water: One driller informed the weiter thet if a well pa‘aaeg' through
more than 200 feet of hard rook withoub finding a Weter-héaring orevice,

4 wae adviesble o discontinue werk snd try enokher location.  In Wiseone
sln few volls oblein more then o very mesger supply of water from the hard

rook formationd.

FLOWING HELLS o | | |
Introduotion. Fells which flew at the surfpce were fomerly called
"artosion®, but whan geologiste romlized that these wells differ from ad-

iaesnt gn;a which penetrate the same formatiens only by being located on

lowgr ground where the static head 1ies above the surface, this t,em;{v_aa
s0 widely applisd thet it has loet the original meawming. The term "flowing
‘ a7 R



we11Y is defintte end is hore useds In parts of Wisconsin suoh wellp are oomw
m@a1§ torped *fovmtaing® . Fl#te 1V shows the distribubtion of flewing wells
a¢oording to availabla data.

Q@Eﬁe”ﬁfrflﬁﬁﬁou Flowing welis may be. oompeyed ﬁith taps in a eity

vater. sya?tam which iy supplied frem en olevated tank ap lemg a&a epr@ained
by ahambge;m. Reosently Magsell endeavored o ahow that, Flows mighb be R
plainéd by - the welight bf the overiying atmatao ¥hon the ﬁatsr-pressure Wa s
relioved by & well, $ett11ag toak place with diseharga of nhe sontainsd
water. Thie thegry ip doubtlens tvue in pavd bub 4t failﬁ 4o explain elther
the character of many of the wateré wﬁi&h.axe'cbviausky derived from yain
water and not g&pesit,ed in the fgmatien- or the gagma’;zenée of many flows.
Although the presaure differs in differont waler-bearing formations in the
spme well, theérs im seme ovidenca that considerable leakage oosurs both

ints and owt ef the fovustion. For tastanse the flows in the Kicksppo

‘Valley in southwestern Winoonsin onour higher then the ouberop of the

farmatigﬁ 40 the noyth. ?hgy‘muat;be in part sapplied by the high wetler
table under the ad;aaent hille. In faot, most flows voour in deep velleys
rather than out on the plains although in some places the valley ig very wide.
A Bhﬁﬂn‘by'ﬁlich%ﬁr the water garmelating frem.the high weter level undsr
the hilla i largely woving upward belew o valley where it eacapgg. if

there in & relatively impervious leyer under the valley, then a well offers
sasier outlet than ﬁature hog afforded mnd o flow resultp.

-Flows fxom drift.~ The requisite conditiena for flowing wells are

sormon in the ghacial drifht snd the mapping on Plate I¥ of ‘such wells is

not complete. The writer has ohserved seattered flowing drift wells in

poveral pleces in southern I1llinois. In most ¢eses the water-bearing sand

and gravel 18 covered seither by till or by leke clays. Iﬁ seme places water
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i confined in the hed rack by overlying drift. In few ocases cén the dew
tailed sptratigraphy of such deposits be worked out az may be done with the
bed rocks and the pfababla oxtent of the baemin eannot, there_fe_ra) be fore.
casted. One of the early dlscoveries was the famoue "Jumbe" well ah Belle
Plaine, Iowa which xgp_ﬁiid for a considerable time. ﬁIa‘maﬁy places it is
diffioult to d?ill éﬁ#h wells withoﬁt getting 1eaka'ou£éiée the drive pipe.
Some drifih flows ave 1eft uwncaged below 20 10 40 feet from the euﬁfaea and
are subject $o bridging if the flow is stopped even for an instent.

Flows frem‘bed rocks. The mep {Plate IV) shows that flowing wolls cen

be obbained from the bed rock aleng most of the prineipal river valleys. Ne
attompt has been made to map the artesian hﬁadqféﬂﬁﬂergroapﬂ leskage 19 so
eommon that the head is éepandanﬁ upon the method of cesing the well apd
the effectivenese of the Mshut off? as it is termed in oil well practice.
The wep does not attempt ia aepara%@ aross of flows due £§ different
ﬁaterubeariﬂg fbryatioﬁg although some localitien of flowé from the Ure-
taceous have beQn_indiegted. These wells ars similar 10 the famoua Oro-
taceous (Dakota mendatone) flows of the Dakotss. No attempt has been
made te'aeparﬁta fiéwg of potable and nen-poteble water. Thers were former-
ly flowing wells nesr Chicago but heavy pumping hae there lowered the head
g0 that they have ei&ééﬁ,' The peme phenomenon oeﬁurs elaawhe:e but-haa
not been shown.
DEPLETION OF UNEERGROUND WATERS

Introduetion.~ The problem ¢f the depletion of underground waters
is a complex ong and is in£imat§iy tied up wWith auestions of mgriculture,
forestry, and meteorology. Within the limits of this report it is impop-
sible to follew all the ramifications of the subject or to summarize all
the different opinions of previous investigstord. This discussion ig con-
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fined to the more important investigetions of the subject snd to aotusl obe

aézrvations within the area under discussion.

Oyigin of underground watexr,- Of the water whioch fd;ls on the surface

of the earth by far the larger paré is returned to the stmosphere hy EVBPOTEm
$ien both directly an& through the medium of growing plante. Soms runs
directly into streame, end a part sosks into the growid so deeply that it
reached the waderground water. It is ﬂ}ffieult to estimate the relative pro-
porticna of these three dispesitions, for sush vary widely with weathei;
sharactey of the vegetation, end losal gaalagieal.phsnomanae The digcharge
of sﬁéeams ia larger than tha‘atqﬁn nm-off, for it includes mueh‘apring |
weter. Minimum aiﬂeharge' tepordaiduring leng dry spells é’f"féi-' 8 'faﬂ.rly

elope appreximat&.an of spring ﬂ.oﬁ pxeept whare the watershed i.nclu&aa lekes

- and swamps.

The_water tab;g.n_rhg level &t which water stands in openings in the

grownd is défiﬁeé as the ®water tabiéwa Hoad text books treat the subjeét
as though thore were only one water table. ' Astual Fiold investigation
shows, however, that in regiens ofﬁdiveraa meberials the digptribution of
mdergromd water is extremely variabla. Layers of impsrvioue material

underlying pervious substances hold wnderground water above them in

¥perched” water tables. In regions of alternating pervious and impervicug

meterials in worg or less horizentel pomition there may be several perched

water tables. fhis is the osee in many hilla of wostern Wisconsin, In

uwaterisls of low peroaiﬁy guch a8 the olay tills of Jowa and Illinois it .

is dlffieult té éay thatithere is any definite water teble. NMuny lakes,

ponds, and streema deo not cqnnsat with the subjacent water table but ara

perched., In other places desply buried wa.’mrubaaring 1ayere eent;aimm’wi‘
“ 10 - '
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under pressure which when repched by & well yises far above iis eriglnal
peaition, and over aenaidarable areas #bove the surfhcs where the well
wes put dowmne (Eea flawing wella, Po ka It fbllows, therefore, that
welle whthin shord distences of one anﬂther qbtain diverse poaitiena for
the water teble dépénﬁiﬁs ?Pan their depth and mééhad ef eéaing- ‘ﬁome
may allow the dreinage. of unde?g?eund watéfs which 11 § ﬂ§ar the surfaoce
doWn into deeper watérs'affloWQg'haad. Othera may P@téitrihé.?iaa of

high-pressure deep waters into etrate where the watér-haa lovwer pressure.

Variations in the waber table.- The level of the water table veries
with the amount of presigitaiién which reaches it and to som§ a#taﬁi ag the
-ranult of changes in‘ﬁemyééaﬁnré of the ground end in aﬁm@apha:ié pi&aauree
Adjaoeaﬁ greunﬂ water flowg taﬁard the wells The greﬁnd,retarda the £low
so that mnieaa there are very large openings the net reahlt ip a fall in

the level of the water table adjmcent t6 the wsll &uring pumping end for

some time afber Lt camses. This is called "dvew daan“ ané the vield por
foat of ﬁr@ﬁdowa ie onlled Fepecifis aapgpitx” In ths gems way the
water table slopes down iewa;é springs and,lin;a of peepage.

Reéaasioh of the weter tablesw The first setilers in the Misslgsippi

Bagin te:a lnrge extent cbtained their water supplica from natursl springs.
Noxt dug wella; whiﬁh for obvious reasens extended only a few Pegt below
the weter table, were made. HMeny of these-eantinuad.ia uae until the pro-
longed poried of subnormsl reinfall during the ninéles, Then drilled
welle wéra widely introduced. Moat. of these wWere oarried down into bed
rook and, largely on aéaaﬁnﬁ of their aupérior sanitary qualitics, have
almonat entirely displeced éug welle, slthough dt;ven and bored wells are
used in many piaoég. Hany wells were also drilléd in the effort te obiain
flows. Moat of these deeper wells were eatisfaotory wuntil the dreught which
w11 =
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begen in 19%0. Sines that date there has been contlnued recession of
water lovols so that now meny faffmsendssdue village end oity wél.la are
dry for the firet time. It is reported thet im the laeb Few years the
weter teble has levally receded 40 to 50 feet snd a sinking of 10 te 15
foot Ly veyy sowmon. appaxanﬁly the recent leowering is mesdh marked in.
{a) perchsd wetey t’abies, (b) narrow vidges, ( eﬁ se\,né;st. plaiﬁﬁs and {(d)
relatively impericus materialg sueh es till. o

Jeuges of resession in shallov welle.- The writer has been sble te

find in prink vory few notual observations on the relation botween groﬁné
valor levels in shallow wells and adjacent precipitation. It is é;ear, hoW
evar, that roplenishuent of the underground waters normelly ‘b&k;é;s place ,
ohiafly during minter (sxeept when the ground is fy¥sen) and spring. Bhortags
of enow 15 probably muock meve Lwportent then aﬁmmer droughts in lowering
the water teble. During the ét@n;inara the grgjija;tﬁjr demanda of vegetation
congribute to lowering the level largely b:v'- the prevention of replenishment.
The effect of shortage in roplecishment i iémulativa_ and legs z}oﬁeid_exably
behind changes in presipitsbion. The elaborate survey carrind sub by MeGes
which has boen ¢ited by woet authors ag positive proof of e permenent
lowering of the water table due primarily to cultivation of the seil ig
me te aever&‘f\ eriﬁigim. Pirst, no congideration was g:wara te the factor
of replenichmont and the study was made shortly efter the great droughb of the
nineties. Second, the evidense wes nssessarily bassd wpon hoarsay reporte
glven from memory by old inhabitants and the expe¥ience of the writer ia
that few, 1f smy, well owmers kuow accurately the level of waler in their
ﬁali;.s. The writer hingelf de¢es not Qaaw the present or past water levels
in the four wells at hie residence. Murthermore it mast be realized thab
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the wells oi‘ the early settlers for the most ;;Ar{; never yie;;;ad very muoh
vatar as judged by pxeséﬂ?éa& standerds. Stock was then wetered ;alma‘st
exolusively atb stresme end ponds end the hougshold uee of ¥ater ‘?59;- mich
smaller than ﬁém. Wany, poenibly a vexy loyge ;’re.qt.ii.an,__iéf' the elé.rl_y welle
ware little betberilhsn clsterns in which melted e;_ézéw and spring raia@ 8.0~
cumileted. Others were m{px,:l,:!._a;d by such nlow a‘aepgée ‘%'hé'tf-: it weuid ri.@i be

- viotived in a :ﬁe&am‘ﬁeli of aniy- a foW inches diametor but ﬁq_ﬁld be utilized
bgsause of the storage afforded in the large d;xg W;ﬁz-i‘e Xt is eaay te LT
how sny pmiengsa s}wrtage af preaﬁ,pitaﬁien wau!.d sange t-ha fai.lara ai‘ sueh
wolls without the nacaesiig of salling upen the effeets ot defor@etation eml
sl tivation. Tha v'ritex- does not deny. thab there are affeat.a. fﬂza ahsngea
reginme of the streams of today, the more marked freshets and fle.e@d,sa; the
development of gullice, end the drying i:p of wany eumll gpri,nsa ond ponds

syd sloguent testimony of the evil e,ffsat,é‘ of the mproh of ei.vj.liga.tiqno

Bubt the replealehment of the main ground weler is éne.thgr m‘htgr_ e.n&_ ﬁpparent.-s
Ly does not depend to a larze extent on the egmiitim-af the ground in- the
suraey time. &d atbempt by Lece in 1927 1o bring wp to daﬁa Xowa the
survey of Hofoe failed to demonstrate e.ny Purther change. In the cpinion of
Yhe writer the ohanges wrought by men vzhigh mey effect the amount of replenighd
aeat of the water teble and bring about seme pemanent. lowering aret (a) av.b-a
gtitubion of compact vod Por looss forsat. mould, (b} tramping of graund by |
sattle rendermg it less pervious, and (s&) érainage af ma.rshea, There is ‘

Ho dete of trustworthy nature by which thasffeata of W&% 4'9&%‘3% °$ Db
svalusted and compared ﬁ’itu effocts of ohan,gea ﬁm praeipi,taﬁoa. Yella pat

down for the sole purpose of observing the watar }.evel are naedeé, for it

ip useloss 1o see}:_ for acourate informatieon in wells which are pamped 0 8

sonuiderable extent aB are almost all mell@é at the présmt- $4nme, especially
w15 w " '




during e prolonged dmﬁgh‘ha Very impoytent factors in goveming the
smount of reoesslon of the top of the Piret or surface water are (a)
porosity of the grownd, (fb') leaks in the restreining layer $e,néath perched
bodlea of ground waler, and () the size of a given body of ground water,
Low porosity m.sa a given logs or replenishment ceuse & g‘:ﬁgef@arﬁbéomm
chenge in wator level than in the case ¢f high gﬁraaitg.‘ ‘én the other hand
high poroslty g}g_iowa reia_tiwly rapid leweling outb of the water table dom
to the point of outlet when repleniehnsnt is elight or absent. The writer

heg knom of the faizara oi‘ wells in porched vater tablaa even during periods

water are the first te ba e;me.usted by wse snd by na%ural 1eake.gé-

_xamleaof___raeve ¥ of rgund Jsater lovel . Ons of th.g clageio in-

‘atanees of ground water recession is in Porisge County, Mse@aam, reported
by Weidmen and olted b"y Van Hige. In that reglom of sendy outwash plains

ﬁei.dmaﬁ reported that the water table hed by 1900 aunk 20 to 40 feet. In.
1927 the wri‘bar_réaurvsye&. the same i*agian and found that the ground weter
had risen markedly again end thet ix meny Of?{hﬁ enelogsd lekes which Weide
mon reported s permanently dry the water was killing fsiéeg:a over 30 years
old! Bimilar observetions have alse been made by the wr,i‘éer in Dene Gsunﬁy,
Y¥isoonpin. Beyend.question if many of the nlﬁ dug wells of the pioneers
had been oleaned out during ths time just befers 1930,they would have
yielded alwost, if not quite, ss mich water as they ever did. an illustre-
tion of the"pemnent drying up of & siream due to lowering of the water . 7
table given by Weidman is sleo misleading. He citen & logging dam on L
what in now en intermittant stream apparently net reali.?.ﬁ..ng, that ol re=
aerveirg were filled with the water from mel’ting anow in the spring g

not by summer flew.
w 14 -
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Recession of deep wells.- For the purpose of the present study a deep

weoll is defined as one‘whiah either (&) extends more than 20 feet below
the normsl water table or (b) entounters water under higher or lowsr head
than is the surfage ﬁater. The yield of sugh wslls is besirm@aeured by their
specific oapagity snd not by the gtatls 1evel of the water vhen not pumplng.
Apecific capacilty may be affected by (_a) clogging of tﬁé pores of ithe rock
aloserte the wéll by winerel or bacterisl deposiis, (é) redustion of the
head aupplying the Wétsr by recession a%&he ground watar.at‘ihe pﬁint-of
entry to the produsing formation, (4} caving or hr&égiﬁg of the hole, (e) 1egk§
belew the suxface, (f) drawing off of water by a&jaéent wells,<§#& (g) clogging
of mereen. Ohanges in head of o deep well are due to (a) ologeing or bridging
of the hole, (b) subsurface leake, (o) interferense of adjéagnt wells, and (d)
astual recession of the water at the source which ehanga is probably very slow-
1y trangmitted beocsuge of the low rate of underground flowe In order to
evaluate the several factors involved and #se if there has‘been,aatual_
falling of the water level 1t Le often necessary to do considerable expensive
work on the well which involves taking it out of service for soms time. ?ariay

tiona of head are most aasily obeerved in flewing ﬁells,(ﬁ@%héﬁrﬁﬁﬂﬂ“?ﬁmﬁéd

-

) ee;' Horeoves fewy wellp

,have eny device installed in them by which the Water level gen be measured

and the faot of racsaeion is not noted wntil tha pump sucks gir. Date. 001
leoted by the writer from engineers end well drillers fails to indicate any
permanent lowering of water levels in deep wslls or even any mavked effeét of
the vresent drought.

Examglea of receasion of desp well leVElﬂqw The slasele ezample of reé-

o@sgion &g eround Chigego. Originally wells there flowed but aa shown in
Plate V-A there hes been e constent desline down to 300 fest by 1927. The
- 18w ‘ |
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rather ebrupt drop betwaen 1908 end 1915 took place before the war boom

and may be the delayed effect of the drought of the nineties, but this is

not proved. The major factor in causing the fall is the inerease in emouut

of water pumped {0 the pa}gﬁ where 1t 1s now estiaaﬁéi}hat 50,009?006 gallons
& day is being raised in Chicege and suburbs. A cuse investigated by the
writér involved rea&ssidg}ef the atetis head of flows in the viciniﬁy of
Sparte, Fisconsin, ﬁ@lllé:iilera stated thal the level %o which wgter would
rise fell on account of éhe drought of the mineties end had not recovered
by 1917 to more then half the original distanoce sbove the grgunﬁ.. Reccurse
to written recoxde by gqgss_ﬁtrogg of the o¥igina1 head of wells, haﬁayer,
showed that the memory @% the drillere was at fault end that ggide from &
rather slight fall dusrﬁﬁ {hé nuﬁbar of wells within thé-éity, particularly
abandoned weilaléisohétging inty thelvalley £1lling, there hed been ne
permﬁnen%lehangae Poaéibly the drillers recelled gomé ebnormal conditions due
te the extremely heavy rainfall of the seventies, for such migﬂt easily have
geused floms where nafméll there would be none. It was éié@ly held thet the |
anppiy of walter frem £h¢ a;mbrian sandstones atb M&diaon, Wisconsin wae
nteadily diminishing end dlegrams were published showing the prcgresﬁive
decline in statis level. Then, following the advies of gealogiats,.rebéursa
was had to the wnit well__ gystem. The now wells located moré then tvo niles
from the group.a$'£h6 wotervorks diseovered thal the original éenditions
#till prevelled and that the fall was dus purgggitogloeal overdrafts The
seme story dould be multiplied many times Within the dietriot under dis-
cupeion. In wmany plaeea new 1aré§ digmeter wella or repsir work on old
wells has regtored 6riginal_aon@itieng. it i8 paasiblf that acidizing now
g0 successiMlly used in éil:weils;;ﬁuld be applied to the ramovél'of
earbonate deposite arowmnd gaﬁsr wglig. |
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Gompaction of strata.- The reduction of pressurs in waderground reservolrs

near to a well iﬁ which puméing or flow lowers the original heed to a marked
degres undoubltedly ceusss the precipitation of more or less didsolved materiel.
Thia is mainly aeeompliahgd by the bresking down of blearbonatea end may be
seen to be still inﬂﬁfegxesa aftor the water is brought to the surface. Hne
erustation is § commen phencmenon in gereen wells and is nok remedied by
acld treatment with gn inhibiter to prevent sotion of\ the metal. The liberated
carbon dioxide corrodes both ocasing end pumpg. Anothhr result of decressed
head is thought to be compaction of the gtratas It is evident thet formstions
which contain water under pressure cannot be as compact as thoee which ars
dry,for the water supports & portion of the overlying burden. The effect of
somplete withdrawal of water f?oﬁ a formation of mand or very soft sandstons
mist certainly be oconsidereble. (At New Orleens a lowering of 7 feet in
the ground water level has caused marked subeldence at the aurface.) When
water is not‘ocmpletaiy wlthdrawn, the offoct is proportional to the diminu-
tion of preossurs. In the Chicege distriet the pressurs in the wataiabearing.
formptions hes been decressed by more then 130 pounds to the square inoch.
The rocks, however, are fairly firm and it seems unlikely that eny eeﬁaible
smount of cumpéetion han telen places Dats on spmgaratiVe spscific capacitics
at different dates is not aveilable excopt at Rookford, Illinoig. There the
dooreane was ascribed by Blichter b{ prgenic growths in the pores (Andersen,
pe 31)0

Uonelusiong.~ In the light of present informetion the following are

eatablicheds

(1) The level of ground water has notably fallen as a result
of the present drought and thie dwchest pronounced in meterials of
low porosity end in esituations where pubsurface escape is relatively
repide .

(4) The yield of wells which enter small isolated or shallow
bodles of ground water or do not extend more than a compardiively
fow feet into the ground water has been out off or seriocusly oure



tailed.

(3) In large bodies of ground water susch as that within the
wajor water<bearing formations the proportion of shortage to total
amount in the ground is so emsll &hat the offect on the yield of
wells is negligible.

(4) It has not been provedthat there ig a 3.arga gnd progressive
permanent fall in Fhe water table due to the work of msn although
there has ésrtainly been zome effeot due to deforeststion and ouliive-
tion. )

(%) In sertain localitien whara large numbers of wella are in
neg the withdrawal of water i at & rete grester than can ba replene
ished by underground £low and the water levsl is progréseively fale
1ing; such fall may poseibly result in compaotion or gementation of
the rock and %hereby further alow up replenishment.

(6) Loas of capacity cen be remedied ab lsset in part in many,
"if nob most, deep wells by reeming, shooting, acidizing, clesning,
replacemend of sereen, or reecasing depending upon the eireumat.anoas.

'QUANTITY OF GROUND WATER AVAILABLE

;‘3}2'-’,391'93-' gstatemont .~ Many are the computations -whieh have beén made of
the tpf-gl, qmtity of grownd weter in tho earth and the mumber of years
storage of rainfall which it repz‘@uéez;t,!aa All of the cmmputatlons are
baped upon assumptions most of whioh sre inoap-abla of proof. :éeogm
they are expressed in figures they should net be regarded as more then
guesnes. AB Az‘tezm_;s.ﬁaxd is said to have writtens®Figgers don't lie but
some iiers figgee.!  Buffice 1t to sey thet in the distrist wnder con-
sideration the depgh of the "mea of vnderground water * varies from almost
nothing where hard pre-Oambrien orystaliines r_ea?h#heﬂsurtaca; to probably
a8 greét a depth in the deep basing of éoi’t rocks 28 is anywhere knowg.
The water-bgaring fgrmatiens of the Oembrisn and lower Ordovieien are
smong the greatest in the world. Over wide aress potsble ground water ex-
tends 1o a depth of more than 2,000 fest below the surface. If we reckon
that there ig more thanrlj,ﬂea feot of sandstones filled with fresh miter
baneath manv thousands of sq@r& miles and thet this sendstcne prebabls‘
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averages over b perdent provsity the enormous tobal reserves of ground

b

weber are apparent. Bul those reserves ave by no meens evenly distribubed
ovey ‘tho aren and we must consider the seversl subdivisiona,
Drift production

Ha_rfi roek area, Where vlarge depogitn of sand and gravel extend helow
the water fahle wolls with spocific capaoities of several hundred gellons
por minute per foot of drawdown are common, Gravel ig Tory a.l:au.ncl"a;n;t';_= in
thls ddptrdiet Dbub over considereble parts of 4% the bed reck exbenés .
(gLodiyto the surfase. FPlate VI shows tho distribution of minicipal drift
wells so far as shown by wyailable daba,

Boft rook srea. Wibthin the ares of soft bed hr_m:ks the deift is for

the mogt pert less sbtony than it is In hard rock dlstricts, Magh of it
is g0 Lergely eampbéed of cley that it c;'e'ntains 00 1ittle waber to suppiy

ﬁel_isi of the mal 'em ty?ia_;. Vhere there are extensive deposiis of sand and

gravel large. da;p@i*ﬁy wells have been déveleped. - Buth deposits are more

 abund anb in the. regious of .“t.imest@ﬁa,: dolemite, and semudstone then they

are .élaéwheré; Bogause these astiPess {sno Plate VII area of rocks of
Gambrion to Maslosipplon agb) alse afford good éuiaplﬁ.es in the mc# (Plate
Vi) dpifd weilia are not 88 abundest aa"i.n tho ragia_ns‘.uzid'erlaiﬁ by bed
roéka i;ifa_iﬁ?iﬁféh&fs_i_%ggggfs_ez;é.aiéf- pror 'qg_‘e.lity (soe Flate m arens of Grebuo-~

cous snd Pszaﬂs_yﬁénian ralaka), In sowme aveas, however, dvillers have heen

- prejudiced egainst such weli,s hecause %lwy wore not familisxr with proper

methods of development. In one loeality (Qaﬁ in this district) the writer .

discovered fthet a driller had driven pipe threugh a gravai bed which laber

yielded 750 gepoms and finished & dry hole in the pro-Gambrianl The preseny

drought has demonstrated, however, thet meny of the drift reserveirs are of |
ed, Do




PLATE VI

]

MUNICIPAL DRIFT WELL

AREA WHERE ROCK WELLS

ARE ALSO USED

MUNIOTPAL WELL WATER SUPPLIES




PLATE VII

7 N
CURENE R Y ™)
\:s:\\\
o \

i00 M,

CRETACEQUS

PENNSYLVANIAN

CAMBRIAN-MISSISSIPPIAN .

(INCLUDES LAKRE SUPERIOR)

N

N \
\\\\\\ \\b

NNSRRH

N\\\MN pRE - CAMBRIAN — LIMESTONE DRIFT

PRE- CAMBRIAN

S =SALT WATER IN CAMBRIAN

WINERALIZATION OF UNDERGROUND WATER IN RELATTON TO GROLOGY POTAL SOLIDS

Figures ere paris per million of total solids




limited yorbical and horizontal extent and are subject o exheustlon.
Mozt of the wells in which lhrouble has been reported o the Wg‘i‘aezf aever
é}ch.e}n&e& meny foeh belai% the noymal wator ftablc. |

| Rock prodgei;:iqﬁ

Herd rock arop. Where hard pre-Qambrian rocks oxfend ebove bhe waber

Hable *ishe‘-aﬂiy uﬂdérgraund we;%.sr ia that &:fhish iﬁ eontainaé. in the arsvicéﬁ.
It fallows iha:t w:i{-.h vory few emeptiems the quaai*sy of undergromé ?fater
in the had t*ueks of thia dg.ﬁ-tric't ig 1.imi'ted¢ Excaptiona 40 thﬁ.a rule are
vory rare axaep'& Where 8 xs*ell di‘am; éireaﬁly fronm eu axijacent bhody of
gurfage warhgr, Some large open wells in the vzeal;hered pa.f.i_;a.azz. of the
granite ﬁelé. g_,_s'mnsh ag 75 g.i:s.m. bub this is very unegmuon and holes
which eve eutirely dry are much moers sbundents One well near Roeseville,
Wisoonein, pontratod tho prenaambrm for 1600 fook sad, did no¥ obbain
envugh waker te supphr & hand pﬁmp. 'fliis ami othez' dee‘p finr }wlea should
digpose af *the a,&ea still held- i;j;r BoIo drillers *i;iza{: all thed is needed
to obbain ﬁ'&‘o_:_@r In thss pro-Gembrian is fo drill d_eep snough, There aro
vory fow iﬁ@.us:isri.al. or munieipel supé}.:;es from ‘the hard rockss Four smalil
towma in'maéa‘ta Bro supp__lieci from the ﬁiaux; .qua;f##i'i;a‘_and two in
Wis-coz{sin :fzéem grazﬁ_t.e or sohich. @hex‘é sléﬁsé ig the baé rock smell wells
are possible, ‘mz'é woll at Pipestone, ‘Ezf.mmsoisa@ in gquartzite is reported
%o havé had a 3pgsi£ie'a'apgg§.ty of EE’? but this is ‘e;csegtﬁ?qnai end the
ghorage t;nderg:;oﬁxi& :i'.s_ uzxéanh-tﬁdly §ery‘ smalls, Buch -_walla are soon affected
by & psriaé. of subnormal preecipifetion aud thore has heon a notable recossion
of the weter 13?& throughout.the ais‘brict_ in re‘aeni. years although tﬁe
deeper wells which are not heavilﬁr pufﬁ#ed ave #%ill unaffected,
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Sof'b rogk ea—limastone wel;,__ Froduction of v:a‘oez* from limeﬂtone and

delcsm:i.te is aim&zﬁ; entirely frem cre‘mcee and opemnga Solubion openings
ars 1a.rgex* ancl mere pbundant in bree llmeslmn@ than in éolt}mz.teo As An
the hard rocks ¢revives .beecgie pragressively less and loss abundant as the
dopth from the weathered sﬁu‘z‘féaé inéi*eas‘es. Wells ia 1ﬁ.meatone or dolomite
have very v'eriabla Efpac.‘iflﬁ em}a.ei‘i"ies wi*&h infiniby ra;ss the upper lm_'i.is "
proyided bhe damemci ia o too greaﬁs. Ex,gamence showa, however- thal he
y.aelé of mea'i; l:tmeatozae ?mliis ig smali and that @ ;;e:.zrﬁ .E.s Baon reacheé
whore a.zwz*easaei pmaymg fails %c pxoduu-e an amownt of waber in divect
propertn.etz ‘Em The amoum of drwda‘ime ﬁe-reovax‘, the sﬁser;ag'é aé.pacity in
Grevices '35 in mas‘f; places very J,imii:ed s:aé dord.ous g%.eplei:im fﬁllm"ﬁ upon
drought & ?hese &2‘@ mony munﬁ.ei.pai su,g:plies in the é,la'bri@ under discussion
which. are éerivad fmm wolls in limes-bor;e or dolomite and there mre sbill '
moye wi;ere & ;paz*t-:len of the preduc*&mn is from &hase rock:a. On ascomt of

thils fach 2.1_, ig lmgosaibi.e 4o map Hho jar@al émsnmbut.l.an of Linegtone wnd

dolomite ﬁnpplie;a.

§_ofh rogk area»-sméa*fsoge ?gellg. Soudstone has fewer erovices bhuy
e Loty

Limentone or dal emi%a hecause #iaaﬁﬂeekﬁ are mora brs.ﬁble, Hany of the

sendstones of ’sh;i.s- &x.ﬁ“!;riet axe semonbod w.i:&h the same meberisl as makes
up adjacent limeste one;s or éolmiues. The bulk of the waber produckion in
sandslons comes. fram uhﬂ pores bﬁtwaen-ths grainé; It émzié bs a mishake,
howaver; to ’sia;:.ns\}:: bhat; all ﬁﬁﬂdﬁtﬂﬂ&ﬁ a.ra product.we. Meny gre se fine
gradned and wall cemented *hhat 3.;1.1:1516 weber entors a drill hols iz ‘the,
In ﬁamirs'tane the yleld of a well is d:araetly prapertiona:g to the drewdown
unbil the water :!_.e#el falls _inﬁa the p:bduative loyer., 4n éppax' Timid |
to praétw‘ﬁion; iaf féram?. in meny éélls- by the pumping ef sand which beging
when the volocily of water ént'gring the well is inersased to & point where

@



it disrupts and sarries awsy the soft rook. The following table shows
the meximum specifie cepacities of the several produstive formations which

ﬁay be eikpeoted where they are burled to a depth of a huridred feet or more.

8t. Peter sundstone 8 gopone Dregbach eendstone B gepents
New Richmond mandstone .2 gepem. Mb. 8imon sendstone 15 gepems
Jorden sandstoné: 5 gep.m.

&t Baddson, Wisconsin the specific capsoities of wells in the Dresbach, Heu

Glairs, and Hto~s£ﬁ§n varfex from 15 to 22, In the‘ahiaégc dfetrict wells
draving on’ the Sb. Peter and upper parts of the Gamﬁrian_rareiy'havé'é |
spécifié eépagi#@,qucre-than Be Ha%; the outorop where eemantiﬁg,minaralﬁ
have largely been rémﬁvéd by'wegtharin;'and eravieea gfa mgré.sammon the
capasity is higher. At great depths the reverse is"ﬁrﬁé §ﬁd some wolls
have found elmost ﬁé ﬁater in formations elsevhers predﬁétive. ﬁherefér
the sendstone 45 thick and the well enters far into or paésgg through:iﬁ,

the storage reservoir drawn upon is so large that the effects of oven a

-long‘serieé of dry years are ironed out and have little significance.

Taere la little reason o fear sny shortage of water in the major formations
of wmater-bearing sandsions.

Prosent produotion ef ground waters.. Any etbempt to estimate the

total production of ground waters within ‘the aree is fraught éith much e
vertainty. The records of ﬁax;mum eapacity snd #@tual use for public water
supplies can be obtained, but no information is avallable on private supplies,
some of which are very large. Moat reports ave sileni on the imﬁbftaﬁt b
jest of yield end drawdawn\of weils.' ﬁabéfmﬁyer estimated tﬁ; pumpage ‘in.

thé Chiesgo distriet at 50,000,000 ga!;"_g;ms é;er dey and for the entire stete
of Illinois st 70,000,000 to 75,000,000 galians per day. This estiméte

does not include the amount pumped on farms. Lees estimates the totel con
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aumptien-of water in Iowa as over 335,000,000 gallons per day, but the portioﬁﬂ
of this which oomes from wells was not given.

Surmary .- In resent years there has hoen a deoided tendeney to shif$
frow deep ﬁeil'éﬁﬁplies to shallow drifﬁ weiis largely bn;éééoﬁat of the-;eas*{;uﬁﬁi)
soet of bumping frem the lattér. The presenﬁ dreught will prabably counteracth
thig and seuge s changs to the geepar end mers reliable souroea.. 8o far
these haye not besn seriously affected and it seems unlikely that they will
be. #o far as %he s;tﬁatiém goéa in regiOna of deep ground water where the
soft racksrare water-boaring, the‘prgseut emergenéy gauidleasilyffemedied by
deepening of wells. The only reason that move of that hesd not besn done is
the pressngs of financial gtringeney, foxr 1t 8o happens that in the twe last
periods of depression drought end poor husiness conditions seem‘to 20 hand
in hend. In reglons where the bed rock is shale as over the Pénneylvanian
or the hard rocks of the pre-Qambrien area (Plate VI) end the ground water
sbove the rook is shallow or scenty, tho problem iz Enah more serious. Efforts

ghould be made te find the larger and deeper bodies of ground water in sueh

- aress: lenses of sandstone containing fresh weter and velleys filled with

graéelt
QUALITY OF UNDERGROUND WATERS

Introdugtion.- Ths underground watera of the dietrict under diseussion

vary from almost a8 pure as rainwater to strong brine. This varietion is in

.fespence‘tn different geolegiéal-aaﬁ&itiens'and has been summarized in the

tabie of geolcgical formations. The. plimany sentrals are (2) neture of the
purrounding roek, and (b) amount of mixture with rein water of the original
waters which date frem ths time of depoamtian,af the rack. Elate Vil chows
the relation between total mineralizaﬁion and the sarface distribution of
different types of deposits. Plate V-B shows some typical waters.
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Qomparigon of waters.. Waters may be classed ascording te different

qualities which conirol their uaefulnésﬁ, Waters which sontoin large
numbers of bacteria ere not suitable for drinlking by huwen beiﬁgs he-
canse diseaas pfadqg;ng organisns may readily he emobiyg thege. The
bactorial safely df‘éaters is determined Ey testing fer the presegﬁ'of'

en organism Bacterium (B coli whieh is abundent in sewege. Mineral awbe

stancen dissolvéd'in\water also affect its use particularly fdr indﬁatrial
purposes snd for washing, although few of these seem to have much if any
direot effect on the healih of persons drinking the water uﬁless the water

is very highly miheralized. The wineral ¢harecter of water ls stated as

{2) total dissolved solids, (b) hardness computed either a8 i all dus to

oalﬂiuu carbonate or gﬁvaa ag pounds of encrusting solids for 1,000 gollons,

or (a) by a eﬁm@lete analysis of the substaness in it. "Hardness is due %o

the preggaoa,af carbonates and sulphates of the alkalia_ea:th matéla, ealw

cium and megnesiwn. Oarbonate hardness or Rtemporary ha%dness? 18 often

. o ﬂ . oL
dotermined as gaikalinity“; it 48 removable by boiling whereass that dus 4o

sulphates is nob, ﬁpérman;nt hardness®.. Alkalinity should net be confused

‘with the'eo&pounds‘or the alkalies, sodium and potassivm. These metsls alase

eacﬁr'as uérbanates snd sulphates. They do not affect moap but cause
foeming in boilera and if present in large smounts impart a seapy taste to
the water., {ommon sélt, saﬁium-ahlori 8, if preaent to the exient of more
then about %00 parts per millian 1mparts e dlsbinet tﬁate ) the water and
oven gmaller amotuits cause the waber to kéil plents.

‘&

Distribution of kinds eL'Waters.u On secount of the iabar of reealou-

lation the map in Plate VII shows only tetal molide and not hardness of
waters from the deeper wells, except bhat where non-water-bearing pre-
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Gembrian rock ig elose o the surfaces Thers is also & close yelabion
bebweor the mmount add kind of minerelization and the nature of fhe forme
ation 4n whiech the waler ig ifatz,nd,;bu’b as moat deep @rells. drew from more

than one formation it is nob possible ab p#;"esen‘t B0 mep '&he nata?e of fhe
wober in inddvidual rock formmbionse I% in If.-néwn, however, that the natuze ;4
and amount '\a\ of dissolyed minerals déas yary in ditforent formebions g0

mach that the source of & given webew ven often bo fixod by its compesition
onee the dete le aveilablo. Efforis ave now undor way in Yows o debermine
these facte. In every formetion 'ﬁhere is a ehange from rolahi ?ely soft
wekor near the outercp fhrough progrﬂsﬁivsly more and more minerslised

water to sulb waber at e depbh g:hichA?é,riés from a fow hundred foeb bo

-oyer 3800 foot from the _snirfaeég_ 'Phe intrease in minersl gonbont is mob

wt the geme rate, however, for é}bO‘#BISGG parte per adllion of total wolids
it repidly incroases, Thore ia 8 eqns:zderabla zone in which fhe fotel
seliela axeeea 500 pipan, and tl;en a ;'a:thaz' abmpt inereage in salt conbend
et the elepths noted shoves . .
Kinds af minera;;_._g_g;ba.en, Ple:&xe V’E ﬂhm*ss grephicelly the most {mportent |
difforence bebwoen diﬁ’arent *i:’,é‘pes oi‘ mineraliza'tlon dn the ground wators

of he ares under diseussiazzy 1o 3__,. shows vm:ﬁez* fron a vegion of crysbelline
rocks where the tobal aolicis; digsoived ﬁa\ziei: saburabe the wabors Noe 2

is from the nonulimestméwbéﬁmng drifh of nor‘bh c;exri,ral Binmesoba ond

shows much more minera}.iza'yz.qp for pess:xblv there is limestone in the

deopor parts of the driffs fgsc;,‘ 3 demonai:rateﬂ the effech of limestone
pebbles and rock flour wheiieiit is prase'n-t; throughout the drifd, No. 4,

gron Dane County, Wiscgns’é.ﬂ. :Eﬁ a fair overage of the wabers from wells

in limestone, éolomit’g, atxfl sargd\s%ana zmt i‘az' from or et the outérop. It

i
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is typical of wators in the 100 to 500 pe.psins zone {Plate ¥IL)e _ Such

wabors ere peturated with cerbonetes (00,) of oaleium {Ca) mnd magnosiun |

(ﬁ@ but contain only a tibtle suli:rhai:e (5@%)' and. ghloride (Gl). Ho é,'

fy'om South Onicage, Tllinois, is typical of the more wineralized frogh

weters which are common in deep wellge. Tu comperison with Noe 4 4% wust be

notod that the amount of csrbonate is not very different but bhab a large

amownh of sulphate has been added. This 4o chiofly caloiwa sulpbabe with

pome megnosium sulphabe thua sdding o the bar representing those subsbancess

Thera is also an incroase in the amowat of chloride chiefly saéimz;\(ga)

and pobessiun (K) ohlorides. Mo, 5, from sowbhern Minnesote is ed

inteimdi&te Type with & modersbe emonat of Suiyhaﬁ_e.- Mo. 7 ds iﬁbm' n vell

where waber was tekon fxom only one formelion, the Dresbach sandshone.

The low min_araii_za’kiag is due bo the purity of the pandetones MNoe 8 i

a soft alkelie ( N&%&K} ~garbonate water which ocewrs in and adjecent to the

Een Oleive shaly sendstons ot oonsidersble depbhss Although low i

seale forvning meberial it is szsl good farbﬁil.er use beceuse it foams,

Nose 9 and 10 are aversgos of ‘the sefﬁ' and h#u:*é waters from the Crebageous

of southwosbera Minnosotn. Ho analysis of the brines which ocour 'a:b‘ greab

dopths is included, Soms of these exoesd 61,000 pepsms of bobal solids

end conbain oklerides of ¢aleium end megnesium as woll as common sSelb (NaGl).
Oouve of minerslization, ALL of 'ﬁhg_fso_ft roska of ‘the district uﬁder

study wore deoponited #f:.“i;her in the menm or in enclosed desert basing.

When first deposited they wore, thorefore, filled with sallby webers.

Logelly some salt end gypsum (caleiwm sulphate) #e're depesited in layors

pnd spparently considershle gypsum, on sbundent .Gomp@d in sea waters, wag

seabtored throuout the rocks, Affer the deposits herdened and were uwpraised

AN
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‘Pﬁ?;”?‘;ﬁ drill&.hg‘-'skﬁz;m be stoppeds Even bhelyy prolonged pumping may

ahove the sea and bé;a,'is iiz"t;o "ﬁhe_fom--ﬁho&n.in Plute II1I rain wabers éntered
the exposed edges 'og'th‘s different formations. ':{}Iz@'éé roln wabers washed

avey tho salby webes, This process wonb on fesbost dn he more porous

récks Like the Cambrisn pardsioness T is not yob omplobe in some of the
impervious féaké“like parks of the Pennsylvaniae Parbon ddoxide (€0z)
ehd oxygon atbacked the mora soluble materield of the rooks: ond 80 the
nower {resh wabers omse 40 e thomselves minevalizeds The fresh wabers

sre lighter fhen the ordginal brine snd floab on Yop of ib. Down to the Line
of 1000 pepums oF botal 5%&&3@&:@1{1&%0&9? the ground water with voburm |
%0 the uiteso iy ferdily B;G_%fi?m ‘Below that down Jo {he salt waber contact . -

the frech waters exe almost shegnant. It Lo not possible with present

‘informabion %o mep the contast betwoon tho fregh and sald wators end the

zone of trangition; slbhough itwelf sbrupt, i merked by many Lrregulerities
in hovzowbel disbribuiion as well as i%:_'dé phhe ‘I;‘hésa“é.r'e" z‘elafs’eﬁ_'fba"
porosiby -of Ghe rogk, In w fov places, marked by the Lobtor 9y oalb %ﬂ*bers
heve beon found within the sves which averagaa-ies&'ﬁhan 1000 pi%p;ﬁu In
thio Chicego Wisiriet selt waters are found ab depbhs of 1700 to 2400 foet,
To gyerd sgeindt drilling into salt weber with the result of an expensive
plugging back job &b 16 well %o teke ﬁs‘éﬁlﬁles ‘of waker from the botbonm of
#he hole with The hailer es work prevessess Whon snelysis shows over 150

i, .
ol LI R R

cause Phis Yhobtom waber®, as it is called i +he oil fields, “te vise into

the wells Suf:-l; soems bo have heppened et Davenpors, Yowae (Horten, 1929,

9pe 48~52)y Much brouble is experienced with salt weter in 'ﬁlﬂeégo.f

Sowrge of sulphafes. The sulphates which are so charactorisbic of |
the doeper wabers might erise in two different ways: () frow gypeun '
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deposited in the rocks or dissolved fian the c)-r.iginal pea water, or (b) from
‘the &ecompdsi'tién of silphides ﬁzéinly of ivone Whe  question may bo aubwerod
by ocompariiig the mmounte of ealeiwa end magn’éﬁium. Host of 5;;11-3 carbonate -
racks of the dietrict are d.elom:i:i;é rathev $han-Limestons, - If the sulphate
gene ;from the seme source as the sarbanau&zs thrcaugiz aohion: oi’ sulphurdc
aeiei formed by oxidetion of salphides we ghowld expeot the ratlo of caleinn
and magnaaium te be ebouh the seme in the wators g it 1g in the rogkse
Such is not the aa.se and salea.um ig aluwost avar*ysmere greator in smougbs
'iha.s éemonstra%ea *tshaﬁ muoh if not wll of the sulphate como £rom gypmu..
cﬁ wa.ggrg. & waber ig soft if {he amount of ealeium and megnesivm .
nompamzda 13 Emalla ?.‘m typos of goft wabers ccour in this s,r?\z {a) ligbt y
and (b) meralued whors where mampaum.a of the alkalies { Ma, K} other*

than ehlox‘ides z:redemiaaﬁe over salema and- magnesa.mn compoundss Walers of

the seeon,ﬂ, *by€e (Woss 8 and 9, Plabe ¥8) osowr in {a) the Hou Gleire and

adjaeer{éf%&'&. §:i.mon farmations orth aad weut of Ghicaga, {b) parba of the
Gre%aeﬁéus @epgsrhs apparen“bly g dizioront 1a.;rer 'th.an can’oaa.ns the harfl :
wabors, e,nd (c)(rarely)parts o2 the Hiagara dolomito in Wiscongin and
nartheasﬁ@m Illp.zzo:t.é} It is thought that those wabers were originally -

of »‘Ehe ;qalaiumwma,gne}sium 'Eype buk they fhgzg,s were alteael by exehemge of these
substahdas {ba,sa axchange} with sed:.um and potassivg ccnﬁmned in the roeks. -
Th@ e&aégi: ﬁa’aum of the minerals respons:;bla for this r;hange; whioh ig the
aama;a& 'that il’!. a zea\hﬁs water softener, is not known.

o \ ZmJ manganeae; Mregen sulphides Substancoes which althongh

Oommob.ly present only in ouall muownts ere extremely sroublesome axe iron,

Iﬁ@ﬂgﬂﬂéﬁ\@, and hyr&mgan sulphide (Hy8)e The first two. apparently come

Af{‘em {2} selud}z.on in thﬂ sone of sbundent orgenic matter md {b). oxida:tmn
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of iron sulphide. Hydrogen sylphide may oviginate by {a) partiel cxidebion
of mulphides or {b} reduciion of sulphates by bachoria, f‘fhs relative
importance of these difforent prosesses is nol known. The offending sub-
stances mey be romoved from waber by proper chemical trentments Drift wells
are paﬁicuiarly aph o yield iron-héaring waber end meny of the deepor
wells of the district, pardicularly those which reach the base of the
Gambrian, sre alsc. Hydrogen sulphide is most abundant in wabers which
pass through deposits of sulphides,

Gonbrol of waber guality by gasing. Most desp waber wells have ne

casing below the drive pipe oxcept where saving formetions occur, In bhe
gr_e.a'ﬁ mejority of Geses no effort was mede to loorn the nature of the webor
in each formabion. In ‘the doop woll drilled for the Ghidege sud Horth
Western Reilway Company av West Ghisage, Illino.’i,é, in 1923 {the wabters were
carefully sampi_ed during dé'a‘.lling both by baller end pumping tosts, As w
result of these tests it was found possible Lo dase the well in such a mamer
ag 40 greatly lesgon the smount of sgelo-forming minerels in the waber in
gomparison with the former supply. A number of similar soft wabor wolls
have boon somplebed nordh and west of Chitagoe but no ALGOSE has beén meh
with 4n any other digtrich within this sroa. I is very sbriking that in
Plate VII the 1000 p.p.u. line roughly psrallels the borders of the Penu~

sylvanian an,d_ Orotaceous deposits, both of which are known 1o conbain

" highly minerslized wabers. The questlon st once erises if it ig possible

te drill through these deposits and shub off thelr waters in order to

obtain bebher waber from the underlying formajions. Some BuGoes has heen

atbained in this effort in places not fer removed from the border and 4t

is suspected that were more waber well drillers as skilled in meking proper
.1,
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shut oifs 88 are dz‘zllerb in "b}).e ml fia&dﬂ the bounéary cf moderataly

:. _mz.ﬁerala,aed. waters might be shn.i‘i;e& mexy milas 'be *bhe wesi; and pouths

Bffec*& of ﬁmuglrt “gmgeralizghmn. No qnan'b:itat:we information ig

;availabla on the effefs‘b of ‘the dreugh-b on -.he minera}.ization of the upper

paxt of the gromd walbers However, the quﬁl?‘b@_me obgervations which the

?zxfiﬁer hes :;na}c}.a soem t0 ghow thab both iron aud hardiess have merkedly
iﬁareased in _s,uéh wa:z;ersé* I‘hie_s dg in lino with obéaﬁa’sioﬁé in a.rﬁ.é-.a:zd
gemi-arid reglone where loss of ground wator to the surface gausca ”she
uppernost water Lo be markeély nore m:.neralizati tha.n is the lower water.

gffaat of droy ghi; o1 safetx af wobers. x‘b ig genera.lly bei,c.avad tha’ﬁ
in eix’y pemods well walers aro 1GG$ safe thon nama.lly, Th:ta l.s axplaa.ned

An two ways: {a) sinking of the waber 1evel ab ‘i’?b.lch bae‘tema soen o be
- mesh a.hundant brings eoﬂtammatea waber into Wells, and (b) the larger

. radius from which wolls fhen ﬁraz.n. brings souraas of contam:im.’aian w;i.thm

range of the well which ordinarily ere not drawn upol.

sm ?ha fal&.pmtgg i‘awi;s appear from presen'& ini‘amation to ba

_ é.emonstmtad:

(1) The degroo of minerslization of the waters is mlatad b0 %ho
ma‘&;erial_s through which Ghey pess aud to the affz.aianay pf flus{ing of the
originel wajers by pe_srqa}._a*’eing rain water,

{2) Within the youe of schive eirculation of ground waters oud esompe

- o, the surface mineraliz‘ation in fev places g.xneeés ‘._LOOQ p,p&'m;f

(8) Noar the $urfacei wabers eun'i.a:m mednly oarbonates of ecaloium and

-megnesivny. with & mineralization of over: 1@9@ p.p,mﬁulphaﬁﬁﬂ aro presan’ﬁ

in :i.mporban'b amou:rrts much of wh:.ch was derived from gypauma
(4) &t depths of 1500 to 3500 feed 391’& wabor wbich is not poteble
w3 O
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a;meaz;&m’th a nsrrow bolt of bransition; such arve origiaal wekers on which
+the fresh wa.tera are i‘loa:b:.ng gnd also oceur in fama‘moﬂa wm.e}: haye heen
imperfectly flushed wp to very she.llaw dep“nhsa ‘

(5) The border of waloer sugplieg with Legs than 1000, pap;'m, hotal

- golids roughly eoinciées ui‘bh the surface border Gf the E‘emsvl?mem aud

Qretacaeues rooks 'ﬁrhich ’bhamselvea senﬁain very highl y maerala.geé waterse
(6) T4 is possible by proper comsbrustion of wells bo page through
formations which sonbein highly midoralized webers and obbain hebber waloer

be.’!-_.aw;_-“hhis mebhod san ﬁconsi&erab:l.y-éj@x\te‘né@hgl %é;raa. in w}ii#hl s:fétigiae-ﬁérg_

doep well snpplws can he. obta:;.neds .

{7} Boue of the deeper wabers of hoth E;he Gr@“baceauﬁ and i;ha Qombrien
sppear e have been. sofiensd ‘oy nabtural b ade mcehange amd praper caping
of %’@'Lls alloxyf; these fo he aesuraé. N _

{8) Toste of weber from gech produchive formstion ;3#1;1_ gonerelly be
ob‘%@ineéf while wells are b}ng dri'l;ad. and are invalusble guldes o proper
CRALNG, : | o

(Q}Fizri;};ex* stu%‘ti,és of the canses of solubion of fi'!:’m.’ mmg&neq\f and
of ‘the formation of .hy&regen sulphide are needed in ovder to guide oxplox-
abion for webers free of thece mubshonces sad a‘if@idfh_,hé"@xpexa,sa"af treabment,:

{10) T appesrd that 'ﬁhal curront dvouglb h&s‘inerease& both mineral-
izabion end bacheriel contaminalion of ﬁha surficlal ground wabers

. MEASURES OF GONSERVATION ’

Inbrodustion, ﬁhen the ne.,.ghbop's house burng 4% s %o be expocted
that 'ap&rks" will _fall‘nn your houso, Ehe distriot under discuesion lies
elose %o the vasi arid and semt-arid regiz_m of the West =nd we mush exXpecs
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that eyery now and then the woather of theb dlstrict will spresd emstwerd
and dnvolve us in difficulty. Westher retords haye beon kept for.too

_s;hcrt, a time end ab Yoo fow locelities to eneble w:;f; to- deelde éefinitlely'
whether or ;:_l__ciff; _-i';i':;i__g; _chﬁrs ab roguler in.{i;er*fréis.: Tl;é l&ﬁ"L lsévqre th’oﬁiim
in the Upper Wiselselppl Valley lasted ( et Madison, Wisconain) from 1887
$o 1901, @ space of 15 yearss Leb us hopé thab ﬁhis one will not lesh s
longt Moemtino, wo uey rout sfssurod that 44 19 not o pormomant affelri

Yuere hhe shorbage of presinibebion les hoon fiell, The phorbage of

predipiietion in the dest five yoers hes mede 1tpelf manifest b0 users of’
(a) durface wa:&erg fyom reservoirs, siveaus, and smell lekess and (b) the
shallawer,mde;jg:‘ﬁmé Walerss @%,hga ;@_ﬁ affoectod s;zz;jpli@js. fron Gesp w_el.is
exééiai; whore these Were forced. beyond normel capeeity by bhe iz;e;%@é;sea
ie;m;.:aé*;.fqu wahors ::1?6'11.*- uany yoars enginoors goen o haye proforrod surface
waker supplisg 'I;dg-_ifggmi wabor sﬁpglﬁ.ea pa,rkly beganee '53_1&}'; felt uore cor—
tadn of an edoguate supply and prbly becanse of the lé_ssezﬁ _miuera;izaﬁ&iaﬁ
of aurface watordy Where ground water was ugod ;l;hey.aé.#ocated shellow
weil_s_ rother then decp wells beoqgs.e' ei_ lower pumping oosl end somowhab
less minerelizetion, The drought hes shown $he denger of dependonce wpon
aifh_ar surfece or shollow well suppliocss’ It hes also de;r_r;ensixx-a’-b.ed' that. the
sépaci'i‘.;r of eny water supply sysbem should be mede several bimes thel ordin-
arilly needed t;m ma o be pré;j;éeén sgainst emergencies Like tho prosent one,
The velue of .ééep. Wéll supplios which are properly _cénstx‘ueﬁed ond meintained
hes now ‘been'mg&e aieér te all. They are ingurance sgelnst ﬁx;ouglﬁ. Wien @
ragewair_heaomgé dry or a shallow body cf ground water disappenrs there is
rothing 4o _éo"bn_{'f; b walt Zor rain or enow, ¥hen. & weoll which rormelly
enbered the ground w,tex* only & few feet o» was botbomed in & perched waber
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beble 2‘95.1.8 the logical courso is to deepen i provided goological conditions

h

inddsate bhfxt the depth of potuble gmamd w&ber ig auffimants Hany wells
epparently fail beouuse of internal defechs as nobed abowe A vegh nueber
of. wolls now need decpening, cleening, and rapairing;;,mfoxfbunsﬁ;ely finon-~
| oié,l oonditiona havo nede woll dedllery reluctent 4o -do work for whiéh"ﬁhéy ,
mz.gh’s have 0, ‘w&i’t B iong. tz.ma -%gqbe peids - Another mbsta.ela has hecm the

—

f&fﬁi Lhat. pricea cf iron and shoel, important a?\.ememsa 1.11 well congtrug-
t4om; have not kﬂ}_@'i? in line with these of obher qnmgé—irbiesi T is o
tlmo~vonsuming end expensive Job to loosbe & new supply, fo drill o new
.weli oy o re_@mr an 0ld onoey " When wa’ber ig shor{; weny pereond do uo% dare
%e #shut émm the pups :Lang enough 131:: Lind the gazzse:z of fhe tmvmeg :
The proklem of well suppliss 48 mowt oegube in southern Towe end nouthern
7.0 Iilinois whore deep well .sap;;lﬁ_’.as are nok possible mﬂ 'thé. drifl gonbing
fow lpxgs send and gravel, Eeds_;‘-‘ Besides this the drought; hes Do mé;e
severe in jush thode losalitdss. In the pro-Gauhrien é.zt_'aa of the norkk
the depbh of unaergraund weber is alse amall bub the eoﬁﬁid@?able_ thlckness
of waternheaxmg glacinl érift ha.a savad the situation, .

Swmmprys Kb such & — the present i} beho%’es us o soe s.f there
are suy nmessures which.mey be baken %o misegarbe aﬁ.mi?ar troubles in the
futures: Some of those follow, _

| {1) Bie'k.éiled sodentific poarch for more rdequate gxfatmd.ﬁ&ﬁﬁl*' gupplion
is needed An tho regions of gremtest shorbege; undoubbedly there are udevel-
oped gravel bods, and sandsbone Layers in ’c.h:!.s rogion from which waber
might be piped for oonsiderable dishanoos. |

(R) Experimeuts sre neoded o .ées if any change in agriaélturgl nethods
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guch g larger wood lobs wideh are no pagturecig confiour p;_!.gwing,. foll
plowing, reflooding of marshes, or conghrustion of impounding resevolrs
will inorenss the amownt of water which enters the soil, -

(3) Ab pregent vast amounts of g‘_roiiz_r}.ci water are used for éeo}.iﬁg
snd abgorphion hevause i;hc%;r’ 5;1,‘@ cooler in summer than are adjacent su;?iaé&
watorss Obhor indusirlal uses oonmume much ground wator.  fhudles are
neaded 4o sos whore éﬁ:ﬁ;z_&r ﬁuﬁ.ri‘aﬁa‘ waboer or mxzugmt_é.b}_i,_e groa;ic_i wgber could
ha fanbétifbu‘f;ea; for pn'tahti.e'- ground weber thus conserving the labter for
public suppliess = For instande the phoek yarde in Chicago .consnme immense
amourt £ of rzéll water aud hewe sepiously ‘ezzr#ﬂil_“ed the ;%atez' éuppl-y 0of neny
suburban -;;Qma' .ﬂo*ts i‘a‘r a\?a%i 89 far the diffievlty of goturdng o right of
way for a 'b_mme; hag\?reve;‘zted_ the use ef eogllgfater teken from the doeper
‘ parh of lake Michigany Tn somé placer there as_x;e .%i;zéa?elé,o‘pe@l webor supplics
in the drift and in other loselities palt weter from wolls might bo used
fol' meoly PUrpOSGEs s'aine foym of puh{l:ic supervision ig noeded :i.n‘ some _
parss of the;é:iﬂtrictfto allodate wabor supplies b6 the mosth pro.i_'itama‘uae;.

{4) ™ m&ny ;p_laées the in’a.airf_e':}eém{a of wollp is marked sad yob there
is no legal i‘ﬂme-clj_y or puhlic sup,ewis;i.o#.. In I?iach;s‘ixffl_owing t#ells on
low ground are.allowed to roh thelr neighbors ebove them, Lews compelling
the reatria‘tian of flow from wells %_e_ agtual .ﬁéeds ‘heve heen énaé‘i;ed pad
enforced in siﬁher.atzatea_ and are. undoubliedly neoded in fhis rggi@f a5 woll.

(5) Improperly Gesed wolls end abandoned wells are allowing $he Wwdon
ground mixture of waters. For iusbance, ab Prairi¢ 'ciu Ghlon, Wisconsin,
galt water from deop flowing wells is conbaminating the fresh wabers above,
Publie régula-biézz-wj,ﬁh power o @mpel proper casly ?&nd the ,_plug_ging of
abandgneé Weiisa_:j.s‘_ badly needod. |
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{6} Hany atbompts have been nade 4o use wolls with a ;ow head of _ws.ﬁer
to ‘bake eliher surface wabter fwom eﬁclbsed éépression.é -or s.év:aga éffii;éﬂ’ﬁe'
Mozt of these efforts have 'DGQ"I failures bocause of alogg:.ng bu'i, eveag
effariz should-be made to éifmeuraga 'I;h.:.s dangorous pfac{.:z,ce. VUse of s.a:zk
holes 4o recelve sewage should e.lso be prohibitod and “ciry wellsh c?mv.}.ci
be sonfined. %,o # zhellow dapuh tﬂmre ‘$he natural pumfvn:zg agoncies of the
goil pen do “thedr worke ﬂbmidoﬁed volls are aleo a menace o bhey offen
allow surface contaminatod wabers fm csn'Ler the deop xara;bera, such ghould be
ei:iéaoverad, ond plugged, '

(1) T 4 nov mope iizfgim‘ ugn aver o ﬂhler:&,na‘{;e al.i, watior supplias .

eVen 1f not’ *r.rﬁenéeé. for dydnking hu%, %0 whieh persena have aecess. Bueh

troatuent coiises no taske in ordmary g_:“ouml W&i&rﬁ ami i;ha bast for ia’ae
ghlorine shaws &b once whether or ok dangaroua cozztz!mmatmn has. accurre&.
(8) OLservation wells for stucly of ground wo.tar 16’&“615 are neodeds

Hoxk nf gtobe Planning Bo;wé.s. Polegrams Were saat i;e «i,he Ababe

Flayning Boards of Im?a, Ill,s.neis, a:zé. Mi&neso%a @ d all these rapl:,e&.
No weply wes received to & letter do Sho Hisaoasm o‘ua‘i‘:é‘- lem:mg Board,
The T1linois board has camp..iesd mu.cix da’ba on pub!:ﬁé\ wator sup;plwu am% on
methods of water hreatment. Bnr:mg the C. E’. A. the .%ate ‘é’%er Survey-
golleated a gread mmzbér: of well records., 8Studles of underground wgher
supply conditionn are being consbantly carried on by 'l;ha State Geologieol
gurvey ond the State Waber $urv*ey. 'Iawé hes a 'very embitious pregrem.
This ineludes (a) & repork on the source mnd sdequady o‘i" all munigipel
wab o supplies, (b) analyses of surfage snd underground waters fox boﬁh
mineral and ba.-c'heria:‘!._ conbent, {¢) sbudy of well cu;;b’si,ngs snd othér geta
o mzde;gmund gources of waior under direciion of the State Geological
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gurvey, end {d) a proposed study of ground %aierzle?els¢ 'Siﬁ,geoiﬁgi5$s
are ab work stu&ying grcund water eonditions and loﬁaﬁing tesd Weil&.
Stuéieg sre planied in coop&raﬁion w&th the Ue 8¢ &ealagxcal‘gurvey ox
undergrsund 16ﬁkaﬂe xﬁ doop wellaa A nrelkm:uary feport is in greﬁaraczonu
ElunesOpa ia maklﬁg some mlnor atudies in the Tein Gity aYon. and hg '
refleoﬂﬁng of marsbes which W@f& onee drained is. under d&ssuaaion# I%.iﬁ"
alsa repertaé thaﬁ work id gclng forWara a‘br&ng ua o ﬁata %hu 1911
rapgr%_an,undﬁrgraund WELOrE. wiﬁconszn ip Listing publie water Hupplios.
Some nayshes have heon reflooded al%haugh pr&masxly as game rafuges;
gtudies o£ ground weber levela are heing startaé by %he Gonservaﬁion
Gommiﬁaian. tha;vaxlnn Helle are tolse inﬁtailaé at uh& ranger stq&;ona
and tesb wellp will be sank to ﬁeﬁermine the dagth~b@ grouad‘waﬁer in
foresh areas whore ﬁemporary walla may be ﬂeeded o figﬂ* iarep, S%udxes of
.the geelogy of unéergrouné watars are heing earried aut hy the wr;bsr

under the apspzcas of ﬁhe sﬁate Geoibgiaal Survey‘

h;ggﬂ
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