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"m waristions and geuneral lw trmdl in ground-watar levels
i study the r‘.hﬁm-up botween rainfell end ground-water levels in
éifforent perts of the gtate.

Yost of the wator—level measurements are made by locsl obaervers
dthtr voluntarily or amployed by the .. §. Geologic:l Survey. The depth
to the weter surfece below & permanent meaguring point is moesured, by
neens of & chalked steol tape and weight. The weter-level infornation is
ohiecked a@d tabulsted end is published m' annusl weter level rsporis as
Yater-Supply Pw: of the U, 5 Gnlcﬁinl Survey .

Slide h - ator level recorder instelled in an cbssrvation well, -

s

dany of the observation wells, partioulerly in ereas of hesvy
punping from wells, are equiyped with waterelewel recorders. This equipe-
ment is pleced «m a shelf over the well. A copper floal iz placed in the
well, end is etteched to £ ocable thel _asses over the lsrg- wheel at the
right of the instrument. This wheel eauses the drum on which the recorder
shart is placed to rotste es the water level moves up snd down. & clock
et the fromt of the Instrumert ellows ¢ pen cerriace to be pulled eoross
the cuert at a rejulsr rate of speed, making e record of the water- leval
CHBNEes. .

Wiater.level fluctuations

The water level in a well is 'wurly alweys changing in response
to the effects of naturszl amf mmﬂmnl influences. lany of the chenges
ere of minor mortmce, but in many well:, tho ofrocts or these minor
changes mst be o!h;;t;diir: dég&i;d s udi;s oi' w-tor—lwel rooerds.

fater is added to the underground ressrvoirs by netural recharge

“or replenisiment from precipitation. The effect of rain o ground-water
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levels iz often nry pronounced as shown in the next slide, showing the
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Slide ¥ » uffect of precipitation on water level.

effect on the ground-water levels of mbout uxreo-qnai'tox;a of an ineh of
reiz in one 2lehour ;eriod. The nll in whiich the chsnge was noted is
ebont 107 fe-t deep, ending in limestone, and is egquipped with a wetere
leval recordor. Tuie ouert, es siown, covers ¢ perfol of about 8 deys, es
indicated by the horizontal scels. The chenge i» water level was abont
0.63 foot, as indieceted by the vorticali sczle. The lhudod portlm ndi-
cates the cumulative reinfell in Inches, ¥~ “*- /{ creoed o o5
It is noted thet the weter lewel c;ontinuod to deeline for nesrly
12 hours after tae rein started. lowever, betweon 3tlf sem. end 300
a.m. on lay &, culy 0.0L of en inch of rein 1‘011' end this was apparently
ingufficient to ceuse eny noticoable offect on the water table. lo change
in iater lovel occurred until about 0.17 inches of reinfall hed faller.
The water level rose rapidly end contﬁuod te rise for nearly 72 hours
after the rain stoppeds. The total rise in pround-water level was about

10 times as grea* as the actual rainfell. !'hfw is quite meturel es the
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Tater may be removed from the «round-mter rogervoirs by naturel .,4‘ 4ibels J-
B Tl T

dreinege into streens, by losses dur to evaporstion and tramspiration, , 7;?:""5,’[
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and by pumping from wells. The next slide shows the effects of transe '0',";»."“:_.‘7‘

Jiretion losses or use by vegetation ot sromd~water levels. It should

£lide € « iffects of trmspirstion on groundewater levels.
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we noted thet during the daylisht hour:s when the sun i& out snd plant
growth is vigorous, the water level clowly deelines. IDuring the night
hours, plent growth more or less ceages and ths water level generally
rises. Tiis well is located in 2 grove of fairly le~co locust trees.
-The effect of pumping from e neerby supply well on the water

levsl in en observetion well is shown in tho next slide. £ well about

slide J - iffeeis of puipege on ground water levele.

10 feet away is cporated au?pmatically to supply weter fcr’_;:‘”nwmnia
i ' o~ 8 PaFT .

concdunsor. Tihe wator level in the coservatien well is cdrawm cdown about
1. fect cach time the nearby well is pumped. The fluctuetion: of water
level cm Jaturdey, -vndey, sad Nopdsy, when the department store in
wiieh the well ic loccoted ls closed,cre guite different from those durins
the rest of the weel.

Othier factors aifecting water levels in wells include changes in
baronetric pressuras, the passage of reilroad treins, and earth tides;

but these ars of reletively minor importence, exce;t in extremsl  detailes

+d enalysis of water-lovcl records.

General irends 1 round-water levels
Jdefore .iscuscing in dotuil the gemerel trends in ground-water
levels 1 Indionae, seversl pgenerel {scts m:st be considerad. Vhen water
is pumped from e wsll, the water level in the well must be lowered in
erier to couse additionel water to move 1nto the wull to replsee that
widech is pumped ocvt. Tie wat.r level in the formation arcund the well
is elso lowered, causing a depresgion in the water table tiet is shaped

more or less like en inverted come. This lewering is called the cone of
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.m&i_c_n_. It iz rlaoc true thntj whon many wolls ‘n e given srea are
pumped, the indiviéual cones of depression often merge and s« regionsl
cone of depressien is developec. The size wnd shape of the regionel cone
oft depresslon is determined by unir feotors, one of the most important
belng the gquentity of wator baing punpeds The cone of depression neormele
1y will contimme to eé@tﬁ, ﬁﬁ:ts.l the gquantity of weter oressing its outer
1imi4 [ins the recharse ccourring within gwm«eﬂ-dapmam is equal
to the quantity of water-being pumped. In most areas, both the recherre
and the pumpage vary fron dey to dayeand thus the cone of depressien
seldom remains constant in size or shepe. A decline in gsrownd-water levels
does not necesssrily ‘ndicate overdevelogment of the available ground-
water sapplies of a given ares but may iﬁdionto merely the normel ex an-
sion of the come o depressia necessary to cause the required guantities
of weter to flow to the wells from whieh it is pumped. .

The incressed ef{'iciency of pumpes and the vidé,i_’spread use of
electricity hes greatly incressed the use of watesr. :rva it is =sagier
ta oump larger quantities of water now than it was 20 ycers ago, many
now uses are found for weter sand the average requirements fer water have
been steacily Iincreasing. The increased use o' water for industrial
processes, for eir conditionings and cooling, sn’ the widéespread use of
water in rurel areas, for sanitary plumbing lacllitiss, fer washing, and
cooling, nes placed « much proster demend on our sources of water. It
hes heen estimatad {hnt sn everage of z;eaz:l,.’:‘c billion gellons of ground
water s ¢oy was pwmped durdng 19.F, neerly twiee tjnat pumped’ during 193¢,

The inoreasec use of water i:s somotiing thet many people fail to

reelige. It is easy to turn on a fencet or press a button to turn on s

pump end as long as the weber is there why werry ebout it? Yet, nany


http:nam.r1y.20
http:ro...-2.4r

- -

o” the wells supplying these inercesed demands were never really expecte
6¢ to yield ae wmuch wetor as they do mow. 1 well ihat supplied 10
gellons a minute 1f yesrs sge provebly provided sll the weter thst ocould
be used and there is no reel reasm way it should be expectec to produce
2F or ¥0 gellons per ninute et the ;resent tine after 17 yoars of use.

| Vator levels tiroughout the stele Iluctuate semswmally, end the
emount of sessanal change is greeter then meny people realize. Cround
water lewvels generaslly reach their highost stage Lo the spring, usuelly
deoline throughout the summer months, und reeoh s low stags cometine
between October nd Jumusrye. During the late winter anc sprin , they
ueuclly rise agedr. The sessansl verlsticn in grownd-water lewels in

I.nisna mey o as rmeh es 20 or 30 feet I1n some wclls. The comparison

Bt Lueth "-?\A" tagunid decring a diddeaend, .
or N‘bor levels measurcd at 2ifferemt seneong of the ynr,qs-oftenf g o 37

gives misleading results.
p . awuld elso be reslized tiet growmd-weter levels in Incian;a 7

besr i clcw m}e&oaer‘h to precipitetion. The ewverage annusl

Slide § - leperture irom sworage sunusl procipitetion.

precipitation for the girte for the period of record of (1 years from 1337
through 1007 is 3922 inehes, etsorcing to the U. S. Tsathor wurua'u.‘ In
order to compere precipitetion with trends in pround-water lewels, the
actunl depnrturc. from eversge precipitetion for esch year frem 193¢
through 19,0 has been plotted as s Lar graph. The dotted pattern 1.di-
cetes rainfoll above r.arm.a_l enéd the digponeal pattern showe Jdeficient
presipitetion. The yesrs 1936, 19.0, 1911, ad 15l heve often been
celled "drought years". lsinfall in 1937 wes woll sbove normal and in

19,F was the highest on record. luring the _ast 1. yesrs, rainfell ias
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been above normel about half the time.

If ¥he departures from the everage are added together, durin-s the
period 193¢ +o !9&‘3 inclusive, the cumaletive departure curve is obtnined
ss shorn by the dached line. This curve shows the sumilative eflfect of
éncipitation in pmet yeers snd is oftan used for comparison with trends
'n ground-wates lovels. It should be noted thet the ewsalotive depsrture
curve wee extremely low in 1941 end 19LL.

I 1912, W, J. Hclee of the United Stetes Iuresu of Scils, obtsin-
ed informatior on changes In roundewater lmla throughcut tihe United
States Ly sendin; out guestionnaires. The roccrds of 28,900 wells were
tabuleted by coumties throushout the United Ztates. On the Lasis of his

study be found thet "the totel lowering (in rroundé-weter levels) since
sottlement ... was 1, feet or over in Indlans..." This stetonent has
often been voel in discusslons of genersl tremds of ground-water levels.

Ao L __lv./

O ‘oimer, femrly Chief of the Ground .(ater livialon, hese-

“Wie

raised sever:l rm«tims regarding the wvalidity of Helee's conclusims

i

end cmsiders thet they mey be misleading for o number of reessons. The

prineipel fectors thet moy hewe led to erronecus sanclusions include

the faot that gsoesonel werietlor in ground water levels wes ep erently

not considered, the possibvility that nany wells mey hewe £illed in, end

the fact that 1910 wss en unusually dry vear throughout the United States.
In Indiana, where the period of recor: of ground-water lewels is

quite saert, 5anerz.1 ly not exceeding l. years, no sttempt hac been nade

by the _resent investigetion to estimste tiie possible decline in water

level throughout the %tate sicce settlement. _owever, in a large part

of the state, ground-water levels are less then 20 feet below the lomd

surfece and 1t is hard to believe thet weter lowvels ir these sreas were
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shovn as sxe-ples. Tell Noble € is a du~ well about 30 faet desp in
en aree o ~cmtly rolline topegra ly. Tie ~ajor chen-es 'n -sater lovels
ere gessonsl &2 tne sessonal ouLsnge is about [ feet. Tne gene-al trend
gince tic low lew:l of 19'. is rcenerally upwsrd corresyonl’n; to a siailaer
tretd ‘n crecipitation.

“ell Joone 2 is ¢ dug well near Lelanon about 2F e« des; in sa
area of Tlat till laln, Tae figcktustions in wet r level are scrowhak
s1d ther n Joble T, although toe genercl ssacronel chau-es are
quite simll re The low watc: lovel D 195 sasz about 2 fe=t hlg:ser tham
tie low lewel aring 1910,

Jaskam 1 iz a lug well In the Jecksa: Tlcte riras, ¢! _s abomt
1- foeot dee. . The 2 :rrowmding eree iz gpertly rolling cnd the surfi:isl
materials aro t.ie weathared sclls of thin Iliinoism gleci-l Jrift. T.e

s.ances - water lsvel are abrupt end the gernconel roage o water levcel

. - ) ey
is ¥ to C faet. -tartiag proumdly 'n 19.0, %.o wall wee uscld o swply
8 fadly livin: n2arby. It 13 estimntod taat only about £0) ralloms of

waler & weok g umsed from 4h- well, Sut the el ect of tie  wiping nes

greatly lrcr =-od tlie secsenal rap e in wat:: lewel. It shoul. Lo noted

tast the hizh level cach s ring is ebout th - eane.

oll Harricon 3} is & dur well ebout CU feoet deop in the Larrison

¥ 3 3

ate The seasosunl chan ¢ in water lev:l is 3

@
vy

st noar Leavenworti..

ot

to 7 fect

o

< tuc general trend is similsr to thet of precipitation.
The walls for viien gre aec of wats. lewe! .ave secn s .cwl are
georelly siallow wells less Lian U fee! lesc . ..owever, itle penerel

trends 1. deeper wolig ie oftem similar. .ulaskl 1, x ‘he Jaspor=

8lide 12 - Grahs of water lewvels in iuleski 1,  auilton 2, Harion 2,
g ¢ Uerio: 10.
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"ulaski ‘tete Geame Presorve noar ledaryville, is e drilled well 1.9 feet
deor, ending in limostone. The gosscnel change in weter level i sompe
m-—mmwumm&:.mmmﬁw«w
to be slowly “Mp. WM:*. the record during 16Li; was very
poor snd the hizh snd low levels for tidd year were not measureds

7311 Hemilton 2 at h’obluuno, ie & drilled well about 2(" leet
deey in limestone. The weter lovel in this well h p-obably d‘r’chd by
punping from seversl gravel wells neerby end poﬂnpn by,. "hite iiver.
The seesonal renge in weter lewel is variable, Hut the general tremnd
egein follows thet of precipitation.

The two wolls in the lower half of t:e greph sre in the downtowm
erea of Indisnspolis end the water level in tiese wells is seriously >t -
affected by rumping from many neardy wells.e The major anausl {luctuation
is caused largely by the geesmal pumping of ground water for ecirpeandiie
tioning. Hariom 2 is 8 grevel well and larien 10 ends in the underlying
linestone. The genoral trend was rapicly dowmwerd, prier to 191, orte
Sy asih of Satteionk Joltintiottes et gty Tt 'émtinully
increasing pumpage for alrsecuditioning in the dowmtown aree. Since
19l1, however, the trend hae dean reversed end 18 now slowly upwerd.

This hes boon due to more normel or oxcessive precipitetion snd to e
probeble decrease in pumping in the srea, thst came adout volunterily
because of incressing cosis of grownd weter for sirweanditioning use.

Conclusions
e hevo seen the records of = mumber of wells of different types
end in different parts of the .state. “e have secn the olose relaticnship
between tronds in emmuel precipitation and trends In ground.water levels.
dost of the wells for which records of water level wore show: were in
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rural sreas end water levels were gencrally not affected by pumping from
nearby wells. The wells shown wore selected primerily besause of the
continuity of the records, slthough other records show the ssme general
tronds. \

One question that is frequently asked is "las the groundewater
levsl irn Indlens declined seriocusly?®™ I should like to snswer by saying
thaet the ground-water level in Indiane doubtless has declined to some
extent since settlement of the ltatc began. The decline, however, does
not appear to Le serious, except iz = relstively few areas in the stace
where lerge gusntities of ground water are purped from wells or where
fornations have been drained by querrying or mining operstions. In meny
areas the lowering of ground-water levols hes cut down the neturel losses
from ths ground-water reservoirs due to drainage into surface streams end
by evaporstion snd transpiration. In meny industriesl areas of the ;:uta.
ground-weter levels have declined negesssrily in order to drew water to
the wolle from which it is pumped.

The general tremd in sround-weter levels during the ;ast 1. yeers
was dw through 19/1 end has been mors or less upward sinee 19.1,
following the trends in _.reeipitation. It is bellieved thet if we exper-
ience smother pericd of deficient rainfall, growndewatcor levels will
probably decline sgein. It is essential, however, to continue measure-
ments of changes in ground-water levels in order to be forewarned of
ponible merdovelopnntu w Al to #) Phhvy Ry fvg b A o

Another guestion that is often asked ig "ire the groundewater
supplies in Indiemnae being exhansted?!"™ Generally spesking,it is belicved
thet the groumdewater suprlies of Indiana are mot be!.ng ethtod and that
additionel grounde-water supplics mey be developed. , ioplcnishmt of the
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ground-water reservolrs is atnl,vgrontar than the withdrewels end larpge
quantities of pground water ere draining naturelly into surfece streams.
Some of the naturel dreinere could he selveged by properly spsced wells
end be put to beneficiel use.

There are mmy areas in th: state where the, ground-water supplies
REY ém deévelopsed 4o the capacity of the source of supply. In many Iuooolr
aéoﬁ. diri"icult:r is experienced in meintelning adequate grouvnd-water
supply, mainly because of close spacing of wells and bes the deore‘ne in
yield of individual wells,

e will ceontinue to increase our demends for water and ground water
will become increesingly important in our deily lives. & must continue
our inventory of the srouncd-water resources of the stete so that remedisl
meagures meay be telen to protect this wvaluable rescurce wnen such

meesuree HOCOME NeCeSSArY .
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THE OCCURRENCE OF GROUND WATER UNDER WATER TABLE CONDITIONS.

THE OCCURRENCE OF GROUND WATER UNDER ARTESIAN CONDITIONS.
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