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Potentisl Yield of Aquifers in lmbarras River Basin, Illinols

T

by W. C. Walton and Sandor Csallany

ABSTRACT

The votential yield of aquifers in the Lmbarras River DSasin

was evaluated on the basis of available data. The basin, extending

from east=-central To southeastern Illinois, covers an area of
2,187 square miles and is primarily an agricultural region.

Rocks of Pemnsylvanian age form the bedrock surface in all
but a small area in the northern part of the basin where bedrock
is Misgsissipplan and Devonian in age. MHost prominent feature
of the bedrock surface 1s a deep, wide, southeastward-trending
vallecy taat bisects the basin and 1s jolned by a major tributary
bedrock valley in the southern »art of the basin; bedrock crops
out mostly In this southern arez, Till covers most of the bed-
roci uplands; sand and gravel cevosits occur aslong the courses
of streams and in the Till of buried bedrock valleys. The major
buried valley ig from 1 to 5 miles wide, and glacisl drift in it
is from 100 To 200 feet thick.

The water table in the Imbarras Basin fluctuateﬁ_in an
annual cycle, but no permanent or genersl decline in water levels
is indicated. Total ground-woter pumpaze in 1960 was 6.3 million

erived from

£y

zallons per day (mgd), of which 83.5 vercent was
nlaciel drift. Of the total 1960 purmpase, 39 percent was for
urban use, 1l2.5 percent for industrial, 15.5 percent rural, and

33 percent for livestock, Wells in the basin range in depth
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aly for wany domestlie wells. O the tobal potential yield
about 59 mpd is derived from sand and gravel aguifers, sad apout

58 percent of this potential is concentrated In Lawrence County.

T +
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This revort presents a quantitative evaluatlon of tne
ground-wabery resources of the lmbarras Lilver Basin in southezsgtern
Illinois. Geologic, aydrologic, geographic, and climatic Tactors
are discussed, together with the history of ground-water developunent
and the quality of ground water. The interrelation between ground
water and suwrface water is described. Speeclal emphasis 1s placed
on the extensive sand and gravel devcsits along the Lmbarras River
ibutaries, and in buried bedrock valleys whica are the
principal aquifers. The potential yield of the sand and gravel
depositz is evaluated and area for posaible heavy industrisl and
municipal development are delineated. The geology and nydrology
of the vedrock formations are discussed only briefly, since
these Cormations contain limited quantities of grouand water,

Data on water levels, Dumpawe, well construction features, ground-

water tTemperature, minersl quality of ground water, and well-

procduction and aguifer tests are presented. The wmaps, data,
and interpretations provide a basis for ground-water resource

',

planning and & guide to the development and coanservation of
ground wetéer 1n the basin,

Altnougn this report summarizes presentc-day hknowledge of
sround-water conditions In the basin, 14 must

prelininary rcport in the sense that 1t 1s pert of & continuing

d its eccnclusions and

i3

study ol the pground-water resources, &

interpretations may be modifiecd and expanded as more data are
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obtalneds

256 maps of tne study area were drawn from U, S, Geological
Survey topograpnic maps and Irom Illineis State Division of
Hirhways county highway maps. All elevationsg gilven in thils recport

5 ]

were toalken frowu these niaps.

Well-numbering systen
he well-numbering system used in this report 1z based on

the location of the well, and uses bthe township, range, and section

for identification. The well number consists of five pzrts:

county avbreviation, township, rancse, section, and coordinate

within the section., Scctions are divided into rows of one-eighth

mile sguares, Tach one-eighth-mile sgquare contains 10 acres and

3

corresponds To a guarter of a gquarter of a quarter section. A4

s

normal section of 1 sguars mlle contsains eicht rows of eishth-
{ ol

mllé snuares; an odd-sized sectlon contalins more or fewer rPoWS.

Rows are numbersd from east to west and lettered from soutsa Lo

nort: as shown In the diagram below, The number of the well

shown is: CHM 1E8H9E-22.7¢8. lhere there is rore than one well

dentiflied by aravic numbers alter

of

}=e

re

]

in a l0-acre square they

e lower case letter in the well number. -In the listing of

5l
i

wells owned by municipelities, the place-name is followed by

V, T, or C in parenthesls to indicate whether it is & village,

-3

F-te

t¥e The abbreviations used for countles are:

A -
cown,; Or ¢
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The Imperras River basin exbends from Chempeipgn to Lawrenceville

in scutheastern Illinols as shown in figure 1 sand includes portions

of the following counties: Chanpaign, Clerk, Joles, Crawford,
Cumberlend, Dourlas, Tdrmar, Eifingham, Jasner, Lawrence, FKichland
and Vermilion. "he besin covers an erea of 2487 scquare milesy,

nore uhuﬂ 300 sgusre wiles-of Coles, Cunberland, Douglas end Jasper

Counties lie within the basin, The -besin is approximately 100

m

miles lonz, has & meximum width of about 3L miles snc includes

parts of Townships 3 to 19 North, Renges T to 10 West.

im Y - = pees
Topography end Drainase

The Tmbarras River basin lies in the Till Plains section o

Dentral Lewlend Physiogrephic Province; a glacisted lowlend

Ll bl ol Ly} = o

1

that extends from the Appalachian Platezau on the ess
Plains of Xensas, lebreska, snd the Dzltotas on the west. The

northern part of the pasin is in the Bloominzton ridge »nlain



subdivision; the centrel part 1s in the Springlflield vlain subs
division; and the extreine southern part is in the Mt. Veranon hill
country subdivision.

‘ne part of the bssin within the Bloomingbon ridre’ nlain
subdivision is charscterized by a concentric system of morainal

ridrmes alternating with till plains,. ILow brosd morsiaic ridges

L3

o

8]

|
- b

|_I‘
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ve

|_T
e

glternate with intervening wide stretches of

Io

gently undulating ©ill plains. Glacisl deposits of Wisconsinu
age are peletively thic ujand exposures of bedrock are seldom

encountered exXcept slong major strearn velleys.

¥

. Lat
Throughout much of the psrt of the bLas niwlth¢m the Springlield
o
plain subdivision, K the topograephy is relatively level to sently

-~

undulabting except where disscction has proceeded along the major

river valleys., lorainic ridges ars ebscent; the topography is
Tt Oy

primarlily constructional due to the presence of Illincian drif
The Springfield plain subdivision is vaderlain slmost continuously
by Illinoian and older glacial drift which is thick enough to

obscure all put the major variations in the topography of the

5, = 1
QOO CK.

The Tllinoian drift is thin and the topozrevhy is controlled

principally by the cheracter of the underlying bedrock in the part
=8 ,'_
of the basin pthin the Mbt., Vernon hill country subdivision. lNost

d

streams have vroad velleys with low radients.

- 1

in mest places within the basin, relief of upland areas is
feet. Relilef is generelly greater along major river

= o o

valleys bordered by moraines. snd often reesches 70 feet. The
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upland surface rises gradually toward The nopthweat end attains
an elevation of about 750 feet necar Chamnaiszn-Urbsne. The
loweostv e¢levation is U500 feet in the mbarres River valley just
southegst of the-.city of Lawrenceville, The maximum reliel in
the Desin therefore is about 300 fset,

heeording to Morris (1962) the wbarras River originates in

ot o o
the unland nreiries of soubbern (hampeign County in Urbeans, Illincis

as shown in fizure 2., The river Iflows southwcrd to Jasper County,

thenca southea;;gpgj)and joins the ‘Jabash Hiver in the southeastern
corner of Lawrence (County.

The northernmost headweter streems form as water collects on
the Chompsicn oraine and Tlows out onto the nearly level prairies
of .southern Champaipn CUounty and northern Douglss County. Here
the ‘mberrss Tlows &s & sluggish preirie sirean meandering for
several nilesg across the level uplandsy a low-penked river fed by
nurerous low-gradient tributaries. These tributaries, maeny of tThem
channelized, form the outlets feor the numerous drzinage districts
which maintsin surfsce ditches zna tile lines to remove the excess
water Irom several hundred thousand acres of highly productive

farmland,

Near Tne Coles-Douglas County line the river drops abruptly

oo

nto the valley it has cut into the Wisconsin Till Plein. This

steep-walled, V-shaped valley extends southward to ebout the Route

i
oy . Lz g 20
16 highwey bridge near Charleston, Il}linois. For the next twepty

1

miles the “mbarres River follows in a preglacial chennel through
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tihae Shelbyville lloraine.

Joined by several tributeries. Thus Tor sbout U5 miles, twenty

niles within moraines and 25 miles within the Wiseconsin Til1l

Plein, the "mbarras flows &t the bottom of a steep.walled vellcy
50 to 70 Ceet below the adjacent uplend.

-

g Ted by nurerous

o
e
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In the till plain area the
short trivutaries most of which have been extended beck from the
river through ditching to accomplish dreinege of the nearly level
arms. XNear the mein stream these tributsries have

steep gradients, often 20 oy mors feet vor nmile.

Near the Coles-Cumberland County line the Wisconsinen Terrninal

loraine drops abruptly to the lower Illinoian Till Plsin. In this
sestion of the basin the river, flowins in & opreglacial channel,

occupies & bread Tlat-bottomed velley with steep valley walls
rising sharply to the upland. Althouzh the differences in elevetion
are not as great as those found ferther up streamn, .rather lsrge

acreazes of 20 %o 30 percent slopes occur where the uplands drop
to the valley bottoms. The river tarouzhout its course occupies
& sharply defined valley} lying sbruptly below the upland; the

uplend in the lower vpart ol the baszin is mores rolling and presents

fewer and gmaller areas of level prairie land. 3Seven watershed

‘S
E')
k3

anzing in size from 141,066 acres to 255,066 acres zre

~
EE

indentified in the Frbarras basin.,

i = i B aie
POPULATTOR
| ~—.

EaFallo River basin includes portions of twelvs counties

. .
iy 5 .._'. L

end Ll 11ﬂo“ooraueu FLi“GS (see Migure 2). The counties were

\ G



gatablighed between 1016 and 10593 Crewford in 1816, Clsrk in 1819,

Lawrence in 1621, Bdpar in 1523, Vermillion in 1826, Coles in 1830,
I fingham in 183Y; Jasper in 1831, Chempaisn in 3833, Richland in

e

1841, Cumberland in 18h3 and Dousles in 1859, 411 A;eo:no;&t,¢

pkeces in 1
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ineorporeted—ia 1956. In 1910 the total population in the basin
reached a peek of 126,000, of which 53 nercent were rural residents.
Between 1910 and 1960 the total populatcion declined and was 117,000
in 1960; most of the decline was in rural populetion. This rural

loss wes considerably greater than the 1l percent loss of rurel

In the seme perlocd the urban population increased rradually excopt

for o slicht decline in 1930, 1960 the distribution of the
populaticn was 66 percent urben (77,500) and 3l percent rural

(39,500). The urben population refers conly to those residing in
incorporated places. The mbarres Jiver basin ss a whole gccounts
for cbout 1 verecent of The state population snd L.,5 percent of the

pLtate area., Populastion ol incorporeted municipalities in 1960 is

?coponv

According to liorris {1962), the mbarras River basin is
privarily sn agricultural regicn with 90 to 95 percent of the zreas
of each county in farms. he counties with the largesti percentezes

of nearly level land have more than 90 percent of the Sotal county



rea in farms.while Croawflord snd Lawretice (ountiess with a nirp Then

sercents ol hilly lan ave somewhaebt in excess of 30 nercent of
the area in farms. DMuach of the lgnd is devoisd to hervestable ~rain

e basin has been an importent minersl-producing ersa for

the past 50 years. The grestest economic coantribution hag been
from nelrolswm production wlfg minor snd spasmodic operations fuaw

vgsin since the early pesrt of the 20th century,

Deeper drilling
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eni. weler IloodiInT which bezan in 1913 have nroduced inersasing
yields ol oll in recent yeers. /Lbout 7 milliocn berrels heve besn

preduced in Lawrence County slone. Although two refineries serve

the srea, one at Lawrenceviile and the othaer at Robinson, much of

S

the oil produced goes to the Chicaso and llest 8t. Louls-liocd River

ining. Large deposits of nestural ges often ocecur in

S N e - s
agsoeciacion wibh ©ii,

fr ﬂi{}&
Loel “reserves underlie most of the Dibarras River basin yei,.

only two cosl mines were in operation in 1960, Aéqese two cosal
- WL—-IMW‘{ MMIM CUEI.R, Mw

nines produced 505,98l toas in 1960, Yhe cosl is-hign-volatile——

In rmach of the basin no limesbtone denosits occur near gnough
7i LA
to The surface to permit quarrying, Only six guerry coperations,

existedlin the basin in 19607 )these ere(Jocated in Coles end Clark
< el !

COHHtiGSjJ’JfPlC“lCU;;l end crushed stens were produced at these
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quarries with annusl preduction averszing 200,000 to 250,000 tons.

Jend end pravel deposits sre Zomnd scattered throughout the basing.
Yen companies provide sand ond gravel lor road construotiogjﬁaé:1»'=-~,.”
to the building industries as well as for other uses. Little use
is mede of clay in the basin, Ome—compeny-sb Rotinsen-manufactures
bathroom-fixtures and uses clay brouzsht from outside the basin,
Clinmese

Temmerature and precipitaition zre the climstic factors

directly related to the availability, storsge, movement, and

withdrawal of ground wabter. Temperature influences evapotransni-

of ground-waver withdrawal. The clinate of the I'mbarras River
o -".».

basin is a hunid continentel type,witn cold, moderetely dry
i

winters and warm to hotA ﬁet SUIITIETS &

About 3555? nercent ol the average snnueal precipitation

occurs during the wermer half-year, April to September. The sverars
annuel number of thunderstorms in the bssin is esvout lli. About 6

e

percent ol the average ennual precipitotion is snowfall. Normally

‘by end June ere the wettest months, end Februsry snd December are

5

the driest ones. Avereze annual and monthly precipitation for

five stations located in or neer the basin sre shown in teble 2.

Lveraze ennual precipitation ranzes Ifrom less than 37 inches in
toe northern part of the besin to more than Ll inches in fhe



The Croquency of sarnmuel]l maxiram and mindimum procipitetieon ig

L4

shown in Ticures =7 (Sbtete of Illinnié, 1958)., Innusal precipitation
of 32 to 36 inches c¢an be expecbed once in § vears; annual
precipitation of 2l to 28 inches cen be expected once in S0 vears,
itation aversping cbout 6 inc

nes cainl be expected

once in 5 vears) snnuzsl precipitation averasian sbout 56 inches

The average monthly and annual snowlell st Urbsna is given

- it o

in table 3. In December, January snd Tebruary, the months of
createst sverapge snowfell, approximately 23 percent of thne everage
monthly orecipitetion is snowfall., Aversage annuel snowfall ranges

2 =

Irom more then 21 inches in tae northern part of the vasin to 1

f

Ghal]

CJ

-

then 16 inches in the Centrel pert. DBetween 5 and 6 days have 1

n or more of snow cover A ho e 2D o [TOT | 20 daugds

it - - P
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The growing saason}tor tme nortihern half of the
Lrom T T0—to—180-dese—cnd- Tor the southern hnalf ronzes from 180 to
190 days. The bepginning snd end of the srowing sesason -(the—peried-

petucen—iliine--froavsdy most comronly occur in the middle of April

and in the middle of October, respectively.
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wide renge of irean temperature at Urbans,

July nes the hignest average temperature snd January is on-average,

the coldest month. Monthly end annual temperatures vary with

3

vﬁﬁ

latitude witnin the besin., The differecnce in mean Jenuary
tempsrature between the nortih and the south parts of the basin is

> - oy o o et . S
gbout 5°F (from 29 to 3L°F) and the difference in mean July
2



tenperacure between the north gnd south parts of the bagl 18
about 2’ (from 77 to 7971). On the avere 1%)113 Geys per yeer

- St % : L M
bave dally meen temperacurces below freczing. Temperatures ecualis

or pgreader than 90 dejrecs occur 26 days per Veer.

GLOLOGY

Tor o detailed discussion or the geology in the Tmparras
River basin, the reader is referred to Sclkreng, et al. (1957),
o TPorr and Lemnh . 2 =110 Taornhope | 'O iMa A l ] P
Seliregy and Jempton (1958) snd Horbers (1950). The following

sectlons are based lermely on and conteing abstracts from these

- Bedroeck streaticraphy 2nd structure

fQocks of Pennsylvanien arce form the bedrock surface through-

outv the basin except in north-central Douslas County and south- v

central Champaign County where the bedrock is lissis ssipplan and
Devonlen 1. ¢ ie. Zennsylvenian rocks consist of shale, sandstones,

limegtones, Many domestic and farm wells obtain water
Trom the sandsbtones, thin limestones and frectured shale =t variocus
deptis. Tresh waver 1s encountered at depbths gernerally less than
300 Teet and commonly in the upper 150 Teet of bedrock.

In north-central Douzlss County and south-central Champaign

ol
w4

County bedrock of the Iigsissinpien and Devonian systems directly

¥ ) - I er e A ; SR 3
underlies the drift (fizure €B)., In this grea gsround water is



ebuvgined Lrom the Devounish and wnderlying Silurisn dolomites,

fhe Hisslissippian shales are not wzbteb-yiclding.

he bDedyrociks Tomunart of a sancer=lilte atrucburse Frnown o

tire Illinois pasin. The deepest part of the basin is in White

County, In Ghe ‘uberras River basin there is a narrow band along
winich Gthe »oclis have bsen warnot ward inte an erch-like structurs

or antieline (figure 9). This structure, the LaSslle snticlinal
belt extends from Ozle County in northern Illinois to Uabash County

e

n southeasbtern Tllinois, Along this belt some of the formations

==

which in most perts of the Tllinois basin are too deep Lo ylela

1

potable zround water are ncar the surface and sre locally importent

isalissippnien, Devonisan,

S8ilurien, Ordovicisn and Cembrian roclks generslly contain water
-

higaly mineralized, or brine. These bedrock strate rest on &

pesement ol encient crystelline rocks cornosed of granite,

\2edrock tonpography
' e k i

L contour map showing the topegraphy of the bedroek surfece i

is shown in figure 10, The riost prominent festure of the badroci-
surlace men is the deep, wide, soutieestward~trending valley

ot

whnicn Dlsects the begin. The floor of ths velley is at an

i-.l-

clevation of apout L50 feet in Coles County and 350 feet in

Jounty end is eoout 2 miles wide., The velley Joins

the ebesh Niver buried velley neer Lawrenceville in Lawrence
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Gounty. ‘here the elevation of the valley floor 4s sibout 350
FV i s o= Ty = e el s | ) A 18 ik " e bedrs volleasyr r q
LEe0. he IRubasrres Siiver 'overliles the befrosk valley only In

a -y A

the southwesiern part of Crawford County and Lawrcnce MNounsy.

3 1

The Forth Tork of Mmoarras River overlices The bsdrocit velloy

only in the castern part of Jasper County. The main bedrock

velley hercas in northecstern Coles County and leaves the basin

mg jor tributsry bedrock valley extenas southwerd Irom the
nortuern nart of Clark County to join The mein bedrock valley in
weat-centrel Crawlord County. The.?iOOP of the tributary bedrock
velley 1s at an elevation of L0O feet in west-central Clark
County and at an elevetion of 350 feet in northwestern Crewford
County. TIe bedrock velley is avout 1 mile wide in its upper
reaches, fne lorshTlopicof-tihrg  Mhoarras River-overlies—the—
tedrock-valley-only-in-south-central Clerk chn;g.and,nﬁrtheastarn
FEEmer.County.,

L deep, wide, westward-trending buried bedrock valley snd
severel tributaries cccur in southern Cnempsign County and Douzles
Gounsy. This Dedrock vealley systern Joins The !lahomet bedrock
valley weet of Fonticello in 2iatt County. The [loor of the bed-
roclk vailley in southern Champaign County is et an elevation of LS50
feet end iy zpout 3 miles wide,

The elevation of the uplend surface of the bedrock ranges from
650 feet in the northern pert of the besin to 550 feet in the

southern part ol the basin, Deadrock exposures occur slonz the

valley of tThe wmberras lver in esstern Coles County, central



RS i
Cumberlsnd County, and scentrel Josper Countiy. Me bedyoclt crops
out b the land sueflace ab plrees in southwestern Clerk County,
cenbrel and southosistern Crawford Couniy, northeecslern Nichland
County ana northern Lewrence dounty.

A\

Unconsolideted deposils of gleacial origin almost comnletlely
cover the bedrock in the bessin. Claciel ice siheets that odvanced

s

rorm centers of snow accumuistion in Canada transported

a2 rreet volume of rock cebris snd in melting deposited 1T as an
irresulsr Olanket That covered The eroded layered sedrock, Till,
an unsorted mivture of clay, «ilt, sand and pebtbles, was laid down
under the adveaecing ice or dumped during its nmelting. Beyond the
ice Iront, sediment-leden melitwaters Tlowed down velleys, pertially
fillins them witn deposite of oulwesh tThet consist of sortea sand,
gravel, ana iner material, River flets, lept free of vegetation
by froguent glscial flooding, were subject to wind erosion, and
greos volumes of silt were blown onto the uplands bordering the
valleys vo forrm loecss deposits, Till, outwesh, loess and tShe
sediments of modern streams now &lmost coupletely cover the bed-
rceciz surfece. ~ome of ‘the bedroclt valleys coincide with pressnt
stresn valley%>but others are partly or completely buried and there
is 1little or no evidence of thelr »nresence at the surface.

Send ana grevel deposits are the most importent aguifers

slonz the coursos.of streens end in the £ill of buried bedrock

valleys. They arec also importent sources of zround water in



eidpoelk Uplend aveas where the glacial drvift is thielk, ipure 84
shows the »robablility of occurrenece of send and rravel acuifers
(Selirersy et al, 1997 end Scllreny snd Hempton, 1958). The sreas
hown as "rood to excellent" sre underlain by thick depoegite of

mwnconsolidoted material containing send end prevel aguifers. The
probavilitles for construction of hish-capacity wells for industrics
and municipalities are pgood, althourh test deillin~ is necessery

¢ locete sultable send sng gravel deposiit
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the uplands bvordering the mein bedrock velleys. These meztericls
contain thin and discontinuous deposits of send and zravel, The
2ining suvpplies of weter for industrisl end
municipel purposes are poor to falr, Ixitensive test drilling
senerelly 1s necessary to locate water-yicldins deposits. Th

reas outlined by dashes correspond to buried bedrock velleys that

ol

s of unconsolidated moteriels as nuech as 150 to 200
feel thick. Tew well records ere evailable in these sreas and

therelore the prezence gncg extent of sand and mravel deposits 1is

,)
ct
I_

0
s
s
a3

not rnowm., The areas, however, merit specisl atte

explorstion for weter-yielding send end srevel. The areas Hkovn
as "ooor" sre primsrily on bedrock uplends. 0lacisl deposits, if
aresent, are tain or are corposed mainly of tisht till; sand and
grevegl deposits sre rsore. ‘he character and thickness of the
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iven in appendix, pied Llay bi lnme 1 asin
T ey I el . I “Hia - - =
PaflZes LI WaALT ~ PO e Lo 3 LIS &l il 28 e e 8 1
deposits in the buried valley range in thiclmess from 100 ©o

In The buried and pertially buried bedrock valleys in the
western pert of (rawlord County, thick devosits of permeable sand
and [ravel ere potential sources of ground water for municipal and
supplies. In the arss cutlined by deshes in fizure B4,
thick drift is reported and seversl wells obtein lerge ground-

water supplies from send and cravel, 7The erea gppeers worthy of

Tre fzlacial deposits over most of Richland County ers thin

mmnicival and industriel supplies. owme thin, scatierec ssnd and
mravel denosits ogcur slonr the smaller tributaries of thiese

Lerper strcans. In The western and central pgrts of the County the
Y is thin and for the most part &% is not suiteble for
Tihe censbtructien of érilled wells.

send end gravesl denosits fevorsble for developmsnt of domestic

end ferm Sround-water sunplies ere senerally scotbasred cver Touslas
) 2 5 2



OURLY, Dt in the northwestern &nd central part of the county they

ocony somewnat more consistently. Here the drilt is ag swmelhros
150 feet or more #hiecle in the buried Pesobum Valley and in tuwe
minoy tributary walleys. Small municipel ground—water supplies
heve been developed Tron. sand and cravel at Arcolaz snd Newnan.
and en revel deposits Tevorable for donestic end faprnm

supplies are present throushout Coles County excent for swmall
arang wheric tne dealfv is Bhing Nese gand and gravel deposits

ocour gt wvaprlous denths ranging from L0 to 100 feet below land

o ae 3 s s - - s ) -
suprece. In Ta, 11X,, 12W,, 13W, end LUN., %8¢ 72, and 8B,, sand

Ga pre picrs conbtlnuocuvs thon in othe xres of

H
g
£

the counbty and at some nlsces may be Lhe source fop small municipal
snd industrial supplies.

‘he lattoen city-wells loceted outside of the "nmbarras
fetershed in sec.“30, Teé 12W., Ry Bhy, énd in sed’ 1B, M. 114,
R. 7Z¢, are finished et depths ranging Ilrom IO to 70 feet. In
vhe buricd velley of the Tmbarras Biver (figure Bﬁgarea outlined
by cashes), the drift is thiek and locally may contain favorable

5

-n Champaign County the slzciel drift is zenerally more than

150 feet thick and contsins send and cravel deposits suiteble for

domestic end farm supplies. ZLocally municipal supplies have been
cbteined at Tolono, Pesobtwn, and Philo. In the southeastern part
of the county, sand and grevel deposits are locally absent.

Intengive test drilling was needed to locate the water supply for

(7]

Broacdlands and Long View.



nd fnd orave sposlts favorable Tor domestic d Farm

supnliecs are present at many place: ] Gatern pary of Hdoer
County. In Bhe castarn part T drifc is erally vhin. BSedrock
crons out &t many places easth o6 Parie. @211 municipal water
supnlies Dave been obtained locally sflter intensive UYest drilling
to locate fevorsble sand and gravel sguilers. The towns of Hune,
Meteal nd {ansas obbaln woter cupplies from wells finicshed in
unconsolidated material at depths of 55, 93, 85 and 103 feet
resnectively.

Flaciel deposits in the cerltral and weatern parts of Glayri
County are zenerelly thin end not suitavle for development of

In the south

aravel wells.,

glons the Webash River wvalley, thiek

-

nd gravel thet ere potential sources of
supplies, ere-—present - he-presence-ol a

permesble deposits

ground water

dum Rl

the county,
of sand

for industria

turied valley in the

scouthweasern parsc of the county is indicated by records of scatiered
wells That have encountered thick drift in the srea outlined by
dashes on figure GA. It is possible thet sand and zravel sultsble
for large ground-water supplies mey be loceted by testing in the
ETes.,

In cite bottomlands of the Imbarras River, particularliy in the

nertially buried bedrock

are potentla groundwaver

Jumberland County. secontin

presegnt locally in the no

velley, thiclk depositls

or municipel and

'-‘1"_“\
- Waa

of send and zravel

induscrial
uous deposits of

~central and
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stern parts of Cumberland County, in the botbomlands adjocent
to Hurricane Creek and other small streams Uribudary to the

mberras. Biver.
Glacial deposits throushowt nost of Jasgper Gounty arse thin
and bedrock crops out al many vlaces, partienlsrly in the centrsel

e A

Jounty. In the northeastern pert relsiively thlck

Valley and are potentisl sources of large
uanvities ol ground wsoier. Tnin discontinucous sand and gravel
depozits &re nresent locally in the bobttomlands of the Imbarrsas
tresns in the soutawestern

River and ia the bottomlands of srall s

pert ol the county.

3,

The zeneral chearacter of the surface dsposits in the Fmbarras
River basin is shown in figure 12 (Thoraburan, 1960). Groun
loraine is the predominating surface deposit in the southern nart

' the basin, placial till is the princinsl constituent of the

1s

deposits. Cround Yorasine glso occurs in extensive srecas in the

northern part of the tasin. loreinic ridges are the oredomlnau&ng

-

surface deposit festure in the northern vart of the basin; no

Morginie ridges sre found in the scuthern nart of the basin. The
princinal constituent of the moresines is glacisl till; however,
there are many more inclusions of water-worked ms

normelly ere encountered in Ground loreine, MNoraines are usually

found ©to contain pockets, lenses, and even tubes of water-sorted



revels, sends ar ilts. Loecally ) TeV conted Sor-
sorted sil il clays whie ave beéen lazid down in teiiporsiry
lelkes, As Is5 the ctse with Crowu oraine the chsrocteristics

of them. Jormslly, one would exnech to find the coarsesb-textured

al -t - A &

sediments of sand end grevel end the thickest deposibs ilmmediately
in front of & morainic ridge. Closely asasoclated with the oubwash
plains are The deposlits of water-sorited materials lz2id down in the
ma jor sgtream valleys. TFizure 12 shows the locations of the major
alluvieted valleys, but it is not vpocssible to say with certainty
that granuler materilals of high-guality will be found in gny
specific location in these valleys. The iberras River and the

o

ver flow in alluviested vellevys.

fd=

Jorth Tork of the Embarras R
The only important and extensive areas of lakebed sediments
S i

are in Douzlas a2nd Lawrence Counties. Under the conditions of

lecustrine deposition which prevailed, layers of fine-grained

ts of wind-blown silt (loess) cover nearly all the basin

Scurce, lMovesent
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e genersal principles underlyin: the sourece, moverent, and
4 i i J .5 L] 2

‘s 4

ocecurrence of ground water heve been presented in napsrs by
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Helnzer (1923, 1932, and 1942) and Wenzel (1942), among manky
others. The following discussiocn is a brief outline of thoze
geaeral principles that are essential to an uanderstandirg of

ground-water conditiong in the Embarras River Basin,

The unconsolidated sedinments
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most part, the lnterstices are small, irregulsr in shape, zud
interconnected so that water can move {rom one opening to arother.
Water in interstices is controlled largely by two forces, gravity

and molecular attraction. Gravity causes water to move in

B

rgsponge Lo hydraulic gradieants; that is, it is the force that
causes waser 1o discharge into streams and springs, aad to enter
wells. The molecular forces, adhesion and coheszion, tend to
resist flow.

-

Culy part of the water in an aguifer can be withdrawnZ; much
of the water ls held in aguifers against the force of gravity by
molecular attraction. The ratioc of the volume of water an aguifer
will yleld by gravity drainage to the total volume of the aguifer

£

0

the specific yield. A sand arnd gravel having 2 porosity of

30 to 40 percent may have 2 specific yleld of 15 to 25 percent.

Under nztural conditions The water table roughly parallels

the surface topegraphy, rising under the uplands and tersecting
the zround surf alongz perennial streams, lalkes, gnd swanps int
which ground water is discharged by gravity flow from adjacent

areas where the water table is higher. The water table is not



static but fluctuates with daily, seasonal, and yearly variations

in precipitation and in discharge of ground water to sireanms,

the aitmcsphere, and wells ard springs. During periczds when

discharge of ground water is greater then recharge, the water table
o e L= 3

declines and water 1s taken from storazze within the zouifer b
w3 -

If an agulifer is conZiined belween relatively impermeable
R 2 reley

beds and water is supplied to it from anm elevation higher than the

8 under nydrzulic pressure, 1If a

ct
o
i
[}
i
e
'_le
(0]
m
H
£
|. L
Iy
o
H
-
ct
o
(0]
-
it
{0
ct
(6]
H
=

ed through the confiring bed and & into the aguifer,

the water IIX In the well will rise above the top of the aguifer,

ut may or may not fiow over the top of the well. Cround water

ct 3

net is coanfined under pressure in this manner is said to cceur

under artesiazn conditioans. £ lezkage through the confining

bed into the aguifer 1is appreclable, ground water is sald to occur
mder leaky artesian conditions. The surface to which water will
rise under artesian conditlons, as defined by water levels in a

number of wells, is tThe plezomeiric surface.

to water-table oxr plezometrlic~surface contours. TUnder natural
conditions, precipitation reaching the water table percolates
towards streams; however, the roots of plants and soll capillaries
intercept and ¥ discharge T iato the atmosphere some of the water
which cthexwlse would become ground-water runoff.

The nonpunping level is the lfevel at which water stands

+n a2 well not influenced by pumping in the



vieinity of the well. The pumping level i3 tlhie level to which the
water surface lowers in wells during punplng. The difference
between the nonpumplng and pumping levels in & well 1z called

drawdewn. Whexn the pump is stopped, water levels rise; this rise

is called recoviery.

Water Levels

Woter levels in wells are almost constanily fluctuating,
and decline or rise a fractlon of arn inch or many feet within a
rclavively short tlme. Vater levels in wells 1a artesian aguifers
gernerally fluctuate toi a much greater extent than water I levels
in water-table aquifers, and are seunsitive to such factors as
éhanges in atmospheric pressure, earthquakes, earth tides, and
changes in surface loading. Artesian wells also are influenced
by withdrawals from wells and springs, and by recharge from
precipitation althopjugh the effects of recharge are sometimes
not noticeable immedlately.

iater levels in water-table zquifers are affected by direct
recharge from precipitation, evapotranspiration, withdrawals from
wells, discharge to streams, @ad changes irn surface-water stage.
Fluctuations in water levels indicate changes in the actual
quentity of water stored 1n aquifers, arnd movement of ground water.
The zmount of water taken fronm or added to storage pe:fmlit change

cexurbceryoyers in water levels under water-table conditions is

generally many times larger thian uader artesian conditions.
The water table in the Emborras River Basin under natura

conditicns recedes in late spring, summer, and early fall, when

discharge by evepotranspliration azd by ground-water runcff to
streams 1s grester than recharge from precipitation. Weter levels



los 2re all and conditions b avorable for the inlilitrstion
o Painfall, Tirst Uo renlehigh deploted goil moisture and later
to percolate Lo the water table, he rige of wabter levels 1is
especially preonounced in the webt svring vonths, wihen the ground-

watey roaepvolr receives most ol its snanusl recliavze, The high
end low poinvs of the annuel cyele of water levels occcur at
differeny viznes of the year, depending in lerpe npart upon the
seasconal end aresl distribution and intensity of reinfall.

The water levels in & shellow dus welll near demesyville in

Coles Counby were contlnuoualy gasured with & recorder during

o pess
the period 1960 sz 1963. The well is 15 feet deecp, 66 inches in
dizmefeyr end is in glacisl driflt. A hydrograph for the well 1is
shownn in figure 13. Water levels have & sszsonal fluctuation

renping from 2 to 5 feet. Yesrwend waler levels very from year
regr chilelfly because of ¢limetic conditions. The welter level

in well COL 11N¥9HE-19.5g wes about 2.5 feet lower in December 1963

in water levels. Gtster levels are
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gt low steges duringe dry periods; howsver, &s vprecipitation
increases, weter levels return to highey stages.
In neavily pumped greés, changes in weler levels csused by

-

pumping ere superimposed on se8sow

-eng-seculer fluctuations due
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To O CErED Disnersenes hen a well is water levels deecline
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surmed well, An observation well located within dhe cone of
depresaion will show & lowering of water levelj; The s:mount of
decline depends largely on the distance Irom Lbhe observavion
iell to The pumped well, the rate of pumning, the hydranlic
properties of the acuifer, and the distances from thes observevion
well Go recherce areas and pourxisrles of the souifer. Vith

Ze &ind

i

e

eontinuous pumping, the cone ol depression prows in &

denth st & diminishines rate untils 1) the lowering of water
= e :, _.." =

. i

ad Fecnavie coA"&ﬂd'or decreased natural

and 2) hydrasulic predignts are

v

sbablished sufficient to brins from rocharse or natural discharge

srPeas Sliic SUOunNG v e WItEOrE DRNDEGL,

"

ater levels ave influenced by scasonal fluctustions in

springe end swamer incressed pumpage

or
@
[
[

PURPING rEte. weing the let

=

of pround waler for cooling and irrization results in & lecal or

repional decline in weter levels. During the fall), winter, and

) =

garly sprins meonths decreeses in air fermersiture result in a

o]

nd & recovery 1n weber lsvels.

4%

reduction in pumperss
In heavily pumped sress & downward trend of water levels mey
continue for msny yescrs becsuse of conbinusl incresses 1n pumpaze,

or wilthdrawels in execess of precherpe, or both, During periods of

desncn and expand asg rscharge decresses; cocnes of depression often

shripl during periods of nesr or spove hormel precipl
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N exanmlie of Mluestustions of wabter levels in wolls within g
< e BT = =, i T - e B By . 1 | W Se H }y A
MAFD AT Celicer 1Li shown by the hydrograph For: well DEL LLBGH=l,lud

i fimare g, ledll DL ALndni=i hd at Areola ig 102 Lfeet «deep, 10
inches in dismeter snd iz open to a deenly burled sand shd pravel
acuiler. A larse increasse in pumpage (aheut 1I5,000 ?pd) starting
in 1947 caused weater levels in the well to decline over 30 feet

within a period of only & yesrs. This decline was three

o

macn &8s had been observed during the vreceding 25-year period., As
the result of larre water-level declines, two new productbion wells
were develoveo about 1/2 mile and 1 mile from the observation well,
end pumpase was shifted o & new pwmning center, As a rssult of
tae shift in puiping centers, wster levels recovered aooub L0

'

feet from 1955 to 1950. Iilowever, purmpese at Arcole conbtinued to

grow at a rapid rate and wes aocut 150,000 zpd in 1960. Water

levels declined sbout 35 feet from 1960 to 196l as pumpage increased

a8 gpprecieble rmutual interlerence between the old and
neiwr well Zields.

Teter=-level data for wells in other opumsing centers are
siven in gSeblie l., VWater-level dote for selscbed wells outside

nuwpling centers are given in table 5,

1 . .Y T G 3 . - o T o N R e e * T 2
LoTel pumpsse from wells within the Rebarpss River basgin

heg Increaced steadily since the lirst wells wereée drilled in



av mual ry ¢ ol 110 ,00( .

iba 9n table 6 1lndicate that of the Lobal water pumped Lrom
wells In lo’(‘JO: 4 ?--5 peveent wng derived from ."’:1301." 1 deiis (‘JQUifGI‘S,
10.5 percent from Pennsylvanian rocks, and 6.0 percent [rom

Tevonian and Silurian roeks. In 1960 withdrawals for urbesn
water-supvly systems amounted bo about 39 percent of the total
umpage; industrial pumpage was 12.5 percent of the total; rural
purnare was about 15.5 percent of the total; and livestock pumpsage
was 33 percent of the total.

Hecords of pumpare are fairly complete for the period 19yl
to 1960; very Tew records of pumpage are available Tor years prior
to 19L2. The graphs in fizure 15 were consiructed by considering

oopulation growth, percent population served and per capita

‘g

estimaled pumpaze.

Pumpage-use data are classified in this revort according to
four maln categories: 1) urban, including pumpage for nmunicipalivies,
subdivisions, inatitutions, and from private sources within
incorporated areas; 2) industrial, including commercial business

It

ancé cemeteries; 3) rural, ineluding farms and nonfarms outslde

incornorated areas; and li) livestock. Most public water-supply
systenms furnish water for several Lypes of use: domestic {houses,

notels, etc.)s publie (schools, hospitals, fire protection, ebec.),



sortnercial slants, indnstrles, 8t6.}es No attcempt has beern made ©o
deternine the various uses will 2L LSN0Or1es, ny waiel* nunped By
a sunicipality is cslled an urben supply, repgerdless of Ths use 6F

The reliability of oumpage date veries sreatly. Municipsl
puapage is often metered in cities and larger villages, tul rost
smallesr villemes. de—nob-meter-their pumpages. Yoltal pground-waser
withdrawal from farm wells snd individugl residential wells was

o

estimated on the basig ol detalled use surveys nade in a few
selected verts of the basin ceasidered uvypicel. Pumpage Loy 1ives

stock is besecd on sccented water consuption rates per head,efd

B S N

ells in bhedrock

Total pumpage frowm wells in bedroclk wez about 1.06 mgd in 1960.
1y

lore than &3 percent of ic‘total pwiigane W
5

™m

g Trom Pennsylvanian

oclks; the remaini 37 vercent waes withdrewn from Devonian and
.

Silurisn rocks. It is estineted that 24 vercent of the rural
population and livestock obtained water from bedrock wells. In

1960, she_cities of Ville irove, Tuscola and the Village.of Camargo

were the only riuniclipalities ovtvaining water from bedrock wells

4

in Devonian and Silurisn rocks. No municipslity in the basin
er {rom the Penngylvenian rocks in 1950. Urban pumpage

L

wae 0.31L wed in 1960, or zboub 27 nercont of the tec
T 3



L4

o8t bedrock wells owrned by indusipios sre in 'fusceols and

Viltla Grove and obtain weter fromw Devenisn sng Mlurisn rooks.
RPuanipage 1or industrial supplies was 0.030 mzd in 1969, or aboutb

3 pereent ol the total pumpare Irom bedrock wells.
umna e from bedrock wells, 1890 to 1960, subdivided by usze
is shown in ficures 16 and 17. There has been vory little change

1n pumnage over the TO-yosdr. period.

Pumpaise from gldaeisl dpift wells wasg aboub 2.8 mpd in 1890.

The Tirst nublic water supplies were developed in 1885 at Mattoon

= £

and in 1890 at Arcola, ‘'fotal munieipel pumpage was 180,000 gpd

L5

in 1690. Pumpaze for public (urban) use incressed steadily zt a

|

L3
E
=
o )

uniform rate, s shown in figure 108, in 1960 wes 2.21 ngd or

o

about L2 percent of the water pumped from the zlecial drift.

Pumpese for puplie supplies has increased at about the same rate

L

as the urban population, Public purpage in 1960 was avout 68
percent rmore ithat in 1920 anc urban populstion in 1960 was about
79 psrcent more that in 1520.
Muniecipsl nunpepe enounted
urben pwnpsge and was 2.77 magd in 1960, The remeining 9 percent
waa dlatrilbubted between subdivisions, institutionq_sla dorestic

supplies,. liost of the municipelities in the basin obtdined all



Wwral pumpame, Aneli ruresl far ] rural non+t wse;
was esbi 1 oy conzid vr purel (outsices incornorsted placesn)
population. as reported by bthe U, 5. BDursat of the censug and per

use averasged abowt 30 zpd in 1960, Vell—ieog data in tie Iiles of
tha State Gpolopical Survey lndicate thel on the averase about 76
vercent of the Total rural and liveshock punpage is from wells in
claeisl drilt and 24 nercent is Tfrom wellz in bedroclk,

e sarel sl liveatoek pawspape has not inercased significently

singe 1090 beocause wpural nopulation has deoereescd steedily, Total
OMes Tie MULpeZe WAES 32 mzd or 1O pmercent of the totsl water
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agleciel drilt: Weter lor domestic use is from

A

7 capacity that ere widely distributed throughout
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the basin.

gl zas

Distrioution end Leasity of Pumnspe

Ifhe pwipage from glacial drift wells was grouped into 13

ne jor pumping centers basec upon aresis ol concentration ol wells.

L

1 s B

The location of these pumping centers and the distribution of
pumpeze in 1960 are shown in figure 20 snd table 7, respectively.

In 1960, the lavgest amounts ol walter were withdrawn from wells

hy

in pumping centers 12 and 13, Pumpaze growtn curves Ifor esach of
the purping cenbters with wells in glacial arift sre shown in

-

Tigures 21 - 2. The pumpare growth curves show only the pudblic



e
i g Trom bedyoclz geizl d ¢ wells wa 11 gtributed
bo tne < wles within tl sin, ¥ £ PDIUMDAEFS DEY
SQuaL ile (denaity of e) for eech o was compuied.
Total punpage oand density of pumpame or sach Hewasidss P given
in table 8., Pumpage from bedrock wells is mostly concentrated
in the Tusecols and Villa Grove arsas.
) CTT 1 RS (O SLLS
=S = — '

Vost wells in the Embarrss River Besin were drilled by ©he

2
5]
[N

ceble tool method, Wells In glacial dpilt sauifen an~e in

denth from 20 to 210 feet and have an averege depth of avout 55

t The wells are mostly the tubulsr tyce with commercial
scroens or slotted nipe. Casins diametewrs panze from I to 2L
inghies and comuonly éxceed 10 inches. A few concrete wells were
puilt by the Thorne, ent fell&y Coinpaniess; the dnside dieméters

of these wells are usuelly 17 inches. Oeneralized grephic logs

of Typicel wells in glaciasl drift are siven in figure 25. =2

Cnly & few high capacity wells are developed in the bedrock.

Wellg in Douzlas County penetrate the Deveonian shid/or ks
yilurlien roclzs, These wells are the sources of publie weter

sunplies., Constructlion featiiras of selescted bedrock wells 1in

Dougles County are shown in figure 2§. The deepest water well wvw 4l
Laewm in the basin is Tuscola City Well Ho. 4 with & depth of 69
feet (see [ fisure 26).

’
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Hydreplic properuics - -

cogltleients of permesbility or transmissibility and

round weter in response o 8 fiven hydraulic gredient is dependent

wpon the permesbililty of the aguifer. The :

)
1
h

igld coefiicient ol

£

verreoebllity, 2, is defined as tue rate ol flow of water, in
hrouzh a cross-sectional area of 1 scuere foot

-

ent of 1 foot per oot at

0
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e cepéeilty of

the prevailing tomperaturs of the wsater. L related term, the
coeflicient of t
sguiler as & whole bto transmit water end is sgual to the cosfl

of permesbility mltiplied by the sgturated thickness of the aquifer,

e

Yepd, The gesfficisent or transmissiblliby 15 delfinsd ss bl

reve ol flow of weter, in gallcong per doy, Throrh o vertical strin



of’ The appileyr 1 Lot wide end sxbendins the full saburabed

thickness under a hydraulic pradisnt of 1 foot ver foot at the
rovailing IR e e 0L BleE L LEX &

1 ara ropervies of an agui * apre cxpressed by its
coefficient of storage, 8, which is defined as the volume of
wator the couifey releases [ror or taltes into storapge per unit

suplace arse of Ghe aquifler per unit chenge in the component of
head normel ©o that surfece, Under srtesien conditions, when
fgce ig lowered by punping, welter is derived
Irow gtorass by the compection of the aguifer znd its asscclated
beds and by expansion of water itself, whils thehin:erstices
remeln seturated. Under weter-tabls conditions, when the water

Leble is lowered by pumoing, pground weter is derived Trom storage

of the aguifer unwabtered by the pumping.
Aouifsr Lests
-
The hydraulic properties of aguifers mey be determined by

fmeans of cquifer tests, wherein the effect of pumping a well at
a known constent rate is measured in the pumped well and in
chbservetion wells penetrating the acuifer. Graphs of drawdown
arted, endijor of drawdown versus
are.used to solve formulas which

SN

88 0L

=

exnrese toe reletion belween the hydraulic propert en

Fal

eguifer and the lowering of weber levels in the wvicinity of a

pusipad well.



The dats eollected during the aguifer tesils way be analyzed

by use of the Theils (1935) nornecuilibriuvm formula. DTyse=gcurve
and straight-line methods for solving this formula with logarith-
mic or semilogerithmis tlime-drawcdown or digtance-drawdown grapis

were decscrived by Walton (1962). In the same publication g method

is Cescribed for applying this formulg to aguifer test data collected
under water-tgble conditions, and ecuations are given Ior compens-
ating observed values of drawdown for decreasses in the sacurated
hil

thiclness of an agulfer,

Controlled aquifer tests have been made at Martinsvilie,
Lawrenceville, Arcola, Flat ltock, Jewett, Greenup, Savoy, and

e

Newton to determine the hydraulic properties of the sand and gravel

acuilfers in the lmbarras Biver Basin. Test 3 at Arcola was des=

cribed by Welker end Walbton (1961). The data for the other Testis

uifer test was made by thes State Water Survey on ouly 27,
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198, Wells (figure 27) located within the
VMertinsville in T1ON, R13W were used. Genersalized graphle logs of
the wells are given in figure 27. The effects of pumping well
CLX 10N13W~7.3c¢l. Pumping was sterted at 11:05 a.m, and was
continved for almost l. hours at a constant rate of 58 gom uantil

2:017 perie Well 7.3cl is 80 feebd southeast of well 7.3c2.

CLK 10M13W-7.3¢2 were measured In the pumped well and in observation well

W



l . yolated sraphs of weter 1 . asured belore pumning
started with tha pgrephs of weter levels msasursd during pumping.

Pravaowns were plotbed ageinst time on senilozarithmic paper. The

¥
4
shown in figure 2%. The zero-drawdown intercept of the stralght

line was used to determine the coeflicient of storaze.
l'egt 2, Lawrenceville
in acuifer test wes made by the State Water Survej, cuping: S
Fhe-—eeiod oy 17 Fe=ax 18, 1950. ‘elia (Tigure ILJ located (o, @
J(|I ‘.._';-'_.__d__,.-—""r

within che property limits of the Tezzs Company in T3NW, R11W

{ebout |l miles sast-southeast of Lewrenceville) were used. The

generalized grephilc log of the pur
The effectes of pumping well TAW 3NIIW-11 .68 trere messured in the

punped well end ixn observation wells., Thirteen observasion wells

were cvellesle duvring the pumping bperiod., Observeition wells were
designated "AM Shrough "L" and "6-inch". With the sxceptions of

k)

MR, B, BN and "6-inc@”,-sll ocvservation wells were 2-inch
diameter well points 20 feet deep. Ubservotion wells "C" and "M

inches in diemeter and 10 fect deen; observation wsll "L

wes LoiiP+inchnes in dismeter snd § Peet deep; observeiion well

"6-inch" was & inches in diemeter and 104 feet deep with & screen
ingtelled at tne bobtom. Pumping was sterbted at 8:38 a.m. on
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o tovns in the obserwvation wella and t nmped well were
8563 5 A ad Jus 1 or % tispens B lewaterinz. Adjusted
drewdowns were plotted azeinst tine on lopsrithicic o» serii-
loFeritimic peper, The tire-drowdown zreoni Tor the "b-inch! O
| gn PO |
) 1L_ i "'H_,'_J
observation well is shown in Tizure 38 end the distance-drewdown
Segpa Towr & pumping period of 1 dey is shown in figurs 31, Caget o
= = '=Fl. I ‘ i $ :!—‘r.-r. .-J;/

Zhe Wlu) versus L or u(u) versus u type curves (see Walton,
T AR

effects of gravibty draoinage and coelficients of Transmiseibility

S

P

¢
and storage wore computed 8s shown in figures zx'and Jﬁf Che
fverare computed coefTicients of trensmissibility snd storage are

250,000 gpd/ft and 0.0l respectively.

Lass-d,—Ltuogla

L

| he—sguiTer—vest-ol lreola-wen-dossrribed-byr-iiciker-ond—walton -
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Pest luy, Flat Rock

n aguifer Ttest wag mede by The 3tate Weter Survey on
L,. i 1 -

—— = J " : ' -y
Decewbsr 5, 1961'& Hells (fisure 3%} logated about 2,5 miles south o v Do)

of tieWiilese-of Flat Roek in T5N, RIILW were used. = Teneralized

graphiec lozs of the wells sre given in F
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well CRF 5811W-18.52 were measursd in the punped well zrng




— A Lad ,-’
J ~
in observation well ORI bR11W-10,La, weli—3S+he is 165 fcebt cast
of well 138.5a. Pumping wes sbarted 2:30 a.m., on December 5 ang

Drawdowns 1In the pumped and observation wells were rcasured
wita en sirline. Drawdowns in the punped well were plotited agsinst

re on semilogarithmic paver, end drawdowns in the observation

well were nlotted areinst time on logarithmic peper. fhe time-

-

drawvdoim sraph for the observation well is given in fipure 3fe Soa 35)
he preph indicetes that the vertical Llealste thiroush the

eclayey deposits overlying the aquiler was nepgligible during the

test. The W) versus iﬁtypc curve waeg Citted to field dat%land
' u
the coefficlents of transmissibility end storapge were computed as
L]
1 = * #
shown in figure 3he
Test B, Jewett
An squifer Uest wes made by the Stete ljater Survey on Hay 1

1963J>Z%lis (figure 37) located within the corporate limits of L 3
S RS

the—Yiidase—of Jewelt in TON, Eaﬁmﬁe?e—&&e&. The generslized

1
s
graphic lozs of the wells sre given in Pigure 3%. The effects of

pumping well CUM 9udR-2l,2d] were meagursd in tﬂe puriped well and
in observetion well CUIL 9uBR-2L. 2da. v**;#—adﬁ is 153 feet southeast
of well 2dl., Pumping woas started at 12:00 ncon on ey 1 and was

:-

continued until L300 p.m. /ﬁhe aqulnﬁ rate K?s 31 gpw.
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PEWOOWITS I B DININEa &1 obasrvetion ells Were cagured

by eleectrie dropline end by steel taps, respectively. Drawdowns

1n the nurped well were ploited spainst Tine on sewmllosarithnic
JEPEP, enc orawdounts In the ¢ crvation well were plotted ageinst
bims on logapithmic naper. e bimg-drawdown g or the obsers -
= d /e
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vetion well is given in fizure 3H. he W(u) versus =,type curve G A
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durping the GLest,.
Test L, Greenup

A Loty voren o sy A - e . o » s i o ) . :
Gest wes mode by tihe ftate Weter Zurvey on Septenmber

20, 1583, fells (fisure %O) loceted outside the corporsbte limits 7. .
! { e lb
of sha Nillaze of Greenup in TYN, RN were used, 258 seneralized Mttt

graphic logs of the wells sre pgiven in figurejtl. The effects of
Y

pumping well (UM 91198-2.85) were measvred in Ghe pumpecd well and

in observation well CUM 9N9R-2.8gz2

PDrawdowns in the puined well were deternined by slectric

- 1 v i & =, YrRp PN S I _ o
and uioe weter levels in the obesrvetion well weve nisszsunsd

27 Busel tape. the effscis of dewslering,
in the putwed well were plotied acginst time on semilosarithmic
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shown In [ipgure w2, Later time~recovery data deviate from the type~

curve Trzce pecauge of the elflects ol grevity drainage under water-

. fn aguifer test was mede by the State Water Survey on

pe r.l "2\.- I
Vovewrber &, 1963. Wells (figure 43) located spout 0.7 nile th B

goutawest of the Villege of Savoy in Ti0i, RE® were uged. The
s of the wells are given in fizure ﬁﬂa

-

ects of pumping well CIM 18N8R-2.Le were ?eaﬂured in the

. : = - e 2, AN A L
punped well and in observetion well CHM loNlE-2,5d. KP*lmLuv& is

700 fecet southwest of well 2.4e. Pumnping was sterted at 2:26 p.m.

o
1
o
<
I
c
L]
fn

nd was continued for a peprlod-oi elmost 2 hours at

rowdowns in the pumped snd observation wells were computed.

The tine-drawdown greph for the observation well is ziven in

<+
= e
41 i l e s bl =i Yook et it Rl = s 1 T et a A
Jae (1) versns = Uvoe curye wed fitied to fisld dabs, and
A R
2 x . - Sy s I Sy . - 3
coRprilclencs oI Transmiseibility end stopanse were determinad as



Lg8s J, Newlon
1 Bguiler test was msde by @l LA nter Supvey on
Noyember 12, 1963, ells (fipure &5) located eutside of the city 41
[

1imite ol Hewbton in T7H, RIT were used. The pgeneralized graphic

_F

| =
o
L
ot
A
O

1
well JAS T7HGE-36,3T1 were nsasured in the pumpmed well and in
oRsarvebion wells JAS TiSE-36,372, JAS TiU9E-36,313, and JAS T7H9ES

363005 mwing wes started at 11230 a.m. on November 12 and was

L P

o

centinued for—s-—perdied OF 3 hours at & consbant rate of 6L gpm
Drawdowns in the numped well were deternined by elesctric
dropline, end drewdowns in the observebion wells were mcesured by
steel Lapc. Drawdowils in the observation wellg for a pumping
pverioca of 150 minutes were plotbed apsinst distances on logarithmic

neper, Yhe disvence-drawdown greni for the observetion wells is

given in figure #=. The Y(un) versus u tyve curve {ses Walton, 1962) e

[ ]

4 o “" '
was mevened o leld dats, and coefficients of transmissibility and 1! -

e
storate were computed ag shown in fizure 1&.
The results of the § squifer tests made in the Tmbarras River

n in table 9. (oefficlents of trensmissibility
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range from 410 te 2,500 gnd/sa ft.
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frem 0.00003 to 0.0,



Speclific—-capaclity cata

The yield of a well may be ¢ xpressed in terms of 1ts specific

capacity. The specilic capagcity of a well is defined as thae yleld

of the well in gallons per minute per feet of drawdown (zpre/ft)
for a stated pumping period and rate. Walton (1L962) gave an eguation

te

flec ceapa=

o

I

£rowm which it—is-wpossible To compute ahd theoretical spec
city of a well discharging at a constant rate in & homogeneous,
isotropic, artesian aquifer infinite in areal extent.

Tae theoretical specific capacity of the well depends 1ln part
upon the radius of the well and the pumping period. 4 30-inch

1o paclty about 13 percent more than that

=
=

)
o]

digmeter well has a spec
of a 12-inch dismeter well. It ig evident that lerge increases 1in

the radius of =2 well are accompanied by comparatively small incregses
in specific capacity. The thneorctical speciflic capacity decreases
with the length of the pumping period because tane drawdown continually

as
increases with time gm the cone of depression ¢f the wall expands,

[

=

There is generally a head loss or drawdown (well loss) in a pro-
duction well due to the turbulent flow of water as it enters the
well itself and Tlows upward through the bore hole. Well loss
and the well-loss coefficient may ve computed by equations glven by

Jacob (19U6).

T

Production wells oviten do not conpletely nenstrate aguifers or
are open only to part of an aguifer. Tie drawdown in a production

8 grester Loan the drsw-

b

well partially penetresting an a~uifer

down in o fully penetrsting production well., An eguasion glven

{1y ]

by Butler (1957) may be used to estimate bhe drawdown In partially

penetrating production well.



> vize period 1910 o 1963, well-pooduction teslis were
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wells wepre segresated
Devonian,
and fe+ depending upon the rocks open to wells. Snecific capacities
;ennsylvanlan and 11uﬂlan-~ wwonian
of wetils in Lhe ﬁfn-an Yey-S11 catesories were Gabuleted in order

of -mapnitude and frequenciss were computed by the Kimball (1Y46)
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method. Velues of specific cawecity were then plotted sgsinst

' . ) -
oercent ol wells on logerithmic probsdility paper as shown in o
fizure 49,
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Zne snecific capacities of wells in rocks of Tevoninn“&ﬁd
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Silurisn sge are much greater than the specific capacities of wells

. L . -

€ capa c1tlos

rmeasured in 50 percent of wells, the produetivity of Devonianaan&
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Silurien rocis 1g about 6 vimes the productivity of Pennsylvenian
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spm/ot.  Sweciiic capacities of wells in Penmnsylvenian roclks range



from 0.12 to 11 gpm/ft end nave L i of 0.37 gpw/rt, The
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YO civitics ©f bot eNnAay.Lvanis ayon :“:-;h:';' we Jilupian
roclis gr ghly inconsistent a& w.ieceted by the steep slopes
of the snecifice~copecity Crequency granhs.

Step-drawdown test data eare evailable for wells DGL 16H0m-
34,16 and DCL 16K93-10.1h2. Well DGL 16M8#-34.1b is open to both
Devonlan and 3ilurian rocks; well 161197-10.102 is open %o
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the well-loss coefficients Tor wells DGL 16N .1b and DGL o
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gecovat well loss, the nizn value of C wes cormputed Jor 2 well

having & low specific capacity and the low valus ©
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Lraguencies were computed, Values ol apecii'ic capscity were then ¥

plotied arcinst percent of wells on logaritimic probapbility vpaper | s /
’ Wi : u
as shown in fizsure £90.
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Tae specific cepacities of wells in the major buried bsdrock

i
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valley systenyg and in alluvium are nueh gresber than the specific
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capacities of wells outside mejor buried bedroelk velleys. UWells

=

weils outside major buried bedrock vealleys

%)

Pe preater than the
speciric capacities of wells in Pennsylvanian rocks but less than
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LG speclilc cepacities of wells 1a Devonien swd Silurien rocks.

Speeiiicsepecitiss—of wells outside mejor-buried bedroclk. valleys

sres-ruch-morpe—inconsistent thanthe specilfic gcepecities ©

da—ene-ouher-threc-catogories, Specilic capacities of wells in
vhe najor buried bedroeck velley system range from 11 to 256 gpm/Tft;
specific capecities of wells in slluvium renge from 5.6 to 17
gpm/ft; il spegeilic capecities of wells outside ma jor buried

bedrock velleys renjc from 0.13 to 8.5 pom/ft.

‘as cogllicients ol permesbiiily of agnd and gravel aguiflers
in the vieinity of production wells wére estimated hesed-on.



weber-level data indiecste that ertesien condliions exis?y 20k
st Ll-procuction tests. La on specific eapegilibics, puwwing
periods, well radii, and an art coefficient oi" storase
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coefficient of transmissibiliby of seuiters in the vielnity ©

production wells wews—comoused, Thicknesses of coulfers at well

rom well lozs. Coeilficients of trangs-

the vzlues of the coeificient of permeability listed in table 12,
he specilic capmeity of & well cannot be eh exact criterion

Y |

of the coefiicient of transmissibaility becasuse specific cgpacity

i8 often affected by partbiesl penetration, weil loss, and gechydro-
logic boundaries. In mogt cages the acvors adverssly affect

is sreater than the cosfficlent of Transmissgipility computed with

speciile~capecity data. Dosta for wells whose specilic capacities

sre thousnht to be grestly sffectea by partiel penetration and

well loss were not ussed bto sstimete coelficlents of permesbility.
Coeificients of pnermeabilily were segregsted according Lo the

thrce well cetepories mentioned egrlier, tabulated in order of

megnitude and freguencies were computed. Values of tThe cosrficient

walls on

of permeapllity were then plotted agalnst

logaritivaic propebility paper s shown in figure Si,
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£20. s 320 gpd/sq ft, respectively. Coeflficlients of permeability

velley systems range from

630 to l700 gzpd/fsq fi; cosfficients of permeability of aguifer

in aliuyium range fronm 380 to 1900 zpd/sg £t; end coefficients of

gnze from 110 to 6520 gpd/sq I'%.
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Tor opronerly designed end developed wells usually sre less than

elog the woids of the well
feece zad well well sxnd/or the openings of the well seresen., lLeaximum
vield per Tootb of drawdown eanncet ne obdbliained uiless developnent

g gulriecient to yemove thege fine moterisls. Flie effectivensss
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drawdoun tesbs 1is of diy el capaclity ¢ ften be

gz S0 near ori L. eapacity by ocne of several reanabllitation
netheds. The suceccss of rehabillitation woerk can be appralsed

from the results of step~draowdown tests made vnricr to and after

gll WMelds, The spegilic capsclty of a well field is defined

here a8 the totzl pumpage from wells within a given well fisld

3

per food of average drawdown within tne given well Tields Specific
cepzeitice of well Tfields vary greasly from plach to place
devencing vrimarily upon the number of production wells in

e well Tleld, tne averape gpacing of wells, and the watéer-

T dinp properties and geoaydrologic boundaries of the aguifer

Specific capacities of 4950 and 3340 gpd/ft are recorded
for well fields in Devonlan snd Silurian rocks (see table 13).
In contrastu, specific cavacity of B850 gpé/ft was messured for
g well Tield in Penngylvanian rocks,

Specific capacities for well fields ranging from 1590 %
AT g;d/ft are recorded In sand and gravel aquilers outside
major suried Uedrock valleys. Well fieids in sand and gravel

agnifers in major buried bedrock valleys or in glliuvium
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percolation ol streanm runorf (ind necherge

tion on intalke erees is irresularly distributed in

time and place; recharge is greastest in spring months ©f heavy
reinfell end least in the swmier, fall, and winter mcnths. lost

recharse oceurs durlang snring months when evepotrenspiration is
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simell and goil molsture is meintained &t or cbove field capacity
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by freguent rains. During swmmer and carly fa2ll months evepo-
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of the streambed. Mt hirk stages the Tine sediments &re scoured

from the sireanibed and the permesbility ls incresssd.
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Becherme direct from preecipitefion znd by induced infiltration

Han

ace water involve the verticzl tovenient of water under the
cal head differentilals, Thus, recharge is
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Leal permeablility and Yhielhess of the- denosites thronzh
a pgoura, the asgc gilffersnitisl belween sources of

tie aoniler, and toe sree throush whichH lzakase beeurs
race of rechsrse or infiltration mey bLe expressed ;
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ematicelly by the Zollowing Topm of Dareyts laws:
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coelficlent of wertical pernmeshility of deposits, in

depogits, in rt
fference between the hesd in the aculfer end in the

source hed above despcsits throush which Leskage occcurs,

egasoclieted with leakerse of water throuzh desosits. Ths
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rate per unit ares being dependent wupon verbticel hesd

ncd constant bubt veries in snece and tine. The recherge
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7ere computed by Walton (196u) 2nd ere given
retes Tor dolonite acguifers oi Silurian ape

lerpely with till range frowm 52,000 to 225,000 gpd/sg =i,

dolomit

Tor areas where shaly dolomite beds overlie

tas dolomitce gguifers. In sreas where
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mean straenilow pesing stations {eee teble 17) were plotted
on gemilogavitiniic hydrogpraph psoer. lHydrosraphs wers diwvided inbo

outlined by Linsley,

into conziderstion lniornation

1961) or with mebhods outlined by

orowa=we ter runofl

Annuel

during oean,

years of

below and avove normel precipitstion for the 5

Eiven il valde 1.

Aow-duration curves

corpsrisons of the ground-weter runolf charsctveristics of the 5
s aingce basing. The of the flow-duprstion curve is

ding

zoverned larme part hy the water-yisl

extent ol The unconsolicebed and consolideted deposits within 2
baein. The more meerly horizonval the curve, the zreater are the
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an index ol the effects of peology oi & basin on streamflow,

mommed precipiietion were investigeted. Dsily



rein-gize frequency disbeibubion curves (sea Dapples,; 1959)
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shepes & Rdiecative of the e L in operitics of deposits.
4 gasurs off the depras Lo i L % pEine anprosech ons size
B —
ena vierelore the slope of Lhe pgrain-size Tfrecuency disiribution
curve .is the sorting. One parsmeter of sorting 1s obtained by the
1 . bt
. - (e . - i . S 2 o
ratio (Pattijohn, 19:9) 5/I ) ref Dpo 7y size which has 25
' Erals .
WO o s by . . - ol
percent lergesr and 75 percent smeller, in the distribution and Do 7 M4
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size w=sg hag 75 percent larger snd 25 percent samllor in the

-

ecause geolopgy and therelore grain-size freguency distribution
alfecis strcariflow to & greet dezree the psrameter selected to

Gescrloe The slope ol the Fflow-duration curve is the ratio (925/Q75\
wnersg Cog A streamilow equelled or exceeded 25 percent of the

— = N s
time and Q75 ﬁ stroamilow eaquslled oxr exceeded 75 percent of the

‘¢ basins are gilven in table 171

time., Ratios for the & subdreinsg

The charescterisvics of the-S. subdrsinsse basins were deternined
Witil such maps|as d%a shown in figures §, 10 snd 12. The relations
between ground-water runoff during vesors of near, bel w, and above
normal precipitasien, the ratiocs _CEE/Q7§]?nd the basin characters
igstice wsre studied.
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nossibility for coecurpence ol sand snt fravel wivtain drilG,

ponsiderenle surlsges sénc and sravel of Janited eresl extend,
nrous Srpine o oreinile ridces, =lipht to moderate sirean

pracdiont, and 1ittle Iforest and wooalsand,. pound-weter runoflf

durine a vesr of norrnal nrecipitation ranges Trom 0.2¢ els/sq mi
- - " |l ;B

ebove Qeltlend %o 0.40 cfs/sg mi above Lawrenceviile. Ground-water

es preetly bebween Ste. Marie and Lawrencsville

Whers the mbepres River meanders over permeable oulwagh sand and

ravel in 2 mojor burisd bedroek vaelley. The retlios Ior suborainage

toen Che yetbios for

C.
o
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(1)
H

paging azove Oalkland snd Dionz sre maca =2re
subdrainere basins sbove Ste. larie and Lawrenceville., The
ayions near Oslkland and Dionsa are above the limit of

slaciction and the Shelbyville Joreine whereags the gaging stations

te. larie end Lewrenceville are below the Shelbyville ¥oraine.

o
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wnol?, ratios, and geologle dats suggest that tne

e, s il
ot =waeer
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permesbility and/or areal extent and thickness of the surface sand

and gravel and outwash deposits are much less cbove the Sheloyville
Porsine than below the Skhelbyvidle.lloraine., Grou nd-weter runcofr

during & vyesr of below normel precijitavion is muech legs sbove The
Shelibyville Kopaire than pelow the—Shkelbyviltle-lorsias..
Cround-water punoll from the Horth Tork of Wnbarres River is
typicel of zround-water runoff Trom basins with the following
chiéveeteriatics: rlacissed, relatively imperneceble bedrock, thick

prfm - e 5

20 fest, pedrock valleys, A Oy poor




or moralilc ridmes, slighbt to moderabe siream gradient, and 1little
loreav snd woodland., The ratio is low. sugpgesting thet cround-water

runols friom devosifs in the buried valley in Jesper County ig

aporeciable. rould-walter runoi Prom toe Horcu Forlk is much leps
thern zround-we ter I from the mein stresn of the Tibarras

o - 4 =
River. posed-on prouna-waster runofid aata, the surfeace senc and
gravel deposits along the Herth Tork are greatly linited in srvesl

extent ano/or thickness and permeebllity. Outwash sgand end gravel

Sandg ana

revel elonz The Horth Fork sre much less then those of the surlace

sand and srevel along the main stem of the Imbarrss River above

Potential wyield of geouiflers
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The potentiel yield is here delfined 28 the suount of ground weter
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wells =nd weli fields without cresting eritics
exXcecoling recherge. The principel aguifers are

depcsits ia manpea buried bedrocl vallaevs end along sitregas and =
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relatively small amounts to the totsl potentisl yield,
Aslce from economle considerations, the potential yield is

dependent on the rate of rechsrge; dimensions of zguifers, and

hydreulic properties of esquifers, In 195l water levels in pumping
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tpicuteary biried vedrock wvelley in Glerk end Crawford Count
probably high enouzh to support lizat industrial or medium
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level data, snd existing pecleomic meps,. Hydraulie propercies of
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boundaries and effective wldths, lengths, and thlclknesscs, lModel
aquifers are sometlimes overlain by confining beds having elfective
thickncases,. Mathematical models (Walton, 1962) were constructed
on the pasis of hydraunlic properiies of model aguifers, the image-

well theory, gronnd-waber formulegs; ernd a conslderation of recharge.
The mechematicel riodels were used to desc%ﬁbe tine eflfeects of
selected gchemes of development involving roasoana well and well
field spacings, and to determine the potentigl yield of the aguirsr
uder assumed practiczl pumping conditions, On g gross bgsis;

in nost ceses aquifers wilth proper development are cepeble of

rieldins more water to wells than will be recharged uadcer leavy

-

pumoinz concitions, The Iaciors considered and assumptions made
An ceomouvations are as follows:

1) Recharge to deeply buried sand and gravel aguifers

l.l

overlain by till will occur at an averace rate of
150,000 gpd/sc mi under heavy pumping conditions.

2} Recharpe to thick sand and gravel aguifers overlsin
by coarse-~grained and permeable deposlis will occur
at an aversze rate of 350,000 zpd/sa mi under heavy
pumping conditions,

3) Recharge to permeabls zones within bedrock aguifers
overlain by till will occur at an average rate of
60,000 ppd/sq mi uncer heavy pumping conditions.

l) Recharge to thin sand and gravel aguifers overlain by

coarse-grained anc permeable deposits wlll cccur at an

=

average rate of 200,000 gpd/sqg mi during a year o

below normal precipitation under aeavy
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sravel deponlits glonz the river,

ter in the Horth Fork of the rberrss River will
ve nezlizivle during veers of below normmal preciplteiion
bgcause flow in she North Fork is legs then 0.1 cfs during
gxtended dry pDeridds.

in erees where the sgturated
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than 50 feet there is s limited smount of water in storase

it 18 orobebles thae availeple mround-water resources of

Devonisn and Silurien rocks can be developed with & rsssonsble

]

aumber of wellg end well fislds in sovout 50 percent of

areas

where these squilers occlur,




9) It is oreobables That avalleble ground-water I'SSOLrCSs OL
and an sayvel squifers of ievelon 7ih B TGN~
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of areas waere possibilitieg ©f oceurrence
“pavel in burled bedrock valleys are falr to good.

10) It is nrobsble that svailable ground-walter resources of
sand and gravel aguifers can be developed with a cason=-
able number of wells =nd well flelds in about 50 percent
of areas where possibilities of cccurrence of sand and

s §
- =

avel in buried bedrock walleys are good to excellent.

£
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t is probable that availsble ground-water resources 0O
sand and gravel aguilers can be developed with a reason-
. able number of wells and well fields in about 25 percent
gereas wpoere glluvium occurs slong sireams.
ing into consideration the above factors and assumptlons,
lacle geohydérolozic data, the potentlal yields ol wne
ineipal aguifers in the Imbarras Hiver Dasin are as follows:

sané and pravel in buried bedrock valleys, U5 mgd; elluvium,
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principal aguifers, is concentrated in Lewrsnce County.

Zoe potential yvield wes conputed for exbtended dxy periods,
The pocenvial yields cdo not have & high dezree of zccuracy bus
merely indicete the order of mesnistuds of available pround-water

o

resources and shoula bes used feor plenning purposes only. Develops

2nd

m
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Yiehe i any Zrsc mustu be preceﬁded Ry exteongive test drill

agulfier tesl programs. An ssbimate of the potential yisld with &
nRign degree of dccursey will have to await more detailed data and

by small changes in any one of seversl assumptions.

Strean. flow will probably not be diminished to any great exbent

iy
£ acuifers because riost water pumped Iron
wells and diverted from streamflow will be discharzed back into
vhe suresms ag erfluent from sewsze treatment plants, However the

-

cuality of tTiae water in the streems wlll be adversely affected.

T e - s [ 3 PR S = e = - = - 4 - . 4y ]
~he resulla ol aguifer tests were used to prevers theoretical

distance-drawdown gzraphs for prediction of ture wabter-level



! - W 4
GO G 3 1 quifar pe i il 3Ly ta be
[ G IME T %5 e W Iver L3 1.1 e ) ‘;';., > Ve 6]
(1935) noneauilibrium cauation, and drewdovns at waprlon
distarices Lron mped wWell B i v contGi ) ratoe
oL 1O N were cowputeds 2 i3] saYiod ol O montng was
seleclted beoeawse usually water musb be baken Ifrom storage for an

acewrmlated periocd of 6 wmonths when lititle recharce oceurs curin:

suruer, fall, dand early winter months. Theoretical dlstance~
drawdown curves are shown in Ffisuree L7,

Drawdown is directly prosortional to The rate of pumping,
I The ragte of pumping were 200 instead of 100 gom, deeclines in

Tigure . would be twice as much. Distance-drawdown graphs for

‘other aguifer and pumping coaditions can be prepared with the

(=

gr infin

ton, 1962). Msthods were cited earlier for computing

drawdewns in pumped wells, and Tor taking into consideration partidl
nencltravion of pumped wells and dewabtering under water-table and

'3 e

leaky srteslan conditlions. Production wells should be spaced

possible, Wells should be spaced on a line parallel to recharge

boundaries and as close to the source of recharre ss possible.

1t 18 generslly adviseble to separgte production by a distence
at lesast squal to Twice the saturated thilclkness of the aguifex

te in gresl extent was =sssumed in cowputations,

zeoiydrologic bovndaries can ps simuleted with imagze
<3
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The themical charaeter of the pround watex 1n the Imbarras
der Basin is koown from the anaslysces ol weabter from 31 wells.
The results ol the analyses are given ia tables 17 end 1. The

constituents listed ia the tables are given in ionic form in

glsc presented in the tables. Phae
measured at the time samples of water were collected,

(rovnd water in tne Embarrasg River Basin varises in guality

betwsen thne different aquifers and also within Individual gguifers
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graphical 1ccations.

The chemical anhalyses of wabter from glacial arift wellis in
table 17 show lron conbtents ranging from 0.1 to 16 ppm with an

averare of 3,0 pom. Water fron 21 of the 25 wells contains rors
han 0.6 ppm of iron. The chloride content ranges Prom .0 o

~ - du

70 ppm and averages 36 ppm. Of the 25 samples, 1l show chloride

contentug of 10 ppm. 0F SbhboVe.




PP T

e
L D

e hardness of wsters

O
k%)
"

BB Troi,

Toe pil of

=i "

of the 6 semples in Table |4

iron content renges from

LA

01 to 0.5 pom and averases 0.3 pom in waterg Lrom Devonisn and
) izn rocks asnd from 0.3 to 2.5 ppm gnd rvar&‘eg;l.E pom in
webers. from Pennsylvanisn woeks.
fhe sulfate eontentg of waters from Penngylvanisn roclks ranges
m 0.l To 5.0 ppm and aversges 3.1 ppm, ‘the sulfote content
ol weters from Devenlen and Siluriasn rocks ranzes from 5.6 to 11.5
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Table T,

nricinality

Allertons (V)
srcolaix (C)
Ashmore (V)
2iras (V)
Sridgeport (C)
Broadlands (V)
Srocton (V)
Camargo (V)
Casey (C)
Chempaiegn (C)
Charleston (C)
Flet Roek (V)
Greecnup (V)
Hidalgo (V)
dindsboro (V)
Tume (V)
Jewett (V)
Xansas (V)
Lawrenceville (C)
Lerna (V)
Long View (V)
Martinsville (C)

Mattoon#{C)

Zepulation off Incorporated

Zopulation,

1960 vanleinality
282 etealfs (V)
24213 “ontrosew(V)
i 7 Newnan (C)
235 Oakland (C)
24260 Oblong (V)
3ils Philo (V)

380 Pesotum (V)
276 Redmon (V)
2,890 Robinsony (C)
19,583 Rose Hill (V)

10,505 Savoy (V)
1197 St. Marie (V)
1,477 Stoy (V)
126 Sumner (C)
376 Toledo (V)
L9 Tolono (V)
238 Tuscola (C)

15 Urbanas (C)
5,492 Villa Grove (C)
2956 Westfield (V)

270 Willow Hill (V)
1,351 Yale (V)
19,088

Miclipailities

Population,
- i
RS K

O

o

27
320
45097

7,226
117
259
347
385

1,035
998

1,539

3,€75

27,29l

2,308
636
235
123

#0nly a pertv of the municipality located in the Embarres

River Basin




"f"i‘t:blr: 2. lonthly and ‘nnuel Precipitation, i
i E; ) ot
: il . 13 'g z_)l 8 fc' i
i) stebion O N R % F 2 % 8
' Locetion 5 5 H %4 Ef g =) :l% 3 St & o s
Urbens el Li9% 3.200 2.fh .05 3,593 3.32 329 3,06 2,87 2.3 2,12 36,1F
(18869-1960) _
Miscols 2.32 2,05 340 3,73 4.09 hu22 3.22 305 3,50 2.85 2,70 2.30 3.
(16911-1960)
Charleston 2T 2238 3.H1l 3585 ha25 lu38 3.5h 3.32 3.280 B.%0 3.085 P.37
((1878-1960)
Newton 2.66 2.37 3.24 3.66 L.27 3,83 3,34 2,92 3,00 2,69 3.22 2,70 38.L2
(1931-19560)
Leurerceville 3,90 3.h2 3.90 A8 Ui86 1,29 4.37 3.40 3.36 2.89 3.83 2.9 h2.69
(194.3-1960)



Mozich

FPebruary

T By
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Jlonthly an

Average
Precipi-
tation

(in)

2.16
L.97
3ell
3o57?
11,05

L. 06

2.55
2.07
35.65

(based on 1889 to 196

F=

2
6.13
55,60
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(yr)  (in)
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1893 0.50
19L3 0.22

1902 0.7

1926 025
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1927 [Traoe-
1g2lt 0.05

23.87

-
0
na
=0

(yr)

1900
1907
1910
1899
1925
1936

1__I
0
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Lverage
Fnowiaoll
(in)



Table 4, Water-Level Dsta for Selected Wells within Pumping Centers
i

Depth of Depth to’
Hell nunbor owmer ()" sqwres¥ (o) measur
CHM-~
16N10E-
4,8n(1) Long View(V) 50 ér 4,3 5/55
H.ﬁh(l) Long View(V) 50 dr 1.2 1952
17N8E-~
22.14(1) Pesotum(V) 190 dr 71.5 1956
17N10E-
34.7c Long View(V) 250 br ee.. 9/53
34, 8¢ Long View(V) 700 br 22.4 9/53
17N11E-
30.2¢(1) Broadlands(V) 120 dr 16.5 9/54
30.2g(1-55) Broadlands(V) 71 dr 6.5 3/55
18NEE-
£5.64(11) Tolono(V) 180 dv 85.5 19561
25.8a(9) Tolono(V) 179 ar 80.0 1956

25.8f(5) Tolono(V) 185 dr 76.0 7/38



T: Je U page 2 continued

25,80(5) Tolono(V) . 185 dr 76.0 6/42
26.1¢(3) Tolono(V) 158 dr 70.0' 1928
25,1c¢(3) Tolono(V) 158 dr 80.0 6/42
26.1c(4) Tolona(V) 186 dr 72.0 7/34
26.1¢(3) Tolono(V) 158 dr 40,0 1914
26.1ch(4) Tolono(V) 186 dr 72.0 7/34
26.1e7(7) Tolono{V) 164 dr 78.4 1952
20.1c8(8) Tolono{V) 160 dr 80.5 1950
26.10(6) Tolono(V) 145 dr 75.5 /42
26.81(5) Toiono(v) 185 dr TE.5 1950
18R9E£
22.11(3) Philo(V) 30 dr 15,0 1054
22.1n( %) Philo(V) 26 dr 13.5 10/62
22, 4e(2) Philo(V) 4l dr 7.0 5/45
22.74(4) Philo(V) 29 dr 11.8 19561
23,7e(1) Philo(V) 81 dr 32.0 3/39
)
10N1 3V~

7.3ca(X) Martineville(c) 51 dr 18.2 7/48
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T.305(5)
7.3c6(6)
19.8e1(1)
19.8e2(2)
19.8e2(2)

19, 8e6(6)

12N14V-
20.74(5)
29,8c(1)
29,8c¢(1)
29.8c(1)
30.1e(3)

Q0T -
11N8E-
10.U4g(1-58)
10.4g(2-58)

12N11)
6,7h(1)

Martinsville(C)
Martinsville(C)
Casey(C) ;
(c)
casey(C)
(C

)

Casey

Casey

Vestfield(V)
WestTield(V)
Westfield(V)
Westfield(V)

Westfield(V)

Lerna(V)

Lerna(V)

Ashmore(V)

56
56
89
131
89
80

I

dr
dr
dar
ar
dar

do

br
br
br
br

br

ar

dr

14,

15.

L5 R |

13¢l

o o & An

5
60.
60.

T2

o 2 o K

DD

5.2

£1.9

5/55



T: Je U page 4 continued

CRP--

5N11V-
18.4a(1)
18.4a(1)

18.5a(2)

10HOK-

29, Tl (T3-52)

G- -

ONBE~
2l ,24d1(1)
24, 2d1(1)

ol pa2(T2)

no ne no no
o
=
i i T ;
P i P a1 = -,
(85
S” S S p—

n

8L (1)

.8g(5)

no

Flat Rock{(V)
Flat Rock(V)

Flat Rock(V)

Toledo(V)

Jewett (V)
Jewett(V)

Jewett (V)

Greenup(V)
Greenup(V)
Greenup(V)

Greenup

)
)

v
v
v
V)

Greenup(V

v

(
(
(
(
(
(

Greenup

e
63

57

134
134
136

L6
43
43
%o
40
41

gr
ar

dr

dr

dr
dar

dr

ar
dr

dx»

dr
dr

R 1N
Ll

13.

R8,
58.
60.

il
13.
15.
10,

16,

H = O O AR

0

i

o AR o

o

1952

7/39
11/40
11/46

3/51

1950

9/63
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10N9E~

™
O
—.q
o
no

no
O
-]
o
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34, be(l)
34.,1a1(1)
34, 1a2(2)
b.1a2(7)

34.24(3)

5

contlnued

Toledo{V)
Toledo(V)
Toledo(V)
Toledo(V)
Toledo(V)

Hindsboro(V)
Hindsboro(V)

Hindsboro(V)

Tuscola(C)
Tuscola(C)
)

Tuscola(C

uscola(C)
(¢
(C

)
c)

Tuscola(C)

Tuscola

Tuscola

20
20
18
13

29

dr
dr
dar
dr
dr

dr
dr

dr

br
br
br
br
br
br
br

l;l

I,

Lo
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==Y Nl L

L%y
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10/54
1961

11/48
/49
10/47
7/46
3/18
8/45
6/46



T Ne X page 6 continued

gL e
4, 7L

16N9E-
10.1h1(1)
10.1h1(1)
10.1h2(2)

10, 1h2(2)

34,1e(1-61)

34, 2r(1)

161141
31.44(1)
3. 74(2)
31.4n(4)

32.5a(3

EDG=
13N 14V
26.601(1)

-~

26,6e2(2)

Tuscola(C)

Tuscola(C)

Villa Grove(C)
Villa Grove(C)
Villa Grove(C)
Villa Grove{C)
Camargo(V)
Camargo(V)

Newman{C)
Newman(C)
Newman(C)

Newman(C)

3017
3017

629
645
6o
627

80
165

127
143
58
30

80

br

br

br
br
br
bhr
dr

br

dr

dr

2c.
Q0.

91,
9gl.

g0.
114,
L,

20.

16,

I,

1,
L5

)

o N o o

1

1915
5/40
1924
3/54
1961
4 /56
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Table 4 papge 7 continued

15N 141~

o5.40(2)

16N13V-
31.3¢(1)
34,148(1)

JAS~~
BN LU=
19.8a(1)

LAN=~

4N 11~
26.7a(2)
26.7h(1)

LAW-~

3N11W-

2.8a1(1)
2.8d2(2)

Brocton(V)

Hume (V)
Metecall(V)

St. Mavie(V)

George Field

George Fleld

Lawrenceville(C)

Lawrenceville(C)

38

5h

T4

60
60

drn

dr

dr

dr

dr

ar

i’

I,

10.
13-

P

55

5/67

10/51
2/55

1942

1942

192/
1927



Puvle U4 page 8 continued

2.8a4( ) Lawrenceville(C) ' 64 dr 8.5 12/47
2,8a5(5) Lavrenceville(C) 72 dr 7.5 12/47
2.8a6(6) Lawrenceville(C) 73 dr 8.1 12/07

¥ dr, glacial drift; br, bedrock\,

B

<& below measuring point = * o



Table 5. lster-1lavel delte Tor =elected walls

remebe Trom pummine centers,

1
liater
Deonth Surface Denth Level
_ el Ceasing Jile Voil" to ilevetion Date
Well Vell Dismmeber (Ct a howe ﬁater‘;/ (ft above
Hunber Quner (£e) _ (dn) :_i’jiﬁljl_ ML)  sea level) Mess guif

C”"”“.. '
'|_\I
20 )

Mann | 36 2 735 30 705 12/33 be

cg.5L J. 8, Metullouzh 116 2 716 50 6565 12/33 I'p

29.4d Ti. (54| Hubbard 1O 2 70 20 720 12/33 T
30, fig 01 el 151 L 720 60 662 3/55 Dy
31, C. C. Lyons 20 2 718 18 700 /11 T
31,6 €. Grein 12 2 701 39 662 12/33 D
32.5¢ A, Bherifdan 116 2 707 65 6142 12/33 rp
3345 J. Rawley 35 36 730 25 705 - -

2l Bo 0 10 36 755 25 730 373k
24,11 B 120 2 125 80 65 3/3h =
2lhi5a | fi 150¢ . 728 70 658 /07 n
4.5 M. X 186 I T60 70 6S0 10/18 i
24.6h | Ga F 18 I 760 37 713 &/19 i

24, Le e P 198 6 730 2.5 615 11/18

2U. 48 Rreczewsey 10 150 6 735 e G513 £/53 2
25, e J. Cruise 120 2 730 70 620 3/3h >
35.8a L. :. Johnston 195 2 751 90 662 3/3N -
3501k He Geo Oosphell ==k, 165 2 7h3 90 653 3/}@ v
36.6a B. 1, Johnson 16) 2 738 80 650 3/34 g
26.68 Dunlap st B2 2 7h0 Lo 700 3/3l

36.82 £ P, Hamerdmith 160 3 Thl 51154 GhH & /L2 7
36.6c s 7. Johnsolh 165 3 738 G0 618 7/115 D
36. 61 0ld Orchard Yarm a8 6 ??0 60 6L0 2/56 r
36,70 peradise Inn Jotel 160 6 735 Ol 651 2/36 Dp
36 . 4e Porkhillts Lake 1y 6 127 75 652 8/60 Dr,

— L -
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Ler-level data for selected wnlls remolte Trom punping cenbters, cont,
Hapth : Suriaco e | y bl Level

of Capine Mevation to evation

ell Tiamcter (It above lister £t sLoy:

Oumey _(£8) _ (in)  sec level) _(£8)  gou level
11, Bell 80 1O 673 20 653
J. Ity Toolwe &3 2 688 12 673
8, Bragg 250 2 €670 125 EhE
G. Ve Schackuan ho 10 660 18 6.2
. Cook 1o 110 680 10 662
M My Overturn 68 1.0 670 1l 656
He 7is Scoti 30 W0 690 10 680
b Wl Brage 200 2 670 20 650
V., PEO 1O 2 680 10 670
£ Lo7 3 668 50 61.0
G. Jon 101 110 682 25 65
Bell 20 10 680 6 67l
e orhed Bl 87 = 650 11]]_ ()36
Losn GO, 60 150 6 73 l;’_]. h)(}
dJohn llancock Ins, 65 o 670 50 G20
Tuther ford 56 2 685 3 692
N. Chapmer 30 1.0 630 10 662

H, Honner 36 ho 670 18 652

R. J. Warnes o) 18 667 10 657

e 25 1.0 660 1l 6iL6
C. TMonney 32 1o 658 18 610
J. Payloy 25 110 660 15 653
R. Duncan: L1 110 665 10 6L7
. Chendlor 10 Sl 690 3 683
fonner st 365 6 69l Q0 601,

TFonner Halba 65 18 Gl 30 66l

1



Teble &, later=level date for selscted wells rerole Tfrom pumping centers, econt,

ater

':‘{j-_')'i.-h wurlaces Ve ]‘)t‘,-.J Lovel
‘of Casing Jevaliion to leveilo
1. Well Diemater (£t sbove Water (£4 sbovs
e Owner L) (in) sea level) _(£%) sea level) lleasy

1660

15, 8e i, (lates hO Lo 666 & 6586
15.1¢ Sry Q0 2 675 26 649
16, 1= M. T, Wiesener 153 6 660 70 593
17 . ﬁal Ta '11' 70 36 695 20 675

17.8a2 J. kruse - 101 I 695 27 568
Qd. &a N iy ? (o i = 7O JLO 682 20 562
.1b Res Tia Hackelt 20 11O 660 5 655
Or.lr J. HLarger 15 6 6GElL 70 560
23, 8h A, M. Haokebh 1h5 I 66T 70 595
2l Bh | 7. ", Reeves 305 8 675 135 510
26,8z Y. Senpoon - 130 2 661 30 63l
26.7a Re Fopis 70 1% 658 25 633
27.8a e Mo tHall 22 11O 651 10 611
29.1c Ao Tie PioTds 70 hO 670 20 650
32.52 d, Hilzeburg 87 110 600 23 657
32, 93 Lie Clepner 35 10 670 6 663
33.8h Jde Wamaley 70 e 670 10 660
35,32 B. Crossmen 83 6 GILS 10 605
36.7a ™, Hesatherford 160 it 650 65 56
LONG - 1
1.5h 11, Tldchmen 190 2 650 3 GLT
1 .24 mithian |\ B0l 6 650 6l E56
2,33 €. PBarriclt 210 3 6f'2 5 GILT
5.8z Geelt g~ohot91 60 3 6?8 15 663
5.8h G, e @113es 1150 = 678 30 GO
6. 8¢ d. [Diebrichy ch 2 700 50 650
7. 8¢ (. ‘Butherford 110 2 700 30 670
T.le G« itisigber Y\ 556 G 680 120 5ho
8.8 J.! Terns - 109 3 665 Ths 648
9.5h ¢. L. Richman 10 Lo 660 1y 616

O &



Pable s pter-level deta for gelected wells remobe from pumping cenbers, conb.

YF
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Depth surface Depth Level
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Well Dismeter ('t sbove later (ft ebove
Tunben Quner AfL)  (3n)  ses level) _(£fb)  sea lovel)
j I G0 L *
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12.3h M. Henson 30 1o 658 10 610
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AN12Y -~ \ )
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L65 9 L5l
h55 60 395
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O OOy
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Table G- Wabter=level data for selected wells remobe from pumping ecenters,; cont
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date for selected wells rerote from vumping cenbers, cont,

1_I.l
N
-
ey
X
1 |
—

R T
Depth suprlace Depth Level
of Caging Nevetlon to Elavaiion
Well Well Diemeter (£t above Vater (Tt ebove
nher Ovmer (££)  (in) se o level) (rt) ses level)
CRER 5 DL ¢

21.3b . _ W, Flymn / 60 6 500 e h60
BN 3W-
A L. ob Qhio 0il Col 180 - 70 36 b3l
SNI11/- '
250,18 L. Hout 3h he 500 19 481
Ol {21 -

13.2¢ e Smith 5 6 500 10 )
16,44 Mo Mitechdl 90 50 20 !
32,61 0. T\ Siler 30 36 025 20 505

17 1e Ohiec 0il Co, 120 160 3h 26
P g hic 0¥l Co. 305 & L75 1h7 28
ON14V - '

35,08 G. Yok B0
TH12W- f

20, 5¢ R. Bains 120 6 500 20 1180
TN13L - /

18.1n Ohio 01l Co, 122 17 2

2l.5% Cs Coulter 1.3 & 505 5
NI~
1.8a L (M. Bakey 126 2 500 25 W75
2.8a G/ Tracy \ 20 72 510 9 501
TN 3N~ %

4. 0n T¢ Stephenes 16 36 530 1 516
EN1 3V~ \ |
ll?jb ﬁ. T, Poynor 75 6 575 24 568
GNIAT. ‘ : §

13,60 i1, C. Freeland 2l 18 E50 W37
14,74 The: Pure 0il Co. 127 16 513 L85

o~

=

c~

170 12 150

P =
ol



-_'J 25 '_!'h
CUM~-~
QN ER-
Gl

2.5¢
33.r’_|_.
li;7'||_, :

25 » o
216, 8¢
JONST -~

2\; » —f }'1

}2_; . E'WJE[
109 E-

2.7h
12.8d
19.4g
10N10E-
18,
“.31.5D
1INo -
Pt
NG i
LANGL.-
26,64
'_ 5 35 - EJ o)

L1N10E-

33.5¢

\d

Owneir

W Brewer

.. "Lood

Yy daitranht
Wy Vebheprhiod
lePeaalk

|
¥

', ‘B, Boberts

0.4 - = b
F Sl LB S e

(. WA Kroenlain
P, Lioving

0 TS '._’c;-r--;mir_y

8. Pedrick
G, Osldléy

¢, Golttoriham
G Dotbonhem
{ 5

G. [ D: Cobble

\

La«i Carrell \

W, Thomas \
].- H'f_—']":;U_SDn

Phipps \

. JOTIeR

3
a
£

orest 01l Co,

Depth

ox

Well |

(£t)

15
90

3h
110
335
1))
16
20
1.
150

28
15

160
35
26

166
26

6L
21

e
130

27

C{: & "’I_'|=-‘_ :]r AT E
Piemeter {ft £l
{in) sga

. 1"'
Suriace

Denth

20

8
10

65
35
12
35

30
11

2h

60

20

Ut
o1

e
=3

mARAnL

3063
w o

R
2

|." v
o P B
Lzvel
Dot EVon
(£t ebove )
age level) ,

2 r"l:‘I

7 ]
373
1918



CLK <~
ON LA
B.8a

T, B
w20 Rd

10N13ly..

S (D
1T Hd
10014
6,1a
11N13W-

=1
1IN 14N -
17.61
95. 1d
12N1317-
30, 3a
12N14W-
2. 1h
EDGw=w
13N21.3Y-
2.1e
13N14 W
22,18
10.5?? e
TSRS
15.¢&h
15. 54
147145~
S ohe
277N
15N1 50~
19, 3a

o

# .
LR Irne

i
-'o I.]‘ |=—O."_O
Torest 011 Co,

1t Tadson
7, LCimiming

T
/
Cormm,. Sechool

T} 3 [ rr
PR = S R R

at
Tie FETin
I, Wewlin

IJ . -I O8 8

de Helleanisl

He/ Pinnel \
e L& CY

G. lorth
Q. 11, Henn

‘G, Horton '
‘1. Lemkey \

T s EsEradl

Nepth
ol

el

()

1o

Wi
» 13k

1.04
178

16
1%

20

galected wells

1 T
Gasing

_Ain)

surfac
g Hlevavion
speter (£t above
seca level)

620
550

610
615

660
650

660
6l

660

710

) .'_'.a’l-]"

Hto

15
it

5%
20
2]
10

o from pwnping centors, conv.

Water

]‘r‘\',' Es -I_

A |1 J_ 11

e
(Tt above
gee lavel) llos

601
539

600
577

L% e
o6

L)

L9k S
Al
") o

a3

' e

o

Fitiomi 3.
Ul O

D]
1

£ .r

1p



— q L0
e B . L e T T e e e PN L Wt
raoLEe oy HLSERLEDLEE0N O SUumnEge 2Xon We Lla iy S o
Snhaivided By AU OS: 8N Tiae
SUDAIVIaed o i) N B I - LLACL -

-
Glocial il Ho kel
il saullers Surnare
(mzd) (mzd)

Urben 2.208 - 0+ 284 2.192
Industrial 0.751 - 0.930 0.781
Burel 0 0.988

wf D Qe2ls 0.02
T

Livestoclk 1,571 055 0,052 2,078

0.668 0. 389 6,339

\FL
L]

T
s
o




i 1stnr] v i 2
Yeeiel Deife in 0., Swi
= 2 | ah ¢ Industzis € 1
& Dane Prornayy Sl e =he,
{raced) (ried) (e
i 0.107 0.051 0,158
2 0.032 0.008 0,00
3 0,005 - 0,005
It 0,059 ~ 0,059
g 0.11L06 - osiiits
5 0,012 = 0,012
i 0,068 - 0.068
6 . 008 4 0.008
' 0.253 » 04253
10 0.095 0.035 0.130
11 L - 0. 0Ll

o

}_!

Mool

2.208

il il o} i =1 g 2

* hn Xk Pl o Y
e e i
G el L

cPhilo=Tolono—~egovunl

Broadlenda~Alsvrion-Tong View

- - -
Camargd

T 2. S T
Dae=jie uC{llL—“u TSk

Epeois

Hindsovoro

lensas=rlestlfliele=tslmore

Jesey-liervinsville
Toledo-Greenup
Ilet Reck
Laurenceville

Oblenc=Ztoy-Hoolnson




e
Al

)

0.3¢




[

iTable

Method of
Anglyais V

Pime =dprawydown

T . |

Time~answdonry

Distancae~dranmdou
|

Hime—drewdown
Wﬁiuﬁar:ir:nraioarn
LLswdraydoun
Time~recovary

Time~-drawdonn

L, R (I - i X
Digtence=taraewdony

12,700
250,000

18,300
11,100
6,120
22,800
106,000

20 900

0.00003

0.0l

-

7

=K
¥



] Teble 11,

Penth

of

well

vumen (P

1 r.-}_ (.f_) - ;—

ield (V) 5- 150
1a (V) %= L

o lng

Larna (V) 2 159
Lerna (V) S 151
Eerna (V) 16
Lerna (V) 8 18l
= D R ola 1130
Ropinson Pobiery 102

™" _.,.I.t
. Js Trimole
TT
y Dil Co.

390
lat Roek (V) i3

= ~/
Thickness of bad-

rock open to well

(L)

6l
51
W2
68

Specific-capacity data for bedrock wells,

)
Dismeter

of Date
x casing of
Aauifer’ (in) Lok
den - 1940
“en 10 1910
Pen 8 1940
Pen 6 1955
Pen 8 1955
Pen 6 1956
Pen 1955
Pen 1939
Pon 3 1952

Pen 6 -
Pen 8 1.9};.8
Pen 12 1954

Length
of
o gt

brd)

2.0
.";_5
18.0

———

e



13

19

T T -
1o
(LH),

E)BIB

53.0

7.0

?3.0
63.3

—1 i
\FL %]
A 5 ]

10,0

2040

—‘?3 * O

39.0

{get3/Te)

Specific
capaa il ty

0,20

0.36

Ol
0.1l
Q12
0.0

0.93

Tamarles

Tesb well Vo,

Villeze well

Villaze (0ld) well 1|

Village twell

Villege wall W

Village wall

Village well I

Tagbt wall

:ic'a

3



O

_ )
)
Table 11,

Well
Homber

JAS

TH11E-31,8a%

1190107%-28, 22
16192-34,
LGiisE-10.1h2

2.6+:9410.,1h1

16308~ 34 e

Speecific-capaclty deta

Owner

Villame

Hill

Norreatl

Bity of
(s of

City of

"Willege

of “illow

Q. Cos
of Camargo
Villa Crove
Ville Grove
Tuscols
Tugeols
Tascols

Tuscole

of 8t. Marie,

W

(

pedrock wells,

3
ell
L)

PO Rl Al

295

=

oy
= A% P
e < 2

o~
A

0
=

Nt ATL
(k%]
Rk

L
o

11h

) | o e
L0 Lf,-l NaBs

(£6)

3

90

conb.,

o Bods

rook onen to tiell

Kouifer

Pen

Pen

Pen

Dev

Iev
Lev~-<i)

Pev-8il

Pen

i)
1916

I
1919

1918

1953

)
" o 1‘.-."
P
fof
Hath
. ..
i

5]
"~
=



“amning Trayr-
T

e
*aleo Loy
A

q
on)”  (g6)

37 61.5
205 5.0

{."-JO 20 .

Sheeific
capacity

(mpw/TE)

Remnarlg

rarthing o) 1

Village well No, 1
CGiby well Wo, 2
City well ¥o, 1
City well Ho. M

City well io. 3

City well lNo, S

Village-well o, 2-53



Table 11, Specifi

i et

Surmer (V)

) Avaleon Taeater

sheity data

for beurock wellsg, cont,

Denth

Dicmeler

of Thickness of beds= of
wnell roel: open o well a8ins
() (£t) boulfer (in)

221, 17l

205 101

Devonlan rocks; Dev~Sil, Devonian

and

(:.I L]
/
s
=
o
=
3
=
o
=

o+
i

¥

1
P = A



v

one
Pumning Pumping  Draw-  dpecifie
level rebs down cengelby,

=8 fgom) o (£E)  (enw/ef) Remarks.

17.6 10 150, 0.06 Pest well No, 1
55.0 60 70.0 0.56 Well Wo. T



20

; 1ilo
ilo

ol Phile

¢ ilo
1ilo

& of Tolono

ol Tolang

of Tolong

g (i Totonal
» ol Tolono

ef Malanaly

of 'Tolono

oF TNelono

[ E '{_;Y
0. T

T -t
RSP TSR @2

{folf fourse

Depth Length
of of
well screen
_(£5) (£%)
81 5
29 2
Iy 5
30 6
26 9
158 12
16l 26
160 28
166 0
115 It
185 15
135 3
179 1o
130 h2
150 3
218 1.3

Diameter
of
casing
(in)

e e e L )

E_(
C}

6

3
18
18
10
10
10
10
A

LT
6

Date
ol
tegt

. uopoecific-capacity data for sand and gravel wells,
>

Length Hon-
of pumping
taat level
_(hed) (£t)
245 33540
3.0 11.8
'L 0 95
3.2 1540
1,0 13,5
6.0 -
5.0 78 o)
7.0 00,5
1.0 71.8
5.0 TT:0
li.40 76.0
1.3 115
) 80.0
5 85,5
7.5 76.!
1.5 =

Aan

Pumning

robe

)



A ....\.1
e
(ZE)

19,50

Ceoetficient
“).;‘ b_-'_"t\ 3
Isaibidlity

_{znd/Lh)

CoeiTicient
Thickness o’ perrca-
ol aquifer bility

16,500
9,000
15,090

9,000

-

1i, 500
20} ,000

13,500

110,000

G i

: Villege well
1 1030 Village wall
Village well
12 750 Fillepge well
16 1000 Villege well
Villege Uﬂ!l

Villege well

4 - Villege well
- - VYillaze well
- - Villapge well
= - Village well

P
A58

330

623

Village well

W =
AV U G 5 ¢

386 Well ffow 2

Villere wrell N

Village well I

Revlarles

A0
FO{o %

MO,

L fig o



Lfle~capagity daba fop gand and gravel wells, conb.

P
= »
.
~19
=<1
]
vl? .
»
3L
- *

Nenth Length Diameter Length lfon-
ofl of of Date 5 5 pwianing  Pumning
wall sercen casing of teost level - prabe
Ouner g K ER] _(in) tesh (hra) L2863 . Kepw)
411 off Broad- 120 . 10 195} Gl 16.5 23
T ayxel
r4llade of Broade 72 B 1.0 1955 6.5 6.5 83
Lends
T1linois Central 210 65 & 1952 2.0 67.0 66
ni]lvroad
Iilloze of Pesobium 190 10 8 1956 2.0 T1u5 a1 ¢l
‘i
i1  Tonz View 50 9 10 1952 21,0 1.2 52 g
illaceof MestfieldY 5O 10 10 1957 720 3.0 100
Gity of Ussey 60 29 12 391 32,0 6.5 300
0ity of lartinsville 51 6 5 1916 18,2 59

)

Martinsvilles

r o Haptxsnoville

rragt 0Ll Company

8

16

1.2

1948
1950

1951

W
-
O A\

130



] s
SR
ol
e A
Y
e
| Ll
L]
ot
0

I M -:‘) l

afficient

™ ftrans-

sgibility
A /TE)

o

3,600

L

Thiclmess
of acuifer
(£h)

L

M

Qoefficient
of perinea-
oility

{gpd/sa, £5)

160

L9%5
335
1150
1030
910

Homaprks

——— et

Village well Mo,

Hell No,

Village w

City well
Gity well
City well

X »_T, JI-. J [ -| 1

ell lo.
ifo. 6
ol I
o, 5
o, b



N . ~

Specific-capecity data for sand and gravel wells; eont,

Dept Length Dianeter Lengzth Hon-
of of of Date of pumping Purning
woll gerecn casing of test level rele
iy _{L£E) _AL%) () | besk _(hes) _(0h) (o)
& ¢ hnore L2 10 10 1955  2iL.0 22,0 50
o) r Airport  U4B ! 1.0 1951 6.0 17.9 13
s State Park. 221 9 §) 195k, h,0 136.,0 11
o Rid te Park 157 - 6 1913 5T 32.0 20
6 & Perk., 159 3 8 1951 h,0 122.3 8
313 of lLerna 12 10 6 1958 8,0 5.5 19
llege of Lerna 3L 5 1.2 1958 21,0 5.2 25
ure 0il o, 127 30 10 1948 g 30.0 115
Pure 0il Co, 1h? 283 10 1948 - 8.0 1h5
ue Ohio 01l Co. 122 28 17 1949 % 2,58 310
ilInme of Rlat 63 15 8 1961 5.0 13.5 126
ock
lare of Flat (542 15 3 1956 19,0 15,0 132

Y

| S

~EHT



SnecilMe
coneod by

["_[:El

Coef Mdecient

o “brang-=

missivility

3 {__'__'\fl/{_)t) “

27,000
26,000
25,500

12,500

11,000

Mhickness
o' aguiler

(LB

11

Coefficlent -
of periiea=-
piliby

lznd/sa B8

3600
263

Pomapls

Village woll i
R

Tell

ffo. 2=5l

fell Mo, l=5l

»

PO e

No .

1
2

~58

-58

Village well

Tesk

well



Table 12, Specific-cepecity data for aand

Wall

sumoey Owner
Cuns —

111105~33.5¢ (+ Forgest
119107 Torrest
10597429, 761 Village
10597 =29 . 7bh Village

10i191=29, Th3 Villeoee

ONgR=-2, 811101 Village
GRGR-2,0812 Villare
gn9n-2,613 Village
Ouon=2,813 Village

Gi9n-2, 8 Village
QHQT-Q.BTh Village
Gu9N=2,0p Village
BuBr-2l,2d11) Vvillaze
SEBE-EH.ZQ? ) Village

016-2l). 241 Village

041l Cg,
0il Co.
of Toledo
of Toledo

of lolede

of Greenup

of Greenup

or Gresnup

of Greenup
of Greenup
of Creenup
of' firecnup
of Jewett
ol Jewett

of Jewett

Nenth
of
well

(&%)

I
110

134
¢ 136
J 13

s

-
Lh )

and gravel wells,

Lengath
of
sereen

()

20

10

-

12
3]

20
20

20
10

]ﬂﬂ emcter
of
caging
(i)

cont,

Dete
ol
teea b

Length
of

test

(hes)

17
16
6

6
&

1952
1916
1925
1952
1952
1939
1240
1946
1959
1950
1955
1963
1963
1963
1963

9.5
3.9
5.0
5.0
10,0
a7
£.0
0.2
3.0
0.2
2¢3
5.0
Heb
0.9



Doef Mlicient

ol trans-
misgsivility

(epd/Rt) © . [E

60,000
13,000
I, 500

p o

8,100
19,000
12,000
66,000
15,8000
28,000
17,000
17,500

Thickness

t)

of acuirfer

Coecfficlent

of permea~--

bility [
(znd/eq L)

(P ge @

A £

i

10
10

18
15
31

26
23

2.

20

y-

2100
1000
1150
11L.50
1270
390
2510
650
1220
750
925

=
-;”','K

Qemerks
Wall No. 2
Hell No. 3
Village (old)

Test wall o.

woell

3-52

Test well o, h-52

Villapge well
Village well
Village well
Village well
Villape well

Villajze well

Yillage well ]

village: swall E

Mgt [fols o,

Villepge wall

o,
i{e] °
o,
1ol
o,

o,

Hoa

1
2



I-E'. | 1’_. £
Wiell

Humie

1“‘{-:]:4

16111l7-32, 58
161w 31, 78
161h7=31 4h
161 -31, 1
I0R-15

1']_ 1086 . 6h1:

L1006, 6h2

16i71335=30
igrlhw}es.ur
1§;13?-35
s

611l =19,8a2
Gmli-15,146

Owner

[eeCh————

]'\

ic=cepescity date Tor sznd

yenth
of
well

“{r)

¢ity-of Wewman !

Lity—of Jlewman

City-of Newman

City-of lex

Villapge ot
Villarze of
Village ol

Village of

22 ViTlaze of

Village-of

' Villegeo-of

Smith

ppEitiR el

Oakland

Hindsboro
Hindsboro
Hind shoro

Gemergo

Ilume

Brocton

30
13
56
127
95
63
268
28
80

55
36
78

Villege of 3t. HarielV ) Sl

Ll Pure 0il Co.

——— e —— e

116

e o e
rale LY G

Length
of
soreen

10

i v na

15

10
20

10

10

1949
1935
1953
193l
19hh
1956
1955
1961
1961

1954

1962

1953
1943

2.0
0.7
5.5
1.0
1.0
3.0
3.5
he5
L.5

1.8

2.0

21
0.3

leve
AEE)

10,0

L
-

103

130

36

200

hipE=



‘neciflic

5
cantclsy

{

i/ £5)
7.0
i, 500
2,40
0.3

=
-

na
o

n

.
oy O
W

= O = O
=)
0“\

A

Ooeiiicient
of trang-

miasibllity

(znd/rs)

Thickneass
of aquifep
(£5)

2,0C0

:l’J!_OO
S0 ,000

10

h5
8

37
20

Coef'Ticient

of permea=-
bility

(znd/=q L)

1150

160
1500

370

ity well ifo, 3
City well Tio, 2
City well Ho. h

City well ilos 1

Village well No. 1
Teat well Ho, 2
Village woell No. 3

Test well Wo, 1-61

Village well lo. L

Village well Wo. 1

/

“l"_}'.': 2 1'!:|.")1'1 'l'TOll |!o ) ;



]

Ll

. ks
v

‘-..'.'?_! -l:_ Sy
S g

O S

lexes Co,

» of

ete lor gend

Depth
of
woll
()

101
ield 7h

15

Field 63
L0
A 5

Teurenceville 60

'/

" Tewrenceville 72

r»

o f

Lewrenceville . 73

and grex

Lon@th
of
scroen

{ EE)

ei wells,

Diameter
of

aaging

(dn)

10
6
6

cont,

Date
o

teat

1948
1963
1963

1961
1942

Length Hon-
of pumping Puﬁjlnrd
Ltest level rsLe

(Jars) (£) . - _fgee]

- 27.0 53
2-3 J_Sag '39
240 14.08 6!,
= 16,0 025 i

=
Ul
s
i
%Rl
(<55
o
i
&

22.0 15.7 500
2.0 IS 1.000

.0



of trens-

11,000
30,500
14,500

I, 200
110,000

110,000
165,000
180,000

330,000

-

CoelfTiclent

missibility
{(ond/FE)

Thickness

off aquiler

(££)

30
37

16
Sl

50

100
100

100

CoefTlicient
5 % pETre -
bility _
{mnd/sa T1)

370
(20

1800

260
2010

2200

1650
11300

3300

p

(¢
A

Renarks

Test well

Tegt well o ¢

Well No.

Villapga

Well flo,

im

Teat well

City well

City well

14
{47

b

by well

Mo

&

2

well 1f

0.,

o,

Ll

|

Y O
L ]

=

5
6



Ly
s

&
A

@]

Ll

)

I

135

€

L 3W=-T.3cl

LON

-y
e

PN

10171317-19

SN

2wl

P
B

1ry
O

‘.j _1C' - Sa

A

CRT

<D

L W Et

L)

i
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I Rable ©Lha

fummary of roecherge rates

(after VWalton, 196}

Location of notes

sStudy fArea
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Illinois
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and dolomits

Tloeiel drift, lergely till,
and «dolomi

ol drilft, largely till,
j_ Qnl 1. 'j--’:'.'

1 drift, Tergely till,
dolomite

Glagial drifb, lsrgely till,
end shaly dolomite

Glacial drifl, lergely Gill

Glecinl drift, lergely silt
and seand

(I
==
!:. fte
+
m

Silurian Age
Glegisl sgnd
and 2T a % ¢k



Ouner of
__wells

Springfield,
Ohio

Southwestern
Qhioc Vater Co,.

Anc

NCEraon,
Indisna
Carnton, Ohio

finderson,
Indians

Table 15, Summary of Infiltration Hat

(After Walton, 1963)

Location Hydreulie properbics
of i =L 5
te ‘}1, s | 10 ( [ 'fﬂ"/'l""l"._) (; A / a T )

Along VMad River, 5L7,000 5lL70 a0l
about /. wileg
northwest of

Springlfield

Along Miami 345,000 2760
River, 1l miles
northwest of

Cinecinnatil

2

Along White 151,000
Rilver,
iately uvpstresm
from the con.

fluence of White
River gnd Kill-
buck Creek at

Anderson

4720

e A

Along Sandy 200,000 1700
Crecl, 12 miles
south of Canton
Along White 169,000
River, 1 mile

weast of Anderson

1,000 0,07

92,000

221,000

2,000

331,000

52,100

ez of Streambeds

168,000

216,000

720,000

39,5t

69
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[Pable 17.

glacial drift (chemlcal constituents in parts per mlllion)r-

Philo (V), CHM 18HSE-22.4e,
e £E., 12/12/48

Tolono (V), CHM 18N8E-26,1c,
157 it., 12/15/48

Broadlands (V), CHM L7NI1E-
19.2a, 71 ft., 8/5/57
Jdlepton (V), VER 17N14W-
T.4e, 50 £t., 10/28/57
ong View (V), CHMM 16N1OE-
h.8h, 50 £t., 8/6/57
Pe ;J.:-t,:'--'_l (V) s CF
190 Tt., 9727/57
fewman (C), DGL 16N14w-
31.7d, 143 T%., T/15/49
(C), DCL 14NBE-4 lLe,
t., 6/24/88

Iindsboro (V), DGL 14N1OR-
h+6b, 83 ft., U/6/57

CHM 17NBE-22.1d.

Iron
(total)
(Fe)
1.9
e
1.0

1.4

1.4

| !.
- Manga- Cal-
nese clum
(Mn) (ca)
Gl Te.T
0.0 109.6
Tp R,
0.1 T5.0
fi'r 62,5
0.0 5.5
0.0 62.9
0.3 67.6
Ir 43,0

Magne-

51um

(Mg)

27.2
38.9
18,3

36.9

Ammo-

nium
(NH1.)

PSS

0.1
13.3

1T

Chemical Analyses of water from wells in

L&y

5.

343.

112,

151,

4

Ul

18,0

19.8

8

26,3

19.6

IFluo-~
ride

0. 1



T

L3 }I‘

Chlo-
ride
(c1)

¥ 5.5,

11,0
10,0

370.0

()
@
o

NiGrate
(1103)

Ol

6

a JI

Sulfate
_(son)_

B1.

5

140

70l

344

312

368

Lol

524

504

4ho

Hard- Total

203

339

267

240

dissolved
winerals =~ pH

351 7.2

374
1ol
465

1162

Te
per
tur

(OF‘\

53.

54,

5,

54,

55.

M-
e

e

i
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= ILh‘_' I‘-‘ :SG L: |y _. t'lLle d

Hure (V), EDG 18N13W-31.3ec,
- T f o.i L/O/)r

nsas (v), EDG 13N1AV-
26.6e, 76 ft., 6/18/48

' * (V), EDG 16N13W-34.14,
5 '°'J 8/0/)7

Ashmore (V), COL 12N11E-6.7h,
wﬁ LL., 11/22/60

"r;;a (v), 0L 114EE-10.4g,
g, 11/24/59

Marginsville (C), CLK 1ON13¥-
7-39; 53 ft-: U/J/LB

casey (€), CLK 10N13W-19.8e,
£0 ft., 6/5/u8

Toledo (V), CUM 10N9E-29.7b,
20 it., 6/2/48

Greenup (V), CUM 9N9E-2,8f,
W3 tt., 6/3/48

Robinson (C), CRF TN1lW-
3h.5d, 71 ft., 4/29/48

L Reek (V), CRF SN11W-
5.5a, 52 ft., 9/28/56

wrenceville (C€), LAW 3N11lW-
2.8d, 64 £6.,

-

0.1

8.1

3.4

Tr

4.3

6.0

0.4

e

Tr

Te



0.0

11.0

\Ji
o

10,0

11.0

1.2

Te

1.0

3.5

0.6

0.4

Tr

i @5

6.8

14.8

0.3

11.6

T4.3
8.6
T

70.1

1.4

2 8
32.7
60.7

46,1

228

128

400

336

368

392

252

210

216

pll

156

300

377

286

Bl

340

323
230

310

228

201

355
423
589
b8

385

337
362
336
268

257

A

- [a e vl

7.7

7.3

7.5

52.

57.

5,

52,

54,

57.

56.

\J1

-



larie (V), JAS GIT1MY- 8.3 0.0 76.9 14.8 0.6 18.0 19.0 0,2
9.8a, 54 ft,, 9/30/53 ;
I 1 'f e

tfield (V), CLK 12N14Y- h.7 ¥ . " A " 0.4
0.7d; 50 £6,, 11/27/57 ! 1

rgo (V), DGT 16N9E- 14,0 0.0 2 ~ 0.4

e

;Lq, 80 ft., 5/15/61

o

¢ well number, depth of well, and sample collection date are shown below each owner.



hol

332

295

51

661

,,'T\ 56.0
~ke L B5L0
7w 55.0



Table 18, Chemlcal Analyses of Water from Wells in Podrock

/ (Chemical constituents in parts per million)|
- Lok

!

Tron ' Manga- Cal- Magne-  Ammo- Fluo-
(total) nese cium sium  nium Sodium Siliea ride Boron
1 2‘-;—3:&%2- . _(we)  (#n) (ca) _(Mz) (i) _(Na) (s105) _(F) _(B)
$11a COre 5 (c) 3L, 16N9E- 0.1 0.0 51.7 20,5 0.5 115.9 14,7 0.2
10, 1h, 6/“6/n8 '
lugeola (c) DGL 16N8E-34.3e, 0.5 0.0 55.3 26.1 2,1 66.9 16.1 0.1
8l £t., 9 1/;7
ng{&gc (T), DGL 1GNQE-~34, 0.3 0,0 29,0 1h.0 : 0.6
155 5/30/61 o
Ul
VestPleld (V), CLK 12N14Ws 2.5 0.0 18.1 18,1, 9 60,7 13,7 0.9 i
50,1c, 150 ft, 6/8/&8
L. L. Groff,LAW 3N13W-4.5¢, 1:2 0.0 TS 1.5 0.4 351. 4 13:3 2.0
221 ft., 7/15/51
rna (V), COL 11N8E-3.4b, 2,2 f 0.7 ;
1%* tt., 11/4/55 .
11 _sumben, depbh of well; and sample colleciion date ave shown alter each owner,
8 Sn {
s s Teva3il, Devonfan and Silurian; Pen, Pennsylvanian
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Figure 15,

MILLIONS OF GALLONS PER DAY
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Figure 20. Distribution of pumpage from wells in glacial drift in 1860
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Fipgure 3/5): Time-drawdown graph for aquifer test 5
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