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GROUND-WATER RESOURCBS 01 THE REPUBLICAN Riml VAUZf 
Blt'l"'HDN CONCORDIA AND CLAY. CENTER, fA.NSAS 

By Kenneth L. Walters and c. K. Bayne 

ABSTRA.Gl' 

This report describes the ground-water resources of the Republican 

River valley between Concordia and Clay Center, tcans~ .Because of a. 

drought in KatlSlls frcun 1951 to 19'6,. interest in irrigation with ground 

_ water has increased ccns:tderably. By 1955, 4.3 irrigation -wells had been 

drilled. 

The rocks that crop out in this area range in age from Permian 1;o 

Recent. The olden outcropping rooks comprise the )k)lans limestone 

or Permian age,. which underlies the alluvium downstream. troa about 

Clay Center~· 'lhe Nolans limestone .yields on'.cy small quantities of 

water. The Wellington formation forms most of the valley walls be-

tween Clq Center lµld M:>rganville and underlies the- alluvial £ill 0£ 

the val.1ey to the Clay-Cloud County line. The Wellington formation 

yields only ver:r small quantities of water in this area. Th& Dakota 

formation forms the valle, walls from about :1.m'ganville to above ~n-

cordia and underlies the- alluvial till or the valley tllrough Clo\ld 

County. The Dakota formation yields lOOderate quantities or water under 

artesian. pressure in this area. In the area near Concordia the water 

in the Dakota formation is salty-, and enough water moves from the 

Dakota formation into the alluvial f'ill to result in salty water at 

the base o£ the alluvial £ill. 

Deposits of Pleistocene age consisting or alluvium, terrace deposits, 

and Meade formation in the Republican Valley range in thickness from. 
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about 60 to 100 feet. They- consist of much coarse gravel,. aand, silt, 

and clay. 1'01.tt" irrigation wells in the alluvium bad yields ranging 

from 540 to 1,000 gpm and averaged 750 gpm. The coefficients of trans-

missibillty of the alluvium determined trom £our pumping tests range 

widely in value, but generally areb&tween 100,000 and 250,000 gpd per 

foot. In the western·part of the area some of the ~ter may be highly 

mineralized b7 con:tamination from the underlying Dakota formation. 

Downstream from Ames, the W&ter is of good quality. 

In 19'5, the 43 irrigation wells in tho Republican Valley pumped 

about ,,500 acre-teet~ and about 3,600 acres of land was being irri-

gated. 

About 731.,400 ac:re-reet ot water is in storage in the ~ey. 

Water is replenished by reohal'ge from precipitation and by intiltra.tion 

of the stream now of Republican River. 
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INTRODUcrION 

In 1955 at a planning conferenae- in Denver the United States 

Bureau of Reclamation reported the need tor a better knowledge or 

the availability or ground water in the Republican River valley be-

tween Concordia and Clay Center, Kans. The records of munielpal wells 

and some irrigation wells indicated that abundant supplies ot ground 

water nre available tor irrigation use. 

In the fall ot 19,4 there were 6 irrigation wells in this -part 

.. · ' ot the Republican Valley. 133' October 195, there were 43 irrigation 

wells. Because-of the great interest shown in il'rlgation in this 

area, a stl.tl'Q' was started in 19,, as a part of the program ot the 

Department ot the Interior tar dewlopment ot the .Missouri River basin. 

In 19,4 a study was started or- the ground-water resources ot Clay 

and Cloud Counties, which includes most of the Republican Valley area. 

included in this repo.,:-t. The :investigation in Clay and Cloud Counties 

was made as a pa;rt of the cooperative ground-water program. of' the u.s. 
Geo1ogical. in cooperation With the- State Geological Survey 0£ , 

Kansas, the Division of Water Resourees of the·state Board of Agriculture, 

and the Division ot Sanitation of the State Board o£ Health .. The coopera-

tive ground-water study of~ and -OJ.cud Counties has been integrated 

with the study ot the ground-water resom-ces o-t Republican Valley. 

The area covered by this report is in north-a$Iltral Kansas. The 

area included is shown in Plate 1. 
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GEOLOGY IN RELATION TO GROUND WATER 

Permian System 

Nolans Limestone 

In that part of Republican River valley Within two or three 

miles of Clay Center, the Republican River has cut through the Nolans 
. 

limestone (Pl. 1). The base of the alluvial till in the deepest 

part 0£ the channel rests on the Winfield limestone (Pl. 2), and down-._, 

ward cutting probably has been somewhat retarded by this resis~t 

formation. 
. 

The width 0£ the valley decreases very noticeably near Clay-

Center at the point where the Republioan River has aut through the 

Nolana limestone (Pl. l), and the valley walls where formed by the· 

Molans limestone are more bluff-like than in the area upstream. The 

geologic cross aeetions (Pl. :3} and the bedrock contour map show that 

the bedrock surface below the alluvial £ill is more deeply ~ut in the 

upper part of the area tllan below M::>rgan'tllle. The deeper cu~ting in 

the bedrock in the northern -part of the area·is ;reflected in the satu-

rated thickness map (Pl. 4). 

The Molan.a limestone is the oldest formation exposed in the area 

covered by this report. It includes# in ascending order, the !rider 

lilnest.one, Paddock shale, and Herington limestone members. The thick-

ness or the formation in this area ranges from 15 to 20 feet .. 

Th.a Krider limes-tone member consists in some places of one bed of 

limestone and in other places of two beds separated by a thin shale bed. 

The thickness or the Krider limestone member rarely exceeds two :t'eet .. 

The limestone part or the member is generally a sandy, yellow, nodular 

limestone containing many fossil brachiopods and pelecypod.s. The Paddock 
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Plate 1.-Areal geology of the Republiaan-River valley between 

Concordia and Clay Center, Kans~ 





Plate 2 ... -Map ot Republican R1 ver valley between Concordia and Clay 

Center, Kans., sho'Wing contours on the bedrock surface. 
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Plate ,3.-Geologio cross sections in the Republican River valley 

between Concordia and Clay center, Kans. 
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Plate 4.---)jap of Republle&n River valley between Concordia and Clay 

Center, ~ns., ab.owing tbiclmess or saturated Pleistocene deposits. 
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shale member consists ot about 11 to 13 teet of gray, tossili!erous 

shale. The Herington limestone member is the a,st conspicuous part or 
the Nol.ans limestone and terms~ a rather prominent esoarpment along much 

of its outcrop .. The member generally consists of 6 to 8 feet 0£ yellow 

to brown peleoypod-bearing limestone. The upper part of the member 

is the most massive. 

Only moderate amounts of water can be obtained by wells from the 

Nol.ans limestone. The quality 0£. water in the Nolana limeStone., and 

· in the underlying Odell shale and Winfield limestone~ is good except 

where the rocks are deeply buried .. ~e small amount ot water entel"ing 

the alluvial fill from thesG !'orme.tioUJhas no eft'eot on the quality ot: 

the water in the alluvial. fill. of Republican River valley., 

We1lington Formation 

The Wellington formation forms most of" the walls ot Republican River 

valley between Clay Center and l.ilrganvilla and underlies- the alluvia1 

fill of the valley a.bout to_the Clay-cloud County line. 

The Wellington formation consists of greenish-gray and red elay 

shale. A persistent bed of: dol.omi tic limestone, the Hollenberg lime-

. stone, occurs about 40 feet above the base of the tormat:ton. Locally, 

a bed of massive gypsum. about 8 feet thick occurs near the base of the 

formation. A bed oi' dark-gray to black ahert has been observed at 

severa1 places about 15 feet above the Hollenberg limestone. The 

Hutchinson salt member of the Y{ellington £ormation., which is present 

in an area. to the southwest, is absent in this area. The maximum 

thickness of the Wellington formation in Republican River val1ey is 

probably about 250 !eet. 
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The Wellington formation yields only very small quantities of 

water in this area, and where it underlies·the Re-publican River valley, 

does not have any effect on the quality of water in the alluvial fill. 

Cretaceous System 

Dakota Formation 

The Dakota formation forms the walls of the Republican River 

valley from near Abrganville to aboVe Concordia and underlies the 

_alluvial .t'ill o:t the valley in Cloud County. 

The Dakota formation is divided into two members• the lower 
, . 

l;_erra Cotta clay member and the upper Jansen clay member. The !Ol'ma-

tion consists chiefly of varicolored clay containing discontinuous 

beds and lenses of.sandstone and siltstone. Minor amounts of lignite~ 

pyrite., quartzite,_ limonite, hematite, and siderite occur as·concre-

tions and thin beds throughout the formation. In the subsurface most 

of the sandstone is light-gray in color, but it becomes yellow, dark-

brown, or almost red where weathered. Some of the sands.tone beds are 

very resistant to weathering and form. prominent outcrops. The prom1.• 

nence of the sandstone outcrops has led to the common belief that the 

Dakota formation is ~nipdsed-:cltj..ef.J:;-y. of sandstone, but clay is the 

dominant material •. The_ thickness of the Dakota formation may be as 

much as 165 feet locally, but is probably somewhat less in the area 

of this report. 

The Dakota formation yields moderate quantities of water under 

artesian pressure in this area. Near eoncordia, water in the Dakota 

formation is salty and enough water moves from the Dakota formation 
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into the allurlal fill to contaminate the-water in the base o! the 

alluvial £ill (Pl. .5}. Water samples collected during test drilling 

in the upl.a.nds or Cloud County showed tnat where the Dakota formation 

is deeply bm-ied, the water i& salty. Sal.t water':rrom the Dakota 

f'orttlation probably is ente.ring the alluvial :f.'ill of Re-publican River 

valley from the northwest. A water aamp~e from teat hole 5-J'K-l~b 

drilled in the Dakota contained 16,050 ppm. 0£ chloride. In areas where 

beds of sandstone o! the Dakota tormation a:re not too deeply buri~, 

the formation yie1ds moderate quantities or good quality water~ 

Quaterna.l."y &'ystem. 

Pl&istocene Series 

The Quaternary System is represented in the area included in this 

report by deposits of the Kansan, lllinoian, and \Visconsinan stages 

of the Pleistocene series._ These deposits are present in the valley 

and as ter.ra-ce remnants- bOrd-erillg the valley. 

Meade F.orma'tion ... Kansan stage 

The Republican River was oot in its present location in thia uea 

during most or Kansan time-. Until the Kansan ice sheet bloe.kel;l its 

course1 the Rapubliean River fiOYed eastward aeros9 sou-them N-ebraslm 

{Fishel, 1948) •. However, a major southeastern-~ilg tributary to a 

southern drainage system. had its course along the route or the -present 

Republican River. 'thl:s ancestral stream carried drainage from an 

area of several counties and had its headwaters in what is now White 

Rock Creek in Jewell County. 

As the area 0£ this report was in the headwaters of the ancestral 
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Plate ,.-Uap ot the Republican River valley between Concordia and 

Clay Center~ Ka.ns., showing water-tabla contours and locations 

ot wells and test holes. 
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stream, 1108t or the Kansan deposits are ot a local origin. In the area 

around Concordia and £or about 5 miles downstream trom Concordia, most 

of the test holes drilled in the valley area penetrated several teet ot 

principally locally derived gravel resting on bedrock. The locally de-

rived basal gravel and the overlying cby bed, where present, are clas8i-

£1ed as Kansan in age and probably are equivalent. to the Meade tormation 

(Pl. 3). The gravels of the Meade :formation are not exposed in the area 

covered by this report and are not shown on the geologic map {Pl. 1). 

Although they are outside tne area or this report, the geoiogio cross 

section. a-a.• and the logs of th$ teat holes shown in that crou aection 

are included bees.use they show the relative position of the Meade forma-

tion to the Dakota formation in the contaminated area. 

As previously- mentioned, near Concordia salt water is entering 

the basal. part of the alluvial. fill of Republican lliver valley from 

the Dakota formation. The clay layer tbat overlies the gravel ot the 

~de formation in this area acts as a confining bed and prevents the 

salt water from mving upward into the younger alluvial deposits. The 

gravel deposits of the Meade formation ahould yield considerable quan-

tities ot water to wells in the Concordia area where they are the thick-

est, but the water is too saltJ°' for mat purposes. West ot AmeS the 

wells shoul.d not btt extended through the cla.j overlying the gravels 

of the Meade tol'Dla-ti.on. Because the vra.ter in the Dakota formation down-

stream t'rom .Ames is not high in chlorides, the Kansan deposits yield 

water ot good quality to wells. 

Sanborn Formation 

Terrace Deposits - Illinoian Stage 

Terrace deposits of Illinoian age along the Republican River are 

represented by the Crete sand and gravel member of the Sanborn formation: 
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The Crete sand and gravel memb&r consists 0hie£1.y ot silt and olay and 

minor amounts of sand and gravel. Nearly all the deposits o£ the Crete 

sand and gravel member are blanketed by a thick covering of loess and, 

therefore, are not shown on Plate 1 .. The upper surface 0£ the Crete 

sand and gravel member is generally about JO to 40 teet above the 1-evel 

of the flaodpla:in. 

General'.J,y only a part of the terrace deposits of the Crete sand and 

gravel ntember is saturated,. but a saturated bed 0£ locally derived gravel 

. at the base of the member 1s. present in some places and yields small to 

moderate supplies of water ot good quality. 

Terrace D.eposits - WisconsinanS:tage 

Deposits of sand., gravel, and clay that are 100 teet thick locally 

were laid a.own along RepUbliean River during late- Wisconsinan time-. The 

river has subsequently eut to a lO"ifer level., and these deposits are 

now in a low terrace position. The W:tsconsinan terrace del)OSits are 

classified as an lU.'lllanled me:uber ot the Sanborn formation, but in order 

to differentiate them from. the silt members 0£ the Sanborn formation 

they ere mapped separately on Plate 1. The Wisconsinan ·terraee deposits 

do not have the hummoelcy topogra.pey typical of the Recent alluvium, 

and the upper surface or the terrace deposits generally lies about 12 

feet above the upper surf'aee of the alluvium. The- Wisconsinan terrace 

deposits thin coru,iderably in the southeastern "OS.rt of the area covered . -
by this report aa sbown in the cross sections (Pl • .:n. 

The Wisconsinan terrace deposits along the Republican River in 

this area are qomposed almost entirely or arkosic sand and gravel 

the uppermost 15 to 20 f'eet, which is generally silt and clay. 

14 
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The Wisconsinan terrace deposits yield large quantities of water 

to wells near~ eveeywbere in the area covered by this report. These 

deposits thin considerably between ilorganville and Clay Center (Pl. 4-) 

because the bedroek is mor& reSiStant and yields from wells in this 

part of the area are not as large. 

Water from the 1/isconainan terrace de-posits is bard, but it is 

suitable for most uses .. In small local areas east ot Concordia the 

water is contutlnated by salt water seeping upwa:rd th'rough wells or 

. · ·gravel pits that perforate the o1ay seal separating the Ullderlying 

Meade formation from the Wiaoon.shan terraee depasita. 

Eolian Silt - lllinoian and Wiaeonainan ~es 

The terraces of the. Crete sand and gravel. member and 1ll1lCh of the 

uplands bordering the Republican Valley are blanketed by- Wind-deposited 

silt. {I..oess}. The l,oess in. this area is part of the Sanborn formation. 

The o1dest silt member of the Sanborn formation,. the tovela.11d si1t sem-
ber, is Illinoian in age .. In fresh exposures the- Loveland silt meinber 

consists of reddish-yelloY s1l t and clay never Jl10X'e than a few feet 

thick and in many places entire~ contained within the Sangamon soil 

developed on the Loveland loe.ss. The Loveland loes:s is overlain by the 

Peoria. silt member ?t the Sanborn torma.tion. 'the P~ia silt member 

is ~-buft in col.or and is generally thicker than the Loveland loess. 

Tlle Peoria silt member is Wisconsinan in age. 

The silt members of the Sanborn tormation lie above the water table 

in the area of this report and do not·llield water to wells. The silt 
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members have low permeability and retard the downward movel!leD.t ot -pre-

cipitation and, thus, hinder recharge, in the uplands bordering the 

Republioan River valley. 

Alluvium - Recent Stage 

The floodplain of Republican River is underlain by alluvium of 

Recent age. The alluvium consists prineipally of sand and gravel 

having silt and clay at the top and ranges in thickness from about 40 
-

,to 90 feet. The upper surf'ace of the alluvium- is typically very hwmlocky 

and :ts generally about 12 i'eet lower than the upper surface of the Wis-

consinan terrace deposits.. Mil.eh 0£ the alluvium 1$ covered by- nter 

during major floods and is subject to erosion in some places and depo-

sition in other places. 

The composition of tbe Recent alluvium. is mueh like that of the Wis-

consinan terrace deposits, but because the alluvium. is general.ly thicker 

than the terrace- deposits and has a greater percentage of saturation,.· 

larger yields or -water generally are- obtained from wells in the.alluvium. 

The quality of the ground water from the alluvium is the same as that 

·from the Wisconsinan terrace deposits; it is hard., but StXitable for most uses. 

Dune Sand 

In a rather extensive area west. of Vining atld in several other 

smaller areas, the wind has -pil$d u:p sang; rrom the channel and floodplain 

of the Republican River into dunes. These dunes are partly active and 

very little soil has developed on them. The dunes are above the water 

table and do not yield water to wells, but because of their high -perme-

ability and lack of surt'ace drainageJthey act as important eatcbment 

and recharge areas. 
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Coe!ticients o! Permeability, Transmissibility, and Storage 

The permeability, transmissibili ty, and storage coefficients or the 

alluvium and terrace deposits in the part of the Republican Valley in-

cluded in this report were determined by a.quirer tests using fieur: .:..wells • 

The coef'fieients o:f permeability, transmissibility, and storage were com-

puted :from the test data using formulas developed by Theis, Thiem, 

and Jacob. In the following paragraphs are given tha expressions or 

these f'ormulas, the dei'init!ons of their tems, and a short discussion 

. of their application. 

Theis ReCOTerY Method 

The Th&is recovery method (Theis, 193.5, p. 522) of ~ting the 

coefficient of translldssibility, T, is a method whereby a value for T 

may be computed when only the pumped well is available £.or measuring 

recovery. 

The Theis recovery formula is expressed a.s follows.: 

T o 264 Q log10 t/t • 
s' 

in which Tis the coet£icient of transmiaaibility, 

Q. is the pumping rate in gallons a minute, 

t 1s the time since. pumping began in minutes, 

t' is the time since pumping stopped in minutes, 

s' is the residual drawdown in pumped well at time t'. 

The solution is simplified by substituting the drawdown, s, or depth 

to water., dw,. for st and plotting t/t' on a logarithmic coordinate and 
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s or dw on an arithmetic coordinate. Log10 t/t 1 taken over one_ log 

cycle becomes unity and the tormula becomes'?= 2f>lt Q. where t1a is the 
As 

difference• in water level over one log cycle. 

Thiem Method 

The 'rhiem method (Wenzel, 1942) or determining the aoei'ticient or 
tranmuasibility, T, of an aquifer consists ot an analysis of the de-

cline in water level during the pumping period in several observation 

. , wells near the pumped weu. 
The Thiem toriaula is expressed as :f'olloWst 

T • ,2:1.1 Q. log10 r&t::i 
(s:1. - s-2) 

in which Tis the eoe!fici.mlt or transmissibility, 

Q is the rate of discharge ot well in gallons a minute, 

r-i and r 2 are tbe distances of observation wells from pumped well, 

s1 and 92 are the dra.wdowne of -water levels iu observation. wells 

at distance r 1 and r2 reapec-tiv&ly .. 

When values ror s1, s2., etc. are plotted on the arithmetic co-

.ordinate or semh.ogg paper and -the values ot 1:1, r 2, etc. are p1otted 

on the'logarithmetio coordinate, a; straight line relation exist.a and 
. . 

its va1ue is giTen by the s1Qpe of the line. The !Ol'llUla then becomes 

T = '27:7 Q 
AS 

where as is the drawdown over one log cycle. 

Theis Nonequil:Lbri'Ulll Method 

The Theis nonequilibrium formula (Theis, 19:35} is: 

T = ;tl.4.6 'l /..,. e-U du 
s J ltf!r2s. u 

Tt 
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Evaluating the inteara:i: 

T • lla,,6 Q. (-0.5772 - lolt,u + u • + Jl!_ - + .... ) 
s 2.21 .3,.3! 4.4? 

where r • 1;s7I:2s 
Tt 

and s·.is the dn.wdown in feet in an observation well at time t, 

r is the distance in feet from pumped well to observation well., 

Q is the rate o£ discharge of pUDtped well in gallons per minute., 

tis the time in days sinoe pumping began or stop-ped:, 

'f ts the coef'fieient ot transmissib1llty in gallons per day per foot., 

Sis the coetfictlent ot storage. 

The exponentia1 integral genera.Uy is written symbolica.lly as W(u), 

and substituting,. the :f."ormls. becomes T = 114,g g W(µ) • The presence 
s 

of two unknowns and the na:ture ct tbs exponential integral. make exact 

analytical solution impossible,. but solution can be obtained by a 

graphical method or superposit-ion of a field ~urve over a. type curve. 

The field curve is obtained by-plottings on the vertical coordinate 

of log log paper~ ton the horizontal. coordinate. The type curve 

is obtained by plotting Talues of W(u) on the vertieal eoordiante of 

the same scale log log paper and values of u on the horizontal co-

ordinate. Superposing one curve on top or the other,. a point on the 

type curve is selected and marked on the t'ield curve. The coordinates 

or this common point tor s, W(u), t., and l are then used in the non-
u 

equilibrium formula to solve for T ands as f'ollows: 

T = 114:•R Q W(ul 
s 

S:a~ 
1.87 f" 

., ... 



Yodif'ied Nonequillbrium Formula 

Jacob (1946) reoognized that in the Theis nonequillbrium formula 

when u becomes small, the sum o£ the terms in W( u) beyond loge u become 

insignificant. As t increases and as r deereases, u will become small. 

Therefore, tor large values oft, and reasonably small values of r, the 

terms beyond loge u may be negleatad and the equation becomes : 

T: lU,,6 Q (0.5772 - lo1teU) 
s 

:This equation ean be solved graphically {Ferris., 1951). Values f.or s 

are plotted on the vertical axis of semJ.og;; paper and values for tt are 

plotted on th& horizontal scale. This plot will yield a straight line 

plot and the slope of the line is used to calculate the value of T and 

the zero intercept is used to ealeulate S. Expressions for these com-

putations are: 

T = 29b: Q. and s • o.JT to 
, ,4s r2 

where Tis the coefficient or transmissibility, 

Sis the coefficient or storage, 

Q is the discharge in gallons a minute, 

s is the drawdown ditferenee in feet -per log cyale, 

r is the di.stance from pumped well to observation well in feet, 

t 0 is the intercept of straight line with zero drawdc>Wn axis in 

days. 

Pumping Tests 

Four pumping tests were made using wells in the area eovered by 

thia report. The test using well 5-2\'!-25cb was made in 1942• Tb.e tests 

using wells 5-2W-25cc, 6-1W-4bb, and 6-lE-2ac were made in October 1955. 
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Pumping Test Using Well 5-2W-2!Scb 

For the test using well ,-2w-2;ob, observation wells were not 

available and the Tbeis recovery formula for solving transmissibillty, 

T, of the aquifer was applied. 

The well 'llaS pumped at a. rate of 730 gpm £rom 8:28 a.m. to 2:40 p.m. 

on August 27, 1942. Water-level measurements made during the pumping 

and recovery periods are given in Table- 1. From Table l the ratio t/t' 
. (time aince pumping started in minutes divided~ time since pumping 

stopped in minutes) is obtained and is plotted in Figure l. againat 

depth-to-water measurements on semilog pa.per. 

F.ran Figure l. it is determined that 4s • 0.36 and applying the 

~is recovery formula: 

T = 264 Q where Q • '730 gpm ·end L\S :: 0.36 feet 
AS 

T = 535Jt000 

The thickness of the water-bearing material (m) at well 5-2W-25cb 

is 47 teet and from the. relation P =i the coetfieient of permeability, 

P, is 5l~ or 11.,400 gpd per ft~. Drawdown at the end of the pumping · 

period -was 12.27 teet at a pumping rate of 7.:30 gpm giving a speci~ic 

capacity of 59 gpm per toot. 

Pumping Test Using Well 5-2W-25ec 

A pumping test was made using well 5-2W-25cc on October ll, 1955. 

For this test, tour observation we-lls, a, b., c., and d, were drilled at 

distances of 20.4,. 51, 100, and 150 feet respectively from the pumped 

well. The well was pumped trom 8:45 a.m. until 2:05 p.m. (320 minutes) 
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·1 Table 1.-'!Jater-lrnu, mamewmts mrua during pumping .f!1lS. recovery 2t !!§!l I 
I 

I 
5=2':Y-229b values im:.1, 1!.; !m4 lfi!.. I 

I 
I 

Time since Time since 
pumping started, pumping frtapped, ., ... _ in minutes, in lllinutes, Depth to water, 

Tim ] t: ilt.' ;[e~t 

8:20 a.m. static water level 1a.43 
8t28 pumping started 
8:40 12 30.32 
9:10 42 .30. '" 
9:40 72 30.59 

10:4,- 137 30.62 
11.:40· 192 :30.,55 
1:00 p.m. 272 30.78 

2:JO 362 .30.70 
2:40 -J72 pumping stopped 
2:40:15 a12.2s 0.2, 1,4~ 24.13 
2:41 'J7'J 1 'J7'J 20.,1 

2;42 374 2 13'7 19.64 
2:42:30 374.5 2.5 1,0 1.9.48 
2:43 375 3 125 19-38 
2:4Ji30 ;3'75.5 3.5 107 19-32 

2t44 'Yl6 4 94 19.27 
2:44:,0 'J?6.; 4., 84 19-20 
2:45 371 5 75 19.16 
2:45:,30 )77., 5~5 69 l9.1;J 

2:46. 378 6 6,3 19.10 
2:46:30 .:ns., 6 .. , 58 19.03 
2:47 m 7 '4 19-06 
2:48 ·380 8 48 19.02 

2:49 381 9 42.1 18.99 
2:50 '.382 10 38.2 1.S .. 97. 
2:52 .384 12 J2.0 18-92 
2:54 386 14 27.6 18.89 

a:,6 ;388 16 24.3 18.86-
2:58 J90 18 21.7 18.84 
J:00 392 20 19.6 18.82 
J:05. 397 25 15.9 18.80 

;3:10 402 '° 13.4 18.77 
J:1, 407 .35 ll.6 18.76 
.3:20 412 40 10.3 18.75 
J:30 422 50 8.4 18.72 
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Table 1.-(Continued) 

Time sinee Time since 
pumping started, pumping stopped, 

in minutes, in minutes, Depth to -water, 
Iia t tt tLt• ,~i 
~h40 432 60 7.,2 18.68 
4:00 452 00 5.7 18.64 
4:20 472 100 4.7 18.62 
4:.40 492 120 4.1 18.59 

,:oo !Sl2 140 J.7 18.59 
5:.30 . ,42 170 J.2 18.57 

I 
• I 

I 
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Fig. 1..-Depth-to--water level in well 5-2'1l-25cb -plotted against t/t' 

(time since pumping started divided by the time sines pumping 

stopped}. 
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at a rate or 1,000 gpm. The :water-level measurements made in the 

pumped well during the pumping and recovery periods and the values for 

t, t•, and t/t' are given in Table 2. 

Depth-to-water measurements are plotted against the ratio t/t' on 

semil:<bg, paper in Figure 2. The points on this plot do not tall in 

a straight line. Therefore, an arbitrary line bas been drawn using 

points where the w.lue or t/t • was be-tween 2 and 5 and Jls was deter-

,mined as· 1.1; teet. Applying the Theis recovery :t'ormula: 

T • {264:){LQOO} = 230,000 gpd per rt. 
1.1~ 

The thickness of the saturated ms.terialS at the well is 47 teet and 

from the relation P • L P • 4,900 gpd per ft~. 
m 

Water-level measurements made in observation ell a,. 20.4 feet 

from the pumped well,durl.ng tbe pumping ot well ,_2W-25cc. are given in 

Table :J. Tbe drawdown is plotted against time in minutes sinee pumping 

started, t., on semi~ogz paper in Figure 3. The al.ope of the line drawn 

through these points over one log eyole gives a. vaJ.ue of 1.13 feet for 

L\s and applying the modified nonequilibrium formula: 

T • (264Hl,OOO} = 23.3,600 gpd per ft. 
l.JJ 

s.::. lJl<~•lil(105){.g3 = 0.07· 
(416.16) 1.44)(1 ) 

Drawdown $Ild recove-r;y measurements of the water levels ma.de in 

observation ;yell b, 51 feet i'rom pumped well 5-2W-25cc are given:in 

Table 4. The dl'awdow and recovery data are plotted in Figure 4 where 

the depth to water is platted against time since pumping started, t, or 
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Table 2.-wat~u:::leve,l measurement§ mwi§. ~ing pumping Am!, reco;mry _of 

!!ill 5::2w-2,2sc. s ruu'1i m 1., t,. .Wl.4 !Li!.-
Time since Time since 

pumping started, pumping stopped, 
in minutes, in minutes, Depth to water, 

fime ] :!i' :!iLt' feet 

8:44 a.m; static water level 22.42 
8:45 pumping started 
8:45:20 .33 ,1.20 
8:46 1 :)1.72 

th46:30 1.5 ;u.90 
8:47 2 :n.94 
8:47:JO 2.5 ;31.97 
8:48 · 3 32.01 

8:49 4 32:.0.3 
8:,0 ' 32..10 
S:51 6 .32.17 a:,2 7 12.22 

8t53 s ,2.26 
s:,4 9 ,2.30 
8:55 10 ,a.n 
8:58 lJ 32.:;1 

9:00 15 32.3J. 
9:05 20 1,2 ... :32. 
9;10 25 ,a.,34 
9:15 30 32.,a 
9:20 J5 12.39 
9;;30 45 )2.47 
9t40 5; :32.;o 
9:.45 60 32.51 

10:00 75 32.62 
10:10 85 32-66 
10:.30 105 3,2.71 
10:45 120 ,32 .. 78 

11:04 lJ9 )2.86 
ll:20 155 32.90 
11:35 170 32.90 
11:50 185 32.91 
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Table 2.-(Continued) 

Time since Time.since 
pumping started, pumping stopped, 

in mim.1tes, in minutes, 
tLtt 

Depth to water, :,u~ t t• t'~!ll 
12t05 p.m. 200 .32.92 
12:2, 220 32.92 
12:50 24; 32.98 
lt05 260 33.01. 

' ! 
1:25 . 280 31.02 l 

! 1:50, 305 ),3.06 I 
I 2:00- 315 33.12 I 

'! 2105 320 pumping $topped 

2:0,:30 320., ., 641 23.7; 
2:05:45 320.1, .7, 427 24.a 
2:06 )21 1 321 24.17 
2:06:15 121.2' 1.2, 2.57 24,.17 

2t06::30 321.5 1.5 214 24.11 
2-:06:45 321.75 1.75 l8J .24.10 
2:07 122 2 161 24.09 
2t07:30 322., 2.5 129 24.os 
2:08 32;3 3 107 24.07 
2:08;30 m.s ,., 92 24.os 
2:09 324 4 81 24.04 
2:10 32; ; 6, 24.01 

2:11 ')26 6 54 2;.9.9 
2:12 · 'JZ, 7 46 2) .. 97 
2:13 .328 s 41 23.95 
2:.14 329 9 36 23.92 

2:15 330 10 13 23.90 
2:17 332 12 V 23.87 
2:19 334 l4 24 23.s; 
2:22 337 17 20 2.3-82 

2:25 .340 20 17 23.78 
2:28 343 23 15 2J.75 
2:.31 346 26 13 23.73 
2::34 J49 29 12 23.69 
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Tabla 2.-(Continued) 

'lime since Time aince 
t>U111Ping started, pumping stopped 

in minutes, in 1111nutes7 

iL:1i' 
Depth to water, 

Time ] ~· ,n:1. 
2:39 :3'4 34 10 23.65 
2:44 359 39 9.21 23.61 
2:49 :364 44 8.2'1 23.59 
3i00 375 55 6.82 23 .. 51 

3:05 380 60 6.J:3 23.49 
J:10 :,a, 65 ;.92 23.47 
.3:15: m 70 ,.,1 23.44 
;J:2,. ,400 80 ,.oo 2'.41 
3-:3, 410 90 4.56 23.'6 
3:45 423 100 4.2) 23.,33 
J:55 4.30 110 · 3.91 23.32 
4:10 44' 125 :;.,<>. 23.26 

4:2, 460 140 3.29 23.21 
4t40 475 15S 3.06 23.16. 
4:55 490 170 2.aa 23.12 . sn.o ;o, 185 2.73 23.09 

5:25 520 200 2:60 23.08 
5:30 525 205 2.56 23.06 
7:10 625 .305 2.0; 22.95 
7:40 655 335 1.96 22.89 

8:10 685 , 365 1..88 22 .. 87 
8:40 n, ~5 1.81 22.84 
9:25 · 7© 440 1.73 22.81 
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Fig. 2.-Depth-to-water level in well 5-2W-25co plotted against t/t' 
(time since pumping started divided by the time since pumping 

stopped). 
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Table J.-Wa;t;,er-leyel :measurements :1J.l observ.rti@ rul. .£lJ .!'m l.r.2!1 
PllJJPAA au,~ d.uripg; pymp~ng :tm sa:tng 2-?W-22s~. 

Time since 
pumping started, Depth to -wa-ter, 

Iim :.tn mn911s tut 
8:44 a.m. static water level 24.S7 
8:4, pumping started 
8:4:h;30 .5 25.?9 
8:,47 2 26.20 

8:49 4 26.35 
8:50 5 26.4,5 
6:52 7 26.5:3 
8::56 11 26.,9 

s,,e l3 26 .. 66 
9:00 15 26-74 
9:02 17 26.78 
9:05 .20 26.80 

9:10 25 26.86 
9:20 35 26. .. 97 
9i30 45 27.03 
9:40 55 27.1,3 

9:55 70 27.26 
10:05 80 27.Jl 
10s2' 100 27.42 
l0:45 120 Zl.51 

.,_1:05 140 27.60 
llt.20 155 27-64 
ll:-3~ 170 V.69 
11:,0 185 27.71 

l2i0, p.TC. 200 27.77 
1212, 220 27.80 
12:45 240 27.86 
1:05 260 '2;!.91 

1:25 280 28.00 
1:,0 :m, 28.02 
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Fig. :J.-D.rawdown of water level in observation well a plotted against 

time tor the pumping period of well 5-2\V•2~c. 
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Table 4.-wa.ter-level meaatn"elnenta in observation well b, 51 feet from 

pumped~ well, ma.de during pumping and recovery p$rlods of, well 

5-2W-25ec. 

Time since Time since. 
pumping started, pumping stopped, 

in mimrtes, in minutes, Depth to water, 
Ii~ t t• fee:tt 

8:44 a.m. static water leYel I 2s.04 
8:45 P'l3DPing started 
8:45:30 .5 25.44 
S:4~:,30 1., 2,.68 

8:47:1; 2.25 2'.71 
8:48 3 2S.86 
8:49 4 25.95 
8:,0 5 26.02 

8:Sl 6 26.04 
S:52 7 26.07 
8:53 8 26.U· 
8:54 9 26.13 

S:55 10 26.1, 
8:56 11 26.l.S 
8:57 12 26.20 
8:58' 13 26.22 · 

8:59 14 26.23 
9:00 15 26.25 
9:02 17 26.26 
9:05 20 26.)2 

9:08 23 26.35 
9:lO 25 26.)6 
9:15 JO 26.40 
9:2) .35 26.47 

9:25 40 26.50 
9:30 45 26.54 
9:38 53 26.61 
9:45 60 26.64 

9:55 70 26.72 
10:00 75 26.74 
10:10 85 26.118 
10:15 90 26.81 
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Table- 4.-(Continued) 

Time since Time since 
pumping started6 pumping stopped, 

in JDinu.tes,. in minutes, Depth to water, 
lim ia :t' ~e;!.i 

1.0:25 100 26.85 
10:45 120 26.94 
11:05 140 27.03-
ll:20 155 Z'/.07 

11:35 170 21.12 
ll:50 1S5 'Z'! .16 
12 :05 .'P .m. 200 'Z/,.20 
12:25. 220 rt .. 24, 

12:45 240 Z/.29 l:o, 260 27.33 
l.:25 280 27.38 
1:50 305 21.4J 

2:05 punrping stopped 
2:05::30 320., ., 26.86 
2:07.:,0 .322., 2., 26.$1 
2:08:.30 323., .;.; 26.78 

2:09:30 324.5 4., 26 .. 75 
2:11 326 6 26.70 
2:12 327 - 7 26.69 
2:13 328 s 26..63 

2:14 329 9 26.66 
2:1, 330 10 26.63 
2116 · 331 ll 26.61 
2:.17 332 12 26.60 

2:18 333 13 26.'9 
2:20 "' 15 26.58 
2:22 YJ7 17 26.56 
2:24 339 19 26.55 

2:30 345 2, 26.46 
2:40 355 35 26 • .36 
2;52 367 47 26.28 
:3:00 375 55 26.22 
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Table 4.-(Continued) 

Time since Time since 
pumping started, pumping stopped, 

in minutes, in minutes, Depth to -.ter, 
';l'ime ] :t I f~e;t 

J;JO 405 85 26.09 
4:00 4.35 ll5 25.% 
4:30 465 145 2,.87 
5:00 495 175 25.80 

5:l.J 508 188 25.77 

J4 



Fig. 4.-Depth-to-wa.ter level in observation well b plotted against 

ti.ml! tor the pumping and recovery of well 5-2W-2'oc. 

J5 



+
9

9
}    u

!  `je+
D

M
   0

+
    I+

d
ea



stopped, t'. Lines through the points where t and t• become large give 

values o:r 1.17 teet for ~s on the drawdown plot and 1.0 f'oot on the re-

covery plot. Applying the modified noneq·.tlllbrium tormula for the draw-

down curve: 

T = (264)(1,000} • 226,000 gpd per ft. 
1 .. 17 

S • (.3}{2,26)(10'}{2,9) s 0.05 
(2,601) {l..,440) 

and £or the recovery curve: 

T :a {2§1.}(1,000} • 264.,000 gpd per rt. 
1.0 

\fa:ter-level measurements made in observation well c., 100 feet from 

the pumped well, during the -pumping period on well 5-~-25ec are given 

in Table 5. .Drav.rdown, s, is pl,otted against time, t,. in Figure 5. 

A line throUgh the pointa where t becomes large gives a value of 

1.02 feet for Lis and applying the modified nonequillbrium formula: 

T = (264:)(1,oo_gl : 259~000 gpd per ft. 
1.02 

s • C,1)C2ia4>C105)C6~2l # 0.04 
(1)( }(1,440) 

Water-level measurements made in observation well d, 1.50 feet from 

the pumped well,. during the pumping perlod. on well 5-ZJ-2'cc are given 

in Table 6. Depth to -water is plotted against time since pumping st~,, 

t, in Figure 6. A line~th:rough the points where tis large gives a value 

of O. 96 :Ceet i'or Ll s and applying the modi:f'ied nonequilibrium formula: 

T = (264)(1,QQO) = 275,000 gpd per ft • 
• 96 

J6 



Table 5.-Water-uyel meam,rmnwrts .i91 ob@maticn Ell.~ lQQ. 

:pmped Jell '=:2W-25eo • 
Time since 

pumping started, 
in minutes, Depth to water I 

1'.;1me t i'M; 
8t.44 statio water level 22.45 
8:4; pumping started 
8:45-:-30 .5 22.55 
8;46:.30 1., .22.6J 

8:47:.30 2., 22.73 
8:48;)0 3.5 22.s,. 

' 1h49:30 4.5 22.ae 
815Ch30 ,., 22.97 

a,,2 7 23.02 s,,, 8 23.06 
th:'4 9 23.09 
8:56 ll 23.13 
8;58 13 ·23.11 
9:00 15 23 .. 20 
9-:03 18 23.24 
9:05 20 Zj.Z, 

9:10 25 23.;1 
9:15 30 2:, .. :3, 
912, 40 .23.42 
9;35 50 23--48 

9:45 60 23.,0 
9t.55 70 21.,9 

10:05 80 23.63 
10,1, 90 23.63 

10,2, 100 2).68 
10:45 120 ZJ.77 
11;0, 140 23.82 
11:20 155 23.85 

11:35 170 :23 .. 90 
11:50 185 23.9.3 
12!05 p.m. 200 23.97 
12:25 220 24.02 

-
12:45 240 24.05 
1:05 260 24.09 
1:25 280 24.11 
l:!50 :ro, 24.12 
2:05 puinp:fn g stopt,ed 

'J7 



Fig. ,.-Drall'down of water level in observation well c plotted against 

time far the pumping period of well 5-2W-2'cc. 
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Table 6.-wa.t,er-levgl measµremnts 1n obse;rn.ti94 g_, £ee:t from 

pun1ped :!!lll ,-2;3-25gs. 
Time sinee 

pumping started, 
in minutes, Depth to water, 

Time ;t feet 

8;,44 a.m. static water level 23.95 
8:45 -pumping started 
8:48 J 24.13 
8:50 5 24.29 

8:52 7 24.:36 
8:54 9 24.43 
8:'6 11 24.,0 

i ih58 13 24.,0 
••• i 

! 9:00 15 24.5'7 I 

9:03 18 24.59 
9;05 20 24.57 
9:10 25 24.60 

9:1; :m 24.6.() 
9;25 40 24.73 
9;35 50 24.so 
9:45 60 24.81 

9:55 70 24.a, 
10:05 80 24.88 
10:15 90 24.90. 
10:25 100 24.9; 

10:45 120 24-98 
11:05 140 2;.04 
ll:20 155 25.06 
11:J, 170 2,.09 

U:50 185 25.13 
12:05 p.m. 200 25.15 
12:25 220 25.18 
12:45 240 25.23 

1:05 260 25.25 
1:25 280 25.28 
1:50 305 25.J2 
2:05 pumping stopped 
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Fig. 6.-Depth-to-water level in observation well d plotted against 

time for the pumping period ot well 5-2W-25cc .. 
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Drawdown of water levels in observation wells a, b., c, and d 

.305 minutes after pumping started is plotted against the distance of 

the observation wells from the pumped well in Figure 7. A line through 

these points gives a value of 2.12 feet for As and applying the Thiem 

for1m1la: 

T: {528)(1,000): 249,000 gpd per ft. 
2.12 

s = 

Pumping Test Using Well 6-1W-4bb 

For the pumping test using well 6-1W-4bb three observation wells, 

a, b, and c., were drilled at distances of 48, 100, and 11+7 feet respec-

tively from the pumped well. The well was pumped from 12:25 p .. m. until 

4:3, p.m. (24; minu-tes) October 12, 195.5, at an average rate of 540 gpm. 

Water-level mea.surements were made in the pµ..1lped well and the observation 

wells during the pumping period, and reoovery measurements of the water 

level were made in the pumped well for a period of 295 minutes a:rter 

pumping stopped. Water-level measurements made in well 6-lW-4bb during 

the pumping and re_covery period and values £or t, t', and t/t' are given 

in Table 7. 

Small changes in the pumping rate caused the points on a modified 

nonequilibrium plot of the drawdown period to be too erratic for a solu-

tion by this method. The Theis recovery method ;vas used for solving for 

Tusing the data from the pumped well. The ratio t/t• is plotted against 

depth to water on semilog paper in Figure 8. Th~ latest points on the 
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Fig. 7.-Drawdown ot water levels in observation wells a, b, c, and d 

-plotted against the distance or the observation wells .from pumped 

well 5-2'N-25eo, 305 minutes a£te-r pumping started. 
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Table 7 .-Water•leyel me~nts during pumping AJn recoyerz PUiods 

1n wl 6::1W::4bb . mld wlues !Ql:. ,1., 1.!., !W5l .lbi!• 
'lime since Time since 

pumping started, pumping stopped, 
in minutes., in minutes,. Depth to water, 

l'.ilite t :.\i' :!iLt• £ee1j 

12:25 p .. m. static water level 26.05 
12:;30 puniping started 
12:J0:20 .JJ 37.80 
12:30:45 .75 40.80 

12:J:i. l 42.55 
12:32. 2 4,.00 

I 12:.32:30 2., 46.50 • I 
I 
I 12:JJ :3 47.60 

12:34 4 48.30 
12:35 5 ,1..30 
12:36 6 52.4() 
l2:J7 7 5J.48 

12:38 8 54,.80 
12:39 9 ,,.s2 
12:40 10- '6.09 
12:45 1; ,a.44 
12:50 20 60 .. 51 12:,, 2, 62.75 
1:00 30 64.4; 
1:10 40 65.14 

1:21 ,1 66.05 
1:30 60 66.06 
4:J, 245 pumping stopped 
4::3? 247 2 12J 42.n 
4i3S 248 :3 83 41.72 
4:.'.39 249 4 62 41.18 
4:40 250 ; 50 40.Sl 
4:41 251 6 42 40~50 

4:42 252 7 36 40.22 
4:43 253 8 J2 J9.98 
4:44 254 9 28 39.74 
4:45 255 10 26 J9.55 
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Table 7.-(Continued) 

Time since Tims since 
pumping started, pumping stopped 

in minutes, in minutes, 
:tL:t' 

Depth to wat~ 
:[ime :fl :t ,· f'ee;!i 

4:46 256 11 23 39.41 
4:47 257 12 21 39.26 
4~48 258 13 20 39.11 
4:49 259 14 18.5 ,a.97 
4:50 260 15 17.J 38.83 
4:,1. 261 16 16.) ,38.70 
4:,2 262 17 ;25.,l 38.;6 
4:"· 263 1.S 14.6 33.44 

4:'4 264 19 1.3.9 ,a.33 
4!55 26~ 20 13 .. 2 33.22 
4:'6 266 21 12.7 ;38.10 
4:,.7 26,7 22 12.l 31.99 

4:'8 268 23 u.7 J7.86 
4:.59 269 24 11.2 37,.77 
5:00 270 25 10.8 T/.f;6 
5:01 m 26 10.4 ;1.,, 
5:02 272 Zl 10.U 37.45 
;;0.3 m 28 9.7 37.34 
5:04 274 29 ~.4 ')7.23 ,io, 275 :ro 9.2 37.13 

5:07 277 32 8.2 36.93 
;:10 280 35 8.0 'J6.67 ,.:1, 285 40 7.1 36.25 
~i20. 290 45 6.5 35.86 

5:2, 295 ,0 ,.9 ;;,.,:, 
5:30 300 55 ,., ;s.22 
5:35 305 60 5.1 34.93 
;:40 310 65 4.s 34.66 

5:45 315 70 4.5 34.40 
,:;o 320 75 4 • .3 34.14 
5:56 .326 81 4.0 .33.sa 
6100 3:30 85 .3.9 33.68 



Table 7.-(Continued) 

time since Time since 
pumping si.arled, pumping stopped, 

in minutes, in minutes, 
tLt' 

Depth to water, 
Iimt :!!' ,~1 
6:06 3j6 91 'J.7 33.45 
6:15 J45 100 3.5 33.ll 
6:25 )55 110 J.2 J2.80 
6:35 365 120 J.O J.2.50 

7:53 44) 198 2.2 30.83 
8:25 475 230 2.1 30 • .35 
9:30 p.m. '40 29, 1.s 29.6, 
8:50 a.m. 1,220 97, l.J 'Z'l • .26 

45 



Fig. 8.--Depth-to-water level in well 6-ll'-4bb plotted against t/t' 

{time since pumping started d_fvided by the time since pumping stopped). 
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curve where t/t' approaches unity seem to £all in a straight line. The 

slope of this line gives a value of 13.0 feet £or As and applying the 

Theis recovery formula: 

T i:s {264)(549} • 11,000 gpd per ft. 
13.0 

The sat~ted thiakness of materials at the wel1 is 43 t'eet and 

from the relation P a I, P = ;mo gpd per ft.2. Drawdown at the end o! 
m 

the pumping period was 40 feet and the specific capacity of the well 

. was 13., gpm per rt. 
Depth-to-water measurements ma.de in observation well a during the 

pumping period of well 6-1W-4bb are given in Table 8. The drawdawn, 

s, is plotted on the vertical aXis of log log paper and time since 

pumping started, t, is plotted on the horizonta1 axis in Figure 9. 

Using the type curve~ the match point givea the following values: 

s = 8.,3 £eet 

t • 17~8 llinutas 

l. ::- 10 
u 

W(u): l.82J 

Th-en, using the Theis nonequ:tlibrium formula: 

Hence~ 

T • 208.5 j 

T = 13,560 gpd per ft. 

S • 0.00.'.3 
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Table 8.-Wa;\er::l,!'.Vel measus,mnt@ ;tn obseryp.tign Dll. 1w. lrm 
p.ymged D.ll, BW! g.utjsg P3WPiP1, test using wl. 6-lW-4bl}. 

Time since 
pumping a-tarted,. 

itl minute$, Depth to water, 
Ti¥ t teet 

12:26 p.m. statia water level 26.66 
12:,0 pumping started 
12;3:t l 27.05 
12:32 2 27.52 

12:33 3 28.69 
.12:34 4 ~S.69 
l;?:35 s ,0.22 
12;36 · 6 30.a2 

l2t37 7 )l.66 
12:,3$ s 31.,,95 
12:.39 9 ,2.34 
12:40 lO 32.70 

12:42 12 3:J.:n 
l2t44 14 )3.8:9 
12:46 l6 34.44 
12~48 18 14.86 . 

12t,O ,2(} 3,;.21 
12:54 24 '6..00 
12:57 27 36«43 
l:00 30 36.86 

1:05 35 YJ.49 
l:ll 41 ;;s.11 
1:16 46 ,S.69 
1:21 51. 39.,13 

1:-25 ,, 39.40 
1:30 60 :)9.70 
1:.)5 6!i 39 .. 96 
1:40 70 40.19 

1,4, 75 40.44 
l:,O 80 40.72 
1155 85 40.~ 
2:00 90 41.10 

1 • 
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Table $.-(Continued) 

Time since 
pumping started, 

in minutes, Depth to water, 
Time t fee:t 
2111 101 41.JB 
2:20 llO 41.6J 
2:JO 120 41.84 
2:40 130 42.05 

I 

'· 2:52 142 42.25 
3:00 1.50 42.42 
);15 165 42.61. 
J:30 180 42.79 

.3:.45 195 42.94 
4;00 210 43.04 
4:lS 22, 43.15 
4:JQ 240 43.20 

4:3, pt1mping stopped 

49 
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Fig. 9.-Draw.own or -water level in observation well a plotted against 

time since pumping started in we'll 6-1W-4bb. 
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Water-level measurements made in observation well b during the 

pumping period of well. 6-l'N-4bb are given in Table 9. The drawdown, 

s, in observation well bis plotted on the vertiaal. axis and the time 

since pumping started, t, is plotted on the horizontal axis in Figure 10. 

For a match point on the type curve or 9.0 feet for sand 4J minutes for 

t, the Theis nonequilibrium :t:ormula gives: 

T = ('5)8.5H249l • 12,,00 gpd per ft. 
9.0 

s = c3.~1>c10-'> ci,2,ll~o4><4J> = 0.001 

Water-level measurements ma.de in observation well c during the 

pumping period of well 6-1W-4bb are given in Table 10. The drawdown~ 

s, is plotted on the vertical axis of log log pa.per and the time since 

pumping stopped, t, is plotted on the horizontal axis in Figure 11 .. For 

a matc.h point on the type curve of 8.6 feet for sand 28 minutes fort 

the Theis nonequilibrium formula gives; 

T = (208.5)(540) • 13,100 gpd -per f't. 
8.6 

S • (J. 71)(10-5} (J..JIMrH?.Sl =- 0.001 

Pumping Test Using Well 6-l.E-2ac 

A pumping test was made using well 6-J.E-2ac on October 13, 1955. 

The well is a gra~l-walled well, 18 inches in diameter, and 70 :feet 

deep. T".nree observation wells, a, b, and c, were drilled at distances 

0£ 25,50, and 100 i'eet respectively from the pumped well. The well 

was pumped a.ta rate of 800 gpm from 9:25 a.m. until 9:55 a.m. -when 

51 
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Table 9.-11ater-1eve1 measurements in obseryatign all h, 1QQ. b:.Qm 

pumped well, ma. m;iring pumping test using~ 6-l.W-4bb. 

' Time since 
pumping started, 

in minutes, Depth to water, 
T:lme t .. feet 

12:26 p.111. static ater level 2:5.88 
12::30 pumping started 
12:31 1 25.89 
12232 2. 2,.92 

12:33 3 26.20 
12::34 4 26.49 
12:3, ' 26.86 
12:36 6 z,.23 

12:37 7 'Z'/.76 
12-:38 8 28-2.3 
12:40 lO ;zg.87 
12:41 11 29.24 

12:42 l2 29.93 
12:44 14 30.36 
12:48 18 ::a.41 
12:50 20 31.82 

12:52 22 32.39 
12:54 24 32.71 
12:'6 26 33.18 
12:58 28 33.47 
1:02 32 33.98 
1:04 34 34.22 
1:06 .36 34.,; 
1:10 40 34.93 

1:15 4' 35.45~ 
1:21 51 .;,.75 
1:26 56 36.45 
1:31 61 36-78 

1:)6 66 ')7.10 
1:41 71 31.,, 
1:46 76 J7.62 
1:52 82 37.87 
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Table 9.-{Continued) 

Time sinee 
pumping started,. 

in minutes, Depth to water, 
Ti~ t t.:~01 

1:57 87 38.0S 
2:01 91 JS.24 
2:11 101 Js.,s 
2:21 111 ,38.85 

2:30 120 39.11 
2:40 130 :39.40 
2:50 140 ,39.60 
3:00 l.50 39.82 

I 3:15 165 40.05 
I 

: I 3:30 180 ,40.27 
J:45 195 40.4; 
4:00 210 40.60 

4:15 225 40.74 
4:30 240 40.82 
4:J5 245 pumping stopped 
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Fig. 10.-:Drawdown of water level in observation well b- p1otted. against 

time since pumping started in well 6-1W-4bb. 

<) 
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Table 10.-water-level measurements in observation lltlll c, 147 feet from 

l)umped we11, mde during pumping test using well 6-lw-l+bb. 

Time since 
pumping started, 

in minutes, · Depth to water.r 
'th¥ ·i £:ge:!t 

12:23 p.m. static water level 26.82 
12:30 pumping started 
12:Jl l 26.82 
12:40 10 26.89 

12:45 1.5 27.16 
12:,0 .20 21.;38 
12:55 25 27.60 ... 1:00 30 27.86 

1:0, 35 28.13 
1:10 40 28.40 
1:15 45 .28.90 
l.:~ 51 · 28.97 
1:2' '' 29.18 
1:30 60 29.40. 
1:.35- 65 29-64 
1:40 70 29.70 

l:45 75 ,30.08 
1:50 ao 30-3'.'J 1:,, a, ;ro .. ,2 
2:00 90 ,0.69 

2:10 100 Jl.06 
2:20 llO .31.42 
2i30 120 )1.69. 
2:40 1.30 ,;2.00 

21,0 140 32.,2 
):-00 150 32.;s 
3:1, 165 J2.9, 
3:30 180 33.29 
J:45 195 33-6.3 
4:00 210 )J.89 
4:15 22, 34-16 
4:30 240 34.85 

4:J5 pumping stopped 



F-ig. 11.-Dn.wdown or 7ater level in observation well c plotted against 

time since pumping started in well 6-1W-4bb. 
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pumping stopped for 45 minutes owing to a power !'a.ilure. Pumping 

was resumed at 10:40 a.m. and continued unt111:10 p.m. 

Measurements of water levels made in the pumped well during 

the pumping and recovery periods and values fart, t 1
1 and t/t' are 

\ 

given in Table ll. The depth to water in the pumped well is plotted 

against time since -pumping started on senrl.log: . paper in Figure 12. 

A line through these points gives a. value of 2.18 f'eet for AS and 

,app:cying the modified nonequilibrium i'ormula: 

T = (2s4HSOO} • 97,000 gpd per f't. 
218 

Depth-to-water measurements in the pumped well made during the 

recovery period are plotted against the ratio t/t' in Figure l.3. The 

points do not fall in a straight line, but form a gentle curve. The 

earliest points in the recovery curve give a value £or T much higher 

than that indicated by methods using the observation wells. The 

latest. points on the eu:rve give a value for T that is much lower than 

that indicated by the methods using the observation wells. An arbi-

trary line was dra:wn through points where the value of t/t I ranges 

£rom 4 to 8 and the slope or this- line gives a value of 2.18 :reet for 

~s. Applying the Theis recovery formula: 

T • ~6,4l{800) • 97,000 gpd per :ft. 
2.J.8 

This plot is not a valid plot and the value of T obtained could not-be 

considered reliable without substantiating evidence from the drawdoWll 

plot or the resul-ts obtained by using the observation wells. 
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Table u.--watw:-leyel measurements dm:ing pumping fill!! recgym:c per;ods 

.in 6-1E-2ae. w yalues t9E. 1, 1!.~ !ll1d lf1!. 
Time since Time since 

-pumping started., pumping stopped; 
in minutes~ in minutes, 

tLt• 
Depth to water, · 

'Umft t ii' ;[eat 

9:20 a.m. statio water level 22.21 
9:25 pumping started 
9:25:20 .• 33 :n • .3; 
9:25:45 .1; 32.87 

9:i6il5 1 .. 25 33.;5 
9:~:45 1.7; .33.99 
9:27:15 2.25 34.17 
9:28 3 34.44 

9:29 4 34.77 
9;29:..30 4.5 34.86 
9:30 5 34.95 
9:30:30 5.5 3;.04 

9:Jl 6 35.ll 
9:31:.30 6.5 ,, .. 19 
9:32 7 ,,.26 
9:32(30 7.; 35.32 

9:3.3 8 35.36 
9:.)J:30 8.5 ,,.42 
9!.34 9 35.48 
9:34:-.30 9., 35.52 

9:J5- 10 35.57 
9:J6 11 35.67 
9:37 12 35.78 
9:38 1, 35.83 

9:39 14 )5.89 
9:40 15 ,,.95 
9:45 20 36.15 
9:50 25 36-47 

9::,4 -pumping stopped 
10:;9 22.98 
10:40 pumping started 
10:40:30 75.5 J;.87 
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Table u.-(Contiuued) 

Time since Time since 
pumping started, pumping stopped, 

in minutes, in minutes, Depth to water,. 
Time t ;t' tit• feet 

10:41 76 34.77 
10:41~:30 76-5 

. J5.16 
10:42 Tl ,,.42 
10:42:30 77.5 'J'J.67 

10:43 78 35.81 
10:44 79 36.00 
lO;Mt.:30 79.,5 36.10 
10:4;. 80 36.20 . I 10:4,5:.30 80.5 )6.29 
10:46 8l )6.;38 
10:-46:30 81.S 36.44 
10;47 82 36~,2 

10:47:30 82.5- 36 .. 57 
10:48 83 )6.66 
·10:48:30 3.3., j6 .. "IO 
10:49 S,4 36.74 

l0:49i30 84.; j6.78 
10;,0 s, 36--83 
10:50:30 85.5 '.36.87 
10:,1 86 36 .. 90 

101,1:,0 86.5 36.93 
10:;2 87 36.95 
10:52:',30 87., :36.-97 
10:53 88 )7.00 

10:53:.30 as., )7.01 
10:54 S9 ,Y,.03 
10:54:30 89.5 37.06 
10:55 90 J7.09 

10:57 92 37.16 
10:59 94 ;37.2J 
11:02 97 :37.35 
11:05 100 37.48 
11:10 105 ::37.61 
11:15 110 J7.78 
11:20 115 ')7.90 
11:25 120 )8.00 
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Table u.-(Continued) 

Time since Time since 
'Pumping started, pumping stopped, 

in minutes, in minutes, 
tLt• 

Depth to -water, 
:nme t :t' :f.'~t 

ll:.30 125 38-13 
ll.:J5 130 JS.22 
11:40 135 38.,30 
11:50 145 . 38.48 

12:00 noon 155 38.55 
I 12:10 165 38.60 
I 12:20 11, 38.67 
I 12:30' 185 38.81 
i 

.. · -i 12:40 195 )8.86 - • I 
12-:50 205 3g,._90 I 

I 
I 1:00 215 ;38.94 I lzlO 22, 38.96 I 
j 

l:l.3 228 pumping stopped 
1114 229 l 229 
1:15 230 2 115- 26.38 
1:16 231. 3 77 26.17 

l:17 2:32 4 5$ 26.0l 
1:18 23:3 ' 46 25.90 
1:19 234 6 39 25.80 
1:20 2.3;. 7 33 .25.71 

1121 236 8 29 25.63 
i 1:22 m 9 26 25.57 
I l:2J. 238 10 2:3.s 25.49 ' I 1:24 2:39 11 21.7 25.44 I . I 

1:25 240 12 20.0 25.39 
1:26 241 lJ 1e., 25.;5 
1:28 243 15 16-.2 25.26 
1:.30 245 17 14.4 25.16 

l:J2 247 19 13.0 25.09 
1:34 249 21 11.8 25.02 
l.(36 2.51 2.3 10-9 24.9, 
1:38 253 2; 10.1 24.90 

1:41 256 28 9.1 24.80 
1:44 259 Jl 8.J 24.74 
1147 262 34 7.7 24.66 
1:50 265 "J7 7.1 24.58 
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I Table 11.-(Continued) 

Time since Time since 
I pumping started, pumping stopped~ 
I 

I in minutes, in minutes,. Depth to watei; 
l :time t t' tLt'· t~~t 
I 

! 1:54 .269 41 6.5 24.52 I 
I 1:58 ,:/'J 45 6.0 24.4; ! 

2:02 717 49 ;.6 24.:38 
2:06 281 53 5.:3 24 • .32 

2:10 285 57 5.0 24.24 
2:1, 290 62 4.6 24.15 
2:.21· 296 68 4.3 24.09 
2:2$' 303 75 4.0 24.01 

2;35 310 82 3.7 23.98 
2:45 )20 92 3.4 23.91. 2i,, 330 102 3.2. 23.81 
3:05- 340 112 3.0 23.74 

3:15 350 122 .2.9 2J.66 
3125 360 132 2.1 23.60 
3:35 370 142. 2.6 23.54 
.'.3:50 385 157 2.5 23-.46 

4;05 400 172 2.3 23.40 
4:20 415 187 2.2 23 .. 32 
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Fig. 12.--Depth-to-water level in well 6-1E-2ac plotted against time 

since pumping started. 
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Fig. 13.-Depth-to-water level in well 6-1E-2ac plotted against the 

ratio t/t• (time since pumping started divided by the time since 

pumping stopped} • 
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The saturated thickness at well 6-l.E-2ao is 4J feet and trom the 

relation P :z i' P = 2,250 gpd per ftJ. 

Depth-to-water measurements ma.de in observation well a during the 

pumping period of well 6-l.E-2ac are given in Table 12. Depth to water 

is plotted on the vertical axis or semilog paper and time since pump-

ing "began is plotted on the horizontal axis in Figure 14. i\ line ex-

tended through the points between 10 minutes and 28 Minutes when the 

. , power failure occurred passes through the latest points on the curve. 

· The slope of th.is line gives a value of 2. ,; £eat for L1 s.. Applying 

the modified non.equilibrium fonml.a t 

T = (264,l(®Q): 83.,000 gpd per ft. 
2.5, 

s • (,3);¥,000)(.92) » 0.02 
(2 )(l.,440) 

Depth-to-water measurements ma.de in observation well b during the 

pumping period of well 6-l.E-2ac are given in Table 1,3. The depth to 

water is plotted against time since pumping started on semilog paper 

in Figure 1;. A line extended through the points ea:rly in the test 

.just before the power failure passes through the latest points in the 

test and gives a value ot 2.1, feet tor .tts. Applying the modified 

nonequilibrium tormula: 

T • (264)(800) :iz 98,000 gpd per i't. 
2.1, 

s • C-~,ooo)(.16l = 0.001 
( )(l,440) 

Depth-to-water measurements made in observation well e during 

the_pumping and reco~ -periods of well 6-1E-2ac a.re _given in Table 
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Table 12.-water-leyel measurements in gbsgrvation !.tU 1!., 

PYlDPAA Dll 6::U::2ac. 
Time since 

pmping started., 
in minutes, . Depth to water, 

Ii~ ,~i 
9:20 a.in. statia nter level , 23.40 
9:2, pumping started 
9:26 l 24.31 
9:27 2 24.69 

9:.29 4 25.05 
9:30 5 25.23 
9:32 7 25.'6 
9.:34 9 25.,a-.... 

91;6 11 25.93 
9::,8 13 26.0S 
9t40 1, 26.2, 
9:42 17 26.1, 

9:44 19 26.47 
9:46 ·21 26.60 
9:48 23 26.69 
9:50 25 26.78 

9:53 28 26.98 
9:54 pumping stopped 

10;:JS 24.24 
10:40 pumping started 

10:41 1 25.12 
10:42 2 25.37 
10;4.3 3 25.75 
10144 4 25.84 

10:47 7 26.05 
10:49 9 26.)0 
10:51 11 26.50 
10:5:3 13 26.67 

10:5; 15 26.84 
10t57 17 26.98 
11:00 20 21.10 
11:05 25 2:7.26 
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Table 12.-(Continued) 

Time since 
pumping started, 

in minutea 11 Depth to water, 
:um t ;[e~;li 

11:10 30 26.48 
11.:15 35 26.68 
11.:20 40 26.86 
11:25 45 26.99 

11::30 50 28.).J u:,, 55 28.24 
11:40 60 28.:;2 
11:45 6~ 28.42 -U:.50 70 28.50 u:;, 75 28 • .58 
12;00 noon 80 28.64 
U:10 90 28.69 

12:20 100 28 .. 80 
12:.30 110 28.89 
12:40 l.20 28.98 
12:50 130 2.9.03 

1:00 140 29.09 
1:10 1,0 29.1, 
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Fig. 14.-Depth-to--'itater level in observation well a plotted against 

t.ime since -pumping started in well 6-lE-2ae. 
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Table lJ .-ytater-lmJ. mu,surements ill observation ml l?, !'tt1 

pumped 6:-l.E::2!!:9 • 
Time since 

pumping sta:rted, 
in minutes, Depth to water, 

Time t feet 
9:20 a.m. static water level 23.34 
9:25 pumping started 
9:26:JO l.5 26.63 
9:27:30 2.5 27.12 

9:28:15· 3.25 27.J2 
9:29 4 Zl.48 
9:30 5 Z'!.61 
9:Jl 6 'Z/.71 

9:)2 7 Zl.82 
9:33 8 21.90 
9-:34 9 2"1.98 
9:..J, 10 28.04 

9:36 11 28.11 
9:J8 13 28 .. 19 
9:40 15 28.'4, 
9:42 17 28~4.3 

9:44 19 28 .. 51 
9:46 21 28.59 
9:48 23 28.67 
9:50 .25 28.75 

9:5.3 28 28.84 
9:54 pumping stopped 

10:.38 24.00 
10:40 pumping started 

10:41:30 1.5 76.5 v.4s 
10:4.3 3 78 27-98 
10:44 4 79 28.22 
10:45 5 80 28.J6 

10:46 6 81 28.47 
10:48 8 8:3 28.64 
10:50 10 85 28.79 
10:52 12 87 28.90 



Table J.3.-(Continued) 

Time since 
-pumping started, 

in minutes, Depth to water, 
%:ta t feet 

10:,, 15 90 29.04 
10:'8 1.S 93, 29.15 
11:00 20 95 29.2,J 
lltO!S 25 100 29.3g 

ll:10 30 10, 29.51 
11;15 3; llO 29 .. 66 
11:20 40 115. 29.77 
ll;25 4; 120 29-85 

11::30 50 125 29~9' 
ll:40 60 135 :30.ll 
11:,0 70 145 30.23 
12:00 noon 80 15; 30.:33 

12:10 90 165 30.4~ 
12:20 lOO 175 39.j4 
12::30 uo l.85 :30.63 
12:40 120 195 ,o.69 

12:50 130 205 ,30.7) 
l:00 140 215 ,o.79 
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Fig. 15 .. -Depth-to-water level in observation uU 'plplotted againat 

time since pumping started in well 6-l.E-2ac. 
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14. The w~ter-level measurements made in observation well o during 

pumping and recavery ot well 6-1.E-2a.c are plotted on semi.log paper, 

depth to water being plotted against time since pumping start11d, t, 

or stopped, t ', in Figure 16.. A line extended through the ear13" 

data in the pumping period passes through the latest points and gives 

a value of 2.67 teet for L! s. Applying the modified nonequilibrium 

formula: 

T = (i(;4){§00) = 80,000 gpd per rt. 
2.,67 

s • , • 1>a,>ooo> c1.s1 = o.oo, · 
1 (1,440) 

A line through the latest points on the recovery curve gives a 

'Value of 2.17 feet tar as. Applying the Theis recovery £ormula: 

'f • (26;4)(000} • 97,000 gpd per rt. 
2.17 

Summary ot Information From Pumping Tests 
. 

Wells S-2W-25cb and 5-2W-25cc are about a halt mile apart EUid ·f.?D-

tain water from Wisconsinan terrace deposits. The transmissibillty 

from the test using well 5-2.W-25eb -was 535,000 gpd per foot.. The value 

·ot T obtained from the test using well S-2W-25ec ranged £rem 226,000 to 

275,000 and averaged 24,,000 gpd per toot. The results of the pwnpi.Dg 

tests using wells ,_2W•25cb and 5-ZH-25co are given in Table 15. The 

value of T for well 5-.2W-2'ob may be too high. The value was obtained . 
trom the recoveey method on~ 1 whereas the values or T for well 5-2\'{-25cc 

were obtained by several methods using observation wells and the pumped 

well. Generally, the values obtained using the recovery method were not 

satis£aotory because either the points did not plot in a straight line 
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Table 14.-water-l,ryel measurements in opservation well.£, 1QQ. f'rom 

d•: Wl 6-ll-2ae 

Time since 
pumping surted, t, 
or swppe.d, 1.' t Depth to "flat-er., 

Time 1n minutes tee:t 
9:.20 a.m. static water level 23.53 
9:25 -pumping started 
9:26 l 23.;7 
9:27 2 23.64 

9:28 3 23.73 
9:29 4 23.81 
9;30 ' 23.88 
9:31 6 23.97 

9:32 7 24.04 
9:33 8 24.12 
9::34 9 24.18 
9:35 10 24.24 

9:36 . ll 24 .. 31 
9:37 12 ~.38 
9:38 13 24.44 
9:19 14 24.;o 

9:40 1, 24.56 
:J.9:42 17 24.66 
9:44 19 24.78 
9t46 21 24.90 
9:48 23 25.00 
9:50 25 25.Q9 
9:53 28 25.21 
9:,4 pUl!ping stopped 

10::38 24.37 
10:40 pumping started 
10:41 l 24 • .39 
10:42 2 24.45 

10:43 J 24.52 
10:44 4 24.;s 
10:45 5 24.66 
10:46 6 24.73 

10:47 7 24.79 
10:48 8 24.86 
10:49 9 24.93 
10:50 10 24.99 
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Table 14.-(Continued) 

Time since 
pumping started, t; 

or stopped, t', Depth to water, 
Time in nttnutea .feet 

10:52 12 2,.10 
10:54 14 25.21 
10t56 16 25.23 
10:58 18 25.42 

ll:00 20 25.51 
ll:0:3 23 25.6) 
llt06 26 25.76 
11:09 29 25.86 

ll:12 :32 26.00 
11:15 35 26.09 
11:20 40 26-25 
11:25 45 26.,S-

lli:30 50 26.52 
11:35 55 26.62 
11:40 60 26.71. 
11:45 65 26.94 

11:50 70 26,~95 
11:55 75 z,.02 
12:00 noon 80 2.7.07 
12:10 90 27.20 

12:20 100 27.30 
12:,0 110 27.43 
12:40 120 27-49 
12:50 1.30 27.57 

1:00 140 27.59 
1:10 150 27.67 
1:13 pumping stopped 
1:14 1 27.62 

1:15 2 2?.58 
1:16 j 27.5J 
1;17 4 27.45 
1:18 5 27.42 

1:19 6 'r/.'.39 
1:20 7 27.29 
1:21 8 27.28 
1:22 9 - '27.22 
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Table 14.-(Continued) 

Time since 
pumping started, t, 
or stopped, t' ., Depth to water, 

Time in minutes feet 
1:2:3 10 27.17 
1:24 11 27.13 
1:25 12 27.09 
1:26 13 Z7.05 

1;27 14 27.0l 
1:28 15 26.97 
1:29 16 26.9.'.3 
l:JQ 17 26.88 

l:.'.31 18 26.86 
1:32 19 26.83 
1:.33 20 26.78 
1:34 21 26.76 

1:35 22 26.7) 
1:% 2.'3 26.69 
1:37 24 26.67 
1:.38 25 26.64 

li40 27 26.58 
1:45 32 26.45 
1:50 37 26 • .34 
1:55 42 26.23 

2:00 47 26.14 
2:05 52 26.05 
2:10 57 25.97 

. 2:15 62 25.89 

2:20 67 25.e2 
2:25 72 25.75 
2:.'.30 77 25.69 
2:40 S7 25.58 

2:50 97 2;.49 
3:00 107 25 • .39 
J:10 117 25.:31 
3:20 127 25.23 
3:31 138 25.14 
3:45 152 25.05 
4:00 167 25.00 
4:15 182 -24.88 
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Fig. 16.--Depth-to-water level in observation well c during pumping 

and recovery ot water level in well 6-U-2ao plotted against t 

or t' (time since pumping started or stopped). 
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5-2W-25ob 5=2\Y-25ce (unit) 

Transmissibillty 535,000 226,000 gpd per ft. 

Permeability 11,400 4,900 gpd per rt.2 

Saturated thickness 47 47 ft. 

Maximum dra.wdown 12.2'7 10.75 rt. 
Specifio capacity 59 9J gpm per ft. 

Discharge rate 730 1,000 gpm 

Storage coeftioient - 0.03 to 0.01 
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or the values !or T were too high. The results obtained from the 

observation-well data seem to be more nearly correct. 

Well 6-1W-4bb is near the edge of the terrace deposits in the 

Republican Valley. The terrace deposits at this location are in 

part derived t'rom Illinoian terrace deposits bordering the valley. 

The value of T obtained by the recovery method was 11,000 and values 

of T obtained by using observation wells ranged f~ 12,500 to 13,500. 
-The storage coefficient ranged from 0.001 to o.oo:;, which indicates 

semi.artesian conditions. The saturated thiekness at the well is 43 

feet, and hence., the permeability is JOO gpd per ~t.2. The drawdown 

was ,40 feet while pumping at a rate of 540 gpm, and hence, the specific 

ea-pa.city was lJ.5 gallons per- toot. 

Wel.l 6-l.E-2a.c is near the edge of the Wisconsinan terrace deposits 

in the Republican Valley'. The terrace deposits at thiS location con- • 

tain more sand end gravel than in the area near well 6-l'lt-Jj.bb, and logs 

of tour test holes and wells in the area indicate that better wells 

should~ developed in this area.. 

The value or Tin the test using well 6-1.E-2ac ranged £roDl 80,000 

to 98,000 gpd per tt. The recovery data on the pumped well did not 

plot in a straight· line. Observation wells a and c responded to pump-

ing much slower than well band the values for T obtained on these 

wells -were the lowest values obtained. The storage coef'fic:f.ent using 

well a was 0.02 and using wells band c was 0.001 and 0.00:3 respectively. 

Although T obtained by the many t.ests has a wide range in value, the 

results are probably within the right order 0£ magnitude. Using the 
-

value T • 90,000 and a satl.ll'ated thiclmess of 48 feet, P = 1,875 gpd -per 

rt.2. The drawdown while pumping at ·a rate of SOO gpm was 16.75 feet 
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. and the specific capacity was 4 7 gallons per toot.. 

The values £or S calculated from the roregoing tests are not 

accurate values, but merely indicate bydrologic conditions near the 

wells during the pumping -periods. Over long periods 0£ pumping these 

values probably would change trcm semiartesian to water-table conditions. 

Chemical Character of Ground Water 

The chemical analyses ot 17 water samples collected from test 

boles and representative wells (Table 21) in or neu the Republlean 

. River valley between Concordia and Clay Center are given in Table 16. 

Tlte chemical character ot some or these samples also is sho'!ffl graphi-

cally in Figure 17, and their suitability tor use ror irrigation is 

shown in Figure 18. S,mbol.s used for well numbers in Figure 18 are given 

in Table 17. Several test holes were sampled at more than one depth, 

in Which case the depth .£rom '111ch tbe sample was taken 1B indicated. 

The salinity of the ground water in the Republican River valley 

to the northwest of the- area eovered by this report was discussed by 

Fishel (194lt) as follows: 

••• Inf'ormation obtained during the spring of 1943, 

however, showed that for -certain areas in the Repub-

lican River u.lley t~ ground water was too salty tor 

most purposes. Two wells which were constructed near 

the Cen. sec. 22,. T. 5 s • ., a. 3 v,. by the Layne-Western 

Company for the Prisoner of War Camp near Concordia 

yielded water having a chloride content 0£ 6.,835 parts 

per million. Subsequent test drilling by the Layne-

Western Company ror the prison camp and by. the 
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Fig. 17.-Anal.yses ot water !ran aquifers in the Republican River valley 

between Concordia and Clay Center shown graphically. 
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Fig. 18.-Classif'ication 0£ -water tor irrigation use in the Republican 

River valley bebeen Concordia and Clay Center. 
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Table 17.--S:ympol_.s ,m D.ll m,1JlW!+'§ ,m Figure l§.r 

Well Number Number used on Fig. 18 

5-1W-26ad2 1 

5-2W-,Obcl (38-40) 2 

5-.3\'i•l5ab (120-122) 3 

6-lW-3aa (.36-.41) 4 

6-1W-3aa. (72-?7) 5 

6-lW-lOcc 6 

6-l.E-2bal. 7 

6-ll-2ec 8 

6-ll-15da 9 

6-2E-J2co 10 

6-2E-.3:3cd ll 

7-2E-,4dd 12 

7-,3E-29cd 13 

s-:l&-&lb 14 
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Geological s~ sho!ted that there is quite an 

extensive area where the water in the t.tll.uviwn 

is. ocmtamina.ted by salt "'1ater. 

In ine outmrop area of thtl :oakota t'orma-

tiOl\ in n~rn Cloud County tmd 90u~,ste:rn 

Republic ~ty the mter .ts fresh-. However, to 

th~ north."n!st in Republic and Jewell CoU'fltiea, where 

tbcJ Dakota t'orma-tion !At ove:u-lai.n by- several hun-

dred t-t.. at Olher cretaceous l"QO'k:3, the •ter in 

the Dakota t'orma ti® is too. sa1t,. for domea~ie 

use. \'be- alluvium in the valley near Concordia 

has a knOWn maximum. thickne~ of about 120 teet, 

and the de&pUt pal't ot the ehannel seemngl.7 ~a 

betim eut into a salty lens of the Dakota !orma• 

tion and as the l:",ater in th~ Dakot.a iS under a 

grea.~ he.ad tban the water- iu the owr'.cy'iug 

al.luvitlll the tJalty water is 1lt0Ving up-ward into too 

alluvtwa. At tl'.i,e S-tlme iima tha alluvium i:s also 

rea-e:t.Ving .tresh wa,ter aloog its edges rrom shallowe-.r 

beds of the 1'a.trota formation and hoa rainf"all 

infiltration. the- r&sultant salinity -Of the water 

varies with depth and its position in the- alluvium. 

It depends on the presence and extent. of ala:, lenses 

in the alluvium. and on t..'1~ relative smounts of "Water 

derived from the -various som-cea ..... Toe a.re.a or the 

Sl 
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greatest contamination as determined 11.r the test. 

holes is in secs. 21 and 22, T. 5 s., R. 3 w. A 

sample of water from depthS or 77 to 87 !'eet in 

a test hole near the center o! the west bounda1"Y 

of sec. 22 bad lJ,750 parts per million of chlo• 

ride. The chl.Ol"ide content of' the water from 

-35 to 45 £eat was Jf)7 parts per million. The 

highest chloride concentration occurs at the base 

or the alluvium and in the.deepest. part o£ the bed-

rock channe-1 and it. decreases with height above the 

base ot the a11U'Vium. unless altered by impervious 

clay le-nses. 

The chloride concentration of the water in the 

allurtum decreases both upstream and dowhstl"eam 

fran secs. 21 a~ 22. The upstream boundary of the 

unpotable water is about at the Claud-Republic County 

line. The chloride content of the 188:ter decreases 

from J, 760 parts per million in test bole 94 (NW¼ 

sec. 20, T. 5 s., R. 3 w.) to 1,900 in test hole 

9J (NW¼ se~ 19, T. 5 s., R. 3 w.) and 1,240 in test 

hole ll2 (SE¼ sec.. 15, T .. 5 s., R. 4 w.). The Da-

kota formation dips below the impervious Graneros 

shale near the County line and from there to tbe 

Nebraska line there have been no reports of salty 

w-ell water f'rom the alluVium. 

82 



The logs ot the ells and test holes in s-ec. 22, 

T. 5 s., R. 3 w. indicate no impervious clay lenses 

between the water table and the top ot the Dakota 

formation. All other_test holes penetrated at least 

one clay lens and it was below the bottom clay lens that 

the waters ot the greatest salinity occurred. A ftll 

at the Prisoner or 1/far camp (SE N'-U NW sec. 28, T. 5 s., 
R. 3 w.) was drilled down to a el.q lens Which apparently 

extendS over a large area. The well yields nter baving 

a chloride content of less than 100 parts per million. 

Test hole 101., vddoh is about 400 teet £ran the- above 

well., yielded water trom. below the clay lens that con-

tained:-' ,040 parts per million of chloride ••• The cbJ.o. 

ride content in parts per million. of water from test 

holes is given in Table 19 {Table 18;: bl· this ~). 
- -

! 

••• The salinity .(!f water from a.- well iti the SE¼ NW¼ see. 

22, T. 5 s. a~ 3 w. ·at different depths is given in 

Table 20 {Table.19 in this report). 

The evaluation of water with regard to its auitability for 

irrigation is based on-methods outlined in Agriculture Handbook 

· Number 60, u. s. Department of Agriculture (L. A. Richards, and 

others 1954). When the sodium-adsorption ratio and the electri-

cal conductivity or a water are known, the suitability of the 

water tor irrigation can be determined by graphically plotting 

these values on -the diagram shown in Figure 18. Low-sodium water 
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Table 18.-togations 9.! 1m }Joles m RepµbJ.igan M:m: yalle:, 1D Ql2YA 

Qoun;tx, ~'ii: ms. lhl. chloride gqp.tent st. the g.ter in parts 
W,,lllon. (I.lbJ& 12 91. fisbtl, li!&) 

Location 

SW eor. N'tl see. 22t T. 5 s., R. 3 w .. 

... . .. 
Near· ~n ... SE sec .. 21., t. ,- s., .a. 3 w. 

Ni SW SE sec. 22., T. S S ... , R.. 3 VJ. 

cor. NW NW sec. 291 T., S.., R. 3- 1ft. 

SE NW NW ae-e. 28, ,: .. 5 s., R• 3 w. 

SE sw sec. 1,, T., s.~ a. 3 w. 
NE cor .. sec. 34, T. 5 s .. , R. 1 w. 

SE SE NE seo. 34, T. ; s., R. 1 w. 
NW cor. SE sec-. 19,- T. 5 S., R. 2 W. 

SE cor. NE sec. 26, T. 5 s., a. 2 w. 

Depth, 
£eet 

35-4, 
40-50 
50-60 
77-87 

37-47 
53-63 
74-84 

3'1-45 
56-66 
76-86 . 
4~,o 
6J.;.7l 

2s-3, ,,-6, 
~l-61 

41-51 
;o..60 

35-45 
68-78 

57-67 

55-60 
95-100 

78-80.5 

66-71 

75-80 
94-99 

Chloride 
content, 
·::::,ppm 

167 
388 

1,160 
13,7,0 

48 
89 

2-,860 

26 
74 .. 6.30 

27 
880 

;,i 
6,.3-50' 

4' 
33 

}34 

25 
168 

55 

212 
450 

(a) 

2,450 

.210 
3,450 



Table 18.--(Conti~ued) 

Chloride 
De-;>th, content, 

Location feet ppm 

NX cor. SE sec •. 29, T., s., R. 2 w. J'7-4.2 23 
60-6, 1,:3QO 
67-72 l,340 
75-80 2,6,0 

NW cor. sec. 19, T. 'S., R. 3 W. 65-70 ,e 
75-80 413 

102-107 l,760 

SE cor. sea. 19, T., s., a. 3 w. 49-52 2l 
62-67 26 

110-ll.5 10,680 

Si u· NW sea. ~, T. 5 S., R. 3 W. . n-36 2l 
(680 feet east or Concordia Prison camp Well 3) 6,-70 86 

98-103 4,360 

SE NW mt sea. 28, T. 5 S .. ., a. :J W. 35-42 20 
{380 feet east of Coneordia Prison Camp Wel13) 47-,2 ;;a 

69-74· 228 
102-107 ~,.040 

SE NW NW seo. 28, 'f.; s., R .. 3 W. 1540 14 
(100 feet south of Concordia Pri~ Camp Well J) 35-40 22 

46-,1 .m· 
74-76 1,400 

NW NW HW see. 28, T. ' s., a. 1 W. 45-,0 22 

SW NE NE sec. 29, T. 5 s., R. 3 W. 89-94 ,,m 
SW SE·sec. J3, T. 4 s., R. 4 W. 119-124 (a} 

NW eor. NE see. 14, T. , s., R. 4 W. ,1-,6 47 

NW cor. sec. 1.3, '?. 5 s .. , R. 4 w. 34-39 25 
39-44 4:J 

Si! cor. seer 1;,_T. 5 s.,. R. 4 W. 60-(;5 450 
112-117 1,240 

(a} Water not salty to taste 



Table 19.-Relation gt 8§1,inity 2' !b§ water l9. depth :1:ll well in 
• 

lbJ!. .§Ii BU 8.2.• I· 2 §.., R• l !.•, n -the frisoner Qt f'lr 

~. (Tab1e gt Fishel. 12!tll} 

Chloride 
Depth, oontent, 
:t'eet ppm 

19-29 128 
J'-45 YlO 
45-55 470 
,5-65 l,525 
65-75 4,970 
68-78 6,835 
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{Sl) can be used tor irrigation on almost all soils with little danger 

o! the develapment ot harmtui levels or exchangeable sodium.. Medium-

sodium water (S2) will present an appreciable sodium hazard in certain 

fine-textured soils, especial1y under low-leaching eonditions. This 

water may be safely used on coarse-textured or organic soils with good 

permeability. High-sodium Ylater (SJ) my produce harm.i'ul levels or 

exchangeable sodium in most soils and will require special soil manage-

inent, such as good drainage, high leaching, and additions of organic 

· '. matter. Very high sodium water (S4) is generally unsatistaetory for 

:trrigation unless special act-ion is taken, such as addition of gypsum 

to the soil. 

Low-salinity water ( Cl) can be used for irrigation of most crops 

on most soils with little likelihood.that soi1 salinity Will develop. 

Medium-sallnit,' water (C2) can be used if' a xooderate amount of leaching 

occurs. Crops with moderate salt tolerances~ such as potatoes., aorn, 

wheat.,. oata, and alfa.1£a, can be irrigated with 02 water without 

special practices. High-salinity water (C3) cannot be ua.ed on soils 

nth restricted drainage. Ver:, high salinity water (C4) can be used 

only on certain crops and then only when spe'lial practices are followed. 

Water samples.from several wells were of such poor quality that 

the sodium-adsorption-ratio (SAR) and the electrical conductivity could 

not be plotted on the diagram in Figure 18. The sample from another 

well (5-2-.)0bel, .:38-40 feet) was of doubtful. suitability for irrigation 

use (Table 17 and Fig. 18). Water :from seven wells is in the C:3-Sl 

-part 0£ the diagram and should be used only on soils having good 

drainage. Water from six wells is in the C2-Sl _part 0£ the diagram 



and its use would require very few special ~actices. 

Chemical Character in Relation to later-bearing Formations 

Wellington Formation and Nolana Limestone 
, 

Although only one analysis or water rrom the Wellington rormation 

and Nol.ans limestone ia given in this report, it is known that these 

£ormations and the underlying older rocks yield water tbat is hard, 

but suitable for most uses. Water from the Permian formations in 

the area of this report generally is much higher in sulfate than 

water from the Dakota formation or alluvial deposits. The Permian 

formations do not yield enough water to be important as aquifers, nor 

do they have aey notie~a:ble effect u:pon the quality 0£ the water in 

the alluvial deposi~s that may overlie them. 

Dakota Formation 

In most 0£ the area included in this report,. water in the 

Dakota formation is of good quality-. In the extreme western part of 

the area, and west of the area included in this report the water in 

the lower part or the Dakota formation is salty-. The increase in 

cbl.oride content ot water in the Dakota formation at increased 

depth is illustrated by the analyses o:r two samples from test hole 

5-JW-15ab. A sample taken from a depth or 120 to 122 feet contained 

only 55 parts per million of chloride., whereas a sample :from .340 to 

342 feet oontained 16.,050 parts per million 0£ chloride. Water in 

the lower pa.rt of the Dakota formation near Concordia is under some 

artesian head and has contaminated the water in the lower part of 

the alluvial fill of the Republican River valley. 

Meade Formation 

In the western part of the area covered by this re-port, the 



water in the Meade formation is higbly mineralized by contamination 

from the underlying Dakota t'ormation. In the area downstream 1'rom 

Ames., the Meade formation is not separated :from the overlying gravel 

beds by a clay layer. and tl1e salty water is diluted by !resh water 

to suoh an extent that all the -water in the alluvial fill of the valley 

is of good quality. 

Wisoonsinan Terraces and Recent Alluvium 

The quality of the water in the Wisconsinan terraces and the 

Recent alluvill!l is the same and water from these deposits generally 

is of good quall ty. In the western part of the- area covered by_ this 

report., there is considerable mixing or high chloride water £ran the 

Kanaan gravel (Meade :torma1.ion) nth the water in the yomiger deposits 

so that the water in the Wisconsin.an and Recent deposits is not as 

gcud qualit,J as it is further east. 

Availability of Water for Irrigation 

In the fall of 1954, 6 irrigation wells were ·in ~ation 

in the area. 0£ the Republican River ~lley considered in this report. 

These_ wells had a. total capacity of 4~300 gpm or 19 acre-:Ceet !)er day. 

The annual use of -water tor irrigation was about 570 acre-£eet. The 

drought, wlu.ch continued through 1955., caused considerable interest in 

irrigation, and by October 1955, 43 irrigation wells ha.Ying ca-paeit;tes 

ranging from ;300 'to a.,ooo gpm and a total capacity ot 41,JSO gpm (18) 

acre-f'eet per day or a.bout ,,,oo acre-feet per year} were in operation 

in the area. M:>st ~erators in the area apply a.bout 18 inches of water 

per year to about 80 acres_ per well. A total or about 3,600 acres are 

being irrigated. 

Dtn-ing the preparation of this report a water-table map (Pl. 5) 
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and a map of the bedrock surface {Pl. 2) of the valley area were ma.de, 

and from these maps a saturated thickness map (Pl. 4) was made. From 

the saturated thickness map the total.volume or saturated material 

was calculated for each township in the area, and applying a specific 

yield of 20 per cent, the volume 0£ water in storage was calculated. 

The volume of saturated material and the volume of water in storage 

(Table 20) are equal to the quantity that would be pumped in lJ:3 

yea.rs at~ present rate 0£ pumping if the -water-bearing materials . 
receiTed no recharge. The water-table contour ma-p (Pl. 5) indicates 

that water iooves into the valley area from the upland areas border-

ing the valley, and although the amount was not estimated, the 

quantity thus contributed ~s considerable. Water also moves into 

the area as surface- flow in the Republican River, and Should the 

water level. in the valley be lowered., much of the low-water stream 

flow would become recharge to the aquifer. Stream-flow records 

since 1946 at Concordia ind!aa.te that the lowest flow in that period 

was 40 second-feet. Compl.etion of reservoirs upstream in recent years 

has made it possible to maintain a minimum flow of the stream. There 

is no immediate danger ot depletion in the w.lley area at the present 

rate or withdrawal.. However,. if future development continues at an 

aceelffated rate as it has in the last year, the water table will be 

lowered considerably and the flow ot the stream will be greatly di-

minished during -the growing season, but the water levels should re-

cover after the growing season ends. Probably the greatest danger in 

heavy development ot irrigation is in the western -part of the area 
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Tabla 20 .-Y9lumr; Qi s1turate<} m.tstr;f.Al in RepyblicAp, Rivm: 911,x 

...!W411N. 121,ume ,21 g.ter 1n wrage a,yailable l12X. PumP1n&: based sm 
!l. a;eecific yielO 2t.. "'2. .£m!1• 

Volume of water- Volume ot water 
bearing materials in storage 

ToJlUShiD (aore-,tt.l (acre-ft.) 
T. , s.,. :a. 1 w. 637,000 lZl,400 

T. 6 S.~ R. l W. 202,000 40,400 

T. 5 S., R. 2 W. 517,000 10:3,400 

T. 5 S., R. 3 W. 760,000 152,.000 
.. 

T. 6 S., R.-1 J~: 560,000 112,000 

T. 6 S., R .. 2 E. 24),000 48,600 

T. 7 s., R. 2 E.. 50,,ooo 101,000 

T. 7 S., R. 3 E. 7,000 1,000 

T. 8 s., R. 2 E .. 99,000 19,000 

T. SS., R. 3 E .. 127,000 25,400 

mg. 
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where the highly saline waters are confined in the lower part of the 

valley deposits. Arf3 appreciable lowering of the water table may 

upset the hyd:rologic balance between the saline and fresh waters and 

cause the saline waters to contaminate the fresh water zone. 
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Records ot Wells and .A.ugered and Drilled Test Holes 

In£ormation pertaining to 235 wens and augered and drilled test 

holes in the Republican River valley is given in Table 21. Wells and 

test holes are numbered in accordance with the United States Bureau 0£ 

Land ~gement's system of land subdivision. The first numeral or a 

well number indicates the township, the seeond the range, and the third 

the section in which the well is located. Lowercase letters after the 

section number indicate the well location within the section: The 

first letter denotes the 160-acre tract and the second the ,40-a.cre 

tract. The letters a, b, c, and dare assigned in a counterel.ock• 

wise direction., beginning in the northeast corner of eacll traet. To 

distinguish bet,men t1JO or more wells within the same- ,40-a.~e tract, 

consecutive numbers beginning with l are added as a suffix to each 

wel1 mmiber. For the wells ea.st of the principal :meridian the range 

number is followed by E and far the ones wes.t of the meridian the 

range number is followed by W. Well 5-1W-19ec2 is the- second well 

desaribed in the
1 

sw¼ sw¼, sec .. 19, T .. 5 s., R. l w • 
.All information classed as reported was obtained £rom the owner, 

tenant, or dril~r. Reported depths of wells are given in feet; 

measured depths are in teet and tenths. Reported depths-to-water 

level are given in feet; measured depths-to-water level are given 

in feet, tenths, and hundredths. 
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Logs ot Test Holes 

On the pages tbat follow are th& logs ot 48 test holes in the 

area covered by this report. !'arty-five o! the logs are sample logs; 

three are driller•s logs f'urniahed by nter-well drillers in the area. 
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• I 
I 

i 
i 
I 
/ 
[ 
! 

l 

,_lilf-Uec. $Mple l.£1, l!!i !mt. in 2!. .!191:• .W• lL 1• .2. ~- &- 1 !• s 

sm. DPttb gt m4 a.bout l.n1.!Y.i 2'. tntemc:Usm• 
.. . 

Pd.llt~ irDm lL ma,. Syrtaa NY"trun 1334.0 .ta\; dft:Yt-to:PW 

lt>Dl .sTlml. mA, l2,M lm• 
. Thlclme88, 

teet 

Q.11A'ff'1f.1Wtt~ 

Illi1101an Stage. 

.. :, 
Sanbcrn fora.tion ... Crete aml and gra'Nl.--afld 

toft1and -11.'l- IIDber8 

. · 811~, blaok 

CltQ', ~, 'Ian to gray 

Cla7,- IJlmdy .. Nd-brown 

Clay,.·~ and aU°'1" tan to brom 

2 , 
1G 

15 

Craftl.,. fine to mdium~ obi~· limestone 
and nndcJtenG. «mta.1na. aom Cla7 4 

~,~seq, -to brown 6 

Clq,.'Yft1!1 ~, red-lJrGQ; interbedded. 
with :t'ina to llif.tdb.a san4 and SCde 
:lromtou gravel l6 

Clq, ~,. 1.ight-srrq to white; eontai.Ds 
a. fff thin aed nr!ngc-s 24 

~utnAH 

6 

a , 
1' 

,0 

34 

40 

56 

80 
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5-lW-l4cc.. ~DJPl~ l,Q& gt. m-1 JI.U• 1• l ~., B.• 1 !•, 

.sm .m1 l:!214 shoulder .m lim :!1:Yl mtlh shoulder st. !m• 

A.ugered llm!. lL ~- §mac, altitude l,3Ql .z !ulJ depth:;to-:,a,ter, 

level 18,30 ~-
Thickness, Depth, 

feet teet 

Road f'ill l l 

QUATERNARY-PLEISTOCENE 

Wisoonsinan Stage 

Sanborn f'ormtion-Terraoe deposita 

Silt• light-broWn 3 4 

Silt., dark-brown 7 11 

Silt., oia-,e:,, brown ' 16 

Silt,. light-brown,; contains :tine sand 9 2' 
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5-lW-22dd. §wnole leit ,SU: lU1 mla. iJl .:lihsl 3i; .W.:. L. 2 §.r., .L. .l L, 

mi nm:.th .t.wm S2.t .T..2!9., m m'.. 1:merseetion. Drillrul 

lml! 12%, s,a:rag~ altitude 1,JU,O g!P14:19-water level 
,,,B!l (gt, 

QUATERNARY-PLEISTOCENE 

Wisconsinan Stage 

Sanborn terms.ti.on-Peoria ailt member 

Clay and silt, black 

Clay and ailti, greenish-tan 

Clay and silt, greenish,.tan; 
mottled w:t. th brown 
fnt}~ 

Illinoian Stage 

Sanborn tormation-Orete sand and gravel 
and Loveland silt members 

Silt, blocey,: dark-broWn to blaclc:, 
{&ulgamon soil) 

Silt,. clayey, sandy~ red-tan 

Sand,. fine; contains some clay 

Silt and clay, sandy, red-tan 

Sand, 1'ine.,.9.a.nd red-tan clay 

Clay, blue-gray; contains maey 
shell ~nts 

Thickness. 
feet 

2 ,., 
7.5 

2 

7 

1 

15 

3 

20 

Sand, tine; contains many shell fragments 16 

Sand, fine to medium, tan J 

CB.ETACEOUs-GULFIAi'l 

Dakota formation 

Clay, tan to gray J 

97 

Depth, 
feet 

2 ,., 
13 

15 

22 

23 

)8 

41 

61 

77 

ao 

8'.3 



,-1w-.26cb. $runple 1u1 ml.I, Jin lmt lI!L .m.&. .§!i .H.£&. .iQ, ls. ~..lb .l L# 

lQ.Q !m .tw. SJt. stue highyay tl2.:. .2~ z .Yl!! south~ S2t. first stru.1 
nortl} m: .:b Bffllblicau Mx,r brisla iJJ Cl.yde. pr111e4 li, J..254, 
smg,a a1t1tuse J.,272•4 ~; gep'§ll !Q nter 2.,J&~~.m-

QUATmNARY-PLEISTOCENE 

Wisconsinan Stage 

Sanborn formation-Ter.ra.-ee deposits 

Silt, black 

Sand" tine 

Sand,. medium to coarse, and fine to 

Thickness, 
1.'eet 

2 

9 

medilllll arkoaic gravel 9 

Gravel,. ti.De to mediUDl., and coarse 
a.rkoaie sand 8 

Illinoian Stage 

Sanborn formation-Crete sand and gravel 
and Loveland ailt members 

Clay,. tan and gray 

CRETAClIDUs-GULFIAN 

·Dakota formation 

Cl.q, sandy r blue-gray; contains some 

17 

lignite and.brown sandstone lS 

9$ 

Depth, 
teet 

2 

u 



,-1~-J4a.a.. SJmmle ls?lt Sit. 11.11 .hi2l.t.1D .w.:. 3', L. , s,, B, .1 L., 

4 .tm mmtu gt mrtm:: oL m.4 .G!! 1.m B.!1 m:. t1to, 
§W:face altitu$UJ 1,gsg,.g t:w, 

Thieknesa, Depth,. 
reet feet 

Boad fill J 3 

QUATEBNARY-PI.lttS?OCENE 

ReCEJn.t stage 

. Alluvium 

Silt, $0!'t, gray; contains much aand 
and mm,y call.cha uodules 4 7 

en.ve1. fine i and «iarse "to fine sand 3 10 

Gravel. 1Mdim to tine~ and coarse to 
·:r:tne sand 13 23 

Clrq'., blue gny; CQJlWns flue aaud ., 23.5 

Gravel and sand, «)US9 to tine, green 6.5 30 

Gravel, me4i'Wlt.to fine, and ooar&e to 
fine sand 10 

Gravel:, coarse to fi2, and coarse to 
mediuin sand lO ,0 

Gravel., tine, a.rltosic., and coarse and 13 63 

'Kansan Stage 

Meade formation. 

Silt, sort, b~t'J .grades downWffd to 
gray~ 8andy, silt 7 70 

Silt, soft, bul!; eontains coarse lime-
atone and sandstone gravel 20 90 

Silt• clayey, dark gray ; 95 
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amtACEOUs-GULfIAN 

Dakota formation 

Sandstone, sott, white; 
oontaina some write 

100 

Thioknee, 
tut 

' 100 



,-1w-3,i,o. s:,mp;t, 12K m: m-1 ml!. la m1t B'!i .a£• ,n. 1• 1 a_;,. &r- l !.•, 

& all§ fWth Pl- fflt!m 11a a ! rm un d'JllM: e.c. ?.!!!1.• 

lt'Dad fill 

QlJATJ'JmARY-PLIISTOCEQ 

~stage 

Alluv1a 

SU't, .,n,, li&bt JV~J eerttaiml 
aaJl4 

Ora.Tel am amid, to tlll&, 

Cftvel, MdiWll to f!M, and to 
tine and 

Gravel and sand,. eaarse to tine, fflWft 

6 

22 

10 

10 

and green lO 

Grave1, :t.tae. am 40Uae to tine am. 
arkoate,. 

k'osan Stage 

Mea4o tcru:tton 

Silt, sort •. 1Ntt; 4mltaiu 11011e .nn4 

Silt, elayq,- &nQ'i «m:ta1JJB S01Mt nt1d 

Grawl, 11Kiwa w t.ine,, lillleatone and 
aandatone 

Si1t, cl.ayqt t;,:IQ' 

CR:ff ACKO'tre--G'OI.FL\H 

Duota tarma.tion 

101 

6 

2 

10 

17 

2 

a 
30 

66 

68 

78 

100 



,_2W-19cb. Ssmpla lQ& Sl.t. iU1 ll9.lA in Bli .mtt 8£&. 12, L. s,, B, L., 

.Q.:.2 lltl! soutn gt sge:tion .ll!lS lU2S. J2 .t!!1 swta cum 1u 

.m gravel R!L. Drilled 19M, 

Road fill 

Q.UA'I'ERNARY-PLEISTOCENE 

Recent Stage 

AllUViUBl 

Silt, dark and light grq; contains 
fine sand 

Gravel,,. medium. to fine~ and «l&.rse 
to medium -.nd 

.Gravel, medium to fina., and coarse: 
to tine sand,. silty 

Gravel~ tin&,. and coarse to tine 
sand., brown 

Gravel, medium to fine~ and coarse 
to fine sand• b1'0ffll 

CRB.rACEOUs--onI.FIAN 
Dakota formation 

Clay, gray-,. yellow and -p~ 

102 

Thickness, 
feet 

l 

6 

20 

10 

31 

'\ 

4 

Depth., 
f.'e.et 

1 

7 

10 

30 

40 

7l 

75 



S-2W-26aa2. &umlt .12.i at .:!:al ml.t. ill .w JI¼.!!£•~ L. .12.1., L. .a L., 

mJA swth st u,s:Y.s,n ,Unt. a Jl feet 91.. gepter .Qt road~ 
PrJ.ll,ed 1244, Suttl.<2.t ytitpde 1,'.306.Q feet, 

Thickness, 
teet 

QUATERNARI-PWSTOCENE 

aecent Stage 

.Alluvium 

Soil,. gra:,- black; contains f'ine sand 3 3 

Silt,. yellow gray~ contains fine sand 3.~ 6., 

Si1t., i:,.rBY blac~ sandy .5 7 

Sil.t, scft, yellow gray, and fine ta 
medium land 9.!) 16.5 

Grave1,. fine, and coarse to fine sand 8-.5 2!S 

Gravel., medium to tine, coarse to fine 
· sand and so.ft ail t 15 40 

Gravel and sand, coarse to fine_ 10 ,0 

Gravel, medill!ll to fine, and eoarse 
to fine sand 10 

Gravel, medium to fine, coarse to tine 
sand and sof't gray ail~ _ lO 

,1':•..!. .... C.: ___ ; .. ,:.~,..., =·1:...l ..: .. ;;~ .. "~~·~, .. _ .. 2.,.~t-·--
Gravel, medium to f~ne and coarse to 

fine sand 9 

Silt, .oft,. r,utr 4 

Silt, soft., gray and black; .con.ta.ins 
fine sand J 

..l'.J.mestone gravel, coarse to tine, and 

70 

79 

83 

COflrse to medium sand U.5 97.5 

CRE?ACEOUS-GULFIAN 
\. 

Dakota formation 

Clay, light gray; contains some sand 
and sandstone 

10'3 

12.5 110 



,-aw-28ab. Sample la gt 1u1 llswt in .li!:t Li!¼~ ll!, l.s. lb L -2 L.J 

.z.n mllA nsmth .2t section Um .Gr1 .2 .u.ll sent!« .21: read, 
D;rilled l2Afu 

QUATERNARY-PLEIS'rOCIDlE 

Reeent Stage 

Alluvium 

Soll, silty.,. dark gray; contains 
sane sand 

Silt~ clayey,_ yellow~; contains 
some sand 

·sand, coarse to fine and aome tine 
grnel 

Gravel, medium to fine and C08.l"Se 
to fine sand 

Gravel, and sand,.. coarse to tine 

Gravel, medi'Ulll to tine., and coarse 
. ·-:-: . ..:.to tine sand 

Gravel and sand.• coarse to fine 
. 

Grav~l,. medium to fine and eoars.e 
·to fine sand 

ThicknessJ 
teet 

2 

10 

lO 

10 

10 

6 .. 5 

Silt.,. soft, light green; contains some 
:tine sand · .5 

Gravel~ srkosic~ a~_sand, coarse to 
fine ' 

Kansan Stage 

Meade formation 

Silt, soft, bui'f and green 

Limestone and sandstone gravel, 
coarse to fine 

Silt, so!t, buf£; contains very fine 
sand 

104 

s 

,. 4 

3 

Depth, 
teet 

10 

20 

30 

40 

50 

;6.5 

57 

65 

72 

75 



5-2W-28cb (Continued) 

Thickness, 
feet 

Limestone and sandstone gravel, 
coarse to fine 

Silt, soft, buff and blue gra:v; 
contains tine sand 

CR.ETACEOUs-GUU'IAN 

Dakota formation 

Clay# gray and gray white; contains 
sand, and sandstone, aort, light 
gray 

105 

4 

10 

17 

Depth, 
teet 

79 

89 

106 



5-2W-3Qbcl. Sample J&& 2!. .h2l& i!l ]lg §! _gm:. 1i!t seq. JQ, l• .1 §.., R• Z ii•, 

.ll :.m .Yll .2t !b!l center ~, lQ.Q nor;tb !2! ra11rpag ki21'• 

Pt;tlled ll, l2.2!• surfage alt;tt,ude 1,J26.7 tw; deptn-E.-stet 
level Lm ~-1.!m2 Ys 1254, 

Thiclmess,. 
feet 

QlIATERNA!tY-PWS!OCENE 

Recent Stage 

AllllVium 

Silt, sandy, brown 8 

Sand., medium and tine; contains 
some oouse gravel 8 

Sand, coarse and fine; contains 
some coarse ~vel 8 

Sand., fine to eoarse, ar-koaic 6 

Gravel, fine to medi"Utn.t- and fine to 
coarse- sand lS 

Sand,. mediUlll to coarse., arkosie 6 

Sa.nd.t eoa.-rseJt and fine to medium,. 
arkosic gravel 6 

ltansan Stage 

Meade formation 

Gravel, fine to medi.um, limestone and 
sandstone 6 

Gravel, tine to medium, limestone and 
sandstone; contains some light-gray 
clay 9 

Clay, light blue- --gray 

CRETACEOU8-GULFIAN 

Dalrota f'ormation 

5 

Sandstone and ironstone, hard, brown 16 
106 

Depth, 
faet 

8 

16 

24 

JO 

48 

54 

60 

66 

75 

so 



.,' 5-aW-Saa. S!5?l& !2£. ot !!_ !!J !!.. ~!!.,. !!,_ 

S!. north ed2;e 2£. echool !.2_ £!!!!. north or 2 !!. eorner 

achool house.. .Drilled~.!£• 1954. Sur!'aos altitude 1,423-.4 tHt• 

~UATER.N.iRY-PLEISl'OCE!ra 

Wiaconsinan Stage 

Sanborn f'ormation-.Peoria ailt member 

Silt• black 

Thickness., 
.f'eet 

2 

Silt. greenish ... tanJ contains some ce.liehe 7 

lllinoia.u St~a 

Sanborn formatiou--CretQ aand am gravel and 
Loveland alli members 

Silt., black, drilled hard 
(Sangamon soil} 2 

Silt., sandy"., tan to butt 46 

Gravel, fine to medium,. sandstone. and 
ironstone 

CRET.AC'~OUS-OULF LUI 

Dakota. .formation 

Clay., bri~ht-yellow 2 

Clay., blue-gel¥ 6 

Sandstone II tan ta brown 2 

107 

2 

9 

ll 

57 

60 

62 

68 

10 



5-JW-15ab. Saraple J:Qg Qi~ ml& JJ1 the H!!.± .lili li, .L. i ~,...lh 1 w., 
filQ south 52! ,mi corner Qt: m sec • .12.:. Dri.lled Sept. 2:J., 1955. 

Syrface altitude 1,428.6 feet. 

Q.UATERNARY--PLEISTOCIDJE 

Illinoian Stage 

Thickness, 
feet 

Sanborn formation-Crete sand and gravel 
and Loveland silt members 

Silt, sandy, r;ra:y 

Silt, light-brown 

Clay, brown. 

Silt, sandy, buff 

CRET.ACEOUs-GULFIAN 

Dakota formation 

Sandstone, fine-grained, limonite 

J 

ll 

4 

19 

Depth, 
feet 

3 

14 

18 

37 

streaks 57 94 

Clay, gray to yellow 2 96 

Sandstone, yellow and gray; oonta.ina 
some clay streaks 29 125 

Clay, dark-gray J 128 

Sandstone, iron-cemented, yellow 4 132 

Clay, red and gray; contains several 
thin streaks of lignite and sand-
stone 58 190 

Sandstone, lime cemented, white 10 200 

Clay, pink and gi;ay; contains a. lignite 
streak at 246½ 94 294 

Sandstone; contains pyrite 16 310 

Clay, gray; contains thin sandstone 
streaks 20 JJO 

70 
Sandstone, gray; contains some clay; 

drilled hard 40 3 
108 



5-n-lSe.b (Cozninued) 

P.l!!rui!:I.A.N-LSONA.RJ)IAN 

Wellingt.en formation 

Shale• hard# blue-gray 

LimestoneJ very- hard. whit& 

109 

Thickness# 
toet 

12 

2 

Depth. 
feet 

i82 

3-84 



S-OW-l5bd. Driller's log 2£..~ill.!,.!!!_ SEt NW¼~ 151 !!.. 5 s., !!_ 3 w., 
2,_880 north !:;! 2.1140 !!!!. 2!_, !!_c~ section. Drilled 

Air-Made ~- Surface altitude 11413 .. 3 f~ 

Th1o!cness. Depth. 
.fee'!; E@&t. 

Clay. yellow 11 ll 

Olay-.. brown 8.5 19.5 

Olay-. dark blue 9.5 29 

Cl.a;y. yellow, containa white streaks 
of soo.pstone 23.5 52.6 

Sand~ very tine o.s 53 

Clay,.. hard., blue a 66 

Sand• fine., tight lS 69 

Shale., blue 3 72 

no 



.5-3W-16bb. Sample 1QJt m'. h21.it in :ta l!li NW¼ !ti• 12, X.• ,1 §.., R• l !,., 

Q.& m1J4 sou.th gt crossroad!!• §urfage al;liitude l,4llil tst1i mth-

tg-water 1eve1 2.4, 2.9 :w,. 

Road £111 -
QUATElUW.ff-PLEISTOCENE 

I~linoian Stage 

Sanborn formation-Crete sand and gravel 
and Loveland si1t members 

Soil, silty., brown 

Silt, tan and g,:ay 

etu.TACEOOS-GULF!AH 

Dakota fol'mation 

Clay,; and fragments of yellow-buff 
silt stone 

Clay, light-gray; contains some li:monite 

111 

Thickness, 
feet 

o., 
62 

4 

3 

Depth, 
feet 

l 

67 

"70 



!>-3\t-l6cb. SAfflp1e 1"' 2' iW bg]a; .1n W. S'>i:t B11• 12, ~. i §.., l• l !.•, 

111.k north 2': §!. ~• m: W:liir,,n. Sw:t:au 11:1titude l,~,i tm.• 

Road till 

QtlAffllJWtY-PLlll'STOCEME 

WisCOl'JBinan Stage 

Sanborn torm-Uon-T~ deposits 

Soil.,- ail ty 

Silt, tan and brown 

Clq, sandy; contains saae gravel. 

Gravel., medima1 mid coarse .sand., brown 

aatA.Cl!!OlfS.-QUt.FL\N 

Dakota £oration 

112 

'Thiclmeas; 
tee-t 

Depth, 
tut 

, 
30 

43 ,, 

6S 



( 
I 

! 
I 

5-B-17&&. g91e lo~ !£. h2:.!_ .E!!_ !!., !.!!!. 11 a !!,. 5 ff:, 3 ~•• 

aooth ~~road, !9,2. aocti-on corner. Or ill~ ..fun$ !2,. 

™• Surra.co altitudt1 11410.~ r~-i!tJ de-i~a1:-e1: levol 5:;.10 !!!.:.. 
~!!, l$G4. 

.Silt. bl.Ack 

sut.~q 
lll1mt1all St.4fS9 

t~ion-Cret. aand nnd uo.wl 
al.Id: Lov-fll11nd ailt ~on 

5-ilt, ol~. b1-k (~ auil) 

W-t. $1d elw~ red-brftll 

Silt .md cl.t\Y'~ butf to tan 

SlUld.-t-;jr.e. rM ad ta:r. 

C-lq. li.Qd;~yJ eontaims .so....._ 
u.nd$tcm letmr- part 

11;3 

a 
e 

2 

10 

·u 

10 10 



G-$t-Za.. s-:!!e1a a~.!!!l.~a!!!.!!~.!.!!:,.!2, !!.!~ !!..!.~ 
78 fast aouth and 7 feet W&4t ot eros~rOAdz. Sur!MJe alti*1.w.e ____ .......... ,..........,.._,......,,.._. ....... 

: I 
Q~.lNA:1.t-PLRig;roc-~ 

I I Recent st~o 
I 
I 

I 
I 

Alluv11mt 

SOU., •llty,. black and brfln a .2 

SUt,. ttu:t and brown 20 ag 

Sand._. mcdi1R,f -conta.:tmJ ao.'iiQ b~ ua,r~l . 8 JO 

~a.vol._ line:• tmd coarSit send li> 40 

a~avel, Jm!Mi'li~ a.tld b-rfl!ilfn «and 10 50 

~-- a.d t.1'.na- gr&'nlla b~o:mt 40 so 
ioee.u Stag-Ill 

f'ormatton .. 
C 

COU1JO., tir.:1t i,l"afflJ ~ontdn$ 
-s~,y,:U~olay s 1),3 

~. mdi~ «md sandatontt• 
f.tld ,eapd. Cld yellow clq 't 100 

~ACE:}Us-,.,GTJLF!U 

Dlkota .tormat1on 

Clay. Teey .r.1.no., a~,. yellow 10 ll.O 

114 



5-&T-21bb. S!f!?lo J.a& !:!_ ~; ::fir..,~ !b ! !!_,, !!., 3 !!!> 
.. 15 .l:lilo a-out..-i Gt 1nt.eri:iect1on !iU1d a f'&-3t o£ can~ "()f :ro«w. - - ---- ------ ............... ......,.__ ------ .......... ........ ---

Allun~ 

llravol., and c.o:u-ae aau:.d., 
gr~ 

G-raTOl.1 mediwn_ ar~,.1e. And ~s" 
:;el.low'~ b~• gr~ 

Gra"V'e.l.., llmG&t~ Md $~1}.$. Md 
mm:heh\y' 

115 

s 

6 

8 

5 

10 

20 



S-$\"t4lob. Sai5213 log !!_ !!!!. 2- !!. swj- !e!. y_, ±::.. t !. !:., 
100 test -aoirth of road tmd 15 !~t- CM&t c.r fflr.11.i~r ot ---------~_...... ...... ........__.........., ....... ___ _ 

s~ \lQl\rae • .th':e.., and #Q:tO' msd.i'U..'t t:o 
tinebromt~ u 

GJ:O'el. tine-. c,aa,.,""Q to f':ine: 5 
•and 

o~ .. -v~ ~t>sa ·t• t~ 
OCm."ft -to ~ua 10 

~'t"&~l.#" ~a tQ: .t.bl$.._. m ~r.utd 10 50-

Gr~ tillG f;o; ,madi~ and e:l~a~ .10- 60 

.. ~" -t'() fin.$~ and s.Qfi gl"i'\f ailt 10 '1Q 

Gnni., .fme-, tand. soft 
s.il't 10.6 80..5 

S.tap-

Silt.• ,._ U'EW 

1.i:t"i!i:~l, mdium. t.a fino-., 1±.mtlst~ and 
aandsta::ie_. .im.d eoa:rs-G 

U6 

109 

1 116 

120 



Xe:oonti stap 

..Uh."Vilffl 

'G~l,. eosr30 and o-cvq 
aa:d 

a~ m-li'll1.!1. to oe«rait• :mt:l ~la &,t"afflt 

a 

~11.'t\dgrq a 

c~,, ~i:J.e~. earn:tv ... ~; 

a 
ao 
10 

18 

e=kina ao• ~l 22 100 

%!lad1:um t.o eoanJe,,. · l.f.ma,stmw and 
~t.cno.,_ 4?14 lkl- ~~f,t 6 

CBS'r:ACEOf.ru-GtJU'IAJi 

~ta fQl't'IA.1;1.on 

4 110 

117 



~. Drllliar•s lo$!£.!!!!.~!!:_~;¼~!!!!,.!!,!:.!~!:;.!,.!:_.. 
21W?._!!2_t ~cuth !E!!,2._640 ~~~!!_ocr-n~ pf acGtion.. .,Prl,l~ 

!!!., £.~~· Surf~ A.lti-tud~ 1,~o.a l"M4 

Soil.- bholc 

Clq • :,&llow: 

ad.nd. 1 .. 1ne 

Siu::d,, Mdium. W-ar'M 

Siu'ld_. CCClrMJ 

Shiwt,. l1'h' 

118 

Ih.iclm-03 t.t 
toot 

2 

14 

1$ 

15 

83 

5 

' lS 

ZS-

42 

es 
1fl 



i11lt,. ~mt ;'AUQh; -.:nd 2 

Sam., C.OVH t:o £'1ne .• w:.d sc,:~ f~ 
gavel 

.sut. •on~ 1>1~~ 

&land_. to f'~ alld Nl.:ia ~d:i~ 
gawl 

G~ md:1.ua fim;-• fiU1d co~ t~ 
fir»-~ 

SUt, Golt_. buf.f a.c.d Ua:11 Ll~rte-rld~d 
nth pi-awl c4 &and 

~v~l. l.ll;eatone :m4 ft..'lld@'tt;}X$$ 
CQU"~ to r.1110 a.~ 

.Sil1;# sort,,. tmJ. ¢-tmta!.u mw.m J."ine ftUd 5 

(lr~'l1$1_. CQ&l'SQ to £1:la,. l.iz::lo-$t.Ol:1G w:xl 
a,~da~ 

o lay_. dat'k-ga:,· J co.rit&i.na fi:14 .. 
pyrite, iU'Xi h:u'-d ob.ck arn.l 

119 

6..5 

10 

23 

66 

91 

106 



I 

i . 
I 
I 
! ; 
' ' 

5-)'-1-28bc. Saa,ple l28. 2' lm. mlR in~$~¼ m. se9. 1• i ~-, l· l !•,-

ill. .lUl PQtth gt :t l2il1 !2. .!!!.1 !lW. i .tm st un\E .mA!\· 

ijUATFlUJ.ARI-PWSTOCENE 

Stage 

Alluvium 

Sll-t, clayey,. bl.a.ck. 

Cley', very fine ~, gray 

Sana, medium, and fine granl,. brcWn 

Sand,. medium to coarse., brown 

Tbicknesa, 
feet 

:J 

4 

3 

10 

Gravel, lledtum to QCU'se,. and coarse sand 10 

Gravel.t medium to coarse, and aedium to 
eouae gray-green a&l1d 24 

Ora.Tel, Vfl!rJ' coarse to pebbles,. and pink-
~Olay 6 

Kansan Stage 
l ,:__ 

Mi!ade tcrmtiOll 

Clay, gray,. and SOile Umestomt gravel 10 

GraYel, eoarae. lime.atone and aa.ndstol'le, 
:,ell01J-brolm l6 

autt~ 

Dakota tormation 

Sbale,- elJ!qey, red and white 4 

120 

) 

7 

10 

20 

,0 

-
'4 

70 

86 

90 



I I • 
i 
! 
i 

,_:TN-28eb. :»m»t lQ.tt .9' ll&D. ll9Ja. .m llit !!t ~¼, 8£• .2t, 1· i• l !•, 

-~ llll4 nm;::th 2t 2 £m:• ft9:ttm - 2 m1.w12t. smm: ~-
Sllrtww ilii;wde l,Ytq,!! tu.'i6 

Wiaoouimn and hcen't Stages 

All.uT.tma and 'terrace deposits 

Soil, silty 11 bro'WD aDd blaelc 

Gravel_. tine, er.,vae la-ad, and brcm 
ud&n17olq· 

Gn.wl. lll!dlWJ, 11!14 eoarse.- and., 
am grq-green 

Gra.Tel,. coa:ne., and ecat COU'U- sand; 
co111a.iaa ~e and uonstcme 
:lragmeata 

CltEAC!OUS--6U'LFIAH · 

Dakota tOffllation 

Clay, Yttllolfs mdt~ and 

Cls.7, yellow, Nd and grs.y 

121 

TbickneSS, 
feet 

4 

4 

7 

6 

' 

4 

8 

34 

47 
,0 



5-3W-29ad. Sppl9 l&4 9l. !tu. ml!t ill !b1t m Bi .ust• .22... !• 1 b 
a. J. !.•, 12 mrts 9t :r. i:sa4 m &§1 m J2. .tu1 PPDh at n:m:. 
;i»rfaee 11ltitude l,U'hl Wi• 

load .till 

Q.UA'1'1£1UtUtt-PLEISTOOENI 

Recent Stage 

Alluv1ml 

Thickness, 
teet 

1 

Dept,h• 
feet 

l 

Sand,- media; con'\atJla some brow1l ctaftl 4., l:3 

Gn.Tel., Mdi~, Md coal'A sand, ~-
green 19 

C:r.a.ve1, medium# and coarse sand., 
green 18 

Clq, silty•· yellQ\1-butf 8 

&us4, fine._ amt c:l,q, ~; contains 
sma g?"a.Tel. 10 

Meade forzatian 

Crawl, aed1va, _ Uaeatone and sandstone 21 

atE'!A~ 

Dilkota !ormaticn 

Clq1 ll&ht-g,:ay, mottled, to red 9 

32 

34 

52 

60 

91 

100 



,-79-2944. syp1,- 152& g.t 1111 k2lt 1a lht W W !A2• l• .1 a_ •• B.• l !.•, 

m mi nqrtb .9' D. gitd;pu, !ill. .11 CorumrAA! m4 2 ml .!Ill l2l. 

unttr '2t nm.d· s»mu 11\:il»dft :J.,J42\S tu!· 

Road till 

QUA.TlmlWiY-PLIIS'l'OC!U 

~is~tnm and Recent sups 
illuviwa and terraoe deposits 

Sand, yery tine, and silt, 'brew 

ThicknesS, 
feet 

2 

7 

Gnvel, tine to eoara, and cmrse and,, 
brown 13 

Grawl, t'1na to coarse_ and eoorse sand., 
19 

CBETA~ 

Clq,. slight~ Baney~ 19llow butt and 
,:cay 9 

12) 

Depth,. 
rut 

2 

9 



5-1N-32adl. PtllJtt'M 19£ .Qt H.!1 ml!!. in lb& §.it W ~• 1• .1 §.., 

R• l !.•, !JrJ.lld ·m:, J.axM-t!tsulll ~. Surf!SI a].titudft 1,375,Q l.n1· 
Thlclmesa, Depth, 

feet feet 

Soil ' ' Clq 2, 30 

Sand• tine ' 3, 
Sand an4 craul 15 ,0 

Sand, .tine p&ck94 , '' Clq l 56 

Soapstone (l)elcota format.ion?) 2 ,a 

• 

124 



,-.3w-,2ad2. nn1JR', .1&& m: lG1 :1n lht. m e: !19.• .1a~ x . .,_ ~., 
R.• l !• • 11r1.1Jml kc wne-!sfl:tern ~. Surf!SN al~i:w,rut l,JM,O !ul• 

Thiclmesa, Depth, 
reet teet 

Soil ' ' Clay 15 20 

Sand , 25 

Sud and arawl 17 42 

S&nd, tim • 6 4S 

&tnd# fine~ packed 4 ,2 
Clay l ,, 
Sand, tine, packed {l)akou to:matioaf) 2 ,s 

125 



6-lw-)aa. SUIP!t 1'2&.!21 :lts:t boll iD. lb& Bl~• D.9.•...ls I• .i §.., B.• l !•, 

a .m1 ,1n sat mu, tat aouth f'Jt.. 1ntmut1m1. P:c1nm 
.U. ~- sw:t,..m aU;t:MB 1,;rnt.1 .tn1; dmti-to-mu: 

ll'Dl LU1 .l!mt. ~" 12'4. 

. 
QU.A'l'lr.lUW.n'-PLEISTOCIB.E 

-sut, blau 
Sand, fine 1o CO&l"S6, and fine to 

mediua P'6Yel 

XanMn Stap 

Meade toratton 

blue-gray 

Sand_.. fine to medium; coata1ns con-
siderable weatbeNd tf8ndstone 

&md,. tine 

CRITACEOt1S--GUtnAH 

Dakota tcmnation 

-Clay; conta1ns soae sand.-tone :md 
11pite 

126 

Tbiclmesa, 
feet 

9 

10 

2l 

7 

Depth, 
feet 

2., 
63 

72 

82 

103 

llO 

:. 



. . 

6-l?t-)da.. Sample ls2it 9l...Bmi.ml&..1Il !Wt. 1fl ~- m .D.2• b I• .2 g_ • ., 

I• l J!. • ., sm :an. !!a. at~ .m tu! sou:ta gt: b!:\t-mJa llnf.. 
nr1lled t1'lm§. .u. ma. 5-yrrace altitude 1.292.a .tm; depth-to-
'!Mil" J&m rz. ,a rm.. 

Thickness, Depth., 
taet ree-t 

Road till 2 2 

QlIATIBNARY--PIJEISTOCIRE 

Wiaeonsinan Stap 

Sanborn formation-Terrace 4eWeita 

Clay I. black 4. 6 

Clay., &ray to tan· 14 20 

Clq, black 6 26 

Sar.d, tine to medium, and fine, 
arltos-ic, gravel. .31 

Gra.ve1, tine to coarse,, arlmsi.o., 
and medium to coarse sand 12 43 

Illlnoian Stage 

Sanborn tormaticn-Crete sand and gravel 
and toveland members 

Clay, sandy, red-tan 8 51 

Sand, tii:e., reddim-tan 4 '' CR!TACEOUS-GULFIAN 

Dakota t"ormtion 

Clay, light-gray 9 64 

Sandstone, f'ine-gratned, light-tan 6 70 



6-111-lQad. &!JmlA lQg 2t h :b. 3 .mt• W a.£• lJl, 1• A §.. • 

I• l !.•, a Df!i ma tm»J.411: n hfflt-mile l.tm!• A.'!UrM l3!m1 IL 
~- §Htf'aoo l\].;tiWBS 1,:m.1 .m!; UR:Yt::~ la,! 40,$1 m:i• 

Road"fill 

~\BY--PWSTOCENE 

Wi.sccns1inan Stage 

Sanborn. fcrnation-Pearia ail:\ M'Jlber 

Silt, clayey I dartc-gray 

sut,ola.Je7,~ 
Silt, c~, ~Uow-grq. 

Ill:moian Stage 

Sanborll tcrm.tion--crete sand an4 gravel and 
level.and eilt memoere 
Silt, ela'yey, Ndcliah-bram 

Silt., coarao, reddiBh-brottn 

~11t, tan; eontaus t1• end 

128 

thic:krlees, 
feet 

2 

4 ,. 
4 

lO 

10 

26 

-.-

Depth, 
ten 

2 

6 

9 

13 



6-1\l'-llbb. §Amlt 12& gt !!!i mJ4 in BU- li!:.t .US.• ll, I.• 2 ~., 

ll• :l !.•, 211 S9'.th 21 1bqut, 0012 !nl. !Ill 9.t sAA;tion 

c;o:tDC• Drilld ilmR la, ~. ~aqe altJ.:twt1 1.334.z tm.; 
!lc$h:::t9:::D:t£ Mml 48-M Im l.!lmt 

QUATDHARY-P~ 

WiaoollBinau Stage 

Ssmbo:rn. f'orma:ticm-Peoria ail t member 

Silt, black 

Silt~ aott, tau (loua) 

llllnoi&n S-\qe 

Stmbcrn-!onation-Crete and and gn.vel 
and Loveland members 

Thicknes$, 
feet, -· 

2 

12 

Si1t, bloe);y, blaclc (Sangamon soil) 3 

Silt and ~a~, reddish-tan 6 

Si1-t., tan 20 

Silt., sandy, tatt to gray 22 

Silt and el.tq, wey Mndy; contains 
some n.nd and limestone graftl 9 

Silt and clay, blocky', dark-grq (soil?) 2 

Clay; contains some weathered sand• 
. atone gravel 

Sand, tine; contains some ironstone 
gravel 

CRE!ACEOUs-GULFI~~N 

Da'.kota torma:t.ton 

t~andstone, red and light-tan; contains 

12 

some clay 17 

2 

14 

17 

23 

4,, 

6!S 

74 
76 

81 

93 

110 



6-ll-2ba3. PfilJm:'112& gt .1a1 b2k in~ Di Bi~- 2., I· fi •• 

R• l l• llht !2t Clif'tpn .£Ux 'flells. PJ':1lled 11.l: ta.ype-

western '2· 
Thickness, Depth, 

feet feet 

Soil. 4 4 

Clay 28 

Ssm, tine-, grq 2 30 

Sand, coarse. srq 3 33 

Sud and p,nel, gray- 10 43 

Clay l 44 

S.nd. tine 2 46 

Sand., ccarse, gray-, and aravel on 8hale 16 62 

130 



6-l.E-2bb. &!FP\e lat 9l. Bil ml!. 1n ii& Ef Di !tt9.• I· 2 ~-, g. 11 .• 

211 .tu1 2.t ml.( U Sl9l! nm §Wth 91. !1P-1M• §Wtb 

.in• gorner. 12d,lled lL ma. SUl"'face altitude 1,272.0 ln1• 

QUAT.ERNARY-Pt.lISTOCEH& 

Wiseons.inan Stage 

Sanborn t'ona:t-ion-Jrerraae depoai ta 

Silt$ black 

Sil't, tan 

C1q, .Ueq-, tan to ON./ 

Clay, •~ ~• dark-grq 

C1a:y, ftDd7 I aoft~ light-~ 

Sand,. fine w coarse, an4 fine to 
medium gra,el 

Clq greenish-gray 

Pmu:I.A.H-Lml.Am)IAJi 

WelUngton formati.cn 

Sbale, &nd b1ack 

Dolollite, Ugbt-gray 

1)1 

Thickness, 
feet 

3 , 
7 

7 

3 

14 

23 

9 

l 

3 

6 

13 
20 

2' 

YI 
60 

69 

70 



6-1E-2cc. s«;ap1e J&Jt .2t. ma nm: iht. §! ~- z, m .fm!1 na 
2'. m .tm north 2t. .U!l• 9917Wi\"• PdUed ll., ~. 

§ur!ace altitudft~ 1,256.§ :l.Ui; lfDl LlQ. iW. . 

QIJAT.tm!lARY-PLE?STOClfflE 

Recent Stage 

illuviwa 

Silt, blaek 

Sa:u. tine to couse, and fine to 
lltldilD grave1 

m.ay.b~ 

Ore.Tel, 1118dium, and coarse arkoa:tc -

13 

4 

sand 37 

Kansan Stage 

Meade .tormation 

sand, medi'UJII to cousa, and tine to 
medium liJlestom and arkoaio gra:vel 6 

Ora:vel,,_ fbe to mecUwa; most~ sands-tom 
and limestone 4 

P!IUittAN-LmNAIU)IJ.N 

Wellington formation 

Shale, platy, black and gnq 

1;32 

16 

20 

63 

67 



6-ll-llbc. :Samul§ 12& gt. la!~ in~~ Jd 1!12• .lls, I• 2 e•, l• l I•, 

mi W1 9l.. JmS .. 1 &Utt 1m:th st. !U• corner, n north tm. 2'. 

.t2!: m: w:u cot~ tne,. P£illed .il'lml. JJl, ~. §ms.ge 

fll,:Utw ~3-l im• 
. ? Thicknets, Depth, 

teet t'ee-t 

QUATERNARI--PI.JtISTOOENE 

Recen~ Stage 

Alluvi\J!ll 

Si.1-t, black 2 2 

Silt, tc 3 ' Sand~ t~ to C01ll'ft1 and fine to 
tlediUhl~ ari:osic g.ra'nJl 12 l? 

Clay, s«lldy, blue 3 20 

Sand, fine w ecarse, -and fine to 
medium, arkosic g?'&Vel. '9 

Kansan Stage 

Meade .toniation 

Clay, yellow l 60 

Craftl, fine to med;f.ma; Dlch aandstene 
and limestone g 68 

Cl.q, yellow; contains some sandstone 
and l!meatcne gr&"Ml 1 69 

P~LmNABDliN . 

Wellington formation 

Sha.le, platy, blue-blaek 1 70 

l.3J 



6-1E-l4bb. SUP1t Ja 21: 1n !ht m m !!12• lL 1. 2 £!., 1.. 11-, 
m D!1 !lt. lS!d. 22 i.w !991h 2t !htn: we. iV9§ JU1. Pr.illed 

hme. lJL ~- fcmace al,;!;i:twle l,26'ZzQ ~. 

QUATm!WtY-PLIISl'OCEU 

lleeent Stags 

Dtmesalld 

Sand. tim 

Alltrri.wrt 

Silt_ and very- tine sand 

$11 t, 'ft'1'7 aott, light-ta 

Clay,. gn.y 

stl-t,. black 

Silt, light-tan 

Sam~ ..-eey r1ne 

Gravel, arkosic,. md:lum to coarse, . am ooarse sand 

Sand and gravel., arkosie; 1ld.xed Witil 
green el.ay 

Oravel,. arkosJ.c fine to medium,. and 
fine to coarse sand 

Xamtan Stage 

lltade formation 

Thickness, 
teet 

7 

3 

2 , 
3. 

8 

4 

26 

10 

Gravel, chiefly limestone and sandstone, 
.tine to me~um, and coarse sand 6 

PERML\N-LEONAlU>I.W 

Wellington :Cormation 

Shale, platy, blue-black 1 

134 

Depth, 
feet 

7 

10 

12 

15 
lS 

26 

'° 

60 

'70 

/' 



6-U-15da. Sample lQ.lt .2t. i!ll ia .mtt §Ii eg,. ,U., I• .2. • ., l• l E, • ., 

2n. E§1 21: IQru!., about .tw north gt quarter-mile bedgft ~. 

Drilled~ ]Ji, 192A. Surface alti:t,ude 1,261.2 !w,; depth-to-watgr 

leaj 22.00 w.1• 

QUATERNARY--PLEISTOCE?£ 

Wisconsinan Stage 

Sanborn formation-Terrace deposits 

Cl.q and ai1i., black 

C~, silty, tan 

Clay, tough, blaak 

Silt, sandy, tan 

Sand, tine to coarse,. arkosi-c., and 
fine gravel 

Gravel, tine to medium,. arkosic, and 
fh1e to coarse sand 

PEruaAN-LEONARDIAN 

Wellington formation 

Limestone, gra:y 

1:35 

Thickness., 
feet 

2 

J 

2 

13 

10 

3 

Depth, 
teet 

2 

' 
7 

.20 

60 

63 



6-ll-22aa. Sample lQg Qi. li§..1 in the Nil W sec. 22, !• 6 §.., 

R• l. E., .Q!l. mi side 2' road, midway bet'fflen abandone;d house 

Qll ml!! house on west. DrillEtg 122lt.· Surface ru. titude 

1.26J'.Q depth-to-water level 27.40 li2a.· 

. . 
QUATERNARY-PLEISTOCENE 

Wisaonsinan Stage 

Sanborn formation--Terrace deposits 

Silt, clayey, black 

Silt, tan 

Clay, gray 

Clay, very sandy, light-gray 

Clayt s~ndy,. pinkish-tan 

Sand, fine to coarse, and fine to 
medium gravel , 

Sand, fine to coarse, fine to 
medium gravel, and yellow clay 

PERMIAN-LEONARDIAN 

Wellington formation 

Limestone, hard, dark-gray 

136 

Thickness, 
feet . 

2 

6 

10 

3 

4 

35 

o.; 

Depth, 
feet 

2 

8 

18 

21 

25 

60 

63 

6,3.; 



6-2E-Jlad. Samp}& 19& sit. m24 in §li filtt; ~• ll, I• 2. §.., 

lt• i l•, 2!l no,yh ot, road ll mi ,rest gt give lQ hous2 Q.U. 

b!ll south 21 ~. Drill,4 2i, • .surtaa2 altitude 

1,221•§ dep;tb-to-yrater level 29.30 ,l!m!. ~-

QUATERNARY-PLEISTOCENE 

Wisconsinan Stage 

Sanborn tormation-Terrace deposita 

Silt, black 

Silt, sandy, gray to tan 

Cl.tq, silty; contains some sand and 
ironatone 

Sand, fine 

Clay', san~, tan 

Sand, fine to coarse 

Clay'" yellow 

PEBMIAH-LEONARDIAN 

Wellington formation 

Shale or sott limestone, gray- to black 

Thickness, 
feet 

2 

9 

15 

7 

3 

8 

l 

Depth,. 
feet 

2 

11 

26 

33 

36 

44 
41 

48 



6-2E-3ldc. Samt>ll ls2& 2l. .:tu.! hi ibA sw¼ 3t ™· ll, I· 2 §.., 

&· 2 I•, ga north~ 21.. r.a!!. abQtrt 2QQ. !'.u1 M.!12f. drive j;_g house 
.Qll north, na 9l. ~. Drilled .U... ~- SUrfas, aJ.titudi 

1,232.2 .rm; depth-to-wateJ: level 18.62 !ui• 

QUATERNARY-PLEISTOCENE 

Wi~consinan Stage 

Sanborn i'ormation-Terrace deposits 

Silt, blaok 

Silt,. sandy, tan 

Clay• blue-gra7 

Thickness, 
feet 

7 

' 
3 

~d, tine to coarse; and tine to medium 
arkosie grave1 '2J 

Clay, greeni~ 

Sand, fine to ooarse, and fine to 
medi'1m gravel 

Sand, tine to medium arkosie 

PDMIAH-LEONARDIAN 

Wellington formati011 

Sbale, dark gra:y;. grades downward into 
harder shale and limestone 

2 

14 
; 

Depth, 
teet 

7 

12 

1' 

44 

46 

60 

6, 

70 



6-2E-32ac.. §§.mole 12g .Qt l!.§1 ,bQJ&. in lh!! §!!. ~- ™· JZ., in center 

2¼S. roadbed, 12 north 21 ™-• corner. Drilled ~, 1.22.4.• 
Surface altitude l, 225 .6 i'eet; depth-to-water level i.&l. 

QUATERNARY-PLEISTOCENE 

. ,Recent Stage 

Alluvium 

Silt, tan 

Sand, fine to coarse, and fine to 
medium~ arkosia gravel 

Sand~ fine to medium; contains some 
green olay and sandstone gravel 

Kansan Stage 

Meade formation 

Sand, fine to medium; contains mu.oh 
native gravel and shale 

PERMIAN-LEONABDIAN 

Wellington formation 

Shale, blaok 

139 

Thialmesa, 
reet 

2 

48 

10 

9 

11 

Depth., 
feet. 

2 

50 

60 

69 

80 . 



6-2E-.32od. ~§mp}e lgg gt tmst in S §It m seg • .la, 1• g §.., 

R· I•, ll mi .2.t ;trnil leading U§.1 along section line 1io'!!:U"51 

Republican Riv;e.r. DrjUru! gJ,, ~- §urf'ace aJ,titud2 

1,213,7 feet; deptl}.-to-water J.evel 2&Q. 122!• 

QUATERNARY-PLEISTOCENE 

Recent Stage 

AlJ.uvium 

Sil~, !>lyk 
. -..,. I 

Silt., tan:; 

Sand, !ine to medium 

Sand, fine to coarse, and tine to 
:'medium arkosic gravel 

Clay, blocky, green 

Sand and gravel, fine to medium 

Clay, silty and sandy, dark-gray 

Kansan Stage 

Meade formation 

Gravel, fine to medium, most~ nat-:lve; 
some thin clay streaks 

PEBMIAN--LEONARDIAN 

Wellington formation 

Shale, micaceous, sandy., light-gray 

140 

Thickness, 
f'eet 

2 

4 

4 

29 

10 

12 

2 

6 

1 

Depth, 
feet 

2 

6 

10 

39 

49 

61 

63 

69 

70 



6-2E-32dd. &mnlP lszi. .2' l!ll ml& ill the, m W seo. ll, I• g, §.., 

R• 1 I•, 2!1 north §J.dA 2!:. fil 21:. creek bridfm. 

Drillgd .J:!a. ll, .. Surface gltitµde 1,225.2 depth-to-

D:W: :Jmel 1:1t!l !m 12'.tt.· 

QUATERNARY~STOOENE 

Recent Stage 

Alluvium. 

Silt., black 

·s11t, tan 

Silt,. sandy,. black 

Sand, ti~ to ooarae, and fine to 
medium arkosic gravel 

Clay, tan to gray 

Kansan Stage 

Meade formation · 

Gravel, fine to medium, native, 
some yellow clay 

PEBMIAN-tEONARDIAN 
Wellington formation 

Shale, bl.ue-gray 

141 

Thiokness, 
feet 

:J 

6 

; 

36 

4 

12 

4 

3 

9 

14 

,0 

;4 

66 

70 



m south .2L !Q. .tm .tU.1 ot railroad track. Drilled 

ilYm. ~. Surface alti;ty,de 1,236 i9 ~; depth-to-water level 

21,JQ ,tw. 

Thickness'" Depth, 
f'eet i'eet 

QUATERNARY-PLEISTOCENE 

Wisaonsinan Stage 

Se.nborn formation--Terraoe deposits 

Siltk black 2 2 

Silt, tan ' 7 

Silt, sandy"., tan; contains snail shells g 15 

Sand, ti~ to medium., arkosic 19 34 

Sand, medium,tocoarse, and fine to 
medium, ~kosic gravel 36 70 

Kansan Stage 

Meade. formation 

Sand, fine to coarse., mostly native 5 75 

PERMIAN-LEONARDIAN 

Wellington formation 

Shale, blocey~ light-gray 80 

142 

-·- . 



6-2E-3,4cd. SamQll lQ& 9.t. t!9!.1 JJQl4 in ]hf. 3 ~• §!.¼ sec. 1• .§.., 

ll• 2 I•, .mJ. :m>nh !!.1&.!. lQ2 .t:m1 D!!i 2' bridge acrgss 

drainage ditch.. prillm\ ;rune .23, l22/t.• Surface altitude l,232!2 
.t!!1; deJ>th-to-ftter l.eyel 24,,0 feet 1™. 1224.• 

QUATESN:ARY--PI.EISTOCIN:& 

'fisconsinan Stage 
. 

Sanborn tormtion-Terrace deposits 

Silt, black 

Silt,· tan 

Clay, hard,. gray 

Clq,. aan4'11',. tan 

Sand~ fine w coarae, and t~ 
arkoaic gravel. 

PERMIAH-tEONABDwt 
W~lllngton formation 

Shale,·. a-lightly oal.careous I blue-;grsy 
and tan · · 

143 

Thiclmess, Depth, 
feet feet 

2 2 

9 ll 

3 14 

28 

16 44 

2 46 



7•2E-3bb. Sample 12& h2lJl in illf1 li!. ,gm:. ~- l, I.• 1 ~. ,.Ji. .a I• 

iu .tm. 2t. field south 2'. mu, Ml .tu1 ,.w. ™· corner. Pfill~d 

lJml. 22, ~- SuI:tace altitude 1. 2J7 ,2 dffl>th-to-water~ level 
2'3.10 llmt. JS.2A. 

QUATERNARY-PLEISTOCENE 

Wiseonsinan Stage 

Sanborn £ormation-Terraoe deposits 

Silt, black 

Silt, tan 

Clay, compaat, tan 

Clay, compact, dark-gray 

Clay,. sandy, tan 

Sand, tine to coarse, and 1':f.ne to 
medium arkosic gravel 

Clay 

Sa?ld, fine to eoarse., and fine·to 
medium., arlrosic gravel 

Olay, green 

Gravel., fine to medium arkosic 

PmwIAN-LEON.ARDlAN 

Wellington formation 

Shale, dark-gray 

144 

Thickness, 
feet 

3 
8 

2 

6 

23 

2 

8 

4 

8.5 

10., 

Depth., 
feet 

3 

11 

16 

18 

24 

1 47 .,. 

49 

57 

61 

69.5 

80 



. . 
7-2E-6bb. Sa,mple .2t l!Ql4 ill .m ,us .. 1· 1 §.., R· .Z. 1-., 

aJ:zm tm west 2' 91. 91g school @USSl tc>Jmdat;f,on. 

Prll].ed Os:tow 1h mlt.· SUrface altitude 1,212,0 ru1, shmth:: 

to-water 1eyeJr 82 .. 20 m.:i Qc;tober ~-

QUADRHARY-PWSTOCENE 

Illinoian Stage 

Cl.q, sandy', reddish-tan 

Clay, sandy, butt 

01.q, aandy', yellow 

cm:?ACIOUS-GtJUIAN 

Dakota formation 

Sandatone, very fine grained, loosel.7 
cemented, ·white to yellow 

Scm.dstone or sand,. tine, broe; 
contains some mica and ironstone 

Pm.MUN-LEONAm)IAN ::.;::". 

Wellington formation 

Clay, light-g.rey 

Thickness, 
feet 

4 

11 

9 

26 

' Shale, hard, platy, somewhat calcareous, 
dark green!sh-gray- 9 

Shale, light greenish-gray 11 

Shale, hard, pla.~, da:rk greeni$ll...gray 5.5 

Shale, hard, platy, very dark-gray to 
black 13.5 

Shale, platy., alternately ha.rd and soft, 
very dark-gray to black 8 

145 

Depth, 
teet 

4 

15 

24 

50 

93 

102 

113 

118.5 

1:32 

140 



8-2E-10aa2. SamplEl lQ& .Qi'.. li!ll h2l§. iD. 1W: -™· lQ., I• §. • .. ,..&. .i I•, 
sm m: ~, about lZ2 south gt cul,vei:,t. P;rilleg 

-™· Surface altitµde l,194,2 geet; depth-to::wat,t level 

QUATERNARY-PLEISTOCENE 

Recent Stage 

Alluvium 

Silt and clay, tan 

Silt, black 

Silt, tan 

Sand, tine to coarse .. and fine to 
medium,. arkosic gravel 

Gravel, medium to ooe.rse, arkoaic 

PEIUUAN-WOUCAUPION .,. 

Odell shale 

Shale, blocky, blue-gray 

146 

Thickness, 
feet 

l 

4 

lO 

8 

12 

Depth, 
feet 

5 

6 

10 

20 

28 

40 . ; 



I 

i 
\ 

\ 
I 
I 
\ 
\ 

8-3E-l 7ba. §.§.mole 1:52g 2t bS2l4 in .:!iht. 1W: mtt ug,. 12, I• ,a s.!.., 

R• l b .in borrow; u1L .w1. south 2'. entrance !9. o. E. 

l:fpl]en !mt\• Drilleg June 28, -™· Surface al:Utude l.179.:3; 

depth-to-water level 2.:.lQ. ,t:m lQ., 122lt• 

QUATERNARY-PI.EISTOCENE 

Wisconsinan Stage 

Sanborn formation:_ Terrace deposits 

Silt, brown 

. Sand, fine to coarse, and fine to 
medium, arkosic gravel 

Sand, fine to coarse and fine., 
arkosic gravel 

PEBMIAN--WOLl'CAMPION 

Nolans limestone 

Thickness, 
feet 

6 

24 

12 

Limestone, trace of chert, yellow to gray 2 

147 

Depth, 
feet 

6 

·30 

42 
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