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CROUND-WATER RESCQURCES OF THE REPUBLICAN RIVER VALLEY
BETHEEN CONCORDIA AND CLAY CENTER, KANSAS

By Kenneth L. ¥alters and C. X. Bayne

ABSTRACT
This report describes the ground-water resources of the Republiecan
River valley between Concordia and Clay Center, Kans: Because of a
drought in Kansas from 1951 to 1956, interest in irrlgation with ground

.water has increagsed consideradbly. By 1955, 43 irrigation wells had been
- drilled.

The Tocks that crop out in this area range in age from Permian to
Recent. The oldest ocutcropping rocka comprise the Nolane limesione
or Permian age, which underlies the alluvium downstream from sbout
Clay Center. The Nolans limestone ylelds only small quantities of
water. The Wellington formation forms most of the valley walls be~
tween Clay Center gnd Morganville and underliés the alluvial £111 of
the valley to the Clay-Cloud County line. The Wellington formation
ylelds only very small quantities of vater in this aves. The Dakota

formation forms the valley walls from sbout Morganville to above Con-

cordias and underlies the alluvial fill of the valley through Cloud
County. The Dakota formation ylelds moderate quantities of water under
artesian pressure in this area. In the area near Concordia the water
in the Dekota formation is saliy, and enough water moves from the
Dakota formation Into the alluvial f111 to result In salty water at ‘
the base of the alluvial fill.

Depogits of Pleistocene age consisting of alluvium, terrace deposits,

and Meade formation in the Hepubliecan Valley range in thickness from



about 60 to 100 feet. They consist of much coarse gravel, sand, silt,
and clay. Four irrigation wells in the alluvium had ylelds ranging
from 540 to 1,000 gpm and averaged 750 gpm. The coefficients of trans-
missibility of the alluvium determined from four pumping tests range
widely in value, but generally arebetween 100,000 and 250,000 gpd per
foot. In the western part of the area scme of the water may be highly
mineralized by contamination from tbe underlying Dakota formation.

Downastream from Ames, the water 1a of good quality.

In 1955, the 43 irrigation wells in the Republican Valley pumped

sbout 5,500 acre-feeat, and about 3,600 acres of land was being irri-

gated. _

About 731,400 acre-feet of water is in siorage in the valley.
Water is Teplenished by racharge from precipitation snd by infiltration
of the stream flow of Republican River.



INTRODUCTION
In 1955 at a planning conference in Denver the United States
Bureau of Reclamation reported the need for a bettex; knowledge of
the availability of ground water in the Republican River valley be-
tween Concordia and Clay Center,. Kans. The records of municipal wells
and some irrigation wells indicated that abundant supplies of ground
wvater were avallable for irrigation use.

In the fall of 1994 there were 6 Irrigation wells in this part

"+ of the Republican Valley. By October 1955 there were 43 irrigation

walls. Because of the great interest shown in irrigation in this
area, a study was started in 1953 as a pert of the program of the
Department of the Intericr for development of the Missocurl River basin.
In 1954 = study was started of the ground-water resources of Clay
and Cloud Counties, whieh includes most of the Republican Valley area’
included in this report. The investigation in Clay and Cloud Counties
wag made as a part of the coopsrative ground-water program of the U.S.
Geologieal Survey in cooperatlion with the State Geologieal Survey of
Kansas, the Pivialon of ¥Water Resources of the State Board of Agriculture,

"and the Division of Sanitation of the State Board of Health. The coopera~

tive ground-water study of Clay and Cloud Counties has been integrated
with the study of the ground-water resources of Republican Valley.

The area covered by 'b-his report 1s in nortb-central Kansas. The
area ineluded is shown in Plate 1.



GECLCGY 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 £111 in the deepest
part of the channel rests on the Winfield limestone (Pl. 2), and Gown-~

ward cutting probably has been somewhat retarded by this resistant

' formation.

The width of the valley'decreases very noticeably near Clay
Center at the point whersa tha Republiocan River haz out through the
Nolans limestone {PX. 1}, and the valley walls where formed by the
¥olans limestone are more bluff-like than in the grea upsprgsm. The
geologio cross sections (P1l. 3) and the bedrock contour map show that
the bedrock surface bélcm the alluvial fill is more deeply cubt In the
upper part of the area than below Morganville. The deeper cutting in
the bedrock in the northern part of the ares is reflected in the satu-
rated thickness map (Pl. 4).

The Nolans limestone is the oldest formation exposed in the area
covered by this report. It Iinecludes, in ascending order, the Xrider
limestone, Paddook shale, and Herington limestone members. The thick-
ness of the formatlon in this area ranges from 15 to 20 feet.

The Krider limestone member consists in some places of one bed of
limestone and in other places of two beds separated by a thin sﬁale bed.
The thiekness of the Erider limestone member rarely exceeds two feet.

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

limestone containing many fossil brachiopods and pelecypods. The Paddock



Plate l.--Areal geology of the Republican River valley between
Concordia and Clay Center, Kans.
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Plate 2.--Map of Republican River valley between Concordia and Clay
Center, Kans., showing contours on the bedrock surface.
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Plate 3.--0eclogic cross sections in the Republican River valley

between Concordia and Clay Center, Kana.
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Plats 4.—-Map of Republican River valley between Concordia and Clay
Center, Kans., showing thickness of saturated Pleistocene deposits.
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shale member consists of about 11 to 13 feet of gray, fossiliferous
ghale. The Herington limestone member la the most conspieucus part of
the Nolans limestone and forms: & rather prominent escarpment along much
of its outerop. The member generally consists of 6 to 8 feet of yellow
to brown pelecypod-bearing limestone. The upper part of the member
is the most mazsive.

Only moderate amounts of water can be cbiained by wells from the
Nolans limestone. The quality of water in the Nolans limestone, and

h in the underlying Odell shale and Winfield limestone, is good except
" where the rocks are deeply buried. The small amount of water entexing

the alluvial £il11 from these formatiomshas no effegt on the quality of
the water in the alluvial #1111 of Republican River valley.
Yellington Formation

The Wellington formation forms most of the walls of Republican River
valley between Clay Center and Morganvllla and underlies the alluvlal
£111 of the valley asboukb ta_{hha Clay-Cloud County line.

The ¥ellington formation consists of greenish-gray and red elay
shale. A persistent bed of dolomitic limestone, the Hollenberg limew

. stone, cceurs about 40 feet above the base of the formation. Locally,

a bed of masasive gypsum about 8 féet thick ocours near the base of 'hhe.
formation. A bed of dark-gray to black chert has been cbserved at
several places about 15 feet above the Hollenberg limestone. The
Hutchinson salt member of the Wellington formation, which is present
in an area to the southwest, is absent in this area. The maximm
thickness of the Wellington formation in Republican River valley 1s

probably sbout 250 feet.



The Wellington formation ylelds only very small quantities of
water in this area, and where it underlies the Republican River valley,
does not have any effect on the qualliy of water in the alluvial f1ll.

Cretaceous System
Dakota Formation
The Dakota formation forms the walls of the Republican River

valley from near Morgsnville to above Concordia and underlies the.

‘alluvial fill of the valley in Cloud County.

The Dakota formation is divided into two members = the lower
;grra botta ¢lay member and the'upper Jansen clay member. The forma-
tion consists ehiefly of varicolored clay contaiﬁing diseontinuous
beds and lenses of sandstone and siltstone. Minor amounts of lignlte,
pyrite, quartzlite, limonite, hematite, and siderite cccur as-eoncres
tions and thin beds throughout the formation. In the subsurface most
of the sandstone is light-gray in eolor, but it becomes yellow, derke
brown, or almost red where weathered. Some of the sandstone beds are
very resistant to weathering and form prominent ocuterops. The promi«

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

Dakota formation 1S compdded -chiefky of sandstone, but c¢lay is the

dominant material.. The thickness of the Dakota formation may be as
much as 165 feet ldeally, bub is probably scmewhat less in the area
éf this report. .
The Dakota formation ylelds moderate quantities of water under
artesian pressure in this area. Near Goncordia, water in the Dakota

formation is salty and enough water moves from the Dakota formation

10



into the alluvial fill to contaminate the water in the basze of the
alluvial £i1l (Pl. 5). Water samples collected during test drilling
in the uplands of Cloud County showed that where the Dakota formation
1s deeply buried, the water is salty. Salt water from the Dakota
formatlion probably is entering the alluvial fill of Republican River
valley from the northwest. A water semple from test hole 5-39¥-13ab

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

. beds of sandstone of the Dskota formation are not too deeply buried,

‘the formation yields moderate quantities of good quality watar.

Quaternary Sysiem
Pieistocene Series
The Quaternary System i represented in the area ineluded in this
report by deposits of the Kansan, Illincian, and Wisconsinan stages
of the Pleistocene series. These deposits sre présent in the valley
and as iterrace remants bordering thg valley.
Mpade Formation - Kansan Stage
The Hepublican River was not in its present loeation In this area
during most of Kansan time. Until the Xansan iee sheet bloeked its
course, the Hepublican River flowed easiward across southern Nebraska
(Fishel, 1948). However, a major aoutheastern—f};’éwﬁgﬁg tributary to a
southern drainage system had iis course along the route of the present
Republican River. This ancestral giream carried drainage from am
area of several counties and had its headwaters in what is now White
Roek Creek in Jewall County.

As the avea of this report was in the headwaters of the anecestral



Plate 5.--Map of the Republican River valley between Concordia and
Clay Center, Kans., showing water-table contours and locations

of wells and test holes.
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gtream, most of the Kansan deposits are of a local origin. In the ares
around Concordis and for about 5 milea downstream from Concordia, most
of the test holes drilled in the valley area peneirated several feet of
prineipally locally derived gravel resting on bedrock. The locally de-
rived basal gravel and the overlying clay bed, where present, are classi-
fied as XKansan in age and probably are eguivalent to the Msade formation
(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 tle area of this report, the geologic eross

" section a-a' and the logs of the test holes shown in that erosa section

are included because they show the relative position of the Meads 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 £111 of Hepubliecan Biver valley from
the Dakota formation. The clay layer that overlies the gravel of the
Meade formation in this area acts a2 a eonfining bed and pravents the
salt water from moving upward into the younger alluvial deposits. The
gravel deposits of the Meade formation should yield considersble quan~
tities of water to mlls in the Concordia area where they are the thicke

'est, but the water is too salty for most purposes. West of Ames the

wells should not be extended through the clay layer overlylng the gravels
of the Meade formation. Because the water in the Dakota formation down-
stream from Ames ia not high in chlorides, the Kansan deposits yileld
water of good quality to wells.
Sanborn Formation
Terrace Deposita - Illinoian Stage
Terrace deposits of Illinoian age along the Republican River are

repregented by the Crete sand and gravel member of the Sanborn formation.

13



The Crete sand and gzravel member consists chiefly of silt aﬁd clay and
minor amounts of sand and gravel. Nearly all the deposiis of the Crete
gsand and gravel membaxr are blanketed by 8 thick ecovering of loess and,
therefore, are not shown on FPlate 1, The upper surface of the Crete
gand and gravel member is generally about 30 to 40 feet above tha laevel
of the floodplain. ‘

Generally only & part of the terrace deposits of the Crete sand and
gravel member iz saturated, but a saturated bed of locally derived gravel

- at the base of the member lg present in some places and ylelds small to

moderate supplies of water of good quality.
Terrace Deposltis - WiBconainan Stage

Deposits of sand, gravel, and clay that arve 100 feet thick locally
were laid down along Republiean River during late Wisconsinan time. The
river has subsequently eut 4o a lower level, and these deposits are
now in a low terrace position. The Wilseonsinan terrace deposiis are
classified as an unnamed mewber of the Sanborn formation, but in order
to differentlate them from the ailt members of the Sanborn formation

they are mapped separately on Plate 1. The Wisconsinan terrace deposits

do not have the hummocky topography typical of the Recent alluvium,
and the upper swrface of the terrace deposits generally liesa sbout 12
feet above the upper surface of the alluvium. The Fisconzinan terrace
deposits thin congidersbly In the southeastern part of the area covered
by this report &8 shown in the cross seotions (Pl. 3:).

The %isconsinan terrace deposlits along the Hepublican River in
this area are ccmposed aimost entirely of arkosic sand and gravel -

the uppermost 15 to 20 feet, which 1s generally silt and clay.

14



The Wisconainan terrace deposita yleld large quantitles of water
1o wells nsarly everywhere in the area covered by this report. These
deposits thin considerably between Morganville and Clay Center (Pl. &) '
because the bedrock is more resistant and ylelds from wells in this
part of the area are not as large.

Jater from the ¥iaconsinan terrace deposits is hard, but it is
suitable for most uses. In small local greas east of Concordla the
water 1s contaminated by salt water seeping upward through wells or
':gravel pits that perforate ihe olay seal separating the underlying
Meade formation from the Wiscomsinan terrsce deposits.

Eolian Silt = IIlinoian and Wisconsinen Stages

The terraces of the (rete sand end gravel member and muach of the
uplands bordering the Republican Valley are blanketed by wind-deposited
811t (loess). Tha loess in this area is part of the Sanborn formation.
The oldest 2ilt member of the Sanborn formstion, the loveland silt mem-
ber, is Illinoian in age. In fresh exposures the Loveland silt member
congists of reddisb~yellew =ilt and clay never more than a few feet
thick and in many places entirely contailned within the Sengamon soll
developed on the Lovelsnd loess. The Loveland loess is overlain by the
Peoria sill member of the Sanborn formation. The Peoria silt member
1s gray-buff in color and is generally thicker than the ILoveland loeas.
The Peoria silt member 1s Wiseonsinan in age.

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

in the area of this report and do not ¥ield water to wells. The silt

15



members have lo¥ permeability and retard the downward movement of pre-
elpitation and, thus, hinder recharge in the uplands bordering the
Republican River valley.
Allnvium -~ Recent Stage
The floodplain of Republican River is underlain by alluvium of
Recent age. The alluvium congsists prineipally of sgand and gravel

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

.%0 90 feet. The upper surface of the slluvium is typically very hummocky
and iz generally sbout 12 feet lowsr than the upper surface of the Wise

consinan terrace deposits. Much of the alluvium iz eovered by water
during ma jor flocds and ia subject'to erosion in some places and depo-
gition in other places.

The composition of the Recent alluvium is mueh like that of the Wis~
consinan terrace deposita, but because the aliuvium iz generally thicker
than the terrace deposita and has s greater perceentage of saturatiom,-
larger yields of water generslly are obtained from wells in the alluvium.
The quallty of the ground water from the alluvium is the same as that
‘from the Wisconsinan terrace deposits; it is hard, but sultable for most uses.

Dune Sand

In & rather extensive ares west of Vining and in several other
smaller areas, the wind has piled up sand from the chammel andé floodplain
of the Republican River into dunes. These dunes are psrtly 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 surface drainage, they act as important catchment

and recharge areas.

16



Coeffleients of Permeability, Transmissiblliiy, and Storage
The permeabilitly, transmissibllity, and storage coefficlentsof the
alluvium and terrace deposits in the part of the Republican Valley in-

cluded in this report were determined by aquifer tests using four!wells.

The coefflclents of permeability, transmissibility, and storage were com-

puted from the test data using formulas developed by Theis, Thiem,
and Jacob. In the following paragrapha are given the expressions of

these formulas, the definitiéms of their terms, and a short discussion

. of their applieation.

Theils Recovery Method
The Thels recovery method (Theds, 1935, p. 522) of computing the
coefficient of transmissibility, T, is a meihod whereby a value for T
may be computed when only the pumped well is available for measuring
recovery.
The Thels recovery formuls is expressed as follows:

T o 26 Q logyn /4!
si

in which T is the coeffielent of transmisaibility,
Q 1s the punping rate in gallons a minute,
t 1z the time since pumping began in minutes,
t!' 1s the time since pumping stopped in minutes,
g' 1s the residual drawdown in pumped well at time t'.
The solution is simplified by subsitituting the drawdown, s, or depth

to water, dw, for 8' and plotting +/%' on a logarithmic coordinate and
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8 or dw on an arithmetic ecordinate. Log, /4t taken over one log
cycle becomes unity and the formla besomes T = 264 { where As 15 the
difference in water level over cne log cycle. as
Thiem Method

The Thiem method (Vemzel, 1942) of determining the coefficient of
transmissibility, T, of an aquifer consists of an analysly of the de-
cline in water level during the puzping pe‘ariod in several cbaervation
., wells near'the pumped wall.
The Thiem formula 18 expressed as follows:

T ® 527.7 Q logyq 3/Ty
(21 = s2)

in which T 1s the coefficlent of transmissibility,
G i3 the rate of diseharge of well in gallons a minute,
5, and ro are the distances of observation wells from pumped well,
81 and 84 are the drawdowns of water levels iu observation wells
gt distance ry and Ty respectively.
When waluea for gy, 85, ele. are plotted on the arithmetie co-
ordinate of semiiogs paper and the values of Ty, Tp, ete. are plotted
on the logarithmetioc cocrdinata, & straight line relation exists and
118 value is given by the slope of the line. The formuls then beecomes

T = 527.7. 8 o
A8
where 4s 13 the drawdown over one log ayole.
Theia Nonequilibrium Method

The Theis nonequllidrium formula (Theis, 1935) is:

S e
Tt
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Evaluating the integral:

Tw w(-o 5772 - }.oge +u-_u§__+ 1;3 _nfr__+....)
2.2 3.3%  4.42

wherertl;gﬁ .

Tt
g.nd 8-1s the drawdown in feet in an cbservation well at time t,
r 1a the distance in feet from pumped well to cbservation well,
§ is the rate of discharge of pumped well in galloms per minute,
+ i3 the time in days since pumping began or stopped,
T iz the coeffleient of transmissibility in gallons per day per foot,
S is ths coafficlent of storagse.

The exponential Integral generally is written symbolically as ¥W(u),
and subatituting, the formila beecomes T = W The presenece
of two unknowns and the nature of the expomtial integral make exact
analytical solution impossible, but solution can be obiained by a
graphical methed of superposition of a field curve over a type curve.
The field curve is obtained by plotting s on the vertical coordinate
of log log paper and t on the horizontal coordinate, The type curve

iz obtained by plotting values of W(u) on the vertiesl coordiante of

the same scale log log paper and values of u on the horizontal co-
ordinate. Superposing one surve on top of the other, a point on the
type curve is selected and marked on the field curve. The coordinates
of this common point for s, W(u), %, and _‘J; are then used in the non-

equilibrium formula to solve for T and S as follows:

T = 114.6 § W(u)

8

S =
1.87

bl



Modified Nonegquilibrium Formula
Jacob (19%6) recognized that in the Theis nonequilibrium formula
when u becomes small, the sum of the terms in W(u) beyond log,% become
insignificent. As % increasea and as r decreases,u will become small.
Therefore, for large values of 4, and reasonably small values of r, the

terms beyond log,® may be neglected and the equation becomes :
T = 114.6 Q (0.5772 = logo®)
)

This equation can be solved graphically (Ferris, 1951}. Values for s

are plotted on the vertieal axis of semildg; paper and wvalues forit are
plotted on the horizontal seale, This plot will yleld a straight line
plot and the slépe of the line iz used to calculate the value of T and
the zero intercept is used to ealeulate S. Expressions for these com~

putations are:

T=264 08 and S = 0.3T ip
. 4s T

vhere T is the coefficient of itransmissibility,

8 iz the coefficient of storage,

Q is the dischsrge in gallons a minute,

As is the drawdown difference in feet per log oyole,

r is the dlstance from pumped well to observation well in feet,

1ty is the intercept of etraight line with zero drawdown exis in

days.
Pumping Tesis

Four pumping teats were made using wells in the area covered by

this report. The test using well 5-2¥=-25ch was made in 1942. The tests

using wells 5-28-25cc, 6-1W-4bb, and 6-1E-2ac were made in October 1955.



Pumping Test Using Well 5-2W=-25¢bh
For the test using well 5-2W=25ch, cbservation wells were not
availabla and the Theis recovery formula for solving tranémissibinty,
T, of the aquifer was applied.
The well was pumped at a rate of 730 gpm from 8:28 a.m. 10 2:40 p.m.
on August 27, 1942. Water-level measurements made during the pumping
and recovery perlods are given in Table 1. From Table 1 the ratio t/t°

_{time since pumping started In minutes divided by time sinee pumping -
: stopped in minutes) is obialned and is plotted in Figure 1 againat

depth-to-water measurementa on semilog paper.
From Figure 1 it is determined that 45 = 0.36 and applying the
Thels recovery formula:
T =%_g_ where Q w 730 gpm and As = 0.36 feet
T = 535,000
The thickness of the water-bearing material {m) at well 5-2W-25cb
is 47 feet and from the relstion P = % the coefficient of permeablility,
P, is 2%7@ or 11,400 gpd per ft2. Drawdown at the end of the pumping

pericd was 12.27 feet at a pumping rate of 730 gpm giving a specific

capacity of 59 gpm per foot.
Pumping Teat Using Well 5=-2W-25cc
A pumping test was made using well 5-2¥-25cc on October 11, 1955.
For this test, four observation wells, a, b, ¢, and d, were drilled at
distances of 20.4, 51, 100, and 150 feet respectively from the pumped

well. The well was pumped from 8:45 a.m. until 2:05 p.m. (320 minutes)
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Table l.--Tater-level mesgurements made during pumplng snd reeovery of mell
5-24-25ch and yalues for %, 4, and H/t°.

Time zince Tima since

pumping started, pumping stopped,
B in minutes, in minutes, Depth 1o water,
Time 3 ) n T feat
8:20 a.m. static water level 18.43
8128 pumping started
8:40 12 30.32
9:10 42 30.55
9:40 72 30.59
10345 137 30.62
11340 192 30.55
1:00 p.m. 272 30.78
2130 362 30.7
2:40 372 pumping stopped
2:340:15 372.25 0.25 1,489 24413
2:41 373 1 373 20.51
2142 374 2 137 19.64
2:42:30 37%4.5 2.5 150 19.48
2:43 375 3 125 19.38
2:43130 375.5 1.5 107 19.32
2:4 37 4 % 19.25
2:44:30 376.5 45 84 19.20
2345 377 5 75 19.16
2:45:30 377.5 5.5 69 19.13
2146 378 6 63 19.10
2:46330 3?805 645 58 19003
2:47 39 7 S 19.06
23 - 380 8 48 19.02
2:49 381 Q 423 18.99
2:50 382 10 38.2 18.97 .
2:52 38/, 12 32.0 18.92
2154 386 14 7.6 18.89
2:56 388 16 2.3 18.86
2:58 390 18 21.7 18.84
3:00 392 20 19.6 18.82
3:05 397 25 15.9 18.80
3:10 402 30 13.4 18.77
3:15 407 35 11.6 18.76
3:20 412 40 10.3 18.75
3:30 422 50 8.4 18.72

n
N



Table l.~=(Continued)

Time since Time since
punmping started, pumping stopped,
in minutes, in minutes, Depth to water,
_Time 4 ' /8! faet

F140 432 60 7.2 18.68
4:00 452 80 567 18.64
4120 472 100 &7 18.62
4240 492 120 4.1 18.59
5:0Q 512 140 3.7 18.59
5:30 542 176 3.2 18.57
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Fig. l.--Depth-to-water level in well 5-2%-25cb plotted against /%!

{time since pumping started divided by the time sincs pumping

gtopped).
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Fige 1-- Depth to water level in well 5-2W-25¢b plotted against t/t' (time since pumping started divided by the time since pumping stopped)




at a rate of 1,000 grm. The water-level measurements made in the
pumped well during the pumping and recovery periocds and the values for
t, 4%, and t/%' are given in Table 2.
Depth~to-water measurements are plotted against the ratio t/4' on
genilog, paper in Figure 2. The points on this plot do not f£all in
a gtraight line. Therefore, an arbltrary line has been drawn using

points where the velue of t/i' was between 2 and 5 and As was deter-

mined as 1.15 feet. Applylng the Theis recovery formula:

T = {264)(1.000) = 230,000 gpd per ft.
1.15

The thiclmess of the saturated materials at the well ia 47 feel and
from the relation P -§, P % 4,900 gpd per £t2.

Yater-level measurements made in observation well a, 20.4 feet
from the pumped well,during the pumping of well 5-2W-25ce are given in
Table 3. The drawdowm is plotied against time in minutes since pumping
started, t, on semiiog: paper in Figure 3. The slope of the line drawn
through these points over one log cycle gives a value of 1.13 feet for
As and applying the modified nonequilibrium formulas

T = (264)(1.000) = 233,600 gpd per f£i.
1-]3

s =4 21{.6) = 0.07"
(416.16)%1-44)(1%%) .

Drawdown and recovery measurements of the water levels made In
observation well b, 51 feet from pumped well 5-2¥=-25ce are given'in
Table 4. The drawdown and recovery data are plotted in Figure 4 where

the depth to water iz plotted against time since pumping started, %, or

25



Table 2.—Water-leyel measupements made during pumping gnd recovery of
#ell 5=2¥-35cc. and yalueg for %, 1%, and H/%°.

Time sinee Time since
pumpdng started, pumping stopped,
in mimutes, in minutes, Depth to water,

—Re. t hrhd VA feel
8:44 a.m.’ static water level 22.42

8:45 pumping started
8:45:20 «33 31.20
8146 1 31.72
81461230 1.5 31.90
8347 2 31.94
8147: 2.5 31.97
8148 - 3 32.01
8149 4 32.03
8:50 5 32.10
8:5% 6 32.17
8:52 7 32.22
8153 8 32.26
8354 9 32.30
8:58 13 32.31
900 15 32.31
9:05 20 32.32
9:10 25 . 33&34
9:15 30 32.38
9:20 35 32.39
9:30 45 32.47
9140 35 32.50
345 60 32.57
10:00 75 : 32.62
10:10 85 _ 32.66
10:30 105 32.7%
10:45 120 32.78
11:04 139 32.86
11:20 155 32.90
11:35 Y0 32,90
11:50 185 32,91
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Table 2.--{Continued)

Tine since
pumping started,
in minutes,

Time since

pumping stopped,
in mdmuates,

Depth o water,

_Time + 4! /3t feet
12:05 p.m. 200 32.92
12:25 220 32.92

1:05 260 33.01
1:25 280 33.02
150 305 33.06
2:00. 315 33.12
2305 320 punping stopped
2:05:30 320.5 3 641 23.75
21 05:45 320075 15 427 240 18
2:06 321 1 321 2417
2:06:15 321.25 1.25 257 2417
2“;06:30 321.5 1.% 214 2411
2306345 321.75 1.75 183 24.18
107 322 2 161 24.09
2:07:30 322.5 2.5 129 24.08
2:08 323 3 1607 24,07
2:08:30 323.5 3.5 92 2405
2:109 324 4 a1 24.04
2:10 325 5 &5 24.01
2:11 326 6 54 23.99
2:12 327 7 A6 23.97
2:13 328 8 41 23.95
2:14 329 9 36 23.92
2:15 330 10 33 23.90
2:17 332 12 27 23.87
2:19 334 14 24 23.85
$22 337 17 20 23.82
2:25 340 20 17 23.78
2:28 343 23 15 23.75
2:31 346 26 13 23.73
2134 349 29 12 23.69



Tabla 2.~-{Continued)

Time aince Time aince
pamping started, pumping stopped .
in minutes, in minutes, Depth to water,
e k1 krhe T4 Lot
2:39 354, 34 10 23.65
2144 359 39 9.21 23,61
2:49 364, 44 8.27 23.59
3:00 375 55 6.82 23.51
3:05 380 60 6.33 23.49
3:10 385 65 5.92 23.47
3:15. 3% Vi8] 5.57 23,44
3:25. 400 80 5.00 23.41
3:35 410 o0 4e56 23.36
3345 420 : 100 420 23.33
3155 430 110 3.91 23.32
4110 445 125 3.56 - 23.26
4125 A0 140 3.29 23.21
4t 475 155 3.06 23.16 .
4355 . 490 170 2.88 23.3z2
5110 505 185 2.73 2399
5:25 520 200 2.60 23.08
5:30 525 205 2.56 23.06
7:10 625 305 2,05 22.95
8:10 685 , 365 1.88 22.87
8:40 TE5 395 1.81 2.8,
9:25 - 60 440 1.73 22.81
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Fig. 2.--Depth-to-water level in well 5-2W-25cc plotted against 4/t
(time since pumping started divided by the time since pumping

stopped).
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Table 3.--fater-level measyrements in obsgrvation well a, 20.4 fegt from
pumped ¥ell, made dyring pumpling test usipg well 5-2¥-25ce.

Time since
pumping started, Depth to water,
—time Iin minpntes feet
8144 a.m. gtatic water level 24.87
8149 pumping started
8:45:30 o5 25.79
847 2 26.20
8:49 4 26.35
8:50 5 26.45
8152 7 26.53
8:56 11 26.59
8158 13 26.66
9:00 15 26.74
9:02 17 26.798
9:05 20 26.80
9:10 25 26.86
3120 35 _ 26.97
9130 45 27.03
Q:40 55 27.13
9155 70 27.26
10:04 80 27.31
10125 100 2742
10:45 120 27.9%
11:05 140 27.60
31:20 155 2764
11:35 170 27.6%9
11:50Q 185 27.7L
12:05 p.m. 200 27.77
12125 220 27.80
12345 240 27.86
1:05 265 27.91
1325 280 28.00
1:50 303 28.02

30



Fig. 3.==Drawdown of water level in observation well a plotted against

time for the pumping period of well 5e2¥=25cc.

)

31



Drawdown, in feet

L1 L L0
| 1O

L
T 10]0)
of water leveal !

Fige. 3--Drewdownain observetion well a plotted against time for the pumping period of well 5-2W-25cc.,



Table 4.--7ater~level measurements in observation well b, 51 feet from

pumped - well, made during pumping and recovery pericds of well

S=D¥=250c,
Time since Time since .
pumping started, pumping stopped,
in minutes, in minutes, Depth to water,
b t 4t feet,
B8:44 a.n. statlc water level 2904
8345 pumping started
8:45:30 o5 2544
8:46::30 1.5 . 25.68
8:47:15 2.25 25.17
8:49 4 25.95
8:50 5 26.02
8:51 6 26.04
8252 7 26.07
8:53 8 26.11
8154 9 26.13
8355 10 26.19
8156 1t 26.18
8:57 12 26.20
8:58 13 26.22°
8:59 i4 26.23
9:00 15 26.25
9:02 17 26.26
9:05 | 20 26.32
9:08 23 26.35
9:10 29 ) 26.36
9:15 30 26.40
9:20 35 26.47
9:25 40 264590
9:30 45 26.54
9:38 53 26.61
9345 60 26.54
9:55 70 26.72
10:00 75 26.74
10:10 85 26.78
10:15 90 i 26.81
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Time since Tine since
pumping sterted, pumping stopped,
in minutes, in mimites, Depth to water,
s ta tt _feet
10:25 100 26.85
10:45 120 26.94
11:05 140 27.03
11:20 155 27.07
11l:35 170 &7.12
11.:50 185 27.16
12:05 ,‘bnm- 200 27.20
12:25 220 27.24
12:45 240 27.29
1:05 260 27.33
1:25 280 27.38
1:50 305 by % |
205 punmping stopped
2:05:30 320.5 . 26.86
2:07:30 322.5 2.5 26.81
2:08330 32305 3‘5 26¢73
2:09:30 2245 hed 26.75
2311 326 6 6.0
2:12 327 7 26.69
2313 38 g 26.68
2114 329 9 26,66
2:15 330 10 26.63
2316 ' 331 11 26061
2:17 332 12 26.60
2:18 333 13 26.59
2:20 335 15 26.58
2322 337 17 26.56
212 339 19 26,55
2:30 345 25 26.46
2:40 355 35 26.36
2392 367 47 26.28
3:00 375 55 26,22
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Table 4.e={Continued)

Time since Time since
pumping started, pumping atopped,

in minutes, in minutes, Depth to water
Time % %! fee !
3:30 405 85 26.09
4300 435 115 25.9%
4230 465 145 25.87
5:13 508 188 25.77
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Fig. 4.~~Depth~to-water level in obsgervation well b plotted against

time for the pumplpg and recovery of well 5-2W=25cc.

ey
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Pig. 4--Depth-to-water level in observation well b plotted against time for the pumping and recovery of well 5-R2W=25cc.



stopped, +'. Lines through the polnts where % and +' becoms large give
values of 1.17 feet for As on the drawdown plot and 1.0 foot on the re~
covery plot. Applying the modifled noneqiilibrium formula for the draw-

down curve:

T = (264)(1,000) = 226,000 gpd per ft.
1.17

S = (,332.26)€105)(2.9) = 0.05
(2,601)(1,440)

.. and for the recovery curve:

T = (264)(1.000) = 264,000 gpd per ft.
1.0

Walter~level measurements made in observation well e, 100 feet from
the pumped well, during the pumping periocd on well 5-2?!-25@_6 are given
in Table 5. Drawdown, &, iz plotted against time, t, in Figure 5.

A line through the poinis where t bscomes large gives a value of
1.02 feet for 4s and applying the modified nonequilibrium formula:

T = {264)(1,000} = 259,000 gpd per £t.
1.02

S = ‘.2!!2;5“!225H§.§2 = 0.04
(1) (104} (1,440)

Water-level measurements made in observation well 4, 150 feet from
the pumped well, during the pumping period on well 5-A¥-29cc are given
in Teble 6. Depth to water is plotied against time since pumping started;.
t, in Figure 6. A linecthrough tl}é points where 4 is large gives a value

of 0.96 feet for As and applying the modified nonequilibrium formula:
T = {264)(1,000) = 275,000 gpd per £t.
.96
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Table 5.--Waier-level weasuremonis in ohgervatliom well ¢, 100 feek from

pupped well, J-g¥-29cq.
Tima since
pumping started,
in minutes,
—d e L
844 statlic water level
8:45 pumping started
8:45‘:’30 05
8¢46:30 1.5
8:47:30 2.5
8:48:30 3.5
8349:30 4.5
8150130 5.5
8:52 7
853 g
8154 2
8:56 11
8:58 13
9:00 15
$:03 18
9:05 20
9:10 25
115 30
9125 40
9335 50
9145 60
9155 70
10:05 g0
10115 S0
10125 100
10245 120
11305 140
11:20 155
1x:35 170
11350 185
12:05 p.m. 200
12:25 220
12:45 240
1:05 260
1:25 280
1:50 305
2:05

pumph g stopped
37

Depth to water,

22.45

22.55
22.63

22.73
22.85.
22.88
22.97

23.02
23.06
23.09
23.13

"23.17
23.20
23.24
23.27

23.21
23.33
2342
23.48

23.30
23.59
23.63
23.63

23.68
23.77
23.82
23.85

23.90
23.93



Fig. 5.--Drawdown of water level in observation well ¢ plotted against

time for the pumping periocd of well 5-2W-25cc.
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Table 6.--%gter-level meagurements in observation well d, 150 feek from

pupped well Z=2¥-29¢g.
Time sinee
pumping started,
in mimrtes, Lepth to water,
—Lime 0] feet

8144 a.m. statie water level 23.95

B145 pumping started
8:48 3 24013
8:50 5 24.29
8352 7 24036
8154 9 2443
8:56 11 24.50
8:58 13 24 .50
9:0C 15 2457
9:03 18 2..59
9:05 20 2457
9:10 29 24 .60
9115 30 2460
9125 40 24.73
9135 50 24.89
Q45 60 24.81
G155 70 24.85
10:05 80 24.88
10:235 100 24.95
10:45 120 24..98
11:05 140 25.04
11:20 155 25.06
11:35 17 25.09
11:50 185 25.13
12:05 p.m. 200 25.15
12125 220 25.18
12:45 240 25.23
1:05 260 25.25
1:25 280 25,28
1:350 305 25.32

2:05 pumping stopped
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Fig. 6.=-Depth-to-water level in observation well 4 plotted againat

time for the pumping peried of well 5-2W-25ce.

40



)

Depth to water. in feet

i S (e e ) (I [ =] R =T T SR I i -1 |

| 10 t 100

Fig. 6--Depth-to-water level in observation well d plotted against time for the pumping period of well 5-2W-2&cce



S - o 05 . = Q.03
(2.25) (1'(’3"2) (1.44) (10§)

Drawdown of water levels in observation wells g, b, ¢, and d
305 minutes after pumping started is plotted sgainst 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

formala:
T = (528)(1,000) = 249,000 gpd per fi.
2.12
s = . 02 = 0.04

(409-6)(109) (1-44)(10%)
Pumpling Test Using Well 6~1¥-4bd

For the pumping test using well 6-1%-4bb three observation waells,
a, b, and ¢, were drilled at distances of 48, 100, and 147 feet respec-
tively from the pumped well. The well was pumped from 12:25 p.m. until
4133 p.m. (245lminutes} October 12, 1955, at en average rate of 540 gpm.
Water-level messurements were made in the pumped well and the observation
wells during the pumping pericd, and recovery measuremenis of the water

level were made In the pumped well for a period of 295 minutes after

'pumping stopped. Water-level measurements made in well 6-1¥~-4bb during

the pumping and recovery period and values for %, 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 erratie for a solu-
tion by this method. The Theiz recovery method was used for solving for
T using the data from the pumped well. The ratio t/4' is plotted against

depth to water on semlilog paper in Figure 8. The latest points on the
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Fig. 7.--Drawdown of water levels in obaervation wells a, b, c, and 4
plotted against the distance of the cobservation wells from pumped

well 5-28-25ce, 305 minutes after pumping started .
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Table 7.--WUater-level meagyrements made duning pymping gnd recovery periods
in well &=-1¥<4bb. gnd values for %, i', and £/%°.

Time aince Time since
punping started,  pumping stopped,
in minutes, in minutes, Depth to water,

Time 4 4! /8! feet;
12:25 pwm. static water level 26.05
12:30 pumping started

12:30:20 o33 37.80
12:30:45 .75 40.80
12:31 1 42.55
12:32 2 45.00
12:32:30 2.5 46.50
12:33 3 47.60
12:34 4 48.30
12:35 2 51.30
12: 6 52.40
12:37 7 53.48
12:38 8 54.80
12:39 g 55,52
12:40 10. 56.09
12145 15 58.44
12:50 20 60’05}.
12:55 25 62.75
1:00 30 €445
1:10 40 65.14
1:21 51 66.05
1:30 60 66.06
4:35 245 pumping stopped

4237 247 2 123 42.7L
4138 248 3 83 41.72
4339 249 4 62 41.18
4240 250 5 50 40.81
IATAY 251 6 42 4050
4142 252 7 36 40.22
443 253 8 32 39.98
brdde 254 9 28 39.74
4245 255 10 26 39.55
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Table 7.--(Continued)

Time since Tims since
pumping started, pumping stopped
in mdnutes, in minutes, Depth to water,
—Time t 15 A TAM feet
4146 256 11 23 39.41
L3477 257 12 21 39.26
4:48 258 13 20 39.11
4149 259 14 18.5 38.97
4130 260 15 Y7.3 38.83
4151 261 16 16.3 38.70
4:53 : 263 18 14.6 33'44
4154 264, 19 13.9 38.33
4:55 %5 - 20 13%2 38022
4356 266 21 12.7 38.10
43157 267 22 12.1 37.99
4358 268 23 1l.7 37.86
4359 209 24 11.2 37.77
5:00 270 25 10.8 37.66
5:02 272 27 101 37.45
5303 213 28 9.7 37.34
5:04 274 29 Yedy 37.23
53105 275 30 Fe2 37.13
53107 277 32 8.2 36.93
5:10 280 35 8.0 36.67
5:15 285 40 7.1 36.25
5 ' ' 230 45 6.5 35.86
5125 295 30 5.9 35.53
5130 300 55 5.5 35.22
5335 305 . 60 5.1 34.93
5140 310 65 4.8 34.66
5:45 315 70 4e5 3440
53150 320 75 4e3 34,14
5:56 326 81 4.0 33.88
6:00 330 85 3.9 33.68
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Table 7.-={Continued}

Time since Time since
pumping started,  pumping slopped,
in minutes, in minutes, Depth to water,
Lire i B _t/8! foot
6:06 336 91 3.7 33.45
6:15 345 100 3.5 33.11
6:25 . 355 110 3.2 32.80
6335 365 120 3.0 32.50
753 443 158 2.2 30.83
8:25 475 230 2.1 30.35
9:30 p.m. 540 295 1.8 29.65
8:50 a.m. 1,220 973 1.3 27.26



Fig. 8.--Depth-to-water level in well 6~-1¥-4bb plotted against t/t*

(time since pumping started divided by the time since pumping stopped).
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curve where t/t' approaches unity seem to fall in a straight line. The
slope of this line gives a wvalue of 13.0 feet for As and applying the

Thels recovery formula:

T = (264)(540) = 11,000 gpd per ft.
13.0

The saturated thickness of materials at the well 18 43 feet and
from the relation P = T, P = 300 gpd per ft.2. Drawiown at the end of
m

the pumplng pericd was 40 feet and the specific capacliiy of the well

":was 13.5 gpm per fi.

Depth-to-wmater measurements made in observation well & during the
pumping pericd of well 6-1¥-4bb sre given in Table 8. The drawdown,
8, is plotted on the vertical sxis of log log paper and time since
pumping started, t, is plotted on the horizontal axls in Figure 9.
Using the type curve, the match point gives the following walues:

g = 8.3 feet
t = 17.8 minutes

L=10
a

W(u) = 1.823
‘then, using the Theis nonequilibrium formula:
T = 208.5 g

(3.71)(10-5) z_;qgml
r

S

flenoceas
T = 13,560 gpd per ft.
S = 3.003
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Table 8.--fater-level measurements in observation well s, 48 fset from
Rumped woll, made during pumpipg test using well &=1¥-ibh,

Tine since
pumping started,
in ninutes, Depth to water,
— % feel
12:26 p.m. static water level 26.66
12:30 pumping started
12:31 1 27.05
12:32 2 2A7.52
12:33 3 28.69
12334 4 28.69
12:35 5 30.22
12:36- 6 30.82
12237 7 31.66
12:38 & 31.95
12:39 g 32.34
12:40 10 32.'70
12:42 12 33.31
12344 14 33.89
12z 16 3440
13:48 18 34.86
12150 20 35.27
12:54 24 36.00
12357 7 36.43
1:00 33 36086
1305 35 37.49
1:11 41 . 38.11
l:21 51 39.13
1:25 55 39.40
1:30 60 39.70
1:35 &5 39.96
1:40 70 40.19
1345 75 40.44
1:50 g0 40.72
1155 85 40.90
2:00 90

41.10



. e = e ————

Table 8.--(Continued)

Time since
pumping started,
in minutes, Depth to water,
~Time 1 fect

2:11 101 41.38
2:20 1o 41.63
2:30 120 41.84
2:40 130 42.05
2:52 2 42.25
3:00 150 4242
3:15 165 42.61
3:30 180 4RO
3:45 195 42.94
4:00 210 43.04
4115 225 43.15
4 240 43.20
4135 pumping stopped
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Fig. 9.~-Drawdown of water level in obaervation well a plotted against

time since pumping started in well 6~1%-4Dbb.
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¥ater-level measurements made in observation well b during the
pumping pericd of well 6-17-4bb are given in Table 9. The drawdown,
s, in observation well b is plotted on the vertical axis and the time
gince pumping started, t, is plotted on the horizontal axis in Figure 10.
For a match point on the type curve of 9.0 feet for s and 43 mimutes for

t, the Theis nonequilibrium formula givea:

T = (208.5)(540) = 12,500 gpd per ft.
9.0

= (3.7)(107%) (.25)0hie3) = 0.001
A

Water~level measurements made in cobservation well ¢ during the
pumping period of well 6-1¥-4bb are given in Table 10. The drawdown,
s, is plotted on 'i:.he. vertical axis of log log paper and the time since
pumping stopped, %, is plotted on the horizontal axis in Figure 1ll. For
a match point on the type curve of 8.6 feet for s and 28 minutes for t

the Thels nomequilibrlum formulz gives:
T = (208.5)(540) = 13,100 gpd per ft.
8.6 :

§ = (3.71)(10-%) Q_}%.‘%?l(a@l = 0.001

Pumping Test Using Well é-1E-2ac
A pumping test was made using well 6-1E-2ac on QOctober 13, 1955.
The Weli is a gravel-walled well, 18 inches in diameter, and 70 feet
deep. Three observation wells, a, b, and ¢, were drilled at distances
of 25,50, and 100 feet respectively from the pumped well. The well

was pumped at a rate of 800 gpm from 9:25 a.m. until 9:55 a.m. when
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Table 9.--fgter-level measurements in observation well b, 100 feet from
pumped well, made during pumping test using well 6=1¥-4bb.

» Time aince
pumping started,
in minutes, Depth to water,
—2ime - b : feet

12:26 p.n. static water level 25.88

12:30 pumping started
12:32 1 25.89
12:32 2 25.92
12:33 3 26.20
12334 A 26.49
12:35 5 26.86
12:36 6 27.23
237 7 27.76
12:38 8 28.23
12:40 10 28.87
12:41 13 29.24
12: 12 - 29.93
12:44 14 30.36
12348 18 31.41
12:50 20 31.82
12:52 22 32.39
12154 24 32.7L
12:56 26 33.18
12:58 28 33.47
1:02 32 33.98
1:04 34 34.22
1:06 36 34.53
1:10 40 34.93
1:15 45 35.45¢
1:21 - 51 35.75
1:26 56 36.45
1:31 61 36.78
1:36 66 37.10
1:41 71 37.35
1:46 76 37.62
1:52 82 37.87
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Table 9.-=(Contimied)

Time since
. pumping started,
: in minutes, Depth to water,
_Time X7 feet

1:57 87 38.08
2:01 : g1 38.24
2:11 101 38.58
2:21 111 38.85
2:30 120 39.1k1
2:40 120 39.40
2:50 140 39.60
3:00 150 . 39.82
3:15 165 40.05
3:30 180 40.27
3:45 195 40.45
4:00 210 40.60
4215 225 4074
4130 240 40.82
4235 245 pumping etopped

532



Fig. 10.—~Drawdown of water level in observation well b plotted againat

time sinee pumping started in well &-1Ww4bb.
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Table 10.--fater-level measurements in cbservation well ¢, 147 feat from

pumped well, made during pumping test using well &=1%=4bb.

Time zince
pumping started,
in mimates, - Depth to water,
——dA D 1 feet
12:23 p.m. atatic water level 26.82
12:30 pumping started '
12:31 1 26.82
12:40 10 26.89
12345 15 . 27.16
12:50 20 27.38
12:55 25 27.60
1:00 30 27.86
1:05 35 28.13
1:10 40 28,40
1315 45 28.90
1:21 51 - 28.97
1:25 55 23.18
1330 60 29140 .
X:35 65 . 29.64
1:40 it 29.70
1:45 75 30.08
1:50 &0 30.33
1:55 a5 30.52
2:00 %0 30.69
2:10 100 31.06
2:20 110 31.42
2:30 120 31.69 .
240 130 32000
2150 1.0 32.32
3:00 150 32.58
3:15 165 32.93
3:30 180 33.29
345 195 33.63
4300 210 33.89
43115 225 34.16
4330 240 34.85
4135 punping stopped
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Fig. 1l.—=Drawdown of water level in observation well ¢ ploitted against

time since pumping started in well 6~1%-4bb.
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pumping ;B‘hopped for 45 minutes owing toc a power failure. Pumping
was resumed at 10:40 a.m. and continued until 1:10 p.m.

Measurements of water levels made in the pumped well during
the pumping and recovery pericds and values for t, &', and /4" ere
given in Table 11. The depth to water in the pumped well is plotted
against time since pumping started on semilog . paper in Figure 12.
A line through these points gives a wvalue of 2.18 feel for 4s and
applying the modified nonequillibrlum formula:

T=_(g§%§§gg}_-97,ooo gpd per ft.

Depth~to-water measurements in the pumped well made during the
recovery period are plotited mgainst the ratio t/%? in Figure 13. The
points do not fall in a stralght line, but form g gentle curve., The
earliest points in the recovery ecurve give a value for T much higher
than that indleated by methods using the observation wells. The
latest points on the curve give a value for T that is mueh lower than
that indieated by the methoda using the observailon wells. An arbie-
$rary line was drawn through points where the value of t/t' ranges
from 4 to 8 and the slope of this line gives a wvalue of 2.18 feet for

A8. Applying the Thels recovery formula:

T = 064)(800) = 97,000 gpd per ft.
2.18

Thizs plot is not a wvalid plot and the value of T obtained could not -be
consldered reliable without substantiating evidence from the drawdown

plot or the resulis obtained by using the observation wells.
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Table 1ll.--fHater-level messyrementis made during pumping apd recovery periods
in well &-1F-2nc. and yalues for &, %', and $/b!.

Time since Time since
pumping started, pumping stopped;
in minutes, in minutes, Depth to water, -
—Lipe t 4! /3! feat

9:20 a.m. static water level 22.21
9:25 pumping started

9:25:20 33 31.35
9:25:45 75 32.87
Q:26:45 1.75 33.99
9:27:15 . 235 34.17
9:28 3 3444
9:29 A 34.71
9:29:30 4eS 3..86
9:30 5 34.95
2:30:30 5.5 35.04
9:31 6 35.11
9:31:30 6.5 35.19
9:32 7 35.26
9:32:30 7.5 35.32
9:33 8 35.36
9:33:30 8.5 35.42
9:34 9 35.48
9:34:30 2.5 35.52
9:35. 10 35.57
Q:37 12 35.78
9:38 13 . 35.83
9:39 14 35089
2:40 15 35.95
9:45 20 36.15
2:50 25 36.47
9154 pumping stopped

10339 22.98
10:40 pumping started

10:40:30 75.5 33.87
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Table 1l.--{Continued)

Time since Time sinae
pumping started,  pumping stopped,
in minutes, in minutes,

—te _" . !
10:41 76 .

10:41:30 76.5 -

10:42 Vil

10:42:30 1.5

10343 78

10:44 79

10:44:30 79.5

10:45- 80

10:45:30 80.5

10346 81

10:46:30 81.5

10147 82

10:47:30 82.5

10:48 83

10346:38 8305

10:49 84

10:49:30 84.5

10350 85

10350130 85.5

ig:51 86

10151:30 86.5

10152 87

1025230 87.8

10153 as

10:53:20 88.5

10:54 89

20:54:30 89.5

10155 0

10:57 92

10:59 94

11:02 a7

11:05 180

11:10 105

11:15 110

11:20 115

11325 120

59

Depth to water,
aot

24.77
35.16
35.42
35.67

35.81
36.00
36.10
36.20

36.29
36.38
36.44
36,52

36.57
36.66
367
36.7

36.78
36.83
26.87
36.90

36.93
36.95
36.97
37.00

37.01
37.03
37.06
37.09

37.16
37.23
37.35
37.48

37-61
37.78
37.90
38.00



Table 1l.=={Continued)

Time since Time since
pumping started, pumping stopped,
in minutes, in minutes, Depth to water,
Time t 1! /%! feat
11:30 125 38.13
11:35 130 38.22
11:40 135 38.30
11:50 145 1 38.48
12:00 noon 155 38.55
12:10 165 38.60
12: 175 38.67
12:30° 185 38.81
12:40 195 38.86
12:50 205 38&%
1:00 25 38.94
1:10 225 38.96
1:13 228 pumping stopped
12 229 b 229 26.83
1:15 230 2 115 26.38
1:16 31 3 Vild 26.17
1:17 232 4 58 26,01
1:18 233 5 46 25,90
1:19 234 6 39 25.80
1:20 235 7 33 25.7L
21 236 8 29 25.63
1:22 237 9 26 25.57
1:23 238 10 23.8 25.49
1324 239 11 21.7 25.44
1:25 240 12 20.C 25.39
1:26 241 13 18.5 25.35
1:28 243 15 16.2 25.26
1:30 245 17 44 25.16
1:32 247 19 13.0 25.09
1:34 249 21 11.8 25.02
1:36 251 23 10.9 2495
1338 253 25 10.1 24.90
1:4) 256 28 2.1 24.80
RRYVA 259 31 8.3 2474
1147 262 34 7.7 2466
1:50 265 37 7.1 2458



Table 1l.~-{Continued)

61

Time since Time gince
pumping started,  pumping stopped,
in minutes, in minutes, Depth to waten,
—Time 4 1! L/t feet

1:54 269 41 6.5 24.52

:58 273 45 6.0 2445
2:02 277 49 5.6 24.38
2:06 281 53 5.3 24432
2:10 285 57 5.0 2424
215 290 62 4.6 24.15
2:21 - 296 68 43 2409
2:2$ 303 75 40 24.01
23135 310 82 3.7 23.98
2145 320 92 3.4 23.91
2155 330 102 3.2 23.81
3:05 340 112 3.0 23.74
3115 350 122 2.9 23.66
3125 360 132 2.7 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



Fig. 12.-~Pepth-to-water level in well 6-1E-2ac plotied against time

since pumping started.
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Fig. 13.-=Depth=to-water level in well 6é-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 6-1E~2ac is 43 feet and from the
relation P 2 T, P = 2,250 gpd per L2,

Depth-to-water measurements made in observation well a during the
pumping periocd of well é6~1E-2uc are given in Table 12. Depth to water
ia plotted on the vertical axis of semilog paper and time since pumpe
ing began is plotted on the horizontel axis in Figure 14. A line ex-

{ended through the points between 10 minutes and 28 minutes when the

. bower failure occcurred passes through the latest polnts on the curve.
" The glope of this line gives a value of 2.55 feet for 4s. Applying

the modified nonequilibrium formalas

T = {264)(800) = 83,000 gpd per ft.
2.55

S = 8 v = .02
(2%)(1,440)

Pepth-to-water measurements made in observation well b during the
pumping periocd of well é-~1E-2ac are given in Table 13. The depth to
water is plotted againast time since pumping started on semilog paper
in Figure 15. A line extended through the points early in the test

. Just before the power fallure passes through the latest points in the

test and gives a value of 2.15 fest for 4s. Applying the modifled

nonequllibrium formula:

T = {264)(800) = 98,000 gpd per ft.
2.15

S = ¢, s = 0.001
(gé)(l,lvlm

Depth~to~water measurements made in observation well ¢ during

the pumping and recovery periods of well 6~1E-2ac are glven in Table



Table 12.--¥ater-level measuremenwts in observation well a, 25 feet from

pupped well &-1R-gac.
Time saince
pamplng siarted,
in minutes, . Depth tao water,
Time t feet
9:20 a.m. statla water level 2 23.40
9:25 pumping started
9126 1 24.31
9:27 2 2.69
9:29 4 25.05
9:30 5 25.23
9132 7 25.56
9334 9 25,72~
9:38 13 26.08
9140 15 26.23
9342 17 26.35
93 12 2647
9146 21 26.60
9:48 23 . 26.69
9150 25 26.78
9553 28 26.98
9154 pumping stopped
10338 24024
10:40 pumping started
10341 1 25.12 -
10343 3 25.75
10344 4 25.84
10:47 7 26.05
10349 9 26.30
10:51 11 26-50
10:53 13 26.67
10:55 15 26.84
10157 17 26.98
11300 20 27.10
11:05 25 27.26
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Table 12.-«({Continued)

Time since
pumping started,
in minutes, Depth to water,

Time % faet
11:10 30 26.48
11.:15 35 26.68
11:20 40 26.86
11:25 45 26.99
11 ) 50 28.13
11:35 55 28.2%
11 é0 28.32
11:45 65 28.42
11350 70 28.50
11:55 75 28.58
12:;00 noon 8o 28.64
12:10 S0 28.69
12:20 100 28.80
12:30 110 28.89
12:40 120 28.98
12150 130 29.03

1:00 140 29.09

Y:10 150 22,15
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Fig. 14.--Depth-to-water level in observation well a plotted agalnst
time since pumping started in well 6-1E~Zac.
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Fige l4--Depth-to~water level in observation well a plotted against time since pumping started in well 6-1E-2ac.,




Table 13.--¥ater-level megsurements iy observation well b, 30 feet from

pumped mell 6-1E-2ac.
Time since
pumping started,
in wminutes, Depth to water,
—time b feet
9:20 a.m. static water level . 23.34
9:25 pumping started
9:26:30 1.5 26.63
9:27:30 2.5 27.12
9:28:15- 3.25 27.32
9:29 4 27.48
9:30 5 27.61
931 6 27.71
9:32 7 27.82
9333 8 27.90
9:34 9 . 27.98
9:35 10 28.04
9136 11 28.11
9238 13 28.19
9340 15 28.34
Q242 17 28.43
g: 19 28.51
9245 2% 28.59
9:48 23 28.67
9:50 25 28.75
9:53 28 28.84
9154 pumping stopped
10:38 ) 24.00
30:40 pumping started
10:41:30 1.5 76.5 27.48
10:43 3 78 27.98
10344 4 79 28.22
10345 5 80 28.36
10:46 6 81 28.47
10148 8 83 28.64
10:50 10 85 28.79
10352 12 87 28.90



Table 13.-=(Continued)

Tige zince

pumping started,

in mimuites, Depth to water,
2, + feat

10155 15 X 29.04
10:58 18 93 29.15
11:00 =0 95 29.23
11305 25 100 29.38
11:10 30 105 29.51
11315 35 110 29.66
11:20 40 115 29.77
11:25 45 120 29.85
11:3C 50 125 29.95
11340 €0 135 30,11
11350 70 145 30.23
12:00 noon 80 155 30.33
12:10 o0 165 30.45
12:20 1060 175 38.94
12:30 110 185 30.63
12540 120 195 30.69
$50 130 205 30.73
1:00 140 215 30.79

69



Fig. 15.=-~Depth-to-water level in observation well biplotted againat
time since pumping started in well &-1E-2aec.
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t
14. The wigter-level measurements made in observation well ¢ during

pumping and recovery of well 6-1E-2ac are plotted on semilog paper,
depth to water being plotied against time since pumping started, +,
or stopped; 4!, in Figure 16. A line extended through the early
data in the pumping period passes through the lateat poinits and gives
a value of 2.67 feet for 4s. Applying the modified nonequilibrium
formulas

T = (264){800) = 80,000 gpd per ft.
2.67

8= L%l%sm.(m = 0.003 -
100<)(1,440)

A line through the latest points on the recovery curve gives a
value of 2.17 feet for 4s. Applying the Theis recovery formula:

T = (264)(800) = 97,000 gpd per fi.
2.17

Summary of Informatiom From Pumping Tests S
Wells 5-2W-25ch and 5-2W-250cc are about a half mile apart snd -Che
tain water from Wlsconsinan terrace deposits. The transmissibility

from the teat using well 5-2¥~23¢b was 535,000 gpd per foot. The value

‘of T obtained from the tezt using well 5-2¥~-25ecc ranged from 226,000 o

275,000 and averaged 245,000 gpd per foot. The results of the pumping
tests using wells 5-2W-25cb and 5-2%-25cc are given in Table 15. The
value of T for well 5~-2W-250b may bde too high. The value was obtalned
from the recovery method only, whereas the values of T for well 5-2W=-25ce
were obtained by several methods using observation wells and the pumped
well. Cenerally, ths values obtained using the recovery method ’;vere not

satisfactory becsuse elther the points did not plot in a straight line
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Table 14.-=Fater-lavel measurements in observation well ¢, 100 feet from

pumpe d wel], o=1F-2nc
Time since
punping started, 4,
or stopped, t°', Depth to water,
—lipe in minutes : feet
8:20 a.m. gtatic water level 23.53
9:25 pumping started
9:26 1 23.57
9327 2 23.64
" 9128 3 ' 23.73
9:29 4 23.81
9:30 5 23.88
9:31 6 23.97
9:32 7 24,04
9:33 8 24.12
9134 9 24418
9:35 10 2424
9336 11 24.31
9:37 12 34038
9133 13 24-44
9:39 14 2450
9:40 15 2456
9142 17 24.66
9: 19 24.78
9346 2L 24.90
" 9:48 23 25.00
9350 . 25 25.09
9:53 ) 28 25.21
9:54 pumping stopped
10338 2!9-37
10: pumping started
10:41 1 24.39
10:42 2 24045
10:43 3 24.52
10:44 4 24.58
10:45 5 24 .66
10:46 6 24.73
10347 7 2,79
10148 8 24.86
10:49 9 24.93
10:50 10 24,.99
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Table 14.-={Continued)

Tine since
punping started, t,
or atopped, tt, ~ Depth to waler,
Tipa in minutes feet
10:52 12 : 25.10
10:54 14 25.21
10:56 16 25.23
10:58 18 29.42
11:00 20 25.51
11:03 23 25.63
11:06 26 25,76
: 11:09 29 25.86
11:12 32 26.00
11:15 35 26.09
11: 40 26.25
11:25 45 26.38
1l: 50 26.52
11:35 55 26.62
1l: 60 26.7L
1145 65 26.9
11:50 70 26:95
11:55 75 27.02
12:00 noon 80 27.07
12:10 28] 27.20
12:20 160 27.30
12:30 110 27.43
. 12:40 120 749
12:50 130 27.57
1:00 140 27.59
1:10 - 150 27.67
1313 pumping stopped
1:14 1 27.62
1:15 2 27.58
1:16 3 27.53
1317 4 27.45
1:18 5 27.42
1:19 é 27.39
1:20 7 27.29
1:21 8 27.28
1:22 9 T27.22



Table 14.-={Continued)

Time since
pumping started, %,
or stopped, 47, Depth to water,
—lime in miputes fast
1:23 10 27.X7
1:24 11 27.13
1:25 12 27.09
1:26 13 27.05
1;27 14 27.01
1:30 17 26.88
1:31 18 26.86
1:32 19 26.83
1:33 0 26.78
1:34 21 26.76
1:35 22 26.73
1:36 23 26.69
1:37 24 26.67
1:38 25 26.64
1140 27 26.58
1:45 32 26.45
1150 37 26.34
1:55 42 26.23
2:00 47 26.14
2:05 52 26.05
2:10 57 25.97
. 2315 62 25.89
2:20 &7 25.82
2125 72 25.75
2:30 7 25.69
2:40 87 25.58
2:50 a7 25449
3:00 107 ; 25.39
3:10 117 25.31
3:20 127 25.23
3:31 138 25.14
3345 152 25.05
4300 167 25.00
4:15 182 . '24.88
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Fig. 16.~Depth-to-water level in observation well ¢ during pumping
and recovery of water level in well 6-1E-2Zac plotted against +

or t' (time since pumping started or stopped).
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Table 15.--Summary of pumping tests usipg welk 3-g¥-25c¢b and 5-2¥-25cc.

5-2W=250h 5=2¥~25ce (unit)
Transmissibility 535,000 226,000 gpd per ft.
Permeability 11,400 4,900 gpd per £t.2
Saturated thickness A7 47 ft.
Maximum drawdowm 12.27 10.75 £t.
Specific capacity 59 93 gpm per ft.
Discharge rate 730 1,000 g£rm
Stmg; coefficient —— 0.03 to 0.07
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TABLE 16 .—Analyses of water from typical welils

Analyzed by He Ao Stoltenberg

Dissolved constituents given in parts per miilicn

and test holes in Republican Valley between Concordia and Clay Center

Hardness as CaCO.
Well Location Depth, Geologic source Date of Temper- Dis- Silica Tron Calcium B Sodium Rica Sulfate Chloride Tluoride IN1tcate =
No. feet collection ature solved (5i0,) (Fe) (Ca) nesiu and »no- Lonate (80,) (@) (F) @M™NO,) ¢ Car- Non
(°F) solids (Mg) tassium (FICO i Total bonate car-
v (Na K} : bonate
5=-1W-26ad2 158 Dakota formation 8=4-54 56 342 23 0,42 73 0L & 300 31 19 0.3 0.4 227 221 (0)
5=2W-30bcl 38-40 Alluvium 6-12-54 57 T S1ETs | 31 ———— 38 ISl i 365 354 118 : 368 069 ' 0.9 140 140 | 0
| ! E : i
| T ! ! f :
5=2W=30bcl 76-78 do 6-12-54 ST 13,000 32 ey ' 229 141 4,470 703 1L, 6500 i 6,040 | 0.9 ‘ 5.3 1,150 576 575
. z e | @
B 3 s , i ! ; e
5-3W=-152Db 120-122| Dakota formation 10-18-55 56 464 ’ 20 ———— 84 9.4 ' 2 304 71 55 0.4 | % 248 248 (0)
L bl ! e |
5=3ii=1bab 340-342 do 10-18-55 56 32,000 - -———— 412 353 1L~ e{010) 870 &,510 16,050 ———— | ——— OIS0 714 1,700
_____ ;, e |
; 5 ! . ; i
5-3W-22bc 78 Alluvium 4-15-43 ———— 4,590 - ———— ! 107 : 59 1,650 415 468 i 2,150 : 0.4 16 510 ’ 340 170
i 5 | | | | s
6=11-3aa 36=41 do 6=15-54 57 392 ; 25 0,93 ! 85 f51! 43 f 344 ! 37 21 ; (0)5¢) | 069 257 2 0
e | | e
6=1~=3aa T2=77 do 6-15=-54 57 424 i 14 260 ‘ 93 l 1L 49 | 351 f 64 t g : 063 i 0.4 U 27 0
i ! : _ 3 : e £
6=1=10cc 87 Dakota formation 3=4-54 54 293 il 0.94 ’ 66 : 9.6 29 ZHil i 39 i 13 ; 0e2 g 1.7 204 204 0
e e ; 1 { L 2
i il
6-1k=-2bal 65 Terrace deposits 7=-20-45 58 345 24 0.61 70 12 ; il 290 40 16 0.3 | 155 224 224 0
6=1r-2cc 56-61 Alluvium 6-17-54 58 373 28 3e8 88 E 13 29 345 i 26 18 0.3 0.9 273 273 (0}
Sl | { i e £
| | |
6=1k~15da 56=61 Terrace deposits 6=-18-54 i 57 367 28 0.88 75 I 11 42 303 33 28 0.3 068 232 257 0
|
6=2E~-32cc 60=65 Alluvium 6~123-54 56 1L, E20) 18 4,1 315 32 ST 300 721 30 0.6 el 918 246 672
6=-2L-33cd 56-61 Terrace deposits 6-24-54 ———— 525 25 Loz 127z 19 30 BUINT 160 13 0.4 T 382 260 1127
T=2E-4dd 57 do 11-24-53 ———— 514 ——— 0618 122 24 28 354 140 16 0e3 666 403 290 113
. - i I i o
T=-3k=-29¢cd 7666 Nolans limestone 10~-26-54 55 o574 18 0, 1( 107 44 34 407 121 24 0.4 18 448 334 114
8- 3Lb-8db 58 Terrace deposits 1-31-48 ———— 655 30 Sed { 144 24 29 445 125 15 004 563 458 365 93
e =it T
| ! |
; Bl | i o
| i
| | | : - .
i | | i ; | ! ;
- - - | | % z ——— ;
5 | T i i | ' ; ;
‘ | ! | i | | | ! ;
- S isuep r 1 i | e s
i i f | f s | ’
s H L i i e d I I ! i
| | T | | | | | e L e e D
| ‘ | ﬁ | |

a. One part per million is equivalent to one ponnd of <ubstance per million pounds of water or 8.33 pounds per miilion gallons of water.



or the values for T were tooc high. The results obtained from the
obsefvationywell 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 depdsita at this loecation are in
paft derived from Illinodan terrace deposits berdering the valley.
The value of T obtained by the recovery method was 11,000 and values
of T obtained by using observation wells ranged from 12,500 to 13,500.

-The storage coafficient ranged from 0.001 to 0.003, which indlcates
© semiartenian conditions. The saturated thickness at the well iz 43

feet, and hence, the permesbility is 300 gpd per f£t.2. The drawdown
wag 40 feel while pumping at a rate of 540 gpm, and hence, the specifie
ecapacity was 13.5 gallons per foot.

Yell 6~1B-2ac is near the edge of the Wisconsinan terrace deposits
in the Republican Valley. The terrace depesiiz at this loeation con~ -
tain more sand aﬁ? gravel than in the area near well 6-1W-4bb, apd logs
of four test hole; and wella in the ares indicate that better wells
should be developed in this area.

The value of T in the test using well &-1E-2ac ranged from 80,000
to 98,000 gpd per ft. The recovery data on the pumped well did not
plot in a straight line. Observation wells a3 and ¢ responded to‘pump-
ing much slower than well b and the values for T obtailned on these
wells were the lowest values obtained. The storage éoeffigient using
well & was 0.02 and using wells b and ¢ was 0.001 and 0.003 respectively.
Although T obtained by the many tests has a wide range in value, the
results are probably within the right order of magnitude. Using the
value T = 90,000 and a saturated thickness of 48 feet, P = 1,875 gpd per

ft.2. The drawdown while pumping at a rate of 800 gpm was 16.75 feet
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.and the gpecific capacity was 47 gallons per foot.

The valuea for S calculated from the foregoing tests are not
accurate values, but merely indicate hydrolog:ic conditions near the
m;ls during the pumping pericds. Over long periods of pumping these
values probably would change from semfsrtesian to water-table conditions.

Chemlecal Character of Ground Water

The chemlcal analyses of 17 water samples collscted from test

_holes and representative wells (Table 21) in or near the Republican

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

The chemical character of some of thesa samples also 1s shown graphi-
cally in Figure 17, and their aulitability for use for irrigation is
shown in Figure 18. Symbols used for well numbers in Figure 18 are given
in Teble 17. Several test holes were sampléd at more than one depth,
in which case the depth from whieh the zample was taken is indiecated.

The salinity of the ground water in the Republican River wvalley
to the northwest of the area covered by this report was discussed by
Flshel (1942) as follows:

«+.Information cbtained during the spring of 1943,

however, showed that for certain areas in the Repub-

lican River valley the ground water was too salty for

most purpoges. Two wells which were constructed near

the Cen. gec. 22, T. 5 S., R. 3 ¥. by the Leyne-Yestern

Compeny for the Prisomer of War Camp near Concordia

yielded water having a chloride content of 6,835 parts

per million. Subsequent test drilling by the Layne-

Yestern Company for the prison camp and by the
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Fig. 17.~~Analyses of water from aquifers in the Hepublican River valley

between Concordia and Clay Center shown graphieally.
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Fig. 18.-~Clagsification of water for irrigation use in the Republican

River valley between Concordia and Clay Center.
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Table 17.--Symbols used for well numbers In Figure 18.

¥ell Number Mumber used on Fig. 18
S=lW=268d2 1
5-2%-30bel (38-40) 2
5=3W=15ab (120-122) 3
6=1¥-3az (36=41) A
6=1%=3aa (72-77) 5
6=17=~10cc 6
6~1E-2bal 7
é=1E~2ce g
6w1B=15da 9
E&=2E=32¢ca 10
G-2B-330d i1
7= dB~4 34 12
T=3Em=290d 13
8-32-8db 14
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Geological Survey showed that there 1s gquite an
extensive ares where the water in the alluvium
13 contaminated by salt water.

In the cutorop area of the Dakota forma-
tion in northern Cloud Couniy and southeasiorn
Ropublic County the water ls fresh. fowever, io
the northwest in Bepublie and Jewell Countdes, where
the Dakota formation iz overlain by several hun~
dred fast of other Crstaceous roeks, the water in
the Dakota forsaiion is too saliy for domestic
us4. The xlluvivm in the valley near Concordia
hes a ¥noon maximum thickness of about 120 faet,
and the deapezi part of the charmel seemingly bas
been eut into a maliy lens of the Pakota formae
tion and as the water In the Dakola 18 wnder a
greater bend than the water in the overlying
alluviuy the salty water iz soving upward ioto the
alluvivm. A% the same time the alluvium is also
raceiving fresh wster along iis edges from shallower
beds of the Dakotn formaticn and from rainfall
infiltration. The pesulbant salinity of the water
varies wiih depth and iéa vogition in the alluviom.
I% depends on the presence and extent of clay lenses
in the alluvium and on the relative smounts of waber

derived from the various soursoes. ...The srea of tha

81



greatest contamination 23 determined by the test
holes 13 in secs. 21 snd 22, T. 5 S., R. 3 W. A
sample of water from depths of 77 to 87 faet in
a test hole near the center of the weat boundary
of sec. 22 bhad 13,750 parts per million of chlow

ride. The chlcride content of the water from

.35 4o 45 feet was 167 parts per million. The

highest ehloride concentration occurs st the bage
of the alluvium and in the deepest part of ihe bed-
rock channel and it decreases with helght above the
base of the alluvium unless altered by impervious
alay lenses.

The chloride concentration of the water in the
aliuvivn decreases both upstream arid dowiistream
from sees. 2l and 22. The upsiream boun&ary of the

unpotable water is about at the Cloud-Republic County
- line. The chloride content of the water decreages

from 3,760 parts per millfon in test hole 94 (Nw}
sec. 20, T. 5 S., R. 3 ¥.) to0 1,900 in test hole
93 (N¥} sea 19, T. 5 8., R. 3 ¥.) and 1,240 in test
hole 112 (SE} sec. 15, 7. 5 S., R. 4 W.). The Da=-
kota formation dips below the impervious Graneros
shale near the County line and from there to the
Nebraska line there have been no reports of salty

well water from the alluvium.
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The logs of the wells and test holes in seec. 22,
P. 5 S., R. 3 ¥. indicate no impervious clay lenses
between the watér ﬁable and the top of the Dakota
formation. All other test holes penetrated at least
one clay lens and it wes below the bottom clay lens that
the waters of the greatest salinity cceurred. A well
at the Prisoner of War Camp (SE N¥ N¥ sec. 28, T. 5 S.,
R. 3 ¥.) was drilled down to a clsy lens which apparently
extends over a large area. The well ylelds water having
a chloride content of less than 100 parts per million.
Test hole 101, whish is about 400 teef from the above
well, yielded water from below the clay lens that con-
tained.5,040 parts perjmillien of chloride...The ehlo;
ride content in parts per millien .of water from test
boles is given in Table 19 (Table 18;’11&5- this veport).
«o»The salinity of water from & well 1n the SE} NWE: sec.
22, T. 5 8., R, 3 W. at different depths is given in
Table 20 {Table.19 in this report).
The evaluation of water with regard to its sultability for

irrigation 1s based on methods outlined in Agriculture Handbook

" Number 60, U. S. Department of Agrioculture (L. A. Richards, and

others 1954). When the sodium-adsorption ratio and the electri-
cal conduotlvity of a water are kno%n, the sultability of the
water for irrigation can be determined by graphically plotting

these values on the diagram shown in Figure 18. Low-sodium water

83



Table 18.-—Lccations of iest holes in the Reoublican River vallev In Cloud
County, Eansi;:, and the chloride gontent of the water in partg
per million. {Iabls 19 of Fishel, 1948)

Chlcaide

Depth, eontent,

Loeation feet LUPERR

S eor. N9 sec. 22, T. 5 Sc, R. 3 HWe 35“45 167
40=50 388

5060 1,160

_ TI-87 13,750
Near éon. SE sec. 21, T. 5 S., R« 3 W, 3747 48
. 53-63 g9

v/ A 2,880

38 NE N¥ sec. 28, T. 8., R. 3 W. 3545 26
5666 7

76~86 - 630

S¥ NW MW seg. 28, T. 5 5., R. 3 W. 40550 Y
6171 8g0

X S¥ SE sec. 22, T. 5 S., R. 3 ¥, 2535 331
5565 6,350

S¥ cor. ¥ HY pec. 29, Te 53—9, R. 3'&*. 51-61, 45
SE N¥ BW sec. 28, T. 5 S., Re 3 ¥. 4151 33
S¥ cor. gec. 21, T« 5 8., Re I W 50«60 234
N¥ cor. 5Y sec. 21, T. 5 S., R. 3 W, 35=45 25
68-78 168

SE 8% SV sec. 15, T. 5 8., B, 3 ¥. 57677 55
HE GOI‘- seco 34’ 'f- 5 S&; Et l wi 55‘& 212
95-100 450

SE SE NE sec. 34, T. 5 8., R. 1 %, 78-80.5 (a)
N% cor. SE sec. 19, T. 5 S., R. 2 W. 6671 2,450
SE cor. NE see. 26, T. 5 5., R. 2 W, 75-80 210
94=~99 3,450
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Table 18.--(Continued)

Ioecation

NE cor. SE sec. .29, T. 5 8., R. 2 ¥.

N¥ cor. sec. 19, T. 5 S., R. 3 ¥W.
3B cor. sec. 19, T. 5 8., R 3 ¥,

S% NE NW sec. 28, T. 5 S., R. 3 ¥,
{680 feet east of Concordia Prison Camp Well 3)

3R W RY seo. 28’ T. 5 3-, R. 3 Ve
{380 feet east of Concordia Frison famp Well 3)

SE N¥ MV pec. 28, Te 5 84, R« 3 e
(100 feet south of Comeordia Frisim Gamp Well 3)

W ¥ NW sec. 28, T. 5 B, R. 3 W,
5% NE NE sec. 29, T. 5 5., R. 3 ¥W.
S¥ 8E-ses. 33, T. 4 S., R. 4 ¥W.

NW cor. NE sec. 14, T. 3 8., R« 4 ¥,

KNY cor. sec. 13’ T. 5 S', Re 4 ¥»
SE cor. sec. 15, T. 5 5., R. 4 ¥.

(a) Water not salty to taste

85

Depth,
faet

3742
60-65
67-72
75-80

65=70
75-80
102-107

49~52
6267
110-115

. 31-36

65«70
o8-103

35-42
47-52
6974 -
102-107
15-20
35~40
46-51
=76
45=50
8904
119-124
5156

34~39
39-44,

60=65
112-117

Chloride
eontent,

23
1,308
1,340
23650

413
3,760

1,240



Table 19.—Relation of the salinity of the water o depih in well 253 in
the SEb Wk sec. 22, T. 58., B- 3 ¥., at the Prisomer of War
Camp. (Table 20 of Fishel, 1948)

Chloride
Depth, content,
feat pm
19-29 128
35-45 370
4555 . 470
5565 1,525
65-75 4,970
68-78 6,835
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{(S1) can be used for irrigation on almost all soils with 1itile danger
of the development of harmful levels of exchangeable sodium., Medium-
sodium water (S2) will present an appreciable sodium hazard in certain .
fine~textured scils, especlally under low-leaching conditioms. This
wvater may be safely used on coarse-textured or organic soils with good
permeability. High-socdium water (S3) may produce harmful levels of
exchangeable sodium in most soils and will require specisal soll manage=

ment, such as good drainage, high leaching, and additions of organle

" matter. Very high sodium water (S4) is generally unsstisfaetory for

irrigation unless special action ig taken, such as addition of gypsum
to the seil.

low-galinity water (Cl) ¢an be used for irrigation of most orops
on most soils with little likelthood that s0il salinity will develop.
Mediun-salinity water (£2) can be used if a moderate amount of leaching
oceurs. Crops with moderate salt tolerances, such as potatoes, ¢orn,
wheat, ocats, and alfalfa, can be irrigated with (2 water withoub

special pradtices. High-salinity water (C3) eammot be used on soils

.with resiricted drainage. Very high salinity water (C4) can be used

only on certgin crops and then only when spesial practices are followed.
Water samples .frcm. several wells were of such poor quality that '
the scdium-adsorption-ratio (SAR) and the elsctrical conductivity could
not be plotited on the diagram in Figure 18. The sample from another
well (5-2-30bel, 38-40 feet) was of doubtful suitability for irrigation
use (Table 17 and Fig. 18). W¥ater from seven wells is in the (3-S5l
part of the dlagram and should be used only on soils having good
drainage. Water from six wells is in the (2-S1 part of the diagram



and 1ts use would require very few special pw:eacticas.
Chemical Character in Relation to Water-bearing Formations
Wellington Formation and Nolans Limestone
Although only one analysis of water from tﬁe Wellington formation
and Nolans limestone 13 given in this report, it is lmown that these
formations and the underlying older rocks yleld water that is hard,
but suitable for most usea. 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 importent as aquifers, nor
do they have any mtieggble effect upon the quality of the water in
the alluvial deposits that may overlie them.
Pakota Formation
In most of 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 ares included in this report the water in

the lower part of the Dakota formation is salty. The increase in

_chloride content of water In the Dekota formation at inereased

depth 13 illustrated by the analyses of two samples {rom test hole
5-3§-15ab. A sample taken from a depth of 120 to 122 feet contalned
only 55 parts per million of chloride, whereas a sample from 340 to
342 feet contained 16,050 parts per million of chloride. Water in
the lower part of the Dakota formation near Concordia is under some
artesian head and has contaminated the water in the lower part of
the alluvial £i11 ¢f the Republican River wvalley.

Meade Formation

In the western part of the area covered by this report, the



water in -t.ha Meade formation iz highly mineralized by contamination
from the underlying Dakota formation. In the area downstresm from
Ames, the Meade formation is not separated from the overlying gravel
beds by a clay layer, and the saliy water iz diluted by fresh water

to such an extent that all the water in the alluvial f1ll of the valley

is of good quality.

¥isconsinan Terraces and Recent Alluvium

The quality of the water in the Wisconsinan terraces and the

.. Recent alluvium is the same and water from these deposits generally

is of gooé. quality. In the western part of the area covered by this
report, there is considerable mixing of high chloride water from the
Kansan gravel (Meade formation) with the water in the younger deposita
so that the water in the Wisconainan and Recent deposits is not as
god gquality as it is further east. |
Availability of Water for Irrigation

In the fall of 1954, only 6 irrigaticn wells weére in operation

in the area of the Republican River valley considered in this report.

These wells had a totel eapacity of 4,300 gpm or 19 acre-feet per day.

( The annual use of water for irrigation was about 570 acre-feet. The

drought, which continued through 1955, caused eonsiderable interest in
irrigation, and by October'l955, 43 irrigation wells having capaeities
ranging from 300 to 3,000 gpm and a total capacity of 41,380 gpm (:183
acre~feet per day or about 5,500 acre-feet per year) were in og;eration
in the area. Most operators in the area apply about 18 inches of water
per year to about 80 acres per well. A total of abéu‘t 3,600 acres are
being irrigated. -
During 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 made,
and from these maps a saturated thickness map (Pl. 4) was made. From
the saturated thickness map the total volume of saturated material
was calculated for each township in the area, and applying a specific
vield of 20 per cent, the volume of water in storage was calculated.
The wolume of saturated material snd the volume of water in storage
(Table 20) are equal to the quantity that would be pumped in 133

years at the present rate of pumping if the water-bsaring materials

' received no recharge. The water-table contour map (Pl. 5) indlcates

that water moves into the valley area from the upland areas border-
ing the valley, and although the amount was not estimated, the
quantity thus eontributed is consideradble. Vater also moves into
the ares 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 aguifer. Sitream-flow records
gince 1946 at Concordia indicate that the lowest flow in that pericd

was 40 second-feet. Completion of reservolirs upsiream in recent years

has made 1t possible to mailntain a minimum flow of the strenm. %Thers

is no immediate denger of depletion in the wvalley area at the present
rate of withdrawal. However, 1f future development continues at an
accelerated rate as it has In the last year, the water table will be
lowered considerably and the flow of the gtream 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 of irrigation is in the western part of the area



Table 20.~-Yolums of satursied materisl in ihe Repyblican Biver valley area
-and the yolume of water in siorage avajllable for pumping based on

a speclfie yield of 20 per genk.
Volune of water= Yolume of water
besring materials in storage
Towpshio faore-ft.) (acre~ft.)
To 5 S., Ba 1 V. 637,000 127,400
Te 6 Se, Ro 1 ¥, 202,000 40,400
Te 5 8., Re 2 W. 517,000 103,400
T. 5 8., R. 3 ¥. 760,000 152,000
Te 6 S., R.-1 Eu 560,000 112,000
T. 6 8., B. 2 E. 243,000 48,600
Te 7S¢y Rse 2 Ea 235,000 101,000
T. 7 8., B. 3 B. 7,000 1,000
Te .8 S., R« 2 E. 99,000 19,000
T. 8 3., R. 3 E. 12'7,960 25,400
TOTAL - 2,657,000 731,400
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where the highly saline waters are confined in the lower part of the
valley depoaits. Any appreciable lowering of the water table may
upget the hydrologic balance between the saline and fresh waters and

cause the saline waters to contaminate the fresh water zone.
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Records of Wells and Augered and Drilled Test Holes
Information pertaining to 235 wells and augered and drilled test
holes in the Republican River valley 1s given in Table 21. ¥ells and
test holes are mumbered in accordance with the United States Bureau of
Land Msnagement's system of land subdivision. The first numeral of a
well number indicates the township, the second the range, and the third
the section in which the well is located. Ilowercase letters after the

gection number Indicate the well location within the saction: The

"' first letter denotes the 160-acre tract and the second the 40-acre

tract. The letters a, b, ¢, and d are assigned in a counterelock-
wise diresction, beginning in the ndrtheast corner of each tract. To
distinguish between two or more wells within the same 40-acte tract,
consecutive numbers begimning with 1 aere added as a suffix *l;o each
well number. For the walls eest of the principal meridian the range
mmber is follocwed by E and for the cnes west of the meridian the
range number ls followed by W. Well 7=1%¥~19¢e2 is the second well
deseribed in the SWE SWh, sec. 19, T. 5 8., R. 1 ®.

All information classed as reported was obtained from ‘the owner,

tenant, or driller. Reported depths of wells are given in feet;

measured depihs are in feet and tenths. Reported depthes-to-water
level are given in feet; measured depths~to-water level are given

in feet, tenths, and hundredths.
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Logs of Test Holes
On the pages that follow are the logs of 48 test holea in the
area covered by this report. Forty-five of the logs are sampls logs;
three are driller's logs furnished by water-well drlllers in the area.



3~1%-1lec. Saxple log of iest hole in the 37 gor. ses. 11, I. 5 3., B« 1 §.,
on nerth edga of rosad sbout 50 feat sast of road Interssgtion.
Dzilled Jups 17, 19%4. Surface altlinde 1324.0 fest: depih-to-mater

levsl June 25, 195, 35.60 feat.

. Thickness, Depth,
feet feet

UATERNARY ~=PLEISTCOENRE
Illinolan Stage

Sapborn formmtion - {rete sand and grovel-gnd
- Loveland silt members

. 811%, blaek . 2
Clay, sandy, tan o gray 3
Clay, sandy, red-brown 15
Clay, sandy and silty, tan to broen 15

Craval, ﬁne 1o medium, chiefly limestone
and sandstone, containx some clay 4

.cias,ﬁaandy, tan to hrowm
Clay, . very sandy, red-brown; interbedded
with Tins to mediun sand and scone
ironstone graval 16

Clay, sandy, light-gray to white; ecnteins
afevthincandstﬁnam 2, 80

mcmws-—umm
Dalota foxrmation”
Clay, tan and blue-gray 6 86

o
E R B8 EH w

&
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5-1f-l4cc. Sample log of est hole in the S¥ cor. ses. l4» I- 5 8., R 1 .,
on easy, road shoulder fn lipe with porth shoulder of road to west.
Augered June 17, 1954. _Surface aliitude 1,303.7 fest; depth-to-water

lgvel 18.20 feet.
Thickness, Depth,
feet feet
Road f111 1 1l
QUATERNARY-~PLEISTOCENE
. :Wiaoonsinan Stage
. Sanborn formation--Terrace deposits
S511t, light-brown 3 4
Silt, dark-brown (i 11,
_ Silt, clayey, brown 5 16
Silt, 11ght-}arown; contains fine sand 9 23



5-14-224d. Samole log of test hole in he SEX SEA mee. 22, Te 5 S., Ba 1 K.,
on porth edge of road, 375 feet west of road imtersection. Prilled
dune 16, 1954, Surface sltitude 1,334.0 feet; depth-tomwster Jovel

235.8Q feet,
Thickness, Depih,
feet feet
QUATERNABY~-~PLEISTOCENE
¥isconsinan Stage
Sanborn fermation--Peoria silt member
Clay and silt, black ’ 2 : 2
Clay and silt, greenish-tan ' 3.5 ' 5.5
Clay and silt, greenisbeian;
motiled with bromn 7.5 13
Iuinoianmg%age .
Sanborn formation--Crete ssnd and gravel
and Loveland silt members
8ilt, bloeky, dark-brown to black,
(Sangamon soil) 2 15
8i1%, clayey, sandy, red-tan 7 22
Send, fine; econtalns some olay 1 23
511t and clay, sandy, red-tan 15 38
Sand, fine,sand red-tan clay 3 4L
Clay, blue=gray; couteins many
shell fragments 20 61
Sand, fine; containg many shell fragmsnts 16 Vi
Sand, fise to medium, tan 3 80
CRETACEQUS==CULFTAN
Dakota formation
Clay, tan to gray 3 83



5-1-26cb. Sample log of test hole in the MY oop. SWh sec. 26, Io 5 8., R 1 ¥.,
100 fagt gast of stete hishway No. 2, on the south side of the first sirveat
nexth of ibe Regybllogn River bridgs in Clyde. DPrilled June 18, 1954
Surface altitude 1,279.4 feei; depth to mater 7.00."eek-.

Thickness, Depth,
feet feet

QUATFERNARY~~FLEISTOCENE
Wisconsinan Stage
Sanborn formatlioneeTerrace deposits
- 811t, black 2 2
Sand, flne 9 11

Sand, medium to eoarse, and fire to '
medium arkosic gravel 9 20

Gravel, fine to medium, and coarse
arkosic sand 8 28

Illinoign Stage

Sanborn formaticne-Crste sand and gravel
and Loveland #ilt members

Clay, tan and gray . 17 45
CRETACEOUS--GULFIAN
_ Dakota formation

Clay, sandy, blueegray; ecntains some
lignite and brown sendstone 15 &0
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5-17-3428. Sample log of test hols ig MEA NEl see. 34, I. 58., R. 1 ¥.,
2 feet south gf cendex of reoad and 12 feel weat of s%gn gism,

Surface altitude 1.286.Q feet.
Thickness, Depth,
feat feel
Rosd i1l 3 3
CUATERUARY-=PLEYSTOCENE
Recentt Stage
. &ilt, soft, gray; contalins much ssnd
and many caliche nodules 4 4
Gravel, fine; and coarse to fine sand 3 18
Gravel, medium to fine, and coarse to
‘fine sand 13 23
Clay, blue gray; contains fine sand o5 235

Gravel and sand, coarse to fine, green 6.5
Gravel, medium to fine, and ccarse %o

fine sand 10 &0
Gravel, soarge to fine, and coerse to
wedivm sand 10 %G
Gravel, fine, arkosic, and aoarse gand 13 63
Kansan Stage

¥eade formation
811, soft, buff; grades dosmwzard to

gray. sandy. silt 7 0
S$11%, soft, buff; eontalns ccarse lime-

atone and sandstone gravel 20 %0
811t, elsyey, derk gray 5 95



S=1¥-34aa (Continued)

CRETACEQUS~-CULFIAR
Dakota formation

Sandsione, soft, white;
containg some pyritia

100

Thickness,
feet

Papth,
feet

100



5-19-35b¢. Samcle log of iest hole in 571 B9L geo. 35, 2. 5 8.5 Be 1 %.,
243 mile acuth of seotion line sand 9 fset gast of conter of read.

Surfage altisude 1,381-0 feet.

Road £111
QUATERNARY~~PLEISTOCENE
Recent Stage
Allovium
s{n:;nd soft, Mght yellow-gray; contains

Sravel and sand, coarss to fine, green

Gravel, medium to fing, sod coxrse to
fine sand

Gravel, fiye, aud cosrse %o fizs sand

Gravel and aand, coarse to fine, hrown
and green

Gravel, fine, and coaras to fine sand,
arkosic, rosn

¥ansan Stage
© Heade formstion
| 511%, soft, buff; comtaing sowe ssnd
511t, elayey, gray; contains some sand

Gravel, sedivm to fine, limestone and
sandstone

Bi1%, clayey, gray
(RETACEQUS—ULF LN
Dakota fermaiion
Zandatone, soft, zhite; contains pyrite

01

Thickanas,
foat

2

B o

8 & B

o

2.5
2.5

17

Pepily,
feel

2

2 & 38 ¥ o

80.5



5-24-19cb. Sazple log of lest hole in MWk 38 asc. 19, . 58., B 2 F.»
0.6 mlle squth of sgction line apd 30 feel squth of curve in road

o gravel pit. Prilled 1944.
) Thiekness, Depth,

feet faet
Road fill 1 1
QUATERNARY~-PLETSTOCENE
Reeent Stags
Allgvium
Silts dark and light gray; eontains
fine sand 6 7
Gravel, medium to £ine, and coarse
to medium sand 3 10
.Gravel, medium to fine, and coarse
to fins sand, silty 20 30
Gravel, fine, and coarse to fine
gand, brom 10
Gravel, medivm to fine, and coarae
to fine sgnd, brown 31
CHETACEOUS—=GUIFIAN
Dakota formation i
Clay, gray, y=llow and pink, sandy FA 75
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S-2¥-26an2. Sample log of iest bole in NEE NEL ssc. 26, 1. 5 S, R 2 ¥,
Q.25 mile south of peqtion lire gnd 33 feet west of center of rogd.

Prllled 1944, Surface aliitude 1.,206.0 feet.
Thickness, Depth,

feet feet
QUATERNARY~~PLEISTOCENE
Recent Stage
Alluvium
Soll, gray black; contains fine sand 3 3
S511t, yellow gray, contains fine sand 3.5 6.5
511%, grsy black, sandy 5 7
S311it, soft, yellow gray, and fine to
medium sand 9.5 16.5
Gravel, fine, and coarse to fine sand 8.5 25
Gravel, wmedium to fine, coarse to fine )
© gand and soft gray silt 15 40
Gravel and sand, ecarse to fine 10 50
Cravel, medium to fine, and coarse
to fine sand 10 &0
@ravel, medium to fine, coarse to fine .
sand and saf‘h grs;r s8ilt 10 70
ETENCTRIN . E LIl [N ,:..i:*:
&raval, mdium to fine and coarse to
fine sand 9 V'l
811t, =oft, Luff 4 83
811t, soft, gray and black; contains
fine sand 3 86
Iimegtone gravel, coarse to fine, and
coarse to medium gand 11.5 97.5

mErA(\:EOHS-GUIFI&H
Dakota formation

Clay, light gray; contains some sand
and sandstone 12.5 110
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5-2%-28cb. Sample log of test hole In N¥i Swl seo. 28, 2. 5 8., B. 2 ¥.,
235 mile south of section line and 9 feet east of genter of rgad.

Drilled 1944,
Thiekness,
feet
QUATERNARY-—-PLEISTOCENE
Recent Stage
Alluvium
Soii, silty, dark gray; conteins
some sand 3
S11%, olayey, y=llow gray; contains
goms sand 2
Sand, coarse to fine and acme fipe
gravel 5
Graval, medium to £ine and coarse
to £ine sand 10
Gravel, and sand, eoarse to fine 10
Gravel, medium to fine, and coarse
~Id e fine sané 10
Gravel and sand, coarse to {ine 10
Gravel, medium to fine and coarse
4o fine sand 6.5
S11t, soft, light green; contains some
Gravel, arkosig, and sand, coarsa to
fine 8
Kansan Stage

Meade formation
Silt, soft, buff and green 3

Limestone and sandstone gravel,
coarse to fine L4

511t, soft, buff; contains very fine
sand )

104

Depth,

faet

10

30

57

&5

75



S5=24=28chb (Continued)

Thickness,
feet
Limestone and sandstone gravel,
coarse to fine 4
311t, soft, buff and blue gray; :
contains fine sand 10

CRETACEQUS-~GULFIAN
Dakota formation
Clay, gray and gray white; contains

gand, and sandstone, soft, light
gray

105

17

Depth,
feet

89

106



5-2%-30bel. Sample log of test hole in the SW cor. N} sec. 30, T. 5 S., R. 2 ¥.,
15 feet east of the gepter of road, 100 feet north of rallroad irgek.
Brllled Jupe 11, 19%4. Sunface altltude 1,326.7 feef; deoth-to-water

devel 8.00 feet.June 12, 1954,
Thickness, Depth,
feot faat
QUATERNARY ~-PLEISTOCENE
Hecent Stage
Alluvium
511t, sandy, brown 8 8
Sand, medium and fine; contains
some goarse gravel 8 16
Sand, coerse and fine; contains
some coerse gravel 8 24
Sand, fine to cocarse, arkosic 6 30
Gravel, fine to medium, and fine to
coarse sand 18 48
Sand, medium 1o coarse, arkosie & ‘ 54
Sand, coarse, and fine o medium,
arkosic gravel 6 60

Kanzan Stage
Meade formation

GCravel, fine to medium, limestone and
sandstone 6 66

Gravel, {ine to medium, limestone and
sandstone; contains some lightegray

clay 9 75
Clay, light bluew-gray 5 80
CRETACEQUS=-GULF AN

Pakata formation

Sandstone and ironstone, hard, browm 16 3%
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. D=IlN=Gnmne Swle log of test hols near the NE oor. sec. 8., &_5__&_’ 3_._:_5_‘&,

on north edgze of school yard, 20 feel north of the NA corner of

schocl houss. DOrilled June 10, 1884, Surfacs altitude 1,423.4 feet.

Thickness, Depth,

fast feat
QUATERNARY~-PLH ISTOCEHE
Wisconsinan Stege
Sanborn formation~-Peoria silt member
8ilt, black | 2 2
511%, greenish-~tan; contains some caliche 7 8

I1linoian Stage

Sanborn farmatiop~-Crete sand axd gravel and
loveland #iXt members

S41%, black, drilled hard

{Sangamon seil) . 2 11
S51t, sandy, tan %o bufl 48 g7
Gravel, fins bo medium, sandstons, and
irenstone & 69
CRETACECUS==~GULRIAN ’

Dakkota formation

Clay, brighteyellow 2 62
Clay, blus-gray . 8 68
Sandatone, tan to brown 2 70
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5-3%-15ab. Sample log of test hole in the N¥i NEX see. 15, T. 5 S., R. 3 ¥.,
600 feet south of the N¥ cormer of NE; sec. 15. Drilled Sept. 27, 1955.
Surface altitude 1,428.6 feet.

Thickness, Depth,
feet feet

QUATERNARY~~PLEISTOCENE
Illinoian Stage

Sanborn formation--Crete sand and gravel
and Loveland silt members

Silt, sandy, gray 3 3

Silt, light-brown 11 14

Clay, brown FA . 18

81i1t, sandy, buff ‘ 19 37
CRETACEQUS==~GULFIAN

! Dakota formation

Sandatone, fine-grained, limonite

streaks 57 94
Clay, gray to yellow 2 56
Sandstone, yellow and gray; contains

gome clay streaks 29 125
Clay, darkegray 3 128
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
€lay, pink end gray; contains a lignite

streak at 2463 % 2%
Sandstone; contalns pyrite 16 310

Clay, gray; contains thin sandstone ;
streaks 20 3%8

Sandstone, gray; contains some clay;
drilled hard 40 3
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GeZW-15eb (Continued)

FERMTAN~-LEONARDIAN
Wellingten formation
Shale, hard, blue-gray
Li#nsﬁono; very hard, white

Thicknesa,
feet

Depth,
faot

584



§=gW~16bd. Driller's log of test uole in SEZ M¥; seds 15, T. 5 S., Re 3 W,

2,880 feet north and 2,140 foob east of S¥ cor. of section. Drilled

by Alr-lads Well Company. Surface altitude 1,413.3 fests

Thickness, Deptk,

faol feet
Clxy, yollow il 11
Clay, brosm 8.5 19,5
Clay, dark blue 2.5 29
Clay, yellow, conteing white atroaks
of sompatone 2545 §245
Sand, very fine O.é 53
CGlay, hard, blue ) 3 56
Sand, fine, tight 13 69
Shale, blue 3 72



.5~3W-16bb. Sample log of iest hole in the Ni} Mok sec. 16, 2. 5 8., R. 3 4.,

Q.33 mile south of gyossroads. Surface altitude 1.411.3 feel; depth-

lo-water level 34.20 fest.
Thicimess,
feet
Road £111 .5
QHATEBMAEX%~PLEISEﬁEéNE
Illinoian Stage
. Senborn formetion—Crete sand and gravel
and Loveland =il{ members )
Soil, silty, brown 0.5
Silt, tan and gray 62

CAETACERNS«-OHLFIAN
Dakota formation

Clay, and fragments of yellow=buff
silt sione

Clay, light-gray; comtains some limonite 3

111

Depth,
feet

3

63

67



5-35-16cb. Sample log of 3esk hole in the K54 5%t see. 16, I. 5 8., B. 3 Z.,
0.35 mile north of S¥ gor. of segiion. _Surface sliitude 1,382.2 feet.
Thickness, Depth,

- feet feet
Road £111 ’ 3 -3
QUATEANARY «-PLEISTOCENE

Wisconsinan Stage

~ * Sanbern formstfon—-Terrace deposits
Soll, silty 4.5 5
511%, tan and bhrown 25 30
Clay, sandy; mta;ns scme gravel 13 43
Cravel, medium, and coarse send, brown 16 b g

ERETACEQUS~-TULF TAN
Pakota formatilon
Clay, mottled red, groy, snd yellow 6 65
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GuZie)Trn, Semple log 9_{ tust haole noar the RE ocors #8Ce 3_';_"_ jg_._ 8 3., g.__ 3 T,

on gouth side of road, 30O fest nuoul of goction scormers Crilled fune 10,

1854, Surface altitude 1,410.8 2ot deptheiomwator levol 53.70 feet

Jung 14, 1954.
‘ Thickness,  Depth,

; faot faot
I RUATAEHAR Yo PLEISTOCEUE

Fisconginan Siuge

; Sanborn formsticne=Faoria sili member

g . sS4, black 2 2
j 811%, grvendabezray 8 B

Hiinolan 3iage

Sexhorn formshione-Crote sand and zravel
aod Lovsland sllt asshors

511, blacky, black {Sungaaon asil) 2 16

841% and elay, reod~broym I4] 20
S1it amd olay, buff to tam ‘28 45
CREZACIIGSemGULE TAN . -
Dakots formation
Sandsbons, red and tan 4 &0
Clay, lightegrays containg somwe
sandstone fn lower part 10 70
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G-3W-20a%e Jampls log of test hole in the IR gor. socs 20, Tu § Se, B 3 W,

- S

_’i_’_s.faat south acd 2’_ faet weat _o_g_ crossroads. Surfsos altitnds

1,388.1 faute
Thickness,
feat
QUATRANARY == PLE IETOCERE
heceut Stago
Albuwriun
Seil, silty, black and brown 2
511%, tan and bdrown . 20

Soud, madimag conbaing acsw brown gravel B
Gravel, fine, snd coarso brown send 10
dravel, medivm, and ovarse bhrosn aand b i3]
Jond, ooarsa, asd fing gravel, brown 40
Emnsen: Stagn
Hoade foruation

-

Send, ooprsd, a:%ﬂ fina provell coumtaing

gove yellw=browr olay . B
Gravel, sadium, Ilzestone snd gandsbone,
and convue sand and yellow olay 4
CEZTACE U Sma T T4

Dakota formatlom
Clay, very Llce, sandy, ye;lcw 10
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5e3F«21bb. Samplo log of test hele in tne L, WO ses. 21, T, § 3e, Be 3

«15 mils acuth of intersection and € foul sast of cenibor of road,

Surfass altituds 1,308.1 feote.

Thicknessa, Dapth,

feot feot
Sead 0411 3 3
HUADEA e PLETS R 00 8
Regant Steyé
Alluvium
Seil, silby, browe end bLlsck z 5
Clay, silty, grey 8 10
3and, ¢ilty, {ice, sl f{ng brown zravel 10 29
dravel, mediws, and toarse gand,
gray=groan 20 50
Gravel, medlon, arkosic, snd coarsse
gard, yollow, drowm, sl gray 49 . 8u
Harpan $hagos
epdss formation
Gravel, limsgtons and sandshions, and
mwch ey B g2
QRETACES-=(ULr 12
Bakots Pormabion
Clay, grayy contalps Iigndve 8 100
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§~35-21cb. Samply loz of tast hele iu the B core 8¥f3‘~ 80y 21, To 5 Sey Re 3

100 faet gounth of wvasbwwnst road svd 16 fzeb eat of conter af

noribwsouth reads  Surfacs alitifids 1,5382.0 freb.

Thiaknoss, Pupth,
Lost feat
CUATIRFAR P FLAIITOC SR
Tweant Stage
Albweiwen
Sﬁii 3 &
Sand, conrse to fize, mnd sone Mim 22
fine bremm gravel b 74 h:3
&ra:gg fins, and godvwe to fine groen § a0

Gravel, vary sonrss G fing, sad soms

onsxas oo mediax suud b3+ 5& .
Graval, coarse & fins, am‘. soss medium
o Pine zand Rl 40
Graval, woarse o fins, axd coarse amad 10 58
Grave), five Sc modium, sod ecsarzs spnd 10 &
Sand, course to Ping, and soff gray ailt 16 70
ﬁra;?%; Line, cosvse sand, sud poft gray 10,5 80,5
Hangarn Stage
Imnde Lormation
831%, clayey, gray 28,5 109
ﬁrﬁwi, madima to fine, limsstone and
sandstonm, and coarse sond 7 113
OREE ARG GG LA
mkoty formabtion
Clay, compact, pink acd white 4 120

Huy



fedfe2locs Sample log of test hole ia the §F; 3%} mace 21, Zu 5 Sap He 3 W,

-dv'h-q.u-, Wy -

108 fook south of awuih end of bridee sad 12 fest asst ol codtar

& rends  Surface altituda };3&&;3 forote

Thicknosas, Depth,
feab foat

QUATIREAR Vo PER ISTOC T ¥R
Bacoxtt Stuags
Allowkus .
So1l, ailty, browa azd black 2
Gravel, medium, and w#rm to modium saxdis 20

Sravel, coarss o medivm, and coarse 50
gray asad

and, sodimn to acuras, and madium gravel,
bromm and gray & 78

Eenzan Stsge

Foaade forsation

™

d

Clary, very fine, samdy,. grey o beoveng
eosrbalng somme gravel 22 00

Gravel, mediun 6 coarse, llmestons and
gandatong, and somes yellmeehuff olay 6 i0s

CERTACEOE S LS TAR
Dakeots foreation
Shals, clayey, red and shito motiled 4 110
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5-3~22bde Driller's log of test Ghole in 385 B secs 22, Ta 8 3., B ¥ 7.,

2,140 faot gouth and 2,540 foot cast of FT gornmor of zection. Drilled

by sir dade 7ell Compexys JSurfase altituds 1,3850.8 fzat.

Ihicknoga, “epth,

fast Toot
3011, black 2 z
Clsy, yolloer 14 i8
Sand, fine 13 4
Sarmd, medium coarss g ¥ 42
Sand, coarss 23 &
Shale, ligit & Fi]
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SeFie2Tdne Sample Jog of test hele inm NE: Szim‘z? 483, 838

o450 ails north of seu. line, Surfage altitude 1,332,0 foote

.,

Thicknass, Septh,

faab foot
QUATERNA T FLETSTOU 21E
Becant Stage
Allvviu
311k, gray-vlack: contains wuch sand Z 2
Seawl, soarse to Cine, axd gews fiag
gravel g i
Sruvel, fice ‘o medium, and soch mediuxm
sand 128 2248
Band, corrze o fine, and some medium
graval ¥ 33
Grawe), zodium 3o fins, snd conrse %o
fire sand 2% 8
Gravel, fire, sud cogrss Yo fice sand 2B . i)
Hauman 3tage :
Honde fornmtion
3816, solt, dulf axd grays ia‘*arbs»édad
with gravel and gand Tl 8248
Sravel, lizestons snd sandsione, axd
conrss o fioe aand Ful 86
BiXb, sals, tany conbalns mush fine sand 5 :3
ravsl, conrss to {izs, limsstone axd
asudatone Beb GTui
CAETAGR e ULE TAY
Dakota foraation
Clay, dariegrays contalns fine sand,
pyrite, and Mard black coal 748, 108
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5-39-28be. Jagple log of test hole in the Sut Wul see. 28, I. 3 §., R- 3 %.,
115 feeh north of T yoed Yo east and 5 feet east of center of read.
Surface altitude 1,349.8 feet.

Thieckness, Depth,
{feet feat

QUATERNARY~-PLEISTOCENE
Recent Stage
Alluvium
Silt, elsyey, dlaek

Clay, very fine sandy, gray
Sand, medium, and {ine grawel, bdrowm

S\wa

Ssnd, medium to ccarse, browm
Gravel, medium to coarse, ard coarse sand 10

Gravel, nedium %O cogrze, and medium to
coRTEe gray-gresn sand 24

! Gravel, very coarss 1o pebbles, and pink-
; tan olay &

Kapgan Stage

& ¥ B BB 4w

Haade formatien
Cisy, gray, and some limestone gravel plad 70

Gravel, eoarse, limestone and sandstone,
yellow=browm 16 86

CAETACEQUS~-GULFIAN
Pakota formatien

Shale, clayey, red snd zhite 4 20



5-F7-28cb. Sample log of test hole in the Nzl s¥d, sec. 28, I. 5 8., R. 3 .,
23 alle north of S% gop. section and 9 faet east of cemter yogd. -

Surface gltlizde 1,349.9 feet.
mm, mp‘bh,
feet feet
CUATERNARY«-FLEYSTO
¥laconsinan and Recent Stages
Alluvium and Terrace deposits
Soil, =iity, brown and black 4 4
CGravel, fines, comrase sapd, and brom
and gray clay- 4 5
Cravel, medlium, and coarse sand,
and gray-graen 26 34
Gravel, coarse, snd somo course sand;
contains gandsione apd ivcostone
fragments 7 41
CRETACEDUS~-QULFIAR -
Pakota formation
Clay, yellow, buff, end gray 6 47
Cluy, yellew, red and pray 3 50
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5-3%-29ad. Sample lof of test hole in the SEX MEL ses. 29, 1. 5 §.,
R- 3 ¥., 30 feet south of T zond 1o east snd 50 feet porth of river.

Surface altifyde 1,343.3 feet.
' Thickneas, Depth,
faet feat
Road £111 1 1
QUATERNARY--PLEISTOCERE
Recent Ztage
Alluviunm
Soil, silty, brown 7.5 8.5
Sand, mediva; containa some hrown gravel 4.5 13
Cravel, medium, and coarse sand, gray-
green 19 32
Clay . 2 34
Gravel, medium, and cosrse sand, grey-
green 18 52
iy, silty, yellow-buff a8 &0
Send, fire, and clay, gray; containa
some gravel 10 0
Kanxan Stage

Heade formation

Gravel, medifum, limestone and sandstone 21 91
_ CRETACZOUS—GULFIAN
Dakota formatien

Clay, light-gray, mottled, to red 9 100



5-39-294d. Sample loz of fest hole in the 3%t 3Bl ses. 29, I. 5 S., B. 3 X,
300 feet porih of ME mupfelval well at Consoria and 9 feet west of

ssnter of rond. Suxface altituds 1,3249.8 [est.

Thickness,
feet

Road 111 2
CUATERNAHY--PLEISTOCENE
¥isconsinan and Recent Stages
Alluvium apd Terrace deposits
Sand, very fine, and sili, brown ?

Gravel, fine 4o coarse, and coarse sand,
browm

Gravel, fine io ecarss, and ecarse sand,
gray-green . 19

CRETACEOUS-~-GULFIAN
Dakolta formetion

Clay, slightly sandy, yellow buff and
grey 9
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5-3%-32adl. Priller's log of iest bole in the SEE REE sec. 32, I. 5 §.,
B. 3 %., doilled by Layme-Yestern Co. Surfaee aliitude 1,375.0 foet.
Thickness, Depth,

feat feet
Soil 5 b
Qay 25 30
Sand, fine 5 35
Sand and gravel 15 . 50
Sand, fine packed ) 5 .55
Clay 1 56
Soapsicne (Dekota formation?) 2 58



5-3¥-32ed2. Driller's log of iesk hola in the SEE MR) ses. 32, . 5 8.,

R. 3 ¥., dpilled by Jayne-Yestern (0. Surface aliftude 1,368.0 feet.
Soil 5 5
Clay 15 29
Sand 5 25
Jand and grevel 17 42
Sand, fins - 6 48
Sand, fins, packed 4 52
Clay 3 55
Sand, flne, packed {Dakote formaticn?) 2 58
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6-1%-3aa. Zumple log of ieat hole in the NE cor. seg. 3, I. 6 8., R. 1 K.,
sn went gide of road, 40 foet south of rosd intergection. Drilled
fune 13, 1234. Surface aliitude 1,278.1 feot; depth-to-wster

level .03 feet Jupe 25, 1954.

QUATERNARY-~PLEISTOCENE
Recent Stage
Alluviun
‘811t, diack

Sand, fine to coarse, and fins to
nedium gravel

Xansan Stage
Meade formation
Clay, blus~gray

Sand, fine to wediuwm; contains eon~
siderable weathered zandstone

Sand, fine
CRETACEQUS--GULFPIAN
Dakota formation

Elsy; contains soma sandstone and
lignite

Thickness, Pepth,
feet feat
2.5 2.5
3.5 63
9 72
10 82
2 103
7 1160



6-17-3d2. Sapple log of iest hole in the NE cor. SE ses. 3, I- 6 S-»
B. } #., on xest side of rogd, 200 feet south of half-mile line.
Drilled June 15, 1954. Surfsce altitude 1,292.8 feet; depth-to-

ater level 17.20 feet.
Thickness, Depth,
faet feetl
Boad fi1l1 ’ 2 2
Qvnmnr-?mxsréém
Wisconzinen Stage
Sanborn formxtion--Terrace deposits
Clay, black 4 6
Clay, gray to tan . 14 20
Clay, bdlack 6 26
Sand, fine to medium, and fine,
arkosia, gravel 5 31
Graval, {ine to coarse, arkosie,
and medium to coarse sand 12 43
I1linoian Stage
Sanborn formeticon--Crete sand and gravel
and Loveland members
Clay, sandy, red-tan 8 51
Sand, fire, reddish-tan 4 55
CRETACEOUS--CULFIAN
Dakota formatlion
Clay, light-gray 9 &4
Sandstone, f{ine-grained, light~tan 6 70



6-17-10ad. fample log of fest bole in ihe SE cor. NEL sse- 10, I. 63.,
B. 1 ¥., on vept voud shoulder at half-mile lipe. Augered Jume 16,

Thickneas, Depth,
faet feet

Rosd' 111 2 2
QUATRRHARY——PLXISTOCENE
¥isconsinan Stage
Sauborn formmtion--Peoria silt member

Sil%, olayey, dark-gray : , 4 6

S11t, olayey, light-gray 9

S11t, claysy, yellowegray. b - 13
Illinolan Stage

Sanborn formation--Crote sand snd gravel and
Ioveland a1}t membera

S511%, olayey, reddiab-brom 10 .- 23
5£1%, coarge, reddish-browm o33

&

511%, tan; contains fine aund

128
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6-1¥-11bb. Sample log of iest bole in the ¥ei wwk sec. 11, I. 6 8.,
B. 1 ¥., on zouth side of road mbout 800 feet eagt of section
sornez. Prilled June 16, 1954. Surface sltitude 1.334.7 fest;
dgpth-to-water level 48.60 feet June 25, 1954.

Thickness, Dapth,

feat - feetk
QUATERNARY-~PLEISTOCENE
¥isocnsinan Stage
Sanborn formation—Peoria sili member
311t, black 2 2
511, soft, tan (loess) 1z - 14
I1linofan Sitage
Sanborn formation--Crete sand and gravel
and Ioveland members
511%, bloeky, blaek (Sangamon sofl) 3 17
811t and clay, reddish~tan 6 a3
841t, sandy, tan 20 43
511, sandy, tan to gray 22 65
811t and elxy, very sandy; contains
sone sand and limestons gravel 9 74
811t and clay, bloeky, dark-gray (soil?) 2 76
Clay; contains scme weathersd sand-
. 8tone gravel 5 a1
Sand, fine; contains some ircnsione
gravel 12 93
macéms-mmx
Pakota formation
Sandstone, red and light-tan; comtaing . -
some clay 7 110



6-1E-2ba3. DPriller's log of test hole in the MEL ¥¥d sec. 2, I. 6 8.,
B- 1 B. Near the site of Clifton Gliv wells. Drilled by Lavne-

Egstern CO.
Thicknaas, Depth,
‘ feet feal
Soll 4 4
Glay 24 28
Send, fine, gray 2 30
Gand, ccarse, gray 3 33
Send and gravel, gray 10 43
Clay 1 44
Sand, fine 2 46
3and, coarse, gray, and gravel on shale 16 62
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6-1E-2vdb. Sagple log of t=st hole in ihe ¥¥i W9t pec. 2, I. £ 8., B. 1 E.,
on eant wide of road at Slew 2isn south of ¥ininz, .2 mile south of
sec. gorper. Drilled Jume 17, 1954. Surface sltitnde 1,272.0 feet.

’i'hiehnss, Depth'
Teat feet

- GUATERNARY-~-PLEISTOCENE

%iaconeinan Stage
Sachorn formation--Terrace deposits

W

S11%, black

< 4

511%, tan

Clay, sticky, tan to gray

Cley, slightly ssndy, arkegrey
Clay, sandy, soft, Might-gray

Samd, fines 1o coarsze, and fine to
mediuzt gravel

Clay, greenlsh-gray
PERMIAN--LEOHARDIAN
¥allington formation
Shale, greenigh-gray and hlack
Polomite, light-gray 1 70

WO W W
g% LB G

8 K

0
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6~-1E-2cc. Sample log of test hole pgsr the 5¥ cor. ssc. 2, om east side
of yoad, 200 feet porth of sec. gormer. Drilled June 17, 19%.
Supface altitude. 1.250.8 fest; depib-to-waler leval 7.10 feet
supe 18, 1934

Thickness, Depth,
feet feet

QUATHRMARY ~-PLEISTOCENE
Recent Stage
Alluvium
351%, bvlack 3 3

Sand, fine to coarse, and fine 1o
mediim gravel 12 16

€lay, dlue-gray 4 20

Gravel, medimm, and cocarse arkosic-
sand 37 57

Eangan Stage
¥Yeade forsation

Sand, medlum to goarse, and fine to
nedium limestons and arkosie gravel 6 63

Cravel, fine to medium; moatly sandstone
and limestone 4 67

PERMIAR-~-LEONARDIAN

¥ellington formation
Shele, platy, black and gray 3 70
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é~1E-11be. Zamnle log of isat hole in the Svl wwi sec. 11, I. 6 8., R. 1 K.,
on east side of rosd .3 mile gouth of sec. cormer, ak noxrth end of
mgimmmgm- Drilled Juns 18, 1934. Syrfgece

altitude 1278.3 feot.
7 Thickness, Depth,
: feet fect
QUATERNARY~-~PLEISTOCEN®
Eecent Stage
| Alluvium )
881%, blask 2 2
silt, ten . 3
Sand, fine %o coarss, and fine to )
mn‘fa, arkosic gravel 12 17
Clay, sénay, blue 3 20
Samd, fine to ecarse, and fine fo
medium, arkosic gravel 39 59
Fansan Stage
Heoade formetion
€lay, yellow 1 €0
Graval, fine to medium; much sandsicne
apd limestone 8 &8
Clay, yellow; ecntains some sapdstone
and limeatone gravel 1 €9
PERMIAR--LEONARDIAN
Wellington formation
Shale, platy, blue-black 1 Vit
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6-1E-14bb. Sample log of test hole in ihe N¥#d K9i see. 14, I. 6 8., B. L E.,
sm sast gide of road, 25 feet south of where road turns west. Prilled

June 18, 19%4. Syrfsce altitude 1,207.Q feet.
Thicknegs, Pepth,
feet fael
QUATERRARY~-PLEISTOCENE
Recent Stage
Dune sand
3and, fipas K4 7
Alluvium
511%, and very fine sand 3 10
511%, very soft, light-tan 2 12
Clay, gray 3 15
S1{1t, black 3. 18
Silt, light-tan g 26
Sand, very fine 4 30 >
Gravel, arkosic, medium to ecarse,
" mnd coarse sand 26
Sand and gravel, arkesic; mixed with .
green elay 4 60
Gravel, arkosie, fine to medium, and
fine %o ccarse sand 10 70
Xangcan Stage |
Maade formation
Cravel, chiefly limestons and sandstone,
fine to medium, and coarse sand 6 76
PERMIAN-~LEONARDIAN
Yellington formaticon
Shale, platy, blue-black 1 77
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6-1E-15da. Sample log of test bole in the NE SE} sec. 15, I. £8., B. 1 E.,
on west side of road, shout 250 feeh north of gusrter-mile hedge row.
Drilled Jupe 18, 1954. Surface aliifude 1,261.2 feet; depth-to-water
level 22.00 feet.

Thickness, Depth,
faet faat

QUATERNARY=-~PLEISTOCEXE
Wisconsinan Stage
Sanborn formation-~Tarrace depos:?.ta
Clay and silt, black 2
Clay, silty, ian 3
Clay, tough, black 2 7
S11t, sandy, tan 13
Sand, fine to ecarse, arkosie, and

fine gravel . 10
Gravel, fine to medium, arkosic, and
fine to coarse sand 30 &0
PERMIAN-~~LEONARDIAN |

Wellington formation
Limestone, gray 3 63
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6-1E-22sa. Sample log of test hole in the NER NEE sec. 22, I. 6 8.,
R. 1 E., on west side of road, midway between abandoned farm house
on east and house on wast. Drilled June 22, 1954. Surface altitude

1,263.0 feet; depith~to-water level 27.40 feet June 25, 1954.
" Thickness, Depth,

feet . feet
QUATERNARY-~FLEISTOCENE
Wiseonsinen Stage
Sanborn formation-~-Terrace deposits
S5ilt, clayey, black 2 2
8ilt, tan 6 8
Clay, gray ' 10 18
Clay, very sandy, light-gray 3 21
Clay, sandy, pinkish-tan 4 25
Sand, fine to coarse, and fine to
medium gravel 35 60
Sand, t"ine 4o coarse, fine to
medium gravel, and yellow clay 3 63
PERMIAN--LEONARDIAN
Wellington formation
Limestone, hard, dark-gray 0.5 63.5
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6=2E-3led. Sample log of test holae in the SEX Swi see. 31, I. 6S.,

B. 2 E., on noxth gide of road 13 feet west of drive %o house on
hill south of road. Drilled June 22, 1954. Supface albitude
Thickness, Depth,

feet feet
QUATERNARY--PLEISTOCENE
Wisconsinan Stage
Sanborn formation--Terrace deposita
Silt, black 2 2
Silt, sandy, gray to tan 9 11
Clay, silty; contains some sand and .
ironstone 15 26
Sand, fine 7 33
Clsy, sandy, tan . 3 36
Sand, fine %o coarse ' 8 44
Clay, yellow 3 47
PERMIAN-~LEONARDIAN ’
Yellington formation

Shale or soft limestone, gray to black 1 48



6-28-31de. Sampla log of lest bole in the S¥i SEk see. 31, I. 6 8.,
R. 2 E., on north side of road shout 500 feet east of drive %o hoyse
on north side of read. Drilled Jume 22, 1954. Surface altitude

1.232.9 feet; depth-to-water level 18.02 feet.
Thickness, Depth,
feet feet
QUATERNARY--PLEISTOCENE

Wisconsinan Stage
Sanharn formation-—-Terrace deposits

Silt, black . 7 7
511%, sandy, tan 5 12
Clay, blue-gray 3 15
Sand, fine to ecosrse; and fine to medium

arkosiec gravel 29 44
Clay, greenish-gray 2 46
Sand, fire to coarse, and fine to

medium gravel 14 60
Sand, fine to medium arkosie 5 65

PERMIAN--LEONARDIAN

. ~ Wellington formation

Shale, dark gray; grades downward into
harder shale and limestone 5 70

138



6~2E=-32cc. Sample log of test hole in ihe SW cox. geg. 32, in center
of 9ld roadbed, 35 feet norih of ses. cormer. Prilled June 22, 1954.
Surface altitude 1,225.6 feet; depth-to-water lgvel 5.0l feet June 25,

1954.
Thickness, Pepth,
feet feet
QUATERNARY~~PLEISTOCENE
. Recent Stage
Alluvium
S8ilt, tan 2 2
Sand, fine to cocarse, and fins to
medium, arkosic gravel 48 50
Sand, fine to medium; contains aome
green clay and sandstone gravel 10 &0
Kansan Stage
Meade formation
Sand, fine to medlum; contains much
native gravel and shale 9 69
PERMIAN--LEONARDIAN
' Wellington formation
Shale, dblack 11 8o .
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6~2E-32cd. Sample log of test hole in the SE} S¥k ses. 32, I. 6 8.,
B. 2 E., at end of trall lesding esst along section line toward

1,233.7 feet; depth-to-vater level 9.80 feet fune 25, 19%4.
Thickness, Depth,
feet feet
QUATERNARY--PLEISTOCENE
Recent Stage
Alluvium
si1t, blagk 2 2
811t, tan! 4 6
Sand, fin; %o medium 4 ) 10
Ss.n;l, fine to goarse, and fine to
‘medium arkosic gravel 29 39
Clay, blocky, green 10 49
Sand and gravel, fine to medium 12 61
Clay, silty and sandy, dark-gray 2 63
Kansan Stage

Mesde formation

Gravel, fine to medium, mostly natlve;
some thin clay streaks 6 69

PERMIAN--LEONARDIAN
Vellington formation

Shale, mlcaceous, sandy, light-gray 1 70
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6~2E-32dd. Semple log of test hole in the SEL SEE mec. 32, I. 6 8.,
R. 2 E., on north sids of road, 175 fest east of ereek bridge.

Drilled Jupe 23, 1954. Surface altitude 1,235.2 feéot; depthwtoe

rator lovel 7.40 feat June 28, 1934.

QUATERNARY --FLEISTOCENE
Recent Stage
Alluvium
S41%, black
‘Si1t, tan
811t%, sandy, black

Sand, fine to coarse, and fine to
medivm srkosic gravel

Clay, tan %o gray
Kansan Stage
Meade formatibn'

Gravel, fine ‘o medium, native,
soma yellow clay

PERMIAN~-LEONARDIAN
Wellington formation

Shale, blue-gray
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Thickness,
feet

36

12

Depth,
feet

K\Dw



“

6=-2E-33cd. Sample Jog of test hols in ihe SEF swk sec. 33, I. £ 8., B. 2 E.,

on gouth slde of road, 40 feet east of rallroad track. Drilled
Jdune 24, 1934. Surface altitude 1,236.9 feel; depth-to-water level
21.20 feel.
Thickness,  Depth,
feet feet
QUATERNARY-~PLEISTOCENE
Wisconsinan Stage
Sanborn formation-~Terrace deposits
S11t, black 2 ' 2
Sil%, tan 5 7
S§i1t, sandy, tan; econtains snail shells 8§ 15
' Sand, fine to medium, arkosic : 19 34
Sand, medfum to coarse, and fine to
medium, arkosic gravel 36 70
Kanssn Stage
Meade formation
Sandy; fine to coarse, mostly native 5 5
PERMIAN--LEONARDIAN
Wellington formation
Shale, bloeky, light-gray 5 g0



6~2E-34cd. Sapple log of test hola in the SE cor. of SWh sec. 34, I. 6 8.,
B. 2 E., ou porth side of road, 100 feet yest of hridge across
draimage dlteh. DPrilled Juve 22, 1954. Supface aliltude 1,239.2
‘feet; depth-to-mater lsvel 2450 fmet June 28, 1954.

Thickness, Depth,

feet feeat
QATERHARY--PLETSTOCENE
Wigconsinan Stage
Sazborn formation—Terrace depostts
Si1t, black 2 2
Si1t, tan 9 11
Clay, hard, gray 3 * 14
Clay, sandy, tan 14 28
Sand, fine to coarme, and fine
arkogic gravel : 16 44
PERMIAN--LEQNARDIAN .
Wellingten formation
Shale,. slightly ealesreous » b}.ue-m

and tan ' 2 46
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7~2E-3bb. Sample log of iest hols in tha NN cor. seg. 3, I. Z 3., R. 2 &
in edge of field south of roed, 40 feet east of seo. cormer. Drilled
23.10 feek June 28, 1934.
Thickness, Depth,

feat feaet
QUATERNARY-~PLEISTOCENE
Wisconsinan Stage
Sanborn formation--Terrace deposits
811t ,. black 3 3
S511%, tan 8 11
Clay, compaat, tan 5 16
Clay, compact, darkegray 2 18
Clay, sandy, tan 6 2,
Sand, fine to coarse, and fine %o
’ medium arkosie gravel 23 3 A7
Clay 2 49
Sand, fine to coarse, and fine to
medium, arkosic gravel 8 57
Clay, green 4 61
Gravel, fine to medium arkosic 8.5 69.5
PERMIAN~-LEONARDIAN |
Wellington formation
Shale, dark-gray 10.5 80
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7-2E-6bb. Semple 19 of est hole in the Mik sec. 6, T. 7 8., B 2 E.,
aboul 25 feet wesy of west sjde of old school housg foundstion.
Prilled Qetober 13, 1954. Surface altitude 1.315.0 fest, depth-

lo-water Jevel 82.20 feet Qctober 22, 1954.
Thickneas, Depth,

feat feet
QUATERNARY--PLEISTOCENE
I1linocian Sﬁge
Glay, sandy, reddish-tan 4 %
Clay, sandy, buff 11 15
Clay, sandy, yellow 9 2
CRETACEOUS--QUIFIAN ‘
Pakota formation
Sandstone, very fine grained, loosely
cemented, white to yellow 26 50
Sondstone or sand, fine, brown; .
contains some mica and ironstone 38 88
PEBMIAN~-LEONARDTAN ~*.
Wellington formation
Clay, light-gray ? 93
Shale, hard, platy, somewhat caleareous,
dark greenish-gray 9 102
Shale, 1light greenishegray 1l 113
Shale, hard, platy, dark greenish-gray 5.5 118.5
Shale, hard, platy, very dark-gray to
black 13.5 132
Shale, platy, alternately hard and soft,
very dark-gray to black 8 140
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8-2E-102a2. Sample log of iest hole in the NEZ see. 10, I. 8 8., B. 2 E.,
on yasi side of rosd, about 175 feet south of oylvert. Drilled
dupe 28, 1954. Surface sltltude 1,194.6 feet; depth-to-water level

11.80 feet June 20, 1934.
Thickmess, Depth,

feet feat
QUATERNARY--PLEISTOCENE
Recent Stage '
Alluvium
811t and clay, tan ' 5 5
S11%, black 1 6
S11t, tan _ 4 10
Sand, fine to coarse, and fine to
medium, arkosic gravel 10 20
Gravel, medium to cosrse, arkoaic g8 28
PERMIAN—~WOLF CAMPTON
0dell shale T
Shaia » bloeky, blue-gray 12 40

146



e m Tt o ettt e o e

8-3E~17ba. Sample log of test hole in the NEA MW} sec. 17, I. 8 S.,
B. 3 E., in east borrow pi%, 20 feet south of entrance %o . E.
Mullen farm. Drilled June 28, 1954. _Surface altitude 1,179.3;
depth~to-water level 9.10 feet June 30, 1954.

Thickness, Depth,
feet feet

QUATERNARY~~-PLEISTOCENE
Wisconslnan Stage

Sanborn formation-- Terrace depogits

31lt, brown 6 6
.Sand, fine to coarse, and fine to
medium, arkosic gravel 24 -30
Sand, fine to coarse and fins, .
arkosic gravel 12 42
PERMIAN--WOLF CAMPTON

Nolans limestons

Limestone, trace of chert, yellow to gray 2 44
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