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STUART W. FADER

Ground Water in the Republican
River Area, Cloud, Jewell, and
Republic Counties, Kansas

. ABSTRACT

Both surface and ground water are used for iccigation
in parts of Cloud, Jewell, and Republic counties in north-
central Kansas, e combination of surface-water irriga-
ton and recharge Erom precipitation has caused some
high ground-water levels in soms of the upland areas.

In the lowland arcas, alluvial deposits yield as much
as 1,400 gallons a minute to weils, and sbout 12,300 acre-

* feet of ground water is pumped anoually for irrigation
and other uses. It is estimated that 710 acre-feer of this
quantity was removed from the Republican River in 1963
by the pumping of ground water. Cocfficients of trans-
missibility from 61 well sites were used in making the
above estimate.

Ground-water recharge from precipitation in the area
was estimated to be 0.6 inch and ground-water losses o
evapotrapspiration to be less than 0.2 inch. )

Chlerides in ground water in northern Cloud Couary
are tabulated and the areas mapped where the ground
water mighe be unfit for usc in irrigadon.

INTRODUCTION - = . -
Purpose of Investigation

Itrigation of the upland areas in northeastern
Jewell and western Republic counties began in
1958 with use of surface water from the Harlan
County Reservoir in Nebraska and the Lovewell
Reservoir in Kansas. Water levels in these areas
were shallow prier te irrigation, and because the
lateral permeability of the water-bearing mate-
rial was low, it was expected that seepage from
canals and applications of surface water probably
would cause temporary detrimentally high warer
levels, Ir was necessary to collect data concerning
water levels so that areas of present high water
levels or potential high water levels could be
delineated. :

The flow of the Republican River is regu-
lated so that there will be adequate water avail-
able for municipal sewage disposal and for navi-
gation. Therefore, information concerning the

U.5. Geological Survay, Lawrence, Kansas

" area is part of the “Lowei Republican” River”

effects on the flow of the River caused by pump-
ing of ground water from the alluvial deposits
in the river valley was nceded. In some areas of _
northern Cloud County grousnd water in the ailu-
vial deposits is highly mineralized. Information’
was needed regarding the chloride content of the
ground water, the areal extent of the chlorides,
and the change of chloride with time, if any, in
water from wells, - o

Location and General Features of the Area
The Republican River area js included in the
northern 8 miles of Cloud County, parts of the
western 3 ranges of Republic County, and the
northeastera parr of Jewell County (Fig, 1).. The

Unit” as defined by the Kansis Water Resources -
Board (June, 1961), The lowland area is out
lined by the heavy dashed liné on Plate 2. ~ -2
The principal topographic features that are
pertinent to the ground water of the area are:
the high flar upland plains, similar to those in
weséernt Kansas; the gendy rolling areas devel-
oped on the Dakota Formation; the broad, flat
valley of the Republican River; the parrower val-
leys of Buffalo and White Rock crecks; the LE
broad, flat terraces in the valleys; the deeply dis. .-
sected area between the uplands and the river
valleys; and the salt marshes in northern Cloud
County. - B
There are 1,140 square miles drained by the
Republican River between the gages at Hardy,
Nebraska, and Concordia, Kansas (P!, 2). Of
this area, 342 squarc miles is above the gage at
Loveland on White Rock Creek, and 330 square
mikes is above the gage at Jamestown on Buffalo
Creek. ‘The remainder of the area is drained by
minor streams tributary to the Republican River,
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4 Kansas Geol. Survey Bull, 188, 1958

Geologic Setting® . reader is referred to the Selected References for

Detailed descriptions of the geology of the Mor¢ detailed geologic and hydrologic infor-
Republican River area are given by Fishe] MALION. . .
(1948), Fishel and Leonard {1955), and Bayne ~1he rocks that crop out in the area are sedi-
and Walters (1959) in reports on the geology and ~ 0ePtry and range in age from Cretaceous to
ground-water resources of Republic, Jewell, and Recent. A generalized geologic section Is gven
Cloud counties, respectively. Because this inves. 10 Table L. Three gealagic sections showing the
tigation does not include a detailed study of the relationship of the water-bearing materials are
geology, only 2 bricf summary is given. The shown on Plate 3. Two diagrammatic sections
T o momenclatare and classieation of e geologic woits de. LB 14) showing the relationship of the brack-
stibed in the repart follow the usage of <he St Ceclogical Sur-  ish water to the alluvial deposits are discussed in

vey of Ka d differ somewhat [rom usage-adopred by the ULS. + . .
Gc)::lugica_]n;s;:y. Be-acopied by the the section on Chlorides in Ground Water.
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Repart published or in print {number),, Investigotion in progress. m This report ;

Froure I.—Location of area described in this report, and other areas for which ground-water reports have baen pub.
lished by the State Geological Survey of Kansas ot are in preparation,
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Fader—Ground Water sn the Republican River Area, Kansas
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Seope of Investigation

The author spent 3 months in the fall of 1962
and 4 months during the summer of 1963 gather-
ing hydrologic data in the feld and several
months during the winters 1962-64 analyzing
both field and published data. Beginning in 1956
the U1.S. Burean of Reclamation measured water
levels in about 360 observation wells. These data
and data collected by the auther were used to
prepare hydrographs and waterdevel maps.

Information concerning the depth, depth to
water, diameter, screen and yield was collected

« fer 101 irrigation wells in Clovd County and 86
wells in Republic County, ‘This information, to-
gether with geologic information obtained from
25 test holes, 320 well fogs furpished by the U.S.
Bureau of Reclamation, and previously pub-
lished information, was used to prepare the map
of sawurated-thickness of unconsolicated deposits.
Three geologic cross sections were prepared us-
- ing the same data to show the relationship of the
geology to the hydrology of the area.

It is planned that a scparate report containing
»» the basic data of the area on which this summary
. xeport is based will be prepared and will contain
the tables of well data and Togs of wells and test
holes, Table 3 of this report wilt be updated and
. new information will be included. This report
. of basic data will be available to interested read-
" ers, for a reasonable fe, upon request from the
* Swate Geological Survey of Kansas, Lawrence,
Kansas.

Coclicients of transmissibility were computed
or estimated from data at 61 well sites. Three
detailed aguifer tests using one to four observa-
tion wells, 22 step-drawdown (single well) tests,
and one single well-recovery test were used ax 26
sites, At the remaining 33 sites, estimates were
made from specific capacities reported by the
owners.

Water samples collected prior to 1960 were
analyzed for several constituents by chemists in
the Sanitary Engineering Lahoratery of the Kan-
sas State Department of Health under the super-
vision of H. A. Stoltenberg. Samples collected
after 1960 were analyzed in the field for chlorides
only. The analyses of the samples collected prior
to 1960 are published in Kansas Geological Sur-
vey bulletins 73, 139, and 155, and those collected
after 1960 are given in this report.

The altitudes of measuring points of wells
and test holes were determined by the U.8. Bu-
reau of Reclamation and by the Kansas District
Office of the U.5, Geological Survey and the State
Geological Sutvey of Kansas,

Kansar Geol, Surpey Bull, 188, 1968

Well-Numbering System

The locations of wells and test holes in 1this
report {Fig. 2) are designated according to the
General Land Office Surveys in the following
order; township, range, section, quarter section,
quarter-cuarter  section, and quarter-qQuarter-
quarter section (10-acre tract). The quarer sec-
tions, quarter-quarter sections, and guarter-quar-
ter-quarter sections are designated 4, 5, ¢, or d
in counterclockwise direction beginnivg in the
northeast quarter section.

If more than one well or test hole is located
in the same 10-acre tract, the location letters are
followed by a serial number,

A7W_BEW  RSW R4W A3
T |
I 13
s |
T t
2
[ sls[afafz]y
rio]afofufrl
g ] BTl uln
5 19f20{ai|22|23]2a _—
L 2-5W-260d
T 30} e9)ee]zr 2 ¢
4 R g
4§ ! b
RiW
; L g tt N
5 4
3 \
f

* Fioure 2.—Well-numbering system used in this report,

The well is in SB S5E NE see, 26,'F2 5, R5 W,

‘The locations of these wells and test holes and
the locations of the surface-water gaging stations
are shown on Plate 3.

Precipitation
The annual precipitation at Concordia, Belle-
ville, and Burr Oak is shown in Figure 3. The

normal monthly precipitation at Concordia is
shown in Figure 4,

HYDROLOGY OF THE AQUIFERS
Aquifer Tests

The quantity of watcr that an aquifer will
yield to wells depends upon the hydrologic prop-
erties of the materials in the aquifec, The ability
of an aquifer to transmit water is measured by
its cocfficient of transmissibility. The cocffcient
of transmissibitity (T} of an aquifer is defined
as the number of gallons of water that will move
in 1 day through a vertical strip of aquifer 1 foor
wide and the full thickness of the aquifer, uader

]
S
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Fader—Ground Woter in the Republican River Area, Kansas oo 7

a hydraulic gradient of 100 percent or 1 foot per dab. Feb. Mor. Apr. Woy June July Aug.Sepl.Ocf. Bov.Dic
foot, at the prevailing temperature of the water. T T

The cozfficient of permestility (P} is expressed
as the rate of flow, ia gallons per day, through a
cross-sectional area of 1 square foor under a hy- ar
draulic gradient of 1 foot per foot. The coeffi.
cicnt of permeability can be computed by divid-
ing the coefficient of transmissibility by the thick-
ness (m) of the aquifer. The cocfficient of stor-

|

40! Concordlie

N
N

W

o 2

=

"
FAl

?//

Precipitation, inches

N

N
B \\\\\\\\\\\\\\\

N

7

1y s
Froune 4.—Normal monthly precipitaton it Concordiz, |
Kansas, for the period 1931-61, {Data from LS, Weather
Burezaw,) St

N

Nt
N

N

N .

N

N

age () of an aquifer is défined as the volume o
water it releases or takes bito storagé per unit |
surface area of the aquifer per unit change in the
component of head normal to"that surface, Un.
der watertable conditions the cocfficient of stor- "

wn

D

S

T 40 age is practically equal to the specific yield, which
o is defined as the ratio of volume of water a sat
T30 =11 rated material will yield to gravity in proportio
S ki toitsown volume, W R B
8 % The step-drawdown tests were analyzed
s 20 the following Theis {1935) equation: :-

oy, Lalewh e :.', =+

~ 1k

5§ 2 _

s s

<

(]

264 logsy o 655
0F1p = . 5
B e s

50 where Q=discharge of pumped well, in gpm; 7. .
* s=drawdown, in feer (corrected for well
40 loss); ‘ AN
T=coefficient of transmissibility, in gal-
lons a day per foot; : .
30r S=ceefficient of storage;
ri=radius of well, in feet;
208 #=time, in days after pumping started.
o0 5}% The results of the tests are given in Table 2.
B
B Water Levels
0 Rdis .
3 Water levels in the area are shown by hydro-

graphs (Fig. 5-10), by water-level contours (PL

Ficure 3—Annual precipitation at Concardia, Belleville, 2 30d 3), and by the depth to wawer (PL 1.
and Burr Ozk. (Data from ULS. Weather Burcau.) The areas of zero water level (corresponding

KS001719
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8 Keansas Geol, Sureey Bull. 185, 1968 i

TasLe 2~-Results of pumping tests in the Republican  clasely w areas of waterlogging) are shown by

—_— River acea, Kansas. blue lines on Plate 1 for part of the area. :
Coefficicat of  Cockiticns of

wat Seotosic mmmf;;m i poniios Type of Water levels in wells fluctuate in response to ;

umber source® o gpd/fe  ingpd/td et additions to or withdrawals from the aquifers, ]

RerupLic Counry In general, the hydrographs show a dewnward i

1.3W.3be Qd 320,000 4,000 5C i
e P 90000 4200  SC trend of water levels for the period of deficient :

14W.i7ab  QOd 288,000 5500 s precipitation, 195356 (Fig. 3), and the rise after 4

1-5W-18ab Qd 50,000 1,500 sC 1936 is owing to an increase in precipitation. 3

g'jxg[bg gd lgg,ggg g%gg SD(\:N After 1958 irrigation from surface sources has
-4W-8cc 2 | S . L. .

) 17bd G 72,000 2400 ge contributed to the rise in water level in some
17db Qa 45,000 1,606 SC areas, . B

%gza Qa 60,000 l,g(n)g 5C In the upland areas of western Republic and 1

2 Qa 10000 2, sC i ise duri :

W o o o] 3 eastern Jewell counties, water levels rise during g

' the summer months (see Pig. 5, 6, and 7) and
;’g'jz g‘v”v ig?;:ggg ;’.E]gg %%? fall during the winter months. In addition to the

PRSI

fad Qa 75000 1500  SC higher normal monthly precipitation in May and i
%fi?i % %»ggg f’%ﬁﬁ gg June {Fig. 4}, water 15 applied for itrigation i
9ab Ow 125,000 2’500 sC starting in May or June, Thus, a rise of ground- ;
9ca 0z 150,000 3,750 sC water levels would be expected during the sum- ]
1542 Qi 10,000 sC mer months along with some detrimentally high i

ground-water levels in areas of normal sha]low-

Jeaa  Ow 170000 3600 spp  waterlevals (PL1,2,3).
2cab  Qw 120,000 3,000 50D In the 10wland areas, water levels are gener-
22%ca Qi 60,000 2,200 5C ally related 1o the Jocal recharge from precipita-

. tion and the discharge rate of the Republican
gﬁgc 8:’ gg;ggg %:ggg gED River (Flg 8, 9, and 10). Where pumpmg of

3322 Qw 146,000 3,500 5C ground water occurs, the water level is lowered !
. 3%baa Qw 120000 3200  sC during the dry summer months. Evapotranspira- :
Croun Counry : tion also tends to lower the water levels in the

Siw2led | Qw 60000 1500  SC
s Oa 160000 4000 sc  lowlandarea.
31bd Qw 185,000 3,400 5C

Pbe  Qw 80,000 1,600 SDD 5 :
52W-19b  Qw 62,000 5C 3
© 2lad Oa 118,000 2,750  SC i
21dd  Qa, Qk 40,000 800 SpD N
25ch Qw 100000 2,000  SC io - :
e  Qw - 270000 5200 OW \"J N T i
ee  Qd - 20,000 1,000 sC 5
326 Qw 106,000 3,200 sbD —© - | :
32db  Qw 190,000 6,300 SDD 55 ‘\ ;
34a1b  Qw 140000 2400 SDD g \/ i
36ab  Ow 300,000 6,300 sC =
36k Qw 30,000 1,800  SC =
5.3%-21ca Ga 150,000 4,000 SOD 8w
22bel Ow 280,000 3,700 R ] e
3%abe  Oa 130,000 2,600 SDD 3
I6bb  Oa 190,000 3400 SDD @ & (-6W-2cc
AW3abd  Qw 130800 3,200 SC £ o LG
Gw 50,006 2,600  SDD i
8dad  Qw 100,000 2,600  SC = :
Seca GQw 330000 5000  SDD = .
[3dad  Qw 140,000 4,800 DD £ i
15da  Qa 260,000 4,300 sDP = il
1€dd  Ow 63,000 2,306  SDD & :
1722 Qw 160,600 3,800 SDD s )
21ba  Qw 93000 2200  SDD /] i
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Fader-—Ground Water in the Republican River drea, Kansas ‘ 9

Ground Water in Storage

In 1963, the alluvial deposits, excepting those
of Kansan age, along the lowland area of the Re-
publican River (PL 4) contained ahout 580,000
acre-feet of water. This estimate is based on the
volume of saturated material above the Kansan
deposits {which is generally a poor aquifer and
contains brackish water in noethern Cloud
County) and an assumed coefficient of storage of
9.2. However, not all of this water in storage is
available for irrigation use, and should the water
levels decline, the yields of the wells will decline,
and a time may be reached when yields will no
longer be adequate for jrrigation, but yields will
continue to be adequate for stock, domestic, or
other uses. Because of the dissection of the up-
land areas, no attempt was made 1o compute the
ground water in storage in the upland.

Recharge and Discharge

The recharge to the ground-water reservoir
is by direct infiltration from precipitation in the
ares, by scepage from streams and ponds, and by

0
EE LT R W Sy
R
I i - A\, :
Y A\J 3-5wade [
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Depth to waler, in feet below fond surface

Fioune 6, —Hydrographs of -wclls in [ﬁbdiﬁcrcndar.'ed-

Pleistocene aquifers (3-3W-25a2) and Cretaceous {Green-
horn} aquifers (3-5W-25aa; 3-5W-22cc; and 4-5W-15dd)
of upland Republic Conaty, Kansas, - ) g

scepage from surface-water i.rriga:.ion.".’Most af
the precipitation falling on the eroded upland

areas runs off, returns to the atmosphere by
evapotranspiration either locally from soil mois-

ture or after reaching the water table and mov-

ing laterally to the conﬂu_em:e of the water table
and the upland streams 2nd drains, or by seepin,
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Ficuks 7.~Hydrographs of wells in Cretaceous (Greenhor r Limestone) aquifers of upland Republic County, Kansas,
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Fader—~Ground Water in the Repnblican River Area, Kansas ) R L1

downward into the Cretaceous aquifers where it
moves laterally to the streams or drains. As
evapotranspiration is less in the winter than the
summer months, small amonats of this discharge
should reach the streams to be gaged but might
be delayed for as long as 6'months. When pre-
cipitation is above normal en the non-rrigated
areas of the uplands, recharge is increased and a
vise in water level is expected tagether with a
slight increase of cvapatranspiration and a slight
increase in the lateral flow to streams, When
precipitation is belew normal the discharge to
evapotranspiration and streams is more than the
recharge and a decline of water levels results.
After 1958, irrigation using surface water has
tesulted in additional recharge in the irrigated
areas of northwestern Republic County and the
adjacent areas of Jeweli County {Fig. 5.7},
Ground water in the lowlands is recharged
by local precipitation along the valley bottoms
and terraces, by lateral flow from the Republican
River, by seepage from the shales, sandstones,
and limestones along the valley walls, and in the

Hardy to Scandia area by irrigation with surface
water. The discharge Brom the lowland areas is
by evapotranspication, by pumpage of ground

water for irrigation, municipal, domestic, and .

stock uses, and by seepage to some reaches of the
streams. RN .

EsTivate oF RECHARGE

The recharge to the aquifers along the Re.
publican River can be estimated if it is assumed
that base flow in the river is from ground water
and that base flow (Qgo) is about 80 percent time
on the flow-duration curves. From the curves

(Furness, 1959) the Qqo at Hardy is 202 cfs * -

(cubic feet per second) and at Concordia 235
cfs, If this base flow is assumed to be equal to
recharge over the arca of 1,140 square miles be-
tween the gages, the recharge would be about
6.4 inch per year. Becansc trees and other vege.

tation along the streams obtain part of their wa- -
7 P

ter supply from ground water, the recharpe must

be greawer than 04 inch to supply both the

streams and vegetation. ™

b4 T f ¥ ¥ T T T T L X
4 h (AVA o *
\ \ T / \5-4\92;\7};:_ K
180 64 i —

=
o
3

N

Y
=3

e

e
S

oy

100

Pepth to woler. in fee = -
helow land surfoce

o0

Scole

o
L=

Republicen River
of Scandia

L
[=]

Monfhiy discharge, in thousands of cfs-ddys
b=
o

\.ﬂl

™
e}

Depth to water ia feel below laod surfaca— 5

WY

(]

1950} 1951 | F952 T 19531 19541 1955[ 1956 1957

LI T
V VLI

OITIBT TS [583[1554
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12 Ransas Geal, Survey Bull, 134, 1968

The recharge can also be estimated from the 0.84 inch, In the Solomon River, south of the
Base Flow Data (Busby and Armentrout, 1965).. area, the difference in base flow berween Beloit
The recharge 0 the area would be the base flow  and Niles, Kansas, was 61 cfs for an areq of 1,240
in the streams draining the ares. During the  square miles or 0.62 inch, The average of these
growing season, the water lost 1o evapotranspl-  was 0.59 inch and includes some loss ta evapo-
ratiea along the valley walls and streams would transpiration.
not reach the gage to be measured; therefore, An examination of the aerial photographs for

recharge in the areg would be larger than gaged the area indjcated that there were about 6 square
on the stream. The maximum recharge 1o the

- _miles of cottonwood and willow trees along the
area would approach the base flow during the valley bottom of the Republican River. About 4
non-growing. season, b'.‘“ as factors other thap square miles were between the Hardy and Con-
Evapotranspiration are involved, the recharge is & 3 tes b
between the base flow in the sweams during the S0T%1R gages and 2 square mues between Con-
growing season and during the non-growing sea-  c0fdia and the Clay county line. Acc‘f‘fd_mg‘ to
son. In this report the mean of record for the Blaney (1957, p. 128), the evapotranspiration
year (from Base Flow Data) was used to csti- Tate for cottonwood trzes in California was 1.15
matc the recharge. times the pan evaporation rate for a water leve}
The mean of record base How far the yoar of 4 feer below the land surface. The water fevels
(Busby and Armentrout, 1965) for White Rock  under the lowland area along the Republican
Creek at Lovewell, Kansas, was 7.10 ¢fs for an  River are in most localities from 3 to 12 feet be-
area of 342 square miles or 0.30 inch. In the Lir- low the [and surface, and therefore the above
tle Blue River near Endicate, Nebraska, the basin  coefficient was reduced to L0, US. Weather
immediately northeast of the area, the base fow Bureau Climatological Data show that the aver-
was 157 cfs for an arca of 2,340 squace miles or age pan evaporation for the growing season in

s
I\ ! 55
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Fraurs M.wHydrograph of well in Recent alluvial aquifer and monthly flow in the Republican River at Concordia,
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Fader—Gronnd Water in the Reprblican River Area, Kunsas 3

worth-central Kansas was 56 inches for the period
1955.63,

If the above figures are reasonable for porthe
central Kansas, there would be about 12,000 acre-
feet of water used annually by trecs along the
river between Hardy and Concordia. There are
as many trees along the upland drainages as
there are along the river lowlands, se that the
total estimated evapotranspiration by trees in
the area is about 25,000 acre-feet or 0.4 inch an-
nually berween Hardy and Concordia, Because
the trees obtain part of their water supply from
soil moisture that never reaches the water table,
only part of the 04 inch can be considered
recharge.

Another estimate of the losses to evapotran-
spiration can be made from the base-Hotw data,
considering that the effects of cvapotranspiration

-are delayed in reaching the stream gage by 3or
4 months and the difference in mean base How
between the growing and non-growing scasons
might be the maximum losses 1o evapotranspira-
tion in the basin, The base flow (mean of rec.
ord) at Lovewell for the months of August
through January averaged 5.81 cfs and for the
months of February through July averaged 11.07
cfs. This difference, 5.26 cfs {or 0.2 inch), is the
maximum loss, The difference at Endicott, Ne-
braska was 0.25 inch. Therefore, peossibly 0.2
inch should be added to the 0.4 inch (Qsa) e
charge between Hardy and Concordia, The re-
charge rate in the Republican River area, then,
is probably 0.6 inch, as indicated by both
methods.

It should be noted that the above computa-
tons are for near natural conditions and for the
total drainage area. The recharge potential along
the valley bottoms is greater than the upland
areas because of moere sandy soils in the valley
bottems. ‘Therefore, the recharge is probably
greater than 0.6 inch in the lowland areas and
tess than that figure fn the upland areas.

WitHDRAWALS oF Water

In 1963 there were 86 irrigation wells in Re-
public County and 101 in Cloud County. There
were 12,300 acre.feet of ground water pumped
in the Republican River drainage area for irriga.
tion and municipaf vse in 1963 (Fig. 11). Eight
thousand acre-feer were withdrawn above the
gage at Concordia. A small amount was pumped
from the Kansan deposits in north<entral Re-
public County, but most of the pumpage was
from the alluvial deposits in the lowlands along
the river.

i
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a2,

i

S

Hithdrawals, iz thovsands of ocre-feet
“ze

e

Freure 11.—Withdrawals of 'gro.uﬁé w;l:r_in.ﬂze ‘Rcbl;b-
lican River drainage basin, DTl s

Effeets of Pumping of Ground Water '

on Streamfow . . - Sl

In Kansas there is considerable ground water
available along most of the major stream val-
leys. Several periods of deficient rainfall have
prompted farmers in these areas tw develop itri-
gation systems utilizing ground water, Some of
the water pumped from the valley aquifers
would have been naturally discharged to the
streams, and where the pumping level has been
lowered to a point helow the level of the stream,
water moves directly from the stream into the
aquifer. Pumping from wells has resulted in the
interception of water moving toward the stream
and has cansed the surface water to move into
the aguifer, thus affecting the Aow of the stream,
The following is an estimate of this effect on the
flow of the Republican River.
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Theis (1841} presented a method of estimat-
ing the effect of pumping a well on the flow of a
nearby strcam. The forroula originally given
contains a complex series, Conover (1954) de-
vised a chart (Fig. 12) that allows z simple
" graphical solution of the formula. The estimates
. given later arc based on data obeained from feld
tests in the area as applied to the chare,

The following assumptions are necessaty in

the use of the above method: (1) that the aqui-
fer is homogencous and isoteapic; (2) that the
aquifer and the stream are in free communica-
tion with each other (the river bed contains a
minjmum of silt so that ground-water flow from
the stream is not retarded); (3) that constant
pumping rates are maintained throughout the
periods of time chosen; {4) that the lowering of
.the water level docs not change the transmissi-
bility; and (5} that there is sufficient flow in the
tiver to satisfy the demands of pumping during
.the periods of time chosen,
. The joformation needed to use the chare
(Fig. 12) is as follows: (1) the coeficient of
transmissibility (T'), in gallons per day per foor,
from Table 2; (2) the coefficient of storage (),
assumed to be 0.2; (3) the distance (4} betwesn
the well and the stream, scaled from well-location
map; (4) the time of pumping (2) in years, as-
sumed; and (5) the pumping rate (Q), in gal-
lons per minute for cach well reduced from the
measured or reported rate by an assumed 20 per-
cent to allow for return seepage from irsigation.
.~ To use the diagram (Fig. I2), enter it either
at the left or right with the distance from the
steeam (g}, Proceed upward to the sight or
downward to the left parallel to the diagonal
lines to the intersection with the S/ ratio (top
of dizgram), then proceed horizontally across
the diagram to the interscction with the time
(bottom of diagram}. Read the percemt from
the diagonal lines, interpolating between lines 3
necessary, For example: If @=0.15 mile, §/T=
2X10°5, and £z=1 year, percent=9].

Using field datz and the chart (Fig. 12), the
- percent of each well pumping rate supplied by

the river was estimated at the end of 10, 20, 62,
" 124, 224, and 365 days. These ercentages were
entered in a table (not shcawn%J and multiplied
. by the pumping rate of cach well. The toral
quantities, in gallons per minute, obtained from
the stream at the assumed times were computed
and plotted on Figure 13.

Ire summary, if all the irrigation wells in the
river valley between Hardy and Concordia were
pumped continuously at a constant rate of 66,000
Eﬁpm, the quantities supplied by the river woukl

Kansas Geol, Survey Buli, 188, 1968

7,500 gpm at the end of 10 days;
12,200 gpm at the ¢nd of 20 days:
21,900 gpm at the end of 62 days;
and 38,500 gpm at the end of 1 year,
Between Concordia and the Clay county line,
if the total pumping rate were 38,000 gpm, the
quantities supplied by the river would be:
4,200 gpm at the end of 10 days;
6,900 gpm at the end of 20 days;
13,300 gpmn at the end of 62 days;
and 24,700 gpm at the end of 1 year,

In 1963, a year of below-normal rainfall, the
average time irrigators pumped was 22 days. L
Figure 13 shows about 13,000 gpm or 29 cfs was i
being removed from the steeam between Hardy
and Concordia at the end of 22 days.

The area under the curves in Figure 13 js
the volume pumped from the river, This would
be 710 acre-feet between Hardy and Cencordia
and 420 acre-feet between Concordia and the
Clay county line, or a toral of 1,130 acrefeet if
all the wells were pumped for 22 days. I these y
figures are correct, about 7,000 acrefeet of the °
8000 acre-feet (page 13) pumped above the -
gage at Concordia was removed from ground- -
water storage during the jrrigation season. Fig-
ures 8, 9, and 10, show a decline of water fevel
in the lowlands since 1960. However, as the :
aquifer was assumed to be full and warer re- L
jected for the estimate of recharge (page 13), it
is estimated that the 7,000 acre-feer will be
replaced by precipitation and seepage from the
river during periods of higher precipitation, ..

CHLORIDES IN GROUND WATER

Because of the history of high chioride con- -
tent in water from irrigation wells in Cloud
County, a sampling psogram has been estab-
lished to determine any changes in amount of
chloside {Table 3). The chioride content in-
creases in one or two wells during the pumping
season, but there is very hittle change in chloside
centent from year to year, However, seven or
more wells have been abandoned for ierigation
use, owing to high chloride content. Because
the abandoned wells wete not pumped, com- .
parable water samples were nat available, and
the changes in chloride content are not known.

The Dakots Formation in most of northwest-
ern Cloud County contains water high in chlo-
ride, 250 ppm {parts per million) or higher (PI.
4). The water in the Dakota Formation moves
into the Kansan and alluvial deposits {Fig. 14)
in the subsurface, and therefore most of the Kan-
san deposits and the basal part of the alluvial
deposits along the Republican River in Clound
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Tasue 3.—~Chlotides in water from wells and-springs in the Republican River area, Kansas,

Well Depth, Water- Dare of Chloride, Well Depth, Waree- Date of  Chleride,
nutmbge ft bearing fampling apm number It ving sampling ppm
unit® unit*
Rupvatic County Croup County
1-3W-3bc 212 Qd 8-30-62 12 5-1W-15cc 200 Kd 7-21-64 54
4dd 1 Qud 7-30-42 26 26ad2 158 ¥d 8- 4-54 19
10dd 80 Qd 7-30-42 18 30be - Qa 6-18-63 24 i1
18ce 171 Qd 7-30-42 14 ggﬂcgé 71 Qz 8.15-61 645
* c 25 1
1-4W-4ba 160 Qd  7aem 3 e e 12
é?ﬂ‘ gg S'i ;?83% 23 3lac 80 Qw 7-21-64 135 i
c -1t 32be 74 -16-63
34ad 115 ad 73047 23 AL 15 132
I-53W-6bb ? Qa 7-30-42 18 7-21-64 1z
14de2 61 Qz 7.30-42 20 5-1W-32de 90 “Qw 8-16-63 54
18ab 49 Qd 7. 1.63 30 7-21-64 63
18bb 75 Qd 7-30-42 25 34ddd 60 Qw 1943 212
20ab 160 X 6-27-63 36 100 Kd 1943 450 :
2-4W-7dd 42 Qa 7-31-42 26 5-2W-15cb 10 Kd 6-18-63 46 E
19he 93 Qw 6-20-63 243 3
2-5W-2bdi 15 Qa 7-30-42 39 3-23-64 94 3
7-21.64 243
3-4w-9dd 63 Kg 7-31-42 57 19cbh 71 Qa 1943 2,450
. 17db 43 Qa 4.17-42 46 206e2 45 Qa 7-21-64 45
29da .13 Qa 7-31-42 118 2lad 50 Qa 8.27-63 182
32da 47 Qa 7-16-63 138 21dd 64 Qa Qk §-27-63 510
. §5.25-64 610
* 3-5W-13dd v 56 Kg 7-31.42 78 721-64 370
16dd 67 Ke §- 7-41 168 2Zea 55 Qa 7-21-69 144
25bb 64 Ke 73342 640 25¢h €5 Qw - 81561 65
32bb 118 Kd 7-31.42 1,320 25¢ce 72 Qw 1. 55 212
) 26add 80 Qw 1943 210
. 4-4W-ddb 59 Qa 8-28-63 48 59 Qw 1943 3,450
fad 60 Qa 7. 9.63 94 28daa 42 Qa 1943 23
© Bdb 40 Qa 7- 9-63 30 65 Qa 1943 1,300
8dd 51 Qa 7- 9-63 42 72 Qa ' 1943 1,340
Bab 72 Qa 7-10-63 54 80 Qk 1942 2,650
9ca 49 Qa 7- 9-63 90 28dzl 57 Qa 5.25-64 572 i
Hich 44 i 7- 2-83 48 721-64 576 i
* 16dab 52 Qw 7+ 963 36 . 28daz 48 Qa 5-25-64 352 4
17ds 5% Qa 7- 2:63 66 7-21-64 387
1 29ddb 57 Qa 5-25-6¢ 572 i
4-4W-17dd 60 Qa 7- 9-63 72 7-21-64 576 :
21caa 66 Qw 7-10-63 12 i 294b 48 Qa 5.253-64 352
2leab 113 Qw 7- 963 34 72164 387
22¢ca S0 Qi 7- 2-63 a0 ’ 30hed 40 Qa 6-12-54 368 H
22ec 56 Qi 7. 963 24 8-15-61 765 H
27dde 59 Qw 6-19-63 43 5.25-64 136 . i
5-25-64 50 7-21-64 792 H
7-20-61 29 3lee #$ Qd $-15-63 18 :
29db 53 Qa 7-10-63 30 32¢b 50 Quw B-16-63 30 1
7. 8-63 36 5-25-64 36 5
32¢cc2 35 Ga 7-31-42 18 7-21-84 45 {
33aa 33 Ca 7-10.63 42 i
7- B-64 48 5.2W.32db 54 Qw 8-16-63 24
33da 63 Qa 7-20-64 12 5-25-64 34 i,
33de 65 Qa 7-20-64 84 7-21-64 41 :
34baa 52 Qw B-25-60 75 3daab 81 Qw §-29-63 90 i
7.10.63 k] ' 3-25-64 50 {
7+ B-64 36 7-21-64 99 !
34dbb 49 Qw 82560 31 36bc 40 Qw 6-18-63 26
8-25-61 40 - ;
5.25-63 33 5.3W-15ab 341 Kd 10-18-55 16,000 !
7-20-64 38 17abe 106 Qi 8.25-60 468 :
8-15-61 390 ;
. 4-5W-7ch 42 Kg 7-31-42 96 7- 6-64 138
23be 128 Kd 7-31.42 1,655 7-20-64 372 :
7-31-42 6 18bbb 3 6+18-54 E

i
i
-

e et e A e D g e i e ek
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Foder—Ground Water in the Republican River Area, Kaneas 17
TFanee 3.—Chlorides in water from wells and springs in the Republican River area, Kansas {rontinued).

Well D:fd" Water- Dhatc of Chloride, well Dezpth, Warer- Date of  Chlozitle,

numbece T bearing sampling ppm number H beaking ampling ppm
unit® unit*

19bbl 96 Kd 1843 19 5-1W-7hd1 1o Kd §-27-63 660
121 Kd 1943 B850 7dd 39 Qw 6-25-63 120
127 Kd 1943 1,900 Bad 20 Qw 6-20-63 238
19¢h 67 G 9- 8-54 i7 8be 40 Qw 6-25-63 198
194dd 52 Qn 1943 21 Scc 235 Qw 6-25-63 144
67 Kd 1943 26 8dad &0 Qw 8-15-61 200
20bbe 70 Qa 1943 58 8-14-63 210
a0 Qk. 1943 413 7-21-64 198
167 Qk 1943 3,760 4dda 50 Qw 8-15-61 80
2lca 56 Qa 8-29.63 24 7-21-64 150
2iche 50 Qw 1943 59 9cca 5 Qw 5-13.60 35
71 Qw 1943 880 8.25-60 13
21dd 47 Qw 1943 48 8-24-63 30
63 Qw 1943 89 525-64 32
84 Qk 1943 2,380 10ba 54 Qw 8-25-60 31
22bad 35 Qi 1943 230 Iladl 39 Qw 7.20-69 18
71 Qi 1943 2,335 11ad2 38 Qw 7420.64 36
e 43 Qw 1943 167 13bhb 39 Qw 1943 25
50 Qw 1943 388 44 Qw 1943 43
60 Qw 1943 1,160 13bd 40 Qw 8-15-61 35
. 87 Qk 1943 13,750 5-25-64 18
22dch 35 Qa 1943 331 7- 8-64 .24
63 Qa 1843 §350 7.20.64 38
24de 55 Qa 7u21464 63 13dad 53 Qw 8-15-61 85
23db 48 Qa 5-25-64 108 8.23-63 S0
72164 63 7- 7-64 60
7-20-64 " 80
5.3W-28bac 36 Qa 1943 21 14aa 33 Qw 7-20-64 klt]
70 QK 1943 86 14abb 56 Qw 1943 47
103 Qk 1943 4,360 14da 48 Qw 5-23-64 27
28bb 51 Qa 5-24-43 23 7-20-64 36
28bbb 50 Qa 1943 2 15aba 69 Ga 5-13-60 95
28bbe 30 Qa 1943 27 8-25-60 75
28bbd 42 Qa 1942 20 B-15.61 78
52 Qa 1943 30 5-25.64 A1z
74 Qa 1943 228 7.11-64 T2
107 Qk 1943 5040 15cad 2 Qa 5-13-60 297
28bbd2 20 Qa 1943 14 22560 200
40 Qa 1943 22 8-15.61 300
51 Qa 1943 27 - 7-10-63 390
76 Qk 1943 1400 i 8-11-63 414
29a2a¢ 94 Qk 1943 3,500 L
29bbe 1 Qa 1943 15 S4W-15¢ad 5-25-64 336
31bb 37 Qa G- 3.54 BO 7-21-64 420
3222l 50 Qa 1- 2.45 72 15da 70 Qa 8-25-60 144
32az2 3% Qa 1545 :11] 8-15-61 170
32003 50 Qa 8- 454 110 7-18-63 152
35abe 65 Qa 8.15.61 B3 721-64 270
8-25-63 7z 15ddd Qw 1943 450
5-25-64 30 117 Qk 1943 1,240
7-21-64 90 16bd 83 Qw 5-13-60 100
3Gab 85 Qa 8.15-61 65 §-25-60 9
8-16-63 85 8-15-61 100
5-15.64 50 7.21.64 90
7-21-64 54 16ca 85  Qw, Qi 5-13-60 435
36bb 74 Qa §-15-6] 110 82560 440
B-25.63 B4 8.15-61 485
5-25-64 34 7- -63 378
7-21-64 81 7 -63 498
7- 63 696
5-4W-2bb Qw 7-20-64 18 5-25-64 680
Zcal 48 Qw b+ 9-64 30 I6ch L Qw 5-13-60 75
3abd 59 Qw 8-25-60 44 8-25-60 75
8-15-61 10 8-15-61 125
3dd 68 Qw 8-23-63 24 §-24-63 84
faae 64 Qw 7-20.64 72 3-25-64 76

Scb

62563

7-21-64
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‘TasLe 3. —~Chlorides in water from wells and springs in ‘the Republican River area, Kansas (conclnded).

County contain brackish water. In some areas
* (PL 4) along the Republican River, water from
some wells contains more chloride than is toler-
able for irrigation and other uses.

- Disgrammatic secdons for an area west of
Concordia are presented in Figure 14, The
brackish water is flowing into the area from the
west almost parallel to cross section E-E'. As
the wells in sec. 16, 17, and 20, T 5 S, R 4 W,
“are pumped, the brackish water moves north-
ward and upward into the wells, and the chlo-
ride content of water from the southernmost
; wells in section D-D” will increase. However,
* the Republican River, which normally contains
- water of low chloride coatent, recharges the aqui-

Foys

I ) e

8 gnﬂ“d"
e
¢ Sl

AI‘J e df:m," lin#
|
00

\ 0 50 | o
Thne sinea pumping stosied, In doys

Froune 13.—Quantity of water supplied by stweams ro
wells in the valley alluvium.

Welt Depth, - Water- Datz of Chioride, weli D:frh. Wazee- Date of  Chloride,
numbar £t baring tampling ppm number t caring sampling ppm
unity . vaig
16de 25 Qw 8-20-63 az 21bd2 24 Qw 6-25-63 354
7-21.64 60 7-21-64 432
16dd &0 Qw 5-13-60 37 21db Qw 6-25-63 450
B-25.-60 73 22ab 68 Qw 5-13-60 100
8-15-61 145 . 8-25.-60 167
B-22-63 78 8-15-61 155
17an 64 Qw 5-13-60 81 8-14-63 150
b6 120 .
82463 132 5-5W-4aab L Kd 11- 553 203
5-25-64 100 160 Xd 11-17-53 16,400
. 7-21-64 138 402 Kel 11-17-53 17,800
18bb1 54 Qi 6-25-63 132 qbb 53 Qk 10-30-53 9310
1862 60 Rd 6-25.63 282 7es 33 Qk 5-18-54 1,150
18be Py Qi 6-25.63 138 11ad 168 Kd 6-27-63 60
12ad 136 Kd 6-2B-63 300
¥ 2-4W.18ch 60 Qi §-25-63 78 12bel 40 Qi 6-28-63 96
18dd 43 Kd 6-2563 498 22da 140 Qi 7- 7453 43
1%ad 50 [0 6-25-63 474 Z4dd 57 Qk 5-20-54 28
19da 36 [ 6-25-63 564 :
20bb 49 Qi 6-25-63 552 6-1W-lea 84 Qw, Kd §-26-83 18 £
Hka 59 Qw 5-13-60 112 3m 41 Qa 6-155¢ 21 2
8-25-60 206 7 Qk 6-15-54 19 E:
8-15-61 260 4be2 86 Qw §-27-63 42 k
B-22.63 282 e 87 Kd 3. 454 13 4
5-25.64 70 f2ab 63 Qw 8.26-63 24

* 0d, Pleinceene deposis, umdliferentiated; Qo, Recent alluviumy Lw, Wisconsinan terrace deposits; 0J, IHinoitn terrace deposios; )
Kansan deposis; Kd, Dakea Formation: Kz, Greenhorn Limestone; Ke, Carlile Shala. P d ’ 2k

fer when the water level in wells is lowered be-
low the river level. This pravides water of Jow
chioride contept to the wells near the rivers
whereas, the water from the river Is intercepted
by pumping wells before reaching the southern-
most wells. Thus, the southernmost wells pick

up the brackish water from the lower parts of

the aquifers. . TSN

In the area northeast of Concordia, brackish
water from the Dakota Formation moves from
the north into the alluvial deposits in the sub-
surface. This underflow accounts for die high
chiloride content in the alluvial depesits in T 5 §,
R 3 W, East of Salt Creck the underflow is less
brackish. As the brackish water moves eastward
aleng the bottom of the valley alluvium, recharge
from rainfall and the less brackish underfow
from the north and south difutes the brackish
water, and only a small amount of brackish wa-
ter accurs as a narrow suip in T4 S, Rs | and 2
W. In general, most of the Kansan deposits in
the Republican River valley in Cloud County
conwin brackish water, Thus, very few irriga-
tion wells are drilled into these deposits. Thin
clay layers in the lower parts of the alluvial de-
posits above the Kansan deposits may retard the
upward movement of brackish water, provided
the wells do not penctrate the clay layers,

KS001730
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Tigune 14~ Diagrammatic cross sections D-D’ and E-E’, northwestern Cloud Connty, Kaneas,
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SUMMARY AND CONCLUSIONS

The Republican River area is divided inwo
two general categories in relationship to the
ground-water aquifers, In the lowland areas,
large guantities of water are available from the

» alluvial deposits. In the upland areas, water can
be obtained from silts, clays, and silty gravels of
Pleistocene age overlying the Cretaceous rocks
or from the Cretaceous rocks. However, the ap-
plication of surface-water irrigation has raised
. the water level in some of the upland areas caus-
ing flooding of pump pits at well sites and wa-
- terlogging of ficlds. Only the upper part of the
Cretaccous material yields water suitable for
most uses, as the water becomes more saline
_ with depth.

" Data from aquifer tests indicate that the co-
‘cfficient of transmissibility ranges from 10,000 to
2 320,000 gpd[Ft and the coefficient of permeabil-
ity ranges from 800 to 6,300 gpd /62, Coefficient
iof storage was not determined from the short
23 aquifer tests but was assumed from experience
i in other areas. )

Water levels dropped in the upland areas dur-
ng the peridd 1953-56, rose with increased pre-
cipitation during the period 195658, and rose
onsiderably in the areas irrigated by surface
awer after 1958, Waterlopging has occurred
in some of those areas. Water levels in the low-
Jand areas fluctuate with the rate of discharge of
the Republican River and with the local pump-

.; The alluvial deposits above the Kansan de-
osits contain about 586,000 acre-feet of water in
Vstorage. If water levels are drawn down due to
:pumping, the aquifers become thin and no
onger yield sufficient water for irrigation,
i'Therefore, part of the water in storage is un-
: available for irrigation.

Recharge from precipitation was computed
from streamflow records to be about 0.6 inch per
_year over the area. An estimated 0.2 inch is
lost to evapotranspiration before reaching the
» streams. Recharge in the lowland areas is prob-
ably greater than in the upland areas.

Withdrawal of ground water in the lowlands
- was 7,600 acre-feet in 1958 and 12,300 acrcfeet
i 1963. The theoretical quantity of water re-
meved from the Republican River by the pump-
ing of ground water between Hardy and Con-
cordia was computed to be 718 acre-fect in 1963.

Chlorides in irrigation water are a problem
in northern Clond County, However, suitable
water can be obtained from aquifers, which are
stratigraphically higher than Kansan deposits, in
most of the Jowland areas.

Kansas Geol. Survey Bull, 188, 1968

RECOMMENDATIONS

The following recommendations are in-
cluded so that sufficient data will be available for
funure analyses of the hydrology of the area, ei-
ther by the digital computers, ¢lectronic analog
models, or other methods. These types of anal-
yses were beyond the scape of this report or the
need for additional data was recognized too lawe
to be included in the study.

The measurement of water levels in the area
should be continued at the present intervals with
the same areal coverage. However, four or five
additional observation wells should be drilled
along the upland on the zast side of the Repub-
lican River for the purpose of comparing fluc-
tuations of water levels in similar geologic for-
mations outside the area of infiunence of the
irrigation by surface water. The approximate
loeations of these wells, depending on the geol-
ogy found when drilled, should be:

NWsec. 33, T1 8, R4 W;
NWsec. 16, T2S5, R4 W,;
WNWsee, 10, T3S, R4 W;
and SE sec. 2, T45,R4 W,

The measurement program of the low fows of
the Republican River between Hardy and Con-
cordia should be extended so that more accurate
sstimates of gains or losses in this reach are avail-
able, This may include an investigation by sta-
tistical methods as to the type or types of feld
data needed. . .
The collecton of data on the chiorides in
water should be continued on the present ananal
monitoring basis. “

LOGS OF WELLS AND TEST HOLES

Logs of 22 test holes drilled in the Republi-
can River arca were selected to represent the dif-
ferent types of materials encountered. Eleven of
these test holes were deilled by the State and
Federal Geological Surveys and are headed
“Sample log of test hole augered. . . " These
test holes were logged by the auther during drill-
ing. Nine of the test holes were drilled and
logged by the 11.5. Bugean of Reclamation; these
are headed “Log of test hole drilled by U.S. Bu-
reau of Reclamation. .. .” The remaining test
holes were drilled and logged by commercial
well drillers and are headed “Driller’s log of
test hole drilled by. .. .

1-3W.5bc~—Driller's log of test hole fu SW NW sec. 5,
T 158, R3 W near center of NWY see.; drilled by
Deoa Baracy for Edwin Tientjen, June 1958, Alttude
of land surface, 1,662 fecr,

KS001732

i
3

2 A e e



Fader—Ground Water in the Republican River dArea, Kansas

Thickness, Deprh,

feer Jeer
QuaTERNARY SYSTEM

Pleistacens Series, undifarentioed

Loatn 2 2

Clay, yellowish-browa ... 7 92

Clay, brown ... 8 17

Sand, brown, clay . B 3

Clay, brown . .39 62

Sand, fine ... . 23 85

Clay i 86

Sand, fine . 7 93

Clay, gray ... . 14 107

Clay, brown, soft . 6 113

Clay, brawn __ .9 122

Sand, fine, and gravel . 96 218
CRETACESUS Symm

Upper Crecaceous Series

Carlile Shale

Shale, black .. 2 220

1-4W-31cc (USBR, 164) .-—-Log of test hole in SW SW
sec. 31, T 1§, R 4 W, 50 feer north and 350 feet enst
of W cor. see.; dn]]cd by U.S, Burcan of Reclamation,
QOctober 1957, Altitude of land surface, 1,495 fect,

Thickners, Depth,
Jeet Jees
QuATERNARY S¥STEM
Pleistecenc Serizs
Minoisan Stage
Crete and Loveland formations
Sile . 5 g
Sand, fine, slight smoune sitt ... 3 8
Silt . 12 20
Silt 2od fine sand . - 2 2
Sand, fine, clean; Joose .. - 4 26
Sand, fine to coarse; loose . . 10 36
CRETACEDUS S‘:m
Uppez Cretaccous Series
Carlile Shale
Shale, bluey firm ., 2+ 38

1-4W-3lde—Sample log of st hole in sW SE sec. 31,
TS, R 4W, 20 feet north and 100 feet cast of $%~
cor. sec. augcud November 29, 1962, Altitude of
land surface, 1514 {estimarted) fect,

Thickness, Deprh,
feet Joer

QuATERNARY S¥sTEM
Pleistocene Serfes

Hlinoisan Stage
Crete and Lcweland formations, un.
difterentiated

Topseil, black L 4
Clay, bluish-black 2 [
Clay, @a ........... 5 11
Clay, silty, tan ... 9 20
Kansan Stage ’
Grand Isiand and Sappa formations,
undifferentiuted
Clay, silty, datk-brown ............ 4 24
Sand, fine w mcdium, annish~
brown 2 25
Clay, brownish-red .. 3 29
Gravel and clay strips .. 6 335
Sand, toarse, tan 5 40
Sand, coarse, shd pea-sized gmvc] 4 44

CRETACEDUS S¥STRM
Upper Cretacoous Series
Carlile Shalc
Shale, bluish-black, hard e, 1 45

I-5W 9ddd.—-sarnplc log oE test hnlc in SE SE SE sec. 9,
T 18 RS W, 20 feet north and 30 feer west of SE
cor. Scey} nugctcd }unc 1963 Alutudc of land surfar,c,
1,501 feet. .

TAI:QH::!, Depid,

S Lofeet . e

QUATERNARY SYsTRM

Pleistocenc Series k
Recent Stage (alluvmm) " .
Sand, fine, silty, tamnsh bmwn . 5
Sand, coarse, BN .. li e 3
Sand and gravel, blui

CRETACEOUS BYSTEM .
Upper Cretaceous Series
Carlile Shale It

1-5%W-10a1a —~Samplc Iog of tc:.;r. hol: in NE NE NE sec.

18, T18 R5 W, 40 feet south nnd 35 feet west of | -
"NE cor, séc.; augered, Jupe 1965. A]nmde of Imd S

sutface, 1,550 (=su.rnaled) feer.

Tjn:.(nru. D!Plb.

. c fece Jeei

QUATERNARY Sva ~

Pleistocene Series -

Wisconsinan and Hlinoisan stagcs _ D
Peoria and Loveland Eurmanons, -

undifferentated -

Tapsoil, brown .

Clay, silty, black

Clay, silty, brown

Pleistocene Huvm.! deposits,

Sand, coarse, b1 wmsh‘la.n' haxd‘
to drill _

Clay, gravcl, and sacd aye.zs. blue
Sand, coarse, and gtavd b!ue. L
with some clay . 15“

g

CrETACEOUS S?mu

Upper Cretascous Scrie
Carlile Shale

Shale, black

!-SW-iﬁwa—Log of test Bole

Py

T 18, R5 W, near W cor;'sec.; drilled by U.S, Bu-

seau of Reciammnn, May- 1961
face, 1,510 fect,

Alutudc of land suc-

Tlu:ln:.u Dep-‘b
o . Jrer fext
QUATERNARY SysTEM .
Pleistocene Series, undxﬁercnuntcd 3
Silt, dark-brown; drilled easy ... 5
Silr, light-brown; drilled casy ... 4
Clay, silty, dazk-gmy, drilfed ca.sy 3
Clay, silty, light-gray; driled casy 3
Sand, very fine, gray; lgose ... 8
Sand, fine to medium, gray; loose 10
Sand ﬁne to coarse, bluish-gray;

U — 38

CrETACEOUS Sys-rm
Upper Gretaccous Series
Carfife Shale
Shale, blug; hemt oo 27 40F

1-5W-36dc (U.S.B.R. 163 F).—Log of test hole in SW
SE sec. 36, T 18, R 5 W, 100 feet north and 1,180
feet west of SE cor. sec.; drilled by U.S. Bureau of
Reclamation, January 1958. Almudc of lancl surface,
1,486 feet.
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Thickrees, Lepth,

Jeti fect
QUATERNARY SvsTEM
Pleisoeene Series
Hlinoisan Stage
Creta and Loveland formations

it 4 4

Sand, fing, siity: loose wevvevveisens 2 [

SHe L. 1 7

Sand, fine, silty; loose . 1 ]

Silt; small amount fine sand ... 9 17

Sile 1 18

Clay, silty, compact ......... 1 19

Sand, Hine; small amount s 1 20

Sike 2 22

Sand, fne, silty el 3 25

Sand, fine to coarse; loose ... 3 28

.CrETACKOUS SysTEM )
Upper Cretaceons Series
Carlile Shate
Shale, blues BIM oo seamenne 2 30

1-5W.354d (USBR. 162 B),—Log of st hols in SE-
SE sec. 35, T 1 8, R 5 W, 100 Fect north and 160 feet
west of SW cor. scc.; drilled by 1S, Burean of Recla-
mation, 1957, Aldwde of land surface, 1,478 fest,

‘ﬂu;gkn:u. D;‘pM,
4 2t (171
QuATERNARY SvsTEM

Pleistocene Series

Recent Siage (alluvium)

Sand, very fine, silty; loose ... - 2 2
Saad, very fine, some sile; lonsg .. 2 4
Band, fiNE s w 7 1
Sand, fine 10 coarses loose ... - & 17
Sand, fine to coarse; silty, smal]
pieces weathered shale ... 7 24
Sand, fine to coarse, some small
gravel, small pieces weath-
ered shale ... . 2 26
Craraceous System
Upper Cretaceous Series
. Carlile Shale
Shale, blue; frm s 2 8

AW-5hbh.—Sample log of test hole in WW NW NwW
sec. 5, T 2 8, R 4 W, 20 feet souch and 15 feet east of
NW cor. scc,; augered, June 1963, Alttude of fand
~ surface, 1,545 (estimared) feot.
- . Thickness, Deprh,

Jetr Jeet
QUATERNARY SysTEM

Pleistocene Series
Wisconsinaa and Hlinoisan stages
Peotia and Loveland formations,

uodifferengated
Bilt, tan pe e 10 10
Clay, silty, tannish-yellow ......... 16
Sand, very fine, tannish-white;
drilled bard ... 9 25
Sand, medium, tan 9 34
Sand, merdiam, silty; 5 33

CRETACEOUS SysTEM
Upper Cretaceous Series
Carlile Shale
Shale, sandy, black; drilled hard 2+ 414

25W.lba (US5.BR. 163).—Log of test hole in NE NW
sec, [, T2 S, R5 W, 10 feet south and 1,300 Feet east
of N'W cor, sec.; drilled by U.S. Burean of Reclamation,
1957. Alttude of land surface, 1,476 fecr

Komsar Geal. Survey Bull. 188, 1968

Thicknese, Depth,
. Jeet feez
QUATERNARY SYSTEM
Pleistocene Sexies
Recent Stage {alluvium)
$and, very fine, silty; loase ... S
Sand, fine; loose e . 3
Sand, Ane w0 medium; looss ... 11 1
CRETACEOUS SYSTEM
Upper Gretaccous Sertes
Carlile Shale
Shale, blue; firm ..

\=T- R

2-5W-20aa—1L.og of test hole in NE NE 2ec. 20, T 2 5,
R 5 W, near NE cor, sco.; drilled by U.S. Burcau of
Reclamation, 1955, Aldmde of land surface, 1,554
Feet. .

Thieknesr, Depth,
fece feer

QUATERNARY SYSTEM
Plaistocens Series

Wisconsinan and IHinoisan stages
Peoria and Loveland formations,
undifferentiated

site, elayey, darkebrown .. 2 2
Clay, silty, brown ... 1 3
Silt, light-gray, rusty streaks 8 11
Silt, dark-brown .._... 5 .16
Clay, silty, light grmyish . 8 25
Chay, silty, brown .eeeeon. 4 28

Pleistacens deposits, undifferentiated

Clay, light-yellow, and weathered
shale oo 11 40

3-4W-Bee3~Sample log of test hole'in SW SW sec. 8,
T 38 R 4W, 100 feet northeast of well 8ccl: au-
gered, November 1962, Altitude of land surfare, 1,437
ecl, .

Thickners, Depih,
feer fect

Quarennary SysTeMm -

Plcistacene Series
Recent Stage {alluvium)

Topsoil, black ._
Sand, coarse, brown __..
Sand, coarse, and gravel,

4y S
Clay, blue _ ...

3-5W-16bb.—Log of test hole in NW NW see, 16, T 3 5,
R 5 W, near NW cor, sec,; drilied by U.S, Burcan of
?.c:c]amation, 1656. Altwde of land surface, 1,51t

t.

Thickness, Depih,
Ject Jece
QUATERNARY SYSTEM
Pleistogcene Serjes
Wisconsinan and Iflinoisan stages
Peoric and Loveland formations,
undifferentiated

Clay, dark-brown oo 2 2
Clay, dark-gray ... . 2 4
Sile, light musoydbrown . 7 It
Pleistocene deposits, undifferentiated
Clay, dark-gray ... 16
Clay, light-brown .. 28
Clay, sy, lighr-brown 7 35
Clay, yellowash-brown . 13 48

Chalk, weathered, yellow ........... 18 66
Crevacrons Systen
Upper Cretaceous Secies
Carlile Shale
Shale, blue oo, B 67
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Fader—Ground Water in the Republican River Ares, Konsas o © 23

35W-20sd.—Log of test hole in SE NE sce. 20, T 3 5,
R 3 W, near E¥ cor. sce.; drilled by U.S. Bureau of
Reclamations, 1961, Aldwde of fand surface, 1,499
eat,
Thicknes, Pepth,
Jecr fexz
QUATERNARY SYSTEM
Pleistocene Series
Wisconsinan and Blinoisan stages
Peoria and Loveland formations,
oodifferentiated
Clay, silty, dark-browa . R 4
Silt, light gravish-brown, msty
SEPEAKS rivuarimtrisnianmssmrarons iss 10
Clay, silty, reddishbroswn ... 25 35
Clay, yellow, and ehalk fragments 1 36
CrETACEOUS S¥sTEM .
Upper Creraceous Series
Greenhorn Limestone
Chalk, weathered, yellow ... 1+ 37+

4-4W-4dc2.—8ample log of test hole in SW SE sec. 4,
T 48, R4 W, 0.1 mile north and 0.1 mile east of %
cor. sec.; augered, November 1962, Alitude of land
surface, 1,431 feer.

Thickness, Depeh,

Jeet feet
QRIATERNARY S¥sTEM
Pleistocene Series
Wisconsinan Stage (terrace depasits}
Topsoil ] 5
Clay, silty, black 9 14
Clay, silyy, tan ... 2 16
Silt, tan, and fine sand .. 7 23
Sand, fine, silty, grayish-tan ... 7 a0
Sand, medivm to . coarse, sﬂty.
. 10 40
Sand, coarse, gray ... H 45

Sand, coarse, and fine gravel, gmy 5 50
Gravel and coarse sand, gray ...... 17 &7
Creraceous SvsTem :
Upper Cretaceous Series
_ Graneros Shale
Shate, yellowish-brown; drilled
hard e 6+ 73+

4-4W-2lcab~Driller's log of test hole in NW NE SW
. see. 21, T 4 8, R 4 W; drilled by Ben Lervold, ac irei-
gation well for Lloyd Blosser, April 1954, Altitude of
land surface, 1,412 feer.
Thickwess, Depth,

Ject Jeer
QUATERNARY SystEm

Pleistocens Series
Wisconsinan Swage (terrace deposits)
Loam 8 8
Clay and sand e 14 22

Gravel, medium, and sand 30
Gravel, coarse 68
CRETACEOUS S¥STEM
Upper Cretaceous Secics
Granaros Shale
Clay, blue .oiiicirannns 22 ap-+

4-4W-30cc—8ample log of test hole in SW SW sec. 30,
T4 8 R4 W, 160 feet north and 30 fect cast of SW
cor. sec.; augered, November 1962, Altitude of land
surface, 1,424 feet.

Thicknear, Depth,
foer Jeer
QuATERNARY SYSTEM
Pleistocene Series
Recent Stage (alluvium)

Topsml (and road ﬁl!), black 10
Clay, Brown s vemaen - 12

Clay, silty, brown ,..ee.
Clay, brown, and silty clay !aycrs

Sand, fine, hrawn e na s
C}ay, browa, and silty clay layc:s
Clay, sifty, brown
Clay, silty, brown; dnlled hard
Clay, silty brown, layers of fine
yellow saud

Y e
Lo S PPN -

W

v

- 8+ 7+

4-5W-16ee.~Log of test holc in SW SW sec. 16, T4 S,
R 5 W, near SW cor, sec.; drilled by U.S, Burcau of
Rcc!amauun, 19586, Alumdc of land surface, 1,500 feer. * -
Thmtnm Depib,
¢ . feet | fect

QUATERNARY Symu

Plcistocens Series . - .
Wisconsinan and ]llmotsan stagcs

Peoria and Loveland i !

undiferentiated

Silt, brown i

Clzy, silty, brown

CRETACEOUS SYSTEM 1.7

Upper Crataceous Series

Greenhorn Limestone

Chalk, weathesed, ye lu s

frard iayus —

4.57-19bbb.: —-Snmpl: log of test hole in- NW N‘W NW.
sec. 19, T 4 8, R 5 W, 30 fest south and 35 feet east of
NW cor. se:; augered June 1963. Ainmdu of land
surface, 1,396 ncl’. -

- T.'n’ckam. D:prb
3 fect feet -
QuaTeriary System
Pleistocene Serics, undiffcrentiated .
Topsail, black ...
Clay, tat, silty; dritled hard .
Clay agd fine sxltj' sa.nd fayers .
Clay, blue ..l.22
Silt, bluish-gray, r.iayey —
Clay and sxlt, btuuh—gmy
CREVACEOUS SYSTEM
Epper Cretacoous Senu
Grancros Shale 3 -
Sandstone and shale, quc e 2H -43“}‘

—

+5W.32ds.—Sample 1ng of test bole in NE S& sev, 32,
T 48 R5 W, 35 feet south and 35 feet west of El-
cor. ety augcrcd June 1963 A[nmdc of Iand surface,
1,385 feet. )

= Thickness, D:plb. el
feed eer i
QUATERNARY SysTEM . :
Pleistocene Scries, uudlﬁcrmmtcd
Topsoil, black ..
Clay, silty, zray -
Silt, sandy, brawn
Silty BEAY cemvrrrrrmmarees
Sand, very fine, gray .

Silt, gray .
Silr, brown, and ﬁne “sand laycrs 27
Clay, brown ..ovemnns 3z

Sikt and very fine sand ...,
Sa.ud, vety ﬁnc, sulty, Erowdishe

u:; [V 3 -G A S FL R TR N )
b
[~

Siit, gray
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CRETACEQUS S¥STEM .
Upper Cretmceons Series
Graneros Shale
Shafe, bluc: drilled hard ... ++ 63

5-4W-26bc.—Sample log of tast hole in SW NW sec. 26,
T 55 R4 W, 60 feot cast of WY -tor. sec.; angered,
Novembec 1962, Altiwde of land surface, 1375 foer.

Thickmess, Depeh,
Jeed

eed

QUATERNARY SysTEM
Pleistocene Series
Wisconsinan Swage (terrace deposits)

Topsoil, black e —vsrecssrersoenne 5
Sand, fne, brown 3 3
Clay, g1ay weeee 2 10
Sand, fine, brown . 8 8
Clay, silt, and fine sand, gray ... 5 23
Sile and fine sand, gray ........ 7 30
Sand, very fine, silty, brown .5 5
Sand, very fine, silty, bluish-gray 13 48

Sand, coarse, 2od fine gravel ... 3 51

CRrETACEDUS SysTEM
Lower () Cretaccous Scries
Dakota Formation
Shale, weathered, blue ..
Shale, blue ..

Kapsas Geol, Survey Bull. 188, 1968

5-3W-Zed—Sample log of test hole in SE SW sec. 2,
T35S R5 W, 30 feet north and 0.45 mile west of
SE cor. sec.; ougered, June 1962, Alttude of land sur-
Fage, 1,432 (estmaced) feet.

Thicknesi, Depeh,
ees fect
QUATERNARY SysTEM

Pleistocene Serfes
Wisconsinan Stage (terrzce deposits)
Topsoil, black, and silty clay loam
Clay, silty, B8 oo -
Sand, very fine, silty, clayey;
seme sandstone chips, tan-
nish-white ........ SRRSO
Clay, browsn, hard .oeo..rvceorervenn
St and sand, very fine, tan ,
Clay and silt layers ...
Silt and very fine sand, tzn .
Silt and very fine sand, ;an; some
layers drifled hard .
CRETACEOUS SYsTEM
Lower (1) Cretaccous Series
Dakota Formation
Clay, blue, and tn sandstone
[ 51T 1 S

o w

' LUV Y
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Fader-~Ground Water in the Reptblican River drea, Kansas
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