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GEOLOGY AND GROUND -WATER RESOURCES
OF CLAY COUNTY , KANSAS

By KENNETH L. WALTERS and CHARLES K. BAYNE

ABSTRACT

This report describing the geography, geology, and ground - water resources
of Clay County , in north -central Kansas , is based on hydrologic and geologic
information obtained in the field during the fall of 1953 and the summer of

1954. The field data are given in tables ; they include records of 143 wells ,

chemical analyses of water from 35 representative wells , logs of 28 test holes,

and results of pumping ( aquifer ) tests . In addition , 110 holes were augered

to determine the depth to water .
Clay County has an area of about 660 square miles and lies in the Great
Plains and Central Lowlands physiographic provinces . Most of it is drained
by Republican River ; small areas are drained by Fancy Creek and Chapman

Creek , which are not tributaries of Republican River . The normal annual
precipitation at Clay Center is 27.92 inches , and the mean annual temperature

is 55.1 ° F. Agriculture is the principal occupation in the county .
The rocks that crop out at the surface in Clay County are sedimentary and
range in age from Permian to Recent . The oldest formation exposed in the
county is the Barneston Limestone . The Dakota Formation , the youngest

Cretaceous rock in the county , crops out over a large part of western and north

ern Clay County . The Permian and Cretaceous rocks are mantled in many
places by unconsolidated continental deposits of fluviatile and eolian origin
representing four stages of the Pleistocene Epoch .
The unconsolidated sand and gravel deposits of Pleistocene age form the
principal aquifer in the county . These deposits a

re

thickest and most extensive

in the valley o
f Republican River . The Dakota Formation yields moderate

quantities o
f

water to wells in western and northern Clay County . The
Barneston Limestone yields small to moderate quantities o

f

water to wells in

eastern Clay County . Ground water in the area is recharged principally from
local precipitation ; underflow from adjacent areas contributes significantly ,

however . Ground water is discharged mainly b
y

seepage into streams and b
y

transpiration b
y

plants . A
ll

municipal and industrial water supplies and most
domestic and stock supplies are obtained from wells . Irrigation from wells is

practiced extensively in the valley o
f Republican River .

INTRODUCTION

PURPOSE AND SCOPE OF INVESTIGATION

A program o
f investigation o
f

the ground -water resources of Kan
sas was begun in 1937 b

y

the United States Geological Survey and
the State Geological Survey o

f

Kansas with the cooperation o
f

the
Division of Sanitation of the State Board of Health and the Division

o
f Water Resources of the State Board of Agriculture . The investi

gation o
f

that part o
f Clay County that lies within the Republican

( 9 )
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Valley was integrated with the program of the Interior Department
for development of the Missouri River basin . The investigation
upon which this report is based was begun in the fall of 1953 and
field work was completed in the fall of 1955. It is similar to other
investigations that have been completed or are being made in other
counties in Kansas . The present status of investigations resulting

from this program is shown in Figure 1 .
Ground water is one of the principal natural resources of Clay
County . Nearly a

ll public , domestic , and industrial water supplies

and many stock supplies are obtained from wells . Ground water

is being used to some extent for irrigation , and recent interest in irri
gation indicates that the use o

f ground water for this purpose prob
ably will increase greatly in the future . Withdrawal at the present

rate has not seriously depleted the ground -water supply o
r

resulted

in impairment o
f

the quality o
f

the water b
y

encroachment o
f

water

o
f poor quality , but there is need fo
r

a
n adequate understanding o
f

the quality and quantity o
f ground water available .

100 21.15

ROOKS
105

POTATO
Thism6 110 1363report 135

1301
YRERORU

ELLSCORTH

VOS

Report published
or in pripss

OUTLERGREENWOOD

Reportinpreparation
RE
1275

CLARK BASER
COWANONE64-38 TANOVA 47-3

Fig . 1. — Index map o
f

Kansas showing area discussed in this report and
other areas for which ground -water reports have been published o

r

are in

preparation .

LOCATION AND EXTENT OF AREA

Clay County is in north -central Kansas , in the second tier o
f

counties south o
f

the Nebraska line and about 5
0 miles east o
f

the

center o
f

the state . The county is bounded o
n

the west by Ottawa
and Cloud Counties , on the north b
y

Washington County , on the
east b
y

Riley and Geary Counties , and o
n

the south b
y

Dickinson
County ; it has an area of 660 square miles .
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PREVIOUS INVESTIGATIONS

The principal studies of the geology and ground -water resources
of north -central Kansas that have a direct bearing on Clay County

are cited below . Specific references are cited by author and date

at appropriate places in the text ; a
ll

are listed in the references

a
t the end o
f

the report .
The geology of the Upper Cretaceous rocks in Kansas was d

e

scribed b
y

Logan ( 1897 ) . Darton ( 1905 ) made reference to wells

in north -central Kansas in a preliminary report o
n

the geology and
ground -water resources o

f

the central Great Plains . Haworth

( 1913 ) prepared a report o
n well waters in Kansas in which h
e

discussed the availability o
f ground water in the Republican River

valley . Jewett ( 1941 ) prepared a report on the geology of Riley
and Geary Counties ; in the western part o

f

these counties the
geology is very similar to that in eastern Clay County . Plummer

and Romary ( 1947 ) prepared a report o
n clay in Kansas in which

they described the ceramic characteristics o
f

the clays o
f

the Dakota

Formation in the area . Schoewe ( 1952 ) in a report on the coal
resources o

f

the Dakota Formation described coal reserves in the

county . Frye and Leonard ( 1952 ) in a report o
n the Pleistocene

geology o
f

Kansas described unconsolidated deposits in the Re
publican River valley in Clay County .

METHODS OF INVESTIGATION

One month in the fall of 1953 , four months in the summer of

1954 , and one month in the fall o
f

1955 were spent in the field
collecting the data upon which this report is based . The geology

was mapped o
n aerial photographs from field observations and

from stereoscopic study o
f the photographs . This information

was transferred from the photographs to a base map modified

from a map prepared b
y

the Soil Conservation Service o
f

the De

partment o
f Agriculture .

Data o
n the character o
f

the water -bearing material , and o
n

the

depth , depth to water , and yield o
f

143 wells were collected ( Table

1
0
) . Holes were augered with a power auger at 110 locations in

order to gather both geologic and hydrologic information . Ad
ditional information o

n

the material below the land surface was

obtained b
y drilling 2
8

test holes with a hydraulic rotary drilling

machine owned b
y

the State Geological Survey o
f

Kansas and
operated b

y

E
.

L. Reavis and William Gellinger . Logs o
f

the test

holes were prepared in the field , and the drill cuttings were studied
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microscopically in the laboratory . Altitudes at the surface of th
e

wells and test holes were determined b
y
a level party headed b
y

Mr. Reavis using an alidade and plane table .

Several pumping ( aquifer ) tests were made to determine the
hydraulic characteristics o

f

the water -bearing deposits .

Thirty -three samples ( two composite ) o
f

water from 3
5

wells

and test holes were collected , and chemical analyses of the samples

were made b
y

Howard Stoltenberg , chemist in the Water and
Sewage Laboratory o

f
the Kansas State Board o

f

Health ( Table 3 ) .

WELL -NUMBERING SYSTEM

In this report the wells , auger holes , and test holes are numbered
according to their location a

s given b
y

the General Land Office sys

tem o
f

land classification . The component parts o
f
a well number

are the township number , range number , section number , and two or

three lowercase letters that indicate respectively the quarter section ,

quarter - quarter section , and , if there are three , the quarter -quarter
quarter section in which the well is located . The lowercase letters are
assigned to the quarter divisions in a counterclockwise direction , be
ginning in the northeast quarter o

f

each section o
r

subdivision . For
example , well 6-1-2baa ( Fig . 2 ) is in the NEW NE % NW sec . 2 , T.

6 S
. , R
.
1 E
. If there are two or more wells in the same quarter

quarter - quarter section they are numbered serially according to the
order in which they were inventoried .
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GEOGRAPHY

TOPOGRAPHY AND DRAINAGE

Schoewe ( 1949 ) placed the western part of Clay County in the
Smoky Hills division of the Dissected High Plains section of the
Great Plains physiographic province and the eastern part of the
county in the Flint Hills Upland division of the Osage Plains sec
tion of the Central Lowlands physiographic province . The border
between the two divisions roughly coincides with the contact be
tween the Cretaceous ( Dakota Formation ) and Permian (Welling
ton Formation ) rocks through the county . The topography is
varied . In the western part of the county , areas underlain with
Dakota Formation typically are gently rolling surfaces dotted with

numerous mounds or buttes capped by sandstone . East of the out
crop of the Dakota Formation the topography is influenced by the
thick shales of the Wellington Formation , which produce a gently
rolling surface dissected by streams . Local relief is relatively small .
The topography in the easternmost part of the county is dominated
by the bedrock of the Chase Group . Here gently rolling uplands

contrast with sharp breaks into the valley areas , and the relief is
considerably greater than that to the west in the outcrop area of the
Wellington Formation . The broad , flat terraces in the valley of
Republican River are important fo

r

agriculture and ground water .

The highest points in Clay County ( about 1,500 feet above se
a

level ) are the hills formed b
y

sandstone o
f

the Dakota Formation

a short distance northeast o
f

Oak Hill , and the lowest point ( altitude
about 1,100 feet ) is in the Republican River valley in the south
eastern part o

f

the county .

Approximately two - thirds o
f Clay County lies in the drainage

basin o
f Republican River . The river enters the county near the

northwest corner , flows southeastward across the county , and leaves

the county a short distance north o
f

the southeast corner . An area

o
f

about 5
0 square miles in northeastern Clay County drains into

Fancy Creek and thence into Big Blue River . In southwestern Clay
County a

n area o
f

about 120 square miles drains into Chapman

Creek and thence into Smoky Hill River .

CLIMATE

The U
.
S
.

Weather Bureau has maintained precipitation and tem

perature gages a
t Clay Center since 1902. The normal annual pre

cipitation a
t Clay Center is 27.92 inches . The annual precipitation

and the cumulative departure from normal for the period o
f

record
are shown graphically in Figure 3. The precipitation has ranged
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from a low of 15.57 inches in 1934 to a high of 53.86 inches in 1951 .
About three -quarters of the precipitation falls during the 6 -month
period between April 1 and September 30 , which is the period most
favorable for growing crops . The normal monthly precipitation is
shown graphically in Figure 4 .
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The mean annual temperature a
t Clay Center is 55.1 ° F . The

growing season in Clay County has ranged from 139 days to 213
days and averages 173 days . The earliest killing frost o

f

record

occurred o
n September 2
0 , 1918 ; the latest , May 2
7 , 1907 .

POPULATION

According to the 1950 census , the population o
f Clay County

was 11,697 and average density was 17.8 persons per square mile

a
s compared with 23.1 per square mile for the entire state . The

census records show that there has been a gradual decline in popu
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Fig . 4.- Normal monthly precipitation a
t Clay Center .

lation in the last 2
0 years , averaging about 140 persons a year .

The urban population has remained about the same since the 1940
census , but the rural population has decreased . The principal cities

and their population a
s shown b
y

the 1950 census are a
s follows :

Clay Center , 4,528 ; Clifton , 365 ; Green , 219 ; Longford , 178 ; Mor
ganville , 278 ; Oak Hill , 92 ; Vining , 85 ; and Wakefield , 591 .

TRANSPORTATION

Clay County has good transportation facilities . All but one of

the cities are served b
y

one o
r

more railroads . Broughton , Clay

Center , Morganville , Clifton , and Vining are served b
y
a branch
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line of the Chicago , Rock Island and Pacific Railroad Company .
Longford and Oak Hill are served by a branch line of the Atchison ,
Topeka and Santa Fe Railroad Company . Wakefield , Broughton ,
Clay Center , Idana , and Browndale are served by a branch line of
the Union Pacific Railroad . The city of Green was formerly served
by another branch line of the Union Pacific , but this line has been
abandoned .

Clay County is served by a good state and national highway

system . U. S. Highway 24 crosses the county from east to west
through Clay Center , Kansas Highway 15 crosses the county

from north to south , and Kansas Highway 9 crosses the northwestern
part of the county from Kansas Highway 15 west through Clifton .
Kansas Highway 82 crosses the southeastern part of the county

from Kansas Highway 15 east through Wakefield . All state and
federal highways are hard surfaced , as are many of the county

highways . Most of the township roads are graded and many of
them are a

ll
-weather roads .

AGRICULTURE

Agriculture is the principal occupation in Clay County . About

8
5 percent o
f

the land area in the county is used for agriculture ,

about one -third pasture and two -thirds cultivated . Wheat is the

principal crop and is planted o
n about half the cultivated land .

The principal crops and the acres harvested in 1955 are a
s

follows : Wheat , 94,000 acres ; corn , 22,000 acres ; alfalfa , 38,500

acres ; sorghums , 21,700 acres ; oats , 17,200 acres ; and wild hay ,

8,500 acres .

Ranking equally in value with grain and hay in the county is

livestock products . In order of value these animal products are
cattle , poultry and eggs , dairy products , and hogs . The value of

livestock , poultry , milk , and eggs in 1955 was about $5,267,000 .

that o
f

a
ll grains and hay harvested was about $ 5,225,000 in 1955 .

MINERAL RESOURCES

Construction Materials

Geologic materials that would be useful in construction projects
include the alluvial deposits in the major stream valleys , sandstones
and clays o

f

the Dakota Formation , and Permian limestones in the
eastern part o

f

the county . For discussion these materials are classi
fied according to use .

Concrete aggregate . - Aggregate for concrete consists of frag

ments o
f

hard , durable minerals o
r rocks o
f

sand and gravel size .
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-

The constituent particles should be free from adherent coatings or
particles that would interfere with the bonding of the cement and
the aggregate . An almost unlimited quantity of sand and gravel is
available from the alluvial deposits in the Republican River valley .
Crushed limestone aggregate can be produced in large quantities
from the Permian limestones in the eastern part of the county . Ma
terial for the manufacture of lightweight aggregate is available from
the Dakota Formation and from thin deposits of the Kiowa Shale .
Road metal . - Road -surfacing material is available in large quan

tities from the sand and gravel in the alluvial deposits of the Repub
lican River valley . Sandstone and iron - cemented sandstone of the
Dakota Formation can be crushed for road metal and are used ex
tensively in the western part of the county . Crushed limestone
from the Permian beds is used extensively in the eastern part of the
county .

Mineral filler.— Silts from loess deposits of the Sanborn Group and
from terrace deposits in the Republican River valley are available
and are used in large quantities for mineral filler in road -surfacing
material in the county .
Structural stone .-

-

Structural stone is any hard dense rock that

can b
e quarried and cut to the desired size and shape . Materials

that meet these requirements are found in the Cresswell Limestone
member o

f

the Winfield Limestone and the Fort Riley Limestone
member o

f

the Barneston Limestone . These limestones are found

in the eastern part o
f

the county , and many buildings in the area
have been constructed from materials taken from small local

quarries .

Agricultural Limestone

Limestone having a calcium carbonate equivalent o
f

8
0 percent

o
r

more and occurring in ledges sufficiently thick to allow economical
quarrying is regarded a

s a potential source fo
r

agricultural limestone .

In Clay County most of the limestones , especially the Cresswell
Limestone member o

f

the Winfield Limestone and the Fort Riley
Limestone member o

f

the Barneston Limestone , meet this require
ment . Some zones in many o

f

the shales contain enough calcium

carbonate to b
e

used for agricultural limestone .

Oil

Oil was discovered in the Wakefield pool in Clay County in 1928 .

The producing zone was the “Chat ” at the top o
f

the Mississippian

rocks a
t
a depth o
f 1,774 feet . After about 2 years the well was

abandoned , but in 1951 , production was resumed in this pool , and
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the Wakefield Northeast pool was discovered . In 1952, one well

was added to each pool. No production figures are available for
Clay County . Of 25 oi

l

tests drilled in the county , 5 have produced

some oil .

Gypsum

Gypsum is not produced commercially in Clay County , although

there is a deposit in the NW SW % sec . 1
9 , T
.
6 S
. , R
.
4 E
.

Its

areal extent is not known , but the geology and topography are such

that the gypsum may extend over a considerable area . Unusually

high sulfate content o
f

water samples in the area probably indicates

the presence o
f gypsum , though possibly not in commercial quantity .

Test hole 6-4-19cb penetrated 1
3 feet o
f gypsum , including one

seam o
f clean gypsum 8 feet thick . This deposit rests o
n the Her

ington Limestone member o
f the Nolans Limestone .

Ceramic Raw Materials

B
y

Norman PLUMMER

Although there is n
o

ceramic industry in Clay County a
t present ,

there is available a
n abundance o
f clay and shale suitable for use

in the manufacture o
f

structural brick and tile , fire brick , and pot .

tery . The most important ceramic clay deposits are in the Dakota
Formation , which is exposed in the western and northern parts o

f

the county . Many of the clay deposits in the Dakota Formation fire

to light colors ranging from ivory to buff . Most such clays are re
fractory and could b

e

used for making Low Duty and Intermediate
Duty fire brick a

s well as face brick and pottery . Other clays o
f

the Dakota Formation fire to darker colors ranging from dark buff

to deep red ( Plummer and Romary , 1947 ) .

Most o
f

the Pleistocene loess deposits o
f

the county are suitable
for use in the manufacture o

f

common brick , o
r

a
s
a flux for mixing

with the more refractory clays . Such blends are especially suitable

for the manufacture o
f

sewer pipe ( Frye , Plummer , Runnels , and
Hladik , 1949 ) .

Permian shale was at one time used in the manufacture o
f

brick

a
t
a plant a short distance southeast o
f Clay Center . Although

acceptable brick can be made from this material , it would b
e con

sidered inferior in the light o
f

modern standards o
f brickmaking ,

and because high -quality raw materials are available it probably
would not be used .

The Kiowa Shale of Cretaceous Age , which underlies the Dakota

Formation , is a
n

excellent “bloating ” shale from which a good grade

o
f lightweight concrete aggregate could b
e produced .
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GEOLOGY

SUMMARY OF STRATIGRAPHY

The areal geology of Clay County is shown on Plate 1. The rocks
cropping out in the county are of sedimentary origin . The oldest
rock exposed at the surface is the Barneston Limestone of the

Chase Group , Wolfcampian Series , Permian System . It is exposed
in the valley wall of Republican River in the vicinity of Wakefield .
Successively younger Permian rocks are exposed west of the outcrop
of the Barneston Limestone . The Wellington Formation , the young .
est Permian formation in Clay County , is exposed in a wide belt
extending across the county from north to south .

The Kiowa Shale is known to overlie the Wellington Formation
in southwestern Clay County , but it is so poorly exposed that it is
mapped with the Dakota . The Dakota Formation , the youngest
Cretaceous rock unit in the county , crops out over a large part of
western and northern Clay County .
Much of the upland area is blanketed by eolian silt or loess of
Pleistocene age . Extensive Pleistocene alluvial deposits occur in
the valleys .

A generalized section of the outcropping rock units of Clay
County is given in Table 1. More detailed descriptions of these
units are given in the section on rock units and their water -bearing
characteristics .

PRE -CENOZOIC GEOLOGIC HISTORY

Although exposed rocks in Clay County total only a few hundred
feet in thickness , a great deal is known about the much thicker se
quence of deeply buried rocks through the interpretation of deep

tests for o
il

and gas . The geologic history during the Paleozoic Era ,

it is discussed here , is based chiefly on reports by Jewett ( 1949 )

and b
y

Lee , Leatherock , and Botinelly ( 1948 ) .

Paleozoic Era

Clay County , like the rest of Kansas , is underlain b
y
a basement

complex o
f

Precambrian crystalline rocks . The area that is now
Clay County was invaded b

y

the sea during Cambrian time , and re

mained a
n

area o
f

marine deposition during most o
f

the Paleozoic

Era . Rocks representing each o
f

the systems o
f

the Paleozoic Era
are present , but leveling by erosion o

f

certain beds indicates that

the area was not always stable and was elevated above sea level

* The stratigraphic classification used in this report is that o
fthe State Geological Survey

o
f

Kansas and does not necessarily follow the nomenclature o
f

the U
.

S
. Geological Survey .
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from time to time . Clay County is in the central part of the early

Paleozoic North Kansas Basin and on the eastern flank of the late
Paleozoic Salina Basin . Sedimentary rocks present under Clay
County total about 3,000 feet in thickness .

Mesozoic Era

The Paleozoic Era was brought to a close by uplifting of the en
tire area by the end of Permian time . The area was above sea level
and subjected to erosion throughout a

ll

o
f Triassic and Jurassic

time . Erosion continued through Early Cretaceous time until the
deposition o

f

the Kiowa Shale during a brief invasion b
y

the sea .

A
s

the sea retreated from the area , the Dakota Formation was de
posited in shallow fresh water . The sea again invaded the area and
marine deposition was resumed .

A
t

the end o
f

the Cretaceous Period a
n area fa
r

to the west was
uplifted , forming the Rocky Mountains . The Mississippi Valley
area also was uplifted a

t about the same time , resulting in a north
west regional dip of Cretaceous and older rocks in eastern and cen
tral Kansas .

CENOZOIC GEOLOGIC HISTORY

Tertiary Period

After the withdrawal o
f

the Cretaceous sea and the tilting o
f Cre

taceous and older rocks , there was a long period o
f

erosion . The
Cretaceous rocks overlying the Dakota Formation were eroded from

the area that is now Clay County . Late in the Tertiary Period

( Pliocene Epoch ) the area to the west o
f Clay County was receiving

deposits o
f

sand and gravel from the eroding Rocky Mountains .

These sand and gravel deposits , the Ogallala Formation , may not

have reached a
s far east as Clay County , but they are found in

several scattered areas a few miles west o
f Clay County .

Quaternary Period — Pleistocene Epoch

The major events of the Pleistocene Epoch in this area were the
establishment o

f

new drainage lines and downcutting by existing

streams , aggradation o
f

the major streams , and the deposition o
f

loess . The relation of the Pleistocene deposits is shown in Plate 3 .

A
t

the beginning o
f

the Pleistocene Epoch , Clay County probably
was drained b

y
a system o
f

small streams , none o
f

whose headwaters

were very far from the county . Climatic changes associated with

the advance o
f

the glacial ic
e

fronts during the Pleistocene Epoch
resulted in increased streamflow and downcutting b

y

streams . There
was little o

r

n
o deposition along streams in Clay County during the
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first glacial stage , the Nebraskan . The second glacial stage , the
Kansan , continued much as the Nebraskan stage had been . In early

Illinoian time, the ancestral Republican River became blocked
by ice or choked by sediments . The ancestral Republican River
followed approximately the course of the present Republican River
from it

s

headwaters to the city o
f Republic in Republic County .

From this point the ancestral river flowed northeastward into Ne
braska ( Lohman , in Fishel , 1948 ) . After the damming o

f

the an
cestral Republican River in early Illinoian time , the impounded

waters spilled over the lowest part o
f
a divide between Republic

and Scandia in Republic County , and the present course of Repub
lican River was established from Republic to Junction City . Re
publican River and several smaller streams in Clay County have
alternated since late Kansan time between periods o

f deposition and
periods o

f downcutting , so that the valleys now contain terrace and
alluvial deposits o

f

Kansan , Illinoian , Wisconsinan , and Recent age .

During Recent time , sand has been carried from the flood plain

o
f Republican River b
y

the prevailing westerly winds and has been
deposited in several places as sand dunes o

n

the alluvium and Wis
consinan terraces .

GROUND WATER

PRINCIPLES OF OCCURRENCE

The rocks and surficial deposits that form the crust of the earth
are , in general , not solid throughout , but contain many open spaces ,
called voids o

r

interstices , and it is in these spaces that water is

found below the surface o
f

the earth and from which it is recovered ,

in part , through springs and wells . There are many types o
f

rocks

and they differ greatly in the number , size , and arrangement o
f

their
interstices and therefore in their water -bearing properties . The o

c

currence o
f ground water in any region , therefore , is determined b
y

the geology o
f

that region .

The interstices of rocks range in size from pores of microscopic
dimensions to openings several inches o

r

feet in width . These in

terstices can b
e

divided into two classes , primary interstices and
secondary interstices . The primary o

r original interstices were
formed during the formation o

f

the rocks . Secondary interstices

were developed b
y

the different processes that affected the rocks
after deposition . In Clay County a

ll

the water -bearing rocks are.

sedimentary , and the openings that hold the water are either open
pore spaces between the grains o

f

rock ( primary interstices ) or

joints and open bedding planes , which have resulted from deforma
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tion of the rocks , and openings caused by solution of the rocks .

These are secondary interstices .
The amount of water that can be stored in any rock depends upon

the porosity of that rock . Porosity is expressed quantitatively as
the percentage of the total volume of the rock that is occupied by

interstices . When a
ll

the interstices in a rock are filled with water
the rock is said to b

e
saturated . The amount of water that a satu

rated rock will yield to the force of gravity is known a
s the specific

yield . The amount of water that a rock can hold is determined b
y

it
s porosity ,but the rate at which it will yield water to wells is de

termined b
y

it
s permeability . The permeability o
f
a rock is it
s

ability to transmit water under hydraulic gradient and is measured
by the rate at which the rock will transmit water through a given
cross section under a given loss o

f

head per unit o
f

distance . Some
beds o

f clay o
r

shale may have a high porosity , but because the in

terstices are small and poorly connected , they transmit little o
r

n
o

water , and the rock may b
e regarded a
s virtually impervious . Rocks

differ greatly in their degree o
f permeability , according to the num

ber , size , and interconnection o
f

their interstices .

SOURCE

Ground water is the part o
f

the water below the surface o
f

the

earth that supplies wells and springs . In Clay County , ground
water is derived entirely from precipitation , in the form o

f

rain o
r

snow , that falls directly o
n

the county o
r

o
n nearby areas . Part o
f

the precipitation that falls as rain o
r

snow is carried away b
y

surface
runoff and is discharged b

y

streams , a part o
f
it may evaporate , and

a part may b
e

absorbed b
y

vegetation and transpired into the atmos
phere . The part that escapes runoff , evaporation , and transpiration
percolates slowly downward through the soil and underlying strata
until it reaches the water table , where it joins the body of ground

water in the zone o
f

saturation . After reaching the ground -water
body the water percolates slowly through the rocks in directions

determined b
y

the geology , topography , and geologic structure until

it is discharged through wells and springs o
r b
y

evaporation and
transpiration in areas where the water table is shallow .

ARTESIAN CONDITIONS

Artesian conditions may exist where a water -bearing bed is over
lain b

y
a relatively impermeable bed that dips from it
s outcrop area

toward the discharge area . Water entering the water -bearing bed

in the outcrop area percolates downward to the water table and

moves downdip beneath the confining bed . The weight o
f

the
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water at higher levels in the confined bed creates a hydrostatic

pressure in the water reservoir . When the confining bed is pene

trated the water will rise in the drill hole to a level equal to the
hydrostatic head of the aquifer at the point of discharge . If the
pressure in the aquifer is sufficient to lift the column of water above

the top of the aquifer , artesian conditions exist . If the pressure in
the aquifer is sufficient to lift the water above the land surface , the

well will flow naturally . Such a well is called a flowing artesian
well . Well 8-4-2lac flowed when drilled , but as the flow continued
only a few days , a pump was installed . A flowing well was ob

served a few hundred yards west of the Clay County line , in the
NE ” sec . 13 , T. 8 S. , R. 1 W. Geologic and topographic conditions
indicate that similar flowing wells could be drilled in an adjacent
area in Clay County .
Although only one flowing well is known to have existed in the

county , it is probable that artesian conditions exist locally over much
of the county . In western Clay County the Dakota Formation con
tains lenticular sandstone bodies semiconfined beneath clay and
shale , and much of the water is probably under some hydrostatic
pressure . In eastern Clay County the rocks are a sequence of lime

stones and relatively impermeable shales . The limestones are in
general the best aquifers , and local structures create hydrostatic

head within the aquifers , although wells may not flow at the surface ,

in many of them the water rises above the aquifer .
THE WATER TABLE AND MOVEMENT OF GROUND WATER

The configuration and gradient of the water table and the direc
tion of ground -water movement generally can be shown by con
structing a water - table contour map . In Clay County , however ,

the water table is not everywhere continuous , so the water -table
contours shown on Plate 2 cover only part of the areas discussed

below . Clay County can be divided into three general areas on the
basis of the occurrence and movement of ground water . The larg .
est of these areas is that underlain by rocks of Permian age ; it in
cludes roughly the area east of a north -south line passing through

the center of Range 2 East ( Pl . 1 ) . Although the largest , this area
is probably the least important as a source of ground water , because

it is underlain chiefly by shale . Water is derived principally from
limestones but occurs also in appreciable quantity in solution chan
nels in gypsum deposits in the lower shales of the Wellington For
mation . The regional dip in this area is westward , and the water
moves downdip from the recharge area that lies to the east .
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The second largest ground -water area is that underlain by the
Dakota Formation ( Pl . 1 ) . In this area water is obtained from
sandstones in the lower part of the Dakota Formation . Water - table

contours were drawn over a part of this area ( Pl . 2 ) , but in the
areas where the Dakota Formation is thin it was not feasible to
construct contours . Also , in many areas the water levels in the shal
low wells did not fit the contour pattern o

f

the water levels in

deeper wells . The shallow water seemed to occupy a perched o
r

semiperched position in relation to the rest o
f

the Dakota Forma

tion , and for this reason the shallow water levels were not used in

constructing the water -table contours . The movement of ground

water in this area is generally eastward toward the valley o
f Re

publican River .

The third and most important ground -water area in the county

is the Republican River valley . Water is obtained from unconsoli

dated alluvial deposits , and large supplies are available for irriga

tion . The Republican River valley can be divided into two areas .

One area is that part o
f

the valley above Clay Center , where the
Nolans Limestone crops out in the valley walls , and the second area

is that part o
f

the valley below the outcrop o
f

the Nolans Limestone .

In the upper area the valley is broad and flat and the contours cross

the valley nearly at right angles to the river and valley walls , indicat .

ing that the river is neither gaining water from the ground -water

reservoir nor losing water to it . The portion of the valley below the
Nolans Limestone outcrop is narrower , and the water -table contours

intersect the river a
t sharp angles , indicating that the river is drain

ing the ground -water reservoir in this area .

RECHARGE

The addition o
f

water to the zone o
f

saturation is known a
s

ground -water recharge . Ground -water recharge in Clay County

occurs b
y

infiltration from precipitation within the county , b
y

perco

lation from influent streams , and b
y

subsurface inflow from adjacent

areas .

Recharge from Precipitation

The areas in Clay County that are most favorable to ground

water recharge are the small dune tracts near Clifton and Wake
field , where poor drainage and permeable soils tend to reduce run

o
ff

and induce infiltration . Next in importance is the valley area ,

which is relatively flat and is underlain b
y

very permeable materials .

Much water enters the ground -water reservoir in the outcrop area
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of the Dakota Formation where permeable sandstones are at or near

the surface , although the steep slopes of this area tend to encourage
runoff ,

Percolation from Outside the Area

Most of the recharge in the area underlain by the Permian rocks
necessarily penetrates through the more porous limestone beds in

their outcrop areas and moves downdip to places where it is dis
charged . East of Clay County the lower part of the Barneston
Limestone is cherty and fractured , and this area is probably the
most important recharge area contributing water to the Permian
rocks in Clay County .
Much water moves across the west county line of Clay County ,
through the Dakota Formation ( Pl . 2 ) . This water moves in a gen
erally eastward direction to be discharged by seeps and springs
and directly into the Republican River valley .

Seepage from Streams and Ponds

Much water is stored in ponds in Clay County . A large part of
this water is lost through evaporation and transpiration and a part

is used by livestock . The remainder seeps into the ground and be
comes ground water . Under normal conditions the streams in Clay
County contribute but little water to the ground -water reservoir ,

but when the stream stage is high a part of the water enters the

stream bank as “bank storage ”. This process may become an im
portant source of recharge in the future if large -scale development
of irrigation in the valley area lowers the water table in these de

posits and permits infiltration from the streams .

DISCHARGE

Ground water is discharged in Clay County by evaporation and
transpiration , by seeps and springs , by wells , and by percolation to
areas outside the county .

Discharge by Evaporation and Transpiration

In the areas in Clay County where the water table is only a few
feet below the surface, water may be evaporated from storage . This
is especially true in the valley of Republican River and to a lesser
extent along the steeper slopes of the upland area where the water

table is relatively near the surface and where seeps and springs

occur . Transpiration accounts for much discharge in areas where
the water table can be reached by the roots of plants.

�

1

1

1
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Discharge by Seeps and Springs

The water - table contours ( Pl . 2 ) indicate that ground water in
the outcrop area of the Dakota Formation moves toward Republican

River or its tributaries . Many springs and seeps occur along the
valley walls and steep slopes adjacent to tributary streams , and a

considerable quantity o
f

water is discharged from storage b
y

this

means . Springs occur along the outcrop o
f

the Permian limestones

in eastern Clay County where structural conditions are favorable .

This water has moved downdip from the recharge area farther east
and is discharged in considerable quantity .

Discharge b
y

Wells
Although large quantities of water are discharged through wells

in Clay County , it is probable that the discharge of water b
y

wells

is small in comparison with discharge b
y

other means . With in

creased development o
f irrigation , discharge b
y

wells will become

a more important factor .

RECOVERY

Principles o
f Recovery

When water is standing in a well the head o
f

the water in the
aquifer outside the well is in equilibrium with that in the well .

When water is withdrawn from a well a difference in head is created
between the water inside the well and the water outside the well
for some distance from the well . The water table in the vicinity

o
f

the well develops a cone o
f

influence ( Fig . 5 ) , which is deepest

a
t

the wall o
f

the well and extends some distance around the well .

A
n

increase in the pumping rate o
f

the well produces a greater

drawdown .

The specific capacity o
f
a well is the rate o
f yield per unit o
f

drawdown and is generally given in gallons a minute per foot o
f

drawdown . Specific capacity is generally determined after the well
has been pumped for a period long enough to stabilize the
drawdown .

The character of the water -bearing material and the type of con
struction control the yield , drawdown , and specific capacity o

f
a

well . If the water -bearing material is coarse and well sorted it will
readily yield large quantities o

f

water to wells and have a minimum

drawdown . If on the other hand the material is fine and poorly
sorted , it will offer much resistance to the movement of water and
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Fig . 5. —Diagrammatic section of well that is being pumped , showing draw
down , cone of depression , and radius of influence.

thereby yield less water and have a greater drawdown . All other
things being equal , the drawdown of a well varies inversely with
the permeability of the water -bearing material .

Types of Wells

Several different types of wells are used in Clay County for the
recovery of ground water . Wells generally are classed according

to th
e

method o
f

construction . The particular type of well used at

any location depends o
n

the geology o
f

the area , the depth to water
and thickness o

f

the saturated material a
t

the location , and the use
for which the well is constructed .

Dug wells . — Dug wells are o
f large diameter , generally con

structed with pick and shovel or other hand tools , and walled with
stone , tile , or concrete . Such wells generally are constructed in

areas where large supplies o
f ground water are not available , and

the large hole is used as a storage reservoir , which provides water
during periods o

f pumping and slowly fills when the pump is not
running .
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Driven wells . - Driven wells are constructed by driving a pipe ,
generally 1% to 2 inches in diameter and equipped with a screen , to
a point below the water table . Such wells are pumped with some
type of shallow -well pump. Most driven wells are in valley areas ,
for they are limited to areas where the water table is not much be
low 20 feet and where the deposits are unconsolidated . This type

of well also is generally used when only small supplies of water are
required .
Drilled wells . - Drilled wells are constructed by use of power

driven equipment to operate a percussion or rotary drill ri
g
. This is

the most common type o
f

well in Clay County and is found in al
l

types o
f

material and in a
ll

localities . The depth o
f

drilled wells is

determined b
y

the depth to the water table and the use for which

the well is constructed . The use in turn may b
e

limited b
y

the
quantity o

f

water available . The diameter of drilled wells is gen
erally dependent upon the use and desired quantity o

f

water . In
dustrial , irrigation , and municipal wells require larger quantities

o
f

water and larger pumps and therefore require large -diameter
holes to accommodate these pumps .

UTILIZATION OF WATER

Ground water in Clay County is used chiefly for domestic , stock ,

and public supplies . Recent interest in irrigation in the valley areas

in the county has caused a
n increase in the use o
f ground water fo
r

this purpose , and it is probable that there will b
e
a considerable

future increase . The quantity of water used for industrial purposes

is small compared to that fo
r

other uses .

Domestic and Stock Supplies

Nearly al
l

the domestic and stock supplies o
f

water in rural areas

and in small communities that d
o

not have a public supply are ob
tained from privately owned wells . In the valley areas these sup

plies are obtained chiefly from drilled and driven wells . In the up
land areas the water supplies are obtained from either dug or drilled
wells . In several small areas underlain b

y

shales o
f

the Wellington

Formation , there is a scarcity of wells and there are many aban
doned farmsteads . A lack of dependable water supplies in these

areas was a contributing factor in the abandoning o
f

the farmsteads .

In other areas the Wellington Formation yields water of good qual
ity to wells .

Industrial Supplies

The quantity of water used for industrial purposes in Clay County

is small in comparison with that fo
r

other uses . The Northern Nat
ural Gas Company has four wells that yield water from terrace
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a

a

deposits in the Republican River valley in the NW % sec . 1 , T. 6 S. ,
R. 1 E. The wells are 50 feet deep , are equipped with turbine
pumps , and pump an average of 325,000 gallons of ground water a
day for cooling . In Clay Center , Swift and Company uses water
from a well ( 8-3-8bbl ) for cooling . This well is about 65 feet deep ,

is equipped with a turbine pump having a capacity of 120 gpm , and,

is pumped at an average rate of about 170,000 gpd . Well 8-3-8bc
is owned by the Clay Center Coca Cola Bottling Company . This
well is equipped with a je

t

pump having a capacity o
f

about 5
0

gpm . The water is softened and the iron is removed . The average
daily use is about 1,500 gallons .

Public Supplies

Seven cities in Clay County have public water supplies . These
supplies are discussed in the following paragraphs .

Clay Center . — The Clay Center water supply is obtained from
five wells drilled in the low terrace deposits in the Republican River
valley . Three o

f

these wells in Utility Park are 5
5 feet deep and

the depth to water is about 2
2 feet . Well 8-3-8bb4 was tested for

8 hours at a rate o
f

850 gpm , and had a drawdown of 14 feet . Well
8-3-8bd in Dexter Park , which was drilled in the summer o

f

1954 ,

yields water from terrace gravels . The well is 60 feet deep and the
depth to water is about 29 feet . After the well was pumped 8 hours

a
t
a rate o
f

500 gpm , the drawdown was 4 feet . Well 8-3-8db , in

the southeastern part o
f Clay Center , is a drilled well 58 feet deep

and yields water from terrace gravels . ' In August 1954 the depth

to water was 2
8 feet . All the wells are equipped with electric tur

bine pumps . The maximum capacity o
f the five wells is about 4

million gallons per day , and the average daily use is about 800,000
gallons . The water is chlorinated but receives no other treatment .

The water is stored in an elevated steel tank having a capacity of

500,000 gallons . In addition to the five wells used for the public
water supply , the city has four wells at the municipal power plant
that provide water for cooling . These are drilled wells about 50 feet
deep equipped with turbine pumps . The average daily pumpage
from these wells is 1.7 million gallons .

Clifton . - The Clifton water supply is obtained from two wells

( 6-1-2bacl and 6-1-2bac2 ) in the southwestern part o
f

the city . The
wells , which are equipped with turbine pumps , yield water from
terrace deposits in the Republican River valley and are about 65

feet deep . The water level in August 1954 was about 3
0 feet . The

drawdown in each o
f

these wells is 7 feet a
t
a pumping rate o
f

160

gpm . The maximum capacity o
f

the two wells is about 360,000

2
3
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gallons per day and the average daily use is 100,000 gallons . Hard
ness is reduced by pressure zeolite softeners and the water is chlo
rinated . A steel standpipe has a capacity of 90,000 gallons .
Green . — The Green municipal water supply is obtained from two

wells ( 7-4-20ad and 7-4-21bc ), which yield water from the Fort
Riley Limestone member of the Barneston Limestone at depths of
170 and 190 feet respectively . The water is hard but receives no
treatment . The capacity of the wells is about 30,000 gpd , and the
average daily use is about 10,000 gallons. Water is pumped directly

to an elevated concrete storage tank having a capacity of 60,000
gallons .

Idana . —The Idana water supply is obtained from one well (8-1
13ca ) south of town in a creek valley. It yields water from terrace
deposits along the edge of the valley. Average use at Idana is about
5,300 gpd . Storage capacity is 10,000 gallons in an underground
steel tank .
Longford .— The Longford municipal water supply is obtained
from two wells about half a mile west of the city. These wells
( 10-1-17del and 10-1-17dc2 ) yield water from the Dakota Forma
tion . The wells are 100 and 110 feet deep , respectively . The aver
age daily pumpage is about 15,000 gallons . The water is chlorin
ated and delivered to the mains from an elevated concrete tank

having a capacity of 60,000 gallons .
Morgancille . — The Morganville water supply is obtained from
two wells within the city limits . These wells ( 7-2-3cc and 7-2-4ddc )
obtain water from terrace deposits in the Republican River valley .
The wells are 53 and 57 feet deep , respectively , and are equipped
with turbine pumps . Maximum daily yield is 160,000 gallons , and
average daily pumpage is 30,000 gallons. The water is chlorinated

and delivered to the mains from an elevated steel tank having a
capacity of 50,000 gallons .
Wakefield . —The Wakefield water supply is obtained from two
wells at the south edge of the city . These wells ( 10-4-5dbl and

10-4-5db2 ) obtain water from terrace deposits in the Republican

River valley. The wells are 57 feet deep and are equipped with
turbine pumps . The water levels in the wells were 34 feet below
the surface in August 1954. After the wells are pumped for 24
hours at the rate of 100 gpm each , the drawdown is 2 feet . The
yield of the wells as equipped is about 300,000 gpd , and average
daily use is 80,000 gallons. The water is chlorinated and delivered
to the mains from an elevated steel tank having a capacity of 30,000
gallons .

2-6124
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Irrigation Supplies

In the fall of 1954 si
x irrigation wells having a combined capacity

o
f

about 5,000 gpm were in operation in Clay County . Continued
drought conditions during the growing season in 1955 intensified

interest in irrigation , and b
y

autumn 2
9 additional wells had been

drilled , which had a combined capacity of about 21,000 gpm . In

1955 about 2,730 acre - feet o
f

water was pumped for irrigation .

Four of the irrigation wells drilled in 1955 obtain water from the
Barneston Limestone . The yields o

f

these wells range from about

5
0

to 250 gpm . The other 25 wells obtain water from alluvial ma
terials in the valley area . The yields of these wells range from 350

to 2.000 gpm .

Maps were prepared showing the configuration o
f

the bedrock

surface in the valley area ( Fig . 6 ) and the water - table contours

( P
l
. 2 ) . The water - table map was superposed over the bedrock

map and a saturated - thickness map was prepared b
y

connecting

the points o
f equal thickness ( Fig . 7 ) . The bedrock contour map

( Fig . 6 ) indicates that the pre -Pleistocene surface of the valley

above Clay Center was a broad V -shaped valley in which the deeper
part generally is near the center o

f the valley . Below Clay Center ,

where the limestones o
f

Permian age cross the valley , the valley is

also V shaped but is much narrower . The saturated - thickness map

( Fig . 7 ) indicates that the thickest deposits of saturated material
follow the deepest channels o

f

the pre - Pleistocene surface shown in

Figure 6 , and the greatest thickness is in the northwest corner o
f

the

county , where the saturated materials are 8
0 feet thick . The thick

ness o
f

these materials gradually decreases downstream to a point

just west o
f Clay Center where the saturated material is only 4
0

feet thick , and below a point a short distance downstream from Clay
Center the thickness o

f

saturated materials is about 20 feet except

in a very narrow channel cut in the pre -Pleistocene surface . The

volume o
f

saturated material in the valley area was determined from
Figure 7 , and b

y

applying a specific yield o
f

2
0 percent the volume

o
f

water in storage was calculated . The volume of saturated mate
rial and volume o

f

water in storage are given b
y

townships in

Table 2
. Table 2 indicates that about 275,000 acre - feet of water is

in storage west o
f

the west line o
f Range 3 East and only about

45,000 acre -feet east o
f

this line . The large amount of storage u
p

stream from Clay Center in comparison with the small amount
downstream is due to the great amount o

f

alluvium upstream ; the
valley becomes narrower and shallower downstream because it is
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Table 2. - Volume of saturated water -bearing material in Republican River
valley and volume of water in storage based on specific yield of 20 percent .

Township
Acre - feet
of saturated
material

Acre - feet
of water
in storage

T. 6 S. , R. 1 E.
T. 6 S. , R. 2 E ..
T. 7 S. , R. 2 E.
T. 7 S. , R. 3 E.
T. 8 S. , R. 2 E.
T. 8 S. , R. 3 E.
T. 9 S. , R. 3 E.
T. 9S., R. 4 E.
T. 10 S. , R. 4 E.

560,000
240,000
510,000
7,000
100,000
140 , 100
13,000
39,000
32,000

110,000
49,000
100,000
1,400
20,000
29,000
2,600
7,800
6 , 400

>

Total .... 1,600,000 320,000

cut in the more resistant Permian limestones that cross the valley

downstream , whereas upstream the less resistant Wellington and
Dakota Formations form the bedrock underlying the valley area .
The amount of water in storage ( 320,000 acre -feet ) is equal to the
quantity of water that would be pumped in 60 to 65 years at the
1955 rate of withdrawal for industrial and municipal use , which is
about 5,000 acre -feet per year . This does not take into consideration
any recharge to the valley during that period . The water - table con
tours indicate that water moves into the valley area , and although

no quantitative data are available a considerable quantity of water

must be contributed to the valley area in this way . Surface water
is contributed to the valley through local drainage and through Re
publican River . Recent completion of reservoirs on Republican

River in Colorado and Nebraska will aid in maintaining a minimum
flow in the river . There seems to be no immediate danger of a
serious depletion of ground water in storage in the Republican

Valley , but a continued increase in the irrigation development will
cause a lowering of the water table in the area and may diminish the
streamflow during periods of heavy pumping .

CHEMICAL CHARACTER OF WATER

The chemical character of the ground water in Clay County is
indicated by the analyses of 33 samples ( 2 composite ) of water
from 35 wells and test holes distributed as uniformly as practicable

within the area and among the principal water -bearing formations
( Table 3 ) . A graphic representation of the chemical analyses of
water from representative wells in the county is shown in Figures
8 and 9 .
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The depth given in Table 3 fo
r

the samples o
f

water from test

holes is the depth from which the sample was pumped . For al
l

other samples o
f

water the depth indicated is the total depth o
f

the

well . The samples of water were analyzed b
y

Howard A
.

Stolten
berg , chemist , in the Water and Sewage Laboratory o

f

the Kansas
State Board o

f Health ,
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Chemical Constituents in Relation to Use

The following discussion of the chemical constituents o
f ground

water has been adapted from publications o
f

the State Geological
Survey o

f

Kansas . The analyses of samples of water collected in

Clay County are given in Table 3 .

Dissolved solids . The residue left after a natural water has
evaporated consists o

f

rock materials , but may include some organic
material and water o
f crystallization . Waters containing less than

500 parts per million of dissolved solids generally are satisfactory
for domestic use , except for difficulties resulting from hardness and ,

-
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in some cases , excessive iron content or corrosiveness . Waters hav
ing more than 1,000 ppm are as a rule not satisfactory , for they are
likely to contain enough of certain constituents to produce a notice
able taste or to make the water unsuitable in some other respect .
The concentration of dissolved solids was less than 500 ppm in 14
of the 33 samples of water collected in Clay County , ranged from
500 to 1,000 ppm in 14 samples , and was more than 1,000 ppm in
5 samples . The water sample having the lowest concentration of
dissolved solids (58 ppm ) was from a spring ( 9-2-30bb ) in the Da

kota Formation . The water sample having the highest concentra
tion of dissolved solids ( 3,600 ppm ) was from well 10-2-17cdl in

the Wisconsinan terrace deposits . This sample had a very high
concentration of calcium and sulfate ions .

Hardness . The hardness of water , which is the property of water
that generally receives the most attention , is most commonly recog

nized by it
s

effects when soap is used with water . Hard water is

objectionable because it forms with soap a sticky , insoluble curd
difficult to remove from containers and fabrics , and because it re
quires much soap to form a lather . Hard water forms scale in

boilers and pipes , which reduces efficiency o
f

heat transfer and may

even result in boiler failure . Calcium and magnesium cause most

o
f

the hardness o
f ordinary water , and hence also the greater part

o
f

the scale in steam boilers and in other vessels in which water is
heated o

r evaporated .

In addition to total hardness the table of analyses shows carbonate
hardness and noncarbonate hardness . The carbonate hardness is

that due to the presence o
f

calcium and magnesium bicarbonates .

It may be almost completely removed b
y boiling . This type of hard

ness has been called temporary hardness . The noncarbonate hard
ness is due to the presence o

f

the sulfates o
r

chlorides o
f

calcium
and magnesium and cannot b

e

removed b
y

boiling , and for this
reason has sometimes been called permanent hardness . With refer
ence to use with soap there is no difference between the carbonate
and noncarbonate hardness .

Water having a hardness of less than 5
0 ppm is generally consid

ered soft , and under ordinary circumstances treatment for removal

o
f hardness is not necessary . Hardness between 5
0 and 150 ppm

does not seriously interfere with the use of water for most purposes ,

but it does increase somewhat the consumption o
f soap , and it
s

removal by a softening process is profitable for laundries and other
industries using large quantities o

f soap . Hardness o
f

more than

150 ppm can b
e

noticed b
y

most users , and if the hardness is 200
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ppm or more the water is commonly softened . Where municipal

water supplies are softened , an attempt is generally made to reduce
the hardness to about 80 to 100 ppm . Further softening of a public
supply is deemed not worth the additional cost.
Of the 33 samples of water collected in Clay County only 3
samples had a hardness of less than 150 ppm , and these 3 samples

were from the Dakota Formation . Six samples had a hardness of

150 to 300 ppm , and 24 samples had a hardness of more than 300
ppm . All but one of the samples collected from wells in Permian
rocks had a hardness of more than 300 ppm .

Iron . If the water contains much more than 0.3 ppm of iron , the
excess may separate out and settle as a reddish sediment when ex
posed to a

ir
. Iron may be present in sufficient quantity to give a

disagreeable taste o
r

to stain cooking utensils ; it may b
e

removed

b
y

aeration and filtration , but some water requires additional treat
ment to remove the iron .

Water samples from the test holes in Clay County were pumped

b
y

the a
ir
- lift method , and the resulting aeration resulted in precipi

tation o
f

much o
f

the iron . These samples were not analyzed for

iron . Only 6 of the 3
0 samples o
f

water from Clay County that
were analyzed for iron contained less than 0.3 ppm .
Fluoride . — The fluoride content of water used by children should

b
e

known , because fluoride in water has been shown to be associ
ated with the dental defect known a

s mottled enamel . Mottled

enamel may appear o
n the teeth o
f

children who , during the forma
tion o

f

the permanent teeth , drink water containing excessive
amounts o

f fluoride . According to standards promulgated b
y

the

U
.
S
. Public Health Service ( 1946 ) , water containing more than 1
.5

ppm o
f

fluoride should not b
e

used b
y

children . If water contains

a
s much a
s
4 ppm o
f

fluoride , 90 percent of the children habitually
drinking it are likely to have mottled enamel Concentrations o

f

fluoride o
f

about 1 to 1.
5

ppm have been shown to b
e beneficial in

reducing tooth decay , and fluoride is now being added to some mu
nicipal supplies to bring the concentration u

p
to about 1 to 1.
5

ppm .

The water samples collected in Clay County had a fluoride content

o
f

less than 1 ppm .

Chloride . — Chloride is widely distributed in nature ; it is an abun
dant constituent o

f

sea water and o
il
- field brines and is dissolved

from most rock materials . Chloride has little effect on the suitability

o
f

water for ordinary use unless there are enough chloride salts in

solution to impart a salty taste o
r
to cause the water to b
e

corrosive .

The removal of chloride from water is difficult and expensive .
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Water containing chloride concentrations of less than 250 ppm is
regarded as satisfactory for domestic uses . Concentrations of chlo

ride salts giving a chloride content between 250 and 500 ppm may
impart a slight salty taste , but the water may be used for drinking
and for household uses if water of better quality is not available .
Cattle have a fairly high tolerance for mineralized water . Although

fresh water is preferable , it is reported that cattle can drink water
having chloride content of 5,000 ppm .
All the samples of water from Clay County contained less than
250 ppm of chloride.

Nitrate . — The use of water containing an excessive amount of ni
trate in the preparation of a baby's formula can cause cyanosis

( blue baby ) , or oxygen starvation . Some authorities advocate that

water containing more than 45 ppm of nitrate should not be used in
formula preparation for infant feeding . Water containing 90 ppm

of nitrate is generally considered dangerous to infants , and water
containing 150 ppm may cause severe cyanosis . Cyanosis is not
produced in adults and older children by the concentration of ni
trate found in drinking water . Boiling of water containing exces
sive nitrate does not render it safe for use by infants ; therefore , only

water that is known to be free from excessive nitrate should be used

for preparing baby formulas .
The nitrate content of the water from some wells is somewhat
seasonal , being highest in the winter and lowest in the summer

(Metzler and Stoltenberg , 1950 ) . Of the 33 water samples for
which analyses are given in Table 3 , 27 contained less than 45 ppm

of nitrate , 3 contained 45 to 90 ppm , 1 contained 90 to 150 ppm , and
2 contained more than 150 ppm of nitrate .

Sulfate.Sulfate in ground water is derived principally from gyp
sum ( calcium sulfate ), and from the oxidation of pyrite

sulfide ) . Magnesium sulfate ( Epsom salt ) and sodium sulfate

(Glauber's salt ) , if present in sufficient quantity , will impart a bitter
taste to the water and may have a laxative effect upon persons who
are not accustomed to drinking it .

Of 33 samples of water from Clay County that were analyzed for

sulfate , 14 contained less than 50 ppm , 13 contained 51 to 200 ppm ,
and 6 contained more than 200 ppm .

Chemical Constituents in Relation to Irrigation

This discussion of the suitability of water for irrigation is adapted

from Agriculture Handbook 60, U. S. Department of Agriculture

( U. S. Salinity Laboratory Staff, 1954 ) .
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The development and maintenance of successful irrigation proj
ects involve not only the supplying of irrigation water to the land ,
but also the control of the salinity and alkalinity of the soil . Irriga

tion practices , drainage conditions , and quality of irrigation water
a
ll

are involved in salinity and alkali control . Soil that was origi
nally nonsaline and nonalkali may become unproductive if exces
sive soluble salts o

r exchangeable sodium are allowed to accumu
late because o

f improper irrigation and soil -management practices

o
r inadequate drainage .

In areas of sufficient rainfall and ideal soil conditions the soluble

salts originally present in the soil o
r

added to the soil with water are
carried downward b

y

the water and ultimately reach the water

table . This process of dissolving and transporting soluble salts b
y

the downward movement o
f

water through the soil is called leach
ing . If the amount of water applied to the soil is not in excess of

the amount needed b
y

plants , there will be no downward percola

tion o
f

water below the root zone , and mineral matter will accumu
late a

t

that level . Likewise , impermeable soil zones near the sur
face can retard the downward movement o

f
water , resulting in wa

terlogging o
f

the soil and in deposition o
f

salts . Unless drainage is

adequate , attempts a
t leaching may not b
e

successful , because
leaching requires the free passage o

f

water through and away from
the root zone .

The characteristics o
f

a
n irrigation water that seem to be most

important in determining it
s quality are ( 1 ) total concentration o
f

soluble salts ; ( 2 ) relative proportion o
f

sodium to total principal

cations (magnesium , calcium , potassium , and sodium ) ; ( 3 ) concen
tration o

f

boron o
r

other elements that may b
e

toxic ; and ( 4 ) under

some conditions , the bicarbonate concentration a
s related to the con

centration o
f

calcium plus magnesium .

For diagnosis and classification o
f irrigation water , the total con

centration o
f

soluble salts can b
e adequately expressed in terms of

electrical conductivity . Electrical conductivity is the measure o
f

the ability o
f

the inorganic salts in solution to conduct a
n

electric

current , and is usually expressed in terms o
f

micromhos per centi
meter at 25 ° C

.

The electrical conductivity can be determined a
c

curately in the laboratory , or an approximation o
f

the electrical con
ductivity may b

e

obtained b
y

multiplying the total equivalents p
e
r

million o
f

calcium , sodium , magnesium , and potassium by 100 , or b
y

dividing the total dissolved solids in parts per million b
y
a factor ,

which in this area is about 0.64 . Table 4 gives the factors for con
verting parts per million to equivalents per million . In general .
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waters having an electrical conductivity less than 750 micromhos
per centimeter are satisfactory for irrigation insofar as salt content

is concerned , although salt -sensitive crops such as strawberries ,
green beans, and red clover may be adversely affected by irrigation

water having an electrical conductivity in the range of 250 to 750

micromhos per centimeter . Waters in the range of 750 to 2,250

micromhos per centimeter are widely used , and satisfactory crop

TABLE 4. - Factors for concerting parts per million of mineral constituents to
equivalents per million . 1

Cation Conversion factor Anion Conversion factor

Ca ** . 0.0199 HCO , -. 0.016+

Mg . 0822 SO. .0208

Xa .0435 C1 :. .0281

VO ,.
F- ..

.0161
.0526

1. Equivalents per million equals parts per million multiplied by conversion factor .
For example, 487 ppm of calcium X 0.0499 = 24.3 epm.

growth is obtained under good management and favorable drain
age conditions , but saline conditions will develop if leaching and
drainage are inadequate . Use of waters having a conductivity
greater than 2,250 micromhos per centimeter is the exception , and
very few instances can be cited where such waters have been used

successfully .
In the past the relative proportion of sodium to other cations in
irrigation water has been expressed simply as the percentage of
sodium , generally called “ percent sodium ”. According to the U. S.“

Department of Agriculture , however , the sodium -adsorption ratio

( SAR ) , used to express the relative activity of sodium ions in ex
change reactions with soil , is a much better measure of the suit
ability of water fo

r

irrigation . The sodium -adsorption ratio may be

Na *

determined by the formula SAR =
V Ca ** + Mg ** where the ionic

2

concentrations are expressed in equivalents per million . The sodium
adsorption ratio may b

e

determined also b
y

use o
f

the nomogram

shown in Figure 1
0
.

In using the nomogram to determine the

sodium -adsorption ratio o
f
a water , the concentration o
f

sodium
expressed in equivalents per million is plotted o
n

the left scale ( A ) ,
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FIG . 10. – Nomogram for determining sodium -adsorption ratio o
f

irrigation water .

and the concentration o
f

calcium plus magnesium expressed in

equivalents per million is plotted o
n

the right scale ( B ) . The
point a

t which a line connecting these two points intersects the
sodium -adsorption -ratio scale ( C ) indicates the sodium -adsorption
ratio o
f

the water . When the sodium -adsorption ratio and the elec
trical conductivity o
f
a water are known , the suitability o
f

the water
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for irrigation can be determined by plotting these values on the dia
gram shown in Figure 11. Low -sodium water ( S1 ) can be used for
irrigation on almost al

l

soils with little danger of the development

o
f

harmful levels o
f exchangeable sodium . Medium -sodium water
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Fig . 11. - Diagram showing classification of water in Clay County

for irrigation use .
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( S2 ) will present an appreciable sodium hazard in certain fine
textured soils , especially under low - leaching conditions . This water
may be safely used on coarse - textured or organic soils having good

permeability . High -sodium water ( 53 )High -sodium water ( S3 ) may produce harmful

levels of exchangeable sodium in most soils and will require special

soil management such as good drainage , high leaching , and addi
tions of organic matter . Very high sodium water ( S4 ) is generally
unsatisfactory for irrigation unless special action is taken , such as
addition of gypsum to the soil .

Low -salinity water (Cl ) can be used for irrigation of most crops
on most soils with little likelihood that soil salinity will develop .
Medium -salinity water ( C2 ) can be used if a moderate amount of
leaching occurs . Crops having moderate salt tolerances , such as

potatoes , corn , wheat , oats , and alfalfa , can be irrigated with ( C2 )
water without special practices . High -salinity water ( C3 ) cannot
be used on soils with restricted drainage . Very high salinity water
( C4 ) can be used only on certain crops and then only if special
practices are followed .
Boron is essential to normal plant growth , but the quantity re
quired is very small . Crops vary greatly in their boron tolerances ,

but in general it may be said that the ordinary field crops common
to Kansas are not adversely affected by boron concentrations of less
than 1 ppm .

а

Prolonged use , under adverse conditions , of water having a high

concentration of bicarbonate could have an undesirable effect upon

the soil texture and plant growth .

Water samples ( 1 composite ) from 33 wells and test holes are

classified on Figure 11 to show the suitability of the water for irriga
tion use . The wells or test holes corresponding to points shown in
Figure 11 are given in Table 5. Of 32 samples of water from Clay
County , 2 are of low alkali hazard and low salinity hazard and are
very good irrigation waters ; 7 analyses indicate a low alkali hazard

and medium salinity hazard , and the waters are satisfactory for irri
gation of most crops grown in Clay County; 20 samples represent

water of low alkali hazard but high salinity hazard , but as most of
these samples fall within the lower part of the high -salinity area ,
only moderate precautionary measures would be necessary . Three
samples were of low or medium alkali hazard but very high salinity
hazard , and such waters are unfit for irrigation use . In general, the
aquifers in Clay County that produce water that is unfit for irriga
tion do not produce large enough quantities to be considered for
irrigation .
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TABLE 5. - Sodium -adsorption ratios (SAR ), conductivity (C ), and class of water
for irrigation for wells plotted on Figure 11 .

Well
number SAR с Class number / SAR с Class

1

6-1-2bacl .
6-1-2cc .
6-1-15da
6-2-3ad .
6-2-32ccc
6-2-33cd .
6-4-18ba .
6 4-33ad .
7-1-6bb .
7-1-15bcb .
7-1-19bc .
7-2-4ddc .
73-4da .
7-3-29cd .
* 7-4- (20ad-21bc)
7-432cc .

1.07
75
121
1.80
78
62
.85
14
1.26
2.16
1.8
60

537 S1 -C2 8-1-13ca . 0.82 1,370 SI -C3
563 SI- ( 2 8.2-30dd .. 1.56 1,780 SI -C3
573 SI -C2 8 3_8db . 59 900 SI -C3
892 SI -C3 8 3 35day 17 515 SI -C2
2,070 SI -C3 8 4 150c .. 906 S1 -C3
820 SI -C39-2-30bb . 90 SI -CI
3,950 SI- ( 4 9-3 lcc . 1.00 853 S1 -C3
673 ! SI -C2 9 3 20bc .. 61 626 SI -C2
781 S1-3 | 9-3 23cc . 37 6:35 SI -C2
1,330 SI -C3 9 4 21aa 83 579 SI-C2!
272 S1 -C2 94-32adc 134 , SI -C2
803 | SI- ( 3 10-1 17de 1 70 186 SI -CI
3,970 SI -C 10_2-17cd , 2 72 5,620 S2-04
896 SI -C3 10 2 23bb . 1 58 713 S1 -C2
926 ST -C3 10 3 -13ba . 1,010 SI- ( 3
887 SI -C3 10 1 32aa . 73 667 SI- ( 2

%%

��

G
w
n
T
M
E
2
8
5

.60

.69

.68
.52

Composite sample from wells 7-4-20ad and 7-4-21bc .

HYDROLOGIC PROPERTIES OF WATER -BEARING MATERIALS

The quantity o
f

water that a water -bearing formation will yield

to wells depends upon the hydrologic properties o
f

the material
from which the wells produce . The two hydrologic properties of
greatest significance are the coefficients o

f transmissibility ( T ) and
storage ( S ) and are used in making quantitative estimates of water

available in an aquifer and o
f

future water -level decline that will
result from continued pumping . Controlled aquifer tests in the
field provide the data required to compute these coefficients .

The coefficient of transmissibility ( T ) may b
e

defined a
s the

number o
f gallons o
f

water at the prevailing temperature that will
move in 1 day through a vertical strip o

f

the aquifer 1 foot wide ,

having a height equal to the full thickness of the aquifer , under a

hydraulic gradient o
f
1 foot per foot , o
r
it is the number o
f gallons

o
f

water that will move in 1 day through a cross -sectional area equal

to the saturated thickness o
f

the aquifer and 1 mile wide under a

hydraulic gradient of 1 foot per mile . The coefficient of storage ( S )

may b
e

defined a
s the change in volume o
f

water stored per unit

surface area o
f aquifer per unit change in head . Under water - table

conditions the coefficient o
f storage ( S ) is practically the same a
s the

specific yield o
f

the aquifer .

The coefficient of permeability ( P ) of an aquifer is the discharge
per unit o

f

area per unit o
f hydraulic gradient . It may be measured

in terms of the number of gallons of water a day , at 60 ' F. , con



50 Geological Survey of Kansas

ducted laterally through each mile of aquifer under investigation

(measured at right angles to the direction of flow ) for each foot of
thickness of the aquifer , and for each foot per mile of hydraulic
gradient. The field coefficient of permeability ( Pe ) is the same ex
cept that it is measured at the prevailing temperatures of the water
rather than at 60 ° F. The coefficient of permeability may be ex

T
pressed by the formula P where Pe is the field coefficient of

m

a

permeability , T is the coefficient of transmissibility , and m is the
thickness of the aquifer , in feet .

AQUIFER - TEST DETERMINATION OF TRANSMISSIBILITY
AND PERMEABILITY

The coefficients of transmissibility and permeability of the al
luvium and terrace deposits in the Republican River valley in the
vicinity of Clifton were determined by an aquifer test using well
6-1-2ac owned by Mr. F. Turner and operated by Mr. H. Rhodes .
Values for the coefficient of transmissibility (T ) , storage ( S ) , and
permeability ( P ) were computed from the aquifer - test data by

formulas developed by C. V. Theis and C. E. Jacob .

Theis Recovery Method of Determining Transmissibility

The recovery method of computing transmissibility (T ) devel .
oped by Theis ( 1935 ) utilizes a series of measurements of the water
level in a well after a period of pumping.

264Qlog ,. t/t
The Theis recovery formula is expressed as : T =

s'

in which T is the coefficient of transmissibility , in gallons per day
per foot , Q is the pumping rate , in gallons a minute , t is the time
since pumping started , in minutes , ť is the time since pumping
stopped , in minutes , and s’ is the residual drawdown in the pumped
well , in feet , at time t '.

The residual drawdown ( s ' ) is computed by subtracting the
static -water -level measurement from the depth - to -water measure
ments at time ť after pumping ceases .
The proper ratio of logio t/ť to s ' is determined graphically by
plotting logi , t/t on the logarithmic coordinate and s ' on the arith
metic coordinate of semilogarithmic paper . If log , t/t is taken
over one log cycle it will become unity . The formula may then be

264Q
expressed as T = where As is the difference in drawdown

As
>
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over one log cycle . In practice , water levels at time ť may be
plotted and the residual drawdown need not be computed . Be
cause the value of T is directly related to the slope of the line
formed by plotting water level against t'ť , the selection of the
proper points on the plot to determine as is very important. Theo
retically , the relation s ' to t/t should plot as a straight line that
passes through the point where residual drawdown is 0 and where

tt approaches unity . In unconsolidated deposits this is not always
true , as the observed line is nearly always a curve and seldom passes

through the point of origin . Generally the early points on the re
covery curve are erratic and do not fall in a straight line . This
may be due in part to head loss in the well or to the surge of the

column of water , which falls back into the well after the pump is
shut off . For this reason it would seem that the points on the curve
corresponding to the late part of the recovery period would be the
most reliable and should be used in determining As . For many
aquifer tests the recovery data will not plot on a line that passes
through the point where s ' = 0 and will not plot in a straight line'
in the latter part of the recovery period , and it is difficult to establish
a line that will determine As . If the latest data where t / t ap
proaches 1 do not fall on a straight line , they should not be used .

If the earlier points fall on a straight line they should be used , but
if there is an appreciable curve to the line almost any value can be
obtained for As , and hence the value of T can be considerably in
error .

Straight -line Graphical Method of Determining Transmissibility

and Storage Coefficient

The Theis ( 1935 ) nonequilibrium formula requires the use of
a " type curve ” on which the test -data curve is superimposed to de
termine the coefficients of transmissibility and storage . Cooper and

Jacob ( 1946 ) devised a straight - line graphical method that does not
require the type curve to accomplish the same purposes . In this
method the data are plotted on semilogarithmic paper , on which the
plotted points should fall in a straight line. Three equations were
devised for determination of coefficients of transmissibility and stor

age by a distance -drawdown graph , a time -drawdown graph , and a
composite graph . In the distance -drawdown graph , drawdown is
plotted on the arithmetic scale and distance of observation wells in

feet from the pumped well is plotted on the logarithmic scale . The
formulas for coefficients of transmissibility and storage are :

0.3 Tt
TE and S =

As

264 Q
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In the time -drawdown graph , drawdown is plotted on the arith
metic scale and time in days is plotted on the logarithmic scale . The
formulas for coefficients of transmissibility and storage are :

264 Q 0.3Tt .
T = and S =

As r2

In the composite drawdown graph , drawdown is plotted on the
arithmetic scale and the value t/r2 is plotted on the logarithmic
scale. In this method the plots of a

ll

observation wells should fall

in a straight line . The formulas for coefficients of transmissibility

and storage are :

264 Q
and S = 0.3T X ( t / rº ) ..T=

As

=
0 -

In the above formulas , the symbols are :

T = coefficient o
f transmissibility , in gal

lons per day per foot

S = coefficient of storage

Q = rate o
f discharge o
fpumped well , in

gallons per minute

A
s = drawdown over one log cycle

t = time since pumping started , in days

r = distance from pumped well , in feet

t = value of t where drawdown = 0

1
. = value of r where drawdown 0

( t / rº ) . = value of t / r ? where drawdown = 0

Turner Aquifer Test

A
n aquifer test was made in the fall of 1955 in which well 6-1-2ac

was used . This well yields water from late Wisconsinan terrace
deposits in the valley o

f Republican River . The well is o
f gravel

wall construction and is 18 inches in diameter and 7
0 feet deep .

Three observation wells , a , b , and c , were drilled in a line at dis
tances o

f

2
5 , 50 , and 100 feet respectively from the pumped well .

The well was pumped a
t
a rate o
f

800 gpm from 9:25 a . m . until 9:55

a . m . , when pumping stopped for a period o
f

4
5 minutes , owing to a

power failure . Pumping was resumed at 10:40 a . m . and continued
until 1:13 p . m . Water -level measurements made during the pump
ing period and values for t are given in Table 6 .

In Figure 1
2 the depth - to -water measurements in the pumped

well are plotted against time since pumping started . A line drawn

>
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TABLE 6. - Water -level measurements made during pumping and recovery
periods in well 6-1-2ac , and values fo

r
( t ) .

Time
Time since

pumping started , t ,

in minutes

Depth

to water ,

in feet

22.219:20 a.m.
9:25

9:25:20
9:25:45 .

Static water level
Pumping started
0.3
.75

3135
32.87

9:26:15
9:26:45 .

9:27:15 .

9:28

1.25
1.75
2.25

3

33.55
33.99
34.17
34.44

9:29
9:29:30
9:30
9:30:30

4

4.5

5

5.5

34.77
34 8

6

34 95
35.04

9:31
9:31:30
9:32

9:32:30

6

6.5

7

7.5

35. 1
1

35. 19
35 26
35.32

9:33 .

9:33:30 .

9:34
9:34:30

8

8.5

9

9.5

35.36
35.42
35.48
35.52

9:35 .

9:36 .

9:37
9:38

10

1
1

12

1
3

35.57
35.67
35.78
35.83S

H
U
B

4
5

�

9:39 .

9:10 .

9:45 .

9:50

14
15

2
0

25

35.89
35.95

3
6

15
36.47

9:55 .

10:39 .

10:10
10:10:30 .

Pump o
ff
(power failure )

Pumping started
75 5

22.98

33.87

10:41
10:41:30
10:12
10:12:30

76
76.5
77
77.5

34.77
35.16
35 42
35.67

B
E
C
C
8
2
0
m

w
a
n
g

10:13
10:44
10:44:30 .

10:45 .

78
79
79.5

35.81
36 00
36.10
36. 20

10:45:30 .

10:46 .

10:46:30
10:47 ,

80.5
81
81.5
82

36.29
36.38
36.41
36.52
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TABLE 6. —Water -level measurementsmade during pumping and recovery periods in well
6-1-2ac , and values for ( t).- Continued .

Time
Time since

pumping started , t ,
in minutes

Depth
to water,
in feet

10:47:30 a.m...
10:48 ..
10:48:30 .
10:49 .

82.5
83
83.5
84

36.57
36.66
36.70
36.74

84.5
85

10:49:30 .
10:50 .
10:50:30 .
10:51 ..

36.78
36.83
36.87
36.90

85,5
86

10:51:30 .
10:52 ..
10:52:30 .
10:53 .

86.5
87
87.5
88

36.93
36.95
36.97
37.00

.

.

.

.

.

.

.

.

10:53:30 .
10:54 .
10:54:30
10:55 ..

88.5
89
89.5
90

37.01
37.03
37.06
37.09

10:57 .
10:59
11:02
11:05 .

92
94
97
100

37.16
37.23
37.35
37.48

::
::
::
:

11:10 a.m ..

11:15 .

11:20 .

11:25 .

105
110
115
120

37.61
37.78
37.90
38.00

11:30 .

11:35 .

11:40 .

11:50 . .
.
.
.
.

125
130
135
140

38. 1
3

38.22
38.30
38. 48

12:00 noon .

12:10 p.m ..

12:20 .

12:30 ,

155
165
175
185

38.55
38.60
38.67
38.81

12:40 .

12:50 .

1:00
1:10 .

::
:

195
205
215
225

38.86
38.90
38.94
38.96

1:13 .

1:14 .

1:15
1:16 .

1:17

228 Pump off
229
230
231
232

26.83
26.38
26.17
26.01

1:18 .

1:19
1:20 .

1:21 .

233
234
235

236

25.90
25.80
25.71
25.63
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TABLE 6. - Water -level measurements made during pumping and recovery periods in well
6-1-2ac , and oalues for ( t).--- Concluded .

Time since
pumping started , t ,Time
in minutes

Depth

to water ,
in feet

1:22 p.m.
1:23
1:24
1:25

237
238
239
240

25.57
25.49
25.44
25.39

1:26
1:28
1:30
1:32 .

241
243
245

247

25.35
25. 26
25. 16
25.09

1:34
1:36 .
1:38 .
1:41 .

249
251
253
256

25.02
24.95
24.90
24 80

1:44 .
1:47 .
1:50 .
1:54

259
262
265
269

24.74
24.66
24.58
24.52

1:58 .

2:02 .
2:06 .
2:10 .

273
277
281
285

24. 45
24.38
24.32
24.24

2:15 .
2:21 .
2:28 .
2:35 .

290
296
303
310

24.15
24.09
24.01
23.98

2:45 .
2:55
3:05
3:15 .

320
330
310
350

23.91
23.81
23.74
23.66

3:25 .
3:35 .
3:50 .
4:05 .
4:20 .

360
370
385
400
415

23.60
23.54
23.46
23.40
23.32
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.

through these points gives a value for As of 2.18 . Applying the
( 264 ) ( 800 )

Cooper -Jacob formula , T = = 97,000 gpd per foot.
2.18

T
The saturated thickness is 43 feet , and from the relation P = -,

m

P = 2,250 . The pumped well had a drawdown of 17 feet while
pumping 800 gpm ; hence the specific capacity of the well was 47
gpm per foot of drawdown .
Depth -to -water measurements were made in observation wells
a , b , and c during the test and are shown in Tables 7 , 8 , and 9 .
Early in the test it was evident that observation well a was not
responding to pumping as it should . The water -level measure
ments in Tables 7 and 8 indicate that the water level in observation

well a was drawing down less than that in observation well b
throughout the test . This was probably due to the lenticular nature
of the aquifer rather than to any defect in the observation well , as
tests made during the power failure indicated that the observation
wells were open and functioning normally .
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Fig . 12
. -Depth to water in well 6-1-2ac plotted against time since

pumping started .
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TABLE 7. - Water - lecel measurements in observation well a, 25 feet from
pumped well 6-1-2ac .

Time
Time since

pumping started , t,
in minutes

Depth

to water,
in feet

23 409:20 a.m.
9:25
9:26
9:27

Static water level
Pumping started

1
2

24 31
24.69

9:29
9:30
9:32 .
9:34 .

25 05
25 23
25.56
25.729

9:36
9:38
9:40 .
9:42

11
13
15
17

25.93
26.08
26.23
26.33

9:44
9:16
9:18 .
9:50 .
9:53 .

19

21
23
25
28

26. 47
26.60
26.69
26.78
26.98

Pumping stopped
24. 24

9:55 .
10:38
10:40
10:41

Pumping started
25.12

3
10:12
10:13
10:44 ,

10:47 .

25.37
25.75
25 84
26.05

10:19 .
10:51
10:53
10:55 .

9
11
13
15

26 30
26.50
26 67
26.81

10:57
11:00 .
11:05 .
11:10 .

17
20
25
30

26.98
27.10
27.26
27. 48

11:15 .
11:20 .
11:25
11:30

35
40
45
50

27.68
27.86
27.99
28.13

5511:35 .
11:10 .
11:15 .
11:50

28. 24
28.32
28. 12
28.5070
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TABLE 7. - Water -level measurements in observationwell a, 25 feet from pumped well
6-1-2ac.Concluded .

Time since
pumping started , t ,Time
in minutes

Depth
to water,
in feet

11:55 a.m..
12:00 ....
12:10 p.m ..

75
80
90
100

28.58
28.64
28.69
28.8012:20 ..

12:30 .
12:40 .
12:50 .
1:00 .
1:10 .

110
120
130
140
150

28.89
28.98
29.03
29.09
29.15
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TABLE 8. - Water - level measurements in observation well b , 50 feet from
pumped well 6-1-2ac .

Time
Time since

pumping started , t ,

in minutes

Depth
to water,
in feet

23.349:20 a.m.
9:25
9:26:30
9:27:30

Static water level
Pumping started

1.5
2.5

26.63
27.12

3.259:28:15 ..
9:29 .
9:30 .
9:31

27.32
27.48
27.61
27.71

5
6

9:32
9:33 .
9:34 .
9:35 .

7
8
9

10

27.82
27.90
27.98
28.04

9:36 .
9:38 .
9:40
9:42 .

11
13
15
17

28.11
28.19
28.34
28.43

9:44 .
9:46 .
9:48 .
9:50 .

19
21
23

25

28.51
28.59
28.67
28.75

28.849:53 ..
9:54 .
10:38 .
10:40 .
10:41:30 .

28
Pumping stopped

Pumping started
1.5 76.5

24.00

27.48

10:43 ..
10:44 .
10:45 .

10:46 . O
rc
o
3
4
5
6

78
79
80

81

27.98
28. 22
28.36
28.47

10:48 .

10:50 .

10:52 .

10:55 .

8

10
12
15

83
85
87
90

28.84
28.89
28.90
29.04

93
95

10:58 .

11:00 .

11:05 .

11:10 .

1
8

20
25
30

29.15
29.23
29.38
29.51

100
105

11:15 .

11:20 .

11:25 .

11:30 .

35 110
40 115
45 120
50 125

29.66
29.77
29.85
29.95
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TABLE 8. - Water -level measurements in observation well b, 50 feet from pumped well
6-1-2ac . —Concluded

Time since
pumping started , t ,

Depth
to water ,
in feet

Time
in minutes

11:40 a.m ...
11:50 .
12:00 noon .
12:10 p.m ..

60 1135
70 145
80 155
90 1165

30.11
30.23
30.33
30.45

12:20 .
12:30 .
12:40 .

100 175
110 185
120 195
130 205
140 215

30.54
30.63
30.69
30.73
30.79

12:50 .
1:00 .
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TABLE 9. - Water - level measurements inobservation well c , 100 feet from
pumped well 6-1-2ac .

Time
Time since

pumping started , t ,
in minutes

Depth
to water ,
in feet

23.539:20 a.m..
9:25
9:26
9:27 .

Static water level
Pumping started

1
2

23.57
23.64

9:28
9:29
9:30
9:31

3
4
5

23.73
23.81
23.88
23.97

9:32 .
9:33
9:34
9:35 .

7
8
9
10

24.04
24.12
24.18
24. 24

9:36 .
9:37 .
9:38
9:39

11
12

13
14

24.31
24. 38
24 44
24.50

9:40 .
9:42 .
9:44
9:46 .

15
17
19
21

24.56
24.66
24.78
24.90

9:48 .
9:50 .

9:53
9:54 .

23
25
28

Pumping stopped

25.00
25.09
25.21

24.3710:38
10:10 .
10:41

10:42 .

Pumping started
1
2

24.39
24. 45

310:43 .

10:44
10:45
10:46 .

24.52
24.58
24.66
24.73

10:47 .
10:48 .
10:49
10:50

7
8

9
10

24.79
21.86
24.93
24.99

10:52
10:54
10:56
10:58

12
14
16
18

25.10
25.21
25. 23
25.42

11:00
11:03
11:06
11:09

20
23
26
29

25.51
25.63
25.76
25.86
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Table 9. - Water -level measurements in observation well c, 100 feet from pumped well
6-1-2ac --Continued .

Time
Time since

pumping started , t ,
in minutes

Depth
to water ,
in feet

11:12 a.m..
11:15 .
11:20 .
11:25 .

32
35
40
45

26.00
26.09
26.25
26.38

11:30
11:35
11:40 .
11:45 .

50
55
60

65

26.52
26.62
26.71
26.94

11:50
11:55 .
12:00 noon
12:10 p.m..

70
75
80
90

26.95
27.02
27.07
27.20

12:20 .
12:30 .
12:40 .
12:50 .

100
110
120
130

27.30
27.43
27.49
27.57

1:00 .
1:10 .
1:13 .
1:14 .
1:15 .

140
150

Pumping stopped

27.59
27.67

27.62
27.582

1:16 .
1:17 .
1:18
1:19 .

3
4
5
6

نم
رهش
ن
ت

27.53
27.45
27.42
27.39

1:20 .
1:21 .
1:22 .

7
8
9

27.29
27.28
27.22

1:23 .
1:24 .
1:25 .
1:26 .
1:27 .

10
11
12
13
14

27.17
27.13
27.09
27.05
27.01

1:28 .
1:29 .
1:30 .
1:31 .

15
16
17
18

26.97
26.93
26.88
26.86

1:32 .
1:33 .
1:34
1:35 .

19
20
21
22

26.83
26.78
26.76
26.73

1:36 .
1:37 .
1:38 .
1:40 .

23
24
25
27

26.69
26.67
26.64
26.58
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TABLE 9. - Water -level measurements in observation well c, 100 feet from pumped well
6-1-2ac . - Concluded .

Time
Time since

pumping stopped , t ,
in minutes

Depth
to water,
in feet

1:45 p.m .. 32
371:50 .

1:55 .
2:00 .

26. 45
26.34
26.23
26. 14

42
47

2:05 .
2:10 .
2:15 .
2:20 .

���
�

���

R
T
S

52
57
62

67

26.05
25.97
25.89
25.82

72
77

2:25 .

2:30 .

2:40 .

2:50 .

25.75
25.69
25.58
25.49

87
97

3:00 .

3:10 .

3:20 .

3:31 .

107
117
127
138

25.39
25.31
25.23
25.14

3:45
4:00 .

4:15 .

152
167
182

25.05
25.00
24.88
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Fig . 13. — Drawdown in observation wells a , b , and c plotted against
time since pumping started , during test using well 6-1-2ac .

>The drawdowns in observation wells a , b , and c are plotted
against the time since pumping started ( Fig . 13 ) . Lines through

the latest points prior to the power failure pass through the latest
points in the test in a

ll

the plots . Applying the Cooper -Jacob for
mula , values for the coefficient o

f transmissibility from the fluctua
tions in observation wells a , b , and c are 87,000 , 97,000 , and 79,000
gpd per foot respectively . The storage coefficient , from measure
ments in wells a and c , was 0.03 and 0.02 , respectively , indicating
water - table conditions .

A line through the latest points in the recovery curve for well c

( Fig . 1
4
) gives a value fo
r
s = 2.17 . Applying the formula

( 264 ) ( 800 )

gives a result o
f 97,000 gpd /per foot .

2.17
Summary . The values of T obtained from the aquifer test using
well 6-1-2ac ranged from 79,000 to 97,000 gpd per foot . The lowest
value was 79,000 gpd per foot from observation well a and the high

e
st value , 97,000 gpd per foot , from the pumped well , observation

well b , and the recovery curve for observation well c . The test is

not conclusive , but 90,000 gpd per foot is probably about the cor

T =
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Fig . 14
. -Depth to water in observation well e plotted against time since

puinping stopped , during test using well 6-1-2ac .

rect value o
f T in the area of the well . The test shows that the

aquifer is not homogeneous and that conditions are variable within
short distances . The values for S are too small to have any sig .

nificance , because o
f

the shortness o
f

the period o
f pumping .

ROCK UNITS AND THEIR WATER -BEARING PROPERTIES

PERMIAN SYSTEM

Wolfcampian Series — Chase Group

Barneston Limestone

In Clay County the Barneston Limestone crops out in the vicinity

o
f

Wakefield in the valley walls o
f Republican River and it
s

tribu
taries . The Barneston Limestone contains the thickest and most
resistant limestone beds in the county , and in the area to the east

it is one o
f

the principal scarp -forming rocks of the Flint Hills . In

Clay County the Barneston Limestone occupies a fairly low topo
graphic position and does not form a prominent scarp . The mem
bers o

f

the Barneston Limestone , in ascending order , are the Flor
ence Limestone , the Oketo Shale , and the Fort Riley Limestone
members .

3-6124
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i

The Florence Limestone member is very easily recognized in
Clay County because it is the only rock unit more than a few feet
thick that contains a preponderance of chert or flint . The member
is primarily a series of beds of limestone and beds of chert . The
chert beds are generally of about the same thickness as the lime
stone beds . At most places a very dark gray or black impure lime
stone bed about 2 feet thick forms the base of the Florence Lime
stone member , and a persistent shale bed about 2 feet thick occurs
in the upper part of the member . The Florence contains abundant
fossils of many varieties . The thickness of the member ranges from
35 to 40 feet .

In Clay County the Oketo Shale member averages about 5 feet in
thickness . It is composed chiefly of fossiliferous hard gray cal
careous shale .

The lower few feet of the Fort Riley Limestone member is com
posed chiefly of thin -bedded yellow limestone . The limestone beds-
are overlain by a few feet of gray shale , which is easily confused
with the underlying Oketo Shale member unless the Florence Lime
stone member is exposed also . Next above this shale bed is a mas
sive bed of yellow limestone about 5 feet thick . This bed , which
weathers to a pitted surface , is the rimrock , characteristic of nearly

a
ll exposures o
f

the Fort Riley Limestone member ( P
l
. 4A ) . The

rimrock bed is overlain b
y
1
5 to 20 feet o
f

thin -bedded sandy yellow
limestone and thin calcareous shale beds . In some exposures , a mas
sive bed that has much the same appearance a

s the rimrock occurs

in the upper part o
f

the member . The average thickness o
f

the
member is about 35 feet .

Both the Florence and Fort Riley Limestone members are im

portant aquifers in Clay County , but the Oketo Shale member does
not yield appreciable quantities o

f

water . A properly constructed
well that penetrates the entire thickness o

f

the Barneston Limestone
may produce a

s much as 350 gpm .

In areas where the Barneston Limestone is deeply buried it may
yield water that is too mineralized for domestic use . Several wells
are known to obtain water o

f satisfactory quality from the Barneston

Limestone a
t
a depth o
f

almost 200 feet , however .

Doyle Shale

The Doyle Shale is composed of two shale members separated b
y

a limestone member - in ascending order , the Holmesville Shale ,

the Towanda Limestone , and the Gage Shale members .

9
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D

B

PLATE 4. A , Rimrock formed by Fort Riley Limestone member, SEX NEK
sec . 27 , T. 9 S., R. 4 E .; B , Exposure of Winfield Limestone , SE % NE% sec 19,
T. 10 S. , R. 4 E.
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+

The Holmesville Shale member consists of 20 to 25 feet of vari
colored calcareous shale . Calcite veinlets and thin impure lime
stone beds are present in the lower few feet of the member in most
places .
The Towanda Limestone member is composed chiefly of platy
and nodular beds of gray to yellow limestone . In most weathered
exposures the member has a very broken and deformed appearance ,

and the upper limestone beds may be limonite stained and may

contain many calcite veinlets . The average thickness of the
Towanda Limestone member is about 10 feet .

The Gage Shale member , which in Clay County has an average
thickness of about 35 feet, is composed of a lower unfossiliferous
varicolored shale and an upper very fossiliferous gray and yellow
shale .

The Doyle Shale is not an important aquifer in Clay County, but
locally the Towanda Limestone member may yield as much as 5
gpm to properly constructed wells .

Winfield Limestone

The members of the Winfield Limestone , in ascending order, are
the Stovall Limestone , the Grant Shale , and the Cresswell Lime
stone members .

The Stovall Limestone member consists of a single bed of gray to
tan hard cherty limestone about 1 foot thick . It is nonresistant to
weathering and is not well exposed in many places . Echinoid
spines are the most common fossils in the Stovall . It is easily recog
nized by it

s

uniform thickness and chert content .

The Grant Shale member has a uniform thickness of about 1
0

feet in Clay County . It is composed chiefly of tan and gray shale
but includes some darker shale in the upper part . It contains many
fossil brachiopods , and many quartz geodes are present in the
upper part
The Cresswell Limestone member now includes al

l

the sequence

o
f

rocks that in some earlier reports was divided into the Cresswell
Limestone member and the Luta Limestone member . The Cress
well Limestone member as now defined consists of a lower massive

bed o
f yellow limestone , containing numerous echinoid spines and

other fossils and characterized b
y

pinkish -brown splotches o
n

weathered surfaces , and a
n upper thin -bedded to concretionary se

quence o
f

limestone and shale ( P
l
. 4
B
) . The thickness of the Cress

well Limestone member in Clay County is about 13 feet .

a
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The Winfield Limestone yields water in quantities sufficient for
most domestic and stock supplies , and where the formation is not
deeply buried , the water is of good quality .

Odell Shale

The Odell Shale in Clay County consists of about 23 feet of shale .
The lower few feet of the shale is principally yellow , and the middle
and upper parts of it are mostly red and more calcareous than the

lower part

The Odell Shale does not yield water to wells in Clay County .
Nolans Limestone

The Nolans Limestone includes , in ascending order , the Krider
Limestone , Paddock Shale , and Herington Limestone members . The

thickness of the formation in Clay County ranges from 18 to 23 feet.
The Krider Limestone member consists of one bed of limestone
or of two beds separated by a thin shale bed . The total thickness
of the Krider Limestone member is not known to exceed 2 feet. In

most places the limestone portion of the member is yellow sandy
appearing nodular limestone containing many fossil brachiopods

and pelecypods .
The Paddock Shale member consists of 11 to 13 feet of gray fos

siliferous shale .

The Herington Limestone member is the most conspicuous part

of the Nolans Limestone . Although it is not as resistant to weather
ing as the Cresswell Limestone member of the Winfield Limestone ,

the Herington does form an escarpment in favorable topographic

situations . In most places the member consists of 6 to 8 feet of

yellow to brown , pelecypod -bearing limestone . The upper part is
almost everywhere more massive than the lower part of the member

( PI . 5A ) .

The Nolans Limestone is not a good aquifer in Clay County .
The Krider Limestone and Paddock Shale members are not known

to yield water . Under favorable conditions the Herington Lime
stone member might yield some water to domestic and stock wells .

Leonardian Series — Sumner Group

Wellington Formation

The Wellington Formation is not well exposed in Clay County ,

hence can be described only from observations in other areas and

from the interpretation of well logs.
The lower part of the Wellington Formation in Clay County con
sists chiefly of greenish -gray and red clay shale . Locally , a massive
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A

ul 11

BB

PLATE 5. A , Herington Limestone member exposed in road cut , NWX sec .
9, T. 9 S. , R. 3 E .; B , Hollenberg Limestone member in NWK se

c
. 3
2 , T. 6 S. ,

R
.
4 E
.

be
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a

bed of gypsum forms the base of the formation in contact with the
Herington Limestone member of the Nolans Limestone . This mas

sive bed of gypsum is well exposed in the southwest bank of a creek

about 100 feet east and 300 feet south of the center of the west line

of sec . 19 , T. 6 S. , R. 4 E.

A bed of impure dolomitic limestone , the Hollenberg Limestone
member , lies about 40 feet above the base of the Wellington Forma
tion in the northern part of the county . In the area southwest of
Broughton the sequence between the Herington Limestone member

and the Hollenberg Limestone member may be as thin as 20 feet.

The Hollenberg is typically a succession of light-yellow earthy lime
stone and shale beds, each of which is about 3 to 5 inches thick .

In almost every observed exposure in Clay County , the Hollenberg
is deformed by many small anticlines and synclines ( Pl . 5B ) having

an amplitude of only a few feet and a distance between crests of
about 20 feet . Small -scale faulting also is very common in ex
posures of the Hollenberg ( Pl . 6A ) . The thickness of the Hollen
berg ranges from slightly less than 1 foot to 5 feet.

That part of the Wellington Formation that overlies the Hollen
berg Limestone member in Clay County is in general darker than
that below . At several widely scattered points a thin discontinuous
bed of dark -gray to black chert was found about 12 to 15 feet above
the Hollenberg Limestone member . The Hutchinson Salt member ,

which occurs in the middle part of the formation farther southwest ,

does not underlie any of Clay County . The greatest thickness of
Wellington Formation underlying Clay County is not known , but
probably is about 250 feet .

The Wellington Formation yields only very small quantities of
water of poor quality to wells in Clay County . One spring (7-3
4da ) discharges about 200 gpm of mineralized water from the Wel
lington Formation .

CRETACEOUS SYSTEM

Comanchean Series

Kiowa Shale

The base of the Cretaceous rocks is marked by a major uncon
formity indicated by a cobble zone . The cobbles consist of quartz

it
e
, chert , igneous rock , and many types of metamorphic rocks . A
t

many places in Clay County the Dakota Formation rests o
n the

Wellington Formation , the cobble zone being incorporated in the
base o

f

the Dakota Formation , and the Kiowa Shale is absent .

a few localities in southern Clay County a dark clay shale resem
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B

PLATE 6. A , Faulting in Hollenberg Limestone member in NWXsec. 32,
T. 6 S. ,R. 4 E .; B, Concretions in Dakota Formation , NEX sec . 17 ,T. 10 S.,
R. 1 E.
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bling the Kiowa crops out at about the contact between the Per

mian and Cretaceous , but at these localities the cobble zone is not
noticeably present at the base of the shale , and the age of the shale

is not known. Because the Kiowa Shale was not definitely recog
nized in Clay County and because of the similarity of their water
bearing characteristics to those of the Wellington Formation , these
deposits are included with the Wellington Formation , and the
Kiowa Shale is not shown on the geologic map .

Gulfian Series — Colorado Group

Dakota Formation

The Dakota Formation in Kansas consists of two members, the

lower Terra Cotta Clay member and the upper Janssen Clay mem
ber . The Dakota Formation popularly is believed to consist chiefly
of sandstone , but as the member names indicate , clay is the domi
dant material in most of Kansas . The formation consists entirely of
continental or near -shore deposits. Study of surface exposures and
test -hole cuttings shows that the formation consists principally of
clay of various colors but contains discontinuous beds and lenses of
sandstone and siltstone . Minor amounts of pyrite , limonite , hema
tite , and siderite as concretions ( Pl . 6B ) , thin beds of lignite , and
small lenses of quartzitic sandstone are scattered throughout the
formation .

In the subsurface most of the sandstone is light gray , but upon
being exposed to weathering it becomes yellow , dark brown, or al
most red . Some of the sandstone beds are very resistant to weath
ering and form bold outcrops .

The Dakota Formation is the youngest Cretaceous formation ex
posed in Clay County , and where it occurs it

s top is a
n erosional

surface . The thickness of the Dakota Formation in Clay County
ranges from a featheredge to about 165 feet .

The Dakota Formation is one o
f

the principal aquifers in Clay
County . The water is generally o

f good quality . Few wells in

Clay County that obtain water from the Dakota Formation yield

more than 3
0 gpm , but it is likely that test drilling in some areas

might locate a sufficient thickness of sandstone to yield a
s much a
s

100 gpm . Water in the Dakota Formation is under artesian pres

sure in most parts of Clay County . No flowing wells were observed

in the county , but a well flowing from the Dakota Formation is lo

а
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1.cated a few feet west of the county line in Cloud County. Chem
ical analyses of water from the Dakota Formation are shown in
Table 3 and in Figure 8 .

QUATERNARY SYSTEM

Pleistocene Series

Pleistocene deposits of Nebraskan age possibly are present in Clay
County but are unimportant quantitatively . During the first stage

of the Pleistocene Epoch there were probably no well -established
lines of through drainage , and erosion was the dominant process .
Remnants of conglomerate ( Pl . 7A ), which are exposed in several
places in northeastern and south -central Clay County, probably
were deposited during Nebraskan or early Kansan time. The
conglomerate contains pebbles and fragments of sandstone and

limestone derived from Cretaceous rocks and is overlain by loess
of Illinoian and Wisconsinan age. These deposits are not known
to exceed 4 feet in thickness , and because they cover a very small
area they are not shown on the geologic map .

Kansan Stage

A few feet of locally derived gravel of probable Kansan age un
derlies the alluvium of Republican River upstream from Clay Cen

te
r
. Although Republican River did not flow through Clay County

during Kansan time , a stream whose headwaters were in the drain
age area o

f

what is now White Rock Creek in Jewell County prob
ably flowed where Republican River now has it

s

course through
Clay County . In most places this deposit o

f

limestone and sand

stone gravel ( Grand Island Formation ) is 6 to 10 feet thick and in
some places is overlain b

y
a few feet o
f clay o
f

the Sappa Formation .

The water in the basal gravels has about the same quality a
s

that in the overlying Recent alluvium . The Kansan gravel deposits
are made u

p

o
f

more angular particles than other valley - fi
ll deposits

in the county and probably d
o

not yield a
s much water a
s

a
n equal

thickness o
f younger gravel . They do add considerably to the total

yield o
f

wells in northwestern Clay County , however .

Illinoian Stage

Terrace deposits . —Deposits of Illinoian age in Clay County a
re

represented b
y

the Crete Formation along Republican River and

it
s major tributaries . The Crete Formation in Clay County is in the

form o
f

terrace deposits and consists chiefly o
f

silt and clay contain N
.
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2

B

PLATE 7. A, Exposure of Pleistocene conglomerate , center south side se
c
.

1
0 , T. 10 S. , R. 2 E .; B , Prominent scarp formed by Wisconsinan terrace , NE %

sec . 2 , T
.
6 S
. , R
.
1 E
.
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a
ing minor amounts of sand and gravel . Nearly a

ll

the deposits o
f

the Crete Formation in Clay County are blanketed by a thick cover
ing o

f

Peoria loess , and are not shown o
n

the geologic map . The
upper surface o

f

the Crete Formation a
t

most places in Clay County
is about 30 to 40 feet above flood plain level .

The Crete Formation in Clay County is generally only partly
saturated ; however , a bed o

f locally derived gravel , which is pres

ent in many places at the base o
f

the formation , is generally satu
rated and yields small to moderate supplies o

f

water .

Eolian deposits . -Much o
f

the upland area o
f Clay County a
s

well as the Crete Formation is blanketed with wind -deposited silt
commonly known a

s

loess . All the loess in Clay County is included

in the Sanborn Group , but only the oldest silt formation , the Love
land Formation , is o

f Illinoian age . In fresh exposures the Love
land consists o

f

reddish -yellow silt and clay . Most deposits in Clay
County are only a few feet thick , and a

t some localities they are
entirely contained within the Sangamon soil , which was developed

o
n

the Loveland during the interglacial period between the Illi
noian and Wisconsinan glaciers . The Loveland Formation is above
the water table and does not yield water to wells .

Wisconsinan Stage

Terrace deposits . —Deposits of sand , gravel , and clay locally a
l

most 70 feet thick were laid down along Republican River and other
major streams during Wisconsinan time . The streams have sub
sequently cut to a lower level and these alluvial deposits now form
low terraces above the flood plain . These terraces were mapped

solely o
n

the basis o
f topographic expression and probably include

both early and late Wisconsinan deposits ( P
l
. 1 ) .

The Wisconsinan terrace deposits along Chapman Creek and the
streams tributary to Republican River are composed chiefly o

f

si
lt

and clay but contain minor amounts o
f locally derived sand and

gravel in the lower part . These deposits yield small to moderate
quantities o

f

water to wells , adequate only for domestic o
r

stock

use .

The Wisconsinan terrace deposits of Republican River in Clay
County are composed almost entirely o

f

arkosic sand and gravel ,

with the exception of the upper 1
5 to 20 feet , which in most places

is silt and clay . No evidence of a continuous clay bed at the base

o
f

the Wisconsinan terrace deposits such as occurs near Concordia ,

in Cloud County , was found in Clay County . The Wisconsinan �
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terrace deposits lack the hummocky topography typical of the Re
cent alluvium , and the upper surface of the terrace deposits lies

about 12 feet above the upper surface of the alluvium ( Pl . 7B ) . In
the area northwest of Clay Center , the Wisconsinan terrace de
posits along Republican River yield large quantities of water to

wells . Downstream from Clay Center , where the valley is cut
through more resistant rocks , the terrace deposits are thinner and

more restricted laterally , and the available supply of ground water
is somewhat less than in the valley upstream from Clay Center .
Water from the Wisconsinan terrace deposits in Clay County is
hard but otherwise satisfactory for most uses .
Eolian deposits .-Large areas of Clay County are mantled by de
posits of loess , or wind -deposited silt , of Wisconsinan age . This

silt of the Peoria Formation is contemporaneous with or older than
the Wisconsinan terrace deposits. The silt of the Peoria Formation
is gray buff and in most places is separated from the underlying

reddish -yellow silt of the Loveland Formation by the Sangamon

soil . The silt of the Peoria Formation , like a
ll

silts , has low per
meability and retards the downward movement o

f

rain water , and

thus hinders recharge in the upland areas o
f Clay County . The

Peoria Formation lies above the water table and does not yield

water to wells .

Recent Stage

Allurium . - Most of the streams o
f Clay County traverse flood

plains underlain b
y

alluvium o
f

Recent age . The alluvium consists
predominantly o

f

sand and gravel but includes some silt and clay .

The upper surface of the alluvium is characteristically very hum
mocky and in most places lies about 12 feet lower than the upper

surface o
f

the Wisconsinan terraces . Much o
f

the alluvium is cov
ered b

y

water during major floods ; it is subjected to erosion in some
places , but in other places a small amount of additional material is

added . The composition o
f

the alluvium is nearly the same a
s that

o
f

the Wisconsinan terrace deposits , but a
s the alluvium is some

what thicker and generally has a greater percentage o
f

saturation ,

somewhat larger yields o
f

water are obtained from wells in the
alluvium .

The quality of the water in the alluvium o
f Republican River in

Clay County is about the same a
s that o
f

the water in the Wis
consinan terrace deposits . The water is hard but not strongly
mineralized .
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1

Dune sand . — In an area west of Vining , an area north of Wake
field , and in several smaller areas along Republican River, th

e

wind

has piled u
p

sand from the channel and flood plain to form dunes .

These dunes are still active in spots , and very little soil h
a
s

d
e

veloped o
n

them . The dune areas are composed o
f many sand

hills o
r

dunes interspersed with undrained depressions . The dunes
are above the water table and d

o

not yield water to wells , bu
t

b
e

cause o
f

their permeability and lack o
f drainage they form im

portant recharge facilities for the underlying alluvium and terrace
deposits .

ie
A
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RECORDS OF WELLS

Records of 143 wells , 28 test holes, and 110 auger holes in Clay
County are given in Table 10. All information classed as reported

was obtained from the owner or tenant . Reported depths of wells

a
re given in feet ; measured depths are in feet and tenths . Reported

depths to water level are given in feet ; measured depths to water
level are given in feet , tenths , and hundredths . The well -number
ing system used in this table is explained o

n page 1
2
.
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1

LOGS OF TEST HOLES

On the following pages are given the logs of 28 test holes drilled

in Clay County ( Pl . 2 ) . The holes were drilled chiefly in areas
of thick alluvial deposits , but several were drilled to determine the
character , thickness , and water -bearing properties of the Dakota
Formation . One test hole was drilled through the gypsum de
posits in the northeastern part of the county . The geologic cross
sections shown in Plate 3 are based principally on data obtained
from test-hole logs . Many holes were drilled with a power auger
to determine the depth to water level or as a guide in preparing

the geologic map . Logs of these auger holes are not given , as

most of them were very shallow . The test holes were drilled by

the State Geological Survey . Samples were collected and studied

in the field and later examined microscopically in the laboratory .

6-1-2bac . - Drillers log of test hole in SWA NE % sec . 2, T. 6 S. , R. 1 E. Near
the site of Clifton city wells . Static water level 21 feet below land surface.
Drilled by Layne -Western Co. Thickness , Depth ,

feet feet

Soil 4 4

Clay 28

Sand , fine, gray 2 30

Sand , coarse , gray . 3 33

Sand and gravel , gray . 10 43

Clay 1 44

Sand , fine 2 46

Sand , coarse , gray , and gravel on shale . 62

6-1-2bb .— Sample log of test hole in NW % NW “ sec . 2, T. 6 S. , R. 1 E. On
east side of road south of Vining , 0.2 mile south of section corner . Drilled

June 17 , 1954. Surface de, 1,272.0 feet .
QUATERNARY—Pleistocene

Thickness , Depth,
Wisconsinan Stage Terrace deposits feet feet

Silt , black 3 3

Silt , tan 3 6

Clay , sticky , tan to gray 7 13

Clay , slightly sandy , dark gray 7

Clay , sandy, soft, light gray . 3 23

Sand , fine to coarse , and fine to medium gravel 14 37

Clay , greenish gray 60

PERMIAN - Le ardian
Wellington Formation 9 69

Dolomite , light gray 1 70

24

16

20

23
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16

9
8
6
6

70

feet feet

6-1-200 . - Sample lo
g

o
f

test hole near SW cor . se
c
. 2 , T
.
6 S
. , R
.
1 E
.

On

east side o
f

road , 200 feet north o
f

section corner . Drilled June 1
7 , 1954 .

Surface altitude , 1,256.8 feet ; depth to water , 7.10 feet , June 1
8 , 1954 .

Thickness , Depth ,

QUATERNARY -Pleistocene feet feet

Recent and Wisconsinan Stages — Alluvium and terrace
deposits

Silt , black 3 3

Sand , fine to coarse , and fine to medium gravel 1
3

Clay , blue gray 4 2
0

Gravel , medium , and coarse arkosic sand 37 57

Kansan Stage - unnamed formation
Sand , medium to coarse , and fine to medium limestone
and arkosic gravel 6 63

Gravel , fine to medium ; mostly sandstone and lime
stone pebbles 4 67

PERMIAN — Leonardian
Wellington Formation
Shale , platy , black and gray 3

6-1-11bc . - Sample log o
f

test hole in SW % MW % sec . 11 , T
.
6 S
. , R
.
1 E
.

O
n

east side o
f

road 0.3 mile south o
f

section corner , at north end o
f

row o
f

large cottonwood trees . Drilled June 1
8 , 1954. Surface altitude , 1,258.3

feet .

Thickness , Depth ,

QUATERNARY - Pleistocene
Recent and Wisconsinan Stages — Alluvium and terrace

deposits

Silt , black 2 2
Silt , tan 5

Sand , fine to coarse , and fine to medium arkosic gravel , 1
2 17

Clay , sandy , blue 3 2
0

Sand , fine to coarse , and fine to medium arkosic gravel , 3
9 59

Kansan Stage - unnamed formation
Clay , yellow 1 60

Gravel , fine to medium ; many sandstone and limestone
pebbles 8

Clay , yellow ; contains some sandstone and limestone
gravel 1 69

PERMIAN – Leonardian
Wellington Formation
Shale , platy , blue black 1 70

6-1-14bb . — Sample log o
f

test hole in NW % NW % sec . 14 , T. 6 S. , R
.
1 E
.

On

east side o
f

road , 2
5 feet south o
f point where road turns west . Drilled

June 1
8 , 1954. Surface altitude , 1,267.0 feet .

QUATERNARY — Pleistocene Thickness , Depth ,

Recent Stage - Dune sand feet

very fine... 10 10

Recent and Wisconsinan Stages — Alluvium and terrace
deposits

Silt , light tan , very soft . 2 12

Clay , gray 3 15

ن
ن
ت
نيب

68

feet

Sand ,

C
O
N
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A

C
O
C
O

2

feet feet

Thickness , Depth ,

feet feet

Silt , black 3 18

Silt , light tan 8 26

Sand , very fine 4 30

Gravel , medium to coarse , arkosic , and coarse sand . 26 56

Sand and gravel , arkosic , mixed with green clay . 4 60

Gravel , fine to medium , arkosic , and fine to coarse
sand 10 70

Kansan Stage - innamed formation

Gravel , fine to medium , chiefly limestone and sand
stone pebbles , and coarse sand 6 76

PERMIAN — Leonardian
Wellington Formation

Shale , platy , blue black . 1

6-1-15da . — Sample log o
f

test hole in NE % SE ” sec . 15 , T. 6 S. , R
.
1 E
.

On
west side o

f

road , about 250 feet north o
f quarter -mile hedge row . Drilled

June 1
8 , 1954. Surface altitude , 1,261.2 feet ; depth to water , 22.00 feet

June 18 , 1954 .

QUATERNARY — Pleistocene Thickness , Depth ,

Wisconsinan Stage - Terrace deposits
Clay and silt , black 2

Clay , silty , tan 3

Clay , tough , black 2

Silt , sandy , tan .. 13 20

Sand , fine to coarse , arkosic , and fine gravel . 10 30

Gravel , fine to medium , arkosic , and fine to coarse
sand 30 60

PERMIAN — Leonardian
Wellington Formation

Limestone , gray 3 63

6-1-22aad .--Sample log of test hole in NEK NE % sec . 22 , T. 6 S. , R. 1 E. On
west side o

f

road , midway between abandoned farm house o
n

east and house

o
n

west . Drilled June 2
2 , 1954. Surface altitude , 1,263.0 feet ; depth to

water , 27.40 feet June 25 , 1954 .

QUATERNARY — Pleistocene Thickness , Depth ,

Wisconsinan Stage - Terrace deposits

Silt , clayey , black . 2

Silt , tan 6

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 , fine to coarse , fine to medium gravel , and yel
low clay 3 63

PERMIAN - Leonardian
Wellington Formation
Limestone , hard , dark gray 0.5 63.5

w
u
rd
e

Š
to
se
co
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feet feet
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O
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ST LE

feet feet

0
0
w
w
a
rc
o

feet

12

6-2-31cd . — Sample log o
f

test hole in SEX SW % sec . 31 , T
.
6 S
. , R
.
2 E
.

On

north side o
f

road 1
5

feet west o
f

drive to house o
n hill south of road .

Drilled June 2
2 , 1954. Surface altitude , 1,253.8 feet ; depth to water , 29.30

feet June 2
5 , 1954 .

QUATERNARY — Pleistocene Thickness , Depth ,

Wisconsinan Stage - Terrace deposits

Silt , black 2 2

Silt , sandy , gray to tan 9 1
1

Clay , silty ; contains some sand and ironstone 15 26

Sand , fine 7 33

Clay , sandy , tan 3 36

Sand , fine to coarse 44
Clay , yellow 3 47

PERMIAN - Leonardian
Wellington Formation
Shale , o

r

soft limestone , gray to black 1 48

6-2-31dc . - Sample log o
f

test hole in SW % S
E
% sec . 3
1 , T
.
6 S
. , R
.
2 E
.

O
n

north side o
f

road about 500 feet east o
f

drive to house o
n north side o
f

road . Drilled June 2
2 , 1954. Surface altitude , 1,232.9 feet ; depth to water ,

18.62 feet June 2
2 , 1954 .

QUATERNARY — Pleistocene Thickness , Depth .

Wisconsinan Stage - Terrace deposits feet

Silt , black 7

Silt , sandy , tan
Clay , blue gray 3

Sand , fine to coarse , and fine to medium arkosic gravel , 2
9 44

Clay , greenish gray 2 46

Sand , fine to coarse , and fine to medium gravel 14 60

Sand , fine to medium , arkosic . 5 65

PERMIAN — Leonardian
Wellington Formation
Shale , dark gray , grades downward into harder shale
and limestone 5 70

6-2-32ccc . — Sample log o
f

test hole in SW cor . sec . 32 , T. 6 S. , R
.
2 E
. In

center o
f

old roadbed , 35 feet north o
f

section corner . Drilled June 2
2 , 1954 .

Surface altitude , 1,225.6 feet ; depth to water , 5.01 feet June 2
5 , 1954 .

Thickness , Depth ,

QUATERNARY — Pleistocene
Recent and Wisconsinan Stages — Alluvium and terrace

deposits

Silt , tan 2 2

Sand , fine to coarse , and fine to medium arkosic gravel , 4
8 50

Sand , fine to medium ; contains some green clay and
sandstone gravel 10 60

Kansan Stage —unnamed formation
Sand , fine to medium ; contains much locally derived
gravel and shale .. 9 69

PERMIAN — Leonardian
Wellington Formation
Shale , black 11

�
�
�:
��

15

feet feet

80
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1

6-2-32cd .-Sample log of test hole in SEX SW % sec . 32, T. 6 S. , R. 2 E. At end
of trail leading east along section line toward Republican River . Drilled

June 23 , 1954. Surface altitude , 1,233.7 feet.
Thickness , Depth

QUATERNARY —Pleistocene feet feet

Recent and Wisconsinan Stages — Alluvium and terrace
deposits

Silt , black 2 2

Silt , tan 4 6

Sand , fine to medium 4 10

Sand , fine to coarse , 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 -- unnamed formation
Gravel , fine to medium , mostly locally derived ; some
thin clay streaks . 6 69

PERMIAN -Leonardian
Wellington Formation
Shale , micaceous, sandy , light gray . 1 70

6-2-32dd . — Sample log of test hole in SE % SE% sec . 32 , T. 6 S. , R. 2 E. On
north side of road , 175 feet east of creek bridge . Drilled June 23 , 1954.
Surface altitude , 1,225.2 feet; depth to water , 7.40 feet June 28 , 1954 .

Thickness , Depth
QUATERNARY —Pleistocene feet feet

Recent and Wisconsinan Stages -- Alluvium and terrace
deposits

Silt , black 3

Silt , tan 6 9

Silt , sandy , black 5 14

Sand , fine to coarse , and fine to medium arkosic gravel , 36 50

Clay , tan to gray 4 54

Kansan Stage —unnamed formation
Gravel , locally derived , fine to medium ; some yellow
clay 12 66

PERMIAN - Leonardian
Wellington Formation
Shale , blue gray 4 70

6-2-33cd . —Sample log of test hole in SE % SW% sec . 33 , T. 6 S. , R. 2 E. On
south side of road , 40 feet east of railroad track . Drilled June 24 , 1954 .
Surface altitude , 1,236.9 feet; depth to water , 21.30 feet June 24 , 1954 .
QUATERNARY — Pleistocene

Thickness , Depth.
Wisconsinan Stage - Terrace deposits
Silt , black 2

Silt , tan 5

Silt , sandy , tan ; contains snail shells . 8 15

Sand , fine to medium , arkosic ... 19 34

Sand , medium to coarse , and fine to medium arkosic
gravel 36 70

A
e
ro
sc
o

feet feet
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feet teet

teet teet

Thickness , Depth,
Kansan Stage unnamed formation feet feet

Sand, fine to coarse ,mostly locally derived 5 75

PEAMLAN - Leonardian
Wellington Formation
Shale, blocky, light gray 5 80

6-2-34cd . —Sample log of test hole in SE cor . SW %sec . 34 , T. 6 S. , R. 2 E. On
north side of road , 100 feet west of bridge across drainage ditch . Drilled
June 22 , 1954. Surface altitude , 1,239.2 feet ; depth to water, 24.50 feet
June 28 , 1954 .

QUATERNARY - Pleistocene Thickness , Depth,
Wisconsinan Stage - Terrace deposits

Silt , black 2 2

Silt , tan 9 11

Clay , hard , gray 3 14

Clay , sandy , tan 14 28

Sand , fine to coarse , and fine arkosic gravel 16 44

PERMIAN - Leonardian
Wellington Formation
Shale , slightly calcareous, blue gray and tan 2 46

6-4-19cb .-- Samplelog of test hole in VW %SW %sec . 19 , T. 6 S. , R. 4 E. On
top of second hill north of corner , west of bend in creek where creek is
nearest to road . Drilled October 14, 1954 .

PERMIAN - Leonardian
Thickness , Depth

Wellington Formation
Shale, greenish buff; contains some thin dolomitic
streaks 4 4

Shale, noncalcareous, yellowish green 3 7

Shale , noncalcareous, bright green 1 8

Shale , silty, noncalcareous , chocolate brown 6.5 14.5

Shale , mottled red brown and green 2.5 17

Shale , silty , noncalcareous, red brown 1 18

Shale, greenish gray 3 21

Shale , noncalcareous, light gray 1 22

Shale , noncalcareous , greenish gray 3.5 25.5

Shale , noncalcareous, red brown 1 26.5

Shale, noncalcareous, greenish gray 1.5 28

Shale, silty, noncalcareous, red brown 1 29

Shale , noncalcareous, green ; contains some gypsum
stringers 2.5 31.5

Shale , platy , greenish gray 1.5 33

Gypsum 1

1.5 35,5

Shale , greenish gray; gypsum 1 36.5

Gypsum ; contains 6 - inch shale layer at 38.5 to 39 3.5

Gypsum , very clean 8 48

Gypsum , shaly 0.5 48.5

Gypsum 0.5 49

PERMIAN - Wolfcampian
Nolans Limestone -Herington Limestone member
Limestone , hard , dolomitic 3 52

34

Shale, green

40

4-6124
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feet

1

C
a
n
a C
O
N

1

49

7-1-6bb . —Sample log of test hole in NW cor . sec . 6 , T. 7 S. , R
. I E. About 60

feet east and 8 feet south o
f

section corner . Drilled October 7 , 1954. Sur
face altitude , 1,390.0 feet .

QUATERNARY — Pleistocene
Thickness , Depth ,

Wisconsinan Stage Peoria Formation feet

Silt , dark gray to brown . 2 2

Silt , tan 2

Clay , buff ; contains a few ironstone pebbles . 5 9

Clay , sandy , brown to gray . 2 11

CRETACEOUS - Gulfian
Dakota Formation

Sandstone , fine grained , brown 13.5 24.5

Clay , light gray to brown . 29

Clay , sandy , buff to brown . 16 45

Clay , sandy , green gray .

Clay , sandy , red brown to buff . 54

Clay , greenish gray . 59

Clay and sandstone 64

Shale , clayey , dark gray 74

Sandstone , very hard ; contains pyrite . 77

Shale , clayey , sandy , dark gray . 82

Shale , clayey , sandy , light gray 9.5 91.5

Clay , white , and sandstone . 3.5 95

Shale , clayey , dark gray 98

Lignite 101

Shale , clayey , sandy , gray . 128

PERMIAN —Leonardian
Wellington Formation

Shale , calcareous , very hard , gray , interbedded with
limestone 5 133

7-2-3bb . Sample log of test hole in NW cor . sec . 3 , T. 7 S. , R. 2 E. In edge

o
f field south o
f

road , 40 feet east o
f

section corner . Drilled June 25 , 1954 .
Surface altitude , 1,237.9 feet ; depth to water , 23.10 feet June 2

8 , 1954 .

QUATERNARY — Pleistocene Thickness , Depth
Wisconsinan Stage - Terrace deposits feet feet

Silt , black 3 3

Silt , tan 8 1
1

Clay , compact , tan 5 16

Clay , compact , dark gray . 2 18

Clay , sandy , tan ... 6 24

Sand , fine to coarse , and fine to medium arkosic gravel , 23 47

Clay 2 49

Sand , fine to coarse , and fine to medium arkosic gravel , 8

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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feet

50

ish gray
11

7-2-6bb . —Sample log of test hole in NW NW se
c
. 6 , T
.
7 S
. , R
.
2 E
.

About
2
5

feet west o
f

west side o
f

old school house foundation . Drilled October

1
3 , 1954. Surface altitude , 1,315.0 feet ; depth to water , 82.20 feet October

22 , 1954 .

QUATERNARY --
-

Pleistocene
Thickness , Depth ,

Illinoian Stage - Loveland Formation feet

Clay , sandy , reddish tan 4 4

Clay , sandy , buff 1
1

15

Clay , sandy , yellow 9 24

CRETACEOUS — Gulfian
Dakota Formation
Sandstone , very fine grained , loosely cemented , white

to yellow 26

Sandstone , o
r

sand , fine , brown ; contains some mica
and ironstone 38 88

PERMIAN — Leonardian
Wellington Formation
Clay , light gray 5 93

Shale , hard , platy , somewhat calcareous , dark green

9 102

Shale , light greenish gray 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 bla 8 140

7-3-5bb . - Sample log o
f

test hole near NW cor . sec . 5 , T. 7 S. , R
.
3 E
.
About

130 feet east o
f highway and 1
2

feet south o
f

center o
f

road . Drilled Oc
tober 14 , 1954 . Surface altitude , 1,333.7 feet ; depth to water , 19.20 feet
October 2

2 , 1954 .

CRETACEOUS — Gulfian
Thickness , Depth ,

Dakota Formation feet

Clay , sandy , tan to gray 4 4

Clay , sandy , red brown . 15 19

Clay , sandy , red and gray . 1
1 30

Clay , sandy , black and gray ; contains some lignite . 5 35

Clay , very sandy , lignite streaks 10.5 45.5

PERMIAN — Leonardian
Wellington Formation
Shale , hard , platy , gray 2.5

Shale , black 5 53

Shale , dark gray 4 57

Limestone , hard 1 58

8-2-10aa . — Sample log o
f

test hole in NEK NE % sec . 10 , T. 8 S. , R
.
2 E
.

On
west side o

f

road , about 175 feet south o
f

culvert . Drilled June 2
8 , 1954 .

Surface altitude , 1,194.6 feet ; depth to water , 11.80 feet June 3
0 , 1954 .

QUATERNARY — Pleistocene Thickness , Depth ,

Recent Stage - Alluvium feet feet

Silt and clay , tan 5 5

Silt , black 1 6

feet

48

U
N
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1
2
8

12 40

feet

80

Thickness , Depth ,

feet feet

Silt , tan 4 10

Sand , fine to coarse , and fine to medium arkosic gravel , 1
0 20

Gravel , medium to coarse , arkosic .. 8 28

PERMIAN — Leonardian

Wellington Formation
Shale , blocky , blue gray

8-3-17ba . — Sample log of test hole in NE % NW 4 sec . 17 , T. 8 S. , R
.
3 E
.

In

east borrow p
it
, 2
0

feet south o
f

entrance to C
.

E
.

Mullen farm . Drilled
June 28 , 1954 . Surface altitude , 1,179.3 feet ; depth to water , 9.10 feet
June 30 , 1954 .

QUATERNARY —Pleistocene
Thickness , Depth

Wisconsinan Stage — Terrace deposits feet

Silt , brown 6

Sand , fine to coarse , and fine to medium arkosic gravel , 2
4 30

Sand , fine to coarse , and fine to arkosic gravel 12 42

PERMIAN – Wolfcampian

Nolans Limestone

Limestone , trace o
f

chert , yellow to gray 2 44

8-3-35da . —Sample log of test hole in NE % SE % sec . 35 , T. 8 S. , R. 3 E. In

west borrow p
it
. Drilled June 2
9 , 1954. Surface altitude , 1,161.5 feet ;

depth to water , 6.40 feet June 2
9 , 1954 .

QUATERNARY —Pleistocene
Thickness , Depth,

Recent Stage —Alluvium feet

Sand , fine 1
4

1
4

Sand , fine to coarse , and fine gravel 5 19

Sand , medium to coarse , and fine to coarse arkosic
gravel 10.5 29.5

PERMIAN – Wolfcampian
Doyle Shale
Shale , red and gray 5.5 35

Shale , limy , white 1 36

Limestone , hard 1 37

8-3-35dd . —Sample log of test hole in SE % SE % sec . 35 , T. 8 S. , R
.
3 E
.

O
n

south side o
f

road , 40 feet west o
f

center o
f

old black - to
p

road . Drilled June

2
9 , 1954. Surface altitude , 1,159.3 feet .

QUATERNARY —Pleistocene Thickness , Depth .

Recent Stage — Alluvium feet feet

Silt , black 2

Silt , tan 3 5

Sand , fine to coarse .. 7 12

Sand , fine to coarse , and fine to medium arkosic
gravel 1

5 27

PERMIAN – Wolfcampian
Doyle Shale
Shale , chalky , red and green 3 30

feet

a

S
iB
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feet

11

S
H
A
W
K

5()

feet feet

8-3-36bb . - Sample log of test hole near VW cor . sec . 36 , T
.
& S
. , R
.
3 E
.

On
east side o

f

road across from Broughton store and service station . Drilled
June 2

9 , 1954. Surface altitude , 1,181.9 feet ; depth to u ater , 22.00 feet
July 1

2 , 1954 .
QUATERNARY — Pleistocene Thickness , Depth .

Wisconsinan Stage - Terrace deposits feet

Silt , brown 3 3

Silt , sandy , black 2 5

Clay , brown to tan 6 1
1

Clay , sandy , tan 22

Sand , fine , and light - gray clay 8 3
0

Sand , fine to coarse , and fine tomedium arkosic gravel , 1
8 48

PEAMIAN – Wolfcampian
Doyle Shale

Limestone , brown 2 50

9-4-2926 . - Sample log o
f

test hole in SW % NE % sec . 29 , T. 9 S. , R. 4 E. South

o
f

fence , 4
0

feet west , 1
3

feet south o
f power pole . Drilled June 3
0 , 1954 .

Surface altitude , 1,149.2 feet .

QUATERN ARY — Pleistocene Thickness , Depth

Recent Stage - Alluvium
Silt , sandy , tan 15 15

Sand , fine to coarse , and fine to medium arkosic gravel , 2
5 40

PERMIAN - Wolfcampian
Matfield Shale

Limestone , o
r limy shale , greenish gray and black 1 4
1

9-4-29bc . - Sample log o
f

test hole in SW % VW " sec . 29 , T. 9 S. , R
.
4 E
. In

field , 20 feet north o
f

center o
f

road . Drilled June 3
0 , 1954. Surface alti

tude , 1,164.0 feet ; depth to water , 29.90 feet July 1
2 , 1954 .

QUATERNARY - Pleistocene Thickness , Depth .

Wisconsinan Stage - Terrace deposits

Silt , black 2

Silt , brown
Clay , tan to brown
Clay , dark gray
Clay , sandy , light gray 13

Sand , fine to coarse , and fine to medium arkosic gravel , 2
2 53

PERMIAN – Wolfcampian
Barneston Limestone

Shale , green and red 4 57

Limestone , greenish gray ; contains some chert 1 58

9-4-29bd.-- Sample log of test hole in SE % NW % sec . 29 , T. 9 S. , R. 4 E. On
east side o

f

road , 3
5

feet north o
f point where road turns north . Drilled

June 3
0 , 1954. Surface altitude , 1,152.2 feet ; depth to water , 18.20 feet

July 1
2 , 1954 .

QUATERNARY — Pleistocene Thickness , Depth .

Recent Stage - Alluvium
Silt , sandy , tan 10 10

Sand , medium to coarse , and fine to medium arkosic

gravel 23 33

feet feet

ت
ن
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و
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feet feet
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PERMIAN – Wolfcampian
Thickness , Depth,

Barneston Limestone feet feet

Limestone , greenish tan and black ..... 1 34

9-4-32adc . —Sample log of test hole in SW% SEX NE % sec . 32 , T. 9 S. , R. 4 E.
On west side of road , 30 feet west and 10 feet north of windmill where
highway turns east . Drilled July 1, 1954. Surface altitude , 1,136.0 feet;
depth to water , 11.50 feet July 12 , 1954 .
QUATERNARY —Pleistocene

Thickness , Depth,
Wisconsinan Stage Terrace deposits feet feet

Silt, sandy, tan 4 4

Sand , fine 9 13

Gravel , fine to medium , arkosic . 10 23

Clay , blue to black .... 2 25

Sand , fine to coarse , and fine to medium arkosic
13 38

PERMIAN – Wolfcampian

Matfield Shale

Shale, red 2 40

gravel

A

SB
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MAP OF KANSAS RIVER VALLEY BETWEEN WAMEGO AND TOPEKA VICINITY
showing water -table contours and locations of wells and test holes
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RahnUnit No. 2

RainbowBendWaterflood74

11-34-3E 1955
13-34-5E Unit . 1953
12,13–34-5E ; Unit . 1951
6,7-34-6E
32,33-33-6E ; Unit . 1952
5,6-34-6E
14,22,23-34-5E Unit . 1953
16,17,20,21 , Partly 1952
28,29-33-3E Unit .

11,12-30-4E Unit . 1952
21-30-4E Unit . 1953
11,14,15,16- Unit . 1951
30_4E
28-31-3E No 1946
24-32-4E Coop. 1948

150
1,080

do

" Bartlesville "

22
25
3,000
2,900

do
Fresh watero 25 25 2 31 0

do
Alluvial sand 9,500

73
741,228 313,046

-75
76
77

Rock
do
do

RockUnit I

RockUnit II

RockUnit

80
110
440

do
do
do

18
18
20

2,700
2,750
2,800

Salt water
do
do

Stalnaker
do

Stalnaker sand

75
76
77o 22 22 O 17 0 330 1,800 90,255

Cooperative Refinery Assn .

do

Stelbar Oil Corp. , Inc.

Bert Frost
Gulf Oil Corp.

Sinclair Oil and Gas

-78
79
Weathered
Winfield

40
70

WeatheredLease
Winfield Pool Pilot Water
flood
Winfield Line Flood

Stalnaker

" Bartlesville "

5

40
2,100
2,950

do
do50

Stalnaker

" Bartlesville " and " Layton "5 0 0 O

78
79o 236

80 do 24-32-4E Coop. 1948 311 do 43 3,000 24 24 24 2 1 55 80

o
lo

do Producedwater 762
Estimated additional secondary recovery production

5,038 148 148 26 90 19 2 484.836
1,060,559

CRAWFORDCOUNTY

81
82

No
No

Brazilton

" Houston "

St. Paul -Walnut
Walnut -Southeast

Walters Drilling Co.
Fallon Gas Corp.
Walters Drilling Co.
General American Oil Co.
of Texas

Brazilton
Tri State Oil Producers
StevensGoff Lease
WalnutGroup

36-28-22E
3-31-22E
26,35-28-21E
28-28-22E

1954
1953
1953
1951

5

22
12
16

* Bartlesville "

do
do
do

83 No

50
20
20
12

325
200
400
385

IT
T
O

Fresh water
do

Salt water
do

Mississippian and well
Well
Arbuckle
do

81
82
83
84

84 No 7 7 11 11 1,864 4,286

Estimated additional secondary recovery production55 ulol 7 17 o 11 �ا

30.144
34,430

EDWARDSCOUNTY

85 Enlow Natural Oil and Gas Co. Enlow Lease 9-24-16W Coop. 1956 80 Lansing - Kansas City 6 3,740 0 2 2 0 1 0 Salt water Lansing -Kansas City 85 18 1,465 85
ELLIS ANDROOKSCOUNTIES

86 Brungardt Brungardt Unit 1956 1503
5 , 36-10-17W; Unit .

2-11-17

7Champlin Oil and Refining
Co.

o3,400 OPennsylvanian
conglomerate

9 9 0 7 o OO Salt water Arbuckle 88 451 50,516 86

FRANKLINCOUNTY

87 Paola - Rantoul Heminger- Finch Group 20,28,29-16-21E N
o 1951 191 " Squirrel " 20 600 20 49 69 0 78 O Salt water Mississippian lime 22 1,632 36,232 87

General AmericanOil Co.
of Texas

do
Kirk Johnson
Maracaibo 011 Corp.

30 18 48
88
89
90

0do
do
do

51 0Johnson Group
Ottawa
Group 3 8

5
5

8
No
Coop.

Unit .

1948
1955
1911

136
40
200

do
do
do

27
12
14
20

27,34-16-21E
31,32-16-21E
4,8,9,16,17 ,

20,21-16-211
3,10,15,22
17-21E

580
630
600

do
Roubidoux

1,685do
do
do

15,018 88
89
90

91 do do Group 7 Unit . 1942 do 11 600 -1 - do
Estimated additional secondaryrecovery production

91
567 50 67 117 0 129 o 223.544

274,794
GREENWOODCOUNTY

92 Atyeo Cities Service Oil Co. Atyeo 230 * Bartlesville " 27 2,300 O 31 31 oO 25 O Salt water Arbuckle andproduced 146 4,277 172,015 92

93 Browning Sinclair Oil and Gas Browning Unit 750 do 51 2,300 0 76 76 8 65 14 do do 390 1,834 * 93
94 Burkett Phillips Petroleum Co. Burkett Unit 685 do 3

1

2,100 0 65 65 0o 47 O do Douglas andproduced 200 7,956 137,524 94

95
96
DeMalorie - Souder
do

Cities Service Oil Co.
Phillips Petroleum Co.

GreenwoodUnit
DeMalorie Souder Unit

66
640

"Bartlesville " sand

" Bartlesville "

2,200
2,100 о

о do do

O
O 5

38 O
o

do Arbuckle andproduced
69
170

1,324
2,978

6,843
362,529

95
96

do 3
2

97
98
99
100
101
102
103
104
105
106

1

do
do
do

Fankhauser
Hamilton
do
do
do

Jackson
Madison

6-22-10E Unit . 1952
and
Соор .

19,20,29,30 Unit . 1949
22-10E
13,23,24,26 , Unit . 1942
27-23-10E ; 1
8

23-11E
19,30-22-11E Unit . 1952
1,2,11,12-22- Unit . 1949
10E
3,10-22-10E Unit . 1948
7-22-11E Unit . 1953
18,19-22-11E Coop. 1946
4-22-12E No 1949
8,9-24-12E Coop. 1951
35,36-23-11E Neither 1956
5,6,7,8-24-126 N

o

1953
35-23-11E Unit . 1955
35-25-8E Coop. 1956
11,12,14,15 , Unit . 1948
22,23-22-11E and

Coop.

11,12-22-11E Unit . 1949
34-24-9E ; 3 Coop. 1949
25-9E
27,34-24-9E ; Coop. 1949
4-25-9E
6,31-24,25-135 Coop. 1955

2
1
7

14

do Pix Unit
do Souder " B "

Sunray -Mid - Continent Clopton - Harris Waterflood
do Fankhauser Unit

Associated Resources Corp. Associated Resources Corp.R. E. Evans Hillman Unit
Hester and Wright Oil Co. Hamilton Flood
Phillips Petroleum Co. Brothers Unit

T
.

0
. Lilystrand , Jr. Ladd

Cities Service 011 Co. Madison Unit

88

8
8
8
8
8
8
2
8

150
300
170
450

25
27
220
560
160
280
117
28
30
1,045

do
do

" Bartlesville " sand

" Bartlesville "

do
do
do
do

" Bartlesville " sand

n
o

''

n
w

&
omư?8

9

8
8
9*

8

4,183
1,881
2,654
2,74012-20

2,100
2,100
2,050
2,500
1,700
1,865
1,710
1,850
2,450
1,850

O
O
O
O
I

O
O

IO

O
O
H
O
IT
O

I

O
O
N
O

I

T
O
O
T
O

do
do
do

Water
Salt water
do
do
do
do
do

do
do

Douglas sand
do
do
do
do

Arbuckle andproduced
Arbuckle
Arbuckle andproduced

6,961 97
7,867 9

8

26,788 99
32,529 100

101
102

44,747 103
17,115 104

105
449,445 106

10 6
2

125 848
974450

49 230 2,508

do107
L08

Magnolia Petroleum Co.
GlenwoodOil Co.Polhamus

Kipfer - McGilvray
PolhamusWater Flood

do75
248

5

" Bartlesville "

1,800
2,25029

0

12

6

18

6

30 о
о

о
о do

do
Douglas sand
Douglas24

508
225

22,000 107
94,254 108109 do

4,803
WoodOil Co. do 209 do 27 2,200 12 18 30 0 29 o do Producedwater 133110 5,206 43,578 109Quincy Delhi - Taylor Oil Co. North Quincey .

100 1,550 O 8 8 1 5 0 do Arbuckle
11

" Bartlesville " and

*Cattleman "

"Bartlesville "

78
10

5

40

*315Sallyards The Ohio Oil Co.

0
o

110
Bryden- Ladd Coop . 1953 172 2,400 O 19 19 0 13 0 do Douglas sand 170 2,287 113,475 111112

13
14
115

do
do
do

Scott

do
do
do

Phillips Petroleum Co.

Hoffman
Ladd Unit
Ladd " A "

Scott Unit

25,36-25-8E ;

31-25-9E
30-25-9E
19,30-25-9E
19,20-25-9E

2
4 , 25-23-8E

19-23-9E
8-23-11E
21,22,27,28
23-11E

Coop.

Coop.

Coop.

Unit .

1951
1946
1951
1945

71
205
79
378

do
do
do
do

40
50
40
40

2,400
2,400
2,400
2,600 O

O
O
O

7
8
9

36

7
8
9

36 O
O
O
O

4
1
5

20 O
O
O
O

do
do
do
do

95
237

do
do
do

Douglas and produced
189

3,251
4,963
2,787
1,988

22,860 112
6,299 113
19,851 114
75,876 115190116

117
Seeley -Wick
do

Cities Service Oil Co.
Phillips Petroleum Co.

Clopton Unit
Beal Unit

Unit .

Unit .

1946
1950

227
513

do
do

33
55
1,900
1,900 о

о 20
61

20
61 о

о 13
50 O

O do
do

do
Arbuckle and produced

215
260

4,097
8,595

42,671 116
332,060 117
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118 do do McGilvray Unit 1948 379 do 37 1,950 0 35 35 0 18 4 do do 320 4,176 376,888 1188,9,16,17-23 . Unit .

ILE
32-22-11E Unit .119 do do 1937 178 do 47 1,950 o 18 18 0 16 0 do Douglas and produced 240 8,833 37,301 119York , DeMalorie and O'Neal

Unit
Wick Waterflood Project120 .do Skelly Oil Co. Coop . 1943 570 "Bartlesville " sand 20 1,959 1 23 24 O 17 O0 do Douglas water sand 288 2,480 85,310 12022,27,34-22

11E
10,11,14,15 ,

16-23-9E
121 Teeter Cities Service Oil Co. Teeter Unit 1947 760 do 37 2,470 O 76 76 4 34 5 do Arbuckle andproduced 226 1,121 254,313 121Unit .

and
Coop.

2

122
123
124
125
126
127

do
do

Thrall - Aagard
do
do
do

Kirkpatrick & McGuire
Skelly Oil Co.
Arkansas Fuel Oil Corp.
The Ohio Oil Co.

do
Phillips Petroleum Co.

1951
1944
1944
1948
1944
1952

No
No
Unit .

Unit .

92
30
84
377
98
196

" Bartlesville "

" Bartlesville " sand

" Bartlesville "

do
do
do

36
45
37
50
42
35

2,550
2,350
2,300
2,300
2,200
2,200 о

о
о
о
о
о

a

d
o
n
a

Å vo
o
N
a

O
O
O
O
O

4
1
6

37

0

14 O
O
O
O
O
O

do
do
do
do
do
do

Douglas sand
Salt water sand
Douglas
Arbuckle andDouglas
Douglas sand
Arbuckle and produced

260
289
169
124
194
360

635
6,440
5,222
5,425
7,202
4,316

14,644
5,441
16,664
119,951
6,669
150,796

122
123
124
125
126
127

143

7

24

43

7

24 3

128 do do

Refiners Oil - Morris - McGinnis 20,21-23-9E
Hartley Waterflood 2-23-9E

E
. Marshall 1-24-9E

Martindell -Teeter 31-23-10E
Olson - Anderson 11-24-9E
Cartwright Unit 36-23-9E ; l

24-9E ; 6-24
10E

Lewis and CannonUnit 11,12-24-9E

Thrall -McKeeConsolidated 28,29,30,32 ,

Water Flood 33-23-10E
Hamilton Leases Water Flood 15,16,21,22

24-12E
Wiggins Water Flood 25,36-24-10E

19,30,31-24
11E

12 2 ODUnit .

Unit .

48,7031945
1949

95
644

do
do

50
31
2,300
2,300

O

26
12
46 O

o do
do

Douglas andproduced
do

200
239

7,445
4,777

128
129129 do Sinclair Oil and Gas 72 *o 48

130 Alf M. Landon No 1951 60 do 20 1,615 O 37Virgil 37 0 4 0 do 697Arbuckle andDouglas sand 1301,000

131 GlenwoodOil Co.Wiggins No 1956 547 " Cattleman " sandM 17 01,800 46 46 914 22 do 131Douglas sand 375 505 252,800

Estimated additional secondaryrecovery production 1,512, 407
5,874,96111,250 5

1

923 974 37 659 34

GREENWOODANDWOODSONCOUNTIES

1948Coop .14,15-25-13EDelhi - Taylor Oil Co. 160 15132 0South Quincey
o1

2

12 191,500 1 104
Quincy Arbuckle 132Salt water 960 40,126" Bartlesville "

shoestring

KINGMANANDPRATTCOUNTIES

133 Cunningham Skelly Oil Co. CunninghamPressure
MaintenanceProject

19,20,29,30 ,

31-27-10,11W 1936 1,400 Lansing limestone 16 3,400 0 64 64 oO 5 o 133O Gas 453 MCF 1,539 79,725

LABETTECOUNTY

134 Edna Veeder Supply and Dev. Co. No12,13-34-18E 1954 22Brown-Wilmoth " Bartlesville " 56010 9580 5 45 0 0 Salt water Arbuckle 20

Estimated additional secondaryrecovery production
6,120 134
35,361
41,481

LINN COUNTY

Goodrich Group135
16NoGoodrich - Parker

135
1944 211 * Squirrel " 30 570 26,977083 16 99 99 Mississippian limeSalt water 1,890

General American Oil Co.
of Texas

do о
о

No 22 136
136 81

19,20,29,30.
20-22E
34,35,36-19
235; 2,3-20
23E

1942 Prue " 27 50 o250 23 OLaCygne-Cadmus 48 Wilcox sanddo 1,76220 12,441
LaCygneGroup

Estimated additional secondaryrecovery production
32,105
71,523ol106292

ol43 149 147

LYONCOUNTY

137
138

Barbara Oil Company
The Ohio Oil Co.
W. M. Michaelis

Atyeo - Pixlee
do

Fankhauser

2,953
5,809

10,655
67,46430-21-10E

30,31-21-10E
32-21-12E

50
280

3

26
Coop .

No
Coop.

Jones Water Flood
Atyeo Communization
Jeck - Childers

5

33

" Bartlesville "

do
do

1948
1945
1956

30
35
40

5

33
2,200
2,200
1,900

ol

1
o
o

�
�

��

ol

o
o

137
138
139

Salt water Arbuckle and "Bartlesville " 238
do Arbuckle 172
do " Bartlesville "

Estimated additional secondaryrecovery production139 41,037
119,156

330 38 38 29

MCPHERSONCOUNTY

3 673 1 12,9243,221
140
141
Graber
do

Cities Service Oil Co.
Continental Oil Co.

Graber
Graber Pool Water Flood

31,32-21-1W Coop .

20,29,32-21-1WCoop.

1952
1947

30
1,400

140
141" Hunton"

do
25
16
3,285
3,200

O!
10

��
�

o
r

10

Fresh water Shallow water sand
Salt and fresh water " Hunton" , Kansas City and

fresh water

o
lio

3 1 12,924
1,430

MEADECOUNTY

15
14210Marmaton 19 29 o 5 O 2,696o Fresh water1956 5,300 Meadewater sand

142 1,470Novinger Columbian Fuel Corp. Novinger Unit 2,3,22,23,26 , Unit .

27,34,35-33 ,

34-30W MIAMI COUNTY

143900

" Peru " 35 400 72,00034 100 7,000o370 100 16 ArbuckleSalt watero 100Coop . 1953143 Big Lake DevelopmentPaola - Rantoul 20,29-16-24E

144
145
146

do
do
do

A. L. Anderson and H. M.
Bristol

W
.

M
.

Dary
do

General American Oil Co.
of Texas

do

Alvord and Minden Farms
Robert I. Nicholson
NYKNo. 2 - Seaborn Group

No
NO
No

1953
1956
1944

20

8

287

" Squirrel "

"Bartlesville "

" Peru "

20
10
20

630
600
350

do
do
do

Mississippian lime
do

Arbuckle

144
145
146320 99105105

18,5591,246

98536 14745,313
do do

No 14 03501945 186
Producers Group 627 187 196

,,

-

,,

0

147
Mississippian

do
300150 29,61640 40 do5193

148
149
150

do
do
do

11-17-22E
11-17-22E
22,23,26,27
18-22E
15,16,21,22 ,

26,27-17-22E
10-17-22E
26-16-21E
11,13,14,23 ,

24,25,26,35–
16-21E; 3

1

16-22E ; 5,6 ,

8,9-17-22E
24-16-21E

J. C. Hart
Kirk Johnson
Maracaibo Oil Corp.

Hart and Buster
Klein
Units 1 , 2 , and 3

do
No
Coop.

Unit .

1955
1948
1948

80
40
500

" Squirrel " sand

"Squirrel "

do

23
10
30

750
625
600

Heartha lime
Pennsylvanian lime
Arbuckle

148
149
150do

1511 1--67012 1
151

-No -1956 dodo C
.

P. Weisner 140Phillips Unit
1| do do

Estimated additional secondaryrecovery production 230,525
396,013

291 141 372,072 432 414 21

MONTGOMERYCOUNTY
15234

No 20 o Return salt18 o 10 10 0 2 Salt water"Bartlesville "1953152 1,240Caney Alpine Oil and Gas Corp. Roper
153

doNo 20 -1954

34-34-14E ;

3-35-14E
17,19,20,30
34-17E
7-34-17E

6009 - -

Atlantic Refining Co.153 CoffeyvilleCoffeyville - Cherryvale -- 154
601946 "Peru " 20 330 -

154 E
.

W
.

Hayesdo

Fresh water and River
produced
Salt and Fresh water Formationand City o

f

Coffeyville
Salt water Arbuckle and formation
do Arbuckle

Fresh water City o
f Independence

do No 54 37,8001,101155
156
157

do
do

Jefferson - Sycamore

20
18
25

do

" Bartlesville "

do
29 3429

9,10-34-17E
10-32-17E
11,14-33-15E

60
150
50

6
155
156
157

1948
1953
1955

320
700
1,109

6
T
0
1

Layton Oil Co.
W. E

.

Butler

-Rector Field
Mardoc Flood
Schaub, Frost , Benson,

Provorse and Jackson
SpeedRecovery , Inc.

'' .
15894do20 o12 do 4O 4 oo o1,153 1

158 1952do 22-33-15EKirkpatrick and McGuire
Fresh and salt
water

No
159
160
Neodesha
do

:Layton Oil Co.
OmegaOil Co. , Inc.

Flood 11
Gray

159
16012-31-16E

16-31-16E
1952
1956

55
20

do

"Weiser " sand
12
18

915
500Unit .

18
Alpine Fee No. 2

Bell No. 1 and 2

No
No

34-33-14E
10,11-34-14E

1949
1944

20
47

"Wayside "

do161
162

18
22Wayside -Havana

do

860
637

0
6

1
0

18
19 w

a *

161
162

2
9 O
O 1,359

13

Salt water Arbuckle
Salt and fresh Formationand well -

water
Salt water Return salt 26

Salt and fresh Wells and Return 16
water
do do 17
do do 23
do do 10

Salt water Big sand ( salt ) and 20
return water

Estimated additional secondaryrecovery production

*

22

Alpine Oil and Gas Corp.
Consolidated Gås , Oil and
Mfg . Co.

do
do
do

Forest Oil Corp.

163
164
165
166

22do
do
do
do

Flanagan No. 1 and 2

Havener
Shinn
Flood No. 32

10,11-34-14E
33-33-14E
11-34-14E
14,23-34-14E

No
No
No
No

1942
1953
1945
1955

105
95
40
117

do
do
do

"Wayside" sand

637
680
636
635

10

0
0
0

28
26
16
45

38
26
16
45

0
6
O
4

25
17
10
29

0
1
0
6

2,756
537
2,464
618

163
14,943 164
2,923 165

16622 *

20

207,006
297,993

860 16 189 205 17 129 13

MONTGOMERYANDLABETTECOUNTIES

167

167
168
Coffeyville - Cherryvale
do

Buffalo Oil Co.
do

Ord Project
Price Project

26,27-32-17E
26,27-32-17E

168Coop:

Coop.

1955
1955

5
3

"Bartlesville "

Dennis " sand
15
25

700
200

Salt water Mississippian and produced
do do
Estimated additional secondary recovery production (69,264 )

NEOSHOCOUNTY

.Unit .

Unit .

1953
1949Barnhart , Ermeyand Faust

Edwardsand Purviance

40
60

" Bartlesville "

do

City water and lime
Cherokee shale

25
15

500
600 ö

169
170Earl Beeler

J. 0. Purviance
169
170
Erie
do

1
6 120 7 0016 5,580Fresh water

14
171
172
173

Humboldt- Chanute
do
do

do
doBelleair Oil Corp.

do

C
.

P
.

M
.

Corp.

No
No
No

OdenseBlock
Weiner Block
ChanuteFlood

1953
1951
1938

40
150
1,000

750
750
760

Salt water
do

Salt and fresh
water

171
172
173

Mississippian lime
do

Return and NeoshoRiver
18
30do

34,35-28-20E
14,15,19-28
19E
7,18-27--20E
4,9-27-18E
1,2,10,11,12 ,

14,15,22,23 ,

27,28-27-18E ;

6,7-27-19E
14,15-27-19E
6,7-28-19E ;

12-28-18E
3,4,9,10,15 ,

16-27-18E
13-27-18E
33-28-21E
21 , 28-28-21E

Mississippian limeCoop.

Coop.

35
108

1952
1952

" Bartlesville " sand
doW

.

M
.

Wells Flood Project
do

0
0

30
35

825
750CaddoOil Co.

do

7

30

7

30

0
6

3

14
Salt water
do

45
77

405
663

174
175

174
175

do
do

1,561
24,818do6 .

1 1761 48,129
25 750" Bartlesville "1939 285 92 2 9156 148

176 Chanute Projectdo Keas Drlg . Co. , Inc.

O 0 O 0.
177
178
179

Banks
Henry Van Leeuwen
Dent

do
St. Paul -Walnut
do

Unit .

No
NO

R. J. Sanders

W
.

P
. Callahan , Jr.

Walters Drlg . Co.

1955
1955
1953

Salt and fresh Gravel and return water 50

water
Salt water " Bartlesville " 5

Fresh water Surface water
do Shallow sand
Estimated additional secondary recovery production

do
do
do

177
178
179

20
15
20

80
10

735
400
380

פ
סוי

!

o
li

347.761
427,849

56 145 201 9 1151,808

PHILLIPS COUNTY
300 341 180DakotaSalt watero 28,406

10 o 3010O351952 165 Lansing -Kansas City 3,20013,14,23-3-19WUnit .180 Stuttgart UnitStuttgart Phillips
PRATTCOUNTY

676 497 181Salt water 423,904Simpson, Viola and Topeka48 48 0 14 O�25Unit . 1955 1,492 4,415Chitwood Unit Simpsonsand
181 Chitwood Lion Oil Co.

72 0

14,22,23,26 ,

27-28-12W
10,11,14,15
26-14W

0 182do3 Simpson

�
�
�

3 0 3 07Unit . 1957 73 4,255S
.

W. Moore Unit " Kinderhook " sand182 Moore Southwest ChamplinOil and Refining
Co. ol51 51 17 423,9040

1,565

RENOCOUNTY

O
o 4

21
Lansing limestone
Viola

169
8354

211948
1951

15
10

200
480

Abbyville Waterflood
Peace Creek Unit

о
о 2
7

3,525
3,750

o
o

532
98

Salt water
do183

184
Abbyville
Zenith - Peace Creek

37,896
43,232Skelly Oil Co.

Cities Service Oil Co.

183
184

Douglas sand
Producedand shallow
supply

24-24-8W
1,2,6,11,12 ,

30,31,35,36
22,23-9,10W

Unit .

ol ol ol ol 81,128
680 25 25

RICE COUNTY
136 297 8,778Salt water 18503 101954 327-18-10W 50 16 2,670Topeka lime

Produced, Topekaand
quartzite water185 Orth Skelly Oil Co. Volkland " A " Salt Water

Repressure Project

ROOKSCOUNTY
116 0Produced 0 186Salt water2424 01oo 00No 1201952 3,290Lansing -Kansas CityDorr Waterflood186 Dorr Cities Service Oil Co. 16,17,20,21

9-16W
4,33-8 , 9-16W

do 137 odo O 0 187�No 1953 do gy3,340Holy Cross 80
200187 g

o 0
0Layton do �1
9

33 33

RUSSELLCOUNTY
625

10
188
189
190
191

1956
1954
1954
1950

40
30
130
180

Dodge
Lansing
Lansing lime
Lansing -Kansas City
do

Fairport
do

Gorham
Hall -Gurney

do

2,875
3,100
3,100
2,945

2,950

1
1
6
7

о
о
о
о
о

1
1
6
7 о
о
о
с

1
1
1
1

Salt water
do
do
do

о
о
о
о
о

Coop .

Produced, Dodgeand Reagan 185
Produced 447
do 890
do 115

17,580 188
3,579 189
7,639 190
4,075 191

23,005 192

151

do 281do 113
16 0 3161949 270

192
do

1957
1953
1950

30
480
680

do
do
do

Tarkio
Lansing
Lansing lime

193
194
195

do3

136
18

Coop .

2,200
3,000
2,890

3

16
18о

о
о

3

16
18 O

O
O

300
182
142

1
9
6 о
о
о

166
506
153do

Pan American Petroleum Co. F. Booth " A " Lease 32-11-15W

The Texas Co. L. J. Ginther Project 19-12-15W
do D

. BrandenburgProject 20-14-14W

Cities Service Oil Co. Carter - GrahamWaterflood 28,29-14-13W No

do Hall -burney Waterflood 24,25 ,36 Coop.

14-14

Colorado Oil and Gas Corp. WeimasterWaterflood 36-14-13W No

Pan American Petroleum Co. Krug Waterflood
27,28-14-14W

Skelly Oil Co. Hall -Gurney Area 29,32-14-13W; Coop.

25,27-14-14W

Sunray -Mid - Continent Boxberger Lansing Flood 22-14-14W
do Strecker " A " and " B " Lansing 25-14-14W

Project
The Texas Co. G

. Boxberger " A " and " B " 22-14-14W
Project

do L. H
.

and S
. Boxberger 10,11,14,15

Project 14-14W
do E

.

P
. Gurney Project 23-14-14W

do Mohl and Shaffer Project 18-14-13W
Cities Service Oil Co. Eichman " A " Waterflood 12,24-15-14W No

Arbuckle and Tarkio
Dakotasand
Arbuckle, Dakota and
Lansing

KansasCity lime
do

4,978 193
120,000 194
30,840 195

46,342 196
89,585 197Coop.

Coop .

1956
1956

80
160 о

о

125
8503

6

8
8

Kansas City lime
do

857
9173

6

0
1

300
2,800

1
1do

do

O
o

196
197

do
do0

410Producedand Dakota 1982. o - 20,191o77 doo o1951 200Coop. 3,100Lansing lime
198 do

o
0

do 126 - 19929,290o0 6 0 do11112301954 do 3,050
199 do � 277

77Coop .

Coop .

1955
1953
1957

do
Tarkio sand
Lansing -Kansas City

11
3,150
2,325
3,050

200
201
202

do
do

Trapp o
b
o
o

2

14
10
121

100
200
36
2,846

do
do

Produced

2

14
10
121

�
�
�

do
do
do

E
LO
N

200
201
202

o
lo
o 41 59

3,673
10,383
2.139
413,299

1 41 �
RUSSELLANDELLIS COUNTIES

649Dakotasand0 0 203Salt waterO 2. 34,474

01952 14 14450 90 3,000
203 Fairport Pan American PetroleumCo. Kate Austin Waterflood

Dodgeand Lansing
Kansas City

25,36-12-16W; Coop.

30,31-12-15W

SALINECOUNTY
Viola 700 3 345 204

160 Viola (Marquoketa)1957 4 Salt wateroO 4 o3,420 1 15

204 Smolan Pool Republic Natural Gas Co. SmolanPool Pilot Flood
Oborg No. 3

26-15-4W;

35-15-4W

SEDGWICKCOUNTY

4Coop.20-28-15
20-28-1E

205
206

0
0

1945
1947

Produced
Producedand wells80

190
Mississippian lime
Mississippian chat205

206

169
1,054

Robbins
do

9,000
33,6383,100

3,080Magnolia Petroleum Co.
Pan American Petroleum Co.

Robbins
Robbins Field

1,665�
Salt water
Salt and fresh
waterCoop . 40

o
lo
o 4
9

13

مه
سا

ما �
�

�
�

o 42,638
270 13

SEDGWICKANDKINGMANCOUNTIES
Topekalime and produced 86 0 2070 0

1957Unit . 40 00 56 4 Salt waterMississippian 56 o3,70011
Bartholomew207 Cities Service Oil Co. BartholomewUnit 30,31-27-4W;

36-27-5W; l

28-5W; 6-28
4W

STAFFORDCOUNTY
Produced 383 O O

1956
208

No 170 0Lansing -Kansas City O 1 Salt water3,800 1015,16-25-14W 37 10 1

Jordan Pool Waterflood
208 Jordan Cities Service Oil Co.

SUMNERCOUNTY

1956 510
209

Unit . 0Simpsonsand 1 O26 134,750 14 0

Fall Creek Unit
209 Fall Creek The Texas Co. 3,4,9,10-35

3W

WILSONCOUNTY

Deepwell and return*Bartlesville " 0 57 0 Salt watero 2101,200 44,271
1954
1956

40
15There's

Dickens -Sapp
16,17-29-17E
15-30-17E

840
910

30
14Keas Drlg . Co. , Inc.

RuJo Drlg . Co.
210
21
Neodesha
NeodeshaEast

No do
57 10 19

Abandonedduring 1957

57 10 19
Estimated additional secondaryrecovery production

ol
33.532
77,803ol55 57

WOODSONCOUNTY
212

881952 " Squirrel " 0No 9508 2
2 22 13 1,139O

24-23-16E
KansasCity limeSalt water 25

Estimated additional secondary recovery productionNeoshoFalls Water Flood
19,534
528,397
547,93122 Susmio Oil Co.NeoshoFalls -Leroy

* Production not to b
e

revealed ; included in county total .
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143,808
3,650
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S.
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2
S.Jorn Monaghan4,223

3,8104OIL AND GAS FIELDS OF
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3
S.

T.
3
S.Norton
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-

ST, FRANCIS
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4
S.

T.
4
S.

Jennings

EXPLANATION
Feely JenningsSE

Densmore RayNT.
5
S.

Oil field Hardesty RayNW

T.
5
S.3,874

Oil field discovered in 1957
RayW0AdellNW

SHERMAN CO . 3,965 Ray
SHERIDAN CO . GRAHAM CO .

Gas field AdellWesselNT.
6
S.

4,060 16

Fo
o

Allodium4,310
Gas field discovered in 1957 Hortonville

Wessel

AldaT
.

7
S
.

Gas wells drilled during 1957

(Hugoton and Greenwood Gas

Areas only , al
l

older wells omitted . )

�

4,550

Huntington

Blazier N
W

T
.

7
S

45404

. MossCOLBY

T
.
8
S
.

Dry wildcats and total+

T
.

8
S
.

HOXIE
GOODLAND depth (recorded ) 1957 Kindig 3,90581

Hoxie
4563T

.
9

B
S

Mildrexter sw

Blazier Harmony
3,965

SchmiedNW Nana Penokee Kenyon

a 3,950 1 Gettysburg Schnebly

SchmiedNE HigerNEAdvance SandCreekStudley Schmied HILL CITY HighlandHolley N

StudleySE Higer
BrushCreekNW Hatcher Morel NStudleysw Schmied s Mickleson

BrushCreek
Holley VanMildrexterShiloh Brush

Knoll CreekGeorge HolleySE SW Evergreen RedLine N

Ø Ironclad4,150 EvergreenNW Morel
4,480 GlenDaleSW RedLineVesper

Emor
Law

ElrickNWElrickNE Forgo w BrassfieldCuster 4,065 WheelerHoof W LawSE
Elrick Diebolt4,023 Dorman 3,801 Cooper

Prairie Prairie FaulknerDormanW Glen GlenSE4,456 Trico

1

Mingo

T
.
9
S
.

4,575

Harrold5,863

4,5554
4,550 L

o
w

NWD

Hoof
NW

0
0 og

Hoof4,6105,854T
.

10

S
.

5,801 �

4,565

�

3,9633,970

T
.

10

S
.

THOMAS CO .

WALLACE CO . LOGAN CO . a GOVE CO . Lacerte
Oakley TREGO CO . spaulding s

WalzNW

T
.

4,360 Walz4,561

S Wakeeney
Voda 4,088

NewcomerNW

�

Newcomer

+T
.
1

121

S
.

Cotton4,870

�4,515
WAKEENEY Nieden

Rhoden @

OgallahNW

S
.

Nicholson

�

3,983

CottonE

IT .

Ellis NW 12
Adairo S

.
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SW Ridgeway
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Riga NE

T
.

Homburg
13

4,005 S
.

4,600
Ogallah

GOVE

T
.

13

S
.

BeougherCA
Sexson 4,360

RUSSELL SPRINGS
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� 3,985
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SHARON SPRINGS ��T

.

14

S

4,494 4,285 T.SunnySlope
Lundgren 14

S
.

Lundgren S15,113 •

4,385 Groff
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.
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S
.

Į T
.
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�

4,463 @Kutina
15

S
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.

1
6

S
. IT .

Arnold 1
6

S
.

�5,209
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H4,883 VermilionT
.

17

S
.

Carwood T
.

AldrichNE
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S
.
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LEOTI

T
.

1
8

S
.

5,120 3 SCOTT CITY

T
.
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S
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TRIBUNE Ryersee
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.
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S
.
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T
.
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S
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7
1
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T
.

20 8 T
.
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S
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S
.
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T
.

2
1

S

4,770 T
.Ploger

0
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S
o
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S
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4,761 1 .
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5,200 *

4,530 14,651

T
.

22 15,494

S
.

SondereggerDammeNE T.

Patterson Jetmore 22
Hallet ,564

3,0001
iso2Bradshaw Damme 4,7804* 4,820
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T
. 1Stewart * JETMORE
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☆S
. ☆
T
.
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S
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SawLog
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.
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S
.

T
.
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☆

☆
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.
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S
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T.
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S
.
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SouthSide 4,900T
.
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S
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T
.
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46.612
Beyer DODGE CITY S

.

PleasantPrairie
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g
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�
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*
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.
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S
.
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T
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#
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S
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*

T
.
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S
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S
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S
.
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is

w
a
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1
S
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T
.

1 3
1

S
.
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T
.
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☆

** *
*
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.
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5
4
0
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T
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EXPLANATION +
O
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Dayton
BELLEVILLE T
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Ø

Oil field
S. Stuttgart s MANKATOSMITH CENTER
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4
E
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. Beckman Gas field

WolfCreekS.
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T
.
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.
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.
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.
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0rone
OTTAWA CO .

Arpins T
.

. 3940 �

3,952To ?

palcoTownsite

Kernal

� O
M 3885

LINCOLN CO .

3803
3775

to
v
i to
v
i

Ruggles
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