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GEOLOGY AND GROUND-WATER RESOURCES
OF CLAY COUNTY, KANSAS

By KExNETH L. WALTERs and CHARLEs K. BAYNE
ABSTRACT

This report describing the geography, geology, and ground-water resonrces
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 are thickest and most extensive
in the valley of Republican River. The Dakota Formation yields moderate
quantitics of water to wells in western and northern Clay County.  The
Barneston Limestone yields small to moderate quantities of 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 by seepage into streams and by
transpiration by plants. All municipal and industrial water supplies and most
domestic and stock supplies are obtained from wells. Irrigation from wells is
practiced extensively in the valley of Republican River.

INTRODUCTION
PURPOSE AND SCOPE OF INVESTIGATION

A program of investigation of the ground-water resources of Kan-
sas was begun in 1937 by the United States Geological Survey and
the State Geological Survey of Kansas with the cooperation of the
Division of Sanitation of the State Board of Health and the Division
of Water Resources of the State Board of Agriculture. The investi-
gation of that part of Clay County that lies within the Republican

(9)
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Geology and Ground Water, Clay County 11

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; all are listed in the references
at the end of the report.

The geology of the Upper Cretaceous rocks in Kansas was de-
scribed by Logan (1897). Darton (1905) made reference to wells
in north-central Kansas in a preliminary report on the geology and
ground-water resources of the central Great Plains. Haworth
(1913) prepared a report on well waters in Kansas in which he
discussed the availability of ground water in the Republican River
valley. Jewett (1941) prepared a report on the geology of Riley
and Geary Counties; in the western part of these counties the
geology is very similar to that in eastern Clay County. Plummer
and Romary (1947) prepared a report on clay in Kansas in which
they described the ceramic characteristics of the clays of the Dakota
Formation in the area. Schoewe (1952) in a report on the coal
resources of the Dakota Formation described coal reserves in the
county. Frye and Leonard (1952) in a report on the Pleistocene
geology of 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 of 1955 were spent in the field
collecting the data upon which this report is based. The geology
was mapped on aerial photographs from field observations and
from stereoscopic study of the photographs. This information
was transferred from the photographs to a base map modified
from a map prepared by the Soil Conservation Service of the De-
partment of Agriculture.

Data on the character of the water-bearing material, and on the
depth, depth to water, and yield of 143 wells were collected (Table
10). Holes were augered with a power auger at 110 locations in
order to gather both geologic and hydrologic information. Ad-
ditional information on the material below the land surface was
obtained by drilling 28 test holes with a hydraulic rotary drilling
machine owned by the State Geological Survey of Kansas and
operated by E. L. Reavis and William Gellinger. Logs of the test
holes were prepared in the field, and the drill cuttings were studied
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12 Geological Survey of Kansas

microscopically in the laboratory. Altitudes at the surface of the
wells and test holes were determined by a level party headed by
Mr. Reavis using an alidade and plane table.

Several pumping (aquifer) tests were made to determine the
hydraulic characteristics of the water-bearing deposits.

Thirty-three samples (two composite) of water from 35 wells
and test holes were collected, and chemical analyses of the samples
were made by Howard Stoltenberg, chemist in the Water and
Sewage Laboratory of the Kansas State Board of Health (Table 3).

WELL-NUMBERING SYSTEM

In this report the wells, auger holes, and test holes are numbered
according to their location as given by the General Land Office sys-
tem of land classification. The component parts of 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 of each section or subdivision. For
example, well 6-1-2baa (Fig. 2) is in the NEX NEX NWX 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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14 ‘ Geological Survey of Kansas
GEOGRAPHY

TorPoGRAPHY 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 for agriculture and ground water.

The highest points in Clay County (about 1,500 feet above sea
level) are the hills formed by sandstone of the Dakota Formation
a short distance northeast of Oak Hill, and the lowest point (altitude
about 1,100 feet) is in the Republican River valley in the south-
eastern part of the county.

Approximately two-thirds of Clay County lies in the dramage
basin of Republican River. The river enters the county near the
northwest corner, flows southeastward across the county, and leaves
the county a short distance north of the southeast corner. An area
of about 50 square miles in northeastern Clay County drains into
Fancy Creek and thence into Big Blue River. In southwestern Clay
County an area of 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 at Clay Center since 1902. The normal annual pre-
cipitation at Clay Center is 27.92 inches. The annual precipitation
and the cumulative departure from normal for the period of record
are shown graphically in Figure 3. The precipitation has ranged
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Geology and Ground Water, Clay County 17

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 all-weather roads.

AGRICULTURE

Agriculture is the principal occupation in Clay County. About
85 percent of 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 on about half the cultivated land.

The principal crops and the acres harvested in 1955 are as
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 of all grains and hay harvested was about $5,225,000 in 1955.

MiINERAL RESOURCES
Construction Materials

Geologic materials that would be useful in construction projects
include the alluvial deposits in the major stream valleys, sandstones
and clays of the Dakota Formation, and Permian limestones in the
eastern part of the county. For discussion these materials are classi-
fied according to use.

Concrete aggregate—Aggregate for concrete consists of frag-
ments of hard, durable minerals or rocks of sand and gravel size.

Google



18 Geological Survey of Kansas

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 be quarried and cut to the desired size and shape. Materials
that meet these requirements are found in the Cresswell Limestone
member of the Winfield Limestone and the Fort Riley Limestone
member of the Barneston Limestone. These limestones are found
in the eastern part of 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 of 80 percent
or more and occurring in ledges sufficiently thick to allow economical
quarrying is regarded as a potential source for agricultural limestone.
In Clay County most of the limestones, especially the Cresswell
Limestone member of the Winfield Limestone and the Fort Riley
Limestone member of the Barneston Limestone, meet this require-
ment. Some zones in many of the shales contain enough calcium
carbonate to be 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 of the Mississippian
rocks at a depth of 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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Geology and Ground Water, Clay County 19

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 oil 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 NWX SWX sec. 19, 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 of water samples in the area probably indicates
the presence of gypsum, though possibly not in commercial quantity.
Test hole 6-4-19cb penetrated 13 feet of gypsum, including one
seam of clean gypsum 8 feet thick. This deposit rests on the Her-
ington Limestone member of the Nolans Limestone.

Ceramic Raw Materials
By Nonryan PrLuaiser

Although there is no ceramic industry in Clay County at present,
there is available an abundance of clay and shale suitable for use
in the manufacture of 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 of
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 be used for making Low Duty and Intermediate
Duty fire brick as well as face brick and pottery. Other clays of
the Dakota Formation fire to darker colors ranging from dark buff
to deep red (Plummer and Romary, 1947).

Most of the Pleistocene loess deposits of the county are suitable
for use in the manufacture of common brick, or as a flux for mixing
with the more refractory clays. Such blends are especially suitable
for the manufacture of sewer pipe (Frye, Plummer, Runnels, and
Hladik, 1949).

Permian shale was at one time used in the manufacture of brick
at a plant a short distance southeast of Clay Center. Although
acceptable brick can be made from this material, it would be con-
sidered inferior in the light of modern standards of 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 an excellent “bloating” shale from which a good grade
of lightweight concrete aggregate could be produced.
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22 Geological Survey of Kansas
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-Cenozorc GEoLocic 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 oil and gas. The geologic history during the Paleozoic Era,
as it is discussed here, is based chiefly on reports by Jewett (1949)
and by Lee, Leatherock, and Botinelly (1948).

Paleozoic Era

Clay County, like the rest of Kansas, is underlain by a basement
complex of Precambrian crystalline rocks. The area that is now
Clay County was invaded by the sea during Cambrian time, and re-
mained an area of marine deposition during most of the Paleozoic
Era. Rocks representing each of the systems of the Paleozoic Era
are present, but leveling by erosion of 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 of the State Geological Survey
of Kansas and does not necessarily follow the nomenclature of the U. S. Geological Survey.

Google



Geology and Ground Water, Clay County 23

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 all of Triassic and Jurassic
time. Erosion continued through Early Cretaceous time until the
deposition of the Kiowa Shale during a brief invasion by the sea.
As 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.

At the end of the Cretaceous Period an area far to the west was
uplifted, forming the Rocky Mountains. The Mississippi Valley
area also was uplifted at about the same time, resulting in a north-
west regional dip of Cretaceous and older rocks in eastern and cen-
tral Kansas.

Cexozoic Georocic History

Tertiary Period

After the withdrawal of the Cretaceous sea and the tilting of Cre-
taceous and older rocks, there was a long period of 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 of Clay County was receiving
deposits of sand and gravel from the eroding Rocky Mountains.
These sand and gravel deposits, the Ogallala Formation, may not
have reached as far east as Clay County, but they are found in
several scattered areas a few miles west of Clay County.

Quaternary Period—Pleistocene Epoch

The major events of the Pleistocene Epoch in this area were the
establishment of new drainage lines and downcutting by existing
streams, aggradation of the major streams, and the deposition of
loess. The relation of the Pleistocene deposits is shown in Plate 3.

At the beginning of the Pleistocene Epoch, Clay County probably
was drained by a system of small streams, none of whose headwaters
were very far from the county. Climatic changes associated with
the advance of the glacial ice fronts during the Pleistocene Epoch
resulted in increased streamflow and downcutting by streams. There
was little or no deposition along streams in Clay County during the

Google



24 Geological Survey of Kansas

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 its headwaters to the city of Republic in Republic County.
From this point the ancestral river flowed northeastward into Ne-
braska (Lohman, in Fishel, 1948). After the damming of the an-
cestral Republican River in early Illinoian time, the impounded
waters spilled over the lowest part of 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 of deposition and
periods of downcutting, so that the valleys now contain terrace and
alluvial deposits of Kansan, Illinoian, Wisconsinan, and Recent age.

During Recent time, sand has been carried from the flood plain
of Republican River by the prevailing westerly winds and has been
deposited in several places as sand dunes on 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 or interstices, and it is in these spaces that water is
found below the surface of the earth and from which it is recovered,
in part, through springs and wells. There are many types of rocks
and they differ greatly in the number, size, and arrangement of their
interstices and therefore in their water-bearing properties. The oc-
currence of ground water in any region, therefore, is determined by
the geology of that region.

The interstices of rocks range in size from pores of microscopic
dimensions to openings several inches or feet in width. These in-
terstices can be divided into two classes, primary interstices and
secondary interstices. The primary or original interstices were
formed during the formation of the rocks. Secondary interstices
were developed by the different processes that affected the rocks
after deposition. In Clay County all the water-bearing rocks are
sedimentary, and the openings that hold the water are either open
pore spaces between the grains of rock (primary interstices) or
joints and open bedding planes, which have resulted from deforma-

Google



Geology and Ground Water, Clay County 25

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 all the interstices in a rock are filled with water
the rock is said to be saturated. The amount of water that a satu-
rated rock will yield to the force of gravity is known as the specific
vield. The amount of water that a rock can hold is determined by
its porosity, but the rate at which it will yield water to wells is de-
termined by its permeability. The permeability of a rock is its
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 of head per unit of distance. Some
beds of clay or shale may have a high porosity, but because the in-
terstices are small and poorly connected, they transmit little or no
water, and the rock may be regarded as virtually impervious. Rocks
differ greatly in their degree of permeability, according to the num-
ber, size, and interconnection of their interstices.

Source

Ground water is the part of the water below the surface of the
earth that supplies wells and springs. In Clay County, ground
water is derived entirely from precipitation, in the form of rain or
snow, that falls directly on the county or on nearby areas. Part of
the precipitation that falls as rain or snow is carried away by surface
runoff and is discharged by streams, a part of it may evaporate, and
a part may be absorbed by 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 of saturation. After reaching the ground-water
body the water percolates slowly through the rocks in directions
determined by the geology, topography, and geologic structure until
it is discharged through wells and springs or by 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 by a relatively impermeable bed that dips from its 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 of the

Google



26 Geological Survey of Kansas

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 8-4-21ac 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
NEX 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 of the water levels in
deeper wells. The shallow water seemed to occupy a perched or
semiperched position in relation to the rest of 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 of 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 of the valley above Clay Center, where the
Nolans Limestone crops out in the valley walls, and the second area
is that part of the valley below the outcrop of 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 at sharp angles, indicating that the river is drain-
ing the ground-water reservoir in this area.

RECHARGE

The addition of water to the zone of saturation is known as
ground-water recharge. Ground-water recharge in Clay County
occurs by infiltration from precipitation within the county, by perco-
lation from influent streams, and by 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-
off and induce infiltration. Next in importance is the valley area,
which is relatively flat and is underlain by 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.

DiISCHARGE

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.
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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 of water is discharged from storage by this
means. Springs occur along the outcrop of 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 by Wells
Although large quantities of water are discharged through wells
in Clay County, it is probable that the discharge of water by wells
is small in comparison with discharge by other means. With in-
creased development of irrigation, discharge by wells will become
a more important factor.

RECOVERY
Principles of Recovery

When water is standing in a well the head of 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
of the well develops a cone of influence (Fig. 5), which is deepest
at the wall of the well and extends some distance around the well.
An increase in the pumping rate of the well produces a greater
drawdown.

The specific capacity of a well is the rate of yield per unit of
drawdown and is generally given in gallons a minute per foot of
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 of a
well. If the water-bearing material is coarse and well sorted it will
readily yield large quantities of 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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Driven wells.—Driven wells are constructed by driving a pipe,
generally 1X to 2 inches in diameter and equipped with a screen, to
a point below the water table. Such wells are pumped with some
tyvpe 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 rig. This is
the most common type of well in Clay County and is found in all
types of material and in all localities. The depth of drilled wells is
determined by the depth to the water table and the use for which
the well is constructed. The use in turn may be limited by the
quantity of water available. The diameter of drilled wells is gen-
erally dependent upon the use and desired quantity of water. In-
dustrial, irrigation, and municipal wells require larger quantities
of 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 an increase in the use of ground water for
this purpose, and it is probable that there will be a considerable
future increase. The quantity of water used for industrial purposes
is small compared to that for other uses.

Domestic and Stock Supplies

Nearly all the domestic and stock supplies of water in rural areas
and in small communities that do 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 by shales of the Wellington
Formation, there is a scarcity of wells and there are many aban-
doned farmsteads. A lack of dependable water supplies in thesc
areas was a contributing factor in the abandoning of 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 for other uses. The Northern Nat-
ural Gas Company has four wells that yield water from terrace
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deposits in the Republican River valley in the NWX 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 jet pump having a capacity of about 50
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 of these wells in Utility Park are 55 feet deep and
the depth to water is about 22 feet. Well 8-3-8bb4 was tested for
8 hours at a rate of 850 gpm, and had a drawdown of 14 feet. Well
8-3-8bd in Dexter Park, which was drilled in the summer of 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
at a rate of 500 gpm, the drawdown was 4 feet. Well 8-3-8db, in
the southeastern part of Clay Center, is a drilled well 58 feet deep
and yields water from terrace gravels. In August 1954 the depth
to water was 28 feet. All the wells are equipped with electric tur-
bine pumps. The maximum capacity of 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 of 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 30 feet. The
drawdown in each of these wells is 7 feet at a pumping rate of 160
gpm. The maximum capacity of the two wells is about 360,000
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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 respcctively. 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
(10-1-17dcl 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,
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Irrigation Supplies

In the fall of 1954 six irrization wells having a combined capacity
of about 5.000 gpm were in operation in Clay County. Continued
drought conditions during the growing season in 1935 intensified
interest in irrigation, and by autumn 29 additional wells had been
drilled. which had a combined capacity of about 21,000 gpm. In
1955 about 2.730 acre-feet of water was pumped for irrigation.

Four of the irrigation wells drilled in 1935 obtain water from the
Barneston Limestone. The yiclds of these wells range from about
50 to 250 gpm. The other 25 wells obtain water from alluvial ma-
terials in the valley arca. The vields of these wells range from 350
to 2.000 gpm.

Maps were prepared showing the configuration of the bedrock
surface in the valley area (Fig. 6) and the water-table contours
(Pl. 2). The water-table map was superposed over the bedrock
map and a saturated-thickness map was prepared by connecting
the points of 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 of the valley. Below Clay Center,
where the limestones of 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 of the pre-Pleistocene surface shown in
Figure 6, and the greatest thickness is in the northwest corner of the
county, where the saturated materials are 80 feet thick. The thick-
ness of these materials gradually decreases downstream to a point
just west of Clay Center where the saturated material is only 40
feet thick, and below a point a short distance downstream from Clay
Center the thickness of saturated materials is about 20 feet except
in a very narrow channel cut in the pre-Pleistocene surface. The
volume of saturated material in the valley area was determined from
Figure 7, and by applying a specific yield of 20 percent the volume
of water in storage was calculated. The volume of saturated mate-
rial and volume of water in storage are given by townships in
Table 2. Table 2 indicates that about 275,000 acre-feet of water is
in storage west of the west line of Range 3 East and only about
45,000 acre-feet east of this line. The large amount of storage up-
stream from Clay Center in comparison with the small amount
downstream is due to the great amount of alluvium upstream; the
valley becomes narrower and shallower downstream because it is
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TasLE 2.—Volume of saturated water-bearing material in Republican River
valley and volume of water in storage based on specific yield of 20 percent.

Acre-feet Acre-feet

Township of saturated | of water

material in storage

T.68,R.1E......... ... ... ... . ... ....... 560,000 110,000
T.68,R.2E......... ... ... i 240,000 49,000
T.78,R.2E............. .. .. .. 510,000 100,000
T.78,R.3E............... .. . 7,000 1,400
T.8S. R 2E... oo 100,000 20, 000
T.88,R.3E............ ... ... 140,100 29,000
T.98, R BE .. . oo, 13,000 2,600
T.9S,R.4E......... ... .. ... ... ......... 39,000 7,800
T.108, R 4E... ... ... ..l 32,000 6,400
Total........... i 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 for the samples of water from test
holes is the depth from which the sample was pumped. For all
other samples of water the depth indicated is the total depth of the
well. The samples of water were analyzed by Howard A. Stolten-
berg, chemist, in the Water and Sewage Laboratory of the Kansas
State Board of Health.
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F16. 8—Graphic representation of chemical analyses of water from principal
water-bearing formations in representative wells in Clay County.
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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
300 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 its 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 of heat transfer and may
even result in boiler failure. Calcium and magnesium cause most
of the hardness of ordinary water, and hence also the greater part
of the scale in steam boilers and in other vessels in which water is
heated or 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 of calcium and magnesium bicarbonates.
It may be almost completely removed by boiling. This type of hard-
ness has been called temporary hardness. The noncarbonate hard-
ness is due to the presence of the sulfates or chlorides of calcium
and magnesium and cannot be removed by 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 50 ppm is generally consid-
ered soft, and under ordinary circumstances treatment for removal
of hardness is not necessary. Hardness between 50 and 150 ppm
does not seriously interfere with the use of water for most purposes,
but it does increase somewhat the consumption of soap, and its
removal by a softening process is profitable for laundries and other
industries using large quantities of soap. Hardness of more than
150 ppm can be noticed by most users, and if the hardness is 200
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42 Geological Survey of Kansas

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 air. Iron may be present in sufficient quantity to give a
disagreeable taste or to stain cooking utensils; it may be removed
by 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
by the air-lift method, and the resulting aeration resulted in precipi-
tation of much of the iron. These samples were not analyzed for
iron. Only 6 of the 30 samples of 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
be known, because fluoride in water has been shown to be associ-
ated with the dental defect known as mottled enamel. Mottled
enamel may appear on the teeth of children who, during the forma-
tion of the permanent teeth, drink water containing excessive
amounts of fluoride. According to standards promulgated by the
U. S. Public Health Service (1946), water containing more than 1.5
ppm of fluoride should not be used by children. If water contains
as much as 4 ppm of fluoride, 90 percent of the children habitually
drinking it are likely to have mottled enamel. Concentrations of
fluoride of about 1 to 1.5 ppm have been shown to be beneficial in
reducing tooth decay, and fluoride is now being added to some mu-
nicipal supplies to bring the concentration up to about 1 to 1.5 ppm.
The water samples collected in Clay County had a fluoride content
of less than 1 ppm.

Chloride.—Chloride is widely distributed in nature; it is an abun-
dant constituent of sea water and oil-field brines and is dissolved
from most rock materials. Chloride has little effect on the suitability
of water for ordinary use unless there are enough chloride salts in
solution to impart a salty taste or to cause the water to be 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
2350 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 (iron
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 analvzed 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
all are involved in salinity and alkali control. Soil that was origi-
nally nonsaline and nonalkali may become unproductive if exces-
sive soluble salts or exchangeable sodium are allowed to accumu-
late because of improper irrigation and soil-management practices
or inadequate drainage.

In areas of sufficient rainfall and ideal soil conditions the soluble
salts originally present in the soil or added to the soil with water are
carried downward by the water and ultimately reach the water
table. This process of dissolving and transporting soluble salts by
the downward movement of 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 by plants, there will be no downward percola-
tion of water below the root zone, and mineral matter will accumu-
late at that level. Likewise, impermeable soil zones near the sur-
face can retard the downward movement of water, resulting in wa-
terlogging of the soil and in deposition of salts. Unless drainage is
adequate, attempts at leaching may not be successful, because
leaching requires the free passage of water through and away from
the root zone.

The characteristics of an irrigation water that seem to be most
important in determining its quality are (1) total concentration of
soluble salts; (2) relative proportion of sodium to total principal
cations (magnesium, calcium, potassium, and sodium); (3) concen-
tration of boron or other elements that may be toxic; and (4) under
some conditions, the bicarbonate concentration as related to the con-
centration of calcium plus magnesium.

For diagnosis and classification of irrigation water, the total con-
centration of soluble salts can be adequately expressed in terms of
electrical conductivity. Electrical econductivity is the measure of
the ability of the inorganic salts in solution to conduct an electric
current, and is usually expressed in terms of micromhos per centi-
meter at 25° C. The electrical conductivity can be determined ac-
curately in the laboratory, or an approximation of the electrical con-
ductivity may be obtained by multiplying the total equivalents per
million of calcium, sodium, magnesium, and potassium by 100, or by
dividing the total dissolved solids in parts per million by 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

TnLe 4.—Factors for concverting parts per million of mineral constituents to
equitalents per million.\

Cation I Conversion fuctor | Anion : Conversion factor
Caseoolo ' 0 01 | H(,'()-,‘...,.." 0.0164
Mg-eoo ! JOR22 | SO¢-. ‘: L0208
Natoooo ( 0435 | Cloooo..... } L0281

! NOF L 0161
‘ LFL | 0326

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 for irrigation. The sodium-adsorption ratio may be

1.
determined by the formula SAR = ,_—_—I\L‘__ L
VvV Ca~ &+ Mg~ where the ionic
2
concentrations are expressed in equivalents per million. The sodium-
adsorption ratio may be determined also by use of the nomogram
shown in Figure 10. In using the nomogram to determine the
sodium-adsorption ratio of a water, the concentration of sodium
expressed in equivalents per million is plotted on the left scale (A),
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Na¢ Ca**4+Mgtt
Mcg_/l. Meg/L
20 o

10.25

-40.50
10.75
1.0

(o J20
A 8

Fic. 10.—Nomogram for determining sodium-adsorption ratio of
irrigation water.

and the concentration of calcium plus magnesium expressed in
equivalents per million is plotted on the right scale (B). The
point at which a line connecting these two points intersects the
sodium-adsorption-ratio scale (C) indicates the sodium-adsorption
ratio of the water. When the sodium-adsorption ratio and the elec-
trical conductivity of a water are known, the suitability of the water
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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 (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.

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 cluss of water

CSAR ‘ C ‘ Class number  SAR C  Class

6 L0700 BT P NRI-C2 0 8 1 I3en . 0 821,370 S1-03
t- VT A I R-C2 0 R 2 godd L, 1 A6 1L, T80 R-03
6 121 573 ' N1-C2 0 83 Kb 5y w0 8103
6 180 1 N2 RI-C3 8 3 Bddas AT 515 S1-(C2
6 |LTR 20700 RIC3 R4 1ode. . 65 W6 N1-03
- P62 | K20 N8 9-2 30bb. . 63 9 N1-C'1
t RS 30500 N1-CH 93 fee L0 10 R53 | S1-C8
6 P 6T R0 93 2obe . 61T 626 812
7 1-60Lh . 126 TSEOS1CR, 93 2ee. . 3T 635 S1-02
T 1 Iobeb. L0 2006 0 1,330 S1-C3 9 4 Zlua K3 aTe N2
7ol tube. 1R 272 R1-02 94 B2ade N R I
T2-ddde.. 60D R0 R1-C8 0 101 1Tde, ;0 TO 1IN RI-C1
T3 4da . 60 L3 uTo S1ccr 10 2 0Ted, | 272 5620 N2y
T3-20ed Lo 69 ] RG SIC3 002 2hho 158 THONI-(2
*T-4-120nd-21be) | LGR 926 N1-C'3 10-3 13ba. . 1 65 1,010 S1-C3
I N1-08 101 32uu. T By N2

-4 32cc..... | .02 88T

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

HypbroLocic ProrertiEs oF WATER-BEARING MATERIALS

The quantity of water that a water-bearing formation will yield
to wells depends upon the hydrologic properties of the material
from which the wells produce. The two hydrologic properties of
greatest significance are the coefficicuts of transmissibility (T) and
storage (S) and are used in muking quantitative estimates of water
available in an aquifer and of future water-level decline that will
result from continued pumping. Controlled aquifer tests in the
field provide the data required to compute these coeflicients.

The coefficient of transmissibility (T) may be defined as the
number of gallons of water at the prevailing temperature that will
move in 1 day through a vertical strip of the aquifer 1 foot wide,
having a height equal to the full thickness of the aquifer, under a
hydraulic gradient of 1 foot per foot, or it is the number of gallons
of water that will move in 1 day through a cross-sectional areca equal
to the saturated thickness of the aquifer and 1 mile wide under a
hydraulic gradient of 1 foot per mile. The coeflicient of storage (S)
may be defined as the change in volume of water stored per unit
surface area of aquifer per unit change in head. Under water-table
conditions the coefficient of storage (S) is practically the same as the
specific yield of the aquifer.

The coefficient of permeability (P) of an aquifer is the discharge
per unit of area per unit of hydraulic gradient. It mayv be measured
in terms of the number of gallons of water a day. at 60° F.. con-
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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 coeficient of permeability (P;) 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 P, is the field coefficient of

m
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 coeflicients 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.

264Q log,, t/t

The Theis recovery formula is expressed as: T —= ——— 8 —

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, t' 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 t’ after pumping ceases.

The proper ratio of log,, t/t to s’ is determined graphically by
plotting log,, 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 t 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/t’, 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
t. t’ 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 (1948) 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:

264 Q 0.3 Tt
T= and S — .
As r.2
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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/r? is plotted on the logarithmic
scale. In this method the plots of all observation wells should fall
in a straight line. The formulas for coefficients of transmissibility
and storage are:

264
T=

Q and S = 0.3T X (t/r?),.
As
In the above formulas, the symbols are:
T = coefficient of transmissibility, in gal-
lons per day per foot
S = coeflicient of storage :
Q = rate of discharge of pumped well, in
gallons per minute
As = 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
r, = value of r where drawdown —= 0
(t/r?), = value of t/r?> where drawdown = 0
Tumer Aquifer Test

An aquifer test was made in the fall of 1955 in which well 8-1-2ac
was used. This well yields water from late Wisconsinan terrace
deposits in the valley of Republican River. The well is of gravel-
wall construction and is 18 inches in diameter and 70 feet deep.
Three observation wells, a, b, and ¢, were drilled in a line at dis-
tances of 25, 50, and 100 feet respectively from the pumped well.
The well was pumped at a rate of 800 gpm from 9:25 a. m. until 9:55
a. m., when pumping stopped for a period of 45 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 12 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 for (t).

! Time since Depth
Time ' pumping started, t, to water,
: 1n minutes in feet
_____ - ]
..................... o Statie water level 22 21
....................... R Pumping started
....... 0.3 31 .35
............... 75 32 87
............ 125 33 55
............. 1.75 33.99
| 225 34 17
........ ) 34 44
929 L 4 34 77
2080 ‘ 45 34 86
D30 , ) 34 95
93030 ... .. ... E3) 395 04
031 . 6 35 11
X130 oL 6.5 l. 35 19
942 7 | 35 20
9:32:30 . 70 35 32
9:33. .. 8 35 .36
WH330 . 8.5 35 42
Wadd L 9 15 48
G34:30 o0 9.5 35.52
O35 10 33 A7
D86 11 35 67
L S 12 33 78
B8 ! 13 35.83
W 4 35 89
WO | 15 35 9H
T S ; - 36 15
WO \l 25 3647
WOS | Pump off (power fuilure) |
O Y 22 a8
00 ‘ Pumping started
10:40:30. .. ' ) i 33 87
10410 6 ! T
104130 ... o L) 16
0082 7 ’ p
10428000 75 L8567
M3 . 78 L 35.81
04 . 79 36 (00
104430, ... AU ‘ 3610
1043 .0 S0 ! 36 20
104530 ... . 805 L3620
W06 . 81 |36 38
104630 ... L . Rl 5 ‘ 36 44
047 o 82 |86.52
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T. 6.—Water-level nd iod ol
ABLE ater-lev mme:lc, Mmfor(l) g pumping a recovery periods in W
Time since : Depth
Time pumping started, t, to water,
In minutes in feet
10:47:30 am..................... e 82.5 36.
10:48. .. ..o 83 36
10:48:30........... ... ............. 83.5 36.70
10:49. ... ... 84 36.74
10:49:30. .. ... ... 84.5 36.7
10:50. . ... 85 36.83
10:50:30. . ... .. ... 85.5 36.87
10:51. ... ... 86 36.90
10:51:30. . ... ... 86.5 36.93
10:62. ... . 87 36.95
10:52:30. ... ... ... 87.5 36.97
10:53. ... ... 88 37.00
10:53:30. .. ... ... 88.5 37.01
10:54. ... 89 37.03
10:54:30. .. ... ...t 89.5 37.06
10:55. . ... 90 37.09
10:57. ... 92 37.16
10:59. ... ... 94 37.23
11:02.. ... ... 97 37.35
11:05. ... . ......... ... ... ... 100 37.48
1:10am. .. ...... .. .. ... ... ...... 105 37.61
11:15. ... ... . 110 37.78
11:20. ... 115 37.90
11:25. .. .. 120 38.00
11:30. ... 125 38.13
1135, ... 130 38 .22
11:40. ..o 135 38.30
11:50. ... 140 38.48
12200noon. . .............. ... .. ... 155 . 38.55
12:10pm.. . ... ... ... 165 38.60
12:2200 ... 175 38.67
12:30. ... 185 38.81
12:40. .. ... . 195 38 .86
12:50. .. 205 38.90
1:00. ... ... 215 38.94
1:00. .. 225 38.96
130 228 Pumpoff |..........
114, 229 26.83
1:16. 230 26.38
1:06. ... 231 26.17
117, 232 26.01
108 233 25.90
119, o 234 25.80
12200 ..., 235 25.71
L2 236 25.63
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TasrLz 8.—Water-level mearurements made during pumping and recovery periods in well
6-1-2ac, and cvalues for (t).—Concluded.

Time since Depth
Time pumping started, t, to water,
10 minutes in feet
1:22 p.mn L 1 237 25 57
1223 . | 238 25.49
1:24 | 2349 25 44
1:25 | 240 2539
1:26 ... .. . . ’ 241 25
1:28 o | 243 25
1:30 . . . i 245 2516
1:32. ... ... . S 247 25.09
]
1:34 . 249 25 02
1:36 . . 251 24 .95
1:38. . 253 24 W)
1:41. 256 24 80
1:44. . ! 259 24 74
1:47 .. . I 262 24 66
1:50.. . ) .. 265 24 58
1:54 .. . 269 24.52
1:58. .. . R 273 24 45
202, o . ! 297 24 38
206, . . o 281 24042
2:10.. . .. o . 285 24 .24
215, o ‘ 200 24 15
220 R 296 24 09
228 o | 303 24 01
235000 L. . | 310 23.98
2:45. .. R 320 23.91
2DH.. R e 330 23 81
3:05.. ... . e o 310 23.74
35 1 350 23 .66
325 . 360 23 60
3:35... ... e o 370 23 54
$H0. ... o 385 23 46
405, . oo 400 23 40
4:20. ... L e o 415 23.32
I
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56 Geological Survey of Kansas

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 =2250. 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.

3

[\

T T T TTTTT T T T TTTT7T T T T TT1TTT7

33
34\

NN

N

AN

1 ) S W N 1 N 1 ol r )
10 . 100 of

[V
=)

Depth to woter in feet

Fic. 12.—Depth to water in well 8-1-2ac plotted against time since
pumping started.
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TaBLe 7.—Water-level measurements in observation well a, 25 feet from

Google

pumped well 6-1-2ac.

! Time since I Depth
Time pumping started, t, to water,
; In minutes in feet
Static water level 23 40
‘ Pumping started : L
! 1 Po2g 3
2 ' 24 6Y
D29 4 25 05
W0 e ) 25 23
O 7 25 56
D34 9 25.72
936 . ' 11 25 93
R 13 26 08
G0 15 206 23
W42 17 26 33
Qdd ; 19 booog 47
T T . 21 L2660
B AR 2 J i 23 26 69
W0, N 25 26.78
L2530 2 28 26.98
DD ' Pumping stopped |,
L0 R e 24 24
10280 i Pumping started  |.... .. ...
1040 .. 1 2512
10:42 . P4 25 37
1048 , 3 25.75H
1044 4 25 84
AT | T 2% .05
1049 i 9 I 26 30
1050 . 11 2650
1058 e 13 206 67
10335 -0 | 15 26 84
|
10007 e | 17 2698
100 20 2710
1105 25 ! 27 26
100 . 30 ) 27 48
|
10:010. . 39 i 27.68
11200 ( 40 ! 27 86
1120 45 27 9
L1300 ) 2813
N S l 55 28 24
1040 . e o) 2832
I P g 65 |28 42
1150 i 70 | 28 50
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T. 7.—Water-level measurements in observation well a, 35 well
AmLE 6-1-2ac.—Concluded. o 35 foet from pumped
Time since Depth
Time pumping started, t, to water,

1n minutes in feet
1:55am................... .. 75 28.58
12:00. . ... 80 28.64
12:10 pm.. ..o 90 28.69
12:20. . ... 100 28.80
1230, ... 110 28.89
12:40. . ... ... ... 120 28.98
12:50. ... . 130 29.03
1:00. . ... 140 29.09
12100, 150 29.15
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60 Geological Survey of Kansas

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

Time since Depth
Time pumping started, t, to water,
in minutes in feet
60 |135 30.11
70 {145 30.23
80 (165 30.33
90 |165 30.45
100 |175 30.54
110 (185 30.63
120 {195 30.69
130 {205 30.7:
140 215 30.79
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TasLe 9.—Water-level measurements in observation well ¢, 100 feet from
pumped well 6-1-2ac.

| Time gince | Depth
Time : pumping started, t, | to water,
| In minutes ! in feet
_ !ﬁ_____
Static water level C23.53
Pumping started  |....... ..
23 57
2 23 64
3 23.73
4 23 81
S5 : 23 8RR
6 ! 23 97
7 24 04
R 24 12
9 24 18
10 24 24
11 | 24 31
12 I 24 38
13 24 44
14 | 24 50
15 | 24 56
17 ! 24 66
19 |24 78
21 | 24 0
23 B
25 25 0
28 | 2521
Pumping stopped R
I
........................ i 24 37
Pumping started |, .. ... .
1 24.39
2 i 24 45
i
3 S
4 L4
5} ! 24 66
10:46 . 0 6 | 2473
|
1047 7 | 24 7Y
1048 . 8 | 24 Kb
10249 .. e 9 24 .03
1030 .. 10 H 24.99
10:52 12 ' 25.10
Wisg. 11 ‘ 25.21
1056 ... 16 25 .23
1038 . 18 ] 25.42
10000 20 | 2551
11:08. . 23 , 25.63
P06 .o ; 26 25 .76
W09 | 29 | 2586
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TasLE 9.—Water-level m ts in observation well ¢, 100 feet from pumped well
6-1-2ac —Continued.
Time since Depth
Time pumping started, t, to water,
1n minutes in feet
Til2am.. ..o 32 26 .00
1105, 35 26.09
11:200 ... ... .. .. B 40 26.25
11:25. ... 45 26.38
11:30........ .. L . 50 26.52
11:35. ... ... L 55 26 .62
11:40. ..o 60 26.71
11:45. ... ... 65 26.94
11:50....... . 70 26.95
11:55.......... ... ... A, . 75 27 .02
12:00 noon. ... ... ... T 80 27.07
12210 pm.. .o 90 27.20
12:220. ... 100 27.30
12:30. ... 110 27.43
12:40...... ... ... .. R, 120 27.49
12:50. . ... ... ... ... R 130 27.57
1:00. . ... ... 140 27 .59
1:10. ..o 150 27.67
113 Pumping stopped  |..........
1:14 ... 1 27.62
1:156. .. 2 27 .58
1:16. ... . 3 27.53
A7, 4 27 .45
108, 5 27 .42
1:19. ... 6 27.39
1:220. ... 7 27.29
121, 8 27.28
122, 9 27.22
1:23. . 10 27.17
1:24 11 27.13
1:25. .. 12 27.09
1:26. .. ... 13 27 .05
1027 ! 14 27.01
128, . 15 26.97
1:29. .. 16 26.93
130, .. 17 26.88
1552 5 U 18 26.86
132 19 26.83
1233, 20 26.7
1530 21 26 .76
1335, . 22 26.7
136, ... 23 26.69
137 . i 24 26 .67
138, 25 26 .64
140 ..o 27 26.58
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Tarre 9.—Water-level measurements in obsercation well ¢, 100 feet from pumped well
6-1-2ac. —C oncluded.

| .
[ Time since Depth
Time pumping stopped, t, to water,
in minutes in feet

145 pm...... . ) 32 2645
1:50.. .. . Lo 37 2634
1:55.. .. o . . 42 26.23
200, ... . 47 26.14
2:05. . H2 26 05
2:10. i 57 25 .97
2:15. . 1 62 25 89
220.... L | 67 25.82
2:25. .. | 72 25.75
2:30... .. 7 25 69
2:40 . ' 87 25 58
250 .. | 97 25.49
3:00....... : 107 25 39
3:000 ... | 117 25.31
3200 . | 127 25.23
331.. ... | 138 25.14
3:45. . 152 25.05
4:00. ... 167 25.00
4:15. . ! 182 24 88

j
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LR R A

distonce i ‘eet trom
pumped we !l

Drawdewn, in feet

1, in minutes

Fic. 13.—Drawdown in observation wells a, b, and ¢ Elotted against

time since pumping started, during test using well 6-1-2ac.

The drawdowns in observation wells a, b, and ¢ 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 all the plots. Applying the Cooper-Jacob for-
mula, values for the coefficient of transmissibility from the fluctua-
tions in observation wells a, b, and ¢ are 87,000, 97,000, and 79,000
gpd per foot respectively. The storage coefficient, from measure-
ments in wells a and ¢, was 0.03 and 0.02, respectively, indicating
water-table conditions.

A line through the latest points in the recovery curve for well ¢
(Fig. 14) gives a value for s =2.17. Applying the formula

(264) (800)
T = —————— gives a result of 97,000 gpd/per foet.

217
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-
est value, 97,000 gpd per foot, from the pumped well, observation
well b, and the recovery curve for observation well ¢. The test is
not conclusive, but 90,000 gpd per foot is probably about the cor-
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Fic. 14.—Depth to water in observation well ¢ plotted against time since
pumping stopped. during test using well 6-1-2.ac.

rect value of 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 of the shortness of the period of 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
of Wakefield in the valley walls of Republican River and its 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 of 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 of 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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66 Geological Survey of Kansas

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
all exposures of the Fort Riley Limestone member (Pl. 4A). The
rimrock bed is overlain by 15 to 20 feet of thin-bedded sandy yellow
limestone and thin calcareous shale beds. In some exposures, a mas-
sive bed that has much the same appearance as the rimrock occurs
in the upper part of the member. The average thickness of 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 of water. A properly constructed
well that penetrates the entire thickness of the Barneston Limestone
may produce as 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 of satisfactory quality from the Barneston
Limestone at a depth of almost 200 feet, however.

Doyle Shale

The Doyle Shale is composed of two shale members separated by
a limestone member—in ascending order, the Holmesville Shale,
the Towanda Limestone, and the Gage Shale members.
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68 Geological Survey of Kansas

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 its uniform thickness and chert content.

The Grant Shale member has a uniform thickness of about 10
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 all the sequence
of 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 of yellow limestone, containing numerous echinoid spines and
other fossils and characterized by pinkish-brown splotches on
weathered surfaces, and an upper thin-bedded to concretionary se-
quence of limestone and shale (Pl. 4B). The thickness of the Cress-
well Limestone member in Clay County is about 13 feet.
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The Winficld Limestone vicelds water in quantities sufficient for
most domestic and stock supplies, and where the formation is not
deeply buried, the water is of good quality.

QOdell Shale

The Odell Shale in Clay County consists of about 23 feet of shale.
The lower few feet of the shale is principally vellow, 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
vellow to brown, pelecypod-bearing limestone.  The upper part is
almost evervwhere more massive than the lower part of the member
(Pl 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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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 creck
about 100 feet east and 300 fcet south of the center of the west line
ofsec. 19, T.6S.,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-
ite, chert, igneous rock, and many types of metamorphic rocks. At
many places in Clay County the Dakota Formation rests on the
Wellington Formation, the cobble zone being incorporated in the
base of the Dakota Formation, and the Kiowa Shale is absent. At
a few localities in southern Clay County a dark clay shale resem-
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bling the Kiowa crops out at about the contact between the Per-
mian and Cretaccous, 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. Becanse 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-
nant 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 its top is an erosional
surface. The thickness of the Dakota Formation in Clay County
ranges from a featheredge to about 165 feet.

The Dakota Formation is one of the principal aquifers in Clay
County. The water is generally of good quality. Few wells in
Clay County that obtain water from the Dakota Formation yield
more than 30 gpm, but it is likely that test drilling in some areas
might locate a sufficient thickness of sandstone to yield as much as
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-
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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-
ter. Although Republican River did not flow through Clay County
during Kansan time, a stream whose headwaters were in the drain-
age area of what is now White Rock Creek in Jewell County prob-
ably flowed where Republican River now has its course through
Clay County. In most places this deposit of limestone and sand-
stone gravel (Grand Island Formation) is 6 to 10 feet thick and in
some places is overlain by a few feet of clay of the Sappa Formation.

The water in the basal gravels has about the same quality as
that in the overlying Recent alluvium. The Kansan gravel deposits
are made up of more angular particles than other valley-fill deposits
in the county and probably do not yield as much water as an equal
thickness of younger gravel. They do add considerably to the total
yield of wells in northwestern Clay County, however.

Illinoian Stage

Terrace deposits.—Deposits of Illinoian age in Clay County are
represented by the Crete Formation along Republican River and
its major tributaries. The Crete Formation in Clay County is in the
form of terrace deposits and consists chiefly of silt and clay contain-
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ing minor amounts of sand and gravel. Nearly all the deposits of
the Crete Formation in Clay County are blanketed by a thick cover-
ing of Peoria loess, and are not shown on the geologic map. The
upper surface of the Crete Formation at 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 of locally derived gravel, which is pres-
ent in many places at the base of the formation, is generally satu-
rated and yields small to moderate supplies of water.

Eolian deposits—Much of the upland area of Clay County as
well as the Crete Formation is blanketed with wind-deposited silt
commonly known as loess. All the loess in Clay County is included
in the Sanborn Group, but only the oldest silt formation, the Love-
land Formation, is of Illinoian age. In fresh exposures the Love-
land consists of reddish-yellow silt and clay. Most deposits in Clay
County are only a few feet thick, and at some localities they are
entirely contained within the Sangamon soil, which was developed
on 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 al-
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 on the basis of topographic expression and probably include
both early and late Wisconsinan deposits (Pl. 1).

The Wisconsinan terrace deposits along Chapman Creek and the
streams tributary to Republican River are composed chiefly of silt
and clay but contain minor amounts of locally derived sand and
gravel in the lower part. These deposits yield small to moderate
quantities of water to wells, adequate only for domestic or stock
use.

The Wisconsinan terrace deposits of Republican River in Clay
County are composed almost entirely of arkosic sand and gravel,
with the exception of the upper 15 to 20 feet, which in most places
is silt and clay. No evidence of a continuous clay bed at the base
of the Wisconsinan terrace deposits such as occurs near Concordia,
in Cloud County, was found in Clay County. The Wisconsinan
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terruce 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 yiceld large quantities of water to
wells. Downstream from Clay Center, where the valley is cut
throuzh 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 arcas of Clay County are mantled by de-
posits of loess, or wind-deposited silt, of Wisconsinan age. This
silt of the Pcoria 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 all silts, has low per-
meability and retards the downward movement of rain water, and
thus hinders recharge in the upland areas of Clay County. The
Peoria Formation lies above the water table and does not yield
water to wells,

Recent Stage

Alluvium.—Most of the streams of Clay County traverse flood
plains underlain by alluvium of Recent age. The alluvium consists
predominantly of 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 of the Wisconsinan terraces. Much of the alluvium is cov-
ered by 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 of the alluvium is nearly the same as that
of the Wisconsinan terrace deposits, but as the alluvium is some-
what thicker and generally has a greater percentage of saturation,
somewhat larger yields of water are obtained from wells in the
alluvium.

The quality of the water in the alluvium of Republican River in
Clay County is about the same as that of the water in the Wis-
consinan terrace deposits. The water is hard but not strongly
mineralized.
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Dune sand.—In an area west of Vining, an area north of Wake-
field, and in several smaller areas along Republican River, the wind
has piled up sand from the channel and flood plain to form dunes.
These dunes are still active in spots, and very little soil has de-
veloped on them. The dune areas are composed of many sand
hills or dunes interspersed with undrained depressions. The dunes
are above the water table and do not yield water to wells, but be-
cause of their permeability and lack of drainage they form im-
portant recharge facilities for the underlying alluvium and terrace
deposits. : )
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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
are 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 on page 12.
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92 Geological Survey of Kansas

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 SW& 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 ... . 24 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 onshale. .. ... ... . ... . .. 16 62

6-1-2bb.—Sample log of test hole in NWk 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 altitude, 1,272.0 feet.

QuaTteErNARY—Pleistocene

Wisconsinan Stage—Terrace deposits nlf:cn-te“' foith’
Silt, black .. .. ... ... o 3 3
Silt, tan .. ... 3 6
Clay, sticky, tantogray ......................... 7 13
Clay, slightly sandy, dark gray. ... ... .. .. ... .. ... 7 20
Clay, sandy, soft, light gray............... ... .. 3 23
Sand, fine to coarse, and fine to medium gravel . . . . . . 14 37
Clay, greenish gray .. ... .. ... ... ... ... . . ... 23 60

PerMiaN—Leonardian

Wellington Formation ... ... ... ... . A, ... 9 69

Dolomite, light gray .. ...... .. .. ... .. . . .. .. 1 70
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8-1-2cc.—Sample log of test hole near SW cor. sec. 2, T. 6 S, R. 1 E. On
east side of road, 200 feet north of section corner.  Drilled June 17, 1954.
Surface altitude, 1,256.8 feet: depth to water, 7.10 feet, June 18, 1954.

. Thickness, Depth.
QusteErNary—Pleistocene foet feot
Recent and Wisconsinan Stages—Alluvium and terrace
deposits
Silt, black 3 3
Sand, fine to coarse, and ﬁm to medium gravel 13 16
Clay. blue gray 4 20
Gravel, medium, and coarse arkosic sand 37 57
Kansan Stage—unnamed fonmation
Sand. medinm to coarse, and fine to medinm limestone
and arkosic gravel 6 63
Gravel, fine to medium; mostly sandstone and lime-
stone pebbles 4 67
Perzias—Leonardian
Wellington Formation
70

Shale, platy, black and gray 3
8-1-11bc.—Sample log of test hole in SW4% NW& sec. 11, T.6 S, R. 1 E. On
east side of road 0.3 mile south of section corer, at north end of row of
large cottonwood trees. Drilled June 18, 1954. Surface dltitude, 1,258.3

feet. . Thickness, Depth.
QuaTterNary—Pleistocene feet teet
Recent and Wisconsinan Stages—Alluvium and terrace
deposits
Silt, black . . o 2 2
Silt, tan .. . .. . . L L 3 5
Sand, fine to coarse, and ﬁn( to me dmm arkosic gm\(] 12 17
Clay, sandy, blue 3 20)
Sand, fine to coarse, and fine to m(dlum ar]\oslc gravel. 39 39
Kansan Stage—unnamed formation
Clay, yellow 1 60
Gravel, fine to modmm many s‘mdctone and lxmestono
pehbles ... .0 oo 8 68
Clay, yellow; u)nt.nns some sandstone and hmostone
gravel o 1 69

PFH\HAN——Le()lhlrdl.ln
Wellington Formation
Shale, platy, blue black .. ... .. o 1 70

6-1-14bb.—Sample log of test hole in NW4% NWk sec. 14, T.6 S, R. 1 E. On
east side of road, 25 feet south of point where road turns west. Drilled
June 18, 1954. Surface altitude, 1,267.0 fcet.

QuaTERNARY—Pleistocene Thickness, Depth,
Recent Stage—Dune sand fect feet
Sand, very fine ... ... ... ... ... .. ... 10 10
Recent and Wisconsinan Stages—Alluvium and terrace
deposits
Silt, light tan, very soft ... ... R 2 12
Clay, gray .. ............ .. - o ... 8 15

Google
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Thickness,
feet
Silt,black .. ... ... 3
Silt, light tan . ... .. ... ... ... L 8
Sand, very fine . . .. ... ... .4
Gravel, medium to coarse, arkosic, and coarse sand . 26
Sand and gravel, arkosic, mixed with green clay . . . 4
Gravel, fine to medium, arkosic, and fine to coarse
sand ... 10
Kuausuan Stuge—unnamed formation
Gravel, fine to medium, chiefly limestone and sand-
stone pebbles, and coarse sand ... .. ... 6
PerattaN—Leonardian
Wellington Formation
Shale, platy, blue black 1

6-1-153da.—Sample log of test hole in NE% SE% sec. 15, T. 6 S.,, R. 1 E.

Depth,

Lrird

(il
On

west side of road, about 250 feet north of quarter-mile hedge row. Drilled
June 18, 1954, Surface altitude, 1,261.2 feet; depth to water, 22.00 fect

June 18, 1954.

JUATERNARY—Pleistoc i
Q leistocene Thickness,

Wisconsinan Stage—Terrace deposits
Clay and silt, black ... .. ... .. .. .
Clay, silty, tan.. ... .. .. ... . .
Clay, tough, black .. .. ... ... ... ... ... AU
Silt, sandy, tan.. ... ... ... .. ... ... ... .. .. .. ...
Sand, fine to coarse, arkosic, and fine gravel. ... . . ..

Gravel, fine to medium, arkosic, and fine to coarse

sand ... ...
PersiaNn—Leonardian
Wellington Formation
Limestone, gray .. ... ... ... ... .. ... ... .. .....

feet

Depth.
feet

2
3

SO~

60

63

6-1-22aad.—Sample log of test hole in NE% NEX sec. 22, T. 6 S.,, R. 1 E. On
west side of roud, midway between abandoned farm house on east and house
on west. Drilled June 22, 1954. Surface altitude, 1,263.0 feet; depth to

water, 27.40 feet June 25, 1954.
QuaTterNarRY—Pleistocene
Wisconsinan Stage—Terrace deposits
Silt, clayey, black ... ... ... ..

Silt, tan .. .. ...
Clay, gray .. ..... . ... ... .. ...
Clay, very sandy, llght gray. .. ... ...
Clay, sandy, pinkish tan. . .. . ... .. ... .. .. .. ..
Sand, fine to coarse, and fine to medium gravel . . .. ..
Sand, fine to coarse, fine to medium gravel, and yel-

loweelay .. ...
PernyiaNn—Leonardian
Wellington Formation
Limestone, hard, dark gray . . . = .

Google
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feet
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8
18
21
25
60
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8-2-31cd.—Sample log of test hole in SE4X SW4% sec. 31, T.6 S., R. 2 E. On
north side of road 15 feet west of drive to house on hill south of road.
Drilled June 22, 1954. Surface altitude, 1,253.8 feet; depth to water, 29.30

feet June 25, 1954.
QuaTeRNARY—Pleistocene
Wisconsinan Stage—Terrace deposits feot
Silt, black
Silt, sandy, gray to tan
Clay, silty; contains some sand and mmstnne S |
Sand, fine
Clay, sandy, tan
Sand, fine to coarse
Clay, ycllow
PeratiaN—Leonardian
Wellington Formation
Shale, or soft limestone, gray to black 1

W W= WO

6-2-31dc.—Sample log of test hole in SW4% SE% sec. 31, T. 6 S., R. 2 E.

Thickness,

Depth.

feet
2
11
26
33
36
44
47

48
On

north side of road about 5 feet east of drice to house on north side of
road. Drilled ]unc 22, 1954. Surface altitude, 1,232.9 feet; depth to water,

18.62 feet June 22, 1954.
QuaTERNARY—Pleistocene

Wisconsinan Stage—Terrace deposits “?h:l“'
Silt, black ... ... . T
Silt, sandy, tan . .. L . 5
Clay, blue gray . . .. o 3
Sand, fine to coarse, and fmc to me dmm lrkmu grn(l 29
Clay, greenish gray . . . .2
Sand, fine to coarse, and fine to muhum gr: ml . 14
Sand, fine to medium, arkosic . . . L 5

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

8-2-32cce.—Sample log of test hole in SW cor. sec. 32, T. 6 S., R. 2 E.

Depth.

feet
7
12
15
44
46
60
65

70
In

center of old roadbed, 35 fect north of scction corner. Drilled June 22, 1954.

Surface altitude, 1,225.6 feet; depth to water, 5.01 feet June 25, 1954.
Depth.

QuAaTERNARY—Pleistocene Th'f(:tw“
Recent and Wisconsinan Stages—Alluvium and terrace
deposits
Silt, tan .. ... ... 2

Sand, fine to coarse, 'md ﬁne to medmm .1rk0s1( grav cl 48
Sand, fine to medium; contains some green clay and
sandstone gravel . ... ... ... A (]
Kansan Stage—unnamed formation
Sand, fine to medium; contains much locally derived
gravel and shale.. . ... . .. A ... 9
PerMiAN—Leonardian
Wellington Formation
Shale, black . .... ... L o . 11

Google
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6-2-32cd.—Sample log of test hole in SE% SW% sec. 32, T.6S., 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.

QuaterNary—Pleistocene
Recent and Wisconsinan Stages—Alluvium and terrace

Thickness, Depth
feet feet

deposits
Silt. black . ... ... o 2 2
Silt, tan . . .. . 4 6
Sand, fine tomedium . . ... ... 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
PerattaN—Leonardian
Wellington Formation
Shale, micaceous, sandy, light gray. ... ... .. . S | 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.

QuaTERNARY—Pleistocene n?:(r-;ess' D;:c'th »
Recent and Wisconsinan Stages—Alluvium and terrace
deposits
Silt, black . ... .. ... 3 3
Silt, tan .. ... 6 9
Silt, sandy, black . ... ... ... .. 5 14
Sand, fine to coarse, and fine to medium arkosic gravel, 38 50
Clay,tan to gray .. .......... ... ... .. .......... 4 54

Kansan Stage—unnamed formation
Gravel, locally derived, fine to medium; some yellow
cay .. 12 66
PeryiaN—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.
QuaTerNarRY—DPleistocene .
Thickness,

Wisconsinan Stage—Terrace deposits feet Df?:th
Silt, black .. .. ... .. 2 2
Silt,tan .. ... 5 7
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
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. X Thickness, Depth,
Kansan Stage—unnamed formation feet feot
Sand. fine to coarse, mostly locally derived 5 75

Peuztian—Leonardian
Wellington Formation
Shule, blocky, light gray 5 50
6-2-34cd.—Sample log of test hole in SE cor. SWhk 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. Surfuce altitude, 1,2:39.2 feet; depth to water, 24.50 feet
June 28, 1954.
QuarterNARY—Pleistocene

Wisconsinan Stage—Terrace deposits Thl;l(‘-:'»;‘“' D::{:'ﬁh.
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

PerzniaNn—Leonardian

Wellington Formation

Shale, slightly calcarcous, blue gray and tan 2 46

6-4-19¢b.—Sample log of test hole in NW4S SW4 see. 19, T. 6 S.. R. 4 E. On
top of second hill north of comer, west of bend in creek where creck s
nearest to road.  Drilled October 14, 1954.

Perztian—Leonardian

i Thickness, Depth
Wellington Formation tect teet

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 25 17
Shale, silty, noncalcareons, red brown 1 18
Shale, greenish gray 3 21
Shale, noncalcareous, light gray 1 22
Shale, noncalcarcous, greenish gray 3.5 :
Shale, noncalcareous, red brown 1
Shale, noncalcareous, greenish gray 15
Shale, silty, noncalcarcous, red brown 1
Shale, noncalcarcons, green; contains some  gypsum

stringers 25 31.5
Shale, platy, greenish gray 1.5 33
Gypsum 1 31
Shale, green 15 35.5
Shale, greenish gray: contains gypsum 1 36.5
Gypsum; contains 6-inch shele layver at 38.5 to 39 3.5 40
Gypsum, very clean o 8 48
Gyvpsum, shaly 0.5 48.5
Gypsum 0.5 19

Peryuuan—Wolfcampian
Nolans Limestone—Hcrington Limestone member

Limestone, hard, dolomitic o A . 3 52

4—6124
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7-1-8bb.—Sample log of test hole in NW cor. sec. 6, T. 7 S., R. 1 E. About 60
feet east and 8 feet south of section corner. Drilled October 7, 1954. Sur-
face altitude, 1,390.0 feet.

QuaTeErNARY—Pleistocene

Wisconsinan Stage—Peoria Formation Th P
Silt, dark graytobrown. . ........... ... . .. .. 2 2
Silt, tan .. .. ... 2 4
Clay, buff; contains a few ironstone pebbles. . . ... .. 5 9
Clay, sandy, browntogray..................... .. 2 11

CreTACEOUs—Gulfian

Dakota Formation
Sandstone, fine grained, brown.. ... . ... ... .. .. . ... 13.5 24.5
Clay, light gray to brown. . ...... ... ... .. .. ... .. 45 29
Clay, sandy, buff tobrown .. .. .. ... ... . ... ... 16 45
Clay, sandy, green gray........................ .. 4 49
Clay, sandy, red browntobuff. . ... .. .. ... . . . .. 5 54
Clay, greenish gray . .. ............ .. ... . ... ... 5 59
Clay and sandstone . . . ........... .. ....... .. ... 5 64
Shale, clayey, dark gray. .......... ... ... ... .. .. 10 74
Sandstone, very hard; contains pyrite. ... ... .. ... 3 77
Shale, clayey, sandy, dark gray.......... ... ... ... 5 82
Shale, clayey, sandy, light gray .. .. ... e ... 95 91.5
Clay, white, and sandstone. ... ..... ... .. .. ... . .. 85 95
Shale, clayey, dark gray .. ......... ... .. ... .. ... 3 98
Lignite .. ....... ... ... ... ... .... e 3 101
Shale, clayey, sandy, gray . ...... . .... ... .. ... . .27 128

PerMmiaN—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
of field south of 10ad, 40 feet east of section corer. Drilled June 25, 1954.
Surface altitude, 1,237.9 feet; depth to water, 23.10 feet June 28, 1954.
QuaTERNARY—Pleistocene

Wisconsinan Stage—Terrace deposits Thigm DT
Silt, black .. ...... ... ... 3 3
Silt, tan .. ........... .. ... 8 11
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 57
Clay, green .. .. ........ ... ... . i 4 61
Gravel, fine to medium, arkosic .. .. ... .. ... ... ... 85 69.5

PeraiaN—Leonardian

Wellington Formation

Shale, dark gray. ....... .. .. .. . ... ... 105 80

Google
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7-2-6bbh.—Sample log of test hole in NW4 NWk sec. 6, T.7S., R. 2 E. About
25 feet west of west side of old school house foundation. Drilled October
13, 1954. Surfuce altitude, 1,315.0 fect; depth to water, 82.20 feet October
22, 1954,

QuaTerNARY—Pleistocene

Illinoian Stage—Lovelund Formation Th‘f::(“' Df‘g-:zh'
Clay, sandy, reddish tan . . . . .4 4
Clay, sandy, bufft .. . . . . 11 15
Clay, sandy, yellow o . .9 24

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

to yellow . . . o . .. 26 30
Sandstone, or sand, fine, brown; contains some mica
and ironstone .. . . R, . .. 38 8§

PerMiaN—Leonardian
Wellington Fonnation

Clay, light gray 5 93
Shale, hard, platy, somewhat calcareous, dark green-

ishgray .. .. ... . .9 102
Shale, light greenish gray o . . .11 113
Shale, hard, platy, dark greenish gray . .. 585 1185
Shale, hard, platy, very dark gray to black . 13.5 132
Shale, platy, alternately hard and soft, very dark gray

toblack ... . .. ... . ... ... 8 140

7-3-5bb.—Sample log of test hole near NW cor. sec. 5, T.7 S, R. 3 E. About
130 feet east of highway and 12 feet south of center of road Drilled Oc-
tober 14, 1954. Surface altitude, 1,333.7 feet; depth to water, 19.20 feet
October 22, 1954. .

Cretaceous—Gulfian

Dakota Formation nl;(‘:‘tm' D:EP’
Clay, sandy, tan to gray .. .. .. ... . 4 4
Clay, sandy, red brown ....... .. .. . .. ... 15 19
Clay, sandy, red and gray. .. .. . .. ... .. 11 30
Clay, sandy, black and gmy, contams some llgmte . 5 35
Clay, very sandy, lignite streaks . . o 10.5 45.5

PerMiaN—Leonardian

Wellington Formation
Shale, hard, platy, gray ... ... . - ... 25 48
Shale,black .......... ..... .. .. .. .. ........ 5 53
Shale, dark gray. . .... ... ... ... .. ... .. 4 57
Limestone, hard .. ... ... ... .. ... .. ... ... ... ... 1 58

8-2-10aa.—Sample log of test hole in NE% NE% sec. 10, T.8 S, R. 2 E. On
west side of road, about 175 feet south of culvert. Drilled June 28, 1954.
Surface altitude, 1,194.6 feet; depth to water, 11.80 feet June 30, 1954.

QuaTERNARY—Pleistocene

Thickness, Depth,

Recent Stage—Alluvium feet feet
Sitandclay, tan.......... .. ... ... .. ... ... .... 5 5
Silt, black .. ....... .. ... ... . 1 6
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8-3-36bb.—Samyple log of test hole near NW cor. sec. 36, T. 5 S., R. 3 E. On
cast side of road across from Broughton store and sercice station,  Drilled
June 29, 1934. Surface altitude, 1,181.9 feet: depth to water, 22.00 feet
July 12, 1954,

QuaterN sry—Pleistocene

. R - . Thickness, Depth.
Wisconsinan Stage—Terrace deposits feet feet
Silt. brown 3 3
Silt. sandy, black 2 5
Clav. brown to tan 6 il
Clay. sandy, tan 11 22
Sand, hue, and light-gray clay 8 30
Sand. fine to coarse, and fine to mediom arkosic gravel, 18 45

Pervuax—Wolfcaumpian
Doyle Shale
Limestone, brown 2 50
9-14-290c.—Sample log of test hole in S\Wh NEldsec. 29, T. 9S8, R. 4 E. South
of fence, 40 feet west, 13 fect south of power pole.  Drilled June 30, 1954,
Surface altitude, 1,149.2 feet.
QuaterN yvy—Pleistocene

. Thickness, Dapth

Recent Stage—Alluvium tet feot
Silt, sandy. tun 15 15
Sand. fine to coarse, and fine to medium arkosic gravel, 23 40

Peryiax—\Wolfcampian
Matficld Shale

Limestone, or limy shale. greenish gray and black 1 41

9-4-29hc.—Sample log of test hole in SWENWL see. 29, T. 9 S, R. 4 E. In
field. 20 feet north of center of road.  Drilled June 30, 1954, Surface alti-
tude, 1.164.0 feet; depth to water, 29.90 feet July 12, 1954,
Qu ATERN \l?\'—l’l.('ist(wt'fw ' Ihickncas, Depth,
Wisconsinan Stage—Terrace deposits fect teet
Silt, black a 2
Silt, brown 3 5
Clay, tan to brown 7 12
Clay. dark gray . 6 18
3 3
2 33

Clay. sandy, light gray 1

Sand, fine to coarse, and fine to medium arkosic gravel, 23
Prrxstan—Wolfcampian
Barneston Limestone

Shale, green and red 4 57
Limestone, greenish gray; contains some chert . 1 38

9-4-29bd.—-Sample log of test hole in SEX NW¥% sec. 29, T.9S., R. 4 E. On
east side of road, 35 feet north of point where road turns north. Drilled
June 30. 1954. Surface altitude. 1,152.2 feet; depth to water, 18.20 feet
July 12, 1954.

QuatTerNarY—Pleistocene

Thickness, D« pth.
Recent Stage—Alluvium feet feet
Silt, sandy, tan . o . o 10 10
Sand, medium to coarse, and fine to medium arkosic
gravel . . o . . 23 33
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GEOLOGIC CROSS SECTIONS
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MAP OF CLAY COUNTY, KANSAS

Showing Depth to Water, Location of Wells, Springs, and Test Holes for which
Records are Given, and Water-Table ~Confours
By
Kenneth L. Walters and Charles K- Bayne
State Geological Survey of Kansas _ 1954
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AREAL GEOLOGY OF CLAY COUNTY, KANSAS

By

Kenneth L. Walters and Charles K. Bayne

State Geological Survey of Kansas
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Dune sand

Fine to medium quartz sand. Above water table and
does not yield water to wells.

Qal

]

Alluyiym

Clay, silt, sand, and gravej. Yields la tities of
water of good quality to wig]is, ds large quantities

Qtw

Wisconsinan terrace deposits

T
Stream-deposited silt, clay, sand, and gravel. Yield
7 large quantities of water of good quality to wells.

S.

R

Eolian sile

Reddish-brown massive silt. Yields no water to wells.

| ey

Qt

Illinoian terrgee deposits

Chiefly silt and clay; contain much less sand and gravel
than Wisconsinan terrace deposits. Yield small to mod-
erate quantities of water to wells.

Dakota Formation

Varicolored silt to sandy shale and massive sandstone;
as mapped includes Kiowa Shale. Yields moderate
amounts of water of good quality to wells.

Wellington Formation

Chiefly gray shale containing o chere bed, Ch, and the
HollcnhrLLimntonc member, Ho. Gypsum oeccurs
'oi;“l!y at base of formation. Yiglds minor quantities

the Soil Conservation Service

' “Base compiled from maps prepared by

xxxxx

Drainage from map prepared by U. S. Dept. of Agriculture

alized water to wells.

Chase Group

Upper boundary marked by Herington Limestone mem
ber, He, of Nolans Limestone; includes as mcrrod
Id Lime

. Cresswell Limestone member, Cr, of Winfie

stone; Towanda Limestone member, To, of Doyle
Shale; and Fort Riley Limestone member, Fr, of Barnes-
ton Limestone. Herington Limestone, Cresswell Lime-
stone, and Towanda Limestone members locally yield
small quantities of water to wells. Fort Riley Lime-
m;:. member yields moderate quantities of water to
wells.

s Federal or State Highway
—— Graded road
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County line (no road)
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Section line (no road)
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