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GEOLOGY AND GROUND-WATER RESOURCES
OF FORD COUNTY, KANSAS

By HerBerT A. WAITE

ABSTRACT

This report describes the geography, geology, and the source, occurrence,
availability, and chemical character of the ground water in Ford county, in
southwestern Kansas. Much of Ford county is situated in the Plains Border
section of the Great Plains province, about 75 percent of the county consisting
of upland plains and the remainder of stream flood plains and intermediate
slopes. Ford county embraces a total of 30 townships, or 1,082 square miles,
and is drained by the Arkansas river and its tributaries, The county had a
total population of 17,183 in 1940. Dodge City, the county seat, had a popu-
lation of 8,487 in 1940. The climate is semiarid; the normal annual precipita-
tion at Dodge City is about 20% inches. Wheat farming, some cattle raising,
and general farming are the chief occupations in the county. Sand, gravel and
some building stone are quarried in parts of the county.

The exposed rocks are of sedimentary origin, ranging in age from Cretaceous
to Quaternary. The Ogallala formation (Pliocene) lies at or near the sur-
face over much of the county north of the Arkansas river. The Kingsdown
silt forms a thick surface mantle over most of the county south of the river.
Dune sand occurs in a belt of varying width on the south side of Arkansas
river and in two other isolated patches in the county. Late Quaternary
alluvium floors the Arkansas valley and the valleys of some of the smaller
streams. The Greenhorn limestone and Graneros shale (Upper Cretaceous)
are exposed in the northern part of the county. The Dakota formation is the
oldest formation exposed. Unexposed rocks below the Dakota formation in-
clude the Kiowa shale and Cheyenne sandstone and the Permian redbeds.

The Bazine anticline of Hodgeman county continues southeastward through
Ford county, crossing the Arkansas river near Ford. Along this structure the
Cretaceous rocks lie at or near the surface.

The Fowler fault in the vicinity of Fowler, northeastern Meade county, was
encountered in southwestern Ford county by test drilling.

The report contains a map of the county showing the depth to water level
by means of shading. The water table ranges in depth from less than 10 feet
in areas of shallow water table along the Arkansas valley to about 200 feet in
parts of the uplands. The report also contains a map of the county showing
the shape and slope of the water table by means of contours. South of the
Arkansas valley, where the Ogallala is the principal water-bearing formation,
the water table conforms in general to the eastward-sloping bedrock floor and
slopes about 7 feet to the mile. In the northeastern part of the county the
slope of the water table is greater and is altered in direction by the shallow
position of the underlying Dakota formation. Arkansas river and several

(11
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smaller streams in the county have cut their valleys beneath the water table
with the result that some ground water moves in toward the streams from both
sides. Locally in the northern part of the county, down-cutting streams have
either drained the Ogallala or have removed the formation entirely. Wells in
this part of the county have been drilled into the underlying bedrock for
water supplies. )

Flowing wells are obtained in a narrow belt bordering Crooked creek in the
southwestern part of the county. The flows range from a scant trickle to
about 3 gallons a minute. The artesian head was found to be only 1 foot
above land surface in two wells whose heads were measured.

The ground-water reservoir is recharged by infiltration of part of the pre-
cipitation that falls within the county, by water that is moving into the
county through the Ogallala formation, by water entering the Dakota forma-
tion in outcrop areas southwest of the county, and in part by water that is
moving as underflow down the Arkansas valley and the valleys of several
smaller perennial streams. Water is discharged from the underground reservoir
mainly by lateral migration eastward out of the county as underflow, in part
by transpiration and evaporation in areas of shallow water table, in part by
movement toward Arkansas river and several smaller perennial streams, in
part through small springs in the northern part of the county, and in small
part by wells. Most of the domestic, stock, public, industrial, and irrigation
water supplies are obtained from wells. Some water is recovered from gravity
springs in the northern part of the county for domestic and stock use, but the
flows generally are small.

Ground water is recovered principally from drilled wells, but there are a
few dug wells, several dug and drilled wells, and a few driven wells. Most of
the drilled domestic and stock wells have a separate cylinder and pump pipe
within the outer casing, but a few in the southeastern part of the county are
tubular wells in which the casing acts also as the pump pipe and has the
cylinder attached directly to the bottom of the casing. Ground water is used
by several industries in Ford county, principally for cooling and condensing—
by a power plant, two railroads, several laundries, a creamery, a flour mill, a
warehouse, and for air conditioning several buildings. The total pumpage from
wells for industrial purposes in Ford county in 1938 amounted to about 3,830
acre-feet. Dodge City, Bucklin and Spearville, and the Kansas Soldiers’ Home
at Fort Dodge each have public water supplies derived from wells. In 1938,
approximately 1,845 acre-feet of water was pumped from wells for public sup-
plies. In the Arkansas valley a total of 187 irrigation wells was in operation
in 1938. About 2,814 acres were irrigated, and about 4,760 acre-feet of water
was pumped from these wells in 1938. There are also 10 irrigation wells on
the uplands south of the Arkansas valley. Most of the irrigation wells in the
Arkansas valley are equipped with horizontal centrifugal pumps, but those on
the uplands are equipped with deep-well turbine pumps. There are several
plants that pump irrigation water from streams, most of which are in the
Arkansas valley. About 730 acre-feet of water was pumped or diverted from -
the Arkansas river in 1938 for irrigation. The possibility of developing addi-
tional ground water for irrigation in several parts of the county are discussed
in the report.
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The ground water is hard, but in general is of satisfactory quality for most:
purposes. The waters in the alluvium are in general considerably harder than
the waters from the Ogallala formation or the Dakota formation.

The Ogallala is the principal water-bearing formation in the county. It
is composed of structureless silt and fine sand together with some coarse
sand and gravel and ranges in thickness from a few feet to 250 feet. In many
places the deposits are consolidated by calcium carbonate, forming beds of
caliche. Most of the water is obtained from the sands and gravels in the
lower part of the formation. The Dakota formation furnishes water to many
wells in the northeastern part of the county and to several irrigation wells in
the southwestern part of the county. The Dakota comprises beds of lenticular
sandstone, variegated shale, clay, and siltstone, and is about 235 feet thick,
but only the upper part is exposed in Ford county. It is known to be much
thinner in the southern part of the county, and is absent locally in the south-
eastern part of the county. No wells in the county are known to obtain water
from the Cheyenne sandstone. Large supplies of water are obtained from
wells in the alluvium of the Arkansas valley.

The basic field data upon which most of this report is based are given in
tables, and include records of 531 wells and chemical analyses of the water
from 69 representative wells and one spring. Logs of 80 test holes and water
wells in the county are given, including 21 test holes put down during the
investigation. .
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INTRODUCTION

Purpose and scope of the investigation—The investigation upon
which this report is based is part of an extended program of ground-
water investigations in Kansas begun in July, 1937, by the United
States Geological Survey and the State Geological Survey of Kansas
in codperation with the Division of Sanitation of the Kansas State
Board of Health and the Division of Water Resources of the Kan-
sas State Board of Agriculture. Similar investigations are being
conducted in several other counties in southwestern Kansas. It is
expected that additional areas will be selected for study in order to
determine ground-water conditions in critical parts of the state.

As a result of several years of recurrent drought, numerous in-
quiries were received by the state geologist in regard to the possi-
bilities of utilizing ground water for irrigation in parts of south-
western Kansas. As a result of these inquiries S. W. Lohman made
a brief investigation in Ford county in November, 1937, in order to
determine the nature and extent of recent developments of water
supplies from wells available for irrigation in the uplands of that
county, and to determine what additional studies should be made in
the future. The recommendations made at that time (Lohman,
1938, p. 9) are in part as follows:

A general investigation of ground-water conditions should be made that
will cover not only Ford county, but also as much of the territory adjoining
as is necessary to make an adequate interpretation of the geologic and
hydrologic conditions in each locality as to occurrence, depth, and yield of the
water-bearing beds and the depth to the static water level, and to determine
so far as possible the safe yield of the water-bearing formation.

A program of water-level measurements should be begun immediately to
obtain observations before there is any significant change from natural condi-
tions undisturbed by pumping for irrigation. The measurements should be
continued in subsequent years and records should be obtained of the quanti-
ties of ground water that are pumped each month or year, in order to de-
termine the trends in movement of water level resulting from irrigation and
to check preliminary conclusions as to the safe yield of the water-bearing
formations. There is at present so little use of ground water for irrigation in
Ford county and the adjacent territory that an unusual opportunity is offered
to determine hydrologic conditions as unaffected by artificial withdrawal.

A study should also be made of the chemical character of the water in re-
gard to its suitability for irrigation.

Studies should be made to determine the most economical type of well
construction for a given locality or given type of material—especially to de-
termine whether in certain areas irrigation wells can be constructed without
artificial gravel packing.
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In accordance with the above recommendations, I was assigned to
the area in October, 1938. Shortly after the work began, an inter-
agency conference was held in Dodge City in order to codrdinate
the efforts of federal and state agencies that are concerned with
problems relating to the water resources of western Kansas. The
scope of the Ford county investigation was temporarily altered to
include only a comprehensive inventory of pumpage from wells in
the Arkansas valley part of the county. The results of this pre-
liminary survey were included in a brief report and released to the
public in a memorandum for the press (Waite, 1939, pp. 1-2). A
detailed survey of the entire county was completed in 1939.
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Fie. 1. Index map of Kansas, showing the area covered by this report
and -other areas for which codperative ground-water reports have been
published or are in preparation.

The investigation was made under the general administration of
R. C. Moore and K. K. Landes, state geologists, and O. E. Meinzer,
geologist in charge of the Division of Ground Water of the Federal
Geological Survey, and under the immediate supervision of S. W.
Lohman, federal geologist in charge of ground-water investigations
in Kansas.

Location and extent of the area.—Ford county lies in southwestern
Kansas and embraces a total of 30 townships, or 1,082 square miles.
Its location with respect to adjoining counties is shown by figure 1.

Previous Investigations—The more important studies dealing
with the geology and ground-water resources of southwestern Kan-
sas that have a bearing on Ford county are cited below. Specific
references are cited at appropriate places in the text by author and
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date of issue and are listed in the bibliography at the end of the
report.

In 1892, Colonel Nettleton (1892, pp. 27-32, appendix No. 11)
reported on the results of some underflow surveys along the Platte
and Arkansas river valleys including a discussion and plat of a
north-south profile of the water table extending across Ford county
and passing through Dodge City. In 1897, Sutton (1897, pp. 40-41)
published the log of a well drilled for experimental use at a pump-
ing station in Ford county. In this same report, Haworth (1897a,
49-114) reported on the geology of underground water in western
Kansas. Three other papers were contributed by Haworth in 1897,
one (1897b) on underground waters of southwestern Kansas, an-
other (1897c¢) on the physiography of western Kansas, and a third
(1897d) on the physical properties of the Tertiary rocks in Kansas.
Johnson’s scholarly paper on the “Utilization of the High Plains”
(1901) dealt with the physiography, underground waters and the
land economy of the High Plains. A second paper (Johnson, 1902)
containing conclusions and a summary of the first paper appeared
in 1902. In 1905, Darton (1905, p. 298) published a preliminary
report on the geology and ground-water resources of the central
Great Plains, in which he made brief reference to Ford county. In
1906 a report by Slichter (1906) was published on the results of some
underflow experiments and related studies on underground water
along the Arkansas valley, and although the locale of this work
was considerably west of Ford county, his findings have a direct -
bearing on conditions in parts of the county. In 1911 a very brief
description of the availability of ground water in Ford county was
given by Parker (1911, pp. 91-94, 269-273) along with the analyses
of some typical well waters collected near Dodge City. In 1912
a report by Coffey and Rice (1912) was published that contained
the results of a reconnaissance soil survey of the western half of
Kansas, including Ford county. In 1913, Haworth (1913) con-
tributed a report on well waters in southwestern Kansas. In 1916
Darton (1916, pp. 35-41, sheets 5 and 6) described the geology along
the route of the Atchison, Topeka and Santa Fe Railway. In 1918,
Darton (1918, pp. 5-8) described briefly the structure of parts of
the central Great Plains, taken in part from several of his earlier
reports. In 1931 the Division of Water Resources of the Kansas
State Board of Agriculture published a report (1931) that contained
a description of some of the most common types of pumping plants
in Kansas with approximate costs of construction. In 1935, Theis,
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Burleigh, and Waite (1935) described briefly the water-bearing
formations and the availability of ground water in the southern
High Plains. In 1937, Lohman (1937) contributed a short paper
on water supplies from wells available for irrigation in the uplands
of Ford county, and included the conclusions and recommendations
that led to the present investigation. In 1937, Smith (1937, pp.
283-291) contributed 'some preliminary notes on Pleistocene gravels
in southwestern Kansas with particular emphasis on their distribu-
tion along the Arkansas valley. In 1937, a report by Throckmorton
and others (1937, pp. 69-71) was published on the agricultural re-
sources of Kansas which included important statistical data for
Ford county. In 1938 the Division of Water Resources of the Kan-
sas State Board of Agriculture published a report (1938) containing
the results of tests of deep-well pumping plants with special atten-
tion to fuel consumption. Two of the plants that were tested are
located in Ford county. In 1939 Davison (1939) contributed a re-
port on the construction and costs of irrigation pumping plants in
Kansas, containing a description of different types of pumping
plants, the conditions for which each is best adapted, construction
methods, and a discussion of construction costs. Also in 1939, Mec-
Call and Da¥ison (1939) contributed a report, on the cost of pump-
ing for irrigation, that includes data on several tests of irrigation
pumping plants in Ford county. In 1939, a report was published
(Meinzer and Wenzel, 1939, pp. 93-100) on water levels and artesian
pressures in the United States in 1938; it contains a chapter on
the observation-well program in Ford county. In 1939, I (Waite,
1939) prepared a brief preliminary report on the ground-water
resources of the Arkansas valley in Ford county. In 1940, Moore
(1940) prepared a generalized report on the ground-water resources
of Kansas which includes a section on Ford county. A report by
Smith (1940) entitled “Geologic Studies in Southwestern Kansas,”
includes many references to the geology of Ford county.

Methods of investigation.—The field work upon which this report
is based occupied about 21% months in the fall of 1938 and about
5 months in the summer of 1939. Approximately 530 wells in the
county were visited and the total depth and depth to water level
below land surface in most of them were measured with a steel tape.
Well owners and drillers were interviewed regarding the nature and
thickness of the water-bearing formations penetrated by the wells,
and all available logs were collected. Records were collected of
wells that furnish public, industrial, domestic, and irrigation sup-

2—4514
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plies. Information was obtained regarding the yield, draw-down,
temperature of water, chemical character of the water, and the use
of ground water.

Samples of water were collected from 65 representative wells and
1 spring and were analyzed by Robert H. Hess, chemist, in the
Water and Sewage Laboratory of the Kansas State Board of Health
at Lawrence. In addition analyses of water from the 8 public sup-
plies in the county, together with an analysis of water from a well
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Fi1c. 2. Map of Ford county showing locations of test holes and
locations of cross sections shown on plate 5.

of the Kansas Power Company in Dodge City, were furnished by the
Kansas State Board of Health, making a total of 70 analyses for
Ford county.

During the investigation 21 test holes (fig. 2) were put down at
strategic points in Ford county by Ellis Gordon, Perry MecNally,
and Fred Holden with a portable hydraulic-rotary rig owned by the
State and Federal Geological Surveys. Laurence Buck replaced
Fred Holden near the end of the drilling program. Samples of drill
cuttings were collected and studied in the field by Perry McNally
and were examined later in the office under binocular microscooe.
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Additional logs and drill cuttings were made available by W. R.
Stanley and Lewis H. Bacon, of the Soil Conservation Service at
Dodge City, and materially aided in the interpretation of subsurface
conditions. A rather comprehensive test-drilling program was con-
ducted by this organization in parts of the Arkansas valley, includ-
ing Ford county.

Altitudes of the measuring points were established with plane
table and telescopic alidade at 368 wells and at the portals of each
of the test holes put down by the drilling rig. The levels were run
from benchmarks of the United States Coast and Geodetic Survey
by Delmar O. Branson, assisted by Everett Johnson and in part by
Charles C. Williams. The water-table contour map (pl. 1) is based
upon these altitudes together with the measured depths to water
level in wells.

Field data were compiled on topographic maps of the U. S. Geo-
logical Survey and on an ownership map of Ford county. The base
map for plates 1 and 2 was prepared from a county map compiled
by the State Highway Department. The locations of the roads
were corrected from observations in the field and the drainage was
corrected from aerial photographs obtained from the United States
Department of Agriculture, Agricultural Adjustment Administration.

The areal geology shown in plate 1 was compiled from field
studies supplemented by liberal use of the aerial photographs and
by available geologic reports. Many of the boundaries of the areas
of alluvium and dune-sand were taken from aerial photographs
supplemented by observations in the field.

The locations of all wells for which descriptions are given in the
tables of well records are shown in plate 2, with the exception of an
area several square miles in extent in and adjacent to Dodge City.
On account of the concentration of irrigation wells in this local
area, a larger-scale map has been prepared (plate 3) showing the
locations of each of the wells that were visited. Two numbers are
shown opposite each well symbol, the upper one corresponding with
that used in the well tables in the text, and the lower one corre-
sponding with the depth to water level below the land surface.

The wells are numbered consecutively by townships from north
to south and by ranges from east to west. Within each township
the wells are numbered in the same order as the sections. Within
each section the wells are numbered in the sequence of the sixteen
40-acre tracts into which sections are divided by the General Land
Office, as shown in the explanation of plate 2.
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GEOGRAPHY

Topography and Drainage—Ford county is situated in the Great,
Plains physiographic province, much of the county falling within
the subdivision known as the Plains Border section (Fenneman,
1930). About 75 percent of the county consists of upland plains and
the remainder of stream flood plains and intermediate slopes. South
of the Arkansas river the upland plain slopes southeastward from
altitudes of about 2,720 feet along the western boundary at a point
about 10 miles north of the southwestern corner of the county to
about 2,390 feet along the eastern boundary on the upland plains
about 4 miles east of Bucklin. North of Arkansas river the upland
plain descends from an altitude of about 2,660 feet along the western
boundary at a point about 2 miles north of Arkansas river to about
2,280 feet along the eastern boundary at a point about 2 miles south
of the northeastern corner of the county. The undissected surfaces
of the uplands in general are comparatively flat and featureless, but
locally the surface is undulating and is characterized by broad gentle
swells and shallow depressions.

The Arkansas river valley ranges in width from about 2 miles
along the western border to about 4 miles along the eastern border,
and is 50 to 160 feet deep. The valley is bordered by moderately
steep slopes or-bluffs on the north side of the river and by a wide
zone of sand hills on the south side (pl. 1), - - :

The county is drained by Arkansas river-which enters the county
along the western boundary at a point about-2 miles northeast of
Howell and flows in a southeasterly directior to a point east of Ford,
where it turns and fows northeastward, leaving the county near the
middle of the eastern boundary. The change in course near Ford is
part of a large and unusual bend that the river makes in passing
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from eastern Ford county northeastward to Great Bend, where it
again changes direction and swings southeastward. During the sum-
mer months Arkansas river often dwindles to an insignificant stream
or disappears almost entirely in its sandy bed with little or no
visible flow. At such times the sandy stream bed is threaded by
shallow channels, as shown in plate 4B. During periods of flood the
stream flow is increased in volume, which results in a general over-
flow of the stream banks and the inundation of the adjacent flood-
plain. The average gradient of Arkansas river in Ford county is
about 7 feet to the mile. Of the several tributary streams to Arkan-
sas river, only Mulberry creek on the south joins the main stream
within the county.

North of the river, where the surface slopes to the northeast, the
northeastern drainage heads within a mile and a half of Arkansas
river in some places (pl. 1). The largest tributary stream north of
the river in Ford county is Sawlog creek, which rises in the north-
western corner of the county, flows eastward along the northern edge
of the county, and leaves the county at a point about 314 miles
east of U. S. Highway 283. Sawlog creek joins Buckner creek at
Hanston in eastern Hodgeman county. Duck creek, which heads
about a mile north of Dodge Ctiy, flows northeast and enters Sawlog
creek at a point about 2%% miles west of U. 8. Highway 283. Five-
mile creek heads about 2 miles west of Wright and flows northeast
to join Sawlog creek at a point about a mile east of U. S. Highway
283. Spring creek heads about 214 miles northeast of Wright, flows
northward and joins Sawlog creek about 2 miles east of U. S. High-
way 283. A large area southeast of Spearville is drained by Coon
creek and its chief tributary, Cow creek. Coon creek heads about 3
miles southwest of Spearville and roughly parallels Arkansas river,
leaving the county at a point about 7 miles south of the northeastern
corner. With the exception of Duck creek, which is largely spring
fed, most of the tributaries are usually dry.

South of Arkansas river Mulberry creek is the principal tributary.
An area in the southeastern corner of the county in the vicinity of
Bucklin is drained by Rattlesnake creek, which flows northeastward:
and joins Arkansas river southwest of Alden in Rice county. It is
an intermittent stream and is dry most of the year. Crooked creek
enters the southwestern corner of the county at a point about 1%
miles east of the southwestern corner, makes a broad loop, and
swings out of the county at a point on the south county line about
134 miles east of its point of entry. Throughout its course in Ford
county Crooked creek has eroded a channel of sufficient depth to



Geology and Ground Water, Ford County 23

intercept ground water from springs and seeps, with the result that
the creek bed seldom is entirely dry, although actual flow may at
times be supplanted by scattered pools along the stream bed. The
anomalous features of the r