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GEOLOGY AND GROUND-WATER RESOURCES
OF SCOTT COUNTY, KANSAS

By HegrBERT A. WAITE

ABSTRACT

This report describes the geography, geology, and ground-water resources of
Scott County in southwestern Kansas. Scott County embraces.a total of 723
square miles, and had a population of 3,769 in 1945. About 85 percent of the
county consists of upland plains and the remainder of stream flood plains and
intermediate slopes. It is drained by Beaver (Ladder) Creek in the north-
western part of the county and by tributaries of Smoky Hill River in the
northern part. The most unusual topographic feature is the large depressional
area southeast of Scott City at the terminus of Whitewoman Creek known
as the Scott Basin—a part of a broad shallow asymmetrical depression extend-
ing southward into the Finney Basin in Finney County. The climate is semi-
arid, the average annual precipitation being about 20 inches. Wheat farming,
some. cattle raising, and general farming are the principal occupations in the
area. Irrigation is practiced extensively in the Scott Basin.

The exposed rocks are sedimentary and range in age from Upper Cretaceous
to Recent. A map showing the rock formations that crop out in the county
is included with the report. Most of the county is underlain by Quaternary
and Tertiary sands and gravels. In the northern part of the county tributary
streams have cut below the Tertiary sediments and exposed Cretaceous shales
and limestones (Niobrara formation). In the southeastern part of the county
the presence of a Cretaceous bedrock high is revealed by exposures of chalk
and chalky shale of the Niobrara in shallow draws tributary to Dry Lake, an
undrained depressional area near the southeastern corner of the county.

The principal water-bearing formations in Scott County are the Pliocene
(Ogallala formation) and undifferentiated Pleisjocene deposits. A few wells
obtain water from shallow alluvium along the principal stream valleys and a
few others obtain water from the Niobrara formation in the southeastern
quarter of the county. ‘ )

The report contains a map of the area showing by means of shading the
depth to water level. The water table ranges in depth from less than 25 feet

" to about 160 feet in the upland areas in the northern part of the county. *A

map showing the shape and slope of the water table by contours is also in-
cluded with the report. This map shows that ground water moves through
Scott County in an easterly direction, the average slope being about 10 feet
to the mile in the northern half of the county and about 6 feet to the mile in
the southern part of the county in the vicinity of Shallow Water. In the
northeastern ‘quarter of the county the contours show that the water table
slopes northeastward, and in the southeastern part of the county the contours
show that the direction of movement is in a southeast direction. The contours

"also show that a cone of depression exists in the viecinity of the heavily-pumped

area southwest of Scott City.
‘ 9)
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The ground-water reservoir is recharged principally by precipitation that
falls within.the area, by the addition of water from flood runoff from White-
‘woman Creek that spreads out at its terminus onto the floor of the Scott Basin,
and by ground water moving in from adjacent areas. Ground water is dis-
charged from the ground-water reservoir by pumpage from wells; by movement
-eastward, northeastward, and southeastward into adjacent areas; by evapora-
tion and transpiration in areas of shallow water table; and by seepage into
Beaver (Ladder) Creek and other tributary streams in the northern part of the
<county. All of the domestic, stock, public, industrial, and irrigation water sup-
plies are obtained from wells.

Most of the wells in the area are drilled, but a few are dug. Records of 131
irrigation wells in Scott County were obtained. In 1945 a total of 129 wells
supplied 18,400 acre-feet of water to irrigate 21,002 acres of land.

The ground water in Scott County, although generally hard, is suitable for

"most ordinary uses. The waters from the Pliocene (Ogallala formation) and
undifferentiated Pleistocene deposits are similar in composition and hardness.
Water from the alluvium was slightly harder than from the two sources men-
tioned above.

The field data upon which most of this report is based are given in tables
which include records of 282 wells and springs and chemical analyses from 29
representative wells and one typical spring. Logs of 77 test holes, water wells,
and oil and gas wells in or adjacent to the county, including 23 test holes put
down by the State Geological Survey, are given.

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 coGperation with the Divi-
sion of Sanitation of the Kansas State Board of Health and the
Division of Water Resources of the Kansas State Board of Agri-
culture. The Investigation in Scott County is similar to studies
that have been completed or are being conducted in other counties
in southwestern Kansas. Studies of this type are important
because of the progressive increase in the use of ground water
for irrigation in this part of the State as a result of a pro-
longed period of subnormal precipitation from 1982 to 1939. Pump-
ing from wells for irrigation has been practiced for many years in
favorable areas in western Kansas. These new ground-water de-
velopments cannot be expanded indefinitely without causing over-
development. Investigations of the geology and ground-water re-
sources of such areas should show to what extent the ground-water
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supplies will be perennial. In this connection systematic observa-
tions of water-levels in carefully selected wells have been and are
being made in order to determine the changes in ground-water
storage and to check preliminary conclusions as to the safe yield
of the water-bearing formations. This report gives the results of a
study of the geology and ground-water resources of Scott County
that was begun in September 1939.

The shallow-water basin in central-southern Scott County and
the adjacent part of northern Finney County is quite well known
because ground water is obtainable from irrigation wells at rea-
sonably shallow depths. The development and use of ground water
for irrigation in that part of the basin lying in Scott County began
about 1910 and reached its peak during the last decade as a result
of a prolonged period of subnormal precipitation. According to
records of the Division of Water Resources of the State Board of
Agriculture, the irrigated acreage in the Scott shallow-water basin
has increased from 1,021 acres in 1932 to 21,320 acres in 1943. At
the end of 1936 there were approximately 30 operating irrigation
wells in the area, whereas in 1945 there were 129.

LocaTioNn aNxp EXTENT OF THE AREA

Scott County lies in the third tier of counties east of the western
border of the state and about midway between the north and south
borders; it embraces a total of 723 square miles. Its location with
respect to adjoining counties is shown by Figure 1.
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F1c. 1. Area covered by this report and other areas in Kansas for which co-
operative ground-water reports have been published or are in preparation.
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PrEVIOUS INVESTIGATIONS

The more important studies dealing with the geology and ground- -
water resources of southwestern Kansas that have a bearing on Scott
County are cited below. Specific references are cited at appropriate
places in the text by author and date of issue and are listed in the
bibliography at the end of the report. ‘

In 1892, Colonel Nettleton (1892, pp. 26-27, appendix No. 10)
reported on the results of some underflow surveys along the Arkan-
sas River Valley including a discussion and plat of a north-south
profile of the water table extending from Beaver or Ladder Creek
near Scott City south through Garden City to an abandoned post
office called Loco. In 1897, Haworth (1897, p. 94 and pp. 110-112;
1897a) made reference to geologic and hydrologic conditions in
parts of Scott County. Two other papers were contributed by Ha-
worth in 1897, one (1897b) on the physiography of western Kansas
and the other (1897¢) on the physical properties of the Tertiary
rocks in Kansas. Johnson’s report on the utilization of the High
Plains (1901) dealt with the physiography, underground waters,
and the land economy of the High Plains, A second report (John-
son, 1902) contained conclusions and a summary of the first paper.
‘In 1905, Darton (1905, p. 316) published a preliminary report on
the geology and, ground-water resources of the central Great Plains,
in which he made brief reference to Scott County. In 1911 a report
which contained a brief reference to the chemical quality of several
waters collected in Scott County was published by Parker (1911,
pp. 179-180). A report that contained the results of a reconnais- |
sance soil survey of the western half of Kansas, including Scott
County, was published by Coffey and Rice in 1912. Haworth
(1913, pp. 61, 66-68) contributed a report on well waters in south-
western Kansas in which specific reference was made to Scott
County. In 1931 the Division of Water Resources of the Kansas
State Board of Agriculture published a report (Anon., 1931) that
contained a description of some of the most common types of pump-
ing plants in Kansas with approximate costs of construction. In
1933, Moss described briefly the ground-water resources of the
shallow-water basin in Scott and Finney Counties. In 1935, Theis,
Burleigh, and Waite (1935) described briefly the water-bearing
formations and the availability of ground water in the southern
High Plains. In the same year a popular bulletin (Landes, 1935)
containing a brief description of Scott County State Park was pub-
lished. In 1936 a report on irrigation with ground water in the
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. Scott County, Kansas, area by Burleigh (1936) was released con-
fidentially. A report by Throckmorton and others (1937, pp. 69-71)
on the agricultural resources of Kansas including important statisti-
cal data for Scott County was published in 1937. In 1938, the Di-
vision of Water Resources of the Kansas State Board of Agriculture
- published a.report (Anon., 1938) containing the results of tests of
deep-well pumping plants with special attention to fuel consump-
tion. Several of the plants tested are located in Scott County. In
1939, Davison (1939) contributed a report on the construction and
costs of irrigation pumping plants in Kansas. Also in 1939, McCall
and Davison (1939) contributed a report on the costs of pumping
for irrigation that includes data on several tests of irrigation
pumping plants in Scott County. A report (Meinzer and Wenzel,
1940, pp. 184-198) on water levels and artesian pressures in the
United States in 1939, which contains a chapter on the observa-
tion well program in Scott County, was published in 1940. Similar
reports have been published for the years 1940, 1941, and 1942
(Meinzer and Wenzel, 1942, pp. 152-163; 1943, pp. 132-139; and
1944, pp. 153-158), and additional reports of this series will be
published annually. In 1940, Moore prepared a generalized report
on the ground-water resources of Kansas which includes a section
on Scott County. A report by Smith (1940) includes several refer-
~ ences to the geology of Scott County. In 1939 and 1940 McLaughlin
(1943) made a study of the geology and ground-water resources of
Hamilton and Kearny Counties adjoining the southwest corner of
Scott County. In 1939 and 1940 Latta (1944) made a study of the
geology and ground-water resources of Finney and Gray Counties
which border Scott County on the south. Other county reports
describing the geology and ground-water resources of southwestern
counties include Stanton County (Latta, 1941), Morton County
(McLaughlin, 1942), Ford County (Waite, 1942), and Meade
County (Frye, 1942). In 1942 Bird made reference to ground-
water conditions in the Scott County shallow-water basin in a re-
port on the western ground waters and food production. A geologic
map of Kansas, which includes Scott County, was prepared under
the supervision of Moore and Landes in 1937. In 1941, T (Waite,
1941) contributed a paper on the cause of the decline in ground-
water levels in Scott County. A report on the availability of
ground-water supplies in Kansas for national defense industries
(Lohman and others, 1942, pp. 37-39) that includes a discussion
of a part of Scott County was published in 1942. A report (McCall,
1944) ‘'on the growth of irrigation in Scott County was prepared.by
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the Kansas State Board of Agriculture in 1944." Moore, Frye, and
Jewett prepared a tabular description of all outcropping rocks in
the state in 1944. In 1945 (Edson) the State Geological Survey of
Kansas published a subsurface geologic cross section that extends
through Scott County.

MEeTHODS OF INVESTIGATION

Most of the field work upon which this report is based occupied
about 1 month in the fall of 1939 and about 3% months in the sum-
mer and fall of 1940. Approximately 282 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 thick-
ness of the water-bearing formations penetrated by the wells, and
all available logs were collected. Records of wells that furnish pub-
lic, domestic, and irrigation supplies were collected. Information
regarding the yield, drawdown,.temperature, chemical character,
and use of ground water was obtained. Since 1931 an annual sur-
vey of the acreage irrigated has been made by Kenneth McCall,
Melvin Scanlan, or Howard Palmer of the Division of Water Re-
sources, State Board of Agriculture.

Samples of water were collected from 29 representative wells and
1 spring and were analyzed by Elza H. Holmes, chemist, in ‘the
Water and Sewage Laboratory of the Kansas State Board of Health
at Lawrence. In addition an analysis of water from the public
supply at Scott City (well 112) was furnished by the Kansas State
Board of Health, making a total of 30 analyses for Scott County.

During the investigation 23 test holes (Fig. 2) were put down at

strategic points in Scott County by Ellis Gordon, Perry McNally,
and Laurence Buck with a portable hydraulic-rotary rig owned by
the State Geological Survey. Samples of drill cuttings were collected
and studied in the field by Perry McNally and were examined later
in the office under binocular microscope.
" Altitudes of the measuring points at 207 wells and at each of the
test holes put down by the drilling rig were established with a
Dumpy level. The levels were run from elevations established in
1938 and 1939 by the Topographic Branch of the U. 8. Geological
Survey and in part from bench marks of the United States Coast
and Geodetic Survey by me assisted by J. Milton Sears and Richard
B. Christy. The water-table contour map (Pl 1) is based upon
these altitudes together with the measured depths to water-level in
wells.
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Figure 5.

Field data were compiled on preliminary topographic sheets of

the U. S. Geological Survey and on an ownership map of Scott

County. The base maps for Plates 1 and 2 were 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.
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“The areal geology shown in Plate 1 was compiled from field studies
~supplemented by use of the aerial photographs and by available
geologic reports. The boundaries of the areas of 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. 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 corresponding
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.

At the beginning of the field investigation 29 observation wells
were selected at strategic points throughout the county and monthly
measurements of the water levels in them were begun in order to
obtain essential information concerning the effects of recharge and.
depletion of the ground-water reservoir. Two wells of this group
were equipped with automatic water-stage recorders during the
period from September 1939 to July 1941 for the purpose of obtain-
ing continuous records of water-level fluctuation. The Division of
Water Resources of the State Board of Agriculture has maintained
similar records on 2 other wells in the same area for several years.
The water levels have been observed continuously in one of the
wells since October 23, 1931, and in the other since April 18, 1934. A
third well was constructed and equipped with a continuous recorder
in August 1940 by the Division of Water Resources after the water
level in the well with the oldest record was lowered as a result of
pumping from a new irrigation well that was drilled near by. These
water-level records have proven invaluable in interpreting the trends
in movement of water levels in the Scott Basin and in determining
the effects of pumpage and of subrnormal precipitation during the
last several years.
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GEOGRAPHY

ToPOGRAPHY AND DRAINAGE

Scott County is situated in the Great Plains physiographic prov-
ince, some of the eastern part of the county falling within the sub-
division known as the Plains Border section (Fenneman, 1930).
About 85 percent of the county consists of upland plains and 15
percent of stream flood plains and intermediate slopes. The upland
plain slopes slightly south of east from altitudes of about 3,170
feet along the western boundary at a point about 1 mile south of
the northwest corner of the county to about 2,900 feet along the
eastern boundary at a point about.9 miles south of the north-
eastern corner of the county. Near the southeastern corner there
is a small lake which occupies an elongate depression. This lake,
known as Dry Lake, receives its drainage water from several short
draws north of it, and is generally dry. The altitude of the floor
of Dry Lake is approximately 2,830 feet—the lowest part of the
undissected upland plains. In general the undissected surfaces of
the upland are comparatively flat and featureless, but locally the
surface is gently undulating and is characterized by broad gentle
swells and shallow depressions. Sinkholes or swales are most abun-
dant on the uplands in the northern half of the county.

Perhaps the most unusual topographic feature in Scott County is
the large depressional area southeast of Scott City at the terminus
of Whitewoman Creek, known as the Scott Basin. Whitewoman
Creek rises in Colorado about 20 miles west of the state line and
flows eastward to a point about 4 miles south of Scott City, where
it disappears entirely on the western side of Scott Basin. Through-
out its course in Greeley County and the western part of Wichita
County, Whitewoman Creek has a prominent channel, often with
bluffs from 40 to 75 feet high, and a valley ranging in width from
one quarter of a mile to nearly 1 mile. In the western part of
Scott County the general inclination of the plains surface to the
southeast is approximately 25 feet to the mile, but as the Scott
Basin is approached the inclination of the surface declines until at
the basin proper it is almost entirely flat. Throughout part of its
course in western Scott County, Whitewoman Creek retains definite
bluffs and banks (Pl. 8B), but these features gradually disappear
as the Scott Basin is approached. A similar change takes place in
the valley of Rocky Draw which is tributary to Whitewoman Creek.
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Prate 3. A, View of discharge of well 200. Well is discharging about 1,850
gallons a minute, but when tested yielded 2,900 gallons a minute with a draw-
down of 30.7 feet (Photo by S. W. Lohman). B, View of dry floor of White-
woman Creek at site of well 212 located on left bank just outside photo.
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The Scott Basin is dry during most of the year, but occasionally
it becomes flooded after receiving the flood waters of Whitewoman
Creek as a result of heavy precipitation in the western part of its
drainage basin. During periods of flood flow considerable water
stands in the basin, forming a lake that sometimes covers several
square miles. Most of this water sinks rapidly into the ground,
disappearing completely in a relatively short time.

The northwestern quarter of the county is drained by Beaver
Creek or Ladder Creek which heads in Colorado just west of the state
line, flows eastward, and enters Scott County at a point about 814
miles south of the northwest corner. From this point it continues
eastward for approximately 9 miles, then turns rather abruptly to
the north, continues in this direction until it leaves the county about
midway along the northern boundary, and eventually joins Smoky
Hill River in Logan County.

Along the northern border of the county there are a number of
short canyons which are tributary to Smoky Hill River to the north.
In the northeastern quarter of the county most of the short north-
eastward-trending canyons are tributary to Rattlesnake Creek which
flows in an easterly direction in Logan County and practically par-
allels the county line for a distance of several miles before it turns
northward to join Smoky Hill River. Most of these tributaries have
deep, rugged canyons and where dissecting streams have cut through
the Ogallala formation into the underlying Smoky Hill chalk, the
valleys are deep and have strong bluff lines (Pl. 4B). In northern
Scott County the State of Kansas has purchased an area of decidedly
picturesque appearance and by means of a dam across Beaver Creek
has impounded a lake, known as Lake McBride, with a shoreline
several miles long (Pl. 1). In the vicinity of the park the bluffs
bordering Beaver Creek are lined with nearly horizontal beds of
resistant sandstone and grit of the Ogallala formation (Pl 5B).

PoruLaTIiON

According to the census of 1945, Scott County had a population
of 8,769 and an average density of population of 5.2 inhabitants to
the square mile, as compared with 21.9 for the entire state. The
population in 1930 was 3,976, indicating a reduction of 199 during
the decade. Scott City, the county seat, had a population of 2,022
in 1945, having increased from a population of 1,544 in 1930. Popu-
lation figures are not available for Modoe, Manning, Grigston, or
Shallow Water. '
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Prate 4. A, Normal fault in Smoky Hill chalk member of the Niobrara
formation in the NE% NEY% sec. 1, T. 16 S, R. 32 W. Approximate displace-
ment, 20 feet. B, Typical view of a tributary stream in the NEY SW sec. 1,
T. 16 S., R. 32 W. Ogallala formation caps bluff in background; Smoky Hill
chalk member of the Niobrara in lower slope. Looking east.
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TRANSPORTATION

Scott County is served by the main line of the Missouri Pacific
Railway as well as by a branch line of the Atchison, Topeka, and
Santa Fe Railway. The main line of the Missouri Pacific Railway
enters the county about 2 miles northeast of Manning, continuing
diagonally southwest to Scott City, then due west to the county line.
The Great Bend and Garden City branch of the Atchison, Topeka,
and Santa Fe Railway enters the county about 2 miles east of
Grigston, continuing due west to Scott City where it turns due south
and joins the main line at Garden City.

U. 8. Highway 83 (oil-surfaced) extends across the county in a
north-south direction, entering the county about midway along the
northern border, continuing south through Scott City to Garden
City. State Highway 96 (oil-surfaced) extends across the county in
an east-west direction and passes through Scott City. State High-
way 4 (gravel-surfaced) enters the county 7 miles south of the north-
east corner and continues due west for 12 miles where it terminates
at its junction with U. 8. Highway 83. Many of the farm-to-market
roads have been improved but most of them have not been surfaced.
Many. of the county roads are graveled and are kept in good con-
dition throughout the year, and many of the section roads have been

graded.
AGRICULTURE

Agriculture is the dominant economic activity in Scott County, the
principal types of agriculture being wheat farming, some cattle
raising, and general farming. Wheat is the most important crop
grown in the county but other principal crops are barley, corn, the
grain sorghums, alfalfa, oats, potatoes, and melons. Scott City serves
as a distributing center and trading point for much of the county.
The presence of a shallow water basin in Scott County has made
possible irrigation by pumping from wells. In 1943 approximately
21,320 acres were irrigated from wells in the county and there were
118 pumping plants in operation. By June 1945 the number of oper-
ating pumping plants had increased to 129.

Scott County has a total area of approximately 462,720 acres. Ac-
cording to the census of 1940, about 38 percent of the land in use in
1939 was devoted to crops and about 62 percent to grazing. In 1940,
6 percent of the farms were less than 100 acres in size, 14 percent
of the farms ranged in size from 100 to 259 acres, 25 percent ranged
from 260 to 499 acres, 29 percent ranged from 500 to 999 acres, and
26 percent were 1,000 acres or larger. On April 1, 1940, Scott County
had 528 farms with an average area of 822.8 acres.
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Prate 5. A, Lime concretions in the Ogallala formation in a road cut
through the Devil’s Backbone at the south end of Scott County State Park.
B, View looking southeast across Lake MeBride in Scott County State Park.
Ledges of Ogallala formation are prominent in bluffs in background.
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NATURAL RESOURCES AND INDUSTRIES

The chief industry in Scott County is an oil refinery, known as
the Shallow Water Refining Company, situated 4 miles south of
Shallow Water. Crude oil obtained from the adjoining Shallow
Water oil pool is processed at this refinery which has a capacity of
1,500 barrels daily. The Shallow Water oil pool, in secs. 11, 14, and
15, T. 20 S, R. 33 W., was discovered by the Atlantic Oil Producing
Company when the first well on the Vaniman farm was completed
in.December 1934. Oil with an unusually heavy gravity of 26
degrees Baume was found 5 feet below the top of the “Mississippi
lime” which was encountered at a depth of 4,665 feet. At the end
of 1942 there were 9 wells in the Shallow Water pool. According to
Ver Wiebe (1943, p. 72), the Shallow Water pool produced 112,948
barrels of oil in 1942. The cumulative total production to the end
of 1942 was 1,152,560 barrels. ,

The other principal mineral resources in Scott County are the
deposits of sand and gravel found along the sides of Beaver Creek
and in the Scott Basin and the deposits of caliche near the top of
the Ogallala formation. The sand and gravel are quarried ex-
tensively for local use. The locations of the more important pits are
shown in Plate 1. All of the gravel pits are worked by open-pit
methods and are excavated by shovels. . The locations of the two
most important caliche quarries are also shown in Plate 1. One
is located 2 miles south and 2 miles east of Scott City and is used
extensively for road-surfacing material for county roads (Pl 6B),
and the other is located near the SE cor. sec. 2, T. 17 S., R. 33 W.
The latter quarry was the principal source of crushed cahche that
was used in 1940 and 1941 for surfacing U. S. Highway 83 north
from Scott City to the county line.

In 1937 samples of rock were collected from exposures of the
Ogallala formation at two localities in Scott County, and tests were
made to determine their suitability for making rock wool (Plummer,
1937, pp. 25-27). Samples were collected from an escarpment of
the Ogallala formation on the east edge of Scott County State Park
in a road cut on the highway which extends east from the park to
U. 8. Highway 83. Of a vertical distance of 53 feet which was
sampled at this locality, only the upper 20 feet contained sufficient
caleium carbonate to be classed as wool rock. Samples were col-
lected also from an outcrop of the Ogallala on the John Kittle farm
about 300 yards east of the Wichita-Scott County line in sec. 6,
T.19 8., R. 3¢ W., about 3% miles south of State Highway 96. One
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Prate 6. A, Series of many thin parallel “mortar beds” resting on structure-
less cemented sandy silt of the Ogallala formation. East side of Salt Creek
in the NE sec. 24, T. 16 S, R. 31 W. B, “Caliche” of the Ogallala formation
exposed in county quarry in the SW? sec. 28 T. 18 S, R. 32 W.
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of the samples collected at this locality produced an excellent quality
of white wool at a pouring temperature of 1525° C. with the steam
pressure varying from 50 to 55 pounds. Plummer (1937) reports
that an outcrop of the “mortar beds” (Ogallala formation) similar
to the exposure near the Wichita-Scott County line was observed
about 8 miles west of Scott City, a short distance south of State
Highway 96 on the banks of Lion Creek.

CLIMATE

In general the climate of Scott County is typical of semiarid
regions and is characterized by abundant sunshine, moderate pre-
cipitation, relatively good wind movement, relatively low humidity,
and a high rate of evaporation. Occasionally during the summer
months hot winds which blow during a dry heated period are the
cause of great crop damage and much discomfort.

Apr.

June
July
Aug.
Sept
Oct.
Nov.
Dec

>
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=

Feb.
Mar.

g

Precipitation in Inches

Fie. 3. Normal monthly precipitation during the 35-year period of record at
Scott City, Kansas.
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Scott County, Kansas
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annual precipitation. The precipitation was above normal in 1941
and 1942, but fell below normal again in 1943. In 1943 the pre-
cipitation was below normal for each of the 12 months during the
vear, a total departure of -8.23 inches being recorded, or almost
one-half of the total normal annual supply. In 1944, the precipita-
tion was 11.31 inches above normal and in 1945 it was 4.39 inches
below normal.

The average annual mean temperature as recorded at Scott City
is 53.5 degrees F. The average length of the growing season is
about 168 days, and it has ranged from 132 to 199 days. Killing
{rosts have occurred as late as May 27 and as early as September
25.

GEOLOGY

SUMMARY OF STRATIGRAPHY

The rocks exposed in Scott County range in age from Upper Cre-
taceous to Recent. The areal distribution of the formations is
shown on Plate 1. The oldest rocks cropping out in the county
belong to the Smoky Hill chalk member of the Niobrara formation.
This member is best exposed in the northern and northeastern part
of the county where streams tributary to Smoky Hill River have
cut through the plains surface into the underlying Smoky Hill
chalk (Pl. 4B). Other exposures of the Smoky Hill are found also
in the sides of several small tributary streams entering Dry Lake
from the north and west near the southeastern corner of the county
(Pl. 7A). The Pierre shale, which overlies the Niobrara formation
in other areas, is absent in Scott County. The Ogallala formation
of Tertiary age, which rests unconformably on the Smoky Hill
chalk member of the Niobrara formation, is exposed in the sides
of many of the stream valleys, but over large areas it is covered
by younger deposits of sand and gravel overlain by loess. The un-
dissected plains surface is mantled by deposits of loess ranging in
age from Pleistocene to Recent. Dune sand covers an area of ap-
proximately 18 square miles near the southeastern corner of the
county. A narrow belt of alluvium occupies the valley of Beaver
Creek throughout its course in Scott County. The soils, alluvium,
drifting dune sand, and terrace deposits are the most recent de-
posits in the area. 4

The character and ground-water supply of the geologic forma-
tions in Scott County are described briefly in the generalized sec-
tion given in Table 1 and in more detail in the section on geologic
formations and their water-bearing properties.
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Prate 7. A, Thin-bedded Smoky Hill chalk member of the Niobrara forma-
tion exposed in SW% SEY% sec. 6, T. 20 S., R. 31 W. B, Typical view of sink

filled with water. Photograph after rains in October 1940. Near SW cor. sec.
26, T.18 S, R.32 W.
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Georocic HisTory

Parts of the following discussion are taken from a report by
Darton (1906, pp. 45-46).

The exposed rocks in Scott County are underlain by older sedi-
mentary rocks of pre-Cambrian age. The stratigraphic sequence
of the rocks underlying the surface is fairly well known from the
logs and well cuttings of each of the oil tests in the Shallow Water
oil pool in south-central Scott County.

PALEOZOIC ERA

Cambrian and Ordovician Periods

Although very little is known of the conditions existing in western
Kansas during early Paleozoic time, it is believed that Scott County,
along with a large part of west-central United States, was a land
surface during early Cambrian time. In the middle part of Cam-
brian time there began the development of an interior sea with a
resultant change to marine conditions. Submergence of the land
continued through most of Ordovician time with extensive deposi-
tion of lime sediments that were later indurated to form limestones
and dolomites. The sandy, cherty dolomite that forms the Arbuckle
limestone or “Siliceous lime” of Cambrian and Ordovician age was
deposited in the earlier part of this interval. In Scott County the
Arbuckle is encountered in one well at a depth of about 5,470 feet.

A well in the Shallow Water oil pool penetrates the Viola lime-
stone and Simpson group of Ordovician age. The Viola is a sugary,
dolomitic, and very cherty limestone at the top, but becomes finer
grained and noncherty below, grading into the Simpson group at a
depth of about 5,450 feet.

Silurian and Devonian Periods

There is little or no evidence that rocks of Silurian and Devonian
age are present under Scott County. Either they were never de-
posited in this area or they were removed by erosion prior to the
deposition of the overlying Mississippian strata. '

Mississipian and Pennsylvanian Periods

During early Mississippian time there was extensive deposition
of marine dolomitic limestone and some shale. According to the logs
of oil wells in the Shallow Water pool, Mississippian strata are
present under Scott County, the top being encountered at a depth
of about 4,650 feet. When production was found initially in the



Scott County, Kdnsas 33

Shallow Water pool it was believed that the producing limestone
was of Chesterian (upper Mississippian) age (Ver Wiebe, 1938,
p. 138) Norton (1938), however, reports that this odlitic limestone
is. probably the equivalent of the Ste. Genevieve limestone of mid-
dle Mississippian age. In later Mississippian time there was an
uplift, during which the surface of the early Mississippian strata
was subjected to erosion.

A long period of erosion intervened betwe®n the deposition of
the youngest Mississippian rocks and the oldest Pennsylvanian
rocks. - During this interval the limestone of Chesterian age, if de-
posited originally, may have been removed in Scott County. Al-
ternate subsidence below and emergence above sea level were re-
peated many times during the Pennsylvanian, giving rise to both
marine and continental deposits consisting of sandstone, shale, coal,
and limestone. This sequence of deposition was interrupted at
times when the land surface was elevated and subjected to erosion.
The Pennsylvanian rocks are approximately 1,400 feet thick in
Scott County. According to Ver Wiebe (1938, p. 138) the top of
the Topeka limestone lies at a depth of 3,600 feet and the top of
the Lansing group is approximately 350 feet lower. Below the
Lansing-Kansas City-Bronson sequence of limestones are shales and
limestones which may - correspond to the Marmaton group and
Cherokee shale of eastern Kansas. In Scott County these shales
are subordinate to coarse-grained limestones of gray to black color.
The composition of the lower Pennsylvanian, rocks is somewhat
‘different also, notably in the presence of considerable chert. The
basal conglomerate may be represented by red and green shales
near the base of the system.

Permian Period

A transitional period intervened in which marine conditions dur-
ing early Permian time were somewhat comparable to those existing
during late Pennsylvanian time, and alternate successions of lime-
stones, dolomites, and shales. (Wolfcampian Series) were deposited.
Following this there was an interval when beds of continental
origin were deposited alternately with beds of marine origin. Grad-
ually continental deposition became the dominant mode of origin
for late Permian sediments. Most of the deposition took place in
shallow water, so that subsidence must have kept pace with depo-
sition during this interval. It is probable that an arid climate pre-
vailed and evaporation must have taken place in shallow basing

3—6532
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giving rise to extensive deposits of salt and anhydrite interbedded
with deposits of gypsum of the Leonardian Series. According to
the logs of oil wells in the Shallow Water pool the top of the Per-
mian is encountered at a depth of approximately 1,150 feet. Gyp-
sum of the Blaine formation is encountered at a depth of about
1,430 feet, and anhydrite of the Stone Corral dolomite lies at a
depth of about 2,100 feet. Beneath the red beds the gray shales and
anhydrites of the Wellington formation are encountered and these
beds continue to a depth of about 2,800 feet where the first dolo-
mite of the Wolfecampian Series appears.

MESOZOIC ERA

Cretaceous Period

At the close of the Paleozoic, deposition was terminated by an
‘uplift that brought the region above water. This condition prob-
ably prevailed throughout most of Triassic time and through Ju-
rassic time, during which there was no deposition and probably
considerable erosion. Rocks ‘of Triassic and Jurassic age are not
known to occur in Scott County.

As the result of an early Cretaceous uplift there was at first a
land surface followed by a shallow-water body in Comanchean time
duzing which the sandstone and shale of the Cheyenne sandstone
were deposited. The deposits were laid down either by streams or
in a shallow sea or perhaps they were deposited in part on the
beach by wind, suggesting that the place of deposition was not far
above or far from a shore line (Twenhofel, 1924, pp. 19-21).

Following this there was a change from continental to marine
conditions as a result of submergence of the land surface during
which time the Kiowh shale was deposited. It is believed that
Cheyenne sandstone and Kiowa shale underlie at least a part of
Scott County, but in subsurface studies of oil-well samples no at-
tempt has been made to segregate either of the formations from the
underlying Dakota. None of the test holes drilled by the State
and Federal Geological Surveys in Scott County were drilled deep
enough to penetrate strata below the Niobrara formation.

In late Cretaceous time there was a return to conditions similar
to those under which the Cheyenne sandstone was deposited and the
sandstones, shales, and clays of the Dakota formation were laid
down. The Dakota. formation is a fresh-water deposit that was
laid down on beaches and near the shore during an uplift in which
the sea retreated far to the south. The top of the Dakota forma-
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tion is encountered at a depth of about 700 feet in Scott County.
The combined thickness of the Dakota formation, the Cheyenne
sandstone, and the Kiowa shale in Scott County is approximately
550 feet.

After the Dakota formation was laid down there was a rapid
change in the conditions of sedimentation to those under which
several thousand feet of shale, lime, and chalk were deposited, be-
ginning with the Graneros shale and including the Greenhorn lime-
stone, the Carlile shale, the Niobrara formation and the Pierre
shale. This marks the beginning of very extensive later Creta-
ceous submergence, in which marine conditions prevailed over a
large area for a long time. Sedimentation was interrupted from
time to time by emergence of the land to a point at or near sea
level. According to the logs of oil wells in the Shallow Water pool,
the base of the Niobrara formation is encountered at a depth of
about 310 feet, and the top of the Greenhorn limestone is found at
about 540 feet, indicating a thickness of about 230 feet for the Carlile
shale. - .

CENOZOIC ERA

Tertiary Period

Prior to the deposition of Tertiary sediments there was a period
of folding during which the major features of the bedrock depression
in Scott and Finney Counties may have been formed. A broad
asymmetrical trough, with its axis extending from Garden City te
Scott City and northward, was developed. At the beginning of
Tertiary time an extensive land surface existed in western Kansas;
this surface was subjected to erosion largely effected by through-
flowing streams. During this interval great thicknesses of Upper
Cretaceous sediments were removed, so that in Scott County all
Cretaceous strata above the Niobrara are missing and variable thick-
nesses of the upper part of the Niobrara have been removed. The
present shape of the trough in cross section is shown by sections
A-A’, B-B’, and C-C’ in Figure 5, and the approximate configuration
of the pre-Tertiary surface possibly modified by post-Tertiary ero-
sion is shown in Figure 2.

In late Tertiary time erosion (possibly peneplanation) was followed
by an epoch of deposition which started with the accumulation in
some parts of the county of beds of plastic greenish and maroon-
brown bentonitic clays interbedded with soft grit and sand. This zone
may be equivalent to the Woodhouse clays of Wallace County that
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were described by Elias (1931, pp. 153-158). It is possible that these
clays represent a mixture of altered volcanic ash of the Ogallala
~ formation with the clayey products of disintegration of pre-Tertiary
beds and that they were deposited under somewhat different condi-
tions. This was-followed by an interval during which heavily laden
streams from the Rocky Mountains traversed western Kansas and
deposited the sediments of the Ogallala formation in a broad alluvial
plain. '

Some crustal deformation may have taken place after the
deposition of the Ogallala, probably along preéstablished lines of
weakness.

Quaternary Period

Pleistocene Epoch.—A period of erosion preceded the beginning of
the Pleistocene during which the pre-Pleistocene surface was sub-
jected to subaerial erosion. In early Pleistocene time, streams were
rejuvenated as a result of uplift to the west and because of climatic
changes, so that erosion followed by sedimentation was resumed.
'The trough which had been deepened by down-warping or erosion or
both was filled with sands and gravels which in turn were mantled
by wind-blown loess. The sand and gravel deposits were laid down
by heavily laden streams that probably shifted laterally at frequent
intervals. Stream deposition was followed by eolian activity,
indicated by the fact that the fluvial deposits grade upward into
loess. This seems to indicate that during the latter part of the
Pleistocene there was a climatic change with considerable wind
movement. Loess deposition has continued intermittently until
Recent time.

Recent Epoch.—At the beginning of the Recent Epoch, streams
began the down cutting that has produced the present topography.
It was during this period also that the courses of the several streams
were established. The presence of a Cretaceous ridge in eastern
Scott County has affected the behavior of streams traversing the
county. Beaver Creek or Ladder Creek, a tributary of Smoky Hill
River, enters the county from the west and flows eastward to a
point about midway across the eounty from east to west, where
it turns abrubtly northward, continuing in this direction to its junc-
tion with the Smoky Hill. This anomalous change in direction is
probably directly related to the structure of the underlying bedrock.
Whitewoman Creek is another notable example of a stream whose
course has been affected by the position of the underlying bedrock.
This stream differs from most other streams in that it has no con-
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nection with any other stream, and in times of flood it empties its
water into the broad shallow depressmn at its terminus, known as
the Scott Basin.

Terrace deposits of sand and gravel are found in a belt imme-
diately bordering the flood plain of Beaver Creek. Much of the
material in the terrace gravels was derived from source areas to
the west and was deposited by Beaver Creek at.some time during
the Pleistocene when it was flowing at a higher level than at present.
The terraces are of cut-and-fill origin and probably are of- late
glacial or post-glacial age.

Dune sand mantles the surface in the southeastern part of the
county (Pl. 1). Although its age is not definitely known, it is be-
lieved that accumulation of some of the sand started in late Pleisto-
cene time and continued until Recent time. The sand originated
possibly from eroded slopes cut in the Ogallala formation and from
the Pleistocene sands and gravels. It is possible that the sand was
derived either wholly or in part from the strand flats of a lake that
formerly occupied the depression now known as Dry Lake. The
dune-building winds of the past were in a northerly direction,
whereas those of the present time are predominantly southerly. Smith
(1940, p. 168) suggested that the presence of a continental ice sheet
during one or more of the Pleistocene glacial stages would have pro-
vided ready cause for altered wind direction.

GROUND WATER
SouRCE

Ground water, or underground water, is the water that supplies
springs and wells. In Scott County, ground water is derived almost
entirely from precipitation in the form of rain or snow. Part of
the water that falls as rain or snow is carried away by surface
runoff and is lost to streams; part of it percolates downward into
the rocks until it reaches the water-table where it joins the body
of ground water known as the zone of satyration; and part of it may
evaporate or be absorbed and transpired by the vegetation and thus
returned directly to the atmosphere.

The ground water percolates slowly through the rocks in direc-
tions determined by the topography and geologic structure until it
is discharged eventually through springs or wells, through seepage
into streams, or by evaporation and transpiration in bottom lands
adjacent to the streams. Most of the water obtained from shallow
wells and springs in Scott County is obtained largely from precipi-
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tation in the general vicinity—that is, in Scott County and adja-
cent areas. The water in the Dakota formation under Scott County,
however, is derived from precipitation and small streams in the areas
of outerop, which are mainly in southwestern Kansas and south-
eastern Colorado at higher altitudes. -

PrincipLES oF OCCURRENCE
HYDROLOGIC PROPERTIES OF WATER-BEARING MATERIALS

This discussion of the principles governing the occurrence of ground
water takes account of conditions in Scott County. Preparation of
the-discussion has been based chiefly on the detailed treatment of
the occurrence of ground water by Meinzer (1923), to which the
reader is referred for more extended consideration. A general dis-
cussion of the principles of ground-water occurrence, with special
reference to Kansas, has been made by Moore (1940).

" Porosity.—The rocks that form the crust of the earth are in gen-
eral not solid throughout but contain numerous open spaces, called
voids or interstices. It is in these spaces that water is found below
the surface of the land and from which it is recovered in part through
springs and wells. There are many kinds of rocks and they differ
greatly in the number, size, shape, and arrangement of their inter-
stices and in their water-holding capacities (Waite, 1942, p. 45).
The occurrence of ground water in any region, therefore, is deter-
mined by the geology of the region. ,

The amount of water that can be stored in any rock depends upon
the porosity of the rock. Porosity is expressed quantitatively as the
percentage of the total volume of rock that is occupied by interstices.
When all its interstices are filled with water a rock is said to be
saturated. In a saturated rock the porosity is practically the per-
centage of the total volume of the rock that is occupied by water.

Specific yield —The specific yield of a water-bearing formation is
defined by Meinzer (1923, p. 28) as the ratio of (1) the volume of
water which, after being saturated, it will yield by gravity to (2) its
own volume. This ratio is generally stated as a percentage. Thus
if 100 cubic feet of saturated water-bearing material when drained
will supply 20 cubic feet of water the specific yield of the material
is said to be 20 percent.

Permeability and transmissibility.—The rate of movement of
ground water is determined by the size, shape, quantity, and degree
of interconnection of the interstices and by the hydraulic gradient
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from one point to another. The capacity of a water-bearing material
for transmitting water under hydraulic head is its pefmeability.
The coefficient of permeability may be expressed as the rate of flow
of water, in gallons a day, through a cross-sectional area of 1 square
foot under a hydraulic gradient of 100 percent at a temperature
of 60° F. (Meinzer’s coefficient). The coefficient of transmissibility
~ is a similar measure and may be defined as the number of gallons
of water a day transmitted through each one-foot strip extending
the height of the aquifer under a unit gradient (Theis, 1935, p. 520).
The coefficient of transmissibility may also be expressed as the
number of gallons of water a day transmitted through each section
1 mile wide extending the height of the aquifer, under a hydraulic
gradient of 1 foot to the mile.

The coefficient of transmissibility is equivalent to the coefficient of
permeability (corrected for temperature) multiplied by the thickness
of the aquifer.

The permeability of the water-bearing materials in Scott County
was determined by four pumping tests using the recovery method
involving the following special formula developed by Theis (1935, p.
522) and also described by Wenzel (1942, p. 94) for computing the
transmissibility of an aquifer.

264q t
T—=— logm —_—
s t1
in which T = coefficient of transmissibility, q = pumping rate, in gallons a
minute, t==time since pumping began, in minutes, t1 =time since pumping
stopped, in minutes, and s=residual drawdown at the pumped well, in feet,
at time t1. ’

The residual drawdown (s) is computed by subtracting the static
water level before pumping began from appropriate water levels
taken from the recovery curve.

. logio t/t1 , . . .

The proper ratio—— is determined graphically by plotting

s
- log,, t/t! against corresponding values of s. By plotting t/t! on
the logarithmic codrdinate of semilogarithmic paper this procedure
is simplified. For any convenient value of log,, t/t! the correspond-
ing value of s may be obtained from the curve. Theoretically this
curve is a straight line that passes through the origin. For all pump-
ing tests, however, it does not do so and for some tests results are ob-
tained that do not agree with results obtained by other pumping-
test methods. Wenzel (1942, p. 96) has found that results generally
* consistent with other pumping test methods can be obtained by
applying a correction factor to the Theis formula to make the
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straight line pass through the origin. The Theis formula modified
to include the empirical correction factor is

264q t+ec
T=— 10g10

8
where ¢ is a constant arbitrarily chosen so that the straight line

determined by plotting log;, against s will pass through the

origin.

Pumping Tests—During the course of the investigation pumping
tests on four irrigation wells in the Scott Basin were conducted by
Melvin Scanlan of the Division of Water Resources, Kansas State
Board of Agriculture, and Woodrow Wilson of the Federal Geo-
logical Survey. In each test the well was pumped for approxi-
mately three hours and measurements of the discharge of the well,
using a Collins flow gage, were made periodically. Where possible,
measurements of the drawdown in the pumped well mere made at
frequent intervals. The pump was then shut down and the water
level in the well was allowed to recover. A series of water-level

Time since pump started 1n minutes
o 30 60 90 20 150 180 210 240 270 300 330 360

T T T T T T T T 1 T i T
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24 Well No. 137
28|~
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<
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S
[=]
a8l
s2|-
sel- !
\) Pump stopped
60l 1 1 1 1 i 1 | { | { { | |

Fic. 6. Drawdown and recovery curves for wells 91 and 137 during pumping
tests on December 8, 1941, and May 19, 1942, respectively.
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measurements, using a steel tape, were made periodically during
the recovery period. Recovery curves were plotted for each of the
tests, two of which are shown in Figure 6. The coefficient of trans-
missibility and thus the field coefficient of permeability may be
computed from the recovery of the water level in the pumped well
by using the Theis formula. The temperature of the water during
the tests was 60° F.; hence no correction for temperature needs to
be applied.

A pumping test on an irrigation well (172) owned by George Duff
and situated in the NW14 SW1/ sec. 12, T. 19 S, R. 33 W. was
made on December 9, 1941. The pumping rate, depth to water
level before, during, and after pumping, and values for t/t! and for
s (residual drawdown) are given in Table 2.

The ratio t/t* was determined graphically by plotting t/t!
against corresponding values of s on semilogarithmic paper and
using*for the ratio the slope of the straight line drawn through the
plotted points (Fig. 7). Thus

264 X 567 X 1
T=—-—-w—=17010
8.8

17,010
P= =280
60

The transmissibility is computed to be 17,010 and the coefficient of
permeability is determined by dividing the transmissibility by the
thickness of the aquifer, or 280. The specific capacity of the well
is computed to be 16.3 gallons per foot of drawdown.

A pumping test on an irrigation well (91) owned by V. M. Har-
ris and situated in the SE14 NW14 sec. 29, T. 18 S, R. 32 W. was
made on December 8, 1941. The pumping rate, depth to water
level before, during, and after pumping, and values for t/t! and for
s (residual drawdown) are given in Table 3.
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TasLe 2. Data on pumping test of well 172, Scott County, made on
i ' December 9, 1941

Time Time .17 | Depth
since since ﬁ},ﬂ; to Draw-
pumping| pumping| t/t! g or water | down, Remarks
started, | stopped, m&ute level, feet
minutes | minutes feet
e .. 28,80 | Pump started
S Y P 603 | 55.05 |........
...... 585 54.85 |[........
........................ 574 | 655.27 |[........
.................. ... B67 | 55.25 |........
........................ 561 55.97 |........
........................ 559 |........0........
........................ 555 | 63,27 |........
........................ 553.5/ 63.80 |........
........................ 546 [ 63.84 |........
197 | e Pump stopped
199 2 99.5 |........ 44 .48 15.68
20015 314 57.3 |........ 43.20 14.40
20114 414l 448 |00 42.36 | 13.56
20214 514 36.8 |........ 42.03 | 13.23
203 33.8 |........ 41.84 13.04
205 8 25.6 {........ 41.53 12.73
210 13 16.1 |........ 40.33 11.53
215 18 11.9 |........ 38.32 .52
220 23 9.6 |........ 37.40 8.60
230 33 7.0 |........ 36.19 7.39
240 43 56 |[.......: 35.31 6.51
250 53 4.7 |........ 34.70 5.90
260 63 4.1 {........ 34.17 5.37
270 73 3.7 {........ 33.70 4.90
295 98 3.0 |........ 32.86 4.06
310 113 2.7 |........ 32.51 3.71
325 128 2.5 |........ 32.15 3.35
340 143 2.4 |........ 31.89 3.09
355 158 2.2 |........ 31.65 2.85
370 173 2.1 |........ 31.43 2.63
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TasLe 3. Data on pumping test of well 91, Scott County, made on
December 8, 1941

Time Time . Depth
since since gifég’s to Draw-
pumping| pumpin; t/td & r water | down, Remarks
started, | stopped, mgleute level, feet
minutes | minutes feet
................................ 34.06 |........| Pump started
........................ 692 | 57.16 |........
........................ 677 | 57.84 |........
........................ 670 | 58.50 |........
........................ 670 | 58.76 |........
........ Pump stopped
8.83
6.92
5.39
4.20
3.85
3.37
3.02 3
2.58 t 1652 48
2.30
2.04
1.83
1.72
1.49 .
1.29
1.14
.99
.92
.83
.72
65 | t-13
.59 T;): .5
.52
.41
.38
.34
.33
.30
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Using the Theis formula, the coefficient of transmissibility may
be computed from the recovery of the water level in the pumped
well. The ratio t/t! was determined graphically by plotting t/t!
against corresponding values of s on semilogarithmic paper and
using for the ratio the slope of the straight line drawn through the
plotted points. An empirical correction to make the straight line
pass through the origin was applied. The correction ¢ was deter-
mined by trial and error and found to be -135. Thus

264 X 666 X 1
T=———— =—46270
38

38

The transmissibility is computed to be 46,270 and the coefficient of
permeability is determined by dividing the transmissibility by the
thickness of the aquifer, or 1,200. The specific capacity of the well
is computed to be 26.8 gallons per foot of drawdown.

A pumping test on an irrigation well (139) owned by M. K. Ar-
mantrout and situated in the NE14, NW14 sec. 36, T. 18 S, R. 33
W. was made on May 22, 1942. The pumping rate, depth to water
level before, during, and after pumping, and values for t/t! and for
s (residual drawdown) are given in Table 4.

The ratio t/t' was determined graphically by plotting t/t! against
corresponding values of s on semilogarithmic paper and using the
slope of the straight line drawn through the plotted points. Thus

264 %X 729 X 1
T=—-— =10,300
18.7
10,300
P= =190
54

The transmissibility is computed to be 10,300 and the coefficient
of permeability is determined by dividing the transmissibility by
the thickness of the aquifer, or 190. The specific capacity of the
well is computed to be 20.1 gallons per foot of drawdown.

A pumping test on an irrigation well (137) owned by C. T. Hutch-
ins and situated in the SE14 SEYj sec. 35, T. 18 S., R. 33 W. was
made on May 19, 1942. The pumping rate, depth to water level
before, during, and after pumping, and values for t/t! and for s
(residual drawdown) are given in Table 5.
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TasLe 4. Data on pumping test of well 139, Scott County, made on
May 22, 1942 )
_ Time Time . Depth
gince | since Eif;dn.’s to | Draw-
pumping| pumping| t/t* | 8 r water | down, Remarks
8 ) stoppetf m?tfute level, feet
minutes | minutes feet
................................ 18.47 |........| Depth to water level
on May 6, 1942. )
1 Pump started
........................ 730 | 54.64 |........| .
......................... 732 | 54.80 |........
........ D P 729 | 54.80 |........
........................ 725 | 54.70 |........
........................ 718 | 54.65 |........
........................ 716 | 54.65 |........]

Pump stopped




Scott County, Kansas

TasLe 5. Data on pumping test of well 137, Scoit County, made on

49

May 19, 1942
Time Time
since since Yiield, Digth Draw-
pumping| pumping 1 | gallons
started, | stopp ed)| t/t per w{;z:%eir (i?evg?, Remarks
mlmtltes mmtl}tes minute feet
................................ 19.03 |........| Pump started
........................ 582 | 51.256 [........
........................ 582 |55.95 |........
........................ 580 | 56.65 |........
........................ 578.5/ 56.65 |........
........................ 579 | 57.05 |........
........................ 578.5| 59.17 |........
185 | o e Pump stopped
18714 21 75.0 f........ 41.33 - | 22.30
189 47.2 ... 32.29 | 13.26
19015 54| 34.6 [........ 27.52 8.49
19115 615 29.5 |........ 25.72 6.69
19214 75 256 |........ 24.53 ’5.50
19315 8lgl 22.7 |........ 23.70 4.67
19415 914 20.5 |........ 23.15 4.12
19515 1015 18.6 22.77 3.74
197 1 116.4 |........ 22.30 3.27
200 15 13.3 |........ 21.74 2.71
203 18 11.3 ........ 21.37 2.34
206 21 9.8 |........ 21.10 2.07
209 24 8.7 |........ 20.93 1.90
212 27 80 |[........ 20.79 1.76
215 30 % U DU .| 20.67 1.64
220 35 6.3 |........ 20.51 1.48
230 45 5.1 |........ 20.33 1.30
245 60 4.0 |........ 20.15 1.12
260 75 3.4 |........ 20.05 1.02
275 90 3.0 |........ 19.95 .92
290 105 2.8 |........ 19.89 .86
305 120 2.5 |........ 19.83 .80
335 150 2.2 ... 19.75 .72
365 180 2.0 |........ 19.71 .68

4—6532
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The ratio t/t* was determined graphically by plotting t/t* against
corresponding values of s on semilogarithmic paper and using the
slope of the straight line drawn through the plotted points.

264 < 580.3 X 1 79,400
Thus T—— ———— =79,400 P= = 850
1.93 93
The transmissibility is computed to be 79,400 and the coefficient of

permeability is determined by dividing the transmissibility by the
thickness of the aquifer, or 850. The specific capacity of the well is
computed to be 15.2 gallons per foot of drawdown.

Data on the four pumping tests in Scott County are listed in
Table 6.

As indicated in Table 6, the coefficient, of permeability of the com-
bined Pleistocene and Pliocene water-bearing formations penetrated
by irrigation wells in Scott County is much greater than that of
water-bearing formations of Pleistocene age only. Some of the
largest yields obtained from irrigation wells in the county are be-
lieved to be derived from wells penetrating deposits of sand and
gravel of the Ogallala formation of Pliocene age. One of the Iargest
groups of successful irrigation wells obtaining water from this source
is situated in an area covering several square miles about 3 miles
west of Shallow Water.

WATER IN SAND ANb GRAVEL

Much of Scott County is underlain by unconsolidated deposits of
sand and gravel of Pleistocene and Pliocene age. Sand and gravel
are also found in the alluvium in several of the stream valleys. The
history of their deposition is given under Geologic History, and their
distribution, character, thickness, and water-yielding capacity are
described under Geologic formations and their water-bearing proper-
ties.

These stream deposits were subjected to the sorting action of
water with the result that distinct beds of gravel, sand, silt, or clay
were deposited. The source of material and degree of sorting deter-
mined the texture of this material, whether coarse or fine, some de-
posits being composed of clean well-sorted gravel while in others
finer materials predominate. In some poorly sorted deposits finer
materials occupy the pore spaces between the larger grains reducing
the effective porosity. Coarse, clean, well-sorted gravel or sand has
a high porosity and high permeability. Properly constructed wells
in material of this type yield large quantities of water.

The sand and gravel deposits of the Ogallala formation constitute



52 ‘ Geological Survey of Kansas

the principal source of water in Scott County. In the Scott Basin
the sand and gravel deposits of Pleistocene age are also an impor-
tant source of ground water. The sand and gravel deposits of the
alluvium in the principal stream valleys, particularly in the valley
of Beaver Creek, furnish water to many domestic and stock wells.
The sand and gravel deposits of the Ogallala formation and the
water-bearing sands and gravels of Pleistocene age furnish water
to a great many domestic and stock wells and to many irrigation
wells as well as to the public-supply wells at Scott City. Approxi-
mately 130 irrigation wells in the Scott Basin are supplied with
water from these deposits.

WATER IN CHALK AND SHALE

Chalk and associated chalky shales are not important sources
of water in Scott County, although many of the wells in the south-
eastern quarter of the county are known to end in either chalk or
chalky shale. :

Water occurs in limestone in fractures or in solution openings that
have been dissolved out of the rock by water containing dissolved
carbon dioxide. The occurrence of fractures and solution openings
is very irregular, making it difficult to predict where water will be
found in a limestone. One well drilled to limestone may encounter
water-filled fractures or solution openings'and have a good yield,
whereas another well drilled only a few feet from the first well may
not encounter any fractures or solution openings and yield little or
no water. In drilling for water in an area underlain by limestone,
it is generally necessary to put down several test holes to locate
water-bearing fractures or solution openings before the final well
can be drilled.

Shale is one of the most unfavorable of rocks from which to obtain
water. Shale, if not too tightly indurated, may have a fairly high
porosity and contain much water. The interstices between the
individual particles are so small, however, that the water is held
by molecular attraction and hence is not available to wells. Avail-
able water in shale is found only in joints and along bedding planes.

THE WATER TABLE AND MOVEMENT oF GROUND WATER

The permeable rocks that lie below a certain level in Scott County
and elsewhere generally are saturated with water under hydrostatic
pressure. These saturated rocks are said to be in the zone of satura-
tion, the upper surface of which is called the water table. The per-
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meable rocks that lie above the water table may be said to be in the
zone of aeration (Waite, 1942, p. 583). The water that enters from
the surface into the soil is slowly drawn down by gravity through
the zone of aeration to the zone of saturation, except that which is
retained by molecular attraction. In fine-grained material the earth
is nearly saturated for several feet above the water table due to
capillarity. This nearly saturated belt is called the capillary fringe.
Water in the capillary fringe or in transit in the zone of aeration is
not available to wells; hence wells must be sunk to the water table
before water enters them.

SHAPE AND SLOPE

The shape and slope of the water table in Scott County are shown
on the map (Pl. 1) by means of contours drawn on the water table.
Each contour line has been drawn through points on the water table
having approximately the same altitude. Collectively they show
the configuration of the upper surface of the ground-water body in
much the same manner as contours on topographic maps show the
general shape of the land surface. The altitudes of the water surfaces
in each of the wells that were used in compiling the map have
been referred tq sea-level datum.. Ground water moves in the direc-
tion of maximum slope, which is at right angles to the contours. The
position of the contours indicates that the water table in general
slopes eastward, but that the amount of slope varies considerably
because of irregularities of the water table.

The shape of the water table, which in turn determines the rate
and direction of movement of ground water, is controlled by several
factors. Irregularities in the shape of the water table under Scott
County may be caused by (1) the configuration of the underlying
Cretaceous floor; (2) discharge of ground water into perennial
streams; (3) recharge of the ground-water body by ephemeral
streams; (4) local differences in the permeability of the deposits;
and (5) local depressions on the water table caused by the pumping
of water from wells. ‘

The shape and slope of the water table beneath Scott County con-
form in general to the eastward-sloping bedrock floor, the average
slope being about 10 feet to the mile in the northern half of the county
and about 6 feet to the mile in the southern part of the county in the
vicinity of Shallow Water. The relation of the water table to the un-
derlying bedrock floor is shown by the cross sections in Figure 5. The
water-table contours in Plate 1 show that in general the water table
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beneath the western half of the county slopes eastward and
that in the area of the heaviest pumping, about 7 miles southwest
of Scott City, a cone of depression has been established. The area of
heavy pumping includes about 8 square miles and is approximately
delineated by the closed 2,910-foot contour line. In the northeastern
quarter of the county the contours show that the water table slopes
northeastward. Near the southeastern corner of the county the con-
tours show that the direction of movement is in a southeast direction.
The presence of a bedrock high in this vicinity has undoubtedly
been partially responsible for this change in the direction of move-
ment. It is interesting to note that the configuration of the water
table, as shown by the water-table contours on Plate 1, in general
is similar to the configuration of the pre-Tertiary surface as shown
‘in Figure 2. The countours on the pre-Tertiary surface indicate
“ the presence of a bedrock high in the southeastern quarter of the
county. They show further that in the western half of the county
the pre-Tertiary surface slopes rather uniformly eastward, and in
the northeastern part of the county the contours show that the pre-
Tertiary surface in general slopes northeastward. The contours
also reveal the presence of a long, narrow trough running southward
near the middle of the county. .

In the northern part of the county the plains surface has been
- dissected by Beaver Creek and several of the smaller northward-
flowing tributaries of Smoky Hill River, and in some instances the
valleys of these streams have been cut below the water table. Thus,
along the lower reaches of Beaver Creek, the water-table contours
show that the water table in the vicinity of Beaver Creek Valley
slopes toward the areas of discharge along the stream. The pres-
. ence of a long narrow ground-water divide on the east side of
Beaver Creek after it turns abruptly northward is indicated by the
water-table contours in that vicinity. Streams which gain water
from the zone of saturation are said to be effluent streams (Waite,
1942, p. 55).

In the vicinity of the heavily-pumped area southwest of Scott
City the water-table contours are not uniformly spaced suggesting.
that the configuration of the water table in this part of the county
has been rather extensively altered as a result of heavy pumping
from irrigation wells in the Scott Basin (Pl. 1). This is indicated
by the cone of depression enclosed by the 2,910-foot contour and
by tlie bunching of the contours up-gradient from the heavily
pumped area—the steeper gradients resulting from the extension
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. of the cone of depression. The effects of pumping are suggested
also by the area .of relatively flattened gradients just east of the
heavily pumped area, which has been caused in part by pumping
and in part by heavy recharge in the vicinity of the terminus of
Whitewoman Creek.

Streams that flow only after rains are classed as ephemeral or
intermittent streams. Their channels' are above the water table
and are dry much of the time. During periods of stream flow part
of the water in an ephemeral stream may seep into the stream bed
and descend to the water table. Streams of this type are called
influent streams. The lower part of Whitewoman Creek is influent
and the water table near the point where the creek debouches into
Scott Basin receives contributions following occasional periods of
stream flow. To a lesser degree, Lion Creek and Rocky Draw may
be influent near their respective termini. As shown by the dashed
2,915-foot contour (Pl. 1), the water table in the vicinity of the
terminus of Whitewoman Creek has been affected by recharge
from flood waters. )

Local differences in the permeability of the water-bearing beds
affect the shape of the water table. Other: things being equal the
slope of the water table in any area in general varies inversely
with the permeability of the water-bearing material. Thus, the
flow of ground water varies from place to place according to the
thickness and permeability of the water-bearing material. The
permeability of the Ogallala formation is extremely variable as a
result of changes in the character of the deposits from one locality
to another. The permeability of the Smoky Hill chalk member of
the Niobrara formation also is extremely variable as a result. of
differences in the character of the cracks and crevices that were
produced by the adjustment of the brittle chalk following crustal
deformation. Prior to the deposition of the Ogallala the upper sur-
face of the Niobrara formation was subjected to weathering with
the result that cracks and crevices along joints and bedding planes
were developed extensively. Structural forces originating in the
earth’s crust produced faulting locally in the Smoky Hill chalk
member of the Niobrara. The faulting apparently increases toward
the top of the Smoky Hill chalk and it is also greater in certain
areas than others. The permeability of the Smoky Hill chalk,
therefore, is largely dependent on the presence or absence of cracks
and fissures along joints and bedding planes and along fault planes.

The extreme flattening of the water-table gradient in the vicinity
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of the Scott Basin, as shown by the water-table contours, is due in
a large measure to the greater permeability of the thick Pleistocene
fill in the deepest part of the structural trough. Because of the ab-
sence of cemented beds in this part of the county, the opportunity
for the flood waters of Whitewoman Creek to be absorbed readily
by the unconsolidated sediments underlying Scott Basin is also
afforded.

RELATION TO TOPOGRAPHY

In Scott County the depth to water level below the land surface
is controlled largely by the configuration of the land surface. A
map (Pl. 2) has been prepared showing the depths to water level
in wells ih Scott County by means of isobath lines—lines of equal
depths to water level. These lines delimit areas in which the depth
to water level lies within specified ranges. As shown on this map,
the depth to water level ranges from less than 25 feet to about 160
feet. In general the depth to water level is less than 25 feet in the
Scott Basin and in the Dry Lake area in the southeastern part of the
county. In a much larger area in the central and southern part of
the county the depth to water level is less than 75 feet. The water
table lies deepest in the northern third of the county. In most of
the principal stream valleys the depth to water level in general is
less than 50 feet. The relation between the water table and the
land surface is shown in the 3 geologic sections across Scott County
in Figure 5.

For the purposes of discussion Scott County may be divided into
several areas based upon the depth to water level: (1) shallow-
water areas, (2) deep-water areas, and (3) areas of intermediate
depth to water level. The shallow-water areas may be subdivided
into the Scott Basin, the Cretaceous area in the vicinity of Dry
Lake in the southeastern part of the county, and the shallow-water
areas along stream valleys. In general the deep-water areas occur
in the northern part of the county and in other parts of the county
lying outside of the Scott Basin.

Scott Basin shallow-water area—The Scott Basin is the largest
and most important shallow-water area in the county. As shown
by the map (Pl 2) the water table stands less than 75 feet below
the land surface in an area covering approximately 200 square miles.
The water table stands less than 50 feet below the land surface in
an area approximately half this large. In the lowest part of the
Scott Basin, about 3 miles south of Scott City, the water table
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stands less than 25 feet below the land surface in an area covering
about 14 square miles. Most of the wells in the Scott Basin obtain
water from sands and gravels of Pleistocene and Pliocene age.

Cretaceous shallow-water area in the vicinity of Dry Lake.—In
an area embracing approximately 10 square miles in the vicinity
of Dry Lake near the southeastern corner of the county, the depth
to water level is less than 25 feet. The Niobrara formation of
Cretaceous age lies at or near the surface in this part of the county,
the Ogallala formation either being thin or locally absent. The
shallow depth to water level in this part of the county is due in
part to the shallow depth of the Niobrara formation which supplies
water to many of the wells and in part to the relatively low altitude
of the land surface in this area, the Dry Lake depression being the
lowest point in the county.

Shallow-water areas along stream valleys —Small shallow-water
areas occur in the narrow valleys of the principal streams in the
county, notably along parts of Whitewoman Creek and along Beaver
Creek. Most of the wells along Whitewoman Creek obtain water
from the sands and gravels of Pleistocene and Pliocene age, since
the alluvium in Whitewoman Valley is limited to a shallow deposit
of sand and gravel comprising the actual stream bed. Most of the

.wells located on the flood plain of Beaver Creek obtain water from
the alluvium, but some of the wells located along the valley sides
obtain water from the Ogallala formation. Springs occur in some
of the valleys that have been cut below the water table, principally
in the northern part of the county. The springs issue from the basal
part of the Ogallala formation near the contact with the underly-
ing Niobrara formation.

Deep-water areas—The deep-water areas in general are located
outside the Scott Basin and are most extensive in the northern
third of the county (Pl 2). The depth to water level in most of
the areas is more than 100 feet and in the northern part of the
county the depth to water level is locally more than 150 feet. The
deepest water level (well 10) observed in the county is located
about 12 miles north and 2 miles east of Scott City. With the
exception of several deep-water areas in the southeastern quarter
of the county, practically all the wells in the deep-water areas in
" Scott County obtain water from the Ogallala formation. In some
parts of the southeastern quarter of the county the Ogallala forma-
tion is thin or entirely absent and some of the wells have been
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drilled into the underlying Niobrara formation of Cretaceous age
to obtain water supplies. ‘

Areas of intermediate depth to water level—The areas of inter-
mediate depth to water level in general are confined to narrow
belts along the valley sides of streams where the depth to water
level ranges from 50 to 100 feet (Pl. 2). Most of the wells obtain
water from the Ogallala formation. In the southeastern quarter
of the county the Ogallala formation is thin or absent and some of
the wells obtain water from the Niobrara formation.

FLUCTUATIONS IN WATER LEVEL

The water table in Scott County is not a stationary surface, but
a surface that fluctuates up and down much like the water level
in a lake or reservoir. In general, the water table rises when the
amount, of recharge ‘exceeds the amount of discharge and declines
when the discharge is greater than the recharge. Thus changes in
the water levels in wells indicate to what extent the ground-water
reservoir is being depleted or replenished.

The principal factors controlling the rise of the water table in
Scott County are the amount of rainfall penetration, the amount of
water added to the underground reservoir by influent streams, and
the amount of water entering the county beneath the surface from
areas to the west. The principal factors controlling the decline of
the water table are the amount of water pumped from wells, the
amount of water lost through transpiration and evaporation where
the water table is shallow as in the Scott Basin and in stream val-
leys, the amount of water lost through natural discharge areas
along streams, and the amount of water leaving the county beneath
the surface toward the east. In the Scott Basin the water table
fluctuates in response to the heavy draft made upon the ground-
water reservoir by pumping from irrigation wells and to changes in
storage as a result of seepage of flood waters at the terminus of
Whitewoman Creek. The factors causing the water table to rise
are discussed in detail under ground-water recharge and the factors -
causing the water table to decline are discussed under ground-water
discharge.

The water levels in wells that penetrate water-bearing forma-
tions having a relatively impervious confining bed above the zone
of saturation may fluctuate in response to changes in atmospheric
pressure. The pressure on the water surface in a well increases
with an increase of atmospheric pressure. If this increase in pres-



Scott County, Kansas

Kinosaw jo

sayour ul

‘ainssaig

S92

092

aanssoad oueydsouwnje jo sofuvys Aq posnwy gIg [[9A UL [9A9] I9jeAM JO SoFuvyD) ‘8 "DIY

N

el

]

ydosboiog

./-\./l{\lll

B N

~ |

N
.l/\/\

Ne—]
N~

/\/
o

212 1'ém

—

og

62

82

L2

92

s

0b6I “49qo10

ve

€2

22

6vL

8'vL

Lvl

1934 ut
‘|and| 134om 0} yidag



Geological Survey of Kansas

60

‘aanj[noudy Jo pIeog 9) B)Q SBSUBY[ ‘S90IN0SAY 19)¥A\ JO UOISIAL ay} £q paure)
-UlBW pu® paum() ‘0gI [[OM UO PI[[RISUI 19103l aFv)s-1 9)BM d1jRwOiNy ‘g “98% AIBIMS[, JO [9ARI3 puv pues jo
s)1s0dap Jo FUIPPIG-SSOID FUIMOUS YIRJ 0)R)S A1UN0)) } 3008 Ul J1d [9ABIF Jo 90BJ YRIOU JO MIIA ‘Y '8 dlvid




Scott County, Kansas . 61

sure is not transmitted uniformly to the entire ground-water body
but acts only on the exposed water surface in the well, the water
level in the well fluctuates according to the changes in pressure.
If the pressure is transmitted freely through the pore spaces of the
soil above the zone of saturation to the ground water, however,
there is no barometric fluctuation of the water level. A hydrograph
of well 212, obtained from an automatic water-stage recorder and
an inverted barograph obtained from a recording micro-barograph,
are shown in Figure 8. The barograph is inverted because an in-
crease in atmospheric pressure causes the water levels in wells to
decline.

In the fall of 1939, 29 wells at strategic points in Scott County
were selected, and periodic measurements of water level in them
were begun in order to obtain information concerning the fluctuation
in storage of the underground reservoir. Two of these wells (196
and 212) were equipped with Stevens 8-day automatic water-stage
recorders. Continuous automatic water-stage recorders have been
maintained also on two wells (130 and 248) for several years by
the Division of Water Resources of the Kansas State Board of Ag-

riculture (Pl. 8B). In 1940 monthly observations were discontin-

ued in wells 93 and 158 and measurements were begun in wells 228
and 157. In the spring of 1940 an irrigation well (249) was drilled
278 feet south of observation well 248. Because the pumping of
this near-by irrigation well lowered the water level in the observa-
tion well (248), a new observation well (245) was constructed in
August 1940 by the Division of Water Resources 1 milé east and
0.3 mile north of well 248, at a safer distance from local pumping
influence (Pl. 9B). Complete water-level records of these wells
(130, 131, 245, and 248) have been made available by George S.
Knapp, Chief Engineer. The description of the wells and the water-
level measurements in 1939, 1940, 1941, 1942, and 1943 are given
in the annual water-level reports of the Federal Geological Survey
for 1939, 1940, 1941, 1942, and 1943 (Meinzer and Wenzel, 1940,
pp. 184-198; 1942, pp: 152-163; 1943, pp. 132-139; and 1944, pp.
153-158). The following table correlates the observation-well num-
bers used in this report with those given in Water-Supply Papers
886, 908, 938, 946, and 988. The location and description of each
well appears in the table of well records at the end of this report.
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TaBLE 7. Observation-well numbers used in this report and corresponding
numbers given in Water-Supply Papers 886, 908, 938, 946, and 988

Well - Well Well Well
Well no. no.in ||Wellno.! no.in |[|[Wellno.| no.in [|Well no.| no. in
in this Water- || in this | Water- || in this | Water- || in this | Water-
report, Supply || report | Supply || report | Supply || report | Supply
Papers Papers Papers Papers
24 36 107 19 162 50 228 | 54
27 35 118 27 163 17 232 49
34 40 123 3 195 5 244 13
42 41 128 23 196 b32 245 alA
50 ’ 37 130 a2 198 42 248 al
51 38 145 34 207 6 267 48
69 39 149 4 212 b33 270 44
90 47 157 55 217 8 l.oo
93 24 158 45 218 9 ...

(a) Equipped with a continuous automatic water-stage recorder and maintained by the
Division of Water Resources of the Kansas State Board of Agriculture,

(b) Equipped with automatic water-stage recorder during the period from September 1939
—July 1941.

RECHARGE

Recharge is the addition of water to the zone of saturation. Re-
charge in Scott County is derived from precipitation within the
county, from influent streams, from infiltration as a result of the
spreading of water for irrigation, and from subsurface inflow from
areas to the west of the county. In the Scott Basin recharge to the
underground reservoirs is accomplished by infiltration of flood
waters discharged on to the basin at the terminus of Whitewoman
Creek. '

RecHARGE FroM LoOCAL PRECIPITATION

Most of the ground-water recharge in Scott County is derived
from precipitation. The normal annual precipitation in Scott
County as determined by the U. S. Weather Bureau in 1944 is 18.61
inches, and only a small part of this amount reaches the zone of
saturation. Part of the water that falls on the surface of the county
runs off through surface channels and is drained from the area by
tributaries of Smoky Hill River, part is evaporated, part is tran-
spired by plants, and part seeps downward through the soil zone and
other rock material and recharges the ground-water reservoir. The
amount and frequency of this replenishment depend in part upon the
permeability of the intake materials. There is generally a lag be-
tween the time of precipitation and the time the water levels in wells
begin to rise, and in areas where the water table is deep, recharge
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from infiltration from the surface occurs only infrequently or at a
rate so low that the effect upon water levels in wells cannot be ob-
served except over long periods. The amount of precipitation
necessary to produce recharge depends upon the season of the year
and the character of the materials in the soil zone and in the zones
of aeration and saturation. '

Fluctuations in ground-water levels in Scott County are related in
some measure to the amount of recharge derived from the downward
seepage of surface water, either directly from rain or melted snow or
from streams and lakes supplied by rain and snow. The relation
between the fluctuations of water levels and the depth to the water
level in wells is shown best by the hydrographs of wells 69, 162, and
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Fic. 10. Graphs showing the water levels in four wells equipped with re-
corders, the cumulative departure from normal precipitation at Scott City
since January 1, 1931, and the acreage irrigated from wells in the Scott Basin.
(Water levels from automatic water-stage recorder charts and figures for irri-
gated acreage supplied by the Division of Water Resources, Kansas State

Board of Agriculture. "Cumulative departure compiled from records of the
U. S. Weather Bureau.)
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267 in Figure 9. Wells 69 and 162 are upland wells situated in the
eastern part of Scott County. The depth to water level in well 69
is about 69 feet and in well 162 about 98 feet. Well 267 is a shallower
well situated about 5 miles south of Shallow Water. The depth to
water in this well is about 32 feet and the hydrograph shows that
the water level in the well rises in response to heavy precipitation.
According to the hydrographs of wells 69 and 162 shown in Figure
9, the water levels in these wells seem to be only slightly affected
by precipitation. The water levels in wells 107 and 218 whose
hydrographs are shown in Figure 9 are affected by near-by pumping.
For this reason the effects of precipitation upon the water levels in
these wells have been obscured by the more dominant influence of
the pumping.

The fluctuations of the water level in four observation wells
equipped with automatic water-stage recorders in the Scott County
shallow water basin, the cumulative departure from normal precipi-
tation at Scott City and the acreage irrigated from wells in thé shal-
low water basin are shown in Figure 10.

The water level in well 248 had a net decline during the period
from October 23, 1931 through December 31, 1943 of 6.81 feet, which
represents an average annual decline of 0.57 foot. The fluctuations
of the water level in this well seem to correlate with the cumula-
tive departure from normal precipitation, suggesting that the sub-
normal precipitation might be entirely responsible for the lowering
of the water level in the well and in other wells in the area. It is
shown in Figure 10, however, that the irrigated acreage in the shal-
low-water area has increased from 1,021 acres in 1932 to 21,320 acres
in 1943 (Table 8). A somewhat similar correlation seems to exist
between the fluctuations of water level in wells 130 and 245 and
the cumulative departure from normal precipitation. A part of
the decline in water level in each of these wells has been caused
by a mounting deficiency in precipitation and a part has resulted
from the effects of pumping as evidenced by the increase in irri-
gated acreage. :

Throughout the growing season the moisture supply in the soil
zone is depleted by the steady draft made by the plants and is
replenished from time to time by rains or by irrigation. When rain
occurs, this deficiency in the soil moisture supply must be satisfied
before water will pass through the belt of soil moisture and move
downward by gravity, either directly to the permanent zone of
saturation or into the intermediate belt of the zone of aeration. The
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TasLe 8. Annual precipitation at Scott City, annual departure from normal,
acreage wrigated from wells in the Scott Basin, and the annual net rise or
net decline in water levels.in wells 130,245, and 248

Annual Acreage Annual net rise (+) or net
Algglwﬂ depar- irrigated | decline (—) in water level, feet
ptati(?n -| ture from from
Year ‘normal wells
at Scott in th
City precipi- in the
inches! tation, Scott Well 248 | Well 130 | Well 245
inches Basin?
1931 18.38 —0.23 2,265 ... e
1932 20.06 +1.45 1,021 +0.01 ...l
1933 24 .84 +6.23 2,035 — 43 |
1934 12.65 —5.96 3,859 — .83 |
1935 15.54 —3.07 4,234 — .06 +0.62 |..........
1936 18.24 — .37 3,849 — .31 + .71 |
1937 13.11 —5.50 6,828 — .59 — .22 ...
1938 14.92 —5.80 10,355 — .40 — .03 |..........
1939 14.63 —3.98 12,298 — .79 —2.07 |..........
1940 16.88 —1.73 17,164 —1.15 —1.37 .. ...
1941 24 .63 +6.02 16,427 — .20 + .05 —0.33
1942 22.24 —3.63 18,651 — .52 + .09 — .12
1943 10.38 —8.23 21,320 —1.71 —2.49 —1.60
1944 29.92 +11.31 16,890 + .18 + .84 + .10
1945 14.22 —4.39 21,002 — .73 —1.55 — .43
Normal 18.61 |.......... Average | — .54 — .39 |

1. Compiled from records of the U. S, Weather Bureau.

2. Acreage figures released by the Division of Water Resources of the Kansas State Board
of ‘Agriculture.

water table generally declines somewhat during the summer months
owing to the withdrawal of water by plant transpiration and evap-
oration and by pumping for irrigation even though the precipitation
may be greater than in the winter. During the winter months in
places where the soil freezes to depths of a few feet the frozen soil
may be quite impermeable and may function as a formidable bar-
rier to infiltration from the surface. In the spring when thawing
commences, the soil becomes saturated with the water from the rains
and melted snow. Some of the water released in this manner sinks
rapidly and eventually joins the zone of saturation. In the areas
of deep water table in Scott County this thawing process may pro-
vide the principal additional ground-water storage for the year.
"There is relatively little evaporation and transpiration during the
winter months, and at that time optimum conditions for recharge
prevail. '

Theis (1937) presented evidence to show that the average annual
ground-water recharge from rainfall in the southern High Plains is
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somewhat less than half an inch. The intake materials near the
surface in the upland areas lying outside the Scott Basin in Scott
County are comparable to those of the southern High Plains, al-
though the total annual precipitation is somewhat greater. Re-
charge as a result of rainfall penetration in Scott County probably
averages slightly less than half an inch a year for several reasons:
(1) most of the rainfall occurs during the growing season when the
amount of water lost by transpiration and evaporation is the great-
est; (2) the downward movement of water is impeded in most of
the county lying outside of the Scott Basin by cemented beds ot
caliche in the Ogallala formation; and (3) some of the storm water
remains in depressions for long periods after heavy rains, showing
that very little infiltration takes place at these points. No figures
regarding the annual amount of evaporation in Scott County are
available, but the average rates of evaporation from a free water
surface for the months of the growing season based on the 30-year
record from 1908 to 1938 at the Garden City experimental farm
are (Smith, 1940, p. 28) : April, 6.68 inches; May, 8.46 inches; June,
10.25 inches; July, 11.90 inches; August, 10.42 inches; September,
8.10 inches. It is noteworthy that maximum evaporation occurs dur-
ing the month of maximum rainfall and that the rate of evaporation
greatly exceeds the rate of precipitation. It seems likely, therefore,
that a rather large proportion of the ‘annual precipitation in Scott
County is lost through evaporation.

A part of the precipitation that falls is lost through runoff in
streams, the amount being determined largely by the intensity of
the rainfall, the slope of the land, the porosity of the soil, and the
type and amount of vegetative cover. Conditions generally are
much more favorable for rainfall penetration during a gentle rain
of long duration than during a torrential downpour when the rate
of runoff is high.

The slope of the land is an important factor in determining the
amount of runoff, and, in general, the steeper the slope the greater
the runoff. The slope of the land surface in nearly all of Scott
County is relatively gentle, but steep slopes occur along Beaver
Creek and smaller streams tributary to Smoky Hill River.

The type of soil also determines in part the proportion of the
precipitation that will be lost as runoff and the part that will per-
colate into the underground reservoir. In general, runoff is greater
in places where the soils are tightly compacted and fine-grained
“than in places where the soils are sandy and loosely compacted.
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‘The velocity of the runoff is decreased by a suitable vegetative
cover and under such conditions there is a better opportunity for
part of the water to seep into the ground.

The loss of precipitation by runoff in Scott County is very small.
Some runoff occurs along Beaver Creek in the northern part of the
county as well as along several smaller tributary streams to Smoky
Hill River. In the remainder of the county there is practically no
surface runoff. :

The most favorable areas in Scott County for ground-water re-
charge are the large depressional area south of Scott” City known
as the Scott Basin, locally along certain stretches of Whitewoman
Creek and its tributaries, and the areas in the southeastern quarter
of the county mantled by dune sand. "There may be some ground-
water recharge from storm water in shallow surface depressions on
the uplands in Scott County.

RECHARGE IN THE ScoTT BASIN

Scott Basin offers unusually good opportunities for recharge from
precipitation and from infiltration of storm water during periods
when the floor of the basin is covered by flood runoff from White-
woman Creek. The temporary lake that forms at the terminus of
Whitewoman Creek following heavy precipitation on its watershed
to the west shrinks in volume in a relatively short time and a part
.of this water sinks into the ground. After passing through the soil
zone much of this water moves on down through more permeable
intake materials to join the water table. There is little or no re-
sistance to the downward movement of this water because of the
relative absence of impermeable materials beneath the floor of the
basin.

The configuration of the water table in the vicinity of the Scott
Basin, as shown by the water-table contours in Plate 1, suggests
that recharge is occurring in that part of the county. The con-
tours along the eastern and southeastern side of the basin have
been shifted progressively down-gradient as a result of the heavy
recharge in the area approximately enclosed by the 2,915-foot dashed
contour. The amount and frequency of this recharge depend in
large part upon the volume of water that is discharged into the
basin, the approximate area that is inundated, and the length of
time that the area is flooded. There is no opportunity for any of
the storm water to leave the basin as runoff because of its low
topographic position. It is probable that maximum recharge occurs
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during periods when the basin is inundated after the growing season
at a time when transpiration and evaporation losses are low. The
majority of the freshets that fall on the watershed of Whitewoman
Creek occur during the growing season, however.

RECHARGE FrROM WHITEWOMAN CREEK AND ITS TRIBUTARIES

There is a possibility that some recharge occurs locally along
certain stretches of Whitewoman Creek, particularly that part of its
course which traverses the Scott Basin, during periods of stream
flow. "It is also possible that some recharge occurs along some of
the larger tributaries of Whitewoman Creek, including Lion Creek
and Rocky Draw. The magnitude of the contribution to the zone
of saturation during periods of excessive runoff is not known, but
in general it is believed to be rather small. The periods when these
watercourses carry storm runoff are infrequent and of short duration
and very little opportunity is afforded for very much water to sink
into the shallow stream bed and move downward to be added to
the zone of saturation. The bulk of the storm water moves rapidly
downstream and is debouched on the floor of the Scott Basin at the
lower end of Whitewoman Creek.

RecHARGE IN DEPRESSIONS

Shallow depressions, or sinks, dot the uplands and parts of the
Scott Basin in Scott County. The widespread occurrence of these
depressional areas is strikingly portrayed on the aerial photographs
of the county that were obtained from the Agricultural Adjust-
ment Administration. The outlines of nearly all of them have also
been shown on the topographic maps of the four 15-minute quad-
rangles that cover the county. The greatest concentration of these
sinklike depressions occurs in the northeast quarter of the county.
They are conspicuously absent in an area southwest of Scott City
bounded on the north by State Highway 96 and on the south by
Whitewoman Creek and extending westward to the county line.
Sinks are quite common in the upland area northwest of Beaver
Creek near the nerthwestern corner of the county. In the area
that lies south and southeast of Beaver Creek, the sinks are
less numerous than in the northeast quarter of the county. Their
distribution is somewhat scattered in the southern part of the
county—south, east, and southeast of Whitewoman Creek, and east
and southeast of Shallow Water. After heavy rains, storm water
collects in these small basins, forming temporary lakes. The water
in some of these ponds disappears rather quickly, while in others
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it may remain for periods ranging from a week to several months.
One of these storm-water lakes is shown in Plate 7B. The ability
of such depressional areas to hold or lose water is entirely de-
pendent on the character of the underlying materials. If the de-
posits beneath the floor of the sink are fine-textured and relatively
impermeable, water will stand in the sink until it is evaporated.
On the other hand, if the materials beneath the floor of the sink are
relatively permeable, the accumulated water will sink rapidly down-
ward until all of it is thus dissipated. Some studies of the char-
acter of the deposits underlying similar depressions in the High
Plains of Texas have ben made by White, Broadhurst, and Lang
(1940, p. 7). Several hundred test holes were drilled in the beds
of depression ponds on the High Plains. These holes were drilled
to an average depth of about 30 feet and spaced 100 to 300 feet
apart in lines across the depressions. The studies showed that
subsurface conditions beneath the depressions were extremely vari-
able. In some of the depressions relatively little caliche was en-
countered, in others caliche was found all the way across but was
relatively soft, and in still others the cemented beds were dense
enough to be designated rock by the drillers. "In areas where the
caliche was absent the sediments penetrated in many of the holes
were relatively permeable from the surface to the bottom of the
hole. This investigation also disclosed that (White, Broadhurst,
and Lang, 1940,p. 7):

The bottom of most of the depressions is covered with deposits of silt and
soil, in places resembling gumbo and ranging from two to ten feet in thickness.
After the ponds become dry, fractures and crevices several feet in depth fre-
quently develop in their beds. In some of the depressions small sinks, appar-
ently developed by solution channelling in the underlying caliche deposits, are
present. These crevices and solution channels may provide a pathway for
the downward movement of water for a time after the ponds are filled,
although they may become sealed after water has stood over them for several
days. . . . In some of the ponds the rate of decline was small and ap-
parently was due mostly to losses from evaporation. In others, it was quite.
rapid, amounting in some cases to two inches or more a day for 10 days or
so after the rains and then gradually slowing down.

Latta (1944, pp. 73-74) presented evidence to show that the fluc-
tuations of the water level in a well in Finney County, which is
situated in a depression similar to those under discussion, reflected
the effects of recharge resulting from water percolating to the water
table from storm water accumulated in the depression. This résponse
was obvious in spite of the fact that the water level in the well was
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about 112 feet below the surface. He pointed out that as a result
of recharge from this depressional area, a small mound on the water
table was formed temporarily and that the mound was gradually
reduced as the water moved out laterally. He also concluded that
other depressions on the uplands probably act as catchment areas
for recharge in the same manner.

It is believed that similar conditions exist in Scott County. Some
of the floors of the depressions appear to be sealed rather tightly
by an effective soil cover, while the floors of others seem to be
traversed by cracks. '

SuMMARY

Much of the annual recharge to the ground-water reservoir in
Scott County is derived from precipitation that falls on the county,
from precipitation ‘on the surface of the High Plains west of Scott
County, and from infiltration of flood waters at the terminus of
Whitewoman Creek. The amount and frequency of recharge from
precipitation depend upon many variable factors. A part of the local
precipitation enters the ground through areas of sand dunes and
sandy soil, some of the storm water that collects in the numerous
depressions scattered over the county sinks into the ground to join
the water table, and small amounts of water move downward through
channels of normally dry streams during periods of flood flow. Theis
(1937) presented evidence to show that the average annual ground-
water recharge from precipitation in the southern High Plains is
somewhat less than half an inch.

DISCHARGE:

Ground water is discharged in Scott County by transpiration and
evaporation, by seepage into streams, springs, and underground
percolation that leaves the county, and by wells. The rate at which
it is discharged is controlled by many factors, but especially by
the stage of the water table and by the season of the year. Tran-
spiration and evaporation of water from the zone of saturation are
confined exclusively to areas where the water table is very shallow,
such as in the lowest part of the Scott Basin. More ground water
is pumped from irrigation wells in the Scott Basin than in the up-
land parts of the county. Seepage of ground water into streams
occurs only along Beaver Creek and other smaller tributaries of
Smoky Hill River in the northern part of the county. There is
little or no natural discharge of ground water where the water table
lies at great depth except for the water that is moving slowly out
of the county to the east as indicated by the water-table contours
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on Plate 1. The amount of water that moves out of the county is
approximately the amount that enters from the west plus whatever
additions to or subtractions from the ground-water reservoir have
been made within the county.

TRANSPIRATION AND EVAPORATION

Water may be drawn into the roots of plants directly from the
zone of saturation or from the capillary fringe; and discharged from
the plants into the atmosphere by the process of transpiration
(Meinzer, 1923a, p. 48). The rate at which water is withdrawn by
this process varies with the type of plants, the depth to the water
table, the climate and season of year, the character of the soil, and
possibly other factors. The limit of lift by ordinary grasses and
field crops is not more than a few feet, but some types of desert
plants are known to have roots which penetrate to the water table
60 feet or more below the surface (Meinzer, 1923, p. 82). In most
of Scott County, with the possible exception of the lowest part of
the Scott Basin, the water table is considerably below the root tips
of most plants, and water is withdrawn from the belt of soil mois-
ture, thereby depleting the supply of soil moisture. In the lowest
part of the Scott Basin south and east of Scott City and in some
of the stream valleys many of the plants draw water directly from
the zone of saturation, Evaporation of water directly from the
zone of saturation is confined almost exclusively to land adjoining
streams, where the water table is very shallow. In most parts of
Scott County where the water table lies at considerable depth no
water from the zone of saturation is lost by direct evaporation;
in such places only the soil moisture is evaporated.

The amount of water discharged annually by plant transpiration
in Scott County is not definitely known, but it is probably very
small in those areas where the water table lies more than 20 feet
below the suface. In the lowest parts of the Scott Basin and in
some of the stream valleys where the water table is shallow, the
amount of ground water discharged by plants is somewhat greater.
It is believed that the total quantity of water withdrawn by plant
transpiration in the lowest part of the Scott Basin and in stream
valleys is relatively small and much less than in the central Platte
Valley in Nebraska.

SEEPAGE INTO STREAMS
A stream that stands lower than the water table may receive water

from the zone of saturation, and is known as an effluent stream. The
principal streams that receive ground-water discharge in Scott
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County are Beaver Creek and several of the small northward-flow-
ing tributaries of Chalk and Hell Creeks in the northern part of
the county.

As pointed out under the discussion of shape and slope of the
water table, ground water moves in toward the lower part of Beaver
Creek Valley from both sides as shown by the water-table contours
on Plate 1. Beaver Creek is a gaining stream, starting at a point
about 5 miles northwest of Scott City and continuing throughout
the remainder of its course northward; that is, it is efluent with
respect to the water table. Where tributary streams have cut their
channels below the water table, their flows are also augmented by
ground water during most of the year.

DISCHARGE FROM SPRINGS

In Scott County some water is discharged through springs. All
springs observed are in the northern part of the county along the
lower stretches of Beaver Creek and its larger tributaries, and along
several of the northward-flowing tributaries to Chalk and Hell
Creeks which are just north of the Logan-Scott County line. All
the springs are along the valley sides of streams and are at or near
the contact between the water-bearing sands and gravels of the
Ogallala formation and the underlying chalk and chalky shale of
the Smoky Hill chalk member of the Niobrara formation. The total
quantity of water discharged by springs in Scott County is not defi-
nitely known, but it is thought to be small as compared to discharge
by other means. It is probable that there is a large amount of
seepage along the escarpments bordering the stream valleys that is
not discernible, the water probably being dissipated by evaporation
and transpiration as fast as it issues near the contact of the Ogallala
and Niobrara formations. The known springs are described below
under recovery.

DiscuArRGE FROM WELLS

Discharge of ground water from wells in Scott County constitutes
the principal discharge from the ground-water reservoir. Large
amounts of water are pumped from irrigation wells in Scott County
in addition to that pumped from industrial, public supply, and do-
mestic wells. Most of the rural residents of the county derive their
domestic and livestock supplies from wells, but the total amount of
water pumped from these wells is comparatively small.
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RECOVERY
SPRINGS

In Scott County, some water is recovered from springs for domes-
tic and stock use and, in at least one case, for public supply, but the
supplies thus obtained, with the exception of several of the larger
springs in Scott County State Park, are generally small. Small
springs are found in the northern part of the county along the valley
sides of Beaver Creek and its principal tributaries and along north-
ward-flowing tributaries of Chalk and Hell Creeks. The locations
of several of the more important springs are shown on Plate 2.

Most of the springs observed in this area are gravity springs; the
water does not issue under artesian pressure, but is at the outcrop
of the water table. Seepage areas were also observed along the
valley sides of these streams. The water in this type of spring or
seepage area percolates from permeable material or flows from open-
ings in the rock, under the action of gravity, as a surface stream
flows down its channel. QGravity springs may be further classified
as seepage springs, in which the water percolates from numerous
small openings in permeable material; as contact springs, in which
water flows to the surface from permeable material over the outcrops
of less permeable or impermeable material that retards or prevents
the downward percolation of the ground water and thus deflects it
to the surface; and as depression springs, in which water flows to
the surface from permeable material simply because the surface
extends down to the water table (Meinzer, 1923a, pp. 50-55). The
distinctions between these types of springs are somewhat arbitrary
and all may grade into one. another.

- Most of the springs in Scott County are either contatt springs or
seepage springs and issue from permeable beds at or near the base
of the Ogallala formation near its contact with the underlying Nio-
brara formation. Water is discharged {rom many springs of this
type on both sides of Beaver Creek and its principal tributaries in
Scott County State Park. At some of the seeps there is no visible
discharge of water, but the vegetation near the contact.is much
greener and more luxuriant, indicating that the plants are tran-
spiring ground. water as fast as it is being discharged. Although
some of these seepage areas are rather extensive, they have not been
shown as springs on Plate 2.

Some of the springs in Scott County State Park have been de-
veloped for public use. The best known of this group of springs
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Prate 10. A, Closeup view of Big Springs located in Scott County State
Park. B, Distant view of above, showing characteristic exposure of Ogallala
formation in bluff in background. Springs issue from base of Ogallala forma-
tion near its contact with the underlying Smoky Hill chalk member of the
Niobrara formation.
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are the “Old Steele Home” in the park, “Big Springs,” and “Barrel
Springs” (numbers 16, 17, and 18, respectively). The largest spring
observed in the county was “Big Springs” (Pl. 10). This spring
has a reported yield of 400 gallons a minute. The yields of other
springs in the county are somewhat less and range from a few gal-
lons a minute up to possibly 100 gallons a minute and greater.

WELLS

PRINCIPLES OF RECOVERY FROM WELLS

When a well is pumped there is a difference in head between the
water inside the well and the water in the material outside the
well. The water table in the vicinity of a pumped well declines
and assumes a form comparable to an inverted cone, the apex of
which is at the well. When a well is discharged under artesian
conditions, there is a comparable lowering of the “piezometric sur-
face”—the imaginary surface to which artesian water will rise
under its full head. Under artesian conditions the cone of de-
pression exists only as an imaginary cone whose apex is the point
of discharge of the well. In any given well the greater the pump-
ing rate the greater will be the drawdown and the greater will be
the extent of the cone of depression. Thus the effects of the dis-
charge will be felt at greater distances from the pumped well, and,
if heavy pumping continues, the water levels in wells several hun-
dred feet or even a mile or more distant may be lowered somewhat.

The specific capacity of a well is its rate of yield per unit of
drawdown and is usually stated in gallons a minute per foot of
drawdown. For example, well 91 has a measured yield of 666
gallons a minute with a drawdown of 24.8 feet. Its specific ca-
pacity, therefore, is about 26.8 gallons a minute per foot of draw-
down. When a well is pumped the water level drops rapidly at
first and then more slowly until conditions of approximate equi-
librium are approached, and, in some wells, the water level may
continue to decline for several hours or days before approximate
cquilibrium is established. Drawdown and recovery curves for
wells 91 and 137 are shown in Figure 6. In determining the spe-
cific capacity of a well, therefore, it is important to continue pump-
ing until the water level remains approximately stationary. When
pumping stops, the water level rises rapidly at first, but the rate
of recovery becomes progressively slower and may continue long
after pumping has ceased.

The cost of pumping water can be reduced by increasing the
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specific capacity of a well, as the cost of pumping increases with
the drawdown. The specific capacity of wells sometimes can be
increased by modern methods of well construction, some of which
are described under “Drilled Wells.”

METHODS OF LIFT

Most of the rural residents in Scott County derive their domestic
and stock supplies from wells equipped with lift or force pumps,
which are operated by windmills, engines, electric motors, or in
some cases by hand. Some of the farms have been equipped with
small pneumatic pressure systems in which the water is forced
against air pressure into an air-tight tank from which it flows
under pressure to any part of the home or farm.

All irrigation wells in Scott County are equipped with deep-well
turbine pumps. A series of connected turbines or bowls are sub-
merged below the water table (or just above in some wells) and
are connected by a vertical shaft to a pulley or vertical motor at
the top, or to internal combustion engines through geared heads.
The number of such units varies, depending on the height the water
must be forced, but the average installation in irrigation wells in
Scott County comprises 3 stages. Approximately 45 percent of the
irrigation wells in Scott County are powered by electric motors,
about 81 percent are powered by natural-gas engines, approxi- '
mately 13 percent are powered by gasoline engines, and a few are
cperated by diesel engines and tractors.

Practically all industrial wells in the area, including the railroad
and municipal wells in Scott- County, are equipped with deep-well
turbine-type pumps driven by electric motors.

DUG WELLS

Of 280 wells in Scott County visited in 1940, 7 were dug wells.
Of these 7 dug wells, 2 supplied water for domestic and stock use
and 5 were out of use. Most dug wells tap rather poor water-
bearing material, but because of their large diameter they have a
‘large infiltration area and ample storage capacity. Dug wells gen-
erally are curbed with native rock, but four of the dug wells in
Scott County are left uncased and one well has been curbed with
old steel boilers. Practically all the dug wells are approximately
4 feet in diameter and the total depths of the wells range from
about 20 to 85 feet.



Prate 11. A4, OEuuo,.vmo_ bucket in open position re ady to be lowered into hole during construction of well
114. B, Rotary hydraulic drilling rig used in putting d own irrigation wells.
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Prate 12. A, View of 18-inch boiler-steel casing used for irrigation wells.
Sections of blank casing in foreground; torch-perforated screen casing in back-
ground. B, End view of 42-inch blind or dummy casing used in constructing
gravel-packed irrigation wells.
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DRILLED WELLS

Several methods of drilling wells have been employed in Scott
County. Most of the domestic and stock wells in the county have
been drilled by cable-tool rigs. The cable-tool method is also known
as the percussion method and is sometimes referred to as the churn-
drill method. Several.other special methods for drilling irrigation
wells in the county have been developed by local drillers. One of
these methods makes use of a large-diameter auger-type bucket
(Pl. 9A) that is used in conjunction with an orange-peel bucket
(Pl. 11A). In this method blind or dummy casing (Pl. 12B), 42 to
46 inches in diameter, is used in constructing gravel-packed wells.
The hydraulic-rotary method as well as the jetting method have
been employed in connection with the drilling of small-diameter
test holes for irrigation supplies. In 1940, hydraulic-rotary meth-
ods were also used for constructing irrigation wells, and several
wells have been put down by this method since that time. A port-
able hydraulic-rotary drilling rig was used for this purpose (Pl
11B). Another method that has been very successful in the con-
struction of large wells is an adaptation of the California’ mud-scow
method with some modification. In this method a heavy bailer
with a cutting shoe and a reaming attachment is used (Pl. 13B).

A standard cable-tool rig consists essentially of a mast, 2-line
hoist (cable drum), one for the tools and the other to operate the
bailer or sand bucket, a walking beam (spudder) for raising and
dropping the tools, and an engine for power. The unit is generally
mounted on a truck or trailer. The mast is made so that it can
be folded down over the machine for moving. Drilling is accom-
plished by the breaking up of the rock by the impact of a heavy
bit that is lifted and dropped at regular intervals. The crushed
material is removed from the hole by means of a bailer or sand
bucket. In the hydraulic rotary method, the equipment necessary
consists of drill pipe, drill bits, mud pump, derrick or mast hoist
with drill line for handling pipe, power unit, rotary table, swivel,
and hose. This equipment is generally mounted on a truck or
trailer unit. The rotary table is at the rear, and the mast is in a
vertical position above the rotary table when drilling and folds
down over the truck when moving. Mud is pumped from a pit by
the mud pump to the drill pipe under pressure and out through
the openings in the drill bit. The pipe is rotated continuously
while drilling. The drill pipe is rotated by the rotary table either

6—6532
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Prate 13. A, Cluster of Biorbia fossilia seeds in Ogallala formation at north
end of Scott County State Park in the NW1% SE¥4 sec. 2, T. 16 S, R. 33 W.
B, Bailer with cutting shoe and a reaming attachment used in constructing
large wells by a modified California mud-scow process. Bailer is 18 feet long
and 17 inches in diameter; weight approximately 2,000 pounds.
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by use of a Kelly or clamps that fasten to the drill pipe. In this
method, removal of the cuttings is accomplished by -circulating
mud-laden fluid down through the drill pipe and up through the
annular space between the drill pipe and the hole. The cuttings are
brought to the surface as fragments suspended in the mud and are
allowed to settle out into a sump or pit. The mud fluid is then
picked up by the mud pump and recirculated. The mud also serves
to plaster the walls of the hole and to prevent the formations
from caving until the casing is installed.

The equipment used in the jetting method consists of a string of
pipe, a jetting bit, a pressure pump for forcing water through the
bit, and a hoisting mechanism for handling pipe. Drilling is done
by means of water forced through the drill bit under pressure. The
bit is turned slowly by hand or where hard formations are en-
countered the drill stem with bit attached to lower end is raised
and dropped by use of spudding equipment, this action pulverizing
the formation being drilled so that the water that is forced through
the bit under pressure will carry the drill cuttings to the surface.
An adaptation of this method has been used by local drillers in the
county for test-drilling purposes only. Small portable drilling ma-
chines have been built by the drillers for this purpose.

Construction of wells in consolidated rocks.—A few drilled wells
in the southeastern quarter of Scott County obtain water from
consolidated rocks—shale and limestone. In most of these wells
the water enters only in the lower end of the casing; these are
called open-end wells. In some wells, however, the casing extends
to the bottom of the hole and the water enters the well through a
section of screen or slotted casing placed opposite the water-bearing -
material. This type of well is generally cased only a short distance
into the rock, the lower part of the hole being left uncased. The
yields of drilled wells in the several consolidated deposits in Scott
County are discussed on pages 114 and 118; the records of all wells
visited are given in Table 19.

Construction of wells tn unconsolidated deposits—Most of the
drilled wells in Scott County obtain water from unconsolidated
material (sand or gravel). The principal unconsolidated water-
bearing deposits are the Tertiary Ogallala formation and the un-
differentiated Pleistocene sands and gravels. Wells in these deposits
generally are cased nearly to the bottom of the hole with galvanized-
iron or wrought-iron casing. In some wells the water enters only at
the lower open end of the casing, but in many wells—particularly
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those used for irrigation—the casing is perforated below the water
table to provide greater intake facilities.

The principal type of domestic and livestock well in Scott County -
is a cased drilled well containing a separate pipe and cylinder for
conducting the water to the surface. The wells are generally from
4 to 6 inches in diameter. Many of the larger municipal and in-
dustrial wells and practically all the irrigation wells that have been
drilled in the county in the last several years are gravel-packed.
In places where the water-bearing materials are fine-grained, the
gravel-packed wells have several advantages that offset the greater
initial cost. The envelope of selected gravel that surrounds the
screen increases considerably the effective diameter of the well,
thereby decreasing the velocity of the water entering the well. This
reduction in velocity prevents the movement of fine sand into the
well and increases the production of sand-free water. Owing to
the increased effective area offered by this type of construction,
the entrance friction of the water is reduced and the drawdown
may be reduced materially. As stated above, a reduction in draw-
down at a given yield means an increased specific capacity and
reduces the cost of pumping.

Assuming that a well of the best possible construction is em-
ployed, then the.maximum amount of water that can be withdrawn
from the well is fixed by nature and nothing more can be done to
make the well yield more than the water-bearing material will
provide. The problem for the driller, then, is to construct each
individual well in such a manner as to obtain the greatest yield
with the smallest amount of drawdown that is possible under the
existing conditions. For further discussion of gravel-packed wells
the reader is referred to a report by Rohwer (1940, p. 62). Some
of the factors that influence the cost of pumping water have been
summarized by MecCall and Davison (1939, p. 29):

First, the well should be put down through all valuable water-bearing
material. Second, the casing used should be properly perforated so as to
admit water to the well as rapidly as the surrounding gravel will yield the
water. Third, the well should be completely developed so that the water
will flow freely into the well. . . . Increasing the diameter of the well
will decrease the drawdown but little, all else remaining equal. The small
saving in lift due to use of a large casing usually will not offset the extra
cost of the larger well. It is much better to put a 16-inch casing down through
all valuable water-bearing material than to start a 24-inch casing and have
to stop short of the desired depth. Increasing the depth of the well will

have a greater effect on reducing the drawdown than will increasing the diame-
ter, so long as additional water-bearing formations are encountered.
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For a description of different types of pumping plants, the condi-
tions for which each is best adapted, construction methods, and a
discussion of construction costs, the reader is referred to a report by
Davison (1939). ‘

" In constructing a gravel-packed well a common practice is to use
an auger-type bucket to drill down through the materials under-
lying the surface until the walls of the open hole will no-longer
stand. This type of equipment can sometimes be used effiectively
to depths as great as 70 feet. In one instance an auger-type bucket,
24 inches in diameter and 30 inches long, has been used (Pl. 9A).
The bucket is equipped with a reamer at the top that will cut up
to a 50-inch hole and the 24-inch bucket at the bottom acts as a
pilot. The bucket is rotated by means of a square Kelly rod that
operates through a rotary table at the surface. An orange-peel
bucket is very effectively used in conjunction with the auger-type
bucket for removing sand and soft clays from the hole (Pl. 11A).
Blind or dummy casing from 42 to 46 inches in diameter is placed
in the hole as drilling progresses. The usual practice is to drill
slightly ahead of the dummy casing, and as the hole increases in
depth, the dummy casing is lowered correspondingly. After reaching
the total depth the well screen or perforated casing, generally from
16 to 24 inches in diameter, is then lowered into the hole and graded
gravel is placed in the annular space between the permanent well
screen and the blank or outside casing. The outer casing is then
withdrawn to uncover the screen and allow the water to flow through
the packing from the water-bearing material. One driller uses a
method for constructing large-diameter wells that is an adaptation
of the California mud-scow process. Pre-perforated steel casing is
used entirely and locations that have been previously investigated
through test drilling are drilled. Vertical slots are cut in the casing
using a torch and the sections are torch-welded (Pl. 12A). In this
method, a 30-inch open hole is first drilled down to the water-bearing
strata. Steel casing, 16 inches in diameter, with a 26-inch bell on
the bottom, is then placed in the hole. The larger-diameter bell on
the bottom serves as a cutting shoe. As drilling progresses the hole
is bailed clean until it is free from all mud, and the annular space
between the casing and the open hole is then back-filled with graded
gravel. An ordinary bailer, 15 inches in diameter and 18 feet in
length weighing approximately 1,200 pounds is operated inside the
casing for removing the materials from the hole. Another type of
bailer is also commonly used in this method and is equipped with
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a reaming attachment 26 inches in diameter that acts as a cutting
shoe. This type of bailer is 17 inches in diameter and 17 feet long
and weighs more than 2,000 pounds (Pl 13B). In constructing irri-
gation wells with this type of equipment, cable-tool methods are
used entirely. A set of jaws that weigh approximately 1,000 pounds
are also used with this equipment.

_ There are several advantages in using this method of constructing
wells. When the large bailer is operated inside the well casing, a
surging effect is established with the result that fine sand moves
inside the casing through the perforations and can be removed with
the bailer. The well can then be developed by back-filling with
graded gravel. The gravel replaces the fine sand that is drawn into
the well by the surging process. After the well is completed, the
surging is continued by operating the large bailer in connection with
the drilling motion throughout the length of the perforated portion
of the screen. This process is continued until fine sand ceases to
come into the well, and gravel is added at the surface as needed.
A solid drilling stem is not used in this method—the heavy bailer
with the reamer attachment acting essentially as a drilling tool. A
standard rig weighing approximately 7 tons and mounted on a
trailer has been used for this type of equipment.

Nearly all the drillers have designed small test-drilling rigs for the
purpose of putting down small-diameter test holes. Most of the
smaller rigs are homemade and are equipped with small rotary mud
pumps powered by small gasoline engines. Ordinarily the drill pipe
iz rotated by wrenches that are operated by hand. One such test
rig used 114-inch pipe with a drill bit on the end which drills a
3-inch hole. Another outfit is equipped with 1-inch pipe for drill
stem.

Test-drilling prices in 1940 ranged from about 10 to 15 cents per
foot for drilling in clay and sand. If hard-cemented strata were
encountered, the drilling costs ranged from 25 to 385 cents per foot.
One driller charged 50 cents per foot for test drilling, but if the test
hole was used eventually as a pilot hole for the permanent well, no
charges were made for the test drilling.

In 1940, several irrigation wells were also put down with a port-
able hydraulic-rotary drilling rig (Pl. 11B). In this method a hole
is first drilled using a 10-inch fish-tail bit mounted on the end of
4-inch drilling pipe. This type of bit is usually used for soft forma-
tions and when hard-cemented beds are encountered, a three-cone,
rock bit (Hughes rock bit) 10 inches in diameter is used. After the
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10-inch pilot hole has been completed to the total depth, the 10-inch
bit is removed and a 28-inch three-blade reaming bit with a 10-inch
pilot below is attached to the end of the drill pipe. The 10-inch
hole is then enlarged to a 28-inch hole by hydrauli¢ rotary methods,
the sides of the hole being mudded up with the drilling mud that is
used in connection with this nethod. Casing ranging in diameter
from about 16 to 20 inches is then lowered into the hole until the
bottom end is about 3 inches off bottom. The casing is suspended
on guides in the hole. The drill pipe is then lowered into the bot-
tom of the hole and circulation is again started to wash away the
mud from the inside and outside the casing. Screened gravel is intro-
duced slowly from the surface into the annular space between the
casing and the side of the hole as this washing process continues.
The washing process helps remove much of the mud fluid from the
sides of the hole. When the top of the perforated screen is reached
with the gravel pack, the wash pipe is removed and is then put down
on the outside of the casing and the annular space between the
casing and the hole is back-filled with gravel to the land surface.
The mud is then bailed out of the hole down to water level to allow
free entry of the water into the well. As soon as the gravel pack is
completed to the surface, clear water is introduced throughout the
gravel pack before the mud becomes fixed. A bailer 10 inches in
diameter and 20 feet in length with a dart valve on the bottom and
having a capacity of 65 gallons is lowered into the hole and the
well is then bailed for an extensive period. Following this, a belting
swab is lowered into the hole for the purpose of surging the well.
Clear water is introduced through the gravel pack during all of these
operations. Swabbing operations are alternated with bailing opera-
tions.

The hydraulic rotary rig that was used in Scott County was
mounted on a truck chassis, and the derrick was constructed of
tubular steel and was 40 feet high in drilling position. The 4-inch
standard oil-well drill pipe was operated by a 4-inch square Kelly
that passed through a rotary table mounted at the rear of the drill-
ing rig. A 4-inch core barrel 20 feet long equipped with three 8-inch
wash pipes running the length of the barrel on the outside was used
for obtaining core samples of any promising gravel.
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UTILIZATION OF WATER

Information on 282 wells and springs in Scott County was obtained
during the course of the investigation. All known irrigation, pub-
lic supply, and industrial wells in the county were visited, and all
available data concerning them were obtained.. No attempt was
made to obtain data on all the domestic and stock wells. Of the wells
listed in Table 19, 87 are out of use, either temporarily or. perma-
nently. The water supplies of the others are as follows: domestic
use only, 2; stock use only, 20; domestic and stock, 35; irrigation,
182; public supply, 4; and industrial, 2. - Four wells (130, 131, 245,
and 248) are used exclusively as observation wells by the Division
of Water Resources of the Kansas State Board of Agriculture. Of
these 4, wells 131 and 245 were drilled by the D1v1s1on of Water
Resources for this purpose. ‘

DoMESTIC AND STOCK SUPPLIES

Practically all of the domestic and stock supplies in the rural
areas and in small towns that have no public water supplies are
obtained from wells. In the early days springs and dug wells were
used, but in later years drilled wells became more predominant.
Springs are the source of supply in some parts of the Scott County
State Park and in the northern part of the county. Some of the dug
wells have gradually fallen into disfavor because they are subject
to pollution and as they are generally not very deep, they are apt
to fail in dry weather. Practically all new wells put down in the
area are drilled. ‘

On many of the farms drilled wells supply water for livestock and
on many farms, the same well supplies water both for domestic use
and for watering'livestock. Some wells have been put down in pas-
tures for the sole purpose of watering livestock. Springs that yield
sufficient water for livestock are found in the northern part of the
county. Most of the domestic and stock wells are equipped with
windmills capable of pumping a few gallons of water a minute, and
some are provided also with auxiliary pump jacks operated by small
gasoline engines.

INDUSTRIAL SUPPLIES

Ground water is used by the Missouri Pacific Railroad at Scott
City for boiler supplies for locomotives and by the Shallow Water
Refinery south of Shallow Water for cooling and condensing. For
some industrial purposes water must be of a certain chemical char-
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acter and for others its temperature is the most important factor.
Water used in boilers should be relatively free from foaming and
scale-forming constituents. The ground water in much of the county
must be treated to reduce the hardness to make it suitable for boiler
use. Some ground water is used in Scott City for air-conditioning,
but practically all of the water thus used is purchased from the
city. The advantage of using ground water for this purpose is its
relatively low uniform temperature throughout the year. The tem-
perature of the ground water in Scott County ranges from about
57° to 60° F.

The largest single industrial use of ground water in the county
is the Missouri Pacific Railroad at Scott City. The water, used
principally for filling locomotive boilers, is pumped from a well (79)
situated just east of the Missouri Pacific depot in Scott City. This
well, which is 18 inches in diameter and cased to the total depth
of 80 feet with cast-iron casing, derives water from sands and
gravels of the Ogallala formation. The well is equipped with an
electrically driven, direct-connected deep-well turbine. When drilled
in 1927, the reported yield was 150 gallons a minute with a draw-
down of 17 feet. Water is stored in a steel tank 44 feet high and 24
feet in diameter having a capacity of 145,880 gallons and in a wooden
tank 16 feet high*and 16 feet in diameter having a capacity of 31,000
gallons. The water used for locomotive boilers is first treated
with the soda-lime process. The total consumption by .the Missouri
Pacific’ Railroad at Scott City for the period from December 6,
1939, to December 6, 1940, was 43,034,300 gallons.

The Shallow Water Oil Refinery about 4 miles south of Shallow
Water utilizes water from a well (257) drilled in 1942 for cooling
and condensing purposes at the refinery. The well, 16 inches in
diameter and 180 feet deep, is reported to end in the Niobrara for-
mation and is equipped with a deep-well turbine pump operated by
a natural gas power unit. It is reported that the well is pumped
continuously at a rate of about 300 gallons a minute.

PuBLic SUPPLIES

Scott City, the only municipality in Scott County with a public
water-supply system, obtains its water supply from wells. The
smaller communities depend entirely upon private wells. Water ob-
tained from “Big Springs” (17 in Table 19 and shown in Pl 10)
constitutes the principal supply for picnickers and visitors to Scott
County State Park in the northern part of the county.
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Scott, City (population, 2,022) is supplied by three drilled wells
(82, 111, and 112, Table 19 and Pl. 2), all of which are within the
city limits and all of which derive water from the Ogallala forma-
tion. Well 82, under the elevated steel tank near the center of Scott
City, is 79 feet deep and its concrete casing is 24 inches in diameter.
This well which is equipped with an electrically driven deep-well
turbine pump, has a reported yield of 125 gallons a minute. Well
112, situated in the power plant, is 81 feet deep and its galvanized-
iron casing is 16 inches in diameter. This well, also equipped with
an electrically-driven deep-well turbine pump, has a reported yield
of 770 gallons a minute. Well 111, just east of the power plant
and the newest of the three wells, was drilled in December 1943 to
a depth of 225 feet and is reported to end in the Niobrara forma-
tion. The well, cased with 18-inch iron casing, is equipped with
an electrically-driven deep-well turbine pump. Mr. Weishaar, the
driller, reported that when the well was tested it yielded 1,246
gallons a minute with a drawdown of 11 feet after several hours
of pumping.

Water is pumped from the wells directly into the mains, the
excess going into a 40,000-gallon elevated steel storage tank in
town, The daily capacity of the system, exclusive of the newest
well (111), is about 1,290,000 gallons. No figures on water con-
sumption were obtainable. An analysis of a sample of the water
from well 112 is given in Table 15. The water is moderately hard
and is not treated.

IrrIGATION SUPPLIES

Many large wells in Scott County supply water to irrigate crops.
A discussion of the early history of irrigation and of its subsequent
growth is given by MecCall (1944) who points out that irrigation
from ground-water supplies in Scott County ‘was practiced as early
as 1888. This early development was limited principally to irri-
gating small garden plots from windmills. According to MeCall,
the next phase of irrigation development began in June 1908, when
E. E. Coffin operated an irrigation plant near the Cen. S. line sec.
36, T. 18 S., R. 33 W. The well was 90 feet deep with a 9-inch
casing and was equipped with a small centrifugal pump driven by a
small gasoline engine. Its reported yield was 120 gallons a minute.

Other irrigation wells were soon constructed, so that as early as
1910 there were perhaps a dozen or more irrigation plants using
wells. In 1911, two large-scale windmill plants were constructed.



Scott County, Kansas l 91

One such plant consisted of a circular reservoir 200 feet in diameter
and 4 feet deep with a metal side wall set in a concrete foundation.
This reservoir was surrounded by 10 wells and irrigated 50 acres
of alfalfa.

In addition to the individual irrigation projects already men-
tioned several large financial interests were early attracted by the
irrigation possibilities of Scott County. In 1909 the Great Western
Irrigation Company attempted a development whereby ground
water in the immediate vicinity of Whitewoman Creek would be
brought to the surface by gravity flow. After some small experi-
mental construction work, this project was abandoned.

At about the same time Marks and Son of Chicago bought a large
block of land in the southwestern part of the area and for more
than 20 years this tract of land was partially developed and man-
aged by the company. Some development was also started on a
25,000-acre tract near Shallow Water by the Garden City Develop-
ment Company, a group of investors associated with the railroad
construction from Garden City north through Secott City. In 1916,
the Garden City Company, owners of the sugar beet plant at
Garden City and of electric lines in the Arkansas Valley, purchased
22,880 acres in south-central Scott County, constructed several irri-
gation wells, and built a power line to the area. The wells were
equipped with deep-well turbines powered by very large direct-
connected electric motors. Well sites were selected largely on the
basis of favorable topographic position without any preliminary test
drilling. As a result, the yields of some of these wells were rather
disappointing.

By 1917, J. W. Lough, who has been called the “father of pump
irrigation in Scott County,” had completed a $75,000 electric gen-
erating plant to furnish power to his own pumping plants. The
major development prior to 1920 was near Whitewoman Creek in
T. 19 8., R. 33 W. where the J. W. Lough and Marks holdings are
located. Knapp (1923, pp. 217, 223) reported that 4,921 acres of
land in Scott County were under irrigation with water pumped
from wells, MecCall (1944) points out that the irrigated acreage
in Scott County séems to have reached its maximum with the
amount reported in 1922 and thereafter it declined until the early
thirties. The use of a.great many of the pumping plants was dis-
continued and very few new wells were drilled. The probable
reasons for this decline are discussed by MeCall.



92 Geological Survey of Kansas

A continuous and more detailed record of development in Scott
County is available since 1930. Beginning in 1931, the Division of
Water Resources of the State Board of Agriculture has made annual
surveys of the acreage irrigated from wells. Other pertinent in-
formation has been gathered also regarding crops irrigated and the
irrigation plants used. The annual survey has been made at or
near the end of the pumping season when the actual acreage irri-
gated on each farm could be readily determined. The following
table, which is taken from McCall’s report (1944, p. 17) and from
data in the files of the Division of Water Resources, shows the
manner in which expansion has occurred.

TasLE 9. Development of irrigation in Scott County for the period 1931 to 1945

. Number of | Acres per
YEAR Rainfall Irr;gated pumping pumping
acreage plants plant

1931............ ... 18.38 2,265 13 174
1932.. ...l 20.06 1,021 10 102
1933....... e 24.84 2,035 19 107
1934.. ... ... 12.65 3,859 28 138
1935.. ... .ol 15.54 4,234 29 146
1936................. 18.21 3,849 30 128
1937l 13.11 |. 6,828 43 159
1938........... ... ... 14.92 10,355 53 195
1939...... . ...l 14.63 12,298 64 192
1940.. .. ... ... 16.88 17,164 84 202
1941.. .. ... ......... 24.63 16,427 85. 194
1942.. .. ... ...l 22.24 18,651 97 192
1943......... e 10.38 21,320 118 181
1944.. .. .. . ... .. ... 29.92 16,890 127 133
1945. ... ... ol 14.22 21,002 129 162

The irrigated acreage reached its lowest point in 1932, Following
1932 it increased slowly until 1937 when it began to expand rapidly
reaching a peak of 21,320 acres in 1943.

MeCall (1944) points out that a relatively large acreage may be
irrigated during years of more than normal rainfall, but the amount
of water pumped may be less as compared with other years when
rainfall is deficient. In Scott County the total pumping for different
years can be compared since electric and natural gas utilities fur-
nish almost all of the energy for pumping. Electricity has been
available to irrigators for nearly two decades, and since 1937 natural
gas has been piped through the area. The data for Table 10 were
obtained from MecCall’s report (1944, p. 18) and from the files of
the Division of Water Resources.
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TasLe 10. Use of electricity and natural gas for irrigation, amount of pumpage,
and the acreage irrigated in Scott County for the period 1938 to 1946

. Acre- | Departure
Year Electricity, | Natural gas, Irggcate;l Acres feet from
total K total cu. ft. | PWOPAES | jirigated per normal
acre-feet :
acre rainfall

1938 | 1,050,712 | 9,544,300 | 14,200 | 10,355 1.4 | —5.80
1939 | 1,326,677 | 27,092,300 | 21,200 | 12,208 1.7 | —3.98
1940 | 1,143,837 | 29,164,210 | 20,800 | 17,164 1.2 | —1.73
1941 | 654,105 | 15,562,400 | 10,800 | 16,427 7| +6.02
1942 | 712,729 |18112,000 | 12,200 | 18,651 7 | —3.63
1943 | 1,589,461 | 33)802,000 | 24,700 | 21,320 1.2 | —s8.23
1944 | "'562,808 | 13,660,000 9,400 | 16,890 6 | +11.31
1045 | 1,350,000 | 22,663,000 | 18,400 | 21,002 9 | —4.39

For the past eight years records of quantities of electricity and
natural gas used for irrigation are available and the analyses of
these data shown in the above table indicate how total pumping
declines or increases with Variations in acreage and rainfall.

During the summer and fall of 1940 an inventory of the irriga-
tion wells in Scott County was made and estimates of the total
pumpage and number of acres irrigated were obtained. In June
1944, an inventory of all irrigation wells installed after 1940 was
made. Detailed records of all irrigation wells are given in Table
19 and the locations of the wells are shown on Plate 2. Records
on 129 irrigation wells in Scott County were obtained. As given
in Table 10, the total reported area irrigated from these wells in
1940 was 17,164 an average of about 202 acres per pumping plant.
An attempt to determine the quantity of water pumped annually
from irrigation wells in Scott County was made. Reported esti-
mates were obtained from well owners. Pumpage estimates for
wells that are pumped by electricity were computed from records
supplied by the Inland Utilities Company of the total number of
kilowatt-hours of electricity consumed in 1940. Pumpage estimates
for wells that are pumped by natural gas were computed from
records supplied by the Tri-County Gas Company of Holcomb. Mr.
Kenneth D. McCall, Engineer for the Division of Water Resources
of the Kansas State Board of Agriculture, assisted in obtaining
these data. The estimated total quantity of water pumped for
irrigation in Scott County in 1940 was about 20,800 acre-feet
(Table 10).
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. YIELDS OF IRRIGATON WELLS

Irrigation wells in Scott County yield from about 300 to 2,900
gallons a minute. Yields of most of the irrigation wells given in
Table 19 were reported by the owners or operators, but the yields
of 27 wells or approximately 25 percent of the total plants used in
Scott County were measured by K. D. McCall, M. H. Davison, and
Melvin Scanlan of the Division of Water Resources of the Kansas
State Board of Agriculture and Woodrow Wilson of the Federal
Geological Survey. The yields of wells determined by pumping
tests are given in Tables 11 and 19.

All wells tested were equipped with deep well turbine pumps op-
erated either by electric motors or by natural gas engines. Measure-
ments of the discharge were made with a Collins flow gage. Draw-
downs in pumping wells were measured by an electrical contact
device, and a steel tape was used for measuring the water levels
when the pumps were not running.

According to K. D. MecCall (personal, communication), well 200
(Pl. 3A), about 234 miles west of Shallow Water in the NWij,
NE1; sec. 28, T. 19 S., R. 33 W, had a measured yield in 1938 of
2,900 gallons a minute with a drawdown of 30.7 feet or a total op-
erating lift of 93.5 feet. On this test the plant was operated at
maximum speed. When this plant was tested under normal operat-
ing conditions, it had a measured yield of 1,850 gallons a minute
with a drawdown of 21.2 feet. This well had the largest capacity
of all wells tested.

The pumping tests emphasized the fact that the irrigation wells
in Scott County differ greatly in yield and over-all efficiency. The
vields of the wells range from 308 to 2,900 gallons a minute and the
specific capacities range from 10.5 to 94.5. The drawdown in most
wells ranges from 13 to 50 feet. There are many factors that deter-
mine the yields of wells, including the methods of construction, the
character and thickness of the water-bearing formation, the diameter
of the casing, the material used for casing, the type of perforations,
the quality of the water (whether harmless or corrosive or whether
likely to form incrusting material readily), the type and placing of
the screen, the development and finishing of the well (whether
gravel-packed or not), the age of the well, and the space between
pumping wells to prevent mutual interference. The relative im-
portance of these factors varies for différent wells and under dif-
ferent conditions.
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Tase 11. Yield, total lift, drawdown, and specific capacity of 27 irrigation
wells @ Scott County, Kansas

Specific
capacity
Well No Discharge Total Draw- | (gallons a
. (PL. 2, | Date of pumping test! | (gallons lift down minute
'able 19 : a minute) (feet) (feet) per foot,
of draw-
down)
74 Summer, 1938....... 1,050 88.2 27.5 38.2
1,085 91.4 31.4 34.6
76 Summer, 1939....... 1,115 86.2 23.3 47.8
1,200 84.9 22.0 54.5
91 Dec. 8,1941......... 666 58.9 24.9 26.8
92 July 26, 1940........ 1,210 62.5 19.0 63.7
97 July 18, 1940........ 904 45 18 50
109 Summer, 1938....... 1,335 69.2 14 .4 92.7
123 Summer, 1938....... 1,380 103.1 26.5 52
125 Summer, 1939....... 1,055 85 50 21.1
129 Summer, 1939....... 1,150 64.8 18.5 62.1
136 Aug. 27,1941 . . ... .. 499 65.4 47 .4 10.5
137 May 19, 1940. .. .... 580 57.1 38 15.2
139 May 22, 1942. .. .... 729 54.8 36.2 20.1
148 July 8,1940......... 452 |
149 Sept. 3, 1941........ 1,108 1102 19= 58 3
172 Dec. 9,1941......... 567 63.8 34.8 16.3
177 July 18, 1940........ 404 |
Sept. 6, 1940. .. ... .. 340 (...
178 July 18, 1940........ 394 |
Sept. 6, 1940. ..... .. 308 ...
185 Summer, 1938....... 845 93.4 20.5 41.2
189 Summer, 1938....... 1,300 87.0 24.5 53
200 Summer, 1938....... 1,850 ¢ 84.0 21.2 87.3
2,900 5 93.5 30.7 94.5
201 Summer, 1938....... 690 . 94.2 25 27.6
205 Summer, 1938. ... ... 1,040 88.8 13 80
July 23, 1940........ 1,025 95.8 17 60.3
215 July 25,1940........ 1,210 92.6 2 18 3 67
241 July 12, 1940... ... .. 1,720 71.7 21 82
243 Summer, 1939....... 1,320 62.8 1538 88 3
247 Summer, 1939....... 1,000 111.1 48.3 20.7
249 July 25,1940........ 1,346 80 2 18 3 74.8 3

1. Pumping tests made by the Division of Water Resources of the Kansas State Board of
Wells 74, 76, 109, 123, 125, 129, 185, 189, 200, 201, 205,- 243, and 247 were
tested by K. D. McCall and M. H. Davison; wells 92, 97, 148, 177, 178, 205, 215, 241,
and 249 were tested by K. D. McCall; wells 91, 137, 139, 149, and 172 were tested by Melvin
Scanlan and W. W. Wilson; well 186 was tested by McCall, Scanlan, and Wilson.
2. Not accurate.
3. Estimated.
4. Plant running at normal operating speed.
5. Plant running at maximum speed.

Agriculture.
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DEPTH AND DIAMETER OF IRRIGATION WELLS

The depth and diameter of irrigation wells are given in Tables
12 and 13. Most of the irrigation wells in Scott County are less
than 150 feet deep. About 70 of them are between 100 and 150 feet
deep and only a few exceed 150 feet in depth.

TaBLe 12. Irrigation wells in Scott County classified. according to depth

Depth, feet, Number of wells
50- 60 ... e e 1
B1- 70 ... 5
71 80 i e 11
8l- 90 ... e, 12
91-100 ... e, 10
101-125 ..o e e 39

126-150 ...t et 31
151-175 e 8
176-200 ... e e e 3
201-225 L. e e 2
Not known ........ccviiiiiiiiiiiiiiannnnnn. 9

TasLe 13. Irrigation wells in Scott County classified according to diameter

Diameter, inches Number of wells

The diameter of -the irrigation wells ranges from 12 inches to 26
inches and of the 129 irrigation wells visited in the county, 96 are
between 16 and 18 inches in diameter.

TYPES OF PUMPS ON IRRIGATION WELLS

All the irrigation wells in Scott County are equipped with deep
well turbine pumps. The number of stages, or bowls, in each well
ranges from 2 to 5.  The turbine pumps range in size from 6 to 10
inches, but 6- and 8-inch pumps are the most common sizes.

The turbine phmp is best adapted for pumping water from deep
irrigation wells. The advantages of this type of pump are several—
they are constructed so as to operate in relatively small diameter
wells, no priming is necessary because the pump bowls are sub-
merged, and the power unit is at the surface, thereby eliminating
the need for a pump pit.
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TYPE OF POWER USED FOR PUMPING IRRIGATION WELLS

The types of power used to pump irrigation wells in Scott County
are given in Table 14. The table shows that 60 wells are equipped
with electric motors and 41 wells are equipped with power units
powered by natural gas. Seventeen wells are operated by gasoline
engines, 6 wells are equipped with diesel engines, and 5 wells in the
county are operated with farm tractors.

TasLe 14. Type of power used for pumping irrigation wells in Scott County,

Kansas

Type of power Number of wells
Electric motor ...........cooiiiiiiiiiiaa. .. 60
Natural-gas engine ............................ 41
Gasoline engine ..........co.ooiiivevnnnnn.... 17
Diesel engine .......c.cooviiiiiiiii ... 6
Tractor ......cocviiviiiiiiiiiiiii i, 5
None o 2

Total oo s 131

PossiBiLiTiES oF FURTHER DEVELOPMENT OF IRRIGATION SUPPLIES

The amount of water that can be pumped from an underground
reservoir without causing excessive permanent lowering of the water
table depends on the amount of annual recharge to the reservoir.
If water is withdrawn from an underground reservoir by pumping
faster than water enters it, the water levels in wells will decline and
the supply eventually will be depleted. The amount of water that
can be withdrawn annually from the ground-water reservoir over a
long period of years without causing depletion of the available sup-
- ply is termed the safe yield of the reservoir. The feasibility of
- developing additional water supplies from wells for irrigation in

Scott County is dependent upon the safe yield of the underground
reservoir which is governed by geologic and hydrologic factors.

The question of whether further irrigation is possible or practical
in a specific area is of extreme importance, not only to the present
irrigators but also to those persons-who may contemplate investing
money in an irrigation well. Overdevelopment in an irrigation area
will cause lowering of the water table, thereby increasing the total
pumping lift. This is important to those who own irrigation wells
for the cost of lifting water to the surface increases in proportion
to the total pumping lift. The most important question to the
farmer who is contemplating the construction of an irrigation well
is whether or not the ground water can be developed and pumped

7—6532
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to the surface at a cost low enough to permit a profit from the crops
produced. The depth to water level determines in part the original
cost of the well and the cost of the operation. The height a given
quantity of water must be lifted is a prime factor in determining
the cost of operating a well. It is generally not possible to state
the limit of economical pumping lift in a given locality, for it de-
pends on such factors as the cost of fuel for operating the pump,
efficiency of the pump, kind and price of the crops being irrigated,
and the skill and management of the individual.
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Fia. 11. Fluctuations of the water levels in five irrigation wells in Scott
County.
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The amount of water available for irrigation in the Scott Basin
depends on the saturated thickness of the water-bearing materials
"and the specific yield of the material. The amount of water that
can be pumped perennially depends also on the periodic ground-
water replenishment from precipitation, by percolation from streams,
and movement of ground water into the area from the sides.

Periodic measurements of the depth to the water levels in many
of the irrigation wells are being made. Measurements were started
on some of the wells in 1933 and on others at later intervals. The
hydrographs of five of these wells are shown in Figure 11. No
measurements of the water levels of these five wells were made be-
tween the spring of 1937 and the fall of 1940 but the hydrographs

show that the water levels declined on an average of about 15 feet
during that time. From the fall of 1940 to the present time the water
levels have fluctuated annually in response to pumpage and re-
" charge. In 1945 the water levels in some of thése wells were higher
than they were in 1940 while the water levels in others were some-
what lower in 1945 than they were in 1940. Much of the rise .in 1944
probably was caused by a reduction of pumpage for irrigation. The
pumpage for irrigation in 1943 amounted to 24,700 acre-feet (Table
10) but in 1944 it was only 9,400 acre-feet and in 1945 it was 18,400
acre-feet.

The saturated thickness of the Pliocene and Pleistocene deposits
in Scott County is shown in Figure 12 (see also Fig. 5). The con-
tours showing saturated thickness were prepared by superimposing
the water-table contour map (Pl. 1) on the map showing the con-
figuration of the pre-Tertiary surface (Fig. 2) and drawing the
contours through points of equal thickness. As shown by the con-
tours a narrow tongue of thick deposits extends into the middle of
Scott County from the Arkansas Valley in Finney County. The
extension of this tongue in Finney County is known as the Finney
Basin (Latta, 1944, pp. 21, 119). The water-bearing materials have
a saturated thickness of more than 180 feet in the deepest part of
the basin. In an area 4 to 8 miles wide and about 25 miles long
comprising about 100,000 acres the saturated thickness is more'than
100 feet. Irrigation wells having large yields have been developed
in this part of Scott County.

A part of the Scott Basin may be approaching overdevelopment
but in other parts of the basin the water table has not -yet been
affected by pumping. An attempt to determine the status of de-
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Fia. 12. Saturated thickness of the Tertiary and Quaternary deposits in Scott
: County.

velopment was made by preparing periodic maps of the area show-
ing the change in water level in comparison with the water level in
1936. Water-table contour maps for the years 1936.and 1945 are
shown in Figures 13 and 14. The change in water level between
map periods was determined by superimposing one water-table con-
tour map over the other and connecting the points of equal change
of water level. A change in water level map for the period from
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R34w. R.33W. R.32W.

Fic. 13. Water-table contours of the Scott Basin as of the summer of 1936.

the summer of 1936 to December 1945, is shown in Figure 15. As
shown on Figure 15, the maximum amount of lowering of the water
table between the summer of 1936 and December 1945, was in a
heavily pumped area and amounted to about 24 feet.

From the summer of 1936 to December 1945, the reduction in
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F1a. 14. Water-table contours of the Scott Basin as of December 1945.

volume of the saturated water-bearing materials was about 550,000
acre-feet. The area affected by the reduction at this time is ap-
proximately 100,000 acres. Assuming a specific yield of 17 percent,
the amount of water pumped from storage would be about 93,500
acre-feet. The pumpage for irrigation from 1936 through 1945
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Fic. 15. Change in the water table of the Scott Basin from the summer of
1936 to December 1945.

amounted to approximately 145,900 acre-feet. Thus, approximately
93,500 acre-feet came from storage and approximately 52,400 acre-

feet came from recharge.
On the basis of this analysis, the average quantity that could be
pumped annually without progressive lowering of the water table is
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about 5,520 acre-feet. Any amounts withdrawn in excess of this
are taken from storage. If the present rate of pumping continues,
the water table in time will be lowered beyond the economic limit
of use. If the rate of pumping is inéreased, that point will be .
reached sooner than if use is stabilized at present production,

Under this 100,000-acre area there is at this time a total volume of
approximately 11,500,000 acre-feet of saturated deposits overlying
the Cretaceous rocks. Assuming a specific yield of 17 percent, this
" reservoir would contain 1,900,000 acre-feet of water. If the specific
yield is less, there is, of course, less water available in storage. Like-
wise, the amount of water being withdrawn from storage is also less
and the amount coming from recharge is more.

A further lowering of the water table and extension of the area of
the resulting cone of depression may be expected to produce some
slight increase in recharge to the extent that the slope of portions
of the water table is changed and the movement of recharge which
formerly was away from the area will then be toward it. An increase
in recharge gained in that manner will be at the expense of higher
construction and operation costs for pumping plants, and of smaller
vields of water from wells, all due to the lower water table.

The actual specific yield is at this time the most, important un-
known factor needed to determine more precisely the relationship
between recharge, storage, and discharge. Studies and investiga-
tions of the area directed toward determining the value of specific
vield more accurately should be continued for a few years, after .
which computations made herein should be reviewed.

CHEMICAL CHARACTER OF WATER

The general chemical character of the ground waters in Scott
County is indicated by the analyses of samples of water from 29
wells and 1 spring distributed as uniformly as practicable within
the county and among the principal water-bearing formations
(Table 15). The wells include the water supply at Scott City (well
112.) The samples of water were analyzed by Elza H. Holmes,
chemist in the Water and Sewage Laboratory of the Kansas State
Board of Health.

CHEMICAL CONSTITUENTS IN RELATION To USE

The following discussion of the chemical constituents of ground
water in relation to use has been adapted from publication of the
U. S. Geological Survey. '
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Dissolved Solids—When water is evaporated, the residue that is
left consists mainly of the mineral constituents listed below and
generally includes a small quantity of organie matter and a little
water of crystallization. Waters containing less than 500 parts per
million of dissolved solids generally are entirely satisfactory for
_domestic use except for difficulties rising from the hardness or
occasionally excessive content of iron. Waters containing more
than 1,000 parts per million are likely to include enough of certain
constituents to produce a considerable taste or to make the water
unsuitable in some other respect.

The dlssolved solids in the samples of ground water collected in
Scott County are given in Table 16. This table indicates most
of the ground waters in Scott County contain total dissolved solids
ranging from 200 to 400 parts per million. Five samples of water
contained total dissolved solids of more than 400 parts per million.

Hardness—The hardness of water is commonly recognized by the
increase in the amount of soap needed to produce a lather and by
the curdy precipitate that forms before a permanent lather is ob-
tained. Calcium and-magnesium are the constituents that cause
practically all the hardness of ordinary waters and are also the
active agents in the formation of the greater part of all the scale
formed in steam boilers and in other vessels in which the water is
heated or evaporated.

In addition to the total hardness, the table of analyses shows the
carbonate hardness and the noncarbonate hardness. The carbonate
hardness is that due to the presence of calcium and magnesium bi-
carbonates and can be almost entirely removed by boiling. In some
reports this type of hardness is called temporary hardness. The
noncarbonate hardness is due to calcium and magnesium sulfates
or chlorides. It cannot be removed by boiling and has sometimes
been called permanent hardness. With reference to use with soaps,
there is no difference between carbonate and noncarbonate hardness.
In general the noncarbonate hardness forms harder scale in steam
boilers. _

Water having a hardness of less than 50 parts'per million is gen-'
erally rated as soft, and its treatment for the removal of hardness
is rarely justified. Hardness between 50 and 150 parts per million
does not seriously interfere with the use of water for most purposes,
but it does slightly increase the consumption of soap and its removal
by a softening process is profitable for laundries or other industries
that use large quantities of soap. Treatment for the prevention of
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TaBLE 16. Summary of the c,}}emical character of ithe samples of water from
- typical wells in Scott County

Number of samples

RANGE IN PARTS PER

MILLION . Ogallala | Pleistocene
Alluvium | Ogallala and/or and/or
: I Niobrara | Ogallala

Dissolved Solids

101-200........cooeeee 2 oo
201-800. ... 12 1 4
301400............0oiin i L5 J PR I
401-500......................| 1 | 1o f........ ..
501-600........cc0iiiiinii i 1 2
Morethan 600................0.........]ceeuinn .. . la |[..........
Hardness
101-200. . ... ...ooo e 8 [.......... 2
201-300. ... e 10 2 3
301400............cin... 1 ) 1
401-500.. ... .0 L
Morethan 500................0..cocivii]innira, Ib ...,
Fluoride
Lessthan0.5.................[.......... 2 e
0.6-1.0........ccvviiiiin.. 1 2 2 2
TR I DR IR 1 1 1
1.6-2.0. ..ot 6 |[.......... 2
2.1-2.5. e 6 1 |
2.6-3.0.....0iiiiiiiii 2 ... . 1
Iron
Lessthan0.19................|.......... 10 |.......... 4
0.20.5..ccciiieeii e 2 1 1
0.6-1.0.......cvvvvvven i, 2 o
P e 1N J Y I 2 1 |
162,00 1 1 |
2.1-5.0........ e 1 2 ... 1
5.1-8.0........: Y P N ) B P

a. 2,202 parts per million.
b. 1,389 parts per million. -
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scale is necessary for the successful operation of steam boilers that
use water in the upper part of this range of hardness. Hardness of
more than 150 parts per million can be noticed by anyone.” Where
public supplies are softened, an attempt is generally made to reduce
the hardness to about or less than 80 parts per million. The addi-
tional improvement from further softening of a public supply is
not deemed  worth the additional cost. - The hardness of the 30
samples of water that were analyzed is given in Table 16. This
table indicates that most of the ground waters in Scott County
range in hardness from 100 to 300 parts per million. Ten samples
had hardness ranging from 100 to 200 parts per million and 15
samples had hardness ranging from 200 to 300 parts per million.
The other 5 samples of water that were analyzed had a hardness of
more than 300 parts per million.

Iron—Next to hardness, iron is the constituent of natural waters
that in general receives the most attention. The quantity of iron
in ground waters may differ greatly from place to place even in
waters from the same formation. If a water contains much more
than 0.1 part per million of iron, the excess may separate out after
‘exposure to the air and settle as a reddish sediment. Iron which
may be present in sufficient quantity to give ‘a disagreeable taste
and to stain cooking utensils may be removed from most waters by
simple aeration and filtration but a few waters require the addition
of lime or some other substance.

The iron content of the samples of ground water that were
analyzed is given in Table 16. About half of the samples of water

_collected in Scott County contained less than 0.2 parts per million
of iron. The other samples contained iron ranging up to more than
5 parts per million.

Fluoride—Although determinable quantities of fluoride are not
so common as fairly large quantities of other constituents of natural
waters, it is desirable to know the amount of fluoride present in
waters that are likely to be used by children. Fluoride in water
has been shown to be associated with a dental defect known as
mottled enamel which may appear on the teeth of children who drink
water containing fluoride during the period of formation of the per-
manent teeth. It has been stated that waters containing more than 1
part per million of fluoride are likely to produce mottled enamel

. (Dean, 1936, pp. 1269-1272). If the water contains as much as 4
parts per million of fluoride, most of the children exposed are likely
to have mottled enamel. Small quantities of fluoride, not ‘sufficient
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to cause mottled enamel, are likely to be beneficial by decreasing
dental caries (Dean, Arnold, and Elvove, 1942, pp. 1155-1179).
The fluoride content of the samples of ground water that were
analyzed is given above in Table 16. Of the 80 samples of water
collected in Scott County, 9 contained less than one part per million
of fluoride, 11 contained between 1 and 2 parts per million of fluoride,
and 10 samples contained more than 2 parts per million of fluoride.

Water for Irrigation—The suitability of water for use in irriga-
tion is commonly believed to depend mainly on the total quantity
of soluble -salts and on the ratio of the quantity of sodium to the
total quantity of sodium, calcium, and magnesium together. The
quantity -of chloride may be large enough to affect the use of the
water and in some areas other constituents such as boron may be
present in sufficient quantity to cause difficulty. In a discussion of
the interpretation of analyses with reference to irrigation in Southern
California, Scofield (1933) states that if the total concentration of
the dissolved salts is less than 700 parts per million there is not
much probability of harmful effects in irrigation use. If it exceeds
2,100 parts per million, there is a strong probability of damage to
the crop or to the land or to both. Water containing less than 50
percent sodium (the percentage being calculated as 100 times the
ratio of the sodium to the total bases, in equivalents) is not likely
to be injurious but if it contains more than 60 percent its use is
inadvisable. Similarly, a chloride content of less than 142 parts per
million is not objectionable, but more than 855 parts per million is
undesirable. It is recognized that the harmfulness of 'irrigation
water is so depéndent on the nature of the land and the crops and on
the manner of use and the drainage that no hard and fast limits can
be adopted.

All but one of the samples of water colleeted in Scott County are
within the limits suggested by Scofield for safe waters for use in
irrigation. The sample of water from well 70 contained 2,202 parts
per million of total dissolved solids and it is probable that this water
would not be suitable for irrigation. All of the samples of water
collected from wells receiving their entire supply from the Ogallala
formation are well within the limits suggested by Scofield. .

SANITARY CONSIDERATIONS

The analyses of water given in Table 15 show only the amount of .
dissolved mineral matter in the water and do not indicate the sani-
tary quality of the water. An abnormal amount of certain mineral
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' matter, such as nitrate, however, may indicate pollution of the water.
Dug wells and springs are more likely to become contaminated
than are properly constructed drilled wells but great care should
be taken to protect from pollution every well and spring used for
domestic and public supply. It is important that the top of the
casing be sealed in such a manner as to prevent surface water from
entering the well and where pump pits are used, the top of the
casing should extend above the floor of the pit.so that surface water
cannot drain into the well. In constructing wells equipped with
ordinary lift or force pumps, it is a good plan to allow the' casing
to extend several inches above the platform so that the pump base
- will set down over the top of the casing thus effecting a tight seal.
If the casing is left flush with the top of the platform, opportunity
is afforded for drainage into the well and for possible contamination.
Wells should not be located where there are possible sources of con-
tamination such as drainage from the vicinity of buildings or cess-
pools.

CueMICAL ‘CHARACTER IN RELATION TO WATER-BEARING
ForMATIONS

Nearly all the water wells in Scott County obtain water from the
sand and gravel beds of the Ogallala formation but a few wells draw
water from the alluvial deposits along the valleys and from the
- Niobrara formation in the northern and southern parts of the county.

Some wells penetrate water-bearing material in both the alluvium
and the Ogallala formation, the Niobrara and Ogallala formations,
and the Pleistocene deposits and the Ogallala formation.

~ The quality of the water in relation-to the water-bearing forma-
tions is summarized in Table 16 and shown graphically in Figure 16.
The Pliocene deposits, comprising the Ogallala formation, and the
sands and gravels of Pleistocene age yield water to most of the wells °
in this area. Samples of water from these deposits range in hard-
ness from 162 to 344 parts per millign; the average hardness is about
240 parts per million. The total dissolved solids in waters fror the
Pliocene and Pleistocene sediments ranged from 169 to 366 parts
per million. The waters from the alluvium and the Niobrara forma-.

“tion are very hard and contain high amounts of dissolved solids.
Fifteen of the nineteen samples of water from wells in the Ogallala
formation contained more than one part per million of fluoride indi-
cating that this water may be harmful to children’s teeth. '
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SODIUM AND CHLORIDE, FLUORIDE 229
. POTASSIUM AND NITRATE 3
v
Q MAGNESIUM @ SULFATE %
. /

ICARBONATE
ND CARBONATE

| % CALCIUM

o

12

47

276

Pleistocene Ogallala ;
Ogallale Ogallala and/or Ogallala and/or  Niobrara Alluvium

Fic. 16. Analyses of waters from the principal water-bearing formations in
Scott County.

GEOLOGIC FORMATIONS AND THEIR WATER-BEARING
PROPERTIES

PERMIAN SYSTEM

Rocks of Permian age are not exposed in Scott County, but they
are found beneath younger rocks in all parts of the county. They
are encountered at depths ranging from about 1,100 feet in the
southern part to about 1,400 feet in the northern part. Data con-
cerning these rocks are obtained from the logs of 23 oil and gas
tests that have been drilled in Scott County.

The upper part of the Permian System (Guadalupian-Leonardian
Series) is chiefly of nonmarine origin and is composed of red silt-
stone, shale, and sandstone with lesser amounts of salt, gypsum,
anhydrite, limestone, and dolomite. This upper part, which is char-
acterized by a predominance of red beds, ranges in thickness from

8—6532
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about 1,200 feet in the northern part of Scott County to about 1,600
feet in the southern part. The lower part, or Wolfcampian Series,
of the Permian System is largely of marine origin and is composed
chiefly of limestone, dolomite, and shale, but also contains some
sandstone. The thickness of the Wolfcampian Series ranges from
about 600 feet in the southern part of the county to about 700 feet
in the northern part.

The Permian strata underlying Scott County includes representa-
tives of all the formations recognized by the State Geological Survey
of Kansas from the Towle shale to the Taloga formation.

Because of their great depth and because adequate supplies of
water can be obtained from the overlying rocks, the Permian rocks
have not been utilized as a source of water in Scott County. Fur-
thermore, it is believed that the water from Permian rocks would be
too highly mineralized for most uses.

CRETACEOUS SYSTEM

Rocks belonging to the Niobrara formation of Cretaceous age are
exposed at the surface in Scott County. The outcrops of these
rocks are shown on Plate 1. Cretaceous rocks older than the Nio-
brara formation are not exposed in this area and, therefore, are
known only from subsurface data. They include representatives
of the Carlile shale, Greenhorn limestone, Graneros shale, and the
Dakota-Kiowa-Cheyenne sequence. The Niobrara formation fur-
nishes water to wells in parts of the county, but because of their
greater depth and because adequate supplies of water can generally
be found above them, the rocks lying below the Niobrara formation
have not been utilized as a source of water.

PRE-NIOBRARA FORMATIONS

The following discussion of the pre-Niobrara Cretaceous rocks of
Scott County is based on the logs of oil wells drilled in the Shallow
Water pool and on published reports (Elias, 1931, pp. 26-43; Landes
and Keroher, 1939, pp. 10-16, 22-24; Latta, 1944, pp. 141-160; Mc-
Laughlin, 1943, pp. 116-136) that describe the geology of adjacent
or near-by areas.

The oldest Cretaceous rocks present in Scott County belong to the
Cheyenne-Dakota sequence or what was formerly called the Da-
kota group. They unconformably overlie the Permian rocks and
consist of light- to dark-colored shale and sandy shale, variegated
clay, and light-colored, fine- to coarse-grained sandstone. They are
hetween 400 and 500 feet thick in this area. No attempt has been
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made here to differentiate these deposits into smaller units. In
central and south-central Kansas they have been subdivided into
three formations, which are, in ascending order, the Cheyenne sand-
stone, Kiowa shale, and Dakota formation.

The Cheyenne-Dakota sequence is overlain by the Graneros shale,
which consists of gray noncaleareous shale and thin beds or lenses
of sandstone and sandy shale. - In Hamilton County, where the
Graneros shale is exposed, it contains a thin bed of bentonitic clay
and thin-bedded fossiliferous limestone (McLaughlin, 1943, p. 126).
The thickness of the Graneros shale in Scott County is not known.
It is a few feet to about 43 feet thick in Ford County (Waite, 1942,
p. 148), 61 feet thick in Hamilton County (McLaughlin, 1943, p.
128), and 90 feet thick in western Logan County (Landes and
Keroher, 1939, p. 24).

Approximately 100 feet of interbedded light-gray to dark-gray
chalky limestone and calcareous shale of the Greenhorn limestone
oceurs above the Graneros shale.

The Greenhorn limestone is overlain by the Carlile shale, the
lower part of which consists of chalky shale containing thin beds
of chalk and the upper part consists chiefly of dark noncaleareous
fissile shale. The thickness of the Carlile in this area is approxi-
mately 200 feet. The Carlile shale is composed of three members
which are, from oldest to youngest, the Fairport chalky shale mem-
ber, the Blue Hill shale member and the Codell sandstone member.
An oil well drilled in the SE14 sec. 15, T. 20 S, R. 33 W., encoun-
tered about 10 feet of medium-gray soft sandy shale at the top of
the Carlile shale that probably represents the Codell sandstone
member in this area. It was not possible to recognize the other
members of the Carlile in this area.

NIOBRARA FORMATION

Character—The Niobrara formation is divided into two members
—The Fort Hays limestone member below and the Smoky Hill chalk
member above.

The Fort Hays limestone member does not crop out in Scott
County, but was encountered in test hole 23 near the southwest
corner of the county. The Fort Hays is composed of thick massive
beds of chalky limestone and chalk separated by thin beds of chalky
shale. The limestone and chalk beds range in thickness from less
than 1 foot to several feet and are light to dark gray where un-
. weathered. Weathered exposures of the Fort Hays limestone mem-
ber in areas adjacent to Scott County are white, tan, or cream. The
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contained fossils include Inoceramus deformis, Ostrea congesta, and
abundant foraminifera (Moss, 1932, p. 21).

The Fort Hays limestone member is conformably overlain by the
Smoky Hill chalk member of the Niobrara formation. The Smoky
Hill chalk member crops out in the northern and southeastern parts
of Scott County, in the western part of the county in a small area
on the south side of Rocky Draw about 514 miles south of Modoc,
and was encountered below younger rocks in all of the test holes.
It consists of alternating beds of soft chalky shale and chalk.
Where unweathered the beds are light to dark gray or gray brown,
but on weathered exposures they are white, tan, buff, or yellowish
pink. It is difficult to differentiate the individual beds in the sub-
surface. The slight differences in the composition of different beds
are brought out on weathered exposures through differential erosion
so that even the thinnest beds stand out. The member also con-
tains thin beds of bentonite and pyrite concretions. The bentonite
beds are light colored when unweathered, but weather to a rusty
brown. .

Both vertebrate and invertebrate fossils occur in the Smoky Hill
chalk. The vertebrates include birds, dinosaurs, crocodiles, mosa-
saurs, turtles, and fish. Inoceramus grandis and Ostrea congesta
are most abundant among the larger invertebrates (Moss, 1932,
p. 19). Foraminifera, chiefly Globigerina and Gumbelina, are
abundant in the chalky beds, and, according to Moss (1932, p. 19),
probably make up more than half of the calcareous material of the
chalk. )

Some of the most striking features of the Smoky Hill chalk are
the tilted fault blocks that occur in the northern part of the county
where the chalk lies at the surface. With a few minor exceptions,
the faults are all normal faults, and are commonly marked by a
slickensided calcareous gouge (Pls. 4A and 14). Russell (1929, pp.
594-604) described the stratigraphy and structure of the Smoky
Hill chalk member in western Kansas and concluded that the fault-
ing probably occurred during the Tertiary and was presumably pro-
duced by the adjustment of the brittle chalk to deformation and not
to compaction. _

'Distribution and thickness.—Only the Smoky Hill chalk member
of the Niobrara formation is exposed in Scott County. It is best
exposed in the northern and northeastern parts of the county where
streams tributary to Smoky Hill River have cut down through the
plains surface into the underlying Smoky Hill chalk (Pls. 1 and 4B).
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Prate 14. A, Small normal fault in the Smoky Hill chalk member of the
Niobrara formation. Note crystalline calcite filling the fault fissure and curva-
ture of the dark band near the fault plane as a result of drag. Displacement
is 2 feet. SE% NE% sec. 1, T. 16 S, R. 32 W. B, Series of small step faults
in the Smoky Hill chalk member. Same exposure as shown in above closeup
view.
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Exposures of this member in the southeastern part of the county
occur in short draws west and northwest of Dry Lake. Both mem-
bers of the Niobrara formation are present beneath younger sedi-
ments everywhere in Scott County.

The thickness of the Niobrara formation in western Logan County,
Kansas, where it is overlain conformably by the Pierre shale, is

“approximately 600 feet. Pre-Ogalalla erosion, however, has trun-
cated the Niobrara to the south and east so that the maximum re-
maining thickness of the formation in Scott County is much less.
The thickness of the formation in north-central Finney County is
only about 300 feet (Latta, 1944, p. 159). Only the lower part of
the Smoky Hill chalk member is present in Scott County. The
total thickness of the Fort Hays limestone member is present be-
neath the Smoky Hill chalk member in this area. In the south-
western corner of the county the Fort Hays member is 55 feet
thick (log 23). A

Water supply—The Niobrara is relatively unimportant as a
water-bearing formation in Scott County. The Fort Hays lime-
stone member does not supply water to any wells in this area. The
beds of chalky shale and chalk that make up the Smoky Hill chalk
member are relatively impervious and transmit water chiefly through
fractures and solution channels. Several of the recorded wells (Nos.
154-156, 160, 162, and 166) in the southeastern part of Scott County
tap the Smoky Hill chalk member. In this part of the county the
overlying Pliocene and Pleistocene sands and gravels are above the
water table and, therefore, are barren of water. Of the wells that
are known to derive their entire supply from the Smoky Hill chalk
member only well 166 was in-use at the time the wells were visited
in 1940.

An analysis of a sample of water collected from well 166 indi-
cates that the water is similar to many from the overlying Pliocene
and Pleistocene deposits. The water from this well had 264 parts
per million of total solids, 240 parts of hardness, and 1.4 parts of
iron.

TERTIARY SYSTEM
PLIOCENE SERIES

Ogallala formation

Character—The Ogallala formation is composed of silts, sands,
and gravels and contains layers of sandstone and conglomerate,
much of which is cross-bedded and cemented with lime. In general,
the fine-grained sediments alternate with the coarser lime-cemented
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beds at different horizons.  The Ogallala sediments are generally
buff colored to pinkish, although some of the more limy silts and
sands are white to whitish gray. The coarser sediments are present
at all horizons but are most prominent in the lower part.of the
formation, and it is this part that yields water most freely to wells.
Locally, the lower part of the Ogallala formation may be comprised
of bentonitic clays of bright mottled colors ranging from reddish
brown to olive green. These basal clays represent a local lateral
change in lithology in the lower part of the Ogallala formation and
may be equivalent to the Woodhouse clays of either Miocene or
Lower Pliocene age of Wallace County, Kansas, described by Elias
(1931, pp. 155-158). '

Sand constitutes the principal material of the Ogallala formation
and ranges in texture from fine- to coarse-grained, some of the
coarser material containing scattered pebbles and thin beds of
pebbles (Pl. 8A). The finer-textured materials of the Ogallala
formation are composed chiefly of silt that generally is intermixed
with fine sand. Lenses or beds of sandy silt occur in all parts of
the formation, but principally in the upper part. The color of the
silt ranges from gray to buff to light tan. Some of the beds of silt
are impregnated with lime giving them a white to light-gray color.
Gradations from one lithologic type to another may take place both
laterally and vertically—sometimes within relatively short dis-
tances. v

The coarser-textured materials of the Ogallala formation are com-
posed of fine to very coarse gravel and they may occur in almost
any part of the formation from the base to the top. Smith (1940,
pp. 42, 43) described two distinct facies of gravel in the Ogallala
formation, one composed principally of sandstone, ironstone, and
quartzite, and the other made up mainly of crystalline igneous and
metamorphic rocks. The former facies occurs at the base of the
formation and the latter is widespread along Beaver (Ladder)
Creek in outcrops above the base of the formation. The sandstone-
ironstone-quartzite facies is composed of material similar to that
found in the Dakota formation and other Cretaceous formations,
whereas the granite facies that occurs above the base of the forma-
tion is composed of granite, feldspar, quartzite, quartz, felsite and
other erystalline igneous and metamorphic rocks.

The Ogallala formation is characterized by lenticular bedding;
thus, individual beds of sand or gravel are not continuous over wide
areas, but generally are discontinuous lenses that may grade later-
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ally into finer materials such as silt or clay, in some places within
relatively short distances. The deposits range from those that show
definite bedding to those that show no bedding whatever. The
structyreless layers are commonly found in the upper part of the
formation, are rather fine-grained, and contain some silt and small
amounts of clay and lime. Irregular limy concretions are abundant
in these layers, typical exposures of which occur in the bluffs on
both sides of Beaver (Ladder) Creek in the vieinity of Scott County
State Park. They are well displayed in both sides of the road cut
that was constructed through the “Devil’s Backbone,” about 1 mile
south of the south entrance to Scott Couny State Park (Pl 5A).
The color of this structureless part of the Ogallala ranges from
buff tan to light reddish brown.

In many places the deposits are consolidated by calcium carbon-
ate, forming beds of caliche. In some places the cemented beds ‘
resemble true limestone; elsewhere they may consist of sand and
pebbles imbedded in a lime matrix. Calcium carbonate is distributed
through the deposits both as fine material and in the form of small
and medium-sized nodules, pipy concretions, and in irregular lenses
and beds. The caliche is white to gray and generally is fairly soft.
It has been used locally in the construction of roads and highways in
Scott County (Pl. 6B). In many places the sedimentary materials
of the Ogallala formation are so firmly cemented with calcium car-
bonate as to produce a series of hard ledges, interbedded with only
slightly cemented beds (Pls. 5B and 6A). The hard ledges are usually
unevenly cemented and form rough weathered benches and cliffs.
Because of their resemblance to old mortar, these beds have long
been referred to as “mortar beds.” » :

The thickness of some of the cemented caliche beds is very irreg-
ular and ranges from a few inches to about 11 feet. In some places
the Ogallala formation is capped by a rather distinctive limestone
layer, referred to as the capping limestone by Smith (1940, pp.
44-45). It is commonly massive, and weathers to a knobby,
cavernous, or irregular surface, and has a maximum thickness of
about 5 feet. Elias (1931, pp. 186-141) described an equivalent
horizon in Wallace County and adjacent areas and referred to it
as “Algal limestone” because of its peculiar concentrically banded
structure. In Scott County, outerops similar to the capping lime-
stone described by Smith and Elias were found in which algal
structure was very prominent. The most notable of these was an
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outcrop in the southeastern part of the county in the SW14 SEY4
sec. 5, T. 20 8., R. 831 W. A thin development of the same bed
resting directly on the Niobrara formation was noted in an ex-
posure in the SW14 SE1 sec. 12, T. 20 S, R. 32 W. Two other
outcrops were noted in which the algal structure was less prominent,
one situated about 1 mile south and 5 miles west of Scott City near
the SW cor. sec. 20, T. 18 S., R. 33 W., the other situated about 53
miles south of Modoc, in the NW% SE% sec.16, T.19 S, R. 34 W.
The former represents a very poor exposure and consists pr1n01pally
of fragments of limy rubble strewn along the side slopes of Lion
Creek, but the individual fragments exhibited poor algal structure.
The general lithology of the Ogallala formation at the surface is
indicated by the following measured sections.

Section of Ogallala formation on the east side of Lake McBride in
Scott County State Park near the NE cor. NWY sec. 12, T. 16 8.,
R.33W.

Thickness,

feet
Surface covered with unconsolidated sand and gravel

TerTIARY—Pliocene

11. Silt, sandy, lime-cemented, hard, gray to white; contains scat-
tered coarse gravel and some pebbles; grades upward into a
lime-cemented silt and becomes whiter in color near top; re-
sembles a true “caliche” ................ ... ... .. .. ..., 28

10. Sand, silty, lime-cemented, dirty gray, extremely hard and re-
sistant; contains pebbles up to 1 inch in diameter and larger
imbedded firmly in the coarse sandy matrix; forms distinct

caprock ledge .........o.i i 2
9. Silt, sandy, cemented, hard, gray to buff..................... 1
8. 'Sand and silt, cemented, gritty, irregular (“mortar bed”);

into lighter gray structureless sandy silt...................... 6
7. Sand, silty, lime-cemented, dirty gray ; grades upward into

white limy silt ... 5

6. Sand, silty, cemented, buff colored; contains pebbles up to
Ye-inch in diameter and larger imbedded in sandy matrix;
forms resistant ledge ................ooiiiiiiiiei 8

5. Sand, silty, cemented, massive, hard, somewhat siliceous, dark
gray to buff; contains a seam of extremely hard dense blue

chert ranging from about 1 to 3 inches in thickness at top..... 4
4. Sand, silty, cemented, brown to buff; forms distinct smooth-
faced bench in bordering bluffs .................0 00, 7

3. Sand, silty, cemented, hard, gray; contains scattered coarse
gravel; also contains some rather thin-bedded layers in the
lower part that tend to break off in thin slabs ranging in thick-
ness from about 1 to 3 inches................c..ovvinuns. Lo 17
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2. Sand, cemented, gritty, gray; contains coarse gravel and scat-
tered pebbles; grades upward near the top to a hard cemented
silty sand, brownish-buff in color; forms a resistant ledge at

the top that stands out in the bluffs bordering the lake....... 47
1. Clay, plastic, brown to chocolate brown, mottled in part with

pale-green splotches (Woodhouse clays?) .................... 16

Total thickness of Ogallala exposed ...........c.coviivnvnnnn. 141

Creraceous (Upper)
Niobrara formation

Section of Ogallala formation at the north end of Scott County
State Park in the NWY SEY sec. 2, T. 16 S., R.33 W. (Measured
by H. T. U. Smith, H. A. Waite, and L. P. Buck.)

Thiclcness;

) feet
TerTIARY—Pliocene

11. “Limestone,” sandy, cemented (“mortar bed”); weathers

chunky, somewhat porous, harder near the top............... 11
10. Sand, cemented, calichiferous (covered interval).............. 9.5
9. Sand, cemented, hard, resistant (“mortar bed”) ; weathers very

knobby and irregular; cavernous throughout................. 6

8. Sand and silt, cemented, gritty, irregular (“mortar bed”);
slabby in lower part, cavernous in upper part; contains some
pebbles and limy concretions that look like reworked caliche

DOAUIES o e e e, 6
7. Gravel, cemented, sandy, gritty, structureless................. 4.5
6. Sand and gravel (covered interval) ......................... 35

5. Silt, sand, and gravel, cemented, hard, gritty (“mortar bed”),
weathers cavernous in lower part and slabby above; contains
some short vertical concretions ...........oevviiiiiiineina.n 6

4. Caliche, massive, gritty, structureless; contains small scattered
pebbles and irregular limy concretions, some having root shape
—weathers irregularly knobby; contains fossil grass seeds
Biorbia fossilia (middle Pliocene) .........ccovviviiivinnnnnn. 11

3. Sand, covered interval .................... S 29.5

2. Sand and gravel, cross-bedded, locally cemented; fossil bone
found at a point 14 feet above bottom. (Sand and gravel have
been excavated at this interval for use in the State Park.)

View of gravel pit in Plate 8A.........coviiiiiiiiiiinn.. 20
1. Clay, buff, massive; contains some gray layers and is somewhat

silty in upper part (Woodhouse clays?)..................... 23

Total thickness of Ogallala exposed .............coovvviiinnn.. 161.5

Creraceous (Upper)
Niobrara formation

Distribution and thickness.—Exposures of the Ogallala formation
occur along Beaver (Ladder) Creek and in tributary draws in the
northwestern part of the county (Pl. 1). The Ogallala formation



Scott County, Kansas - 123

is also exposed in the northern part of the county along the sides
of draws tributary to Chalk Creek which flows eastward across the
southern part of Logan County to the north. Exposures of the
Ogallala formation occur above the Cretaceous rocks in the north-
eastern part of the county along draws tributary to Hell Creek
which flows eastward near the southeastern boundary of Logan
County and along the southern boundary of Gove County. Out-
crops of the Ogallala formation occur along Lion Creek from near
Modoc to a point about 4 miles west of Scott City and along Rocky
Draw from the west county line to a point about 5% miles south
of Modoc. Isolated exposures of the Ogallala formation have been
noted near the heads of draws tributary to Dry Lake in the south-
eastern part of the county. Most of the upland surface in Scott
County is underlain by deposits of Pleistocene age. The Ogallala
formation, however, is found beneath younger deposits over most
of the area. It is thin to practically absent in the Dry Lake vi-
‘cinity near the southeastern corner of Scott County occupied by the
buried Cretaceous hill shown in Figure 2.

The Ogallala formation was not encountered in test holes 13, 16,
17, and 19 (logs 13, 16, 17, and 19), all of which are situated in
the deepest part of the buried trough (Fig. 5, sections B-B’ and
C-C’). It is probable that the Ogallala formation was removed
by erosion and in its place sediments of Pleistocene age were de-
posited. Section B-B’ shown in Figure 5 shows that the Ogallala
formation is very thin in the vicinity of test holes 12, 14, 15, and 18
in the eastern part of the county east of Shallow Water. In certain
areas in the southeastern part of the county deposits of dune sand
overlie the Ogallala formation.

The Ogallala formation ranges in thickness from a few feet to
about 160 feet. The variable thickness of the Ogallala formation
is shown in the three profile sections in Figure 5. The thickness of
the Ogallala in the 23 test holes drilled during the investigation
ranges from about 6 feet in test hole 12 in the eastern part of the
county to 159 feet in test hole 1 situated about 6 miles north of Scott
City. In general, the test drilling revealed that the Ogallala be-
comes progressively thinner from north to south and in a southeast-
erly direction toward the southeastern corner of the county. The
thickness of the Ogallala formation ranges within wide limits be-
cause of the uneven surface on which the sediments were deposited
and also in part because of the fact that all or part of the sediments
were removed during post-Ogallala erosion. At one time the Ogal-
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lala formation probably was much thicker in the vicinity of the
buried trough in the vicinity of Scott City and Shallow Water but
most of it was removed by post-Ogallala erosion.

Origin—As pointed out under Geologic History the sediments
comprising the Ogallala formation were deposited by heavily-laden
streams that flowed from the Rocky Mountain region. The pebbles
of igneous and metamorphic rocks in the gravels and abundance
of quartz and.feldspar in the sands are believed to have been de-
rived from the Rocky Mountains. Locally, the basal gravels also
contain some reworked material from less distant sources, including
water-worn fragments derived from Cretaceous. rocks in or just
west of the county. Smith (1940, pp. 85-86) describes the mode
of deposition of the Ogallala formation as follows:

The deposition of the Ogallala was mainly of the channel and floodplain
type. The coarser beds of sand, gravel, and grit represent channel deposits.
The finer materials are best interpreted as representing flood-water
deposits formed by the overflow of shallow channels, perhaps approaching the
character of sheet-floods locally. No recognizable deposits of eolian sand or
silt have been found in the Ogallala in the area studied, but the presence of
ventifacts indicates that there must have been appreciable wind action.

The deposition of the Ogallala formation began with the change from
stream degradation to aggradation. . . . During the early stages of deposi-
tion, there was a topography of moderate relief. The main valleys were occu-
pied by through-going streams from the Rocky Mountains, and the valley
bottoms were mantled by normal floodplain deposits. . . . Deposition
probably began with the filling of stream channels, leading to more frequent
overflow and thus to the upbuilding of the floodplains. This soon led to shift-
ing of the channels themselves, and probably to the development of anasto-
mosing patterns. As filling progressed, the valley flat overlapped farther and
farther on the slopes of the bordering hills. . . . Relief was lowered, the
valley plains grew broader, and finally the divides were overtopped, and there
followed overlapping and coalescing of the depositional zones of individual
streams.

The origin of the abundant calcium carbonate in the Ogallala
has been discussed by Smith (1940, p. 79) who concluded that

The transported calcareous matter in the Ogallala originated mainly, if not
only, in the Rocky Mountain area from weathering of Paleozoic limestone and
caleic minerals in the crystalline rocks. . . . Additional lime may have
been provided also by weathering in situ after deposition.

Smith also suggested that the silt and clay of the Ogallala for-
mation probably were derived from soils and weathering products in
the mountain area and to a lesser extent from the wearing down
of coarser materials in transit. The sandstone and conglomerate in
the Ogallala represent beds of sand and gravel that have been
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cemented by underground waters. Deposits of sandy silt, cemented
with calcium carbonate and often referred to as caliche, probably
are a product of surficial calichification formed during a relatively
long pause in deposition, at a time when streams had shifted to
some other part of the region. The concentration of caleium car-
bonate, in the soil zone, by surficial processes was accomplished
during such periods, and was halted by recurring periods of deposi-
tion to give rise to caliche zones at varying intervals throughout
the formation. Smith (1940, pp. 77-94) gave a much more detailed
discussion of the origin of the Ogallala formation.

Age and correlation—The Ogallala formation originally was
named and described by Darton (1899, pp. 732, 734) and its age
was given as late Tertiary, or Pliocene (?). Darton later (1920, p.
6) designated the type locality near Ogallala station in western
Nebraska. The conclusions of later workers regarding the age and
correlation of the Ogallala formation in western Kansas have been
summarized by Smith (1940, pp. 73-74).

Smith (1940, pp. 75-76) concluded that the Ogallala of south-
western Kansas, insofar as it is represented by exposures at the
surface, may be assigned to middle Pliocene age. According to this
definition, the top of the Ogallala formation is marked by the top
.of the capping limestone. No upper Pliocene beds were recognized

“in Scott County, and no attempt has been made to subdivide the
Ogallala formation.

So far as is known, no vertebrate fossils have been taken from the
Ogallala formation in Scott County. In Ford County, a horse tooth
was recovered from the Ogallala at a depth of 113 feet during the
drilling of an irrigation well in the SW14 sec. 6, T. 27 S, R.26 W.
The tooth was identified by C. W. Hibbard as a right molar of
Pliohippus cf. interpolatus (Waite, 1942, p. 160). Schoff (1939, pp.
61-62) reported that large collections of vertebrate remains taken
from excavations in the vicinity of Optima and Guymon, Texas
County, Oklahoma, were considered by Stovall to be middle Pliocene
in age. According to Schoff, the fossils were found in the upper
100 feet of the formation.

Fossil grass and hackberry seeds collected from the Ogallala forma-
tion have been described by Elias (1932, pp. 333-340). In a later
paper (Chaney and Elias, 1936) it was shown that certain of the
fossil seeds are of widespread occurrence and have a short vertical
range making them useful as guide fossils. Fossil grass and hack-
berry seeds were collected by me from the Ogallala formation in
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Scott County, notably from exposures in the bluffs just west of the
dam at the north end of Lake McBride near the Cen. sec. 2, T. 16
S., R. 33 W. (Pl. 13A) and from exposures in the bluffs on the east
side of Lake McBride below the McBride monument in the NWi4
NE1, sec. 12, T. 16 S., R. 33 W. 1In both localities the seeds were
collected from massive layers of cemented grit and coarse sand
from 5 to 10 feet in thickness that formed prominent benches along
the sides of the valley. Fossil grass and hackberry seeds were
also collected from exposures of the Ogallala formation in the north-
eastern part of the county in the SE14 NE14 sec. 1, T. 16 S, R. 32
W. Fragments of grass and hackberry seeds were found in test hole
23 in the southwestern corner of Scott County between depths of
103.5 and 119 feet. From comparisons with forms described by
Elias, the grass seeds are believed to be Biorbia fossilia and the
hackberry seeds are believed to be Celtis willistons.

Water supply.—In Scott County, as in many other parts of the
High Plains, the Ogallala formation is the most important water-
bearing formation. Most of the domestic and stock wells in the
outlying upland areas surrounding the Scott Basin, as well as many
of the irrigation wells and industrial and public supply wells, derive
water from the Ogallala formation. Many of the wells in the Scott
Basin derive water from the undifferentiated Pleistocene deposits
overlying the Ogallala formation and some of the wells penetrate
these deposits as well as the Ogallala formation below and may
obtain water from both sources. The Ogallala formation also
supplies water to springs in the northern part of the county, notably
Big Springs, Barrel Springs, and Old Steele Home Springs, all situated
in the Scott County State Park (Pl. 1, springs 16, 17, 18). The
yields of wells tapping the Ogallala range from several gallons a
minute from small domestic and stock wells to about 2,900 gallons
a minute for some of the large irrigation wells (200). The largest
yields from the Ogallala are obtained from the coarser materials
generally in the lower part of the formation. The beds of the
Ogallala formation once extended from the Rocky Mountains east-
ward to perhaps as far as the eastern third of Kansas, but they have
been removed by erosion from much of the territory they once
occupied. A much greater thickness of the formation may have been
saturated at one time, but streams such as Beaver (Ladder) Creek
in the northern part of the county and tributaries to streams in Logan
and Gove Counties to the north of Scott County have cut below the
zone of saturation and are draining part of the water from the for-
mation. In parts of southeastern Scott County the Ogallala and
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Pleistocene beds are comparatively thin and lie entirely above the
water table (sec. B-B’, Fig. 5). The thickness of saturated material,
as shown by the profile sections in Figure 5, differs greatly. Logs of
test holes indicate that a large percentage of the saturated zone in
the Ogallala and the Pleistocene deposits is composed of sand and
gravel, so the amount of water available is large.

In recent years there has been an increase in the number of wells
tapping the Ogallala formation in Scott County, largely as a result
of increased demands for irrigation and industrial supplies.

The water from the Ogallala formation is hard. The analyses of
typical waters from the Ogallala formation are shown in Figure
16. Samples of water were collected from 19 wells that derived
water from the Ogallala formation, from 6 wells that derived water
from the Ogallala formation and/or undifferentiated Pleistocene
deposits, and from 3 wells that derived water from the Ogallala
and/or Niobrara formations. Analyses of the 19 samples of water
collected from the Ogallala formation indicate that the hardness
ranged from 162 to 319 parts per million and averaged about 221
parts. The analyses also indicate that the amount of iron contained
in these samples of water from the Ogallala ranged from 0.0 to
2.9 parts per million. The fluoride content of these 19 samples
ranged from 0.3 to 8.0 parts per million. Three samples of water
from this group contained less than 1 part per million of fluoride,
6 contained more than 1 part, 9 contained between 2 and 3 parts, and
1 contained 3 parts. Because the fluoride content of some of the
water from the Ogallala formation is relatively high, some water
derived from this source may be harmful to children’s teeth. The
analyses show also that the amount of sulfate contained in these 19
samples of water from the Ogallala ranged from 8.4 to 84 parts
per million and averaged about 44 parts. The analyses indicate that
the water from the Ogallala is well within the suggested safe use
for irrigation. The water in the Ogallala is generally softer than
the water in the overlying undifferentiated Pleistocene deposits.

QUATERNARY SYSTEM
PLEISTOCENE SERIES
Undifferentiated Deposits

Deposits of gravel, sand, silt, and clay overlie the Ogallala for-
mation and although somewhat similar lithologically to the Ogallala
formation, they are of Pleistocene age. It has not been practicable
to subdivide these deposits into smaller units, so they are referred to
as undifferentiated Pleistocene deposits.
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Character—The undifferentiated Pleistocene deposits consist
principally of unconsolidated gravel, sand, silt, and clay. Sand and
gravel are the most abundant materials and silt and clay occur in
lesser amounts but locally may be the predominant constituents.
The coarse sand and the gravel are composed of quartz, feldspar,
and other material derived from igneous rock. Waterworn pebbles
of caliche derived from the Ogallala formation are common in these
deposits, particularly in the lower part near the contact between
these deposits and the underlying Ogallala formation. In places
where the Ogallala formation is relatively thin or absent, waterworn
pebbles of materials derived from rocks of Cretaceous age, princi-
pally from the Niobrara formation, are scattered through the de-
posits.

The Pleistocene deposits are poorly sorted and very lenticular.
Individual beds are discontinuous and may grade laterally or ver-
tically from one lithologic type to another within relatively short
distances. Interbedded with the sands and gravels are many lenses
of silt, sandy clay, and clay. Clay in the form of rounded “clay
balls” that range in diameter from a few inches to more than a
foot are interspersed throughout the deposits. These deposits are
for the most part unconsolidated. Some beds, however, are cemented
by calcium carbonate to form hard “mortar beds” resembling con-
crete, a notable example being the cemented deposits occurring along
the south bank of Beaver (Ladder) Creek, just above the water
surface, at a point just below the bridge in the NW14 SW1/ sec.
21, T. 17 S, R. 33 W.

The undifferentiated Pleistocene deposits include the terrace de-
posits of Beaver (Ladder) Creek Valley which are composed mainly
of gravel containing intermixed sand, silt, and clay. The sand and
gravel is composed principally of material derived from igneous
rocks. The terrace deposits are patchy in character and occur as
isolated terrace remnants of channel deposits that were formerly
much more extensive. Downcutting by Beaver Creek was respon-
sible for the removal of most of the channel deposits, leaving scat-
tered isolated remnants along the valley sides. The terrace deposits
are of commercial importance and are the source of sand and gravel
used for construction materials locally. The Geist (Christy) gravel
pit, situated in the NE14 SW14 sec. 21, T. 17 S., R. 33 W., has been
in operation intermittently for several years and large amounts of
gravel and sand have been removed for construction purposes. Al-
though not used in 1940 as extensively as the Geist (Christy) pit,
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two other gravel pits have been operated on terrace deposits along
Beaver (Ladder) Creek Valley—the Garvin gravel pit, situated on
the section line between secs. 22 and 23, T. 17 S., R. 34 W. about
a quarter of a mile south of the north section line, and the Gilbert
Lenz gravel pit, situated in the SE14 NW14 sec. 22, T. 17 S,, R.
34 W. The sand and gravel deposits at the Garvin pit are about
15 feet thick according to a measurement of the south vertical face
of the workings in.1940. Similarly, the deposits of sand and gravel
at the Lenz pit were from 15-18 feet in thickness in 1940, the de-
posits consisting of cross-bedded sand and gravel interspersed with
green clay balls and waterworn pebbles of white Ogallala caliche
material. A fourth gravel pit was also visited in the SW14 SE14
sec. 15, T. 17 S., R. 33 W. The deposits occurred as a terrace rem-
nant on the west side of Beaver (Ladder) Creek and there was evi-
dence that the pit has been worked extensively.

The finer materials of the Pleistocene deposits consist of clay and
silt. Clay was encountered in about half of the 23 test holes (1, 5,
10, 13, 15, 16, 17, and 19-23 incl.) drilled in Scott County. The clay
ranges from silty to sandy and is tan, blue gray, light gray, dark
gray, yellow gray, light greenish gray, pale green, brown, yellow,
pinkish, and black. The individual beds range in thickness from-1.5
to 50 feet. Many of the clay beds contain small invertebrate fossils.

Lenses of silt and sandy silt ranging in thickness from about 1.5
to 68 feet were penetrated in test drilling. Beds of-silt were en-
countered throughout the entire vertical range of the Pleistocene
deposits in Scott County. The silt is tan, brown, yellow tan, gray-
ish tan, light gray, gray, light green gray, yellow gray, and pinkish
brown. Some of the silt layers are calcareous and are white to light
gray in color.

The sands in the Pleistocene deposits are generally poorly sorted .
and range in texture from very fine- to coarse-grained and often
contain a few pebbles. Fine to very coarse gravels make up the
coarser sediments of the Pleistocene. Lenses of intermixed sand
and gravel are common. The thickness of most of the sand and
gravel lenses encountered in test holes ranges from a few feet to
21 feet. Test hole 22 in southern Scott County penetrated 21 feet
of sand and medium to fine gravel between depths of 67 and 88 feet.

The upper part of the undifferentiated Pleistocene deposits is well
exposed in two gravel pits—one about 1.5 miles north and 1 mile
west of Scott City in the NW14 SW14 sec. 12, T. 18 S, R. 33 W,
and the other about 1 mile east of Shallow Water in the SE} sec.

9—6532
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30, T.19S,R.32W. The déposits of sand and-gravel in these two
gravel pits are lithologically similar and contain intermixed siit
and clay and scattered clay balls.

Distribution and thickness.—Pleistocene deposits are present
nearly everywhere in Scott County except in the northern part
where tributary streams have removéd them and exposed Pliocene
and Cretaceous rocks. In most places they are covered with a
mantle of loess of variable thickness, and in the southeastern part
of the county they are covered by dune sand.

The thickness of the Pleistocene deposits ranges from a few feet
to 196 feet. The maximum thickness in this area was encountered
in test holes 17 and 19 in south-central Scott County near Shallow
Water, where 196 feet of sediments of Pleistocene age were pene-
trated in each of the test holes. These test holes were drilled in
what is believed to be the deepest part of the buried trough in Scott
County.  Test hole 13, drilled near the terminus of Whitewoman
Creek where the creek loses its identity and merges with the Scott
Basin, penetrated 190 feet of undifferentiated Pleistocene depOSIts
Test hole 16, drilled about 2 miles east of Shallow Water, pene-
trated 168 feet of Pleistocene deposits. The Pleistocene deposits
thin eastward and westward from the vicinity of the buried trough
whose course is revealed by the contours showing the configuration
of the pre-Tertiary bedrock surface in Figure 2.

Origin—Most of the materials in the undifferentiated Pleistocene
deposits represent channel and flood plain sediments that were laid
down in much the same manner as the stream-laid deposits of the
Ogallala formation. The sediments that were deposited in the deep-
est part of the buried trough were the result of channel filling by
an ancestral stream that formerly occupied the north-south trend-
ing trough whose axis passed near Scott City and Shallow Water
and extended southward into Finney County. The trough was cut
to its maximum depth early in the Pleistocene after which a period
of alluviation or perhaps several successive periods of channel filling
resulted in the great thickness of undifferentiated Pleistocene de-
posits in the buried trough. The origin of the Pleistocene deposits
occurring as terrace remnants along the valley sides of Beaver (Lad-
der) Creek in the northwestern quarter of the county have been
discussed on page 39.

Age and correlation—Fossils collected from these deposits in
Scott County indicate that they are of Pleistocene age. Fossil ma-
terial collected in 1939 from two gravel pits in Scott County by H.
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Prate 15. Vertebrate fossils collected from gravel pits along Beaver (Lad-
der) Creek in Scott County. A, Skull of Superbison latifrons. B and C, Top
and side views, respectively, of lower molar (M3) of Paraelephas cf. columb.
D and E, Top and side views, respectively, of upper molar of Paraelephas cf.
columlgi. F and G, Top and side views of upper premolar of Paraelephas cf.
columbi.
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T. U. Smith has been identified by Claude W. Hibbard. Six teeth
that were collected by Smith from the Geist (Christy) pit, located
about 5 miles north and 3.5 miles west of Scott City, were identified
by Hibbard as Bison bison. Fossil material collected by Smith
from the gravel pit located about 1 mile east of Shallow Water was
identified by Hibbard as Bison bison material.

A crew of W. P. A. workmen at the Geist (Christy) gravel pit un-
earthed two large fossil horns in February and March 1939. The
two horns, together with a skull that was found later, were mounted
and placed on display in the Ford Garage in Scott City. These
horns measured 72 inches from tip to tip. This specimen was iden-
tified by Hibbard from a photograph as Superbison latifrons (Pl
15A).

In 1940, a large fossil molar was unearthed by a W.P. A. crew
at the same Geist (Christy) gravel pit. It was identified by Hib-
bard as a lower molar (M,) of Paraelephas cf. columbi (Pl. 15B and
C). Another tooth that was unearthed at the Geist (Christy)
gravel pit is shown in Plate 15D and E. Hibbard identified this
tooth as an upper molar Paraelephas cf. columbi. A small tooth
was unearthed from a gravel pit on the west side of Beaver (Ladder)
Creek in the SE14 NE14 sec. 15, T. 17 S., R. 33 W. Hibbard iden-
tified this specimen as an upper premolar of Paraelephas cf. columbi
{Pl. 15F and G).

Fragmentary teeth collected by me in 1940 from the Gilbert Lenz
gravel pit in the SW14 NE1; sec. 22, T. 17 S., R. 34 W. were sub-
sequently identified by Hibbard as Procamelus, a Tertiary form.
A fragment of a horse tooth, either Pliohippus or Hipparion was
also identified. Because of the fragmentary condition of the material
exact identification was not possible.

The undifferentiated Pleistocene deposits have also yielded in-
vertebrate fossils. Mollusks recovered from several of the test holes
drilled in Scott County' are listed below. Identifications were made

by A. B. Leonard. ‘
Mr. Leonard reported that all of these forms seemed to be well

fossilized, but pointed out that fossilization in snails is sometimes
very difficult to determine with accuracy. He also reported that
Vallonia and Succinea exist in this part of Kansas today and there-
fore cannot be used to identify Pleistocene deposits.

The invertebrate fossils collected from the undifferentiated de-
posits in Scott County are additional evidence indicating Pleistocene
age for these beds. Many of the mollusks given in the preceding
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Fossil material recovered from. test holes in Scott County

Depth
Test below
hole, land Fossils
No. | surface,
feet

2 3-14 Vallonia costata; Lymnea parva; (aquatic, Recent).
2 16-18 Vallonza costata.
3 11-18 Lymnea rustica; Has been found in Kingman County (prob-
ably Recent).
5 30-33.5 | Vallonia costata; Succinea grosvenori; Both terrestrial; both
probably in the area today, questionable value.
8 15-22 Vallonia costata; see above. .
0 72-76 Helisoma cf. trivolvis (fragment); A pond snail that is likely
found in the area today.
11 4-11 Vallonia costata; Succinea grosvenori; Both terrestrial; both
probably in the area today.
12 | 2.5-14 Vallonia costata; see above.
13 180-190 | Lymnea sp.; The value of this form is lost because of its
fragmentary condition which makes specific identification
impossible.

15 26-31 Vallonia costata; see above.

17 44-51 Helisoma sp. (fragmentary); A pond snail.
17 51-56 Vallonia costata; see above.
~18 | 4.5-16.5 | Vallonia costata; Succinea grosvenori; Terrestrial forms—both
probably Recent.

19 11-16 Succinea grosvenor.
19 16-22 Pupilla muscorum; Succinea grosvenors.
19 22-26 Pupilla muscorum; Vallonia costata.

19 26-30 Vallonia costata.
19 37-39.5 | Gyraulus deflectus.
Pupilla muscorum, a woodland form, and Gyraulus deflectus, an inhabitant

of permanent pools, are both extinct in this area, and suggest that the deposit
is Pleistocene.

20 53-58.5 | Vallonia costata; see above.
22 20-24 Lymnea parva; A pond snail, Recent?
22 39-43 Succinea grosvenori; Vallonia costata.

Although these snails seem to be well fossilized their stratigraphic value is
limited inasmuch as these forms seemingly live in the area today.

23 1 1.5-12.5 l Vallonia costata.

list are identical with forms found in the Meade formation of Meade
County (Frye and Hibbard, 1941, pp. 413-415) where they are as-
sociated with Pleistocene vertebrates. Similar invertebrate fossils
were recovered from several of the test holes drilled in Finney and
Gray Counties (Latta, 1944, p. 175). Latta also called attention
to similar forms collected by Thad G. McLaughlin from a bed of
silty clay in the SE14 NE sec. 3, T. 27 S., R. 31 W, in the north-
eastern corner of Haskell County. '

The presence of waterworn caliche and “mortar bed” pebbles
also indicate Pleistocene age for these deposits in Scott County. As
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has been pointed out earlier, waterworn fragments of Ogallala ma-
terial are common in the Pleistocene gravels.

Water supply—Many of the wells in the Scott Basin derive water
from the undifferentiated Pleistocene deposits. Some wells penetrate
these deposits as well as the water-bearing section of the Ogallala
formation below and may obtain water from both sources. The
terrace deposits found in isolated patches along the valley sides of
Beaver (Ladder) Creek in the northwestern quarter of the county
are relatively permeable but generally occur above the water table
and are therefore not important as a source of water in that vicinity.

The yields of wells in the undifferentiated Pleistocene deposits
range from several gallons a minute from small domestic and stock
wells to more than 1,000 gallons a minute from some of the large
irrigation wells. Where wells penetrate the Pleistocene deposits and
the water-bearing beds in the underlying Ogallala formation, it is
practically impossible to determine the quantity of water being fur-
nished from each of the two sources. The thickness of saturated
material in the Pleistocene deposits differs greatly, as shown by the
profile sections in Figure 5. Logs of test holes show that a large
percentage of the saturated zone in these deposits is composed of
sand and gravel, so the amount of water available is believed to be
large. '

Six samples of water were collected from wells (107, composite
sample from 82 and 112, 174, 236, 252, and 262) obtaining water from
undifferentiated Pleistocene deposits and/or the underlying water-
bearing beds in the Ogallala formation. All of the wells were situ-
ated in the Scott Basin, in the vicinity of the deep buried trough
where maximum thicknesses of Pleistocene deposits occur. The
total dissolved solids in the six samples ranged from 205 to 563
parts per million, two of the samples (wells 174 and 236) having
563 and 536 parts respectively of total dissolved solids. The total
hardness ranged from 172 to 344 parts per million and averaged
238 parts. The iron content in the six samples ranged from 0 to
3.3 parts per million, and the fluoride content ranged from 1.0 to
2.7 parts per million, four of the samples (wells 107, 236, 252,
and 262) having 1 part or more of fluoride, and two samples (com-
posite of wells 82 and 112, and 174) having 2.0 and 2.7 parts per
million of fluoride, respectively. The sulfate content in all 6 sam-
ples showed a greater range in concentration—four of the six sam-
ples (wells 107, composite sample of 82 and 112, 252, and 262) had
a sulfate content ranging from 26-41 parts per million. Samples



Scott County, Kansas 135

Prate 16. A, Typical loess exposed in abandoned railroad cut near the NE
cor. sec. 36, T. 16 S., R. 33 W.; B, loess exposed on east side of freshly graded
road in the SW cor. NW¥;, NW14 sec. 17, T. 16 S., R. 33 W.
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of water from wells 174 and 236 had sulfate contents of 194 and 145
- parts per million, respéctively. The fluoride content in some of the
water derived from the undifferentiated Pleistocene deposits and/or
the water-bearing beds of the underlying Ogallala formation is rela-
tively high. The composite sample collected from the public supply
at Scott City (wells 82 and 112) at a time when both wells were
pumping had a fluoride content of 2.0 parts per million.

The analyses of these six samples of water from the undifferen-
tiated Pleistocene deposts and/or Ogallala formation in Scott County
indicate that the water is well within the safe limits for use in irri-
gation according to the principles discussed by Scofield (1933).

PLEISTOCENE AND RECENT SERIES
Loess

A relatively thin deposit of loess overlies the undifferentiated
Pleistocene deposits in much of Scott County. In places where the
undifferentiated Pleistocene deposits are absent the loess may rest
directly on the Ogallala formation. The loess is exposed in road
and highway cuts in the northern half of the county; typical ex-
posures of loess are shown in Plate 16. The loess is generally light
buff to light brown but may grade upward into a darker brown to
black soil zone at the top. The material is structureless and lacks
bedding. Exposures of loess in road cuts are typical in appearance
to loess found elsewhere, except that vertical parting may be less
prominent. In places it contains small scattered concretionary
nodules of lime carbonate. It is composed principally of silt but
contains some very fine sand. Mechanical analyses made by Smith
(1940, p. 122) included analyses of two samples of loess (11 and
12) collected from road cuts near the north county line in northern
Finney County. One sample was collected in the northwest corner
of Finney County in the NW1j4 sec. 6, T. 21 S, R. 3¢ W, and the
other in the NE14 sec. 2, T. 21 8., R. 29 W., near the Lane-Finney
County line. These analyses (Table 17) indicated maxima in the
0.062-0.031 mm division. Fractions larger than 0.062 mm were
separated by screening; those smaller than 0.062 mm were separated
by the pipette method.

Natural exposures of loess are relatively few and small because
of the incoherent character of the material. Because road cuts and
other excavations are generally shallow, the complete thickness of
the loess is not readily determinable and the irregularities of the
buried pre-loess surface are concealed. It is estimated that the
thickness of the loess in Scott County ranges from a few feet to
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TaBLE 17. Mechanical analyses of loess and associated ‘materials!

Mechanical composition

No.

of LocATION

sam- 0.5 0.5- | 0.25- | 0.125-| 0.062- 0.031
ple . 0.25 | 0.125 | 0.062 | 0.081 | -

mm mm mm mm

11 | NWlgsec.6,T.21S.,R.34W.| 0.2| 0.7 5.2|26.2|52.0]|15.8
.21S.,R.29W.| 0 03| 3.5(22.6|69.5| 4.4

12 | NE sec. 2,

1. Modified from Smith (1940, p. 122).

about 30 feet. Most of the test holes in Scott County encountered
deposits of loess that ranged in thickness from 5 to 28 feet. The
maximum thickness was encountered in test hole 8. Gastropod
shells were collected from an exposure of loess in an abandoned rail-
road cut in the northern part of the county in the NE14, NE1; sec.
36, T.16 S, R. 33 W. (Pl 16A). Gastropod shells and fragments
_of pelecypod shells were recovered from the upper part of most of
the test holes drilled in Scott County, some of which came from the
upper loessial part of the test holes.

The age of the loess can be stated only in relative terms, for as
A. B. Leonard has pointed out, the fossilization of snails is some-
times very difficult to determine with accuracy, and some of the
forms are of doubtful value because they exist in western Kansas
today. At least in part, the loess probably belongs somewhere in
the upper Pleistocene and may grade imperceptibly upward into
loess of Recent age. It is younger than volcanic ash, and older than
dune sand at the few localities where it is found in contact with
one or the other of these, according to Smith (1940, pp. 124-125).
He also suggests that it may be contemporaneous with and in part
grade laterally into the Kingsdown formation. More than one age
of loess may be present in Scott County, but no attempt was made
to subdivide it. The loess lies above the water table in Scott County,
hence it furnishes no water to wells.

Dune Sand
Dune sand of Quaternary age occurs in an area of approximately
9 square miles in the southeastern corner of Scott County and in
smaller scattered areas in the southeastern part of the county (Pl.
1). The dune sand is composed predominantly of uniform fine-
to medium-grained well-rounded quartz sand and contains smaller
amounts of silt and clay. The sand has been accumulated by the
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wind to form small hills and ridges. The exact thickness of this
material in Scott County has not been determined, but it is believed
that the dune sand mantle ranges in thickness from a few feet to
perhaps as much as 50 feet. In places the soil zone is thin and at-
tempts at cultivation have stripped the protective vegetative cover
allowing the upper surface to be subjected to renewed wind action.
The dune sand probably was derived from the denudation of near-by
Pliocene and Pleistocene deposits. Smith (1940, pp. 127-128; 153-
168) gives a detailed discussion of the origin of sand dunes in west-
ern Kansas. v

No wells obtain water directly from the dune sand in Scott
County, for it is everywhere above the water table, but sand dunes
serve as valuable intake areas for ground-water recharge from local
precipitation because the porous materials comprising them are
highly permeable and permit infiltration readily.

Alluvium

Alluvium of late Quaternary age is found in Beaver (Ladder)
Creek Valley in Scott County (Pl 1). Some of the tributary’
-streams in the extreme northern part of the county are still in the
process of downcutting so that there is little or no alluvium along.
the greater part of their courses in Scott County. Where present,
the alluvium is thin and occurs as very narrow bands along the
northern part of their present channels; accordingly, it is not shown
on the geologic maps.

The character of the alluvium in Beaver Valley is typical of
streamlaid deposits and ranges in texture from silt to sand and
coarse gravel. Tle youngest deposits consist largely of sand and
silt deposited over the flood plain in time of flood or in normal con-
ditions in the channel of the stream. Beneath the finer surface de-
posits are layers of sand -and gravel slightly older but of similar
origin. The alluvium grades into the terrace deposits, so the lower
part. of the valley fill in some places is of late Pleistocene age and
represents the basal part of a cut and fill terrace deposit.

The alluvium is underlain by the Ogallala formation in most parts
of Beaver Creek Valley, but in the vicinity of Scott County State
Park the alluvium rests uncomformably on the Niobrara formation.
Scanty data indicate that the thickness of the alluvium along Beaver
Valley ranges from a few feet to an estimated maximum of about 20
feet. The yields of wells tapping the alluvium in Beaver Valley
generally are adequate for domestic and livestock purposes.
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The analysis of one sample of water (3) collected from a well in
shallow alluvium of a tributary drainage in the northeastern part
of the county in.the SW14 NW14 sec. 4, T. 16 S, R. 31 W. showed
dissolved solids, 462 parts per million; total hardness, 394 parts;
sulfate, 171 parts; fluoride, 1.0 part; and iron, 2.1 parts. The well
from which the water was collected is in an area in which the Nio-
brara formation is at or near the surface and the chemical quality
of the water in the alluvium in that vicinity is doubtless affected
somewhat by the underlying chalk of ‘that formation.
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RECORDS OF WATER LEVELS IN IRRIGATION WELLS

The measurements of water levels in 81 irrigation wells in Scott
County are given in Table 18. This table includes a1l measurements
from the beginning of record through December 1945.

TaBLE 18. Records of water levels in irrigation wells in Scott County, Kansas

(Depths to water levels are referred to the measuring points described in
Table 19; other data pertaining to these wells are also given in that table.
Measurements furnished by Division of Water Resources, State Board of Agri-
culture.) :

Depth to .Depth to Dep‘th to
water level, water level, water level,
Date feet Date feet Date feet

26. (Field No. 1002). Pat Meyers. SW% NW1 sec. 17, T. 16 S, R. 34 W.

Apr. 1941 117.37 Mar. 1945 117.36  .........

52. (Field No. 1003). Sam Filson. SW14 SW¥ sec. 25, T. 17 S, R. 33 W.

June 1944 72.23 Apr. 1945 72.48 Dec. 1945 73.55

73. (Field No. 98). 8. W. Filson. SW% NE% sec. 7, T. 18 S, R. 32 W.

Sept. 1940 58.42 Dec. 1942 58.29 June 1944 58.09
Feb. 1941 57.55 Apr. 1943 57.16 Jan. 1945 58.36
Jan. 1942 57.20 Dec. 1943 59.35 Apr. 1945 57.93
Apr. 1942 56.81 Mar. 1944 58.49 Dec. 1945 59.00

74. (Field No. 97). 8. W. Filson. SW% SE% sec. 7, T. 18 S, R. 32 W.

Sept. 1940 59.03 Dec. 1942 58.24 June 1944 58.46
Oct. 1940 59.59 Apr. 1943 57.41 Jan. 1945 58.78
Feb. 1941 58.06 Dec. 1943 59.79 Apr. 1945 58.23
Jan. 1942 57.68 Mar. 1944 59.05 Dec. 1945 59.75
Apr. 1942 S7.16 ... L.

77. (Field No. 118). J. E. Kirk. SW34 SW4 sec. 17, T. 18 S, R. 32 W.

Oct. 1940 49.58 Jan. 1942 47.92 May 1942 47.50
Feb. 1941 48.36  ......... ...

78. (Field No. 162). S. W. Filson. 'NE% NE% sec. 18, T. 18 S, R. 32 W.

Oct. 1940 59.22 Dec. 1943 58.19 Jan. 1945 57.07
Nov. 1942 56.33 Mar. 1944 57.23 Apr. 1945 56.55
Apr. 1943 55.41 June 1944 56.86 Dec. 1945 58.09
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80. (Field No. 120). John Hasz. SW%4 SEY% sec. 18, T. 18 S, R. 32 W.

Sept. 1940 54.94 Jan. 1942 51.03 May 1942 51.04

83. (Field No. 76). Jess Bright. NW% SW2 sec. 19, T. 18 S, R. 32 W.

Sept. 1933 40.0 Jan. 1942 41.71 Mar. 1944 43.15
Sept. 1934 37.0 Apr. 1942 41.05 Dec. 1944 42.48
Sept. 1935 . 37.0 Nov. 1942 42.13 Jan. 1945 42.72
Sept. 1936 36.1 Apr. 1943 41.21 Apr. 1945 43.22

Feb. 1941 41.97 Dec. 1943 44 .22 Dec. 1945 44 .58

84. (Field No 46). American Llfe Insurance Company. SW1/4 SW14 sec. 20,
T.18S,R.32 W.

Mar. 1910 37.3 June 1935 37.38 Jan. 19'2 40.89
Nov. 1926 39.7 Sept. 1935 38.17 Apr. 1942 40.22
Aug. 1933 40.0 Sept. 1939 39.21 Nov. 1942 41.02
May 1934 37.20 Sept. 1940 41.50 Dec. 1943 43.33
Sept. 1934 38.58 Feb. 1941 40.93 Dec. 1945 45.36
Nov. 1934 37.38  .........

85. (Field No. 225). J. E. Kirk. SE% NW4 sec. 21, T. 18 S, R. 32 W.

Nov. 1940 64.0 Nov. 1942 67.01 June 1944 66.97
Feb. 1941 64.08 Apr. 1943 66.02 Jan. 1945 66.46
Jan. 1942 66.04 Dec. 1943 69.34 Apr. 1945 66.31
May 1942 66.11 Mar. 1944 66.46 Dec. 1945 66.52

88. (Field No. 231). Vern Harris. NE% NW2 sec. 29, T.18 S, R. 32 W.

Nov. 1942 36.67 Mar. 1944 37.58 Jan. 1945 36.93
Apr. 1943 35.99 June 1944 36.99 Apr. 1945 36.56
Dec. 1943 38.72 ...,

91. (Field No. 61). V. M. Harris. SE% NW1 sec. 29, T. 18 S, R. 32 w.

Sept. 1940 33.85 Nov. 1942 34.63 June 1944 34.89
Feb. 1941 34.17 Mar. 1943 34.28 Jan. 1945 35.02
Dec. 1941 34.06 Dec. 1943 36.26 Apr. 1945 34.87
Apr. 1942 34.04 Mar. 1944 35.68 ... ...

95. (Field No. 69). R. B. Christy. SE%4 NE% sec. 30, T. 18 S, R. 32 W.

Sept. 1940 34.37 Nov. 1942 33.78 June ‘1944 34.03
Feb. 1941 33.50 Mar. 1943 33.06 Jan. 1945 34.07
Jan. 1942 33.49 Dec. 1943 36.21 Apr. 1945 33.94

Apr. 1942 32.95 Mar. 1944 34.75
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TasLe 18. Records of water levels in urrigation wells in Scott County, Kansas

—Continued
Depth to Depth to Depth to
water level, water level, water level,
Date feet Date feet Date feet

96. (Field No. 25). Elvin Deng. NW¥% SW2% sec. 30, T. 18 S, R. 32 W.

Sept. 1936 27.2 Dee. 1941 31.86 Mar. 1944 33.40
Sept. 1939 29.83 Apr. 1942 31.06 June 1944 32.65
Sept. 1940 32.52 Nov. 1942 31.90 Jan. 1945 32.84
Oct. 1940 33.73 . Mar. 1943 31.14 Apr. 1945 32.31
Feb. 1941 31.69 Dec. 1943 34.46 Dec. 1945 34.84

97. (Field No. 18). Elvin Deng. SW14 SW4 sec. 30, T. 18 S, R. 32 W.

Sept. 1936 18.8 Dec. 1941 24.46 Mar. 1944 24.57
Sept. 1939 20.41 Apr. 1942 21.74 June 1944 23.39
Sept. 1940 22.49 Nov. 1942 22.65 Jan. 1945 23.77
Oct. 1940 23.66 Mar. 1943 21.97 Apr. 1945 23.29
Feb. 1941 22.34 Dec. 1943 25.30 Dec. 1945 25.86

107. (Field No. 19). Fouquet. SE cor. NE¥% sec. 12, T. 18 S, R. 33 W.

Sept. 1939 48.09 Mar. 1944 49.03 Apr. 1945 48.94
Mar. 1943 47.62 June 1944 48.56 Dec. 1945 49.45
Dec. 1943 49.52 Jan. 1945 48.55 ... ...

109. (Field No. 123). S. W. Filson. NW¥% NE% sec. 13, T. 18 S, R. 33 W.

Sept. 1940 55.54 Nov. 1942 55.56 June 1944 55.37
Feb. 1941 55.12 Mar. 1943 54.79 Jan. 1945 56.75
Jan. 1942 54.78 Dec. 1943 57.25 Apr. 1945 55.16
Apr. 1942 54.35 Mar. 1944 55.96 Dec. 1945 56.86

110. (Field No. 121). J. E. Kirk. NW% SE4 sec. 13, T. 18 S, R. 33 W.

Feb. 1941 51.72 Nov. 1942 52.58 Jan. 1945 53.01
Jan. 1942 52.04 Mar. 1943 51.93 Apr. 1945 52.51
Apr. 1942 51.45 Dec. 1943 54.22 Dec. 1945 54.43

113. (Field No. 51). Dr. G. A. Greene. NE cor. SEY sec. 13, T. 18 8.,
R.33 W.

May 1934 36.18 Sept. 1939 41.36 ......... ...




121. (Field No.
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127). Claude Hughes. SW4 SW14 sec. 20, T. 18 S, R. 33 W.

Sept. 1939 70.73 Nov. 1942 72.14 Jan. 1945 71.97
Feb. 1941 71.26 Mar. 1943 71.04 Apr. 1945 71.63
Jan. 1942 70.78 Dec. 1943 71.70 Dec. 1945 73.53
Apr. 1942 70.57 June 1944 71.57 ... L.
123. (Field No.“3). Claude Hughes. SW% NE1 sec. 22, T. 18 S, R. 33 W.
May 1934 69.44 ~Feb. 1941 70.68 Mar. 1944 71.03
Aug. 1936 68.9 Jan. 1942 70.39 June 1944 70.88
Sept. 1939 71.28 Apr. 1942 70.06 Jan. 1945 71.16
Oct. 1940 72.16 Nov. 1942 70.81 Apr. 1945 70.64
Nov. 1940 71.43 Mar. 1943 69.43 Dec. 1945 72.27
.............. Dec. 1943 70.85
124. (Field No. 22). G. H. Cheney. SW¥% NE% sec. 22, T. 18 S, R. 33 W.
Sept. 1936 24.3 Sept. 1939 28.12 Nov. 1940 28.43
125. (Field No. 117). E. Brookover. SW% NWY% sec. 23, T. 18 S, R. 33 W.
Sept. 1936 29.0 Nov. 1942 29.66 June 1944 29.48
Feb. 1941 30.56 Mar. 1943 29.51 Jan. 1945 29.78
Jan. 1942 29.73 Dec. 1943 31.20 Apr. 1945 30.56
Apr. 1942 29.45 Mar. 1944 30.55 Dec. 1945 37.88
126. (Field No.73). C. L. Harpham. SE% NE% sec. 23, T. 18 8, R. 33 W.
Aug. 1936 34.9 Nov. 1942 38.45 June 1944 38.96
Sept. 1940 38.82 Mar. 1943 37.73 Jan. 1945 38.89
Feb. 1941 38.34 Dec. 1943 39.91 Apr. 1945 38.96
Jan. 1942 38.25 Mar. 1944 39.47 Dec. 1945 41.27
Apr. 1942 37.81 L
129. (Field No. 68). Geo. Weishaar. NE% NW%% sec. 25, T. 19 S, R. 33 W.
Sept. 1933 46.0 Sept. 1940 46.36 . June 1944 46.62
May 1934 42.01 Feb. 1941 45.63 Jan. 1945 47.51
Sept. 1934 43.3 Jan. 1942 45.61 Apr. 1945 46.17
Sept. 1935 43.6 Apr. 1942 44 .93 Dec. 1945 48.86
July 1936 41.8 Nov. 1942 45.86  ......... ...
135. (Field No. 229). Walter Proudfoot. NE% NE% sec. 35, T.18 S, R.33 W.
Feb. 1941 18.20 Dec. 1942 18.63 June 1944 18.29
Dec. 1941 18.78 Mar. 1943 18.05 Jan. 1945 19.94
May 1942 17.28 Dec. 1943 22.34 Apr. 1945 19.54
Nov. 1942 20.85 Mar. 1944 21.03 Dec. 1945 23.52
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TaBLE 18. Records of water levels in irrgation wells in Scott County, Kansas

—Continued
Depth to Depth to Depth to
water level, water level, water level,

Date feet Date feet Date feet

136. (Field No. 230). C. T. Hutchins. NW% SW14 sec. 35, T. 18 S, R. 33 W.

Feb. 1941 17.200  Nov. 1942 18.69 June 1944 17.93
May 1941 18.94 Mar. 1943 18.31 Jan. 1945 19.02
Dec. 1941 18.39 Dec. 1943 22.26 Apr. 1945 19.43
May 1942 18.26 Mar. 1944 20.88 Dec. 1945 21.93

137. (Field No. 75). C. T. Hutchins. SE% SE% sec. 35, T. 18 S.. R. 33 W.

July 1936 18.0 May 1942 19.06 Mar. 1944 25.57
Sept. 1940 22.09 Nov. 1942 20.67 June 1944 20.75
Oct. 1940 20.91 Mar. 1943 19.70 Jan. 1945 22.69
Feb. 1941 19.75 Dec. 1943 25.56 Dec. 1945 . 25.84
Dec. 1941 20.71 ... Ll

138. (Field No. 65). M. K. Armantrout. NW¥% NE% sec. 36, T. 18 S,

R.33 W.
Sept. 1940 20.45 Dec. 1943 24.89 Jan. 1945 22.11
Feb. 1941 20.45 Mar. 1944 22.96 Apr. 1945 21.56
Nov. 1942 20.85 June 1944 21.51 Dec. 1945 24.82

Mar. 1943 20.06  ......... ...

139. (Field No. 64). M. K. Armantrout. NE% NW14 sec. 36, T. 18 S,,

R.33 W.
Aug. 1940 21.17  May 1042 18.47  Mar. 1944 22 88
Oct. 1940 21,22  Nov.1942  20.46 ° June 1044 19.98
Feb. 1041 = 19.99  Mar. 1943  18.84  Jan. 1945 21.86

Dec. 1941 20.42 Dec. 1943 24.14 Apr. 1945 21.26

140. (Field No. 74). S. H. Hull. SE% SW%% sec. 36, T. 18 S, R. 33 W.

Sept. 1940 23.06 Nov. 1942 24.87 June 1944 22.42
Oct. 1940 23.17 Mar. 1943 23.88 Jan. 1945 24.52
Feb. 1941 21.97 Dec. 1943 28.80 Apr. 1945 23.94
Dec. 1941 23.57 Mar. 1944 25.94 Dec. 1945 28.77

May 1942 22.05 ... Lol Ll

147. (Field No. 128). Claude Hughes. SW4 SW% sec.24, T.18 S, R. 4 W.

Feb. 1941 95.63 Mar. 1943 95.14 Jan. 1945 95.53
Jan. 1942 95.16 Dec. 1943 95.55 Apr. 1945 95.16
Apr. 1942 95.05 Mar. 1944 95.64 Dec. 1945 95.56

Nov. 1942 95.75 June 1944 95.53 ... ...
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148. (Field No. 124). .Claude Hughes. NW¥% NW% sec.25, T.18 S, R. 34 W.

Sept. 1940 91.94 Nov. 1942 88.73 June 1944 88.26
Feb. 1941 89.73 Mar. 1943 - 88.16 Jan. 1945 88.35
Jan. 1942 89.28 Dec. 1943 88.61 Apr. 1945 88.07
‘Apr. 1942 89.12 Mar. 1944 88.36 Dec. 1945 88.62

149. (Field No. 4). W. N. Robinson. SE cor. NW% sec. 31, T. 18 S, R. 34 W.

Sept. 1919 92.1 July 1936 89.90 Nov. 1942 91.90
May 1934 91.84 Sept. 1939 91.48 Mar. 19043 ~~ 91.80

167. (Field No. 1001). Rolan(i Beach. NW% NE4,sec.1, T.19S,R. 33 W.

Apr. 1941 24.82 Dec. 1943 31.67 Jan. 1945 28.36
Dec. 1942 25.98 Mar. 1944 28.76 Apr. 1945 27.79
Mar. 1943 25.07 June 1944 27.12 Dec. 1945 32.81

168. (Field No. 75A). Pete Hutchins. NW4 NE%4 sec.‘l, T.19S,R.33 W.

Apr. 1945, 31.80 Dec. 1945 36.52  ......... R

171, (Field No. 77). J. E. Hushaw. NE% NWY sec. 12, T. 19 S, R. 33 W.

Feb. 1941 25.67 Mar. 1944 29.58 Apr. 1945 27.81
Nov. 1942 26.85 June 1944 27.26 Dec. 1945 31.24

Mar. 1943 26.39 Jan. 1945 28.10 ... el

172. (Field No. 228). Geo. L. Duff. SW14 SW14 sec. 12, T. 19 S, R. 33 W.

Feb. 1941 26.94 Dec. 1943 31.94 Jan. 1945 28.72
Dec. 1941 28.75 Mar. 1944 30.82 Apr. 1945 28.71
Apr. 1942 27.41 - June 1944 29.15 Dec. 1945 32.78

173. (Field No. 59). Geo. L. Duff. SW¥% SW1 sec. 12, T. 19 8, R. 33 W.

Aug. 1936 22.4 Dec. 1941  28.82  Apr. 1942 . 27.20
Aug. 1940 2018 e

174. (Field No. 58). Geo. L. Duff. SE% SE% sec. 12, T. 19 S, R.'33 w.

Sept. 1940 26.19 Dec. 1943 28.82 Jan. 1945 26.19
Feb. 1941 25.93 Mar. 1944 28.33 Apr. 1945 26.34
Dec. 1941 26.63 June 1944 26.96 . Dec. 1945 29.25
Apr. 1942 26.06 e e e e

10—6532
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TasLe 18. ‘Records of water levels in trrigation wells in Scott Couwty, Kansas

—Continued
Depth to Depth to . . Depth to
water level, water level, water level,
Date feet - Date feet Date feet -

179. (Field No. 86). Otto Gesseka. NW% SEY sec. 15, T. 19 S, R. 33 W.

Aug. 1936 47.10 May 1942 56.22 June 1944 58.10

Sept. 1940 57.4 Nov. 1942 56.65 Jan. 1945 57.10
Feb. 1941 58.03 Mar. 1943 - 55.73 °  Apr. 1945 56.03
Jan. 1942 °©  56.88 Dec. 1943 59.85 Dec. 1945 57.50

180. (Field No. 85). Leo ‘Collingwood, SEY4 SW14 sec. 15, T. 19 S, R.33 W.

Sept. 1940 62.25 Mar. 1943 59.00 Jan. 1945 63.16
Jan. 1942 60.90 Dec. 1943 64.23 ‘Apr. 1945 62.59
May 1942 59.59 June 1944 61.52 Dec. 1945 61.09
Nov. 1942 60.35  ......... ... oo,

182. (Field No. 111). J. A. Sweeney. 'SW% NE% sec. 20, T. 19 S, R. 33 W.

July 1936 © 60.20 May 1942 70.07 June 1944 74.25
Apr. 1937 57.4 Nov. 1942 73.40 Jan. 1945 71.98
Feb. 1941 73.2 Mar. 1943 70.77 Apr. 1945 75.44
Dec. 1941 71.77 Dec. 1943 77.84 Dec. 1945 76.34

184. (Field No. 110). Victory Life Insurance Company. SW%4 SE14 sec. 20,
T.19 S, R. 33 W.

July 1936 63.63 June 1944 78.32 Apr. 1945 76.01
Nov. 1942 77.26 . Jan. 1945 76.37 Dec. 1945 - 81.64
Mar. 1943 749 o0 s

185. (Field No. 107). Vlctory Life Insurance Company SW cor. SE¥4 sec. 20,

T.198,R.33 W
May 1934 63.63 May 1942 76.44 Dec. 1943 84.14
Apr. 1937 - 61.00 - Nov. 1942 79.57 June 1944 81.08
Feb. 1941 78.55 Mar. 1943 77.23 Jan. 1945 79.31

Dec. 1941 7790 . . T

186. (Field No. 30). Victory Life Insurance Company. NW NE% sec. 21,
T.198,R.33 W.

Sept. 1939 62.68 June 1944 62.86 Apr. 1945 59.82
Dec. 1943 68.85 Jan. 1945 60.98 Dec."1945 68.66




187. (Field No.
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31) Victory %ﬂe Insurance v(gompany NWi NE% sec. 21,

Aug. 1933
May 1934
Sept. 1934

19 S, R. 33
46.0  Nov.1934  46.13  Apr. 1937 . 45.9
4587  May 1935  46.3 Sept.1939.  61.53
© 457 Sept. 1935  46.4  eeeeeiiaies

188. (Field No.

112). Victory Life Insurance Company. SW cor. NW4 sec. 21,
T.19S,R.33 W.

Oct. 1940
Feb. 1941
Dec. 1941

72.93 ‘May 1942 67.74 Dec. 1943 74.48
71.13 Nov. 1942 70.68 June 1944 71.63

69.54 Mar. 1943 68.12 Jan. 1945 69.15

189. (Field No.

29). Victory Life Insurance Company. NE% SW2% sec. 21,
T.19S,R.33 W.

Sept. 1939
Feb. 1941
Dec. 1941
May 1942

69.67 Nov. 1942 68.91 Jan. 1945 68.26
69.34 Mar. 1943 66.62 Apr. 1945 66.52
68.79 Dec. 1943 73.68 Dec. 1945 70.87

66.53 June 1944 69.80  ......... ...,

190. (Field No.

84)." Lee Collingwood Estate.  SW34 NW2% sec. 22, T.19 S,
ot R.33 W.

Feb. 1941
Jan. 1942
May 1942

63.26 Nov. 1942 62.56 Apr. 1945 60.94
gi;.20 Jan. 1945 63.71 Dec. 1945 63.54
0 1

193. (Field No.

78). R. H. Teeter. NW¥%4 NE1 sec. 24, T. 19 S, R. 33 W.

Oct. 1940 39.50 Nov. 1942 39.78 June 1944 39.53
Feb. 1941 38.35 -Mar, 1943 38.65 Jan. 1945 38.82
Dec. 1941 39.25 Dec. 1943 45.09 Apr. 1945 38.76
Apr. 1942 38.17 Mar. 1944 41.02 Dec. 1945 43.76
195. (Field No. 5). Mrs. Rosine Smith. SW cor. NW4 sec. 25, T. 19 S,
R.33 W. !

May 1934 39.79 Nov. 1940 43.44 Jan. 1942 | 47.24
July 1936 40.3 Feb. 1941 45.96 Apr. 1942 47.20
Sept. 1939

43.13 ' Dec. 1941 47.93 ... Lol

197. (Field No.

60). Marvin Bastin. SW4 SE% sec. 25, T. 19 S, R. 33 W.

Nov. 1940
Feb. 1941
Jan. 1942
Apr. 1942

42.64 Nov. 1942 45.83  June 1944 44 .33
42.94 Mar. 1943 44.10 Jan. 1945 44 .83 -
44.00 Dec. 1943 45.17 Apr. 1945 44 .82

43.28 Mar. 1944 45.14 Dec. 1945 45.73
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TaBLE 18 Rec:wd's of water levels in irrigation wells in Scott County, Kansas

—Continued
Depth to Depth to Depth to
water level, water level, water level,
Date feet Date feet Date feet

199. (Field No. 108). Mrs. Rosine Smith.  NE% SWi sec. 26, T. 19 S,

Aug. 1936 62.6 Sept.1940  69.40 ... ... .

200. (Field No. 28). Victory Llfe Iélsufliance Company NW¥ NEY sec. 28
T. 19

Sept. 1939 67.95 May 1942 68.32 Dec. 1943 75.41

Oct. 1940 72.54 Nov. 1942 70.25 June 1944 73.52

Feb. 1941 69.76 Mar. 1943 68.22

201. (Field No. 113). Victory Life Insurance v?rompamy NW NW sec. 28,

T.19S, R. 33
Aug. 1933 60.0 Apr. 1937 56.7 Nov. 1942 72.42
Sept. 1934 58.13 Oct. 1940 75.21 Mar. 1943 70.31
Nov. 1934 58.20 Feb. 1941 72.05 Dec. 1943 77.38
June 1935 57.2 Dec. 1941 71.71 June 1944 71.62
Sept. 1935 57.7 May 1942 69.83. Jan. 1945 70.13

202. (Field No. 116). Victory Life Insurance Company. SW cor. NW% sec. 28,
T.198,R.33 W.

Feb. 1941 71.12 Nov. 1942 72.36 June 1944 73.63

Dec. 1941 71.36 Mar. 1943 70.44 Dec. 1945 74.54
May 1942 70.04 Dec. 1943 77.35 ... ...
203. (Field No. 108). Vlctory Life Insurance Company SEl NW4 sec. 28,
T.19S,R.33 W
Sept. 1940 77.56 May 1942 70.06 Dec. 1943 77.47
Oct. 1940 73.88 Nov. 1942 72.26 Apr. 1945 69.27
Feb. 1941 71.24 Mar. 1943 70.30 Deec. 1945 74.27
204. (Field No. 106). American Life Insurance Company. NE% NW14 sec. 29,
T.19S,R.33 W.

Sept. 1933 66.0 Sept. 1940 75.45 May 1942 73.17
Sept. 1934 64.0 Oct. 1940 77.56 Nov. 1942 76.09
Sept. 1935 64.1 Feb. 1941 74.83 Mar. 1943 74.38
Sept. 1936 62.6 Dec. 1941 74.65 Dec. 1943 80.64
Apr. 1937 62.6 ... ...




205. (Field No.
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109). C. W. Umpleby. SW14 NW24 sec. 29, T.19 S, R. 33 W.

Nov.,1926 73.2 Sept. 1936 70.3 Mar. 1943 79.62
Aug. 1933 75.0 Apr. 1937 69.5 ~  Dec. 1943 83.69
Sept. 1934 71.4 Feb. 1941 78.50 June 1944 82.32
Nov. 1934 70.9 Dec. 1941 79.33 Jan. 1945 82.02
June 1935 . 70.0 May 1942 78.41 Apr. 1945 81.34
Sept. 1935 71.5 Nov. 1942 80.93 Dec. 1945 83.78
207. (Field No. 6). American Life Insurance Company. NW%4 SW14 sec. 29,
T.19S,R. 33 W.
Sept. 1936 7.7 Sept. 1940 79.70 ... L
208. (Field No. 7). American Life Insurance Company. NW1/4 SW14 sec. 29,
‘ T.19S,R.33 W.
Mar. 1910 71.0 May 1934 70.89 Sept. 1935 70.9
Nov. 1926 75.2 Sept. 1934 72.1 Apr. 1937 69.7
Aug. 1933 75.0 June 1935 70.8 Sept. 1940  (a)79.70

(a) Had been pumping.

211. (Field No. 224). American Life Insurance Company. N'W cor. SE%4 sec.
31, T.198,R.33 W.
Sept. 1936 70.8 Nov. 1940 74.62 ... ...

212. (Field No.

33). American Life Insurance Company. NE SW14 sec. 31,
- T.198,R.33 W.

Nov. 1926 74.0 Nov. 1934 71.3 Sept. 1936 71.2
Aug. 1933 74.0 June 1935 71.3 Apr. 1937 70.6
Sept. 1934 71.4 Sept. 1935 71.0 Sept. 1939 73.22
214. (Field No. 87).

American Life Insurance Company. NW4 NE4 sec. 32,
T.19S,R. 33 W. o

Nov. 1926 67.9 June 1935  66.6 Apr. 1937 66.0
Sept. 1934 67.0 Sept. 1935 66.3 Sept. 1940 75.70
Nov. 1934 66:8 Sept. 1936 66.8 Feb. 1941 73.85
219. (Field No. 105). I. C. Kerr. NW24 NE% sec. 36, T. 19 S, R. 33 W.
Sept. 1940 40.28 Nov. 1942 40.86 June 1944 40.97
Feb. 1941 39.7 Mar. 1943 40.78 Jan. 1945 41.51
Jan. 1942 40.69 Dec. 1943 41.77 Apr. 1945 41.50
Apr. 1942 40.10 Mar. 1944 41.72 Dec. 1945 - 42.33
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—Continued
Depth to . Depth to l Depth to
water level, water level, water level,
Date feet Date feet Date feet

220. (Feld No. 129). Nancy D. Curtis. SW¥% NW24 sec. 36, T. 19'S., R. 33 W.

Sept. 1940 43.73 Nov. 1942 43.16 Jan. 1945 43.76
Feb. 1941 42,1 Mar. 1943 43.17 Apr. 1945 43.79
Jan. 1942 42.98 Dec. 1943 43.71 Dec. 1945 44.29

Apr. 1942 42.93 June 1944 43.51 ... L.

235. (Field No. 16). Frank Roark, NE%4 NW sec. 7, T. 20 S, R. 32 W.

Nov. 1934 36.3 Jan. 1942 39.13 June 1944 38.37
Aug. 1940 41.35 Apr. 1942 37.98 Jan. 1945 41.62
Oct. 1940 38.43 Dec. 1942 37.96 Apr. 1945 38.21
Feb. 1941 37.96 Mar. 1943 37.93 Dec. 1945 42.22

241. (Field No. 10). Mrs. Rosirllg g?r’n%i‘z;l NWl% NW¥% sec. 2, T. 20 S,

Sept. 1939 50.64 Jan. 1942 53.39 Apr. 1942 52.95
Feb. 1941 52.9 ...l ciien e e

243. (Field No. 104). A. J. Collingwood. NW cor. SE% sec. 2, T. 20 S,
R.33 W. .

Feb. 1941 50.73 Dec. 1943 52.43 Jan. 1945 51.74°
Apr. 1942 50.33 Mar. 1944 52.38 Apr. 1945 51.47
Mar. 1943 50.25 June 1944 52.55  ......... ...

244. (Field No. 13). Mrs. Rosine Smith. SW4 SW% sec.2, T.20S,R.33 W.

Nov. 1934 50.1 Oct. 1940 54.77 Dec. 1941 54.66

Sept. 1939 51.56 Nov. 1940 55.93 Jan. 1942 54.17
Aug. 1940 56.87 Feb. 1941 53.57 Apr. 1942 53.78
Sept. 1940 57.49 May 1941 53.48  ......... ...

247. (Field No. 92). Delmar C. Keysel. NW% SW4 sec. 8, T.20 S, R.33 W.

May 1934 - 58.52 Dec. 1942 63.13 June 1944 63.55

Sept. 1940 66.14 Mar. 1943 62.34 . Jan. 1945 63.37
Feb. 1941 63.19 Dec. 1943 65.43 Apr. 1945 63.14
Dec. 1941 62.8 Mar. 1944 64.18 Dec. 1945 65.56

Apr. 1942 62.02 ... L. e
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250. (Field No. 66). L. F. Roark. NW4 ’SE% sec. 10, T. 20 S:., R.33 W.
Apr. 1937 48.8 Apr. 1942 50.64 June 1944 51.43
Aug. 1940 51.52 Dec. 1942 50.53 Jan. 1945 52.74
Sept. 1940 52.62 Mar. 1943 50.53 Apr. 1945 51.29
Feb. 1941 50.82 Dec. 1943 51.11 Dec. 1945 .82.17 .
Dec. 1941 51.05 Mar. 1944 51.87  ......... ... ’
251, (Field No. 15). L. F. Roark. NE% SW% sec. 10, T. 20 S, R. 33 W.
Sept. 1939 57.42 Apr. 1942 53.76 June 1944 54.79
Aug. 1940 54.27 Dec. 1942 53.80 Jan. 1945 56.05
Oect. 1940 | 55.70 Mar, 1943 53.51 Apr. 1945 54.76
Feb. 1941 53.92 . Dec. 1943 55.62 Dec. 1945 55.70
Dec. 1941 54.12 Mar. 1944 55.19  .........  .....
252. (Field No. 12). C. C. Hamlin. NE¥% NW% seec. 11, T. 208,R.33 W.
Sept. 1939 45.61 Dec. 1943 50.51 Apr. 1945 47.76
Dec. 1942 47.34 Jan. 1945 48.14 Dec. 1945 48.18
Mar. 1943 46.96  ......... Lo i e
253. (Field No. 14). Estate of C. C. Hamlin. NE¥% NW24 sec. 11, T. 20 S,,
R.3BW.

May 1934 45.51  Sept. 1930  44.94  ......... ...
254. (Field No. 93). Estate of C. C. Hamlin. NW cor, SE% seec. 11, T. 20 S.,
R.33 W.

Oct. 1916 37.6 Sept. 1940 46.57 July 1944 45.50
Nov. 1934 40.4 L s e i
258. (Field No. 56). Harvey Dague. SE cor. NE% sec. 14, T. 20 S, R. 33 W.
Nov. 1934 30.5 Apr. 1942 32.37 June 1944 32.78
Aug. 1940 35.14 Nov. 1942 33.05 Jan. 1945 33.18
Oct. 1940 33.41 Mar. 1943 32.83 Apr. 1945 33.21
Feb. 1941 33.05 Dec. 1943 34.11 Dec. 1945 33.83
Dec. 1941 33.46 " Mar. 1944 33.71 ..., Lo
261, (Field No. 90). L. F. Roark. NW% NW4 sec. 16, T. 20 S, R. 33 W.
Nov. 1934 56.0 Apr. 1942  56.52 June 1944 57.77
Sept. 1940 63.41 Nov. 1942 57.41 Jan. 1945 57.32
Feb. 1941 57.25 Dec. 1943 59.4 Apr. 1945 57.08
Dec. 1941

56.78.  Mar.1944  58.47  Dec. 1945 59.57
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TasLe 18. Records of water levels in irrigation wells in Scott County, Kansas

- —Concluded
Depth to Depth to Depth to
water level, water level, . water level,
Date feet Date feet. Date feet

263. (Field No. 91). L. F. Roark. SW% SE% sec. 16, T. 20 S, R. 33 W.

Nov. 1934 51.5 Sept. 1940 54.92 ... L.

264. (Field No. 88). R.L. Crist. NE% NW24 sec. 17, T. 20 S, R. 33 W.

Nov. 1934 57.2 Dec. 1941 59.81 Dec. 1943 62.27
Sept. 1940 62.82 Apr. 1942 . 58.99 Mar. 1944 61.13
Oct. 1940 61.35 Dec. 1942 60.17 Apr. 1945 59.65
Feb. 1941 = 60.28 Mar. 1943 59.22 Dec. 1945 62.14

271. (Field No. 43). Melchoir Lang. NW%% SE% sec. 2, T. 20 S, R. 3¢ W.

Sept. 1939 72.20 Dec. 1942 71.17 June 1944 71.48

Nov. 1940 71.5 Mar. 1943 70.61 Jan. 1945 71.54
Feb. 1941 70.61 Dec. 1943 71.49 Apr. 1945 71.63
Dec. 1941 70.83 Mar. 1944 71.62 Dec. 1945 71.72

Apr. 1942 70.49 ... Lo
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RECORDS OF TYPICAL WELLS AND SPRINGS

Descriptions of the wells and springs visited in Scott County are
given in Table 19. The wells and springs are listed in order by
townships from north to south and by ranges from east to west.
Within a township the wells are listed in the order of the sections.
Depths of wells and water levels that were reported rather than
measured are given only to the nearest foot. Depths of wells not

. classed as “reported” are given to the nearest 0.1 foot below the
measuring point described in the table, and measured water levels
are given to the nearest 0.01 foot. Records of a few wells in ad-
joining counties are included.
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Scott County, Kansas 169’

LOGS OF TEST HOLES AND WELLS

Listed in the following pages are the logs of 76 wells and test holes
in Scott County, including 23 test holes drilled by the State Geo-
logical Survey (1-28) and one log of a test hole in Wichita County °
(log 43). The locations of the test holes drilled by the State Geo-
logical Survey are shown in Figure 2 and many of the wells are
- shown on Plate 2. The samples from the test holes drilled by the
State Geological Survey were studied in the field by Perry McNally
and later in the office by me.

1. Sample log of test hole 1, SW cor. sec. 18, T. 17 S, R. 32 W, drilled by
State Geological Survey, 1941. Surface altitude, 29885 feet.

QuateErNARY—Pleistocene Th i‘}“e';’;”’ l}if; h,
Soil, dark .....eniiiii e 3 3
Qilt and fine sand, yellow-tan; considerably harder near

DASE et tttteet et et e 21 24
Sand, medium, to fine gravel, brown.................... 4.5 28.5
Silt and fine sand, plastic, brown....................... 2 30.5
Silt and fine sand, limy, grayish tan.................... 1.5 32
Silt and fine sand, plastic, tan........... ..o 2 34
Silt and fine sand, limy, grayish tan; darker near base;

contains scattered caliche pebbles.................... 12 48
Clay, silty, dark gray .......coooiiiiiiieiiiiiiiinn 3 51
Silt and fine sand, light gray; contains abundance of

shell fragments ........oeeieeeeeneeniiiieineiaennns 5 56
Silt and fine sand, medium gray; contains scattered ca-

liche pebbles, sand, gravel, and shell fragments....... 8 64
Sand to fine gravel, light brown; contains abundance of

light green-gray plastic silt and fine sand intermixed.. 4 68
Silt and fine sand, limy, light gray to tan.............. 4 72
Clay, silty, tan ........ieiiniiiiieiiiiineeieaenans 2 74
Sand, fine, plastic, brown..........cooiiiiiiiiiit 4 78

TerTIARY—Pliocene
Ogallala formation
Caliche, light gray, and clay, fine sandy, limy; hard beds

0.5 feet thick at top and at a depth of 81 feet........ 6 84
Silt and fine sand, pale green, limy, light gray; contains

scattered sand, gravel, and caliche fragments........ 8 92
Sand and gravel, brown to gray; bottom part contains

abundant caliche pebbles, plastic silt, and fine sand.... 6.5 98.5
Caliche, light gray, and clay, fine sandy, limy, white..... 5 103.5
Clay, fine, sandy, limy, light gray; contains lenses of

sand and gravel ........oiiiiiiiiiiiii i 7.5 11l
Sand, coarse, to coarse gravel, brown; contains abundant

pink quartz and granite...........coooiiiiiiiiiiaians 9 120

Sand and gravel, semi-cemented........ ..o 4 124
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Caliche, hard, chertlike, light gray, and fine-grained inter-
bedded mortar bed ....... it
Caliche, hard, chertlike, tan.................ccovunn...
Sand, fine, plastic, brown; contains lenses of sand and
gravel, and chertlike caliche ; 1% foot caliche bed at
depth of 145 feet ......covveviiiiininniiinnnnnn.
Silt and fine sand, plastic, limy, light gray; interbedded
with hard caliche ............cccviiiivinienn...

Silt and fine sand, plastic, limy, tan....................
Sand, fine to coarse, brown, partly cemented........ e
Silt and fine sand, plastic, limy, light gray and tan.....
Sand, fine, to fine gravel, brown..............ccoviuus..
Sand, medium, to coarse gravel.................o.ouen.
Creraceous (Upper)
Niobrara formation—Smoky Hill chalk member
Clay, silty, yellow .......ooiiiiiiiiiiiiiiii i,
Shale, gray to black........cooviiiiiiiiiiiiiiiii.,

130
135

150

172
176
182
198.5
202
222
237

241
245

2. Sample log of test hole 2, SW cor. sec. 15, T. 18 8., R. 31 W., drilled by
State Geological Survey, 1941, Surface altitude, 2,929.7 feet.

QuATERNARY—Pleistocene T’”"'f‘::t”’
Soil, dark, Sandy ....cenii it 3
Silt and fine sand, soft, plastic, tan gray; contams abund-

ant gastropod shells ............ooiiiiiiiiii, 11
Sand, fine, plastic, brown...............ociiiiiiiiia, 2
Silt and fine sand, plastic, brown; contains streaks of

lime and gastropod shells...................oooiiit. 2
Caliche and clay, fine-sandy, limy, light gray becoming

more tan i color at base...........covviiiiiiiin, 18
Sand, fine, plastic, brown and lime, sand, gravel, and

caliche intermixed ........ccoviiiriiiiiririiineeiinns 7
Sand to coarse gravel, cemented, brown:.......... L 6.5
Sand, fine, plastic, brown and sand, gravel, caliche frag-

ments, and pebbles; thin, hard beds at depths of 49%

ANd Bl fEet vvvrrii i i e 10.5
Mortar bed, tan . .ouveriiiiii i 5
Silt and fine sand, plastic, limy, tan to brown........... 5
Sand and gravel, partially cemented, brown w1th some

sandy clay intermixed ......... ..o i, 7.5
Caliche, hard, light gray ............cooiiiiiiiii.. 1.5
Mortar bed, fine-grained, light gray to tan, and caliche.. 7
Sand, fine, plastic, light gray, and gravel............... 8
Mortar bed, fine-grained, light gray to tan............ 10
Mortar bed, sand to coarse gravel, gray brown.......... 7
Clay, limy, light gray, sand, and gravel................ 7.5
Sand and gravel, partially cemented................... 24.5

Creraceous (Upper)

Niobrara formation—Smoky Hill chalk member
Shale, clay, chalky, dull yellow................ ... ... 2
Shale, clay, dirty brown to black............ N 5

feet

Depth,

3

14
16

18

36

43
49.5

60
65
70

77.5
79
86
94
104
111
118.5
143

145 .
150
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3. Sample log of test hole 3, SE cor. SW¥% sec. 17, T. 18 S., R. 32 W ., drilled
by State Geological Survey, 1941. Surfac\e altitude, 2,956 .6 feet.

QuaTERNARY—Pleistocene » Th“';:ei“’
Soil, dark ......oiiiiiiiiiit, e Mennes 1.5
Silt, sandy, tan .....oiiiiiii i e e 1.5
Soil, silty, black .....ccoviviiiiii e .. 3.5
Silt, limy, light gray to tan; contains lime-cemented

nodules, snail shells, and shell fragments...... rieees 4.5
Silt, clay, medium gray; contains shell fragments...... 17
Sand, fine, to fine gravel, brown gray.................. 4
« Sand, fine, to fine gravel and plastic silt, brown gray.... 6 -
Silt, fine sand, and limy clay, tan and gray............ 5
Silt and clay, limy, light gray........cccovvveiunenenn.. 3
Silt and fine sand, plastic, limy, light -gray; contains
streaks of yellow-brown plastic sand, medium sand to
fine gravel ... ...t i e, 8
Gravel, brown with few thin beds of gray silt and clay... 6
Gravel, brown; contains abundance of water-worn caliche
pebbles and some lmy silt............coiiuiin... -7
TerTIARY—Pliocene .
Ogallala formation
Caliche, light gray, and some tan to brown cemented
sand fragments ............oi i 8
Caliche, hard, light gray to white .................... 5
Pebbles and fragments of mortar bed, fine-grained, un-
consolidated, brown ............ i i, 4.5
Gravel, poorly sorted, brown, partly consolidated at base;
contains abundance of mortar bed and caliche pebbles. 15.5
Mortar bed, gray .....coviiiiiiiiii i i, 2
Sand, fine, to coarse gravel, brown..................... 13
Sand and gravel, partly consolidated mortar bed, brown, 1.5
Mortar bed, fine-grained, light pink to tan.............. 5.5
Sand and gravel, partly consolidated, brown; contains
"abundant caliche fragments ........................ 14
Clay, hard, blocky, chocolate brown.................... 1.5
Sand, medium, to coarse gravel, brown................ 9.5
Mortar bed, fine-grained, partly consolidated, tan...... 11
Silt, light tan .. ... iviii it 3
Sand, coarse, to coarse gravel, glassy quartz............ 4.5
Creraceous (Upper)
Niobrara formation—Smoky Hill chalk member
Clay, silty, yellow tan and some light gray............ 6.5
8

Depth,
feet

1.5
3
6.5

11
28
32
38
43
46

54
60

67

75
80

84.5

100
102
115
116.5
122

136
137.5
147
158
161
165.5

172
180 -
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4. Sample log of test hole 4, NE cor. sec. 20, T. 18 S., R. 82 W., drilled by
State Geological Survey, 1941. Surface altitude, 2,969.4 feet.

QuaTERNARY—Pleistocene . Thic}‘;‘t’”’
Soil, silty, dark.....ooeii e 2.5
Silt and sand, limy, light tar to light gray; contains few

caliche pebbles ........ ... ..o i i 9
Caliche, gray to white, and light tan to light gray limy

silt and sand ... i 12.5
Mortar bed, brown and tan; some partly consolidated,

and white limy material near base................... 36
Silt and sand, limy, tan; contains some gravel, and mor-

tar bed fragments .............. N eeieeieetanner i 6
Caliche, light gray to white and tan, and mortar bed,

fine-grained ............ ..., 1.5
Sand, plastic, brown, and sand, gravel, and small mortar

bed pebbles ... .o 8.5
Silt, plastic, brown ..........coiiiiiiii 8.5
Silt and sand, plastic, light gray and green gray........ 7.5
Silt and sand, plastic, green gray, and sand, gravel, and

small, white caliche pebbles ........................ 11.5
Sand, gravel, mortar bed, partly consolidated, brown... 6.5
Sand, medium, to medium gravel and mortar bed pebbles,

brown ... 5
Silt, and sand, brown .............oiiiiiia ... 6
Silt, sand, and fine to medium gravel, brown............ 9
Sand, medium, to medium gravel; contains many white

caliche pebbles ......... ... i 8
Silt and sand, limy, light gray...........cocvvuueen.n.. 2
Sand, medium, to medium gravel, brown................ 5
Mortar bed, tan and light gray to white........... e 6.5

Creraceous (Upper)
Niobrara formation—Smoky Hill chalk member

Shale, clay, cream-colored ...........coovverininnennn. 4.5
Shale, clay, light yellow; 3-inch bed of yellow-tan to

green blocky shale at a depth of 156 feet............ 4

Depth,
fect

2.5
11.5
24
60
66
67.5
76
84.5

92

103.5
110
115
121
130

138
140

145
151.5

156

160

5. Sample log of test hole 5, NW cor. sec. 20, T. 18 S., R. 32 W., drilled by

State Geological Survey, 1940. Surface altitude, 2,951.4 feet.

QUATERN ARY—Pleistocene Thw;‘;“s’
Soil, sandy, limy, tan...........cooveine i, 1
Silt and clay, plastic, tan...........covvurvrnnan..to. 15.5
Silt, clay, and scattered caliche, light gray............. . 4.5
Sand, coarse, and fine gravel, brown..................... 9
Clay, silty, pale green; contains abundant gastropod
shells oo 3.5
Silt and clay, tan tobrown. ..o, 4.5
Silt, clay, brown, and some lime and loose sand...... 9
Sand, fine, silt, and clay, tan to brown.................. 7

Depth,
feet

1
16.5
21
30

33.5
38
47
54
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Sand, fine, silt, and-clay, limy, light green..............
Sand, fine, silt, and clay, tan to brown..................
Sand, medium, to fine gravel, tan; contains mostly quartz

and some caliche pebbles............................
Clay, silty, light gray.........cooiiiiiiiiiiiiii .,
Sand, fine, silt, and clay, tan to brown................
Sand and gravel, brown; contains some silt, clay, and
abundant rounded, waterworn caliche pebbles. .......

Sand, fine, silt, and clay, tan and light gray; contains

abundant rounded, waterworn caliche pebbles........

TerTIARY—Pliocene
Ogallala formation

Caliche, light gray; contains few thin, softer beds........
Sand, fine, pink brown, and plastic silt................
Caliche, light gray, and tan cemented fine sand........
Sand and gravel, brown; contains abundant caliche peb-

bles and pink-brown silt and fine sand................
Mortar bed, tan....... ...t
Sand, medium, to medium gravel......................
Clay, limy, light gray, caliche, and cemented fine sand...
Sand and gravel; contains few thin beds of caliche and

mortar bed ........... e reeeesaesitseenstacannacnane
Caliche, light gray and tan............................
Sand, fine, plastic; contains pink-brown and loose fine

sand to coarse sand.........iiiiiiii i i
Sand, medium, to medium gravel, brown................
Caliche, hard, light gray and tan........................

Creraceous (Upper)
Niobrara formation—Smoky Hill chalk member

Clay, yellow ....outiiitiii it
Clay, dirty gray brown .........ccoeviviiinrnninnennnn..

1.5

14

2.5
12.5

173
58
71

73
7

88

98
99.5
104

118
121
123.5
136
143

150
157

160
171
178

195.5
200

6. Sample log of test hole 6, NE cor. NW%% sec. 21, T. 18 8., R. 32 W, drilled
by State Geological Survey, 1941. Surface altitude, 2,975.0 feet.

QUATERNARY—Pleistocene Thic’;:‘;“’
Soil, dark ...t e 5
Silt and clay, tan; contains few snail shells and shell
fragments ...l e 10

Terr1ARY—Pliocene
Ogallala formation

Caliche, light gray to white and tan
Mortar bed, fine-grained, tan....................... ...
Sand, medium to coarse, cemented, green gray and brown;
contains mortar bed and caliche pebbles
Mortar bed, brown ...
Sand, medium, to fine gravel, llme cemented, gray, brown,
yellow tan

Depth,
feet

5

15

25

32
36.5

43
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. Mortar bed, hard, tan; contains fine to coarse sand....
Sand, fine, to medium gravel, brown...................
Sand, coarse, to medium gravel, brown........... e
Mortar bed, gray; contains coarse sand and fine gravel. .
Silt and sand, limy, light gray and light tan, and caliche. .
Sand, fine, to fine gravel, limy, light gray and brown....
Clay, silty, blocky, hard, khaki-colored................

Sand, fine, to fine gravel, brown....................... :

Silt and sand, lime-cemented, tan and gray..............
Sand, fine, to medium’ gravel, brown; contains mortar

bed fragments ........................ D
Mortar bed, tan ... i

Creraceous (Upper)
Niobrara formation—Smoky Hill chalk member
Shale, chalky, white to yellow........ e,

9

14.57

47
50
57
63
64:5
66.5
73
79
83

92
106.5

109

7. Sample log of test hole 7, NW cor. sec. 22, T. 18 8., R. 32 W., drilled by
State Geological Survey, 1941. Surface altitude, 2,967 .4 feet.

QuaTERNARY—Pleistocene 'Thic’f‘::fs’
Soil, dark ...l e, 5
YL 7« 7
TeRrTIARY—Pliocene
QOgallala formation
Caliche, soft, light gray to pink tan.................... 4
Caliche, hard, light gray to pink tan................... 9
Sand and gravel, partly cemented, brown.............. 5
Mortar bed, tan ......ovvetiiiiiiiii i 3
Sand, fine, to medium gravel, brown; contains abundant
cement and mortar bed fragments.................... 4
Mortar bed, brown ...........ciciiiiiiiiiiiiiii.. 3
Sand, coarse, to medium gravel, brown; contains abun-
dant cement and mortar bed........ e 7
Mortar bed, brown ...........0ciiiiiiiiaa.... e 5
Sand, coarse, to coarse gravel, brown................... 7
Mortar bed, fine-grained, tan; contains some sand and .
gravel L....iiiiiiii e pi!
Caliche, chertlike, hard, white and light tan............ 14
Mortar bed, tan; contains lime cement, sand, few frag-
ments of Niobrara formation....................... 12
Mortar bed, tan; contains coarse sand to medium gravel,
abundant fragments of Niobrara formation.......... 6
Mortar bed, soft, tan; contains fine to coarse sand...... 15
Mortar bed, hard, tan; contains lime cement, fine to
COArSE SANA «''uvinreennerenreneoneerneenaeneeennnes 6
Creraceous (Upper)
Niobrara formation—Smoky Hill chalk member
Shale, chalky, yellow and wWhite.............ovvuneein.. 13

Depth,

feet
5
12

16
25
30
33

37
40

47
52
59

70
84

96

102
117

123

136
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Shale, clay, silty, brown and black,'soft ; 3-inch coal bed -
at depth 139 feet ..........ccoviiiiiiiiiiiinnennns 4 140
Shale, clay, silty, brown.............cooiiiiiiiiiin.... 7 147
Carlile formation—Blue Hill shale member (?) '
Shale and clay, dark gray to dark brown; contains frag-
ments bright blue shale .................oooiil 3 150

8. S;zm']ole log of test hole 8, NW cor. sec. 24, T. 18 8., R. 32 W., drilled by
State Geological Survey, 1941. Surface altitude, 2,969.3 feet.

QUATERNARY—Pleistocene Thickness, Depth,

feet feet
Soil, dark ...ovin e e e e e 4 4
Silt and fine sand, plastic, tan; contains fragments of
gastropod shells ....... ..ot 18 22
TerTIARY—Pliocene
Ogallala formation .
Caliche, light gray to tan ...........coiiiiiennnnnnenn. 3 25
Caliche and clay, fine, sandy, limy, light gray.......... 8.5 33.5
Sand, fine, plastic, brown = .............c.iiiiiii.... 2: 35.5
Clay, limy, light gray; contains fine sand and thin
caliche beds .......ivieiiiiiiiii ittt 5.5 41
Sand, fine, plastic, brown.............oiiiiiiiiiiiia.. 2 43
Sand, medium, to medium gravel, brown................ 9 52
Mortar bed, tan ........ciiiiiiiii i e 7 59
Sand, fine, plastic, brown.............cciviiiiiiiin... 3 62
Sand, plastic, fine, and gravel, partly cemented, brown
and tan, limy ......ooiiiiiii ittt 8 70
Sand, coarse, to medium gravel, brown................. 15 85
Mortar bed, fine-grained, tan ........... e, 2 87
Sand, fine, plastic, brown to tan...............eenn.... 10 97
Caliche fragments, angular, hard................. e 8 105
Caliche fragments, angular, hard, sand and gravel...... 2 107
Gravel, fine to coarse; contains abundant fragments of
hard yellow-tan limestone ....... S .5 112
Sand, coarse, to fine gravel, partly cemeted, brown to
Hght gray ...ovviiiiiiiii it iiiiiiiiniennennnss 12 124
Caliche, light gray, and tan fine-grained mortar bed.... 6 130
Caliche, hard, light gray...........cooiviiiiiiinaat. 5 135

Creracrous (Upper)
Niobrara formation—Smoky Hill chalk member
Clay, chalky, yellow and white..... F PN 12 147
Shale, clay, dark brown to black........................ 13 160
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9. Sample log of test hole 9, NE cor. sec. 19, T. 18 S., R. 33 W., drilled by

State Geological Survey, 1941. Surface altitude, 3,049.9 feet.

Quarern sRY—Pleistocene Thic;ce’;‘is“’
Soil, sandy, dark..........cciiiiii i 1
Silt and sand, fine, plastic, tan.......................... 11
Silt, limy, gray to tan, and fine sandy clay; contains
scattered caliche pebbles ............................ 12

TerT1ARY—Pliocene
Ogallala formation
Caliche, hard, light gray to tan, and limy plastic silt and

finesand ... ... 9
Caliche, unconsolidated, and brown cemented fine to

medium sand ... 7
Sand, fine to medium, partly cemented, brown, and

scattered sand and gravel ........................... 6.5
Mortar bed, gray totan...........coviiiiiiiiiinnn... 3.5
Sand and gravel, partly cemented, poorly sorted........ 2
Mortar bed and plastic fine sand........................ 8
Mortar bed, contains some plastic fine sand............. 15
Mortar bed, brown and tan, and brown fine sandy clay... 6
Mortar bed fragments, sand, gravel and some plastic silt

and finesand ... ... i i e 9
Sand and gravel, brown; contains some sandy clay and

mortar bed fragments ..............co i, 4
Mortar bed; brown; contains some sand, gravel, and fine

SANAY ClAY .t v vee e e e 10
Sand and gravel, partly cemented, brown; contains few

yellow fragments of Niobrara formation.............. 4
Silt and sand, fine, limy, plastic, light gray to tan........ 6
Mortar bed, gray and tan; contains abundant fragments

of hard yellow Niobrara formation, sand, and gravel.. 6
Silt and sand, fine, plastic, tan............... ... ool 4
Sand and gravel, brown............ ..ot 4.5

Creraceous (Upper)
Niobrara formation—Smoky Hill chalk member
Clay, silty, dull yellow ..........coiiiiiiiiiiia., 5.5
Shale, clay, dirty gray to blue black .................... 6

Depth,
feet

1

12

24

33

50
52
60
75
81

90
94
104

108
114

120
124
128.5

134
140

10. Sample log of test hole 10 at the NE cor. sec. 23, T. 18 S, R. 33 W .,
drilled by State Geological Survey, 1941. Surface altitude, 2,956.5 feet.

QuarerNARY—Pleistocene Thickness,

Soil, sandy, dark ....... . i 4
Clay, silty, gray; contains few scattered caliche pebbles, 4
Silt and sand, fine, plastic, light gray green; contains few
scattered caliche pebbles ..................c.ooo... 6
Clay, silty, dark gray to black........................ 5
Sand and gravel, brown; contains some plastic silt and
fine sand ......... N 3

Depth,
feet

4
8

14
19

22
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Silt and fine sand, plastic, medium gray; contains scat-
tered waterworn caliche pebbles and fragments of gas-
tropod shells; from 40-48 feet contains thin lenses of
small brown fragments of waterworn caliche.........

Sand and gravel, poorly-sorted, brown; contains abun-
dance of waterworn caliche pebbles; predominantly
fAIT]Y COAISE +.vvvrerevnrnenvannenanenenenencnennnes

Qilt and fine sand, limy, plastic; contains waterworn
LY 10 + Y- YA PN

Sand, fine, plastic, brown ; contains fragments of gastropod
shell in upper 4 feet ......coviiiiiiiiiiiiiiiin

Tert1aRY—Pliocene
Ogallala formation
Caliche, light gray, and limy plastxc silt and fine sand;
drilled fairly hard .........ccviiiiiiiiiiiiinieien.
Sand, medium, to medium gravel, brown; contains abun-
dance of caliche and lime fragments; thin lenses of tan
fine-grained mortar bed at 91 and 93 feet............

. Mortar bed, tan t0 gray.....covveueeriiiiinnaireaaaaes
Sand and gravel, brown; contains some fragments of
mortar bed material ....... .. .. i il
Silt and fine sand, limy, plastic, light gray to tan; con-
tains a few thin hard lenses of mortar bed..........
Mortar bed; contains thin beds of plastic limy silt and
fine saNd .. ivriii i i i i e
Sand and gravel, brown; contains limy plastic silt and
fine sand and an abundance of caliche...............

Mortar bed, hard from 126 to 1275, from' 128.5 to 129.5,
and from 132 to 133.5 feet; interbedded with softer
IALETIAL '+ vt e enee et e ettt e e e eens

Sand, brown, to fine gravel; contains a few thin lenses

~ of mortar bed from 134 to 136 feet, and a thir bed at
2 I =T

Mortar bed, tan; contains some sand and gravel inter-
4135, =1 O

Creraceous (Upper)
Niobrara formation—Smoky Hill chalk member

Clay, silty, creamy-tan; thin bed of dark-gray clay shale
at 154 feet; gradually becoming more yellow w1th
depth «.uiiii i i e i

Shale, clay, dirty gray to blue black......... e

12—6532

31

13

10

10

177

53

66 .
72

79

81
97
101
107
111
116

126

134

144

152

172
180
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11. Sample log of test hole 11 at the NW cor. sec. 22, T. 18 8., R. 34 W., drilled

by State Geological Survey, 1940. Surface altitude, 3,1238 feet. )

QuaTterNARY—Pleistocene Thic/ﬁ'z"”
Soil, sandy, dark brown...................... ... ... ..., 1
Silt and fine sand, limy, light tan....................... 3
Silt and fine sand, tan to brown; contains abundant
gastropod shells ........... .. ... iiiiiiiiiiieian, 13
Silt and fine sand, limy, light gray to brown; plastic and
SECKY ... 8
TerT1ARY—Pliocene
Ogallala formation
Caliche, light gray; hard from 25 to 27 feet.............. 12
Sand, medium to coarse, brown; partly cemented....... 4
Sand, medium, to medium gravel, brown; partly ce-
+ mented; contains abundance of black carbonaceous
fragments ..ottt e 7
Mortar bed, hard, gray ............... e, 5
Sand to medium gravel, poorly sorted, brown to gray;
thin semicemented beds at 56 and 58 feet ............ 7
Sand, coarse, to medium gravel, brown; contains thin
semicemented beds; coarser from 70-98 feet........... 38
Sand, fine, limy, plastic, soft, light gray to tan.......... 3
Sand and gravel, semiconsolidated; fairly hard caliche
bed at 108 feet; gray, semicemented mortar bed from
116 60 120 feet ..ouvvvvennieneeneii ettt '23
Creraceous (Upper)
Niobrara formation—Smoky Hill chalk member
Clay, yellowish gray; contains some white bentonite. . . .. 3
Shale and clay, soft and sticky, dull brown to black...... 8

Depth,
feet
1
4
17

25

37
41

53
60
98
101

124

127
135

12. Sample log of test hole 12 at the SE cor. sec. 27, T. 19 8., R. 81 W., drilled
by State Geological Survey, 1940. Surface altitude, 2,968.3 feet.

QUATERNARY—Pleistocene Thicl/cgéss»
Soil, sandy, dark brown.................oouiiiiinii 3
Silt and fine sand, tan; contains a few gastropod shells. . 11
TerTIARY—Pliocene
Ogallala formation
Clay, limy, light gray, caliche and fine to medium sand ;
predominantly hard caliche with some harder thinbeds, 6
Creraceous ' (Upper)
Niobrara formation—Smoky Hill chalk member
Shale, clay, yellow; white chalky bed from 28 to 29
feet, harder ............c..ooi i, 10

Depth,

feet

3
14

30
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13. Sample log of test hole 13 at the NW cor.sec. 7, T. 19 8., R. 82 W., drilled
by State Geological Survey, 1941. Surface altitude, 2,937.4.[eet.

.QuarerN ARY—Pleistocene ‘ Thickness, D‘,ﬁ:h’
Soil, sandy, brown ....................... e 2 2
Clay, silty and fine sandy, dark brown; contains scat-

tered sand and gravel from 10 to 21 feet.............. 19 21
Clay, silty, sticky, tan ..................... N 5 26
Clay, silty, black .......ccooiiiiiiiiiiiinii i 2 28
Clay, silty and fine sandy, limy, light gray.............. 2 30

Clay, limy, tan and some light gray; abundance of dull
yellow iron-stain streaks; more lime from 30 to 32

feet; contains gastropod shells....................... 12 42
Sand, medium, to medium gravel, brown; eontains some

sandy Clay ... e i 6 48
Clay, fine sandy, soft, tan to yellow green .............. 6 54
Silt, very soft, tan and medium gray; contains a few

waterworn caliche pebbles ........................... 8 62

Clay, limy, fine sandy, and caliche; contains an abun-

dance of sand and gravel intermixed, chiefly from 67

1O 70 feet o in ittt e i i e 9 71
Sand and gravel, gray and brown; contains many small

caliche pebbles, dirty gravel, and has some sandy clay

intermixed; includes an abundance of light green-gray

plastic silt intermixed from 80 to 84 feet.............. 13 84
Silt, plastic, light green gray; contains some sand and

gravel intermixed .......... ...l “ 14 98
Silt and clay, limy, light gray, fine, sandy; contains some

caliche pebbles and fragments ...................... 3 101
Silt, tan, fine, sandy; contains scattered sand amd gravel

and waterworn caliche pebbles ...................... 11 112
Silt and fine sand, plastic, grayish tan; contains sand and

gravel and waterworn caliche pebbles ................ 18 130
Clay, silty, soft, very sticky, light gray................. 27 157
Silt, plastic, tar, and fine sand; contains alternating

.beds of tan and light gray plastic silt and fine sand.. 13 170
Clay, silty, sticky, soft ......ccoviiiiiiiininennnnnn 8 178
Shale, clay, dirty brown to black; contains .some gas- .

tropod fragments .......c.ooiiiiiiiii i 12 190

14. Sample log of test hole 14 at the SE cor. sec. 26, T. 19 8., R. 32 W., drilled
by State Geological Survey, 1940. Surface altitude, 3,011.0 feet.

. Thickness Depth,
QuarerNArY—Pleistocene feet feet

Soil, sandy, dark brown.............cciiiiiiiiiiiiien.. 5 5
Sand, medium to coarse, tan; contains some lime and a

thin mortar bed at 7 feet; contains some gastropods in

lower part. ...ttt e 11 16
Silt and fine sand, soft, tan; contains gastropods ........ 5 21
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TerT1ARY—Pliocene
Ogallala formation
‘Caliche, light gray and tan, mortar bed; contains lime

with plastic silt and fine sand intermixed............. 14 35
Caliche, light gray to white; contams a few hard yellow
fragments near base ............c.oiiiiiiiinininenn.. 8 43

Creraceous (Upper)
Niobrara formation—Smoky Hill chalk member
Shale, clay, chalky, yellow; contains hard lenses of white

chalk from 50 to 61 feet ...........oovvuvnvnvnennn.. 18 61
Shale, clay, soft, sticky, reddish yellow.................. 11 72
Shale, clay, chalky, yellow; thin white chalk beds at 74, -

79,83, and 86 feet........vviiiir i 38 110

15. Sample log of test hole 15 at the SE cor. SW% sec. 28, T. 19 S., R. 32
W., drilled by State Geological Survey, 1941. Surface altztude 3,009.7 feet.

QuaTERNARY—Pleistocene Thickness, D,‘;’;i"
Soil, silty, brown ...... ..o 2 2
Clay, silty, tan; contains some gastiopods............ ... 10 12
Silt and fine sand, plastic, tan ........................ 14 26
Medium sand to medium gravel, brown; mostly coarse

sand and fine gravel; contains some gastropods...... 5 31
Silt and fine sand, plastic, tan; lower half contains few

lime splotches; contains few caliche pebbles.......... 18 49
TerT1ARY—Pliocene '
Ogallala formation
Silt and sand, limy, light gray to light tan............. 9 58
Clay and silt, limy, sandy, light gray.................. 2 60
Silt and sand, limy, tan to light gray; lower two-thirds
contains much sand and gravel intermixed, and scat-

tered caliche pebbles ..........ccoviiiiiiiiiiinnn.. 30 90
Silt, sandy, tan, light grayish; contains many limy frag-
ments and caliche intermixed...................... .. 6 96

Creraceous (Upper)
Niobrara formation
Clay shale, yellow, some white chalky streaks; contains
3-foot layer of chalk at 98 feet and 1-foot layer at
118 fet vttt e 23 119
Shale, chalky, yellow and bright orange yellow; contains
some red-brown concretionary material in lower half
of layer; hard layer at 134 feet .................... RY! 153
Clay shale, dark brown to slightly black................ 3 156
Clay shale, blue black .................c.ccoivviinn.. 4 160
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16. ‘Sample log of test hole 16 at the SE cor. sec. 29, T. 19 8., R. 32 W ., drilled
by State Geological Survey, 1941. Surface altitude 2,988.7 feet.

QUATERN ARY—Pleistocene Thi‘g;‘;”’ Dlzgih’

Soil, dark ...oiiiiii i e i e e 2 2
Silt and sand, tan; contains many small white lime nod-

ules i 3 5
Sand, fine, to medium gravel, brown, mostly fine gravel;

contains some plastic silt and fine sand intermixed.... 7 12
Silt, sandy, tan, intermixed with fine sand to medium ° ’

gravel; contains some gastropod fragments........... 14 26

Sand, fine, to fine gravel, brown, more sandy silt and less
sand and gravel in lower 5 feet; contains some gastro-

pod fragments ..........iiiiiiiiiii i, 9 35
Silt, sandy, tan to brown, harder near the base; contains

a few gastropod fragments........................... 17 52
Clay and silt, limy, light greenish gray, becoming sandy

downward; contains a few waterworn caliche pebbles.. 18 70

Silt and sand, limy, plastic, light tan to light gray, inter-
mixed with much sand and gravel; contains some small

smooth waterworn caliche pebbles.................... 68 138
Gravel, fine to coarse, brown; contains an abundance of
yellow Niobrara fragments...............ccoovvuun.. 3 141

Silt, limy, sandy, light gray to light tan, harder near base
and intermixed with fine and medium gravel; contains

watérworn Niobrara fragments....................... 15 156
Clay, silt and sand, light gray to light tan intermixed
with sand and gravel near base...................... 12 168

Creraceous (Upper)
Niobrara formation

Clay shale, gritty, pale yellow tan to cream............. 2 1706
Shale, chalky, gritty, yellow and cream tan.............. 6 176
Clay shale, silty, brown black to gray................... 4 180
Clay shale, slightly gritty, blue black................... 5 185

17. Sample log of test hole 17 at the NW cor. sec. 32, T.19 8., R. 32 W., 20
feet southwest of U. 8. Geological Survey bench mark TT21B1938, drilled
by State Geological Survey, 1941. Surface altitude, 2,941.9 feet.

QuaterNARY—Pleistocene . Thickness, Devth,
Soil, sandy, dark ............. Fvesetateenetenaaorinnan 1 1
Sand, fine, limy, plastic, tan.......... e, 3 4
Caliche, light gray .......... Sesstesonnntsancustenanns 5 9
Sand, fine and medium, plastic, tan; contains gastropod

fragments .....oviuiit il i e 9 18
Sand, fine and medium, plastic, brown, silt binder...... 12 30

Silt and sand, fine, limy, light gray to tan; contains »
some gastropod fragments ................ ... ..., 10 40
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Clay, silty, tan ......coouiiiiieiiiiniieiiiineiniinnes 4 4
Silt and fine sand, limy, light gray to tan; contains some

gastropod fragments ........oiiiiiiiiiiiiiiiiieia, 7 51
Sand, fine to coarse, brown, some lime intermixed; con-

tains a few gastropod fragments ................... 5 56
Sand, fine and medium, plastic, brown, silt binder; inter-

mixed with an abundance of fine sand to fine gravel.. 11 67
Silt and fire sand, plastic, limy, tan and light green.... 6 73

Silt and fine sand, limy, plastic, light gray; contains an
abundance of sand and gravel intermixed, more lime

at the base .......... eeeetiarette et e eaeaan 33 106
- Clay, silt, and fine sand, limy, light gray; contains much
sand and fine gravel intermixed...................... 25 131

Clay, silt, and fine sand, plastic, tan and light gray, mor-
tar beds at 156 and 167 feet; contains semiconsoli-
dated sand and gravel lenses in the lower 10 feet.... 50 181
Sand, fine, to fine gravel, light tan; mostly clean quartz;
contains a small amount of silty binder from 186 to
189 £EEE ©uuvrreeeinnreeee e e et e e 15 196
Creraceous (Upper)

Niobrara formation—Smoky Hill chalk member
Clay shale, dark blue gray .............oooiiiiiiiia.a. 14 210

18. Sample log of test hole 18 at the NW cor. NE% sec. 34, T. 19 S., R.
382 W., drilled by State Geological Survey, 1941. Surface altitude, 3,0085.
feet.

QuaTerNARY—Pleistocene Th‘.";;ﬁ”’ Df?;ﬁh’
Soil, dark .. .iiiiiiii it i e e 5 5
Silt and clay, tan; contains gastropod fragments...... Lo 11 16

TerTIARY—Pliocene
Ogallala formation
Mortar bed, tan, light gray; contains a few yellow Nio-
brara fragments ...............0oen. e aeaaa 9 25
Creraceous (Upper)
Niobrara formation—Smoky Hill chalk member
Limestone, chalky, yellow orange; contains a few green-

ish yellow blocky clay fragments.................... 16 41
Clay shale, chalky, yellow orange; contains some pink-
tan-orange fragments ..........cooiiiiiiiiiiiiieiaen, 19 60

Clay shale, chalky, orange yellow; contains layers of
white chalk from 61 to 62 feet, 77 to 78 feet, and 81 to

83 fEEL vvvvrririeiiet ittt i e 30 90
Clay shale, white, chalky, cream yellow................ 47 137
Clay shale, chalky, yellow gray .................couel, 6 143
Clay shale, sandy, brown black, some blue black....... 3 146

Shale, some gritty, blue black ........................ 4 150
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19.' Sample log of test hole 19 in the SW cor. sec. 25, T. 19 S, R. 33 W,
drilled by State Geological Survey, 1940. Surface altitude, 2,956.0 feet.

QuaterNARY—Pleistocene Th‘”’;;':t‘”’ D,‘Z:h’
Soil, sandy, dark ....... .t 1 1
Silt and fine sand, light tam .................couo.... 2 3
Silt and fine sand, dark tan; contains gastropods....... 13 16
Clay, silty, fine, sandy, yellow tan; contains abundant

Zastropods ...t e 6 22
Clay, silty, more fine sandy, yellow gray; contains abun- -

dant gastropods .......iiiiiiiiii i e 4 26
Sand, medium, to fine gravel, brown; mostly coarse

sand and fine gravel; contains some gastropods...... 11 37
Clay, silty, light gray and yellow gray .................. 3 40
Silt and fine sand, plastic, tan to brown ............. .. 6 46
Clay, silty, limy, hard, tan to brown; contains fine sand

and a layer of black clay 46 to 47 feet.............. 4 50
Clay, silt, and fine sand, limy, light tan; mostly lime and

fine sand; contains some gatropod fragments ........ 15 66
Sand, medium, to fine gravel, brown; mostly fine gravel;

contains some small caliche pebbles ................ 14 79

Clay, silt, and fine sand, limy, light gray, tan; contains
an abundance of sand and gravel intermixed, and a few

fragments of pale green material .................... 11 90
Clay, silty, light gray to pale green .................... 30 120
Clay, fine sandy, silty, tan to pale green; contains scat-

tered sand and gravel ................0ciiiiiinnnnn. 31 151

Sand, medium, to fine gravel, brown, mostly quartz and
T C0ATSE SANA .ttt 11 162
Caliche, light gray ........ccovviiiiviinineninnnnnnnn. 5 167
Silt and clay; fine sandy, tan, pale green; probably con-

tains a thin bed of bentonite ...................... 3 170

Sand, fine to coarse, brown; contains an abundance of
soft caliche fragments and some light gray plastic
limy fine sandy clay .......c..cooiiiiiiiiiniininnann. 9 179
Lime and ealiche, light gray; intermixed with sand.... 17 196
Creraceous (Upper)
Niobrara formation—Smoky Hill chalk member .
Clay, silty, yellow .......cooviriiiiiiinn e, 5 201
Clay shale, dirty brown gray, becoming more blue gray
from about 206 to 210 feet ....................iin... 9 210
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20. Log of test hole 20 in the NW cor. sec. 32, T. 19 8., R. 88 W., drilled by
State Geological Survey, 1940. Surface altitude, 2,987 5 feet.
Thickness, Depth,

QUATERNARY—Pleistocene foot foot
Soil, sandy, dark brown.........cooeiiiiiiiiiiiiiiai 1 1
Silt and fine sand, plastic, tan...........c.coeviinun.... 11 12
Clay, silty, yellow tan.......c.oovviiiiiiiiiiiinnen 11 23

Sand and gravel, brown; intermixed with yellow-brown -
sandy clay from 23 to 25 feet; contains an abundance

of large granite pebbles, but mostly subrounded quartz. 9 32
Silt and fine sand, dull gray brown; contains silt and clay
binder making it plastic......covviiiiiiiiiiinn, 6 38

Sand, medium, to medium gravel, tan, major grade is
fine and medium gravel; contains many pink granite

pebbles ... i e e 15 53
Sand to coarse gravel, semiconsolidated; contains gas--

tropod shells and some lenses of unconsolidated gravel. 17 70
Silt and fine sand, limy, plastic, tan..................... 6 76

" TerTIARY—Pliocene
Ogallala formation

Silt and fine sand, limy, plastic, tan, light gray.......... 7 83
Sand, coarse, and fine gravel, tan....................... 5 88
Sand, fine, plastic, reddish brown; contains a silty clay
437 (=) AP 9 97
" Clay, silty, light gray, very sticky.........c.covvivnnnannn 11 108
Clay, silty, pink brown to tan............... PR 9 117
Clay, fine, sandy, silty, pink tan; mostly plastic fine
5 1Y A PR 4 121
Sand, medium and coarse, light tan; contains an abun-
dance of small caliche pebbles...........c.coovvuenn.. 7 128
Sand, fine, plastic, light yellow tan; contains some me-
dium sand to fine gravel intermixed.................. 10 138
Clay, silty, yellow, light gray streaks; contains some limy
Ol v et e e e it 4 142

Creraceous (Upper)
Niobrara formation—Smoky Hill chalk member
Shale, clay, dirty brown gray........ccovviriiiinennnn,. 4 146
Shale, clay, dark bluish gray..........ccovvveviiininn... 4 150
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21. Sample log of test hole 21 in the SW cor. sec. 27, T. 19 8., R. 34 W ., drilled
by State Geological Survey, 1940. Surface altitude, 3,089.3 feet.

QuAaTERNARY—Pleistocene Thickness, Depth,

feet feet
Soil, fine, sandy, dark brown ...............oiiiiill 1 1
Silt and fine sand, limy, light tan................ ..., 11 12
Clay, silty, tan; contains some gastropod fragments...... 3 15
Clay, light gray, and limy silt................cocoiit, 2 17
Caliche, soft, tan to light gray, interbedded in plastic
limy silt and €lay....cooeeeneeiiiiiniiiiieaninnnn 5 22
Terr1aARY—Pliocene
Ogallala formation
Caliche, soft, tan to light gray..................oiaat 4 26
Caliche, tan to buff, and cemented fine sand............. 6 32
Mortar bed, brown; composed of fine sand to fine gravel,
not much fine sand .........oiiiiiiiiiiiiiii e 7 39
Caliche, tan, and cemented fine sand .............. ... 4 43
Clay, silty, tan; contains much fine to coarse sand....... 3 46
Sand, fine to coarse, brown..........ccoviiieiiiennnans 4 50
Silt, limy, plastic, pale green tan, and fine sand; con-
tains scattered caliche pebbles ................. ...t 4 54
Sand, fine to coarse, brown; contains silt and clay binder
intermixed ......oiiiiiiiiiiiiie it i 3 57
Mortar beds alternating with brown plastic fine to coarse
sand ........... ittt ettt 8 65
Mortar bed, hard, tan to gray brown; harder from 65 to )
67 feet; composed largely of fine to coarse gravel...... 5 70
Gravel, fine to coarse, semiconsolidated; contains some
hard limonite fragments and light gray caliche from
021093 feet o vvviiiiiiiiii e e i e 30 - 100
Sand, medium, to fine gravel, semiconsolidated; contains
scattered yellow-tan silty clay ...................... 20 120
Sand and gravel, semiconsolidated....................0. 18 138
Silt, plastic, soft, yellow tan, and fine sand.............. 4 142
Sand, coarse, to fine gravel, rounded quartz; contains
some angular chertlike caliche pebbles..... e, 3 145

Creraceous (Upper)
Niobrara formation—Smoky Hill chalk member
‘Shale, clay, dirty brown gray ............ e 5 150
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22. Sample log of test hole 22, in NE cor. sec. 24, T. 20 S., R. 33 W ., drilled by
State Geological Survey, 1941. Surface altitude, 2,926 feet.

QUATERN ARY—Pleistocene '-"hw;‘;fs, Depth,

feet

Soil, sandy, brown............... i, 2 2

Silt, light tan, and fine sand............................ 5 7
Clay, silty, light greenish tan to gray; contains gastro-

POAS .« ettt e 5 12
Clay, silty, light greenish gray; contains gastropods, and

a few yellow-green iron streaks...................... 12 24

Clay, silty, fine sandy, light greenish gray; contains gas-
tropods, scattered sand and gravel pebbles, and a few

yellowish lime streaks.......................coo.. ... 6 30
Clay, silt, pinkish gray tan............................. 5 35
Clay, silty, fine sandy, black and gray.................. 4 39
Silt, light green, and fine sand; contains gastropods. ..... 4 43
Sand, medium, to medium gravel, brown; contains some

waterworn caliche pebbles; mostly quartz and granites. 13 56
Clay, silty, fine sandy, tan, light green tinge at base; con-

tains gastropods ........viiiit i 11 67

Sand, medium, to fine gravel, brown; major grade is
quartz fine gravel; contains some plastic silt fragments

intermixed .......oeiiiiiiii i 21 88
Clay, fine sandy, silty, light gray, lime intermixed....... 6 94
Caliche bed, light gray............coovvviuieninn... 1 95
Sand, fine and medium, plastic, pink tan; contains a few

lime streaks ....oovuiniiiii 9 104
Caliche, light gray; contains some plastic limy silt and

fine sand intermixed.............. ... .0l 8 112

TerTIARY—Pliocene
Ogallala formation
Caliche, light gray, tan; contains some limy silt and fine

sand intermixed and a thin limestone bed at 111 feet.. 8 120
Caliche, light gray, tan.............0ccouevinnennn... 16 136
Sand, fine to medium, tan to brown; contains some light

gray limy silt and gravel intermixed at the base...... 7 143

Sand and gravel, poorly sorted; small amount of silt and
fine sandy clay intermixed; thin bed of caliche at 146;

drilled faster from 160 to 163 feet.................... 20 163
Clay, fine sandy, silty, yellowish tan; contains a lens or

two of sand and gravel.............................. 6 169
Sand, coarse, to coarse gravel, brown; contains a few

caliche fragments; mostly pink quartz and granite.... 13 182
Clay, silty, faded yellow................covovueinuin... 3 185

\

Creraceous (Upper)
' Niobrara formation—Smoky Hill chalk member
Shale, clay, dark gray to black......................... 5 190
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23. Sample log of test hole 23 in the SEY4 SWY% sec. 32, T. 20 S., R. 34 W,
drilled by State Geological Survey, 1940. Surface altitude, 3,089.5 feet. .
(Samples studied by Perry McNally, H. A. Waite, Bruce F. Latta and
Thad McLaughlin.) :

QuATERNARY—Pleistocene T"w’;::tss: Dfeelzh,

Soil, sandy, dark .......cciiiiiiii i N 1.5
Silt and sand, fine, limy, tan; contains gastropods...... 1 12.5
Silt and sand, fine, pinkish brown, with thin limy zones.. 5.5 18
«Caliche, soft, tan to light gray ...............cc.ooine. 6 24
Sand, fine to medium, pinkish brown; contains some silt.. 2.5 26.5
Caliche, soft, tan gray, and clay, imy................. 6.5 33
Clay, tan Bray .ooeeeeiieeneeneneeeeeereeeanannennnns 5 38
Sand, medium, to gravel, medium, brown .............. 16.5 54.5

TerTIARY—Pliocene
Ogallala formation

Sand and gravel, lime-cemented, gray.................. 4 58.5
Sand, medium, to gravel, coarse, brown; contains few

lime-cemented ZONES.......cvvveueiiniiinnennninnnn 37 95.5
Silt, sandy, light gray yellow................. e 7.5 103.5

Silt, sandy, lime-cemented, soft, light gray ; contains lenses
of brown, fine to medium sand; also contains frag-
ments of Celtis willistoni (?) and Biorbia fossilia (?) 15.5 119
Creraceous (Upper)
Niobrara formation—Smoky Hill chalk member

Chalk, silty, soft, light yellow to light gray............ 15 134
Shale, chalky, soft, dark blue gray; contains few frag-
ments of white bentonite............................ 6 140
Shale, chalky, dark blue gray; contains interbedded
lighter gray hard sandy shale........................ 14 154
Fort Hays limestone member . :
Shale, chalky, dark gray to white..................... 10 164
Chalk, light gray to white .................c.co. ..., 3 167
Shale, chalky, light gray to dark gray................... 5 172
Chalk, light gray to white ...................coovo.... 12 184
Shale, chalky, dark gray...........coooiiiint. e 1 185
Chalk, light gray to white ...............coiviuiin... 15 200
Shale, chalky, light gray to white...................... 19 219
Carlile shale—Codell sandstone and Blue Hill shale members
Shale, sandy, noncalcareous, dark-gray................ 33 252
Shale, sandy, light to dark gray....................... 1.5 253.5

Shale, clayey, noncalcareous, dark gray to black........ 16.5 270
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24. Driller's log of test hole of W. D. Haston in the SWY sec. 8, T. 17 8, R
31 W. George Weishaar, dmller

QuATERN ARY—Pleistocene Thickness,  Depth,

feet feet
oIl i 15 15
TerTIARY—Pliocene
Ogallala formation ‘
L T N 60 75
Clay and gyp ........... [ e T... 43 118
Sand, fine ..........i i 42 160

Creraceous (Upper)
Niobrara formation -
Shale .ot s .. 160

25. Driller’s log of irrigation well (37) of William Rodenburg in the SWY%
NW3Y sec. 25, T. 17 8., R. 31 W. Ben Hasz, driller.
' Thickness, = Depth,

QUATERNARY—Pleistocene feet feet
1 103 Y TN 3 3
Clay, Brown & ....ouieeeiii it iaeeaenin, 22 25

Terr1ARY—Pliocene '

Ogallala formation
[ T3 1) 40 65
Sand rock ..., et e 20 85
Clay, brown ...... ..ottt 10 95
Sand, fine ... 20 115
Sand and gravel .........c.oiiiiiiii e 45 160

(Test did not reach shale)

26. Driler’s log of irrigation well (44) of Ed Brookover in the NEY, SEY sec.
22, T.17 8., R.32 W. Earl Brookover, driller,

QUATERNARY—Pleistocene Thicﬁ';”’ széh,
01l o 30 30

TerTIARY—Pliocene

Ogallala formation :

Gyp, soft white TOCK. .....ovvviiiniine el 16 46
Sand and clay streaks................cooiiiiiinin... 12 58
Sand, cemented, hard.................. ..., 3 61
Sand, cemented, loose streaks.......................... 10 71
Sand, dry, 100S€......ccovivriiiiiiiiii il 2 73
Sand, cemented, and gyp, fairly hard................... 5 78
Rock, hard, white .........coociiiiiiii i 6 84
L7 < T VPN 7 91
Conglomerate, gyp, sand, and clay..................... 4 95
Clay, sandy ...ovuerieirerniieienreerennrainenrnnnn, 6 101

Sand, medium ........c.iiiiiiiii e 2 103
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Sand, cemented, and clay streaks............... ... 7
Roack, hard, white .......cooviiiiii i 5
Clay, Sandy .....vvvieeerrnnnernranerronaetsanneennns 6
Sand, fine, muddy.......covviriiiiiiiiiiiii e . 4
Sand, fine, loose; casing settled in hole from own welght
during drilling operations.........cveeeeeeraneenennnns 20
Sand, fine, similar to above; necessary to drive casing in
this interval ... ... ..o ittt 21

Creraceous (Upper) ;
Niobrara formation . :
Shale, chalky, yellow........ccooeiiiiiiiiiiiiinnnenn, 2

Chalk and shale, light blue gray..............ccovvvnn 7

189
110
115
121
125
145

166

168

175

27. Driller’s log of test well (46) of L. A. Callen in the SE cor. SW¥% seg. 35,

T.17 8., R. 32 W. George Weishaar, driller.

QUATERNARY—Pleistocene Thi”;‘;‘;”’
1 30
TerTIARY—Pliocene
Ogallala formation )
€5 « XS AP 13
Sand, dry ................ PP R
(162 20
(07 TR 10
(€74 S 10
(03 13 .. 10
Gyp and Clay....covvniiiiiiii i i e 15
Sand, fine ................ N 8
Sand, dirty, fine.......... 0 i e 4

Depth,

feet
30 -

43
50
70
80
90
100
115
123
127

28. Driller’s log of test hole of Elmer Rudolph in the NW cor. SEY% sec. 27,

T.17 8., R. 33 W. George Weishaar, driller.

QuaTERNARY—Pleistocene Th"”}“gg;“’
Soil ......... e ettt it e 80
1T 1 P 5

TerTIARY—Pliocene

Ogallala formation .
Clay and gyP..eeeereieeeineieneeeieeneeneeannennnnnn 15
2 1 T P 5
Rock ...ooiiiiiiii i e aeaa, 8
I T 0 S 7
ROCK i e 13

Creraceous (Upper)
Niobrara formation
Shale ....iiiiii i e 0

Depth,
feet

80
85

100
105
113
120
133

133
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29. Driller’s log of test hole of Ira Riney in the NW cor. NEY% sec. 14, T. 18 8.,
R.32 W. George Weishaar, driller.
Thickness, Depth,

feet feet

QUATERN ARY—Pleistocene
) 30 30

TerTIARY—Pliocene
. Ogallala formation

- Gypandhardsand............... ... ... i, 36 66
Sand .. 10 76
Rock, hard ... 2 78
Sand ..o e 4 82
(] 8 90
Sand, cemented ...... ...l 10 100

(Did not encounter shale.)

30. Driller's log of irrigation well (85) of J. E. Kirk in the SEY%4 NW4
sec. 21, T. 18 8, R. 32 W. Ted Guyer, driller.

Thickness, Depth,
feet feet

QUATERNARY—Pleistocene

Soil and €lay ......coiiiiiii e 20 20
TEerT1ARY—Pliocene

Ogallala formation

Gyp and boulder. ..ot 18 38

Sand and rock (fallsin hole) .............cccvvnvnen.... 10 48

Clay .ot et 10 58

Sand and gravel (core barrel used 65-71) .............. 13 71

Sand ... T 2 73

Rock, hard ... ... . i 1 74

Sand, fine (from 73-78 feet tough clay intermixed)...... 3 77

Rock ..o 1 78

Sand ............. ... ettt eeaaeean 3 81

Sand and rock, intermixed with tough clay.............. 6 87

Rock and sand..........cooiiiiiiiiiiiiiiiiiiiieninns 5 92

Rock, hard ..................... i eseereerarasensraes 19 111

GIavel, COAISe . ...vutirin ittt e e neianenenenns 7 118

Sand and gravel, sticky ............ciiiiiiiiiiiiiaann. 14 132
Creraceous (Upper)

Niobrara formation .
Shale, chalky, yellow ........coovvneininiennnnnnnn. 10 142
Shale, brownish-gray ............coovviivininninnnnnns. 59 201

Total depth of finished well, 1259 feet.
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31. Driller's log of irrigation well (95) of R. B. Christy in the NEY% sec.
30, T. 18 8., R. 32 W. George Weishaar, driller.
Thickness, =~ Depth,
feet feet
QUATERN ARY—Pleistocene

Soil .. 26 26

Sand ..o e 4 30
(67 R 21 51
Sand ..o 5 56
[0 9 65
Sand ..o 7 72
Clay 9 81
Sand ... e 13 94
Clay ..ot P 4 98
Sand, g00d ......o.iiii 25 123

(Did not hit shale.)

32. Drniller's log of domestic well of R. B. Christy in the SEY% sec. 30, T. 18
S, R.32 W. George Weishaar, driller.

Thickness, Depth,
feet feet
QUATERN ARY—Pleistocene .
ClaY ot 90 90
Clay, Sandy ...........oleeeieseee 5 ,. 95
TCLRY 57 152

Creraceous (Upper)
Niobrara formation
Shale ..o 152
(This test was drilled to prospect for a soft-water
supply just east of house, where present windmill is
located.)

33. Driller’s log of test hole of George Mulch in the NE cor. SW% sec. 4, T
18 8, R.33 W. George Weishaar, driller.
Thickness, Depth

feet feet
QUATERN ARY—Pleistocene
oIl 57 57
Band ... 8 65
TerTIARY—Pliocene
Ogallala formation
Rock .o 20 85
Sand,hard ................. . e 14 99
Rock vvvvviiiiiiaat, S 2 101
Gypandclay .......ooovviiiiinniinninn e 19 120
Sand, fine .......ooiiiii 22 142

Creraceous (Upper)
Niobrara formation
Shale ..ot 1 143
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34. Driller's log of test hole of W. D. Luke in the NW3% SW sec. 14, T.
18 8, R. 33 W. George Weishaar, driller.

Thickness, Depth,
feet feet
QuaTterNARY—Pleistocene
157 1 47 47
SANA it teet e e 7 54
TerT1ARY—Pliocene
Ogallala formation
24 6 60
15727 Yo R 7 67
Rock, very hard (glassrock) .......c.coviviiiiini. 9 76
Sand and gravel, good ... 55 131
Creraceous (Upper)
Niobrara formation
Shale, blue ....covirieiiiiiiiiiiiii it 0 131

35. Driller's log of test hole of Joe Knipp in the SW cor. NE% sec. 19, T.
18 8., R. 33 W, George Weishaar, driller.
N Thickness, Depth,

. feet feet
QuaTERNARY—Pleistocene
1103 ) PO 55 55
TerT1ARY—Pliocene
Ogallala formation (?)
1 7% 1 Vo e 35 90
Clay voiiiiiiniiineeeinanaeannnns e ereibereeaereaaas 5 95
Sand ........ e seseenassnsecasensetoncnausnavansonnne 26 121
Creraceous (Upper)
Niobrara ‘formation
Shale vvviiti i e it it S 0 121

36. Driller’s log- of irrigation well (124) éf G. H. Cheney in the SW% NE%
sec. 22, T.‘18 S., R. 33 W, Furnished by Mr. Cheney, owner, from memory.

QuaterN ARY—Pleistocene Thi;f;;e% %gtt h
Soil and clay ..... et it et i e 36 36
Sand ........ il eeestsesteneteassianns 24 60

TERTIARY—Pliocene ' '

Ogallala formation
Sand, cemented, and gravel..............coeiiiiinn, 10 70
~ Gravel, €oarse .. ... ... ieei i e I 20 90

Sand and gravel, coarse ................ et e 33 123
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37. Driller’s log of wrrigation well (125) of Earl Brookover in the SWY NWik

sec. 23, T.18 8., R. 33 W. Furnished by Earl Brookover, owner.

. Thickness,

QuATERNARY—Pleistocene Teet
Clay ............. I T T 50
[ 4V [N 12
(0] 11
[ 4 Vo 2
TerTIARY—Pliocene
Ogallala formation (?)
Clay «vovviiviennnenns b raeedesessactanuanesone RSN 2
Sand and gravel................ooal e 12
Clay with sand streaks................ooiiiiiial, 19
Sand and gravel....... ... i 9
[0 0.5
12 1Y OGRS PP 25.5
Clay ............. ettt ettt 2

38. Driller’s log of test hole of Earl Brookover in the SW% sec. 23, T.

R.33W. George Weishaar, driller.

QuaTERNARY—Pleistocene Thw}“;;‘fs’
11031 P .. 80
TEeRTIARY—Pliocene
Ogallala formation
1€ AP 10
(0] ;A 26
AN i e e e 12
ROCK ittt it e it e, 1
7Y 1V AP 4
(@] PN 19
Sand, fine ...ttt e 10
Sand, hard ...l 16

Creraceous (Upper)
Niobrara formation ‘
Shale ..ottt i i e e e

Depth,
feet
50
62

73
5

7

89
108 -
117
117.5
143
145

18 8,

Depth,
feet

80

116
128
129
133
152
162
178

178

39. Driller’s log of test hole of Charles Harpham 600 feet south of his house.

NE cor. SEY, sec. 23, T. 18 8., R. 33 W. George Weishaar, driller.

- QuaTERNARY—Pleistocene Thickness,
Soil t.vviiiiiiiiie T 35
I 2 T A PP 5
Clay vviiiiiiii i e e, 60
Sand, fine ....oiuiiiiiii i i e i e 10
TerTIARY—Pliocene
Ogallala formation
Gypand clay......ooiiiiiiiiiiiiiiii it 35

Creraceous (Upper)
Niobrara formation
Shale ..o e
13—6532

Depth,
feet

35
40
100
110

145

145
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40. Driller’s log of test hole of C. T. Hutchins in the SW cor. sec. 35, T. 18 8.,

R.33 W. George Weishaar, driller.
Thickness, Depth,

feet feet

QUuATERNARY—Pleistocene ‘

1 P e ee.. 60 60
TerTIARY—Pliocene

Ogallala formation .

(022« 10 70

L8] A 55 125
Creraceous (Upper) ' -

' Niobrara formation
Shale .vriiiiii i i e e e e, .. 125

41. Driller’s log of wrrigation well (138) of M. K. Armantrout in the NEY
NEY sec.36,T.18 8., R.33 W. George Weishaar, driller.
Thickness, Depth,

QUATERNARY—Pleistocene . feet feet
3 Y 16 16
Sand ..o e 7 23
(03 23 L 46
Sand L. e 35.5 ' 81.5

(Wesley Weishaar reports the depth to shale at this -
site is about 116 feet.) .

42. Driller’s log of test hole mear irrigation well (147) of Claude Hughes in
the SWY¥% SW sec. 24, T. 18 8., R 34 W. George Weishaar, driller
Thickness, - Depth,

QuATERN ARY—Pleistocene . feet feet
7)1 N 20 .20
TEeRTIARY—Pliocene
Ogallala formation
(634 I 16 36
"Sand and elay ... 24 60
Sand, hard ... ..ot e e 20 80
Gyp and clay ....oiieiiiiiiiii i e 20 100
Sand, hard ... e 23 123
Sand, 200d ... it e 3 126
Sand, hard ... i e 6 132

Creraceous (Upper)
Niobrara formation '
Shale, yellow .....viiiiiiiiiiii ittt 0 132
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43. Driller’s log of test holes of Frank Robb in the NW cor. SW¥% sec. 13,
T. 18 S, R. 85 W., Wichita County.. Earl Brookover, driller.
altitude, 3,165.9 feet.

QUATERNARY—Pleistocene T’””}Z’;“s’
Soiland clay «...ovviniiiiiiiiiiiiiiiiiineennnn. P 17

TerT1IARY—Pliocene

Ogallala formation . ,

€57 « TSP 1
Clay and gyp........cu... ettt eeere e 4
(€272« A Aereenvesnocioarsooasnncenns 8
Rock and gyp «vvvvvvneiiiiiiieiiieieenaneeeannnanann 4
Sand, fine, tight .......ccoiiiiiiiiiiii i vee. 10
Sand, coarse, slightly loose.......... bereieeerrasusenes "3
Rock, hard, cemented sand and gyp ......c.covnvvinn... 2
BANA Lo iiiii e i i e 1
Rock, hard ......ciiiiiiiiiii i ittt 3
SARA, BI0E .+ .t n ettt e e e 11
ROCK + v iiiiieiiiiiiiiiaienanns e 1
Clay, SandY ..eeveieereieeneeennnateeenenssnnetenennn 6
ROCK «iititiieiieieinennrteeennnenenannns rreenaaas 0.5
Sand, cemented, and gyp (mostly sand)................ 4.5
Rock, hard ...ooviiiiiiiiiii ettt eiieiaae 1.5
Sand, cemented ...... ... i ittt i e 1
Rock, hard ... it i i e, 1
Sand, cemented .......iiiiii i e e 2.5
ROCK, Bard . ..vveeeeteieet et eie i 1
Sand, cemented .........ooiiiiiiiiiiliii i S |
Rock, hard .....coiiiiiiiiii ittt 1
Sand, fair, somewhat tight ................. ... ..ol ‘11
Clay, fine sandy .......coivriiiiinreroneererenneeenens 18
Sand, fair, somewhat tight ................... e 3
Sand, fine, tight......... P 8
(] 2PN 1
Sand, tight ....... e ee e e re st et et et e, 9

Creraceous (Upper)

Niobrara fermation

Shale, chalky, yellow ............. T 3

Surface

Depth,
feet

17

18
22
30
34
44
47
49
50

64

71
71.5
76
7.5
78.5
79.5
82
83

96
114
117
125
126
135

138

44. Dnller’s log of irrigation well (170) of A.J. Collingwood in the SWY% SE%

sec.11,T.19 8., R.33 W. Ted Patton, driller.
QuATERNARY—Pleistocene Th’;fe'f“’
[0 71 A 74
Sand and clay. ...ooeiiiiiiiiiii i e e 1
Sand L. e e e s 4
[0 72 e, 1
Sand, fiNe ....ovviiiiiiii i i e et 5
Sand, fine, a little coarser............c..coooiiiiiiii, 12
(03 132 A 1

Depth,
feet

74
75
79
80
85
97
98
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Sand ........... e 2 100
Clay v vveiie it iie i  easessecsasnanies . 4 104
Sand ..oiiiiiiiiii i et aaeeas 2 106
CIAY vttt et e e 4 110

45. Driller’s log of irrigation well (172) of George L. Duff in the NW cor. SWk%
SW34 sec. 12, T. 19 8., R. 33 W. Earl Brookover, d_riller

QuarerNARY—Pleistocene Thickness,  Depth,
Soil and elay...oovvniiiiiiii ittt i i 66 66
Sand, coarse, tight......... ..o 3 69
Clay, sandy .......cccovvvieevnnn... e, 3 72
Sand, loose, good.........ccovvun.n. P 4 76
Clay streak .....vviiviiiiiiiiiiiiiiiiiniiiieeannns 1 77
Sand, fine .......oiiiiiiiiiii i e 5 82
Sand, 100se, 200d. . ..uvueiiiiiiiii it 5 87
(0 F:0 20 e) § A 4 o9
Sand and clay streak....... e e iee e, e, 2 93

Creraceous (Upper)
Niobrara formation
Shale, chalky, bluish gray................... S 5 98

46. Driller’s log of irrigation well (180) of Otto Geeseka in the SEY: SWY sec.
15, T. 19 8., R.33 W. Ted Patton, driller.

QuaTERNARY—Pleistocene Thi”}‘e';‘;“’ D/i’;zh’
CIAY .+ vttt e et e 50 50
Sand, unconsplidated ......................ooi 8 58
L] 35 93
Sand, fine ......iiiiiii e 3 96
Sand, g800d ..\ ..iii 8 104
Sand, fine .....ooiiiii e 6 110
Sand, fine, hard, or elay.........cooviiiiiinininannn, 1 111
Sand, fine ......uiuiiiii i e 2 113
Sand ... e 19 132
Clay ot 1 133
Sand ... e 2 135

Creraceous (Upper)
Niobrara formation
Shale, chalky, yellow................ T 2 137
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47. Driller’s log of irrigation well (1795 of Otto Geeseka in the NWY¥% SE% sec.

15,T.19 8., R.33 W. Ted Patton, driller.

QuaTerN ARY—Pleistocene Thickness,
CIAY .+ v e e e e et e 49
[0 1V U P 5
Clay, SANAY «.vvveneirenrineenrieenenrearrnseneanenens 26
Sand ...t e eeereiaeeiieiaaaas 1
L 2 2
[T Ve S PP 1
Sand and elay.....cvveiiiiiiiiiii i e 2
Sand, fine .. .i.iiiiiii i i 8
Sand and gravel......coeeiieiiiiiiiiiiiiiiiiinaaaaa. 10
Clay and fine sand..........cciiviiieiieiieeieanienns 5
Sand, coarse, Z00d. ... .iiiiiiiiint i 11
[0 0V AR 12
Clay, brown ....oovviiieinninneineeenneanraneeenneenns 1

48. Driller’s log of test hole of Bert C. Deng in the NW cor.
T.19 8, R. 33 W. George .Weishaar, driller. :

QUATERN ARY—Pleistocene Thi”;‘e'ftss’
1S 7o) PSR 78
TerT1ARY—Pliocene
Ogallala formation
ROCK vt e et e e 22
Sand, fiNe ..vinviintiiii i e 6
[ -2 14
Creraceous (Upper)
Niobrara formation
Shale oottt e e 0

Depth,
feet

49
54
80
81
83
84
86
94
104
109
120
132
133

NEY sec. 19,

120

49. Driller's log of wrrigation well (182) of J. A. Sweeney in the SW% NE%

sec. 20, T. 19 8., R. 33 W. Ted Patton, driller.

QuaterNARY—Pliestocene Thic}‘;‘;ss’
L0 T2 A 25
Sand ....... eeeieenoeatsanacbavenssenttasanntiasiony 2
(0] F: =75 1 1o D A 2
Gy v iettett e e et e 32
Clay, SaNAY . .vvererinetrneeateraneae ittt 2
Sand and gravel ......... . i i e 4
(012N 1.5
Sand, fine ......iiiii e e e 1.5
Sand and gravel ............ e e 9
SANA .ttt e e 3
Sand and gravel .......cciiiiiiiiiii i e 18
[ P 1
Sand, fine ...otiiiii i e e 2

Clay, sandy ...coveviririierineiineiieerneennteananns 2

Depth,
feet

25
27
29
61*
63
67
68.5
70
79
82

100

101

103

105
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50. Driller’s log of irrigation well (190) of C. W. Flood m the SWi NWi
sec. 22, T. 19 8., R. 33 W. "Ted Patton, driller.
Thickness, Depth, .
feet feet
QUATERNARY—Pleistocene

(0] 44 4
Sand and clay ........................................ 4 48
Sand and gravel ......... .. i 10 58
Sand, fine ......iiiiiiii i 2 60
L0 - S 6 66
Band ... i e 3 69
ClaY oottt e 12 81
Sand ... e 5 86
Sand, slightly coarser ..........coovvueineneuiunnnnnn.. 2 88
Sand, fine ... i e 15 103
Sand and gravel ...ttt e 5 108
Sand and gravel, tight, interbedded clay, sandy brown.... 3 111
Sand and a little gravel .........ccoovvvnrireneinnnnnn. 11 122
Sand, g0od, 10086 ...viiiiiiiii e 6 128
(O] .. 3 131

Creraceous (Upper)
Niobrara formation
Yellow clay, hard .......ociviniinininnnenannnn.. 1 132

51. Driller’s log of wrrigation well (197) of Marvin Bastin in the SW% SEY,
sec. 25, T. 19 8., R. 33 W. Ted Guyer, driller.
Thickness, Depth,

feet feet
QUATERNARY—Pleistocene

Soil and clay.....coviiiiniiii i e 25 25
CSand, dry ... reeeieraeeaeee 11 36
Ay o 6 42
Sand ... e 3 45
Gravel, medium' .................... et 7 52
Gravel, COarse ......covuueiiniv e e, 8 60
Clay, sandy ........cooiiiiiiiiin i 12 72
Sand, Water ......... ..t 5 77
Clay and “gyp” ............ et e tereetereaneaeneanres 4 81
Clay, sandy .......covuiiiiiiiiiiiiiie e ieeeannnnan, 6 87
Gravel, medium ................... P s 12 99
L] 5 104
Gravel; contained clay balls ............. P 4 108

Clay, yellow gray to rusty, intermixed with gravel...... 3 111
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_ 52. Driller’s log of irrigation well (216) of ILee Collingwood Estate in the SW%

SW1, sec. 33, T. 19 8., R.33 W. Ted Patton, driller.
Thickness, Depth,

feet feet
QuATERNARY—Pleistocene
01,2 13 13
ST Vs (R A 4 17
CIAY vt ettt e e e e e 2 19
Sand ......oiiiiiiiiiiiie eseasseavssornnnesasrons 2. 21
L0 70 18 39
T 1o P 11 50
) P 31 81
Sand, 200d . ..iiiii i i i e 15 96
Sand, finer than above...........covviiiiiiiiiiiiii, 15 111
Sand and some gravel; contains clay balls.............. 7 118
Sand and gravel.,........cooiiiiiiiiiiiiie PN 10 128
TerTIARY—Pliocene
Ogallala formation (?)
Sand, fine, white, somewhat hard and tight.............. 6 134
L8] I 4 138 .

53. Driller's log of irrigation well (220) of Néncy D. Curtis in the SW% NW%

sec. 36, T.19 8., R. 33 W. Ted Patton, driller.
N Thickness, Depth,

QuATERN ARY—Pleistocene feet feet
10 Y 24 24
1S 72 Y PO 10 34
(0] P 12 46
Sand and gravel.........coiiiiiiiiiiii i 13.5 59.5
Clay, BrOWI «.outeneinrennriineineioneaaneennnaneanns 4.5 64

54. Driller’s log of irrigation well (235) of Frank Roark in the NEY4 NW%
sec.?,T.208., R.32W. Ted Patton, driller.

Thickness, Depth,
feet feet
QuATERNARY—Pleistocene
03 2 48 48
Clay, sandy .......cevvvinneeennn. e 6 54
F 73 1 Vo 3 57
Sand, g00d ....viiiiiii e i e 10 67
(0373 3 70
Sand, fiNe ..ivriiiiii i i e 17.5 87.5

Clay, brown ............... e e e 1 88.5
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55. Driller’s log of test hole of W. R. E. Hall in the SW¥% SW%% sec. 32, T.
808, R.32 W. C.M.Waddell, driller.

QUATERN ARY—Pleistocene Thwfk 7658 Depth,

eet feet
00l L e e 25 25
Band ....iii 23 48
[ 32 80
Sand ... 2 82
Clay o e, 18 100
ROCK vovviii i, e 15 115
Sand ... 5 120
Sand rock formation ............ciiiiiiiiia 10 130
Sand ... e 5 135
Rock sand formation ..............coiiiiiiniinin.... 15 150
Clay, yellow .. ..o e, 15 165

Cretaceous (Upper)
Niobrara formation
Shale, blue gray .......coooiiiiiiii i .. 165

56. Driller’s log of vrrigation well (241) of Mrs. Rosine Smith in the NWY,
NW?Y% sec. 2, T.20 8., R.33 W. Ted Patton, driller.

QuATERN ARY—Pleistocene Thickness, Devth,
Clay o 12 12
Sand L. 23 35
Clay voovvviiiiiinnnnnn. e e e 9 44
Band .o 6 50
Clay oot 5 55
Sand ... 11 66
L0 3.5 69.5
Sand, g00d ......iiiii 31.5 101
Sand, fine ... 4 105

57. Dniller’s log of irrigation well (243) of A. J. Collingwood in the W cor.
SEY% sec. 2, T.20 8, R.33 W. Ted Patton, driller.

QUATERNARY—Pleistocene Thic}“e’gﬁ""’ Dﬁﬂih’
Gy ot 24 24
Sand ... 25 49
Sand and gravel, good....... e 5 54
Sand ... e 5 59

TEerTIARY—Pliocene

Ogallala formation
Sand, gravel, and some rock, loose..... Cetneieeinneeens 2 61
Sand, fine ... 1 62
Sand ... 4 66
Clay, sandy .......cvuiiiiiiiiiiiiiin i, 4 70
(o) 23 93
Sand, fine ......iiiiii e .. 6 99
Sand, 800d ...t e 6 105

Clay, brown ......ccooviiiiiiiiiiis e, 13 118
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58. Driller’s log of irrigation well (249) of Ted Patton in the NW4 NW%.sec.
9,T.208., R.33W. Ted Patton, driller.
Thickness, Depth,

feet feet
QuaTERNARY—Pleistocene .
CIAY et et e e et eeeeeeaates 30 30
Sand and clay streaks. ..ot 5 35
CIAY vttt et e et 25 60
SAIA ottt i e i 14 74
Sand, fine, and clay........ooiiiiiiiiiiiii 4 78
TerT1ARY—Pliocene
Ogallala formation :
Sand, hard, cemented streaks..............coiiiiint 5 83
Sand, good, and some gravel.........ccoviiiiiiiiiient 14 97
Gravel, 200d ...c.vviiinii i e 2 99
(0 7 106

59. Driller’s log of irrigation well (251) of Earl Weisenberger in the NE%
SW1, sec.10, T. 20 S., R. 33 W. Ted Paiton, driller.
Thickness, Depth,

\ feet feet
QUATERNARY—Pleistocene .

(0] 3 2 51 - 51
Sandandclay................................: ........ 7 58
Clay, little sand.......coiieiiiiiiieninniieienennens 8 66
Sand, fine . ...ttt 10 76
Clay and streaks of sand..... e e 5 81
Sand and gravel, good........coiiiiiiiiii it 23 104
[0 2 T 2 106

60. Driller’s log of irrigatidn well (250) of Edrl Weisenberger in the NW%
SEY, sec. 10, T. 20 S., R. 33 W. Ted Patton, driller.

Thickness, Depth,
feet feet
QUATERNARY—Pleistocene :
(0] 72 PPN 43 43
AN it e e e e 3 46
Clay .....o.... ettt edee ettty 16 62
Clay, white, hard.......... ..ot 2 64
(] 71 N 17 81
Sand, fine, and clay........ .ot it 2 83
[0 U U 6 89
Sand and gravel....... ... i e 13 102
(0] 13N 1.5 103.5
ROCK ittt ittt i e 0.5 104
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61. Driller’s log of trrigation well (262) of C. C. Ha»rﬂlin in the NEY NWY,
sec. 11, T. 20 S, R. 33 W. Ted Patton, driller.
’ ’ Thicknkss, Depth, .

feet feet
(QUATERNARY—Pleistocene

Clay o 15 .15
Sand ..o 3 - 18
Clay o 13 31
Sand ... teereeneians 6 37
Clay oo, 13 50
Clay and sand ..........oooiiiin i 10 60
Clay oo P 1 61
Sand ..o 2 63
Clay o 24 87
Sand and gravel ................ 5 92
Sand, fine ................... et o 1 93
8and, g00d ... ..yt 14.5 107.5
Clay e 7.5 115

62. Driller’s log of test hole of L. F. Roark drilled about 400 feet southeast
of irrigation well 261 in the NW% NWY sec. 16, T. 20 S, R. 33 W. Ted
Patton, driller. i S

Thickness, Depth,
. feet feet
QUATERN ARY—Pleistocene

Clay i 57 57
Clay, sandy «....oooniiniiiin e 3 60
Clay e 2 62
Band ... 6 68
Clay, sandy .......ooovuiiiiine i 6 74
TERTIARY—Pliocene
Ogallala formation
Rock, soft (sandrock) ............ ... .. .. il 1 75
Clay and rock ...............cc..u.. .. e, 5 80
Clay ...... e et et et ettt e 11 91
Band ..o 8 99
Rock ..o 1 100
Sand ... P 5 105
Sand, cemented, 'hard (sandrock) .........coonoomnnn.... 9 114
Sand, fine, hard ..............ooiiii 3 117
Sand and gravel ................ i, 7 124
Clay (bottom 4 or 5 feet yellow) ...................... 10 134

Creraceous (Upper)
Niobrara formation
Shale, chalky, bluish gray ............ teeieeearercaeea 1 135
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63. Driller's log of irrigation gell (263) of L. F. Roark in‘ the SWY¥% SEY sec.

16, T.20 8., R:33 W. Ted Patton, driller.
Thickness, Depth,

feet feet
- QUATERNARY—Pleistocene ) -
ClBY it veeeeteeieeae ettt i e 57 57
Gravel ............. S 6 63
Clay .+ttt it i e 14 76
TerT1ARY—Pliocene
Ogallala formation

Rock and clay (almost entirely rock) ................ L. 4 80
Sand, clay, and rock..........c..oiiiiiiiiiiiiiiiens 10 90
(0] 70 5 95
Sand, fine, 100S€ ...\ vevereiiiiiii e 10 105
Sand, demented (hole would stand) .............. ... 13 118
Sand, medium, 100Se ......viiiiiii e e 32 150 -

(Did not encounter shale)

64. Partial éﬁller’s log of oil test (Dague No. 3) of the Atlantic Refining
Company in the Cen. NEYy NW%¥% sec. 14, T. 20 S, R. 33 W.

QuaTERNARY and TERTIARY Thickness, Depth,

. feet feet
Undifferentiated Pleistocene deposits and Ogallala formation
Clayand sand .......cciiiiiiiiinneneennnnnnn e 195 195
Creraceous (?) )
LAINEStORE .\ vvveeeeeeeeeetteeaiiaeaeraeeneannenenn 15 210
Shale toiii i et e e s 40 250
Shale, imy ..........ccoiin.. v eisrecescteasesianenas 65 315
Lamestone ..viiiinrtiiiii et i 25 340
R~ 7. - 10 350
cShale, By .ttt i e 40 390
Shale (7) ovvntii it 70 460
Sand and shale ........oiiiiiiiiiiiiiiiiie i, 30 490
Shale ivvvii it i ittt eiaeeee s, B0 540
Shale, HmMy ...ovviietiiiiiii it iiiieeieea e 165 705
‘Limestone ................ P S 15 720
Limeandsand ............c0vvvennenn. P 80 800
1 71 4 Vo PP 25 825
Shale, Imy .. .cviiiiiiiii it ettt e 45 870
Sand and shale ...ttt i e e 115 985
Shale, By . ..vviiiiiiiiei ittt eeeineaenannans 25 1,010
Limestone «...eerneniiitieiiiie et 25 1,035
Sand .. et 25 1,060
Sandandshale ..........cciiiiiiiiiiiiiiiiiiiiiiienns 20 1,080
Shale (2) cvvviiiiiiiii i i ittt 65 1,145
" Shale, imy ........ioiieinnns e 35 1,180

PeErMIAN (?)
Top of redbeds ....vvriiriiiiiiienrenienaenncees vun 1,180
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65. Partial driller's log of oil test (Harvey Dague No. 1) of the Atlantic Re-
fining Company-in the Cen. SWY% NW%% set. 14, T.208,R.383W.

QuATERNARY—Pleistocene Thiﬁf;}e”’
Undifferentiated Pleistocene deposits and Ogallala formation

Clay ...ooovviiiiiiiiiiiia.. e e e 240

CreTACEOUS (?) )
Chalk, 80ft ..o e .60
No deseription ..o 260
Limestone ........cooviviiiiinineinnnnnn... eeieans 40
Shale and shells ..........cooouiieinineriinnnnn, 210
Sandstone ...........oiiiiiiii i 395

PeERMIAN -
Redbeds ....ooovuniiiiii .

Depth,
feet

240

1,205

66. Partial driller's log of oil test (Harvey Dague No. 2) of the Atlantic Re-
fining Company in the Cen. SEY4 NW1 sec. 14, T.20 8, R.33 W.

QUATERNARY—Pleistocene _ Thilffgfss’
Clay .....ooooveenn... e i, e 35
TERTIARY—Pliocene
Ogallala formation
Sand and elay ..........cooiiiiiiie 150
CrETACEOUS (?)
Limestone (Niobrara formation?) ..................... 25
No deseription ........veveevneneivinnnnnnnn. .. Veeene 460
Sandstone ... 30
Shale, sandy, and lime. . .ooveenii i 35
Shale, imy ......ooviiiiiiinnn i, 120
Sand, and sandy shale ...........cocouuiiniininn, 75
. Lime and sand .............cou... .. hesreeeneenenens 30
Shale ....ooviiiiiinn it 40
Shale, imy .........oiiiiiiii i, 40
Sand ... 40
Shale, imy .....coovuiiiiiiiin e, 130
PERMIAN :
Redbeds (top of redbeds) .........covvvenvnvnen. ... e

" Depth,

feet
35

185

210
670
700
735
855
930
960
1,000
1,040
1,080
1,210

1,210

67. Partial drillers log of oil test (Pile No. 1) of the Atlantic Reﬁniné Com-

pany in the Cen. NEY, SW¥% sec. 14, T.20 S, R.33 W.

QUATERNARY—Pleistocene Thic;‘;‘zss’
Clay 65

‘TerTIARY—Pliocene

Ogallala formation .....................c00iiiiun i, 115
Creraceous (Upper)

Niobrara formation ................ e Lo 20
PerMIAN

Top of redbeds......cooviiiiiii it

Depth,
feet

65

180

200

1,230
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68. Partial driller’s log of oib test (Mark 1-B) of the Atlantic Refining Com-
pany in the Cen. NW% SW'% sec. 14, T. 20 S, R. 33 W. Surface altitude,
2,946 feet.

QUATERNARY and TERTIARY Thic}"e’;et“’ Dfe’;zh'
Undifferentiated Pleistocene deposits and Ogallala formation
(0] 50 50
Sand and gravel................... ..., et 130 180
CRETACEOUS (?) ..oviiinniiiiiiiiiiiiiiiinnnn., PP 980 1,110
PERMIAN Lo i e e e 1,160

69. Partial driller’s log of oil test (Mark No. 2B) of the Atlantic Refining Com-~
pany n the Cen. W% SWY% sec. 14, T. 20 S., R. 33 W.

QuaTERNARY—Pleistocene Thi”}‘e’;‘i"s’ foz’;:h'
By vei ittt e e e 50 50
TerTIARY—Pliocene

Ogallala (?) formation
Sand L. e e e e e 40 90
Gravel ...... P e eneteateiseeat e etatee e eaeaaeaeaas 30 125

CRrETACEOUS (?)

Niobrara formation (no description).........cc.cvevvnnn.n. 305 430
No deseription ....viiuiiitiet e inirnraneenneanns 110 540
AN L e i 60 600
Lime and shale, sandy...........cccoiiiiiiiiiiiinnn.. 300 900
Shale, My ..ooviitii it it 130 1,030
Shale .ottt i i e 160 1,190

PERMIAN
Redbeds (top of redbeds)........ccovviviinniinennn.. .. 1,190

70. Partial driller’s log of oil test (Pile No. 3) in the Cen. EYo SW% sec. 14,

T.208.,R.33 W.
Thickness, Depth,
feet

QuUATERN ARY—Pleistocene foot
Clay .vvvveirneeenenn. R 40 40
Sand and €lay ...iviiii i e e e 55 95

TerTiARY—Pliocene

Ogallala formation
Shale, limy .......covveieiinen.. e 35 130
Sand and clay ............... e eeesednrearetaivesanans 105 180
CreTACEOUS (?) :
Shale, MY +..vvieiieiiiiiiiiiiiiiirerireiieeanenns 100 205
1<) 1YY (Y AN 35 240
LAmMeStONE vt eiiiiieeeeteereesernnannneeneaas 90 330
Shale (7)) ivirtiiii i ieiinnienaneeninnenns 170 500
Sand and shale .........oiviiiiiiiiiiiiiiiiiiiiiieias 85 585
Shale, HMy...ooviier ittt 140 725
Sand and shale.........ccoovviiiiiiiiiiiiiiiiiiiiie 20 745
Lime, sandy, and shale............oooviiiiiiiiiiiii, 20 765

Shale ..o 65 830
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Shale, limy .....cccoiiviiiiiiiiiiiian... iieeanei. 40 870 .

Sand..........i..... SR e e, 20 890
Shale ...l i e tee. . B 895

~ Sand and shale ........... et reiietieciireiieee... 45 940
Sand ........oeenn... TR 15 955

Shale, limy ................ R A 115 1,070
S T . 35 1,105
Shale ..ottt e e e e 10 1,115
‘Sand and shale ........coiviiiiiiiin e 85 1,200

PERMIAN '

Top of redbeds ..vvvininiiiin ittt e 1,200

71. Partial driller’s log of oil test (Pile No. 2) of the Atlantic Refining Com-
pany in the Cen. NWY% SE% sec. 14, T. 20 S., R. 33 W. Surface altitude,
2,940 feet. '

QUATERNARY and TERTIARY Thl;fe",m’ Depth,

. feet
Undifferentiated Pl?istocene deposits and Ogallala formation

L] 60 - 60
Sand and gravel ...........oiiiiiiiiii i i, 130 190
Creraceous (?)
Limestone ....... T 25 215
Shale ..o e 325 540
Limestone ....cvveviiiiiiiinnrnniennennennn. Vicesvens 50 590
Shale ........ P 7% . 665
. Sandstone and interbedded shale ...................... 570 1,235
PermMIAN (?) ‘

Redbeds

72. ‘Partial driller’s log of oil test (Mark No. 1-C) of the Atlantic Refining
Company in the Cen. NE% SE% sec. 15, T. 20 8., R. 33 W. Surface
altitude, 2,951 feet.

QuaterNARY and TERTIARY ‘
Undifferentiated Pleistocene deposits and Ogallala formation

Thicknesa, Depth,
feet feet

Soil and €lay ..o.eiiitii i e 65 65
Clay and sand .......ccoiiiiiiiniiiiiiiiiiiiineennns 125 190
Cretaceous (?)
Limestone ...o.vueeiniintenniiiniii i, 15 ' 205
Shale ..t e e e et 60 265
Shale, imy ..oovininiiiiiii i 55 320
Shale () v.iiiiiiiiiii i i e el 210 530
Shale, imy .....iceiiriiiiiiiiiiiiiiiiiii i, 210 740
Shale (2) t.viiriiii it i ittt et e i 40 780
Shale, Hmy ....ovtiiiiiiiii ittt 120 900
Limestone ......ocvniiiiniininiineiiiii it 20 920
Shale (7)) ciiriiii ittt ittt it 190 1,110

Shale, limy ©....coiiiiiiiiiiiiiieiiiiiieeeeinnennans 45 1,155

* PERMIAN (?)
Top of redbeds . ......verreeieeeienernneineennnnnnn. .. 1,155
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73. Driller’s log of test hole of Mam'on’ Hutchins in the Cen. NEY sec. 21,
T.20 8., R. 33 W. George Weishaar, driller.

QuaTeRNARY—Pleistocene | Thickness,  Devth,
S0l e s .. 4 74
TerTIARY—Pliocene
Ogallala formation
ROCK ot 21 95
Gy et 5 100
Sand L s 58 158

CreraceoUs (Upper)
Niobrara formation
Shale ..o e .. 158

74. Driller’s log of test hole near irrigation well (266) of Marion Hutchins in.
the NW cor. SWY% NE% sec. 21, T. 20 8., R. 33 W. George Wetshaar,
dniller. . '

QUATERNARY—Pleistocene Thw;‘e';?s, " Depth,

feet
e 14 14
TerTIARY—Pliocene
Ogallala formation . }
Gy e e 71 85
Sand, fine ..ot 5 90
Gypand finesand .............ccoviniiininainill, 35 125

Creraceous (Upper)
Niobrara formation :
Shale i e .. 125

75. Partial, driller’s log of oil test (Clayton Mark No..1) of the Atlantic Re-
fining Company in the Cen. SEY SEY% sec. 28, T.20 S, R. 33 W.

QuaTERNARY and TERTIARY ThiC,’f;‘f"’ ‘Dfe’;fh’
Undifferentiated Pleistocene deposits and Ogallala formation

Clay andsand ...................... R S 190 190

CreTACEOUS (?)
No deseription .,.....coovviiiiii i 45 235
Shale and shells .............oocooiiii i, 15 250
No deseription ......ooviiiinee i 300 550
Limestone ............c.oovviiinin... eeenes e 35 585
Shale and shells ..................... P 165 750
Shale and lime .......... .. coiinininaan, 100 850
Sandstone .............o i 35 885
Shaleand lime ................cooov i i, 85 970
Shale .viuiiii i, 130 1,100
Sandstone .............oiiiiii 10 1,110

PerMIAN ‘

Redbeds (top of redbeds) ...........ccovviiivevnnnnn.. .. 1,110
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"76. Driller’s log of test hole of M. Lang in the NE cor. sec. 8, T. 20 8., R. 34

W. George Weishaar, driller.
Thickness, Depth,

feet feet
QuATERN ARY—Pleistocene
103 1 AP PP 26 26
Sand . e e 32 38
Clay, YelloW ..uitiiitre ittt ie et ieeananne 36 94
Sand, fine ......viiiiii e e e 2 96
Clay ............ N 9 105
Cretaceous (Upper) '
Niobrara formation ‘
Shale ... e R, 2 107

. Dniller’s log of test hole of Ruben Crist in the NW% W1/4 sec. 25, T. 20

S., R. 84 W. George Weishaar, driller.

Thickness, Depth,
. ) feet feet
QuaTErRNARY—Pleistocene

£ P 22 22
TerTIARY—Pliocene '
Ogallala formation

1857 T AP 38 60
Clay vt e e P SR 10 70
Sand, fine, hard ............ ... ., 10 80

() T 12 92

Creraceous (Upper)
Niobrara formation
Shale .o e e .. 92
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EXPLANATION

Alluvium

Gravel, sand, silt, and clay comprising stream de-
posits in Ladder (Beaver) creek valley. The alluvium
yields small supplies of relatively hard water to wells
in Ladder creek valley.

RECENT

Dune sand

Fine to medium eolian sand. Sand dunes do not
supply water directly to wells but are important as
favorable intake areas for ground-water recharge.

Ql

Loess

Light buff silt containing fine sand and some clay.
Loess deposits occur mostly above the water table
and are relatively impermeable.

Channel deposits

PLEISTOCENE

Gravel, sand, silt, and clay comprising isolated rem-
nants of channel deposits along the valley sides of
Ladder (Beaver) creek. Channel deposits are rela-
tively permeable but generally occur above the

water table. _) J

Ogallala formation

Gravel, sand, silt, caliche and some silty clay, con- >
tains hard and soft layers of sandstone and con-
glomerate, much of which is cross-bedded and ce-
mented with lime. Constitutes the principal source
of water for most of Scott county. Yields adequate
supplies of moderately hard water to domestic,
stock, industrial, and public supply wells. Yields
large supplies of water to irrigation wells in the
Scott basin.

PLIOCENE

“ \

Niobrara formation

Alternating beds of soft chalk and chalky shale con-
sisting of the Smoky Hill chalk member underlain
by massive chalk beds separated by thin, soft, chalky
shale comprising the Fort Hays limestone member.
Not important as a water-bearing formation in
Scott county. Yields limited supplies of hard to ex-
tremely hard water to wells in the southeastern
quarter of the county where the overlying Ogallala
formation is relatively thin. Water occurs princi-

pally along fractures and bedding planes. J

Federal or State highway

Graded road

_____ Ungraded road

Section line (no road)
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Intermittent stream

Contour interval 10 feet
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