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GROUND-WATER CONDITIONS IN THE SMOKY
HILL VALLEY IN SALINE, DICKINSON,

AND GEARY COUNTIES, KANSAS

By Bruce F. Larta

ABSTRACT

This report gives the results of an investigation of ground water in the
Smoky Hill Valley and its major tributary valleys in Saline, Dickinson, and
Geary Counties, in central Kansas. Situated in this area are the cities of
Salina, the chief distribution center for the central Kansas area, Abilene,
Junction City, and numerous smaller towns, the cantonment areas of the
Fort Riley Military Reservation and Camp Phillips, and the Smoky Hill
Army Air Base. Agriculture is the dominant enterprise of the area and most
urban industries are related to the agriculture.

The strata in the central Kansas region dip gently to the west, but have
been beveled by an erosional plain that slopes eastward. Smoky Hill River
and its major tributaries have cut below this old plain and are now flowing
in rather wide, flat-bottomed valleys that are underlain by thick unconsoli-
dated alluvial deposits of Quaternary-age. These deposits are the most im-
portant source of water in the area.

The bedrock formations that underlie the unconsolidated alluvial deposits
and form the uplands bordering the valleys include sedimentary rocks of
Permian and Cretaceous age. East of Abilene the bedrock consists of alter-
nating beds of limestone and shale of the Wolfcampian Series (Permian).
West of Abilene the Wellington formation (Permian) underlies the alluvial
deposits and forms the uplands. The Wellington formation consists chiefly
of shale, but includes also thick beds of gypsum and thin beds of impure
limestone. Clay, shale, and thick lenticular beds of sandstone of the Kiowa
shale (Cretaceous) unconformably overlie the Wellington formation along
parts of the Smoky Hill and Saline Valleys in Saline County.

Dune sand, ranging from a featheredge to about 40 feet in thickness,
covers an area of about 20 square miles along the north side of Smoky Hill
Valley between Abilene and Solomon. Stream-laid terrace deposits of Pleis-
tocene age underlie the dune sand and rest unconformably on shale, lime-
stone, and gypsum of the Wellington formation and the upper part of the
Wolfcampian Series. The terrace deposits are 50 to 65 feet thick near the
valley and thin to a featheredge at the north. They consist principally of
overlapping lenses of unconsolidated silt, sand, and gravel. Domestic and
stock wells derive water of excellent quality from the terrace deposits. There
are no large wells in this area, but test drilling indicates that in some places
the sands and gravels are sufficiently thick and coarse to supply several hun-
dred gallons of water a minute to properly constructed wells.

The only spring (Sand Springs) of importance in the Smoky Hill Valley

N
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area is on the north bank of Smoky Hill River about 2.5 miles west of
Abilene and is the source of the Abilene water supply. Water is discharged
at the spring from a solution opening between bedding planes in Permian
limestone (Herington limestone member of the Nolans limestone). The lime-
stone through which the water issues is about 7 feet thick and extends only
a short distance northward beneath the water-bearing terrace deposits.
Water moves from the terrace deposits into fractures and solution openings
in the limestone and is discharged at the spring. The flow of the spring
ranges from less than 900 gallons a minute during periods of low rainfall to
about 1,200 gallons a minute during wet periods.

All large water supplies in this area, with the exception of the Abilene
supply, are obtained from wells that tap the Quaternary alluvial deposits be-
neath the valley plains. The logs of 93 test holes drilled by the State
Geological Survey in Smoky Hill Valley and its tributary valleys and the
logs of 30 test holes and 23 wells obtained from city officials and private
drilling companies are included in this report. These data are shown graph-
ically by 14 cross sections, nine of which are of Smoky Hill Valley and one
each of Republican, Solomon, Saline, Mulberry, and Dry Creek Valleys. The
alluvium in these valleys consists of unconsolidated eclay, silt, sand, and
gravel. The finer materials commonly occur in the upper part and the
coarser materials in the lower part. Most of the large wells penetrate the en-
tire thickness of alluvium.

Smoky Hill Valley in the area considered is about 72 miles long and 1 to 5
miles wide. It is underlain by alluvium ranging in thickness from less than
30 to more than 90 feet. The greatest thickness of alluvium, 94 feet, was en-
countered about 1 mile southeast of Mentor in southern Saline County.
The yields of wells that tap alluvium in Smoky Hill Valley range from a few
gallons a minute for small domestic and stock wells to 1,500 gallons a minute
for larger wells. Moderate to large supplies of water are available from wells
in most places in Smoky Hill Valley in this area. The Cities of Assaria,
Salina, Solomon, Enterprise, and Chapman obtain their water supplies from
wells in Smoky Hill Valley.

Alluvium in the part of the Republican Valley in Geary County ranges in
thickness from a few feet to 82 feet, the average being about 45 feet. The
sands and gravels in the lower part of the alluvium furnish large supplies of
water to wells that tap them. The Cities of Milford and Junction City, the
Cavalry Replacement Training Center of the Fort Riley Military Reserva-
tion, and Fort Riley obtain water from these deposits. The yields of the
wells range from 150 to 1,200 gallons a minute.

Nine test holes drilled in Solomon Valley in Saline County penetrated 44
to 65 feet of alluvium. No large wells have been drilled in Solomon Valley
in this area, but the test drilling indicates that wells having moderate to
large yields could be developed here. In places, however, the water in the
alluvial deposits is too highly mineralized for ordinary uses.

In Saline Valley in Saline County the thickness of alluvium in six test holes
ranges from 20 to 92 feet and averages 64 feet. The thickness of alluvium in
five test holes drilled in Mulberry Valley, a tributary of Saline Valley, ranges
from 36 to 66 feet. No large wells have been drilled in either Saline or Mul-
berry Valley but the test drilling indicates that moderate to large supplies are
available in these walleys.
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The alluvium in the valley of Dry Creek, which flows northward along the
west edge- of Smoky Hill Valley and is tributary to Mulberry Creek, is a few
feet to more than 50 feet thick. It consists principally of silt and elay with
thin lenses of sand and gravel at the base. Small supplies of very hard water
are obtained from these deposits for farm use.

The use of ground water for irrigation is not extensive in the Smoky Hill
Valley area. In 1943 there were only seven irrigation wells in this entire area.
Five of these wells were in the vicinity of Abilene and two were in the vicinity
of Salina.

Ground waters from the alluvial deposits in the Smoky Hill Valley area are
hard to very hard. The hardness of 61 samples analyzed ranged from 274 to
1,980 parts per million. Many of the samples contained undesirable concentra-
tions of iron. Of 64 samples analyzed for iron, 51 contained more than 0.1 part
per million and 32 contained more than 1 part. Some ground waters in the
alluvium of Solomon and Smoky Hill Valleys in the vicinity of Solomon are
unfit for most uses because of the high concentrations of chloride. Concentra-
tions of chloride in excess of 10,000 parts per million were found in some sam-
ples of water taken from the lower part of the alluvium in this area. How-
ever, in places the upper waters in the Solomon area are relatively low in
chloride. '

INTRODUCTION

PURPOSE AND SCOPE OF THE INVESTIGATION

In 1987 the Geological Survey, United States Department of the
Interior, and the State Geological Survey of Kansas, with the codp-
eration of the Division of Sanitation of the Kansas State Board of
Health and the Division of Water Resources of the Kansas State
Board of Agriculture, started an extensive program of ground-water
investigations in the State. Prior to the war most of the studies
were of counties in the western part of the State where irrigation
from wells was being carried on or was potentially important. Dur-
ing the war, however, emphasis was placed on studying the ground-
water conditions in those areas of the State in which the demand for
water for military, industrial, and municipal use was greatly in-
creased as a result of the war. Such studies furnished the basic data
needed to answer many of the inquiries received from the War and
Navy Departments, the War Production Board, other agencies, and
industries regarding the availability and quality of ground water in
specific localities. Special studies were made in response to the
more important inquiries or for those concerning areas in which data
on the gound-water conditions were inadequate or lacking.

This report presents the results of a brief study of ground-water
conditions in Smoky Hill River Valley and valleys tributary to it in

.central Kansas made during the summer of 1943. Two important
military centers are located in this area as well as several important
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cities, many of which became greatly overcrowded during the war
owing to their proximity to near-by military establishments. All
municipal and military water supplies in the area are obtained from
wells except the supply at Abilene, which is obtained from a spring.
The chief purpose of the investigation was to collect the information
necessary to answer inquiries relating to the availability and quality
of ground water in this area. Specific problems concerning ground
water which will require more detailed studies in particular areas,
may arise in the future.

The field work on which this report is based was done during the
period from June 1 to August 15, 1943. Information concerning the
nature and thickness of the water-bearing material, construction de-
tails, yield, the use and general character of the water, and the
amount of pumpage was obtained for one spring, 55 domestic and
stock wells, and 43 municipal, irrigation, and industrial wells. Sam-
ples of water from 55 wells were collected and sent to the Water and
Sewage Laboratory of the Kansas State Board of Health at Law-
rence, where they were analyzed by Howard Stoltenberg, chemist.
All the important mineral constituents in 48 of the samples were
determined, but only the chloride content of the other 7 samples was
determined.

During the winter of 1943-1944, 109 test holes were drilled in the
Smoky Hill Valley area by O. 8. Fent, Milford Klingaman, and
Harold Rector, using a portable hydraulie-rotary drilling rig owned
by the State Geological Survey. Results of this test drilling are
given in logs at the back of this report. Most of the test holes were
drilled in valley areas to determine the character and thickness of
the alluvium. Of the 109 test holes, 69 were drilled in Saline
County, 28 in Dickinson County, and 12 in Geary County.

The analyses of the water samples collected from wells during
the summer of 1943 indicated that ground waters in parts of the
area, especially in the Solomon area, contained excessive amounts of
chloride. To obtain additional data on the distribution of chloride
waters, samples of water from 22 test holes were collected by the
drilling crew and sent to Lawrence, where Mr. Stoltenberg deter-
mined their chloride content.

During March and April, 1946 the U. S. Geologlcal Survey, codp-
erating with the U. 8. Bureau of Reclamation in connection with
the Kanopolis dam project, put down 11 small-diameter observation
wells in Smoky Hill Valley in southern Saline County. This work
was done by John Sears. Periodic measurements of the water levels
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in these wells are being made to obtain information concerning the
fluctuations of the water table in the alluvium in this part of the
valley. The altitudes of the measuring points of the observation
wells and of the test-hole locations were determined with an alidade
and plane table by Charles K. Bayne and Norbert Riebel. The in-
vestigation was made under the general supervision of O. E. Mein-
zer and A. N. Sayre, successive geologists in charge, Ground-Water
Branch, U. 8. Geological Survey.

LocaTioN AND GENERAL FEATURES OF THE AREA

The area covered by this report includes Smoky Hill Valley in
Saline, Dickinson, and Geary Counties, in central Kansas; those
parts of Mulberry, Saline, Solomon, and Republican Valleys just
above their confluence with Smoky Hill Valley; and that part of
Kansas River Valley in Geary County (Fig. 1). For convenience
the entire area is referred to in this report as the Smoky Hill Valley
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F1c. 1—Area covered by this report and other areas in Kansas for which
cobperative ground-water reports have been published or are in preparation.

area. The segment of Smoky Hill Valley studied is about 72 miles
long and 1 to 5 miles wide.

Several important cities and military bases are located in this
area. Salina, the county seat of Saline County and largest city in the
area, had a population of 24,001 in 1943; Abilene, the county seat of
Dickinson County, had a population of 5,539 ; and Junction City, the
county seat of Geary County, had a population of 9,524. Other cities
and their 1943 populations include Milford (258) in Geary County;
Chapman (873), Enterprise (706), and Solomon (811) in Dickinson
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County; and New Cambria (132) and Assaria (211) in Saline
County. Milford is in Republican Valley; the other cities are in
Smoky Hill Valley. The southern part of the Fort Riley Military
Reservation is in Republican and Kansas Valleys north and east of
Junction City. The reservation, which was established in 1852,
comprises 22,000 acres and includes Fort Riley, one of the nation’s
large army posts and site of the Cavalry School, Camp Funston,
Camp Whitside, and Marshall Flying Field. Two military bases
were constructed southwest of Salina in 1942. Smoky Hill Army
Air Field, comprising 2.5 square miles, is in Smoky Hill Valley 2
miles southwest of Salina. Camp Phillips, an infantry training base,
covers a roughly triangular area of 70 square miles in southwestern
Saline County. The cantonment at Camp Phillips is in the north-
eastern part of the camp area about 5 miles southwest of Salina.

Transportation facilities in the Smoky Hill Valley area are ex-
cellent. The main line of the Union Pacific Railroad from Kansas
City to Denver follows Smoky Hill Valley between Junction City
and Salina. Branch lines of the Union Pacific Railroad run from
Junction City to Concordia, from Solomon to Beloit, from Salina to
Colby, and from Salina to McPherson. A branch line of the Rock
Island Railroad follows Smoky Hill Valley from Salina to Enter-
prise, where it turns south and joins the main line at Herington in
southeastern Dickinson County. A branch of the Atchison, Topeka,
and Santa Fe Railway that leaves the main line at Neva in northern
Chase County enters this area at Enterprise and follows the Smoky
Hill Valley to Abilene, thence turning north to Manchester, where
it splits—one branch running north to Superior, Nebraska, and one
northwest to Osborne, Kansas. The main line of the Missouri
Pacific Railroad between St. Louis and Pueblo passes through the
southeastern part of Saline County. A branch line of the Missouri
Pacific leaves the main line at Gypsum in southeastern Saline
County, passes through Salina, and rejoins the main line at Mar-
quette in northwestern McPherson County.

Federal and State highways connect the Smoky Hill Valley area
with all parts of the state. U. S. Highway 40, a main east-west
highway, passes through all the towns in the valley between Junc-
tion City and Salina. The area is traversed by mnorth-south high-
ways U. 8. 77 at Junction City, Kan., 43 at Enterprise, Kan., 15 at
Abilene, and U.S. 81 at Salina. In addition to the Federal and
State highways there are many county roads that are graveled and
kept in excellent condition throughout the year.
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Agriculture is the dominant industry in the Smoky Hill Valley
area. The principal crops grown in the valley proper are wheat,
corn, alfalfa, kaffir corn, and sorphum. Watermelons, cantaloupes,
and some truck crops are grown in the sand-hills area that borders
the north side of Smoky Hill Valley between Solomon and Abilene.
Cattle raising is an important phase of the agriculture on the rough
uplands that border the valley, particularly in the eastern part of
the area. The urban industries are primarily related to the agri-
culture and particularly to wheat production. These industries in-
clude flour milling, wheat storage, and the distribution of farm
machinery and supplies. Salina, the chief distribution center in
north-central Kansas, has five large mills and ranks fourth in the .
nation in the production of flour. Abilene and Junection City also
have flour mills, and every town in the area, regardless of size, has
one or more wheat elevators.

Previous INVESTIGATIONS

No investigations dealing primarily with the geology and ground-
water resources of Smoky Hill Valley in the central Kansas area,
have been made previously. Brief references to the geology or
ground water of parts of this area have been made in numerous re-
ports, however. The more important of these are cited below.

In a report published in 1883 describing the geology of Kansas,
St. John (1883, p. 591) included a description of brine wells of the
National Solar Salt Company near Solomon. In a report on the
physiography of western Kansas, Haworth (1897, pp. 85-41) includes
brief physiographic descriptions of Smoky Hill, Saline, Solomon,
and Republican Valleys. The brine wells near Solomon were again
referred to by Bailey (pp. 72, 74-76) in 1902. In this same report,
(p. 319) Bailey gave a brief discussion of the quality of the water
from Sand Springs, the source of Abilene’s water supply. Analyses
of samples of water from wells at Salina, Chapman, Enterprise, Solo-
mon, and Junction City and river samples from Smoky Hill River
at Lindsborg and Republican River at Junction City were tabulated
in 1911 by Parker (pp. 78, 96, 178, 217, and 233).

During the first World War, Moore (1918, pp. 39-81) published
a popular description of the geology and physiography of the area
about Camp Funston for the use of the soldiers in training there.
A general discussion of ground-water conditions in the Camp Fun-
ston area and a description of the water supply at the camp are in-
cluded in the report (pp. 57, 58, 76-78). Another report by Moore



14 Geological Survey of Kansas

(1940) describes the ground-water resources of Kansas. In 1941 Jew-
ett’s excellent report on the geology of Riley and Geary Counties was
published. Although emphasis was placed on the bedrock geology
of this area, brief descriptions were given of the alluvial deposits in
Republican and Smoky Hill Valleys and of the water resources of
the area (Jewett, 1941, pp. 96, 112-115).

A report published in 1942 on the availability of ground-water
supplies for national defense industries in Kansas includes descrip-
tions of the availability of ground-water supplies in Smoky Hill,
Saline, Solomon, and Republican Valleys (Lohman et al., 1942, pp.
31-85, 45, 46).
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CLIMATE

The climate of the Smoky Hill Valley area is of the subhumid
type and is marked by extremes of precipitation and temperature.
The normal mean annual temperature at Salina, Chapman, and
Junetion City is 55.9° F., 55.4° F., and 55.3° F., respectively. The
highest temperatures occur during the three summer months, the
monthly mean being about 74° F. in June; 80° F. in July; and 78°
F. in August. December, January, and February are generally the
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coldest months, the mean monthly temperature being about 32° F.

in December; 29° F. in January; and 32° F. in February.

The average growing season in the western part of the area is
about 175 days, and has ranged from about 140 to about 200 days.
In the eastern part of the area the average growing season is about
.185 days and has ranged from about 160 to about 207 days.

Records of the U. S. Weather Bureau show that the normal annual

The normal

at Chapman it is 29.22

precipitation increases from west to east in this area.

annual precipitation at Salina is 27.00 inches,

Deviations from

At Salina the recorded annual

precipitation has ranged from a minimum of 16.89 inches in 1910
to a maximum of 43.19 inches in 1942; at Chapman it has ranged

from 18.93 inches in 1917 to 47.13 inches in 1944; and at Junction

31.55 inches.
City it has ranged from 21.56 inches in 1934 to 53.28 inches in 1944.

and at Junection City it is

inches,

however.

the normal are frequent,

The annual precipitation and the cumulative departure from nor-

mal precipitation at Salina, Chapman, and Junction City are

shown graphically in Figures 2, 3, and 4.
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PHYSIOGRAPHY

GENERAL FEATURES

The Smoky Hill Valley area lies within two major physiographie
provinces—the Central Lowlands province and the Great Plains
province. The area east of a north-south line drawn approximately
through Solomon lies in the Osage Plains section of the Central
Lowlands province, and the area west of this line lies in the Plains
Border section of the Great Plains province. The strata in the cen-
tral Kansas region dip gently to the west, but have been beveled
by an erosional plain that slopes eastward. The Osage Plains are
distinguished by many east-facing escarpments that trend roughly
north-south. The edges of westward-dipping hard limestones form
the escarpments, between which are gently rolling plains underlain

2—7115
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Prate 2—A, View looking north along the Smoky Hill Buttes
from the top of Coronado Hill (sec. 31, T. 16 S, R.3 W.). The
hills are capped by hard brown Cretaceous sandstone (Kiowa
shale) and the gentle slope at the right is underlain by soft Per-
mian shale (Wellington formation). B, Abilene pumping station
on the north bank of Smoky Hill River, about 3 miles west of
Abilene. Sand Springs (No. 73) is hidden by trees at the right of
the buildings. Sand hills form the bluff in the distance. (', Con-
fluence of Smoky Hill and Republican Valleys. Looking north-
west from top of bluff southeast of Junction City. Junction City
iz in middle distance.
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by the softer shales of this region. Immediately west of the Osage
Plains is an area in which moderately hard thick sandstones, clays,
and shales of Cretaceous age overlap the beveled Permian strata.
This area has been called the Smoky Hill Upland and is the eastern
part of the larger Plains Border section. The hard sandstones ex-
posed in the Smoky Hill Upland form an east-facing escarpment
somewhat similar to the limestone escarpments of the Osage Plains,
although it is less regular and there are numerous outlying hills. A
line of such hills on the west side of Smoky Hill Valley in south-
central Saline County is known as the Smoky Hill Buttes (Pl. 2A).
Other prominent outlying sandstone-capped hills in this area are
Iron Mound southeast of Salina and North Pole Mound north of
Salina. Coronado Hill northwest of Lindsborg is the southernmost
prominence of the Smoky Hill Buttes.

This area is part of an older erosional plain that is now being
dissected. Major streams have cut below the old plain and are now
flowing in rather wide, flat-bottomed valleys. The topography of
the intervalley areas is gently rolling to semirugged. The larger
streams are obsequent to the rock structure and were probably
superimposed upon a plain of deposition (Jewett, 1941, p. 14).

Smoky HiLt VaLLey

Smoky Hill River heads on the High Plains in eastern Colorado,
about 40 miles west of the Kansas-Colorado State line, and flows
in a general easterly direction until it reaches a point near Ells-
worth in central Kansas. Here its direction changes and it flows
east-southeast to the northwestern part of McPherson County. An
anomalous condition is presented by the river’s course from this
point to Salina, for it makes a broad sweeping curve to the north-
east and finally flows nearly due north from Bridgeport in southern
Saline County to Salina. At Salina the river makes a sharp turn
and follows a seemingly normal easterly course to a point just east
of Junction City, where it joins Republican River to form Kansas
River (Pl 2C).

Smoky Hill River is a freely meandering mature stream whose
low gradient in this area is less than half the gradient of its valley
floor. It enters Saline County at an altitude of 1,280 feet and joins
Republican River at an altitude of about 1,045 feet, the average
gradient of the river in this part of its course being 1.5 feet to the
mile. The average gradient of the valley floor through this area is
3.6 feet to the mile. The average gradient of the river above Salina
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is 2 feet to the mile, whereas below Salina it is somewhat less, aver-
aging 1.4 feet to the mile. The extent of the meandering is indicated
by the fact that the river travels about 150 miles in its course from
the McPherson-Saline County line to Junetion City, whereas the
airline or valley distance between the two points is less than half
this distance, or about 65 miles. Above Solomon the meander
belt in most places is less than a mile wide and occupies the right
side of the valley. Below Solomon the width of the meander belt
increagses to about 2 miles and occupies nearly the full width of
the valley. Old meander scars, cut-off meanders, oxbow lakes, and
slip-off slopes are common features that modify the otherwise flat
flood plain. These features are well shown on aerial photographs
of the valley (Pls. 3 and 4).

Smoky Hill River flows in a relatively flat valley that exhibits
differences in width and in the character of its bluffs as a result of
the differences in the character of the rocks in which it has been cut.
South of Salina the valley proper is 2 to 3 miles wide. The bluffs
on the west side of this part of the valley in most places are formed
by soft Permian shale (Wellington formation) and are low and in-
conspicuous. The slope produced by erosion of the soft shale joins
the valley floor at such a low angle that in places it is difficult to
determine the western border of the valley by surface inspection.
The shale slope rises toward the west and merges with the Smoky
Hill Buttes (Pl. 2A). The bluffs on the east side of the valley
above Salina are low and have gentle slopes, but are more distinet
than those on the west side. The bluffs here are formed by shale of
the Wellington formation overlain near the valley edge by Cre-
taceous sandstone and shale (Kiowa shale). _

The valley from Salina to Solomon is 3 to 4 miles wide. The
bluffs are composed of shale of the Wellington formation and,
although distinct, are not prominent because of the gentle slopes
produced by the soft shale (Pl. 5A). Between Solomon and Abilene
the valley is bordered on the north by sand hills, which form low
bluffs with gentle slopes (Pl 2B).

Below Abilene the valley has been cut into alternating beds of
Permian shale and hard limestone (Wolfcampian Series), and as a
result the valley becomes narrower and the bluffs become higher and
more prominent (Pl. 5B). The width of the valley just below
Abilene is about 2.5 miles and below Chapman it ranges from 1 to
a little less than 2 miles. The presence of the massive beds of hard
limestone has resulted in the formation of steep and rugged bluffs
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Prate 3—Aerial photograph of part of Smoky Hill Valley east of Mentor,
southern Saline County, showing the meandering character of the river, old
meander scars, and cut-off meanders. The arrow points north and is approxi-
mately 0.5 mile long. U. 8. Department of Agriculture photograph.
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¥
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Prate 5—Character of the bluffs of Smoky Hill Valley. A,
Low, gently sloping bluff formed by the Wellington shale along
the south side of the valley, about 3 miles below Solomon. B,
High, prominent bluff formed by limestones and shales of the
Wolfecampian Series (Permian) along north side of valley, 1 mile
west of Junction City. Note bench formed by bed of limestone
near top of bluff. €, Massive limestone capping bluff on east side
of valley, about 1 mile east of Junction City.

23
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50 to 200 feet high. Prominent benches are formed by the lime-
stones at or near the top of the bluffs (Pl. 5B and C).

At least one terrace occurs along Smoky Hill Valley in the area
south of Salina. It is a wide terrace and lies about 10 feet above
the flood plain. In many places the river is flowing against and is
cutting into the edge of this terrace.

TriBUTARY VALLEYS

Three major rivers join Smoky Hill River in this area—Saline,
Solomon, and Republican. All three rivers originate on the High
Plains to the west and join Smoky Hill River from the northwest.

Saline River heads in southern Thomas County and follows an
easterly course to its junction with Smoky Hill River a few miles
east of Salina. Its valley in Saline County is 2.5 to 3.5 miles wide
and has been cut through Cretaceous sandstone and clay (Kiowa
shale) into Permian shale (Wellington formation). The valley
has a relatively flat floor bordered by rather high, distinct bluffs
having moderate slopes. The Cretaceous hills a few miles back
from the river rise nearly 200 feet above the valley floor.

Solomon River in western Kansas consists of two forks that head
within 10 miles of each other in Thomas and Sherman Counties.
They follow general easterly courses to their junction in north-
western Mitchell County. From here Solomon River flows in a
southeasterly direction and joins Smoky Hill River south of Solo-
mon. Only about the lower 4 miles of Solomon Valley is in the
area studied. Here, the valley is 3 to 3.5 miles in width and its
character is similar to that of Saline Valley, although the bluffs,
which are developed entirely in the shale of the Wellington forma-
tion are somewhat lower and the slopes more gentle,

Republican River originates in eastern Colorado and flows across
the northwestern corner of Kansas into Nebraska. It re-enters Kan-
sas near the northwestern corner of Republic County and flows in
a southeasterly direction to its junction with Smoky Hill River
east of Junction City. In Geary County Republican River has a
relatively narrow, flat-bottomed valley that ranges from 0.5 to 1.5
miles in width. The stream in this part of its course has cut
through beds of massive limestone (Permian) and as a result the
valley has high prominent bluffs with steep slopes.

Several smaller streams join Smoky Hill River in Saline, Dick-
inson, and Geary Counties. They are short local streams that range
in length from 20 to 40 miles. Their valley floors are flat to gently
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rolling and are from less than 0.5 mile to 1.5 miles wide. Those
entering from the south include Gypsum Creek southwest of Solo-
mon, Holland Creek southwest of Abilene, Turkey Creek south of
Abilene, and Lyons Creek southwest of Junection City. On the north,
Mud Creek joins Smoky Hill River at Abilene and Chapman Creek
joins it at Chapman.

Mulberry Creek heads in the Cretaceous hills about 25 miles
west of Salina and joins Saline River north of Salina. Spring Creek,
which is comparable in size to Mulberry Creek, enters Mulberry
Creek from the southwest at a point about 4 miles west of Salina.
At and below the confluence of these two streams the valley is un-
usually wide, considering the length of the streams. The valley in
the area studied west of Salina is from 2 to 3.5 miles wide and is
bordered by relatively high, prominent bluffs. Dry Creek, an
ephemeral stream, joins Mulberry Creek about 1.5 miles above its
mouth. The main branch of Dry Creck heads northwest of Linds-
borg, in northern McPherson County, and follows a course nearly
parallel to Smoky Hill River. A tributary branch heads in south-
western Saline and northwestern McPherson Counties and after
following a northeasterly course joins the main branch about 5
miles south of Salina.

Sanp Hins

Bordering the north side of Smoky Hill Valley between Solomon
and Abilene is an area of about 20 square miles covered by sand
hills (Pl 1). This area is characterized by typical sand-dune
topography, having moderate slopes and hills separated by small
basins (Pls. 2B and 6C). Most of the area is covered by vegetation,
but there are a few bare areas where the sand is being continually
shifted by the wind (PL 6C). Parts of the sand hills are drained
by small intermittent streams that flow into Smoky Hill River, but
in other parts there is no surface drainage. Water from precipi-
tation on the undrained areas collects in basins and hollows, where
a part seeps into the ground to replenish the underground reservoir
and part is evaporated. The sandy soils of the sand hills are es-
pecially well suited to the growing of watermelons and cantaloupes.
Because of the large number of melons grown in this area, it is
known locally as the Sand Springs melon district.

A smaller area of sand hills covering about 1% square miles oc-
curs northwest of Detroit (Pl. 1),
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GEOLOGY IN RELATION TO GROUND WATER'*

The Smoky Hill Valley area is underlain in part by Permian
shale, limestone, and gypsum and Cretaceous clay, shale, and sand-
stone, and in part by clay, silt, sand, and gravel representing slope,
terrace, dune, and alluvial deposits of Tertiary to Recent age.
Smoky Hill River and its major tributaries have cut deep val-
leys in the Permian bedrock and have later partly filled them with
Pleistocene and Recent clay, silt, sand, and gravel. This report is
concerned mainly with these alluvial deposits because they are the
most important sources of ground water in the area. Rocks other
than alluvium and certain terrace deposits were not studied in detail.
A geologic map of the area and geologic sections are shown on
Plate 1.

Permian Rocks

The upland surface on both sides of Smoky Hill Valley in Saline,
Dickinson, and Geary Counties, except for the relatively small area
of sand hills near Abilene and parts of northern and southern Saline
County, is underlain by Permian rocks belonging to the upper part
of the Wolfcampian Series and the lower part of the Leonardian
Series (Pl. 1). Permian rocks are also found beneath the alluvial
deposits everywhere in this area.

About 350 feet of rocks of the Wolfcampian Series, including ali
of the Chase group and the upper part of the Council Grove group,
are exposed along the valley from Abilene eastward (Pl. 1). They
consist of alternating beds of limestone and shale. The limestone
beds are from a few inches to about 40 feet thick and the shale beds
are from a few feet to about 50 feet thick. The thickest limestones
are exposed in the eastern part of the area in the vicinity of Junction
City. Hard flint-bearing limestones that form prominent benches
and escarpments along their outerop are the most conspicuous fea-
tures of this series of rocks. The shale beds are poor sources of
water supply, but some of the limestones, especially those which
contain an abundance of flint, yield rather large supplies of water of
good quality to shallow farm wells and springs (Moore, 1940, p. 43).
During years of low precipitation many of these wells go dry or
yield inadequate supplies of water for ordinary farm use. The
chief water-bearing limestones are those of the Winfield formation,
Fort Riley limestone, Florence flint, and Wreford limestone.

1. The terminology used in this paper is that of the State Geological Survey of Kansas
and differs in some respects from that of the United State Geological Survey.
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Prate 6.—A, Well 200 (camp well 5) south of Salina, Saline
county, which furnishes part of Camp Phillips and Smoky Hill
Army Air Base water supply. B, Irrigation well 60, east of Abi-
lene, Dickinson county. (', Small water-filled basin in sand hills,
in SW¥% sec. 11, T. 13 S,, R. 1 E., Dickinson county. Note small
area of bare sand in the upper left part of photograph.
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The Wellington formation of the Sumner group, Leonardian
Series, underlies the alluvial deposits and forms the bluffs and up-
land surface in most of the area west of Abilene. It uncomformably
underlies the Kiowa shale (Cretaceous) in parts of Saline County.
The Wellington formation has a total thickness of about 700 feet
and consists chiefly of gray shale, but it contains some red and green
shale in the lower part. Discontinuous beds of gypsum and impure
limestone are found at the outcrops, and thick beds of salt (Hutch-
inson salt member) occur near the middle of the formation in the
subsurface. The Wellington is a poor water-bearing formation, for
it consists largely of shale of low permeability. Shallow wells that
tap the shale have small yields and are subject to failure during
periods of drought. Somewhat larger yields are obtained from wells
that penetrate the thin beds of limestone in the formation. Water
in the Wellington formation generally is excessively hard and highly
mineralized, owing to the large amount of soluble minerals in the
formation. A former salt company obtained brine from three or
four wells that tapped the Wellington formation west of Solomon.

CreTACEOUS ROCKS
KIOWA SHALE

Overlying the Wellington formation along parts of Smoky Hill
Valley in Saline County are Cretaceous rocks belonging to the
Kiowa shale (Comanchean Series). The Kiowa shale has a maxi-
mum thickness of about 200 feet in this area and consists of light to
dark-gray and black clay and shale and thick lenticular beds of
dark-brown iron-rich sandstone. Selenite is common in the shale
and locally there are thin beds of limestone composed largely of
fossil oyster shells. Owing to their greater resistance to erosion, the
sandstone beds are the most conspicuous feature of the formation,
even though shale is more abundant. Sandstone beds of the Kiowa
shale cap all the high hills bordering Smoky Hill and Saline Valleys
in Saline County.

The Kiowa shale is relatively impervious and is a poor source of
water. The sandstone lenses, however, are good sources of water.
Wells that penetrate them generally yield adequate supplies of
water for stock and domestic use, and in some localities adequate
water is available to supply the needs of small towns. The City of
Gypsum, in southeastern Saline County, obtains its supply from
wells that tap sandstone of the Kiowa shale. The wells are situated
on the divide between Smoky Hill River and Gypsum Creek, about
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6 miles southeast of Mentor. The City of Lindsborg, in northern
McPherson County, prospected for a new water supply in these
sandstones east of Lindsborg, but the quantity of water available
was inadequate to supply the need.

TERTIARY AND QUATERNARY SLOPE DEPOSITS

Relatively thin deposits of silt, sand, gravel, and conglomerate
unconformably overlie the Permian rocks in places in the western
part of the Smoky Hill Valley area. They are irreguarly distrib-
uted on the upland surface in Dickinson and eastern Saline Coun-
ties and on the slopes that separate Smoky Hill Valley and the
Cretaceous hills west of the valley in southern Saline County. In
places in southern Saline County these deposits cap small hills or
ridges along the west edge of the valley. The materials comprising
these deposits are of local origin and probably represent slope de-
posits that were laid down by sheet wash and soil creep at and for
a short distance beyond the base of the westward-retreating Cre-
taceous hills. Some of the material probably was deposited by
sinall, short streams that headed in the Cretaceous hills or by larger
streams that headed in areas of Cretaceous rocks farther away. In
places, especially in the area south of Salina, some of this material
seems to be the remnant of a once more extensive terrace deposit
(see cross sections N—N' and O—O’ on PI. 1).

The lower part of these slope deposits and related terrace de-
posits generally consists of poorly sorted clayey sand and gravel
composed of grains, pebbles, and cobbles of sandstone, ironstone,
shale, and caliche nodules. The sand and gravel locally contains
one or more irregular layers, ranging from a few inches to about 4
feet in thickness, which have been firmly cemented to form con-
glomerate. Gray and light-tan to brown sandy silt generally is
found above the beds of sand and gravel. Pebbles and cobbles of
sandstone, ironstone, shale, and caliche are irregularly distributed
in the silt, especially in the lower part. Although they range in
thickness from a few feet to about 40 feet, these deposits in most
places are less than 10 feet thick.

In 1895, Prosser (p. 786) gave the name “Abilene conglomerate”
to certain of these deposits in western Dickinson County and placed
them in the Permian. Moore (1920, p. 63) later recognized the
fallacy of this correlation and stated that the formation seemed to
be a Tertiary deposit. Although no detailed study of the slope and
terrace deposits was made during the course of the present investi-
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gation, available data indicate that they are of different ages in
different places. The deposition of these sediments probably started
in the Tertiary Period, when erosion of the Cretaceous rocks began,
and has been more or less continuous to the present time.

The Tertiary and Quaternary slope deposits and related terrace
deposits are unimportant as sources of water in the area studied.
They are above the water table everywhere in this area. Because
they are unimportant as a source of ground water and because of
their irregular distribution and thinness, no attempt has been made
to map these sediments.

QUATERNARY DEPOSITS
TERRACE DEPOSITS

Stream-laid terrace deposits of Pleistocene age underlie the dune
sand in the area north of Smoky Hill Valley between Solomon and
Abilene. They unconformably overlie shale, limestone, and gypsum
belonging to the Wellington formation and the upper part of the
Wolfeampian Series of Permian age. The character of the terrace
deposits is shown by logs 66-69, 71, 72, 89, and 90, and their rela-
tion to the underlying Permian rocks and to the alluvium in Smoky
Hill Valley is shown by cross section E—E’ on Plate 1. The ma-
terials making up the terrace deposits probably were deposited by
Smoky Hill River at a time when it was flowing at a higher level
than at present. The conditions that caused the river to swing
widely to the north and deposit these materials are not known. The
presence of the resistant Herington limestone in this area, the first
limestone bed of any consequence encountered by the river, prob-
ably was partly responsible. The lowest part of the terrace deposits
is 10 to 15 feet below the present flood plain of Smoky Hill River
and the highest part is more than 100 feet above the flood plain.

The terrace deposits are 50 to 65 feet thick near the valley and
thin to a featheredge at the north. They consist principally of un-
consolidated silts, sands, and gravels that are poorly sorted. These
materials form lenses that overlap one another irregularly. The
finer materials, which consist of sandy silt and sand, are more com-
mon in the middle and upper parts. Sand is abundant in the lenses
of silt or gravel but is uncommon in beds by itself. The coarser
materials are composed of fine to very coarse gravel that generally
contains much silt and sand. Lenses of sand and gravel, from a few
inches to about 15 feet thick, occur throughout these deposits but
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are thickest and most common in the lower part. A thin bed com-
posed of pebbles of ironstone and sandstone occurs at the base of
the terrace deposits in most places. Test holes 66 and 69 encoun-
tered thin beds of conglomerate at or near the base of these deposits.
The conglomerate is composed of lime-cemented sand and gravel
containing pebbles of sandstone and ironstone,

The sands and gravels of the terrace deposits are the principal
source of water in the sand-hills area and yield abundant supplies
of water to stock and domestic wells. These deposits are also the
source of the water that supplies Sand Springs. At present there
are no large wells in this area. The test drilling indicates, however,
that in some places the sands and gravels are sufficiently thick and
coarse to supply several hundred gallons of water a minute to prop-
erly constructed wells. Furthermore, the cover of permeable dune
sand affords excellent opportunity for a high rate of recharge from
local precipitation. Analyses of samples of water from well 70 and
spring 73 (Sand Springs) indicate that the water from the terrace
deposits is softer and is less mineralized than any of the samples
collected from the alluvium in the Smoky Hill Valley area. The
samples from well 70 and spring 73 had, respectively, 239 and 265
parts per million of dissolved solids and hardness of 168 and 184
parts. Complete analyses for these samples are given in Table 9.

The material that forms the low terrace along the west side of
Smoky Hill River south of Salina is mapped and described with the
alluvium of Smoky Hill Valley.

DUNE SAND

Dune sand underlies a large area north of Smoky Hill Valley be-
tween Solomon and Abilene and a smaller area near Detroit (Pl
1). The material consists of tan to light-gray fine to medium quartz
sand that locally contains considerable silt. The thickness of dune
sand encountered by test holes in the Solomon-Abilene area ranges
from 3 feet in test hole 90 to 20 feet in test hole 72. The thick-
ness of the dune sand beneath the higher dunes probably exceeds
40 feet. The dune sand in the Detroit area is much thinner and
probably is not more than 15 feet thick anywhere in the area.

The dune sand lies above the water table and so does not supply
water to wells. Because the sand is loose and highly permeable, it
provides excellent recharge facilities for the underlying water-bear-
ing beds.
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ALLUVIUM

Alluvium of Pleistocene and Recent age occurs in Smoky Hill
Valley and its tributary valleys in the area studied. The alluvium
is the most important source of water in the Smoky Hill Valley area
and furnishes water to stock, domestie, irrigation, industrial, and
public-supply wells. All the large wells in the area derive water
from alluvium. Most of the rest of this report describes the source,
occurrence, availability, utilization, and chemical character of the
ground water in these deposits.

The State Geological Survey drilled 93 test holes in Smoky Hill
Valley and its tributary valleys to determine the character and
thickness of the alluvium. In addition, the logs of 80 test holes and
23 wells were obtained from city officials and private drilling com-
panies. These data are shown graphically by 14 cross sections, nine
of which are of Smoky Hill Valley and one each of Republican,
Solomon, Saline, Mulberry, and Dry Creek Valleys. The cross sec-
tions and locations of the cross sections are shown on Plate 1, and
the logs of the test holes and wells are given at the end of this re-
port.

The alluvium consists of stream-laid deposits of elay, silt, sand,
and gravel, the character and proportions of which differ from one
place to another. The finer materials of the alluvium commonly
ceeur in the upper part and the coarser materials in the lower part.
The thickness of the alluvium, as shown by the logs of test holes
and wells, ranges from a few feet to more than 90 feet and averages
about 55 feet. Water from the alluvium is hard to very hard and
in some localities contains excessive iron or chloride.

The thickness and character of the alluvium are described by
areas on the pages that follow.

Smoky Hill Valley—The character and thickness of the alluvium
in Smoky Hill Valley in Saline, Dickinson, and Geary Counties are
indicated by the logs of 93 test holes and wells, including 56 logs of
test holes drilled by the State Geological Survey. The thickness of
the alluvium in Smoky Hill Valley ranges from less than 30 feet to
more than 90 feet. The maximum thickness encountered was 94
feet in test hole 223, 1 mile southeast of Mentor. The thickness of
the alluvium and shape of the bedrock floor at nine places in the
valley are shown by cross sections on Plate 1. The maximum and
average thickness of the alluvium and width of the valley at each
cross section are given in Table 1. It is not possible to predict at
what point along a given line across the valley the greatest thickness
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of alluvium will be found. There seems to be no definite relation-
ship between the position of the present stream channel and the
greatest depth to bedrock, where the alluvium is thickest. In some
places (cross sections N—N’ and O—O’) the channel of the river
nearly coincides with the deepest place in the bedrock floor. In
other places the deepest part of the bedrock floor is on the opposite
side of the valley from the present stream channel (cross section
E—E’). At Enterprise the river is at the south edge of the valley,
whereas the deepest part of the bedrock floor is near the middle of
the valley (cross section D—D’).

TasLe 1—Mazimum and average thickness of the alluvium and width of the
valley for nine cross sections in Smoky Hill Valley

Thickness of alluvium,

Cross Number (Width of] feet
section LocaTtioN of test | valley,
holes miles
Maximum | Average
B—B’ | 3 mi. above Junction City 5 1.7 61 50
C—C’ | At Chapman............ 4 1.5 64 43
D—D’ | At Enterprise........... 7 2.0 68 50
E—E’ | 83 mi. above Abilene...... 5 2.8 65 53
G—G’ | 3 mi. below Salina....... 9 4.0 69 61
K—K'’ | South edge of Salina.. ... 10 3.2 76 55
L—1’ | 3 mi. above Salina....... 9 3.5 72 53
N-—N’ | 1 mi. above Mentor...... 6 2.4 94 64
O0—O’ | 2 mi. above Assaria...... 5 1.8 90 75

In some places the alluvium has a relatively uniform thickness
across the valley (cross sections D—D’ and G—G’), but elsewhere it
varies considerably. South of Junction City, at cross section B—B’,
the alluvium is thickest in the middle of the valley and thins toward
the edges of the valley. At Chapman (cross section C—C’), the
thickest alluvium is found near the north edge of the valley and it
gradually thins to the south. Three miles above Abilene (cross sec-
tion E—E’) the alluvium is thickest near the south edge of the valley
and gradually thins to the north.

The upper 8 to 45 feet of material in the alluvium in Smoky Hill
Valley consists of silt, sandy silt, and fine sand. This finer material
is underlain by coarse sand and gravel that ranges in thickness
from less than 5 feet to about 70 feet. The sand and gravel in most
places is poorly sorted and ‘contains thin lenses of silt and sandy silt.
Locally derived cobbles of sandstone, ironstone, and limestone
which measure as much as 10 inches in their greatest dimension, are

3—7115
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commonly found in coarse gravel at or near the base of the allu-
vium. The sand and gravel are made up principally of rounded
and subrounded grains of quartz, feldspar, and other material de-
rived from igneous rocks. Where small tributaries enter Smoky
Hill Valley the alluvium may be composed almost entirely of clay,
silt, and sand. This is true south of Salina where the alluvium along
the west edge of the valley consists mostly of fine material deposited
by Dry Creek (see cross sections K—XK' and L—L’). The fine ma-
terial in the alluvium at the south edge of the valley 3 miles below
Salina probably was brought in by the unnamed tributary that en-
ters the valley at that point (cross section G—G').

Republican Valley.—The character and thickness of the alluvium
in the lower part of Republican Valley are indicated by cross section
A—A’ on Plate 1 and by the logs of 19 test holes and wells (logs
5-15, 18-24). The alluvium here is similar in character to the allu-
vium in Smoky Hill Valley. Its thickness ranges from less than
30 feet to 82 feet and averages about 45 feet. The greatest thick-
nesses of alluvium were encountered along the northeast side of the
valley. The upper 3 to 40 feet consists of silt, sandy silt, and sand.
From 17 to 57 feet of water-bearing sand and gravel occurs below
the finer material.

The cities of Milford and Junction City, the Cavalry Replacement
Training Center at Fort Riley, and Fort Riley obtain water supplies
from wells (1, 14, 15, 16-19, 21-24) that tap the alluvium in Repub-
lican Valley. The yields of these wells range from 150 to 1,200
gallons a minute.

Solomon Valley—Nine test holes drilled by the State Geological
Survey in the Solomon Valley in Saline County penetrated 44 to 65
feet of alluvium (logs 102-107, 109, 112, and 113). Peat, clay, silt,
sandy silt, and sand constitute the upper 20 to 40 feet and coarse
water-bearing sand and gravel comprises the lower 15 to 25 feet. In
general, the proportion of coarse material to fine material is lower
here than in Smoky Hill Valley and more silt and clay are mixed
with the sand and gravel. There are no large wells in this part of
Solomon Valley. In some places the water from the alluvium in
Solomon Valley has such a high concentration of chloride that it is
unfit for ordinary uses.

Saline Valley—Six test holes were drilled in a line across Saline
Valley just above its confluence with Smoky Hill Valley, and a cross
section (H—H') was prepared. The width of the valley at this
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point is 3.2 miles. The alluvium in these test holes ranged from 20
to 92 feet in thickness and averaged about 64 feet. Test hole 129,
at the southwest edge of the valley, did not encounter any sand or
gravel, but it penetrated 20 feet of silt and clay above the bedrock.
The other test holes encountered 14.5 to 42 feet of sand and gravel in
the lower part of the alluvium at depths ranging from 23 to 76 feet.
The sand and gravel is overlain by clay and silt that contains small
lenses of peat. It is poorly sorted and ranges in texture from fine
sand to very coarse gravel. Limestone, sandstone, and shale frag-
ments are abundant in the coarse gravels.

The recovery of ground water from the alluvium in Saline Valley
is limited at present to small farm wells, although larger-yielding
wells could be developed in this valley. Analyses indicate that the
water is hard to very hard and locally is high in chloride and iron.

Mulberry Creek Valley—The character and thickness of the allu-
vium in Mulberry Creek Valley near its confluence with Smoky Hill
Valley are shown by cross section J—J’ and the logs of test holes
148-152, which were used to prepare this cross section. The valley
is 2 miles wide at the location of the cross section. The five test
holes encountered 36 to 66 feet of alluvium here. Clay and silt com-
prise the upper 20 to 38 feet, and fine sand to coarse gravel com-
prises the lower 10 to 28 feet. The materials of the alluvium in
Mulberry Creek Valley were derived locally from Cretaceous rocks
to the west. The coarser materials are composed of fragments of
sandstone and ironstone from the Kiowa shale and Dakota forma-
tion.

There are no large wells in this part of Mulberry Creek Valley.
Two samples of water from farm wells in this area contained 846 and
1,499 parts of total solids and had a hardness of 487 and 838 parts
respectively (see analyses 146 and 147).

Dry Creek Valley—Test holes 209 and 211-218 were drilled in
Dry Creek Valley to determine the character and thickness of the
alluvium in that area. The results of the test drilling are shown
graphically by cross sections M—M’ and N—N’. The alluvium in
Dry Creek Valley is 17 to 53.5 feet thick and is composed princi-
pally of material derived locally from Cretaceous and Permian
rocks. It consists chiefly of silt and eclay but contains some sand
and gravel which occurs in lenses from a few inches to 10 feet thick.
The sand and gravel is poorly sorted and generally is intermixed
with much silt and clay. The gravels are composed entirely of frag-
ments and pebbles of shale, sandstone, ironstone, and “mortar beds.”
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The lenses of sand and gravel in the alluvium of Dry Creek Valley
yield small supplies of water to farm wells for domestic and stock
use. A sample of water collected from well 210 in this area was
very hard and contained 380 parts per million of chloride (see
analysis 210).

GROUND WATER

OCCURRENCE, SOURCE, AND MOVEMENT OF WATER

Ground water in Smoky Hill Valley occurs in the pore spaces of
the gravel, sand, silt, and eclay of the valley fill and terrace deposits.
The depth below which these materials are saturated in the valley
areas—that is, the depth to the water table—ranges from a few feet
to about 40 feet below the land surface, but in most places it is be-
tween 20 and 30 feet. The rate at which water moves through these
materials depends largely on the size and shape of the pore spaces
and on the slope of the water table. The sand and gravel deposits
of the alluvium generally contain relatively large, interconnecting
pore spaces through which water moves freely under low water-table
gradiants. All the recorded wells in the Smoky Hill Valley area
derive water from sand and gravel under water-table conditions.
The high permeability of the sand and gravel in parts of the area
is indicated by the large yields of some of the wells.

Beds and lenses of silt and clay are associated with the sand and
gravel in the alluvium and in some places make up a large part of
the alluvium. Clay and silt may contain large quantities of water
where they occur below the water table, but because of the minute
size of their pore spaces the water moves through them with extreme
slowness even under high water-table gradients. Compact clay is
essentially impervious.

The ultimate source of all ground water in the Smoky Hill Valley
area is the precipitation upon this and near-by areas. A part of the
water from rain and snow that falls on the valley floor, or falls on
the valley sides and deploys on the valley floor, is carried off by
streams, a part evaporates, and the remainder percolates directly
into the ground. Part of the water that enters the ground is used
by plants, but some eventually reaches the ground-water body in the
alluvium. A part of the runoff from drainage areas tributary to
the main valleys probably reaches the ground-water body in the
alluvium through the channels of the small creeks and ravines that
cross the valley to reach the large rivers. The large through-flow-
ing rivers also furnish water to the ground-water reservoir in the
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alluvium. A discussion of the relation of Smoky Hill River to the
water table is given later in this section.

Some water also percolates into the alluvium from adjacent for-
mations. The slope of the water table in the sand hills area between
Abilene and Solomon (Pl 1, section E—E’) indicates that water
moves from the terrace deposits into the alluvium in this area. Fur-
ther evidence of this is furnished by a study of the analyses of sam-
ples of water from the terrace deposits, from alluvium near the sand
hills, and from alluvium farther out in the valley. The analyses
indicate that the water in alluvium near the edge of the sand hills
is a mixture of relatively soft water of low mineralization from the
terrace deposits and hard, more highly mineralized water from other
parts of the alluvium. At places where Permian water-bearing beds
are in contact with alluvium, and where the pressure head of water
in the Permian beds is greater than the head in the overlying allu-
vium, water can move from the Permian beds into the alluvium.
Such movement is known to take place near Solomon, where water
in alluvium of Smoky Hill and Solomon Valleys has been contami-
nated by highly mineralized water from the underlying Wellington
formation.

Ground water in the terrace deposits is derived from precipitation
on the surface of the dune area—an area that offers unusually good
opportunities for recharge from precipitation as much of the rain
that falls on the dune-covered area is absorbed by the sand. Part
of the water that falls in the dune area during heavy rains gathers
in shallow undrained depressions and forms temporary ponds (Pl
6C). Part of this water evaporates but a part seeps downward and
eventually reaches the ground-water body in the terrace deposits.

The available data indicate that the general movement of
ground water in this area is down the valley and that the average
slope of the water table is about 4 feet to the mile. The altitude of
the water table is about 1,255 feet at Assaria, 1,240 feet at Mentor,
1,205 feet at Salina, 1,105 feet at Enterprise, and 1,050 feet at Junc-
tion City.

The relation of the water table to Smoky Hill River at Assaria,
Mentor, Salina, and Enterprise is shown by profiles in Figure 5, and
the relation of the water table to Smoky Hill, Republican, and Kan-
sas Rivers in the vicinity of Junction City is shown by water-table
contours in Figure 6. It will be noted that at Assaria and Mentor
the water table is higher than the stream surface. Under these con-
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ditions ground water moves toward the river. At Enterprise the
water table is slightly below the stream surface and at Salina it
is several feet below the stream surface. This condition at Salina
probably is caused by the heavy withdrawals of water from the
Salina city wells. Under these conditions water will tend to move
outward from the river to an extent governed by the available head
and the permeability of the materials underlying the river bottom.
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F1g. 6—Water-table contours in the vicinity of Junction City. Based on
water-level measurements and gauge readings made April 18-22, 1941, and fur-
nished by the Quartermaster Corps, U.'S. Army.

The amount of water percolating from the river during periods of
normal or low flow probably is comparatively small because of the
deposition of silt in the bottom of the channel. During high stages
of the river the available head is increased, and in most or all sec-
tions of the river there is movement of water from the river toward
the water table.

The measurements upon which the contours in Figure 6 are based
were made during the period April 18-22, 1941, when the river flow
was about normal. At this time Republican River above river
guage C was a losing stream, as indicated by the downstream flex-
ure of the contours. Below river gauge C the ground water was -
moving obliquely across Republican River with very little change
in direction at the river. Smoky Hill and Kansas Rivers during this
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period were both above the water table and losing water to the
ground-water reservoir in this area. The water table does not re-
main as it is shown in Figure 6 but changes shape as water is added
to or taken from the ground-water body. During periods of high
water, the movement of water is everywhere away from the rivers
at steeper slopes than is shown in Figure 6. During periods of low
river flow, there may be a reversal of the water-table gradient near
the streams, in which case water will move toward and into the
rivers.
FLucTuaTiONs oF WATER LEVEL IN WELLS

As was pointed out above, the water table does not remain in a
stationary position but fluctuates up and down as water is added
to or taken from the ground-water reservoir. Fluctuation of the
water table is recorded by the change in the water level in wells.
A well that is measured periodically to observe the change in the
height of its water level is called an observation well.

In January 1941 the Quartermaster Corps, U. S. Army, author-
ized the Widmer Engineering Company to make a study of the
ground-water conditions in the valley areas of the Fort Riley Mili-
tary Reservation. During January, February, and March 1941 a
large number of observation wells were put down in Smoky
Hill, Republican, and Kansas Valleys north and northeast of Junc-
tion City, and gauges were established on the rivers. Each observa-
tion well consisted of a 114-inch galvanized-iron pipe on the lower
end of which was a screened drive point. A hole was first augered
by hand to the water table, then the 114-inch pipe and drive point
were placed in the hole and driven several feet below the water
table. Measurements of the water levels in these observation wells
and readings of the river gauges were made weekly from April 18
to June 4, 1941, by personnel of the Quartermasfer Corps. A flood
early in June destroyed the river gauges and filled most of the wells
with sand and debris. Personnel was not available at that time to
repair the damage done by the flood, and therefore the program was
discontinued.

The locations of 44 of the observation wells and 8 river gauges
are shown in Figure 6. Table 2 lists the depths and altitudes of
the observation wells and Table 3 lists the available water-level
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TaBLE 2—Depths and altitudes of driven observation wells put down by the
Widmer Engineering Company for the Quartermaster Corps, U. 8. Army, at
the Fort Riley Military Reservation, Kansas®

Depth | Altitude of Depth | Altitude of

Well number of measuring Well number of measuring

on Fig. 6 well, point, on Fig. 6 well, point,
feet feet feet feet

| 23 1,078.9 23. .. 43 1,080.3
2. 23 1,077.6 24, .. 38 1,079.6
[ 28 1,076.4 25. e 48 1,081.2
4.0 23 1,073.9 26.......... 38 1,068.5
L 28 1,074.1 27. . 28 .1,065.1
6............ 28 1,079.9 28. ... 28 1,065.0
T 28 1,077.4 20, .. 23 1,060.6
8 L 43 1,081.8 30, ..., 18 1,055.8
9. 33 1,076.9 K ) D P 1,065.4
10............ 28 1,073.2 32, 18 1,069.7
i 28 1,074.7 33 23 1,069.3
12............ 28 1,074.3 34.......... 23 | 1,064.0
13, ... 28 1,075.1 5. e 1,061.7
4.0, 23 1,069.7 36.......... 28 1,066.6
15............ 23 1,070.6 37. ... 23 1,068.1
16............ 23 1,071.1 38, . 28 1,064.2
17 .. 28 1,072.7 39. ... 18 1,057.7
18. ... ... 23 1,071.7 40, ... .. 33 1,067.8
19............ 38 1,082.8 41, ..., 28 1,063.8
20, ... ... 28 1,077.9 42, ... .. 28 1,062.0
21, ... .. 23 1,070.3 43, 23 1,059.1
22. ...l 23 1,067.3 4.0 18 1,053.9

a. Wells put down in January-March 1941 and abandoned in July 1941. Each consisted
of a 1% -inch galvanized-iron pipe with a screened sand point at the lower end. Measuring
point of each well was at the top edge of the pipe.
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2, 3, 6, and 15 at the Fort Riley Military Reservation and the weekly stages
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gauge are shown in Figure 6.
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measurements. Altitudes of the water surface at the 8 river gauges
are given in Table 4.

The period of observation of the water levels in these wells was
too short to permit drawing any conclusions regarding the general
trend of the water-table fluctuations. The weekly water levels in ob-
servation wells 2, 3, 6, and 15 are plotted in comparison with the
weekly stage of Republican River at river gauge A in Figure 7.
Wells 2 and 3 are within 500 feet of the river and wells 6 and 15 are
about 2,700 and 3,300 feet from the river, respectively (Fig. 6).
Wells 2 and 3 are close enough to the river that the fluctuations in
their water levels follow very closely fluctuations of the water sur-
face in the river. The water levels in wells 6 and 15 are also affected
by the fluctuations of the water surface in the river, but the fluctua-
tions of the water levels in these wells are of a smaller magnitude
because they are farther from the river. Because water is trans-
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TasLe 4 —Height of gauges on Smoky Hill, Republican, and Kansas Rivers at
the Fort Riley Military Reservation, from April 18 to June 4, 1941, . feet
above sea level *

River gauget
Date,
1941

May

* Furnished by the Quartermaster Corps, U. S. Army.
t Locations of gauges shown on Figure 6.

mitted through the ground very slowly there is generally some lag
between the fluctuations of the river and fluctuations of the adjacent
water table. The longer the river maintains a high stage, the farther
from the river will the water table be affected. The high stages
caused by floods are usually of short duration and, therefore, prob-
ably do not affect the ground-water levels very far back from the
river.

In March 1946 the United States Geological Survey, codperating
with the United States Bureau of Reclamation, started an observa-
tion-well program in Smoky Hill Valley below the Kanopolis dam,
which is situated on Smoky Hill River in eastern Ellsworth County,
Kansas. As a part of this program, 11 observation wells were put
down in Smoky Hill Valley in southern Saline County during March
and April 1946, and monthly measurements of the water levels in
them were begun in July. The location of these observation wells
are shown on Plate 1 and descriptions of them are given in Table 5.
The wells consist of 1%4-inch galvanized-iron pipe with screened
drive points and were put down by John Sears, who used a hand
auger and driving block. The water-level measurements for 1946,
which were made with a steel tape by Mr. Sears, are given in Table
6. These and subsequent water-level measurements will be pub-
lished in the annual water-level reports of the Federal Geological
Survey.
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SAND SPRINGS

The only spring of importance in the Smoky Hill Valley area is
situated on the north bank of Smoky Hill River about 2.5 miles west
of Abilene (No. 73, P1. 1). About 300 feet north of the spring is the
edge of the sand hills. Before any improvements were made this
was a seepage area in which water issued from many small openings
in the sandy alluvial deposits and discharged into the river. This
seepage area was called Sand Springs and was an important water-
ing point for early travelers and cattlemen.

TaBLE 5.—Records of driven observation wells in Smoky Hill Valley tn southern
Saline County, Kansas

Measuring point * Depth
to water
No. Date Heoigh l};ei,el Date of
on eon- Dapth, | Distance eight elow measure-
Plate Locarion structed, feet above above measuring ment,
1946 land aea point,? 1946
surface, level, feet
feet feet

T.16 8., R.2W.
A SE SWsec. 17. ... .. Mar. 27 30.7 0.35 1,261.6 24,13 Mar. 28
B SE cor. SW sec. 18...| Mar. 28 43.7 1.35 1,262.7 25.52 Mar. 29
C SE SW SE sec. 30...| Mar. 26 37 1.0 1,267.8 22.38 Mar. 27

T.16 S, R.3W.
D SE cor. sec. 24...... Mar. 27 36.8 1.23 1,264.9 20.1 do
E NW cor. NE sec.'36 | Mar. 26 45.9 1.1 1,275.4 26.4 Mar. 26

T.16 S, R. 2 W.
F NW cor.sec. 7...... Mar. 15 31.2 .8 1,279.6 21 Mar. 21
G SW cor. sec. 18.... .. Mar. 21 38.1 .9 1,284.2 26.7 do
H NW NE sec. 19..... do 38 1.0 1,279.8 24.9 do

T.16 8., R. 8 W. .
J SE SW sec. 13...... April 1 47.4 1.3 1,283.9 22.0 April 1
K SW SE sec. 26. ... .. April 9 27.8 1.25 1,304.3 21.9 April 9
L SE SE see. 34.......| April 10 45.9 1.13 1,311.2 23 April 10

1. Top edge of 1% -~inch pipe at each well
2. Subsequent water-level measurements are given in Table 6.

In 1881 the Sand Springs area was developed as a source of water
supply for the City of Abilene. The water plant, which was rebuilt
by a private company in 1890, was purchased by the city in 1907.
A pit about 30 feet deep and 30 feet in diameter was dug at the
site of the springs and cased with stone. The water issues from a
solution opening along a bedding plane in Permian limestone (Her-
ington limestone member of the Nolans limestone) at the bottom
of the pit. A number of residents of this area expressed the belief
that the water at Sand Springs had traveled a great distance before
being discharged at the spring. Contrary to this belief, the present
study shows that the water is of local origin. The limestone through
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TasLE 6.—Water levels in observation wells in Smoky Hill Valley in southerr
Saline County, Kansas, in feet below the measuring point

(For descriptions of wells, see Table 5)

1946
Well
number

July 3 Aug. 1 Sept. 5 Oct. 1 Nov. 4
Ao 24.96 25.15 24.89 24.32 23.19
B................. 26.13 26.22 26.38 25.65 24.30
C.oovri 23.05 23.35 23.42 22.89 21.99
Do 20.68 21.08 20.95 21.70 20.96
E.............. ... 27.80 28.22 28.26 28.06 27.91
F.oooo..... ... 21.64 22.88 22.05 21.64 21.02
G, 27.20 27.08 27.25 26.22 24.29
H................. 24 .38 25.18 25.35 24.18 22.00
Jo 25.26 25.47 25.63 25.22 24 .44
K................. 22 .43 22.57 22.69 21.87 20.36
L.o................ 23.66 23.84 24.08 23.41 22,24

which the water issues is about 7 feet thick and extends only a short
distance northward beneath the sand hills, where it is overlain by
water-bearing terrace deposits. Water from the terrace deposits
enters the limestone through fractures and solution openings and
after traveling a short distance through the limestone (probably
less than a quarter of a mile) is discharged at the spring. The re-
lation between the terrace deposits and the spring is well shown by
cross section E—E’ on Plate 1.

The flow of Sand Springs is reported to fluctuate with the rainfall
and ranges from less than 900 gallons a minute during periods of
deficient rainfall to about 1,200 gallons a minute during periods of
excessive rainfall. The water, although somewhat hard, is of unusu-
ally good quality as compared with the waters from alluvium in
this area. An analysis (No. 73) of a sample of water from Sand
Springs is given in Table 9.

WELLS IN ALLUVIUM

Most water supplies in the area studied are obtained from wells
in the Quaternary alluvium that fills the valleys. Records of 97
wells in the Smoky Hill Valley area that derive water from these
alluvial deposits for domestic, stock, public-supply, industrial, and
irrigation use were obtained. Descriptions of these wells are given
in Table 15 and their locations are shown on Plate 1.
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CONSTRUCTION OF WELLS

The most common type of domestic and stock well in this area is
constructed of 114-inch or 2V4-inch galvanized-iron pipe on the
lower end of which is a screened drive point (sometimes called “sand
point”). These are generally put down by first augering a hole to
water-bearing sand or gravel, using a hand augur, then placing the
pipe with the drive point in the hole and driving it several feet into
the water-bearing material. In some cases, especially for the deeper
wells, the hole is drilled to the desired depth, then the pipe and
screened point are placed in it. In this type of well the small-di-
ameter pipe acts both as a discharge pipe and a casing. Some of
the stock and domestic wells are drilled wells that have separate
galvanized-iron or steel casings, which range from 5 to 10 inches in
diameter. The depths of 54 domestic and stock wells on which in-
formation was obtained range from 14 to 84 feet. Of these wells, 10
are less than 30 feet deep, 34 are between 30 and 50 feet deep, and
9 are between 50 and 84 feet deep. Most of these wells are equipped
with cylinder pumps operated by windmill or hand, or by both.
Five of the wells are equipped with electrically operated cylinder
pumps and one has a small gasoline engine.

All the public-supply, industrial, and irrigation wells are drilled
wells and most of them penetrate the entire thickness of alluvium.
The depths of 43 wells of this type for which records were obtained
range from 38 to 86 feet. Of these wells, 7 are between 38 and 50
feet deep, 8 are between 50 and 60 feet deep, 16 are between 60 and
70 feet deep, and 11 are between 70 and 86 feet deep. The diameters
of these wells range from 6 to 26 inches, but about two-thirds of
them are 16, 18, 24, or 26 inches in diameter. Steel or concrete
casings are most common, although a few wells have iron casings.
Thirty-five of the 43 wells, including all the wells drilled in recent
years, are gravel packed. All but one of the public-supply, indus-
trial, and irrigation wells are equipped with turbine pumps, and of
these, 37 are powered by electric motors, 4 by stationary gasoline
engines, and 1 by a tractor. Well 40 at Chapman is equipped with
a plunger pump and gasoline engine.

Although most of the public-supply, industrial, and irrigation
wells are single wells, Nos. 40 and 57 are battery-well units consist-
ing of three and four wells, respectively, each group connected to a
single pump. Well 57 was abandoned in 1943 and well 40 is oper-
ated only during periods of emergency.
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YIELDS OF WELLS

The yields of wells in the Smoky Hill Valley area vary widely.
Important factors that determine the yield of a well are the con-
struction, the diameter of the well casing, the type of casing and
perforations, the development and finishing of the well—whether
gravel-packed or not—the age of the well, and the character and
thickness of the water-bearing material. The quality of water may
also be an important factor, for water that readily forms incrusta-
tions may eventually fill the perforations in the well casing, thus
causing a decrease in the yield of the well. The water-bearing
sands and gravels in the alluvial deposits of Smoky Hill, Kansas,
Republican, Solomon, Saline, and Mulberry Valleys in this area are
in most places highly permeable and sufficiently thick to furnish
moderate to large quantities of water to properly constructed wells.
In the smaller tributary valleys the alluvial deposits are thinner
and consist mostly of fine material having low permeability. There-
fore, wells in these areas can be expected to have relatively low
yields.

Farm wells that supply water for domestic and stock purposes
generally yield only a few gallons a minute and are pumped only
when the water is needed. Public-supply, industrial, and irrigation
water is derived from wells that are constructed to yield larger
quantities of water. The reported operating yields of 39 wells of
this type ranged from 50 to 1,500 gallons a minute. Of these wells,
6 yielded less than 250 gallons a minute, 5 between 250 and 500
gallons a minute, 12 between 500 and 1,000 gallons a minute, and
16 between 1,000 and 1,500 gallons a minute.

Data on the measured yield and drawdown for 31 public-supply
and irrigation wells were obtained from the Layne-Western Com-
pany, Paulette and Wilson, Engineers (now Wilson and Company),
and the Division of Water Resources of the Kansas State Board of
Agriculture, and are given in Table 7. For most wells these measure-
ments were made during pumping tests conducted at the time the
wells were drilled. The measured yields of the wells tested ranged
from 50 gallons a minute to 1,700 gallons a minute and averaged
about 860 gallons a minute. The drawdowns ranged from 3 feet to
25.3 feet. Also given in Table 7 is the specific capacity for each
well. The specific capacity of a well is its rate of yield per unit of
drawdown and in this report it is given in gallons a minute per
foot of drawdown. The specific capacities for the 31 wells tested
ranged from 16.7 to 185.4 and averaged 81.5. Of the 31 wells, 6

47115
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had specific capacities of less than 50, 19 had specific capacities be-
tween 50 and 100, and 6 had specific capacities of more than 100.

UtiLizaTioN oF GrROUND WATER

During the course of the investigation information on 98 wells
and one spring in the Smoky Hill Valley area was obtained. Of
the 98 wells, 55 are domestic and stock wells, 35 are public-supply
wells, 7 are irrigation wells, and 1 is an industrial well. The prin-
cipal uses of ground water in this area are described below.

DOMESTIC AND STOCK SUPPLIES

Most of the farms in the Smoky Hill Valley area have one or
more small-diameter wells that supply water for domestic or stock
use. At some farms one well supplies water for both purposes, but
many have separate wells—one for domestic use near the house and
one for stock use near the barn or in a pasture. Domestic and stock
wells generally do not extend through the entire thickness of allu-
vium but penetrate only a few feet into the water-bearing sand and
gravel. Although the chief reason for this is the lower construction
cost, in some areas, especially in the vicinity of Solomon, it is be-
cause the deeper waters are harder and more highly mineralized
than the shallow waters. ‘

No attempt was made to obtain information on all domestic and
stock wells in this area. The 55 wells of this type for which records
were obtained represent only a small percentage of the total number
of such wells. These wells were visited primarily to collect samples
of water for chemical analyses. The water in the Smoky Hill
Valley area is hard, but generally is satisfactory for domestic and
stock use. In the Solomon area some of the ground waters contain
undesirable quantities of chloride or sulfate and in other places the
ground waters locally contain undesirable amounts of iron (see
chemical character of ground water).

PUBLIC SUPPLIES

The cities of Milford, Junction City, Chapman, Enterprise, Solo-
mon, Salina, and Assaria have public water systems supplied by
ground water pumped from wells, and Abilene has a public water
system supplied by ground water from a spring. Smaller communi-
ties in the Smoky Hill Valley area are supplied from private wells,
each family having a well of its own. In addition to the cities, each
of the following military centers have public water systems: Fort
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TaeLe 7—Yield, drawdown, and specific capacity of 31 public-supply and irri-
gation wells in the Smoky Hill Valley areal

Specific
capacity,
Wetl)l Discharge,| Draw- gallong
mgln Ier LocaTtion gallons a | down, | a minute
T (bl o1 ’5) minute? feet per foot
able of draw-
down
14 Republican Valley, Geary Co. .. .. 980 25.3 38.7
15 0ttt 1,000 18 55.5
18 do.. o 1,000 11.5 86.9
19 do .o 1,025 16.7 61.4
21 do....ooiii 500 8 62.5
22 do... i 500 6 83.3
23 do.......... ... 500 5 100
24 do......... 1,700 15.7 108.2
25 Kansas Valley, Geary Co......... 1,000 6 166.7
26 o O 1,020 6.2 164.5
27 do......... ... 1,020 7.2 141.7
28 o T PN 1,020 5.5 185.4
41 Smoky Hill Valley, Dickinson Co. 200 8 25
56 do.. . oie 305 17.5 17.6
60 do....... 1,360 16.02 85
91 do...ovvii 50 3 16.7
92 do........ .. 50 3 16.7
127 Smoky Hill Valley, Saline Co. . ... 1,500 19 78.9
168 Ot e 1,090 11 99.1
169 do....... ... ... 850 16.9 50.4
170 do............. 1,020 11.7 87.1
171 do.. ..o 900 14.5 62
172 do......o 1,120 10 112
173 do........................ .. 1,040 13.5 77
174 do........ 1,090 20 54.5
175 do............ . 1,040 13.5 77
200 do........... 750 7.5 100
201 do....... 776 9.5 81.7
202 do............ ...l 781 8.8 88.8
203 do...oo 830 8.3 100
204 do........ 750 16.9 44.4

1. Well 60 tested by Division_of Water Resources, Kansas State Board of Agriculture;
wells 91 and 92 by Paulette and Wilson, Engineers; all others by the Layne-Western Com-
pany.

2. Average rate of discharge during test.

Riley, the Cavalry Replacement Training Center near Fort Riley,
Camp Funston, and Camp Phillips. The Smoky Hill Army Air
Base receives its water from the Camp Phillips system. Descrip-
tions of the public water supplies follow. «
M:lford —Milford (population 258) is supplied by one well (No.
1 in Table 15) situated at the southwest edge of town that taps allu-
vium in Republican Valley. The well is 88 feet deep and 18 inches
in diameter, and is gravel-packed. It has a reported yield of 150
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gallons a minute. Water is pumped from the well directly into the
mains, the excess water going to a 50,000-gallon elevated steel stor-
age tank located on a high bluff in the northeast part of town. The
average daily consumption of water at Milford is reported to be
about 15,000 gallons. The water is hard, but otherwise it is of good
quality and is not treated (see analysis 1, Table 9).

Junction City—Junction City (population 9,524) is supplied by
four wells (16-19) located on the south side of Republican River at
the north edge of town that tap alluvium in the Republican Valley
(see logs 18 and 19). Wells 16 and 17 are, respectively, 67 and 54
feet deep and pump 400 and 500 gallons a minute. The diameter
and type of casing in these wells are not known. Wells 18 and 19
are, respectively, 54 and 52 feet deep, pump 700 and 850 gallons a '
minute, and are cased with 19-inch concrete casing. Both are
gravel-packed. These two wells (city wells 4 and 5) furnish most of
the supply and are pumped directly into the city mains, the excess
water going to two steel storage tanks on a high bluff at the southwest
edge of town. Wells 16 and 17 (city wells 2 and 3) are used only in
emergencies. Water is pumped from these wells to a small sunken
reservoir nearby and from there to the two tanks at the southwest
edge of town. The total storage capacity of the three reservoirs is
about 250,000 gallons.

The monthly consumption of water at Junction City for the 5-
year period from January 1938 to December 1942 ranged from
20,772,000 to 58,934,000 gallons and averaged 30,750,000 gallons.
Approximately 95 percent of the water consumed is used by the in-
habitants and 5 percent is furnished to manufacturing plants and
the railroad. An analysis (19) of a sample of water from well 19 is
given in Table 9. The water is moderately hard and, except for
being disinfected by chlorine, is not treated.

Fort Riley Military Reservation—The Cavalry Replacement
Training Center, Fort Riley, and Camp Funston on the Fort Riley
Military Reservation, each have a separate water-supply system.,

The Cavalry Replacement Training Center obtains its water from
two gravel-packed wells (14 and 15) that tap alluvium in Republi-
can Valley 1.75 miles north of Junction City (see logs 14 and 15).
These wells are 26 inches in diameter and are 81 and 74 feet deep,
respectively. Each well has a reported yield of 1,200 gallons a
minute. The water is reported to be moderately hard and is treated
with chlorine and sodium hexametaphosphate (Calgon).
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Fort Riley is supplied by four gravel-packed wells (21-24) on the
northeast side of Republican River about 0.75 mile above its con-
fluence with Smoky Hill River. The wells are 66 to 70 feet deep
and derive water from alluvium (see logs 21-24). Wells 21-23 were
drilled in 1928 and have 18-inch concrete casings. Well 24 was
drilled in 1937 and has a 26-inch steel casing. The wells are only
300 to 500 feet apart, and because of the close spacing there is in-
terference between wells, which decreases the yield of each well
when the others are pumping. The yields of the wells range from
200 to 1,100 gallons a minute when all wells are pumping, the ag-
gregate yield being about 2,800 gallons a mintue. The yields are
somewhat greater when the wells are pumped individually. Ac-
cording to partial analyses furnished by Army engineers, the waters
from the four wells at Fort Riley contain 0.5 to 8.4 parts per million
of iron and have hardnesses of 283 to 481 parts.

Four gravel-packed wells (25-28) were constructed during the
winter of 1940-41 in Kansas Valley about 6 miles below Junction
City to supply water to€amp Funston. Logs (25-28) of these wells
are given at the back of this report. The wells are 61 to 64 feet
deep and 26 inches in diameter, and have steel casings. They are
reported to yield 1,200 gallons a minute each when pumped sepa-
rately. The water is reported to be hard and to contain undesirable
amounts of iron. Wells 27 and 28, nearest the river, are seldom used
because of the high iron content of the water.

Chapman—Chapman (population 873) obtains most of its water
supply from one gravel-packed well (41) in the western part of
town. This is an old railroad well that was reconstructed by the
city in 1939. It is 68 feet deep, is cased with 19-inch concrete cas-
ing, and taps alluvium in Smoky Hill Valley (see log 41). The
well is reported to yield 200 gallons a minute with a drawdown of
8 feet. The supply at Chapman was formerly derived from a pump-
ing unit constructed in 1912. This unit is situated at the west edge
of town and consists of three drilled wells (40) connected to one
plunger pump driven by a gasoline engine. These wells, which are
spaced about 15 feet apart, are 68 feet deep and are cased with 10-
inch.iron casing. They have a reported aggregate yield of 225 gal-
lons a minute. This well unit is kept in operating condition for
emergency use only.

Water is pumped from the wells directly into the mains, the ex-
cess water going to a 100,000-gallon concrete standpipe on a bluff
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at the northwest edge of town. The daily capacity of the system
is about 400,000 gallons, and the average daily consumption is about
70,000 gallons. The water is very hard, as shown by analyses 40 and
41 in Table 9. It is chlorinated but receives no other treatment.

Enterprise—Until recently Enterprise (population 706) was sup-
plied by four wells (57) about 250 feet north of Smoky Hill River
north of town. The wells, which are spaced 25 feet apart at the
corners of a square, are 38 feet deep and 8 inches in diameter, and
have iron casings. They are connnected to one turbine pump hav-
ing a capacity of 500 gallons a minute. Decrease in the aggregate
yield of these wells caused by packing of fine sand around the cas-
ings or by incrustation of the well casings resulted in their being
abandoned in 1943, and a new well was drilled. The new well (56)
is about 75 feet west of the old wells, is 41.5 feet: deep, has 19-inch
concrete casing, and is gravel-packed (see log 56). During a pump-
ing test conducted at the time the well was constructed it had a
yield of 305 gallons a minute with a drawdown of 17.5 feet after
pumping 8 hours. The capacity of this well is reported to have
declined considerably since it was drilled.

Water is pumped directly from the well into the distribution
mains, the excess water going to a 800,000-gallon elevated steel
storage tank near the center of town. Figures on the consumption
of water at Enterprise are not available. The water is very hard,
as indicated by analysis 56 in Table 9, but otherwise it is of good
chemical quality and is not treated.

Abilene.—Abilene (population 5,539) obtains its water supply
from Sand Springs (73), located on the north bank of Smoky Hill
River 2.5 miles west of town. A detailed description of the spring is
given on pages 46-47. The reported capacity of the spring ranges from
900 gallons a minute during prolonged dry periods to 1,200 gallons
a minute during periods having normal or excessive precipitation.
Three plunger pumps at the spring pump the water through a 12-
inch pipe line to two elevated steel storage tanks at the west edge of
Abilene. The total storage capacity of the two tanks is 750,000
gallons. Distribution to the consumers is by gravity. The monthly
consumption of water at Abilene ranges from 17,000,000 to about
33,000,000 gallons and averages about 21,000,000 gallons, of which
about 2,400,000 gallons is supplied to railroads. The water is mod-
erately hard, as indicated by analysis 73 in Table 9, but otherwise -
it is of excellent chemical quality and, except for intermittent chlori-
nation, it is not treated.
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Abilene plans to supplement its present water supply by con-
structing one or more wells in the sand hills area north of the spring.

Solomon.—The water supply at Solomon (population 811) was
formerly obtained from two wells that tapped alluvium of Smoky
Hill Valley in the southeastern part of town. These wells, drilled
in 1930 and 1931, were 46 and 49.5 feet deep and were reported to
yield about 200 gallons a minute each, with relatively small draw-
downs. The water was hard, but otherwise it was of satisfactory
quality. During the next 10 years the water gradually increased
in mineral content and by 1941 had become too salty for public
supply use. From 1931 to 1941 the chloride content of the water
increased from 50 to 1,690 parts per million, the sodium content
increased from 41 to 758 parts per million, and the hardness in-
creased from 323 to 1,474 parts per million (Table 8). The old wells
were abandoned and new wells were drilled early in 1942.

Solomon is now supplied by two wells (91 and 92), which derive
water from alluvium (see log 92) and which are situated near the
edge of the sand hills at the east edge of town. Wells 91 and 92 are
gravel-packed, have 6-inch iron casings, and are 50.5 and 44.8 feet
deep, respectively. Each well is reported to yield 50 gallons a min-
ute with a drawdown of 3 feet. The water is moderately hard and
has a low chloride content {analysis 91, Table 9). Water is pumped
from the wells directly into the mains, the excess water going to a
40,000-gallon elevated steel storage tank on a bluff in the northern
part of town. The average daily consumption of water at Solomon
is reported to be about 30,000 gallons.

Salina—Salina (population 24,001) has had a public water sup-
ply since 1883. The original system was constructed by a private
company which operated it until 1926, when it was purchased by
the city. Although the type of well construction has changed, the
general location of the wells and the source of supply has been the
same since the first supply was developed. The original supply was
derived from one dug well 27 feet in diameter that extended about
15 feet below the water table. Fifty sand points, 1.5 inches in di-
ameter, were driven in the bottom of the dug well and derived water
from sand and gravel at the base of the alluvium. This system of
wells furnished the supply until 1898, when the well points became
clogged and it was necessary to construct new wells. The new sys-
tem consisted of 12 sand points located along the bank of Smoky
Hill River. They were connected to a common suction line, laid
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TasLE 8 —Changes in the total hardness and the content of chloride and sodium
wn waters from the old city wells at Solomon, Kansas, from 1931 to 1941

(Analyzed by the Division of Sanitation, Kansas State Board of Health.
Constituents given in parts per million)

. . Total
DaTe Source Ch(léﬁde S(()l%lu)m hardness
a as CaCOs
April 29, 1931........... South well...... 50 41 323
April 15,1932........... do...... 56 54 302
May 10, 1933........... do...... 51 25 296
May 16,1934........... do.......... 61 69 315
May 9,1935............ do.......... 72 58 343
May 7,1036............ do.......... 88 69 330
April 13,1937........... do.......... 94 71 370
April 13,1938........... do.......... 100 79 414
May 8,1939............ Park tap....... 139 112 423
May 6, 1940, .. .. ... .. .. do.......... 206 124 561
January 20, 1941...... .. North well...... 450 |
January 20, 1941........ South well...... 855 ..o
March 26, 1941......... South well...... 1,690 758 1,474

about 15 feet below the ground surface, that led to steam pumps
in the pump house. This supply was later supplemented by drilling
four wells, 6 inches in diameter, in the bottom of the original dug
well. This arrangement supplied the needs of the city for the next
15 years, during which time clogging of the sand points caused a
great deal of trouble and finally reduced the capacity of the wells
below the requirements of the city.

In 1913, 12 gravel-packed wells spaced at intervals of about 70
feet were constructed south and west of the present pumping sta-
tion. These first gravel-packed wells were 6 inches in diameter and
the gravel wall surrounding the well screen was only 3 inches thick.
The 12 wells were connected directly to the steam pumps by a
common suction line and, for this reason, certain operating difficul-
ties were encountered when the water levels in the wells were
lowered. Beginning in 1916 high-capacity wells equipped with in-
dividual pumps were constructed to replace the other wells. The
first two wells of this type were drilled in 1916 and a third in 1919.
These three wells have since been abandoned and replaced with
newer wells of the same type.

The present supply at Salina is obtained from eight gravel-
packed wells (168-175) located on both sides of Smoky Hill River
south, southeast, and east of the pumping station in the east-
central part of the city. The wells are 70 to 85 feet deep, have
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24-inch steel or concrete casings, and tap alluvium (see logs
168-170). They are equipped with electrically driven turbine
pumps. The yields of the wells range from 850 to 1,120 gallons a
minute and average 1,000 gallons a minute. Water is pumped from
the wells into two underground reservoirs at the pumping station,
having capacities of 825,000 and 1,000,000 gallons, respectively.
From here the water is pumped into the mains by five high-service
centrifugal pumps having a total capacity of 15,000 gallons a min-
ute, the excess water going to two elevated steel storage tanks—
one in the north-central part of town, holding 1,000,000 gallons,
and one in the eastern part of town, holding 265,000 gallons.

The monthly consumptlon of water at Salina for the 4-year period
from 1939 through 1942 ranged from 41,940,000 to 177,345,000 gal-
lons and averaged 77,400,000 gallons. Analyses (Nos. 168, 171-175,
Table 9) of samples of water from five of the eight wells show that
they are hard calcium bicarbonate waters. The five samples con-
tained 649 to 836 parts per million of dissolved solids and ranged in
hardness from 854 to 402 parts per million. The samples of water
from wells 168 and 171 near the river contained 2.5 and 0.85 parts
per million of iron, respectively, whereas those collected from wells
back from the river contained 0.1 part or less. The water is not
treated.

Camp Phillips and Smoky Hill Army Air Base—Camp Phillips
and the Smoky Hill Army Air Base are supplied by five gravel-
packed drilled wells (200-204) that are situated in Smoky Hill Val-
ley about 3 miles south of Salina and derive water from alluvium
(see logs 200-204). Wells 201-204 were drilled in 1942 and well 200
(Pl 6A) was drilled in 1943. They are 48 to 61.5 feet deep and 19
inches in diameter, have concrete casings, and yield 750 to 830 gal-
lons a minute each. An average of 66,000,000 gallons a month was
pumped from these wells during 1943 and 1944. The waters from
all five wells are hard, and the waters from wells 203 and 204, which
are nearest the river, are reported to contain excessive amounts of
iron. The water is treated with chlorine and sodium hexametaphos-
phate (Calgon).

Assaria.—Assaria (population 211) obtains its water supply from
one drilled well (227) situated in town, which derives water from
sand and gravel in the alluvium of Smoky Hill Valley. The well is
86 feet deep and 10 inches in diameter, and is equipped with an
electrically driven turbine pump. During a pumping test conducted
when the well was drilled in 1937, it discharged 400 to 600, gallons
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a minute, but it is now operated at only 100 gallons a minute. The
water is pumped from the well into a concrete standpipe holding
90,000 gallons, and from there it enters the distribution mains by
gravity.

The average daily consumption of water at Assaria is about
30,000 gallons, all of which is used by the inhabitants. The water
is hard and contains an excessive amount of iron, as indicated by
analysis 227 in Table 9, but it is not treated.

IRRIGATION SUPPLIES

The use of ground water for irrigation has not been extensive in
the Smoky Hill Valley area. In 1943 there were only seven irriga-
tion wells in this area which supplied water to less than 400 acres of
land. Five of these wells (53, 58-60, and 63) are in Dickinson
County within 5 miles of Abilene and two (127 and 160) are in
Saline County near Salina (Pl. 1). In 1940 an irrigation well was
drilled about 38 miles south-southeast of Solomon, in the NW14 sec.
32, T. 13 8., R. 1 E. This well reportedly encountered a “hard
layer” at a depth of 30 feet, below which was good water-bearing
sand and gravel. The water was unsatisfactory for irrigation use,
however, because of the high concentration of chloride, and the well
was abandoned. A detailed discussion of the chemcial character of
the ground water in the Solomon area is given elsewhere in this
report.

Records of existing irrigation wells are given in Table 15, and they
are described in more detail in the following paragraphs. All the
irrigation wells are gravel packed and derive water from sand and
gravel in alluvium.

Abilene area.—Five irrigation wells are located in Smoky Hill Val-
ley between Abilene and Enterprise. Well 53, belonging to the En-
terprise Academy, is about 0.5 mile north of Enterprise. It was
drilled in 1934, is 43 feet deep and 18 inches in diameter, and is
equipped with a gasoline-powered turbine pump. The measured
depth to water level in this well on August 11, 1943, was 15.91
feet below ground surface. The yield is not known, but it is reported
to irrigate 35 acres. An objectionable amount of fine sand entering
the well has resulted in considerable operating difficulty and has
caused the ground to cave in around the well casing.

In 1939, a well (63) was drilled 0.75 mile south of Abilene by the
U. S. Department of Agriculture to irrigate trees in a shelter belt.
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This well is now being used occasionally to irrigate about 80 acres
of crops. It is 70 feet deep and 18 inches in diameter, and is
equipped wth a turbine pump operated by a tractor. The measured
depth to water level on August 12, 1943, was 19.32 feet below
ground surface. The yield of the well is not known.

Three irrigation wells (58-60) were drilled in the area between
Abilene and Enterprise in 1940. Well 58, which is owned by T. L.
Welch, is in the SW14 SW1j sec. 7, T. 13 S., R. 3 E,, is 86 feet deep
and 18 inches in diameter, and is eqmpped w1th a gasoline-
powered turbine pump. The water level in this well is reported to
be 28 feet below land surface. Well 58 is reported to have yielded
1,500 gallons a minute with a drawdown of 10 feet during a pump-
ing test conducted at the time the well was drilled. Its operating
yield in 1943 was reported to be between 1,000 and 1,200 gallons a
minute.

Well 59, of C. W. Whitehair, is in the NW1; NW1; sec. 13,
T. 13 8, R. 2 E, about 2 miles east of Abilene. It is 42 feet, deep
and 18 inches in diameter, and is equipped with an electrically
driven turbine pump. The well is reported to yield 350 gallons a
minute and supplies water to about 40 acres of land.

Well 60 (Pl. 6B), belonging to H. H. Hoffman, is about a mile
south of the Whitehair well in the NW14 NW1j sec. 24, T. 13 S,
R.2 E. Tt is 63 feet deep and 18 inches in diameter, and is equipped
with a turbine pump and stationary gasoline engine. Water-
bearing sand and gravel was penetrated in the well at a depth of
23 to 60 feet and shale was encountered at 63 feet. The water level
on October 13, 1943, was 23.22 feet below land surface. During a
pumping test conducted in 1943 by K. D. McCall of the Division of
Water Resources, Kansas State Board of Agriculture, the well
yielded 1,360 gallons a minute with a drawdown of 16.02 feet after
pumping 3 hours.

Salina area—Wells 127 and 160 near Salina supply water for
irrigation use. Well 127, of M. A. Hensley, is in the SW1; NW14
sec. 31, T. 13 8, R. 2 W, about 2 miles northeast of Salina. It is
70 feet deep and 24 inches in diameter, and is equipped with a
turbine pump and gasoline engine. The water level in the well is
reported to be 25 feet below land surface. According to the owner,
it yields 1,500 gallons a minute with a drawdown of 19 feet. About
40 acres of crops is irrigated with water from well 127.

Well 160 is in the SW14 NW1/ sec. 8, T. 14 S., R. 2 W., about 1
mile east of Salina. It is 54 feet deep and 24 inches in diameter,
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and the water level is about 28 feet below land surface. Equipped
with an electrically driven turbine pump, the well is reported to
yield 800 to 1,000 gallons a minute. Crops on 57 acres of land are
irrigated with water from well 160,

INDUSTRIAL SUPPLIES

Most industrial water in this area is obtained from the public
water systems. The Banfield Brothers Packing Company well
(163) at Salina is the only industrial well for which a record was
obtained. This well is 84 feet deep and 10 inches in diameter, and
is equipped with a turbine pump and electric motor. It is reported
to yield 65 gallons a minute and is pumped continuously. The
water, which is reported to be very hard, is used in the process-
ing of meat. Water purchased from the City of Salina is also used
at the packing plant.

Moderate to large quantities of water are available for industrial -
use in most parts of the Smoky Hill Valley area, but the poor qual-
ity of the ground waters in some areas makes it unsuited for many
industrial uses. The chemical character of the ground water is
discussed in the following section.

CHEMICAT, CHARACTER oF GROUND WATER

The chemical character of the ground water in the Smoky Hill
Valley area is shown by the analyses of 63 representative samples
of the water given in Table 9. Of these, 61 samples were taken
from wells in alluvium, one from a well (70) in the terrace deposits
west of Abilene, and one from spring 73, which derives its water
indirectly from the terrace deposits. Of the 61 samples collected
from wells in alluvium, 41 are from wells in Smoky Hill Valley and
20 are from wells in valleys tributary to the Smoky Hill, including
five each from Saline, Solomon, and Republican Valleys, two from
Mulberry Valley, and one each from the valleys of Dry Creek,
Clarke Creek, and an unnamed tributary south of Solomon. Figure
8 shows graphically the chemical character of typical waters from
the alluvium in the major valleys by areas. Table 10 gives the
chloride content of 29 additional samples of water collected from
wells and test holes in alluvium. Of these, 14 samples were taken
from test holes in Smoky Hill Valley between Abilene and Salina,
7 from test holes in Solomon Valley, 1 from a test hole in the
valley of Gypsum Creek, and 7 from wells in Saline Valley.
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TasLe 10—Chloride content of water from wells and test holes in the Smoky
Hil Valley area in Saline and Dickinson Counties, Kansas

Analyzed by H. A. Stoltenberg

No. Chloride
on. . Date of | Temper-| (CI)
Plate LocaTion Depth, |Source Valley collection, | ature (parts
1 feet (1) 1944 (°F.) per

million)
Dickingon COUNTY
T.138.,R. 2 E.
64 | SE cor. SW see. 20....! 53-58 | TH | Smoky Hill...| Mar. 13 |........ 19
T.138..R. 1 E.
75 | SE SW NE sec. 26....| 42-47 | TH do. Feb. 24 |........ 32
78 | NW NE SE sec. 35....| 62-67 | TH do. Feb. 25 |........ 4,950 ,
80 | SE SW SE sec. 35..... 62-67 | TH do. do. f........ 1,940
82 | NW cor. SWsec. 35...| 61-66 | TH do. Feb, 26 |[........ 4,750
83 | SWcor. NWsec.34...| 62-67 | TH do. do. |........ 8,400
84 | SE cor. NE NE sec, 32| 55-60 | TH do. Feb. 27 |........ 5,475
88 | NW SWsee. 21....... 38-43 [ TH do. Feb. 23 (........ 9
SaLine CouNTy
T.148,R.1W.
96 | NW NE NW sec. 15...| 43-48 | TH | Gypsum Creek| Mar. 11 |........ 12
T.138.,R.1 W.
97 | NE cor. sec. 33........ 54-59 | TH | Smoky Hill. .. do. |........ 2,900
99 | SWcor.sec. 29........ 46-51 | TH do. Mar. 6 |........ 10,000
102 | SE SE NE sec. 19..... 55-60 | TH | Solomon...... Mar. 7 {........ 47,000
104 | SW SW NW gec. 16...] 52-57 | TH do. .. .
105 | NE NE NW sec. 16 52-57 | TH
106 | SE SE NE sec. 9.. 42-47 | TH
109 | NW SW SW sec. 4 47-62 | TH
112 { 8Weor.sec. 6.........| 47-52 | TH
T.188.,R.2 W,
113 | NE cor.sec. 2......... 42.5-47.5) TH
114 | SW cor. sec. 25........ 57-62 | TH
117 | SW cor. sec. 27........ 57-62 | TH
T.148.,R. 2 W.
120 | NE cor. sec. 4.........| 67-72 | TH do. do. f........ 54
122 | SEcor.sec. 4......... 55-60 | TH do. Mar. 3 |[........ 69
T.138.,R.3 W.
128 | SE SW sec. 34........ 20 D, 8| Saline........ May 24 58 35
131 | SW NWssec.35....... 80 D o May 25 58 27
133 | NE NW SW sec. 25...] 50 D do. May 24 60 50
136 | NW cor. NE sec. 25...| 35 D do do. 59 13
138 | Center sec. 24......... 40 S do do. 59 29
141 | SE SE SE sec. 28...... 84 D, S do. 0. 58 108
142 | NE NW sec. 27....... 50 D do May 25 859 230

1. D, domestic well; 8, stock well; TH, test hole.

All the samples of water from wells were collected by me except
those from public-supply wells, which were collected by the city
engineers or water superintendents. The samples from test holes
were collected by O. 8. Fent. The analyses, which were made by
Howard A. Stoltenberg in the Water and Sewage Laboratory of the
Kansas State Board of Health, show only the dissolved mineral
content of the water and do not in general indicate the sanitary
condition. The suitability of the waters for the common industrial
or commercial uses and for irrigation can be determined from the
analyses, but not their suitability for human consumption. The
constituents given were determined by the methods used by the
United States Geological Survey.
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CHEMICAL CONSTITUENTS IN RELATION TO USE

The following discussion of the chemical constituents of ground
water has been adopted in part from publications of the United
States Geological Survey.

The residue left after a natural water has evaporated consists of
rock materials, with which may be included some organic material
and some water of crystalization. Waters that contain less than
500 parts per million of dissolved solids ordinarily are suitable for
domestic purposes and for many industrial and commercial uses,
except for the difficulties resulting from their hardness and, in some
areas, excessive iron corrosiveness. Waters having more than 1,000
parts per million of dissolved solids are generally not satisfactory,
for they are likely to contain enough of certain constituents to pro-
duce a noticeable taste or to make the water unsuitable in some
other respects. According to these limits, the waters in the terrace
deposits west of Abilene are satisfactory for most ordinary uses,
but some of the waters from alluvium are unsatisfactory. Of the
61 samples collected from wells in alluvium, 16 contained between
290 and 500 parts per million of dissolved solids, 26 contained be-
tween 500 and 1,000 parts, 12 contained between 1,000 and 2,000
parts, and seven (79, 85, 94, 95, 100, 101, and 139) contained more
than 2,000 parts. The greatest concentration of dissolved solids—
6,848 parts per million-—was found in the water from well 101.

With respect to ordinary uses, the hardness of a water is important
and is the property that generally receives the most attention. A
hard water requires more soap to be used in laundering; it forms
scale in steam boilers, hot-water tanks, and other receptacles in
which water is heated; and it must be treated to make it suitable
for certain industrial uses. Water having a hardness of less than 50
parts per million is generally rated as soft, and its treatment for the
removal of hardness under ordinary circumstances is not necessary.
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 using large
quantities of soap. Waters in the upper part of this range of hard-
ness will cause considerable scale in steam boilers. Hardness above
150 parts per million ecan be noticed by anyone and if the hardness
is 200 or 300 parts per million it is common practice to soften the
water for household use or to install cisterns to collect soft rain
water. Where municipal water supplies are softened, an attempt
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is generally made to reduce the hardness to 60 or 80 parts per
million. The additional improvement from further softening of a
whole public supply is not deemed worth the increase in cost.

The ground waters in the Smoky Hill Valley area are hard to
very hard. Only two samples (70 and 73), both from the terrace
deposits west of Abilene, had less than 200 parts per million of
hardness. The 61 samples from alluvium ranged in hardness from
274 to 1,980 parts per million. Of these, 32 samples had between
274 and 500 parts per million of hardness, 19 had between 500 and
1,000 parts, and 10 had more than 1,000 parts. The areal distri-
bution of waters in the different ranges of hardness in this area is
shown in Figure 9.
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Fig. 9—Total hardness of ground waters in the Smoky Hill Valley area.

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. It is almost completely removed by boiling. In some
reports this type of hardness is called temporary hardness. The
noncarbonate hardness is due to the presence of sulfates or chlo-
rides of caleium and magnesium. 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 non-
carbonate hardness. In general, the noncarbonate hardness forms
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harder scale in steam boilers. The noncarbonate hardness was
greater than the carbonate hardness in only 17 of the samples an-
alyzed. The concentration of sulfate or chloride was exceptionally
high in each of these 17 samples.

Iron, which is dissolved from many rock materials and may be
dissolved from water pipes, is found in objectionable amounts in
many waters in this area. If a water contains much more than 0.1
part per million of iron, the excess may separate out and settle as
a reddish sediment. A water high in iron is not suited for use in
laundries or breweries or for making ice or carbonated beverages un-
less the excess iron is removed. In the manufacture of high-quality
papers and textiles, the upper limit of dissolved iron that can be
tolerated in the water is even less than 0.1 part per million. Iron,
which may be present in sufficient quantity to give a disagreeable
taste and to stain cooking utensils, can be removed from most waters
by simple aeration and filtration, but a few waters require the ad-
dition of lime or some other substance. Only 12 of the samples of
water analyzed contained 0.1 part per million or less of iron, 19
contained between 0.1 and 1 part, 25 contained between 1.1 and 5
parts, and 7 contained more than 5 parts. The sample from well
79 had the greatest concentration of iron—11 parts per million. The
areal distribution of iron in the ground waters of this area is shown
in Figure 10.
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In parts of the Smoky Hill Valley area, waters in alluvium con-
tain undesirable amounts of chloride. Chlorine combined as chlo-
ride is widely distributed in nature; it is an abundant constituent
of sea water and is dissolved in small quantities from many rock
materials. Chloride has little effect on the suitability of water for
ordinary use, unless enough is present to impart a salty taste and
render the water unpalatable. Waters high in chloride are not
suited for use in irrigation and may be corrosive if used in steam
boilers. Chlorides of calcium and magnesium contribute to the
hardness of a water in a manner similar to the sulfates and carbon-
ates of these elements. The removal of chloride from water sup-
plies is difficult and expensive, and is seldom done. The areal dis-
tribution of chloride in the ground waters of the Smoky Hill Valley
area is shown in Figure 11. Samples 70.and 73 from the terrace
deposits contained 8 and 13 parts per million of chloride, respec-
tively. Of 90 samples collected from alluvium, 48 samples contained
less than 50 parts per million of chloride, 64 contained less than
150 parts, and 12 contained more than 1,000 parts (Table 11). All
the samples that had exceptionally high concentrations of chloride
were collect‘ed from wells and test holes in the Solomon area.

TasLe 11—Range in chloride content of water samples from wells and test
holes in alluvium in the Smoky Hill Valley area

Chloride Number Chloride Number
(parts per million) of samples (parts per million) of samples

Lessthan 50............ 48 751- 1,000......... 1
50150, . ..o 16 1,001~ 5,000, ........ 7
151-250. .. ...t 6 5,001-10,000......... 3
251-500.. .00 6 More than 10,000. .. .. 2

501-750........... ... - 1 —
Total. ........... 90

Reference has been made previously to the high sulfate content
of some of the water samples from alluvium in this area. Sulfate
in ground water in large quantities is generally derived from gyp-
sum and from deposits of sodium sulfate. The areal distribution
of sulfate in ground waters in the Smoky Hill Valley area is shown
in Figure 12. The sulfate in samples of water collected ranged
from 13 parts per million in the sample from well 2 to 1,320 parts
in the sample from well 85. Samples from alluvium in the Solomon
area had the greatest concentration of sulfate. Gypsum in the
Wellington formation (Permian), which forms the uplands and un-
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derlies the alluvium in the Solomon area, is undoubtedly the source
of most.of the sulfate.

The amount of fluoride in waters that are to be used by children
is important. It has been stated that waters containing 1.5 parts
per million, or more, of fluoride are likely to produce mottled enamel
on the teeth of children who drink the water during the formation
of the permanent teeth. Smaller quantities of fluoride are thought
to inhibit tooth decay. The analyses given in Table 9 show that
ground water in this area is low in fluoride content. All the samples
analyzed had 0.6 part per million or less of fluoride.

The suitability of water for use in irrigation is commonly believed
to depend mainly on the total quantity of soluble salts and the
ratio of the quantity of sodium to the total quantity of sodium,
calcium, and magnesium. The quantity of chloride may be large
enough to affect the use of the water, and in some areas other con-
stituents, 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)
suggests that if the total concentration of dissolved salts is less
than 700 parts per million there is not much probability of harmful
effects in irrigation use, but if it exceeds 2,100 parts per million
there is a strong probability of damage to either the crops or the
land, or both. Water containing less than 50 percent sodium (the
percentage being caculated as 100 times the ratio of 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 dependent on the nature of
the land and the crops, on the manner of use, and on the drainage
that no hard and fast limits can be adopted.

The analyses in Table 9 indicate that the ground waters in parts of
this area are unsatisfactory for use in irrigation. The waters from
30 of the wells sampled contained more than 700 parts per million
of dissolved solids, and the waters from seven wells (79, 85, 94, 95,
100, 101, and 139) contained more than 2,100 parts per million. The
dissolved solids in these seven wells ranged from 2,150 to 6,848 parts
per million. All but three of the samples contained less than 50
percent sodium (including potassium) ; these three (wells 94, 95, and
101) contained more than 60 percent. Of the samples analyzed for
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chloride, 27 samples contained more than 142 parts per million of
chloride and 16 samples contained more than 855 parts per million.
Fourteen of the 16 samples that contained more than 355 parts per
million of chloride were collected from wells and test holes in the
Solomon area, one was collected from a well (139) in Saline Valley
northwest of Salina, and one was collected from a well (210) in the
valley of Dry Creek, about a mile northeast of Smolan.

CHEMICAL CHARACTER OF GROUND WATER DESCRIBED BY AREAS

The discussion given in the preceding section indicates the wide
range in the amount of mineral matter in the samples from the
Smoky Hill Valley area. In places the ground waters are highly
mineralized, in other places the ground waters are only moderately
mineralized, and in still other places the ground waters are compara-
tively low in mineral content. For convenience of description, the
Smoky Hill Valley area has been divided into seven smaller areas.
The chemical character of the ground waters in each of these areas
is described on the following pages, and the average composition of
the samples collected from each area is given in Table 12. As only
a few samples were collected from some areas, the analyses given in
the table are possibly not representative of the waters in those par-
ticular areas. In general, however, the analyses are believed to be
representative of the waters from the areas to which they are
ascribed. The analyses of typical waters from five of the areas de-
scribed are shown graphically in Figure 8.

Junction City area—The Junction City area includes the valleys
of Smoky Hill, Republican, and Kansas Rivers in Geary County.
The analyses of nine samples of water from alluvium in this area
are given in Table 9, five of which were collected from wells (1-4, and
19) in Republican Valley and four from wells (30, 31, 36, and 38) in
Smoky Hill Valley. Analyses of waters from wells at the Cavalry
Replacement Training Center and Fort Riley in Republican Valley
and Camp Funston in Kansas Valley are given in Table 13. These
analyses were made at the Station Hospital, Camp Whitside, and
are of composite samples taken from each of the three well fields.
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TaBLE 13.—Analyses of composite samples of water from wells at the Fort Riley
Military Reservation 1

(Constituents given in parts per million)

Wells
14 and 15 ‘
at the Wells 21-24 | Wells 25-28
Numbers on Plate 1 Cavalry at at Camp
Replacement | Fort Riley Funston
Training
Center
Total solids....................... 450 469 875
Iron............. ... L. .08 62 1
Caleium.......................... 87 98 92
Magnesium. ...................... 27 33 12
Silica...................... L. 13 13 13
Bicarbonate alkalinity as CaCOs..... 208 240 252
Sulfate. ............covviii ... 80 84 180
Chloride.......................... 18 25 99
Total hardness. . .................. 340 360 279
Total alkalinity.................... 285 300 392

1. Analyzed at Station Hospital, Camp Whitside, March, 1943. Analyses furnished by
Mr. Eglelston, water superintendent, Fort Riley Military Reservation.

All the samples from wells in the Junction City area were hard
caleium bicarbonate waters in which the hardness ranged from 279
to 756 parts per million. The hardest waters were taken from wells
in Smoky Hill Valley. The five samples (1-4, and 19) from Repub-
lican Valley had 290 to 402 parts per million of hardness, whereas
the four samples (30, 31, 36, and 38) from Smoky Hill Valley had
388 to 756 parts of hardness. A composite sample from the four
wells (25-28) at Camp Funston in Kansas River Valley had 279
parts per million of hardness (Table 13).

The chloride content of most of the waters from the Junction City
area was relatively low (Fig. 11). The largest concentration of
chloride—268 parts per million—was found in the water from well
31, which is a farm well in Smoky Hill Valley south of Junction City.

Five of the samples (analyses 1, 2,19, 25, and 38) contained more
than 1 part per million of iron. Water from well 88 had 9.1 parts
per million of iron—the largest concentration of iron found in the
Junction City area. Of the four wells (25-28) at Camp Funston,
those (wells 27 and 28) nearest the river are reported to yield waters
having undesirable amounts of iron. For this reason, wells 27 and
28 are used only when wells 25 and 26 are unable to supply the
demand.
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Abilene-Chapman area—Waters from 10 wells (39, 40, 41, 45,
46, 47, 56, 57, 61, and 62) that tap alluvium in Smoky Hill Valley be-
tween Abilene and the Dickinson-Geary County line, the area which
is here referred to as the Abilene-Chapman area, were analyzed.
Most of the waters in this area are hard calcium bicarbonate waters
similar in chemical character o those in the Junction City area.
The hardness of the samples analyzed ranged from 348 to 622 parts
per million and averaged 491 parts. Calcium is the predominant
basic constituent in all the waters, and bicarbonate is the predomi-
nant acidic constituent in all but the waters from wells 40 and 41
at Chapman. Sulfate exceeds bicarbonate in the water from well
40 and is nearly equal to the bicarbonate in the water from well 41.

Chloride in 8 of the 10 samples amounted to less than 100 parts
per million, and in 6 samples it was less than 30 parts per million.
Samples from the city wells (56 and 57) at Enterprise contained
187 and 216 parts of chloride. The iron content of the samples
ranged from less than 0.1 to 7 parts per million. Four (45, 47, 61,
and 62) of the waters contained more than 1 part per million of
iron.

Sand hills area.—Ground waters in the terrace deposits that un-
derlie the dune sand in the area north of Smoky Hill Valley be-
tween Abilene and Solomon, although moderately hard, are the
least mineralized of any of the waters sampled in the entire Smoky
Hill Valley area. Samples 70 and 73, of waters from the terrace
deposits, contained 239 and 265 parts per million of dissolved
solids, had hardnesses of 168 and 184 parts, and 2.0 and .05 parts of
iron, respectively. In both of these samples, calcium and bicar-
bonate were the predominant basic and acidic constituents, re-
spectively. Analyses of samples 70 and 73 are shown graphically
in Figure 13. Sand Springs (73), which derives water indirectly
from the terrace deposits, is the source of the Abilene water supply.

Solomon area.—This area takes its name from the City of Sol-
omon in western Dickinson County, and includes Smoky Hill Valley
between Abilene and New Cambria and the lower part of Solomon
Valley. Analyses of 17 samples of water collected from wells in the
Solomon area are given in Table 9. In addition to these, Table 10
gives the chloride content of 19 samples taken from test holes.
Ground waters in the Solomon area differ greatly in content of
dissolved mineral matter.

Samples from wells 65, 87, and 91, in alluvium near the edge
of the sand hills between Abilene and Solomon, had the lowest
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concentrations of dissolved mineral matter of any of the samples
collected from alluvium in the entire Smoky Hill Valley area. Sam-
ples 65, 87, and 91 were calcium bicarbonate waters and con-
tained 335, 290, and 394 parts per million of dissolved solids and
had hardness of 292, 274, and 280 parts, respectively. The iron
and chloride concentrations were relatively low in all three sam-
ples. These samples doubtless represent waters of mixed origin—
waters of low mineralization from the terrace deposits mixed with
more highly mineralized waters from other parts of the alluvium.
Analyses of two samples from the terrace deposits, three samples
from alluvium back from the sand hills, and two samples of mixed
water from alluvium near the sand hills are shown graphically in

Figure 13.
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Frg. 13—Analyses of waters from six wells and one spring (73) illustrating
the mixing of slightly mineralized water from terrace deposits with more
highly mineralized water from alluvium. Numbers refer to wells and spring
described in text. Numbers 87 and 91 are mixed waters from alluvium near
the edge of the sand hills.

Waters from alluvium in other parts of the Solomon area are in
general of very poor quality, as indicated by the analyses of waters
from 13 wells (76, 79, 81, 86, 93, 94, 95, and 98 in Smoky Hill
Valley and 100, 101, 108, 110, and 111 in Solomon Valley). In
addition to these analyses, chloride determinations for 16 other
samples taken from test holes drilled in the Solomon area were
made. All test hole samples were taken from the base of
the alluvium. The distribution of the waters with respect to
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total hardness and their content of dissolved solids, chloride,
and sulfate is shown in Table 14. Although they differ in con-
tent of dissolved mineral matter, most of the waters are highly
mineralized. About two-thirds of the waters had more than
1,000 parts per million of dissolved solids. All the waters are
very hard, about 90 percent having a hardness of more than
400 parts per million and about 50 percent a hardness of more
than 1,000 parts. Although the waters in the Solomon area are
similar with respect to hardness, they differ greatly in composition.
The predominant basic and acidic constituents were, respectively,
calcium and bicarbonate in samples 76, 93, and 110; calcium and
sulfate in samples 79, 86, 100, 108, and 111; and sodium and chlo-
ride in samples 94, 95, and 101. In sample 81 calcium was the
predominant basic constituent and bicarbonate and sulfate, which
were present in about equal amounts, were the predominant acidic

TapLe 14—Number of samples according to ranges, in parts per million, of
dissolved solids, total hardness, sulfate, and chloride wn waters from wells
and test holes in alluvium in the Solomon area

- Number
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constituents. In sample 98 the concentrations of calcium and
sodium were about equal and bicarbonate was present in the great-
est concentration of the acidic constituents. The poor quality of
the waters in alluvium in the Solomon area probably is the result
of contamination by highly mineralized waters from the underlying
Wellington formation (Permian). Gypsum and salt, both of which
are easily dissolved in water, occur in the Wellington formation.
The gypsum is undoubtedly the source for the high sulfate con-
centrations found in some of the waters from alluvium in this area.
The sulfate content of nine waters was more than 300 parts per
million and four had more than 1,000 parts of sulfate. A sample
of water from well 85, which is in an unnamed tributary valley
south of Solomon that drains an area of gypsum-bearing rocks,
contained 1,320 parts per million of sulfate.

Of the 29 samples for which chloride determinations were made,
14 contained more than 500 parts per million of chloride, 12 con-
tained more than 2,000 parts, and 5 contained more than 5,000
parts. The distribution of chloride in the Solomon area is shown
in Figure 11. The greatest concentration of chloride—47 ,000 parts
per million—was found in the sample from test hole 102, which was
drilled in Solomon Valley near the tip of the divide that separates
Solomon Valley from Smoky Hill Valley (Pl 1). Samples from
test holes 104 and 105 and well 101, northeast of test hole 102, had
15, 100, 580, and 3,100 parts of chloride, respectively. Samples from
wells (100, 108, 110, and 111) and test holes (106, 107, 109, 112,
and 113) in other parts of Solomon Valley were relatively low in
chloride. Because of a higher specific gravity, waters high in chlo-
ride tend to concentrate in the lower part of the alluvium. In places
in the Solomon area shallow wells may yield waters low in chloride,
whereas deeper wells in the same vicinity may yield waters high in
chloride. Water from well 98, a shallow well east of New Cambria,
contained only 175 parts per million of chloride. Samples 97, 99,
and 114 from test holes that tapped the lower part of the alluvium
in the same area had 2,900, 10,000, and 780 parts of chloride. The
chloride content of waters from four shallow wells (76, 79, 81, and
86) in that part of Smoky Hill Valley south of the river between
Solomon and Abilene ranged from 23 to 278 parts per million. Of
six samples collected from the lower part of the alluvium in this
same area, one (75) contained 82 parts per million of chloride and
five (78, 80, 82, 83, and 84) contained from 1,940 to 8,400 parts
of chloride.
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The City of Solomon formerly obtained its water supply from
two wells in the southeastern part of town. These wells were aban-
doned in 1942, however, because the water had become excessively
salty. In an effort to determine the limits of the salty water, the
Division of Sanitation of the Kansas State Board of Health in 1940
collected samples from 22 private wells in Solomon and analyzed
them for chloride. Samples from wells in the northern and north-
eastern parts of town contained relatively small amounts of chlo-
ride. Waters low in chloride from terrace deposits to the north
probably migrate into the alluvium in these areas. Most of the
waters from wells in the southern and western parts of Solomon
were salty. Abandoned brine wells on the west side of Solomon
River about 1 mile west of Solomon, which were used about 40
years ago by a salt company, are believed by many residents of
Solomon to be the source of the salt water. The land on which the
salt company was located is now farmed and there remains no evi-
dence of the factory or the wells. The distribution of waters high
in chloride, as shown in Figure 11, indicates that the occurrence of
salty water in the Solomon area is a natural condition and cannot
be attributed to the abandoned brine wells. Furthermore, the brine
wells were drilled here because of the occurrence of a salt-water
spring west of Solomon (Bailey, 1902, p. 72). The exact location
of the salt-water spring is not known, but residents of Solomon re-
port that it was in the bank of Solomon River near the site of the
brine wells.

Most of the samples from the Solomon area, other than those
from wells near the sand hills, contained excessive iron. Of the 13
samples analyzed, only one (95) had less than 0.1 part per million
of iron, three (76, 98, and 108) had between 0.1 and 1.0 part, seven
(81, 86, 93, 94, 100, 101, and 110) had between 1.1 and 5 parts, and
two (79 and 111) had more than 5 parts.

Salina area—The Salina area includes Smoky Hill Valley from a
point about 3 miles above Salina to New Cambria, the part of Saline
Valley in Saline County, and the lower part of Mulberry Creek
Valley. Nearly all the samples from wells in this area were very
hard calcium bicarbonate waters. Analyses of six representative
samples are shown graphically in Figure 8.

Of twelve samples collected from wells in Smoky Hill Valley in
the Salina area (118, 123, 126, 168, 171-175, 190-192), 11 contained
498 to 843 parts per million of dissolved solids and had 408 to 563
parts of hardness. The chloride content of these waters was rela-
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tively low and the iron content ranged from less than 0.1 to 2.5 parts
per million. The water from well 190, which is situated in a short,
broad reéntrant of Smoky Hill Valley southwest of Salina, was some-
what harder and more mineralized than other waters from Smoky
Hill Valley. It (sample 190) contained 1,202 parts per million of
dissolved solids, 340 parts of chloride, and 6.4 parts of iron, and had
a bardness of 772 parts.

Waters from wells tapping alluvium in Saline Valley ranged from
hard, moderately mineralized waters (samples 143, 144, and 145)
to very hard, highly mineralized waters (samples 139 and 140).
Samples 143, 144, and 145 were of calcium bicarbonate waters that
contained, respectively, 578, 462, and 395 parts per million of dis-
solved solids and had 425, 344, and 294 parts of hardness. Samples
139 and 140 were collected from two wells about 200 feet apart, one
68.7 feet deep and the other 30 feet deep. Both wells yield very
hard, highly mineralized waters. Water (sample 140) from the
shallow well contained 1,626 parts per million of dissolved solids, 91
parts of chloride, 1.4 parts of iron, and had 1,004 parts of hardness.
Water (sample 139) from the deep well contained 3,681 parts of
dissolved solids, 400 parts of chloride, and 6.2 parts of iron, and had
1,704 parts of hardness. ]

Most of the waters from Saline Valley had relatively low amounts
of chloride. Of 12 waters analyzed for chloride, eight had 50 parts
per million, or less, of chloride and four (samples 139-142) had 91 to
400 parts. The four waters having the highest concentrations of
chloride were all from wells and test holes in secs. 27 and 28, T. 13
S,R.3W.

Samples of water were collected from two wells (146 and 147) in
Mulberry Creek Valley, the analyses of which are shown graphically
in Figure 8. ‘One sample (146) was a hard calcium bicarbonate
water that contained 846 parts per million of dissolved solids and had
487 parts of hardness. The other sample (147) was of a very hard,
highly mineralized water, in which calcium was the predominant
basic constituent and chloride was the predominant acidic con-
stituent. This sample (147) contained 1499 parts per million of
dissolved solids and 355 parts of chloride, and had 838 parts of
hardness.

Assaria area—The Assaria area includes Smoky Hill Valley in
Saline County above the Salina area. Samples from four wells (226,
227, 237, and 238) in this area were of hard to very hard calcium

6—7115
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bicarbonate waters that contained 566 to 876 parts per million of
dissolved solids and 0.25 to 3.4 parts of iron, and had 376 to 655 parts
of hardness.

Dry Creek Valley—Only one sample of water was collected from
Dry Creek Valley. This sample, which was collected from a farm
well (210) about 1 mile east of Smolan, may or may not be repre-
sentative of waters in alluvium of Dry Creek Valley. It was a very
hard, highly mineralized water that contained 1,362 parts per million
of dissolved solids, 380 parts of chloride and 0.76 part of iron, and
had 886 parts of hardness.
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WELL AND TEST-HOLE RECORDS

Descriptions of wells and test holes in the Smoky Hill Valley area
in Saline, Dickinson, and Geary Counties are given in Table 15.
The wells and test holes are listed in order from east to west be-
ginning at Milford in Republican Valley. The locations of all wells
and test holes listed in this table are shown on Plate 1. All in-
formation classed as “reported” was obtained from the owner or
driller. Depths of wells not classed as “reported” are measured
and given to the nearest tenth of a foot below the measuring point
described in the table, and depths to water level not classed as

“reported” are measured and given to the nearest hundredth of a
foot.



*00% ‘€¥61

ul pRIA pajlodal f)8 1593 » TIPM
[eutdio Sulmp pRIA papoday § e 0z d L L1 R A L9 Iq | A0 uonounp o Apy |1t 9g 0 MIMS | 91
‘A9 S
*(8) 81 uMmopaeIp
£000°T 3593 dnoy § Furmp
PIe14 pamssem {(0Z‘] PRI T{eM ‘1ojus)) Fwurely,
Buyerado {[es payoed-fesriy) |- 7" ©1e0g d qaL | op 1961 | sd 9% 12 g | op quamade[deyf AeAe) | QT
*(8) £¢g UMOpABID
{086 9893 anoy-g Julnp
plei£ pamsgew {00g'T pre1d Z 1P "d0jua)) Bururely,
Furgeledo {[om payoed-aARIy) [t 2" %2 561 | 84 92 18 q ;o Awly "§ 0 Juauraoe]day] Aljese)) $1
op | 7 el or8r | 05 [ HL oo op 61
‘OF6T “1Bqmaa(] B[[ip *19jue)) Sururely,
Aq pemseswx [9As] djepM |0 61 6T | ¢ |HL {0 JuamadLideyy A1jeAr)) Z1
NOLLVAHESHY
AMVLITIN XAQTIY L90.]
TR S MN MN | TT
.......... 12005 A MS | oL
g s g BIUL) | 6
LGOS MNHS | 8
TLg O MN HN | 4
TTTUZESHS MS § 9
[&0130[02) 23813 HL "TeOSHS MN [ €
o . a9 e 0z | ud “Asuryfoly ‘S 137995 MN MS Mz
9 |12 4 uqg ANUM ydrey 81 998 M§ AN €]
...... a9 ("s ¥ | 'a TBZIMYDG PIL] 7098 AN MS | el
00 ‘H9Y SIIL
"0¢1 P4 pajaodey |t 1€ d gL | uwpsopm-euie] | gg6T | sg 81 8¢ wa |t PIOJUN JO A3 | 61 98 g MS | 11
ey oI
ALNQOD) 19VED)
(39y) (3003)
qutod 3ur|  (399)) Erlgaut
gp6] |-qnswewr | [oAd] pue uonyduosa( (9) (9) @ (| (© | @ (m
(395] Ul uMOpMBID ‘3NN ‘quow | Mo[aq 2§ aA0qe Bres | £q paqa pof[up |Burseo | oM | (300)) | Yo JUBUI} 10 JBUM(Q) NOILLVOOTT 1918d
2 SUO[8S Ul WoAI3 PPPIX)  [-0INSBAUI} [9AS] ueowl  [s0uw)S|] j0 J0 wIx | jo 0 | MM | o uo
SMYVINEY Jj0 pEHLIS sa0q® 98() | POYPIN odL], (0w | Jo |adL[, ‘ON
areq 03 JUBRH -uq (qdeq
yde quiod Furnseapy

spSUDIY ‘sarunoy) AiDsH Puv ‘UosuyoUT ‘ourng UL DaUD AoN A I fiYowmg 217 UL $2]0Y 1537 pUD ‘Burids ‘spom 0 spi0Ya—GT WIAV],



*(8) sanoy g Suidwnd

dope ' UMOpMBID 1070']
pIo1A paanseow {0g'T ppl4
Furjeasdo ¢ poxped-joarin | o o| g Y LR T SRR TRTTY B ¢ g “-op w1 | s 9 %0 aq eep Copepm cuopsung dmey | gg
*(g) samoy g Burdund

19J8 Z '} UMOPMRID {0Z0°T
P14 paanssowr (00z'T PlOLA
Funsaedo ‘jom poyoed-jpasary |1t c| gy O I g AL | op w1 | sq % 1w |ag [ op g eM cuojsung dmey | g
*(8) smoy g Surdund

1oyye g'g umopmelp 10z0°1
PRI pansesut 100g'T P14
Funessdo ‘[om poxped-jarin |+ | gy Et LRTEIRTR [PTRRETTEPRRRIRES s qeL | ep o¥eT | s 0z 50 ag |eop Czlom ‘uossung dmey | 97
*(8) smoy 9 uidwnd

199J8 § UMODAMRID 000']
PIet4 painsesw (00z‘T PlRIA

Fuesdo f[os pexosd-joatin <l er RN e g gL | op ov6T | sg 92 29 aq | - op M uosung durey | ez
*(8) samoy § Burdmnd

103J€ £ GT UMOpPMBID {00LT

plRIA pamsesur {001°T plald

Bupjeredo ‘fa payosd-asiy |*tc vttt 6] . R A R d HYL | op LE6T | s 92 0L qa ;e CUUURIRM A jog | 5T

*(8) smoy 01 uidwnd
J8)J8 ¢ UMOpMRID {(0G
pel4 pamseow !gg) PRIL -
Auyesado ‘jom powosd-patay || g R EETETERTETTRPRTE] I gL | op 5261 o 81 9 q |oep [ T CAomy Mog | ez
*(8) samoy ] Suidwnd Jogje
9 UMOpMRID {00 P[eI4 pain
-8eow ‘euo[e podwind udyM
00¥% pue uidwnd are $g pue
'€g ‘1¢ STPA UayA 00g P4 .. A
pejiodal s poyoed-oAriy vt t| gz e A A § gL | o 8261 0 81 L9 qao|ttrrrrrop - ZIeM Aoy yiof | 53
*(8) samoy o1 3mdmnd

a3 8 WMOpARIP ((0g
Ple1A peinsgom (g, PplelA

Burjesado [ea poxoRd-pavI) || ¥g NS o A ‘op 0 89 | 1q | ) UgIPM A og |13
e gg P O O S I ‘op e @i | <+ pare swolpoddiy | o
*(8) sinoy g uidund
19948 ) '9] UMOPARID i67(‘T
pIol& painseawn {)gg pRIA o) ‘G IPM
Fupsiedo ‘fjos poYoRd-[oAtI |11t - 3 ] F ] EREPREEPYRREPERY B @5 | mejsop-outer | gper 9 61 26 | 1q | vonounpyo kg |- oo g oee g me | I61]
*(8) §°T1 usopALIp {000
188} Inoy-g Fuump ppRIL RALZY
poanseem g0y, ppRik Suneiadg || 11 ] EETTTETPEPREPRSS B L | eop 1861 0 61 % | 1q |snpwonounpjodyy |- e 81
'008 ‘€¥61
ur paif_pajiodal 107/ 9899 ‘S IPM

ewgHo BuLnp prerd pajdodeyy | 6 B I N TR TR R T d "m..rﬁ [REEERERERY ERREE EEEEERS EEEE B 1q &y wongounp ok |- sresieeeeeengp 1



*£ardng

................ 18011 ma [eoBojoon o11g | BE6T || ter| 08 |EL |oerereorreeeereeleeree g oes g AN
-aseq
*(8) umopseap {00z P& dwnd jo apis )
pojiodar ‘fies pexyped-pasiy | g eunf | ggUge |t §'1+| e Bumedg | g | L | WeyMoudel | 6861 | O | 61 [ 89 [ @ | L 1€ 998 AN MN
‘TF floa
008 !sopuedroud w moﬁo
posu lggz pid epedemsde | | L P O S o BT 10 A1t | .
pojlodal is[om g jo Awpyeg |*cccc T [:1- 2 A N d D1d 1 8 89 (id¢e wsmdey) jo £310 1€ "038 N MN
. ERE S K]
........ gr-gr |l g ot g e ov | ua | oquBnwol plozg [ttty oo N AN
: A Y gl
ZIN0OOD) NOSNINOI(]
........ ¢ S CEREEET! IRTERN I SN | %4 0 | ua 26998 MN MN
*Koaang
¢°880°1 Ieatdojosh) a3eyg 15 |HL
........................... ee | uq -
¥ $90'1 o ¢ [HL : 1% "09s AN {S .
9°190'1 o o 19 | HL i 28298 N IN
PArA 120 G AR A R e ‘op €9 | HL | 0% 998 g {S
*Kaaang
8'60°1 18or30j081) 2383 8¢ [HL |0l et 05 298 S HN
................................ a |ue o5 | ug R “-g1 008 MY AN
A e 1
ok sepngng, |- gz | g @ o |me 00 | ag | e g 208 g AN
HIYSerg
........ 81 S R L K< 1 I X} ERRRRRRRE L] (LT I ¢ W | %27 gg | uq | wemsenwg menmay |t gg 008 Y M
BSYRIL
(3007) (3907)
huted 2at|  (399)) 90v}ms
EPBT |-anseowr | jaAs[ pusy uondinsaq (9) (@) @ [ (W} (@ | @
(199] Ul UMOpMRID foJnUIW | ‘WA | MoO[Rq 88 aa0qs wes | 4T fqpoi@  [porip [Buiseo | A | (3095) | [rom JUBU9Y 20 JBUA() NOLLYOOT]
© suo[[ed ul uoAld pp1y)  roanseowr| (A9 uwowm  [eouwysi(y Jo Jjo Teax eme Jjo | fom omo
SHEVINEY jo JBA aa0qs esf] | POy A7, (1% | o AL
aje(q o1 1By -1q [gideq
ndaq jujod Bulmsespy

PaNUPUO)—SDSUDY] ‘SONUNO.)

Ao pup ‘uosuyouq ‘ousppg wr pauv AaNDA IRH Ayows oYy ui 8210y 1893 puUD

‘Buds ‘spom fo spiLoseyy—g] wiav],



“eq Beyjays
ul §047 JeBL 0} poyIp
A[pruiBuo [ poyoud-oasip

*(6) smoy ¢ mdumd 109)e
2091 UMOpARID {0g8‘] ppPLA
SBOW [[[aM poyoed-[pArIn)
L “0gg pid
‘pejtoder ffoa poxyded-joasin)

*008°1
Buiduind usys (] UMOpALID
pojtodar 100z 1-000°T PrIL
Sunyezedo ‘[pA peYed-pABID
*9Q oM 008 {gF6T Ul
PouOpUEqE 00g ploIA oyedesd
~Bu pejiodad {[jes JSEOTINOE
peInseow ‘S[om § Jo Alayeg
*(g) smoy g Suduind 1098
QL1 UMODABID {g0g PPIL
PoInsEaI ‘[o4 PeXord-1oAsin)

~agmoy
-dund gigousq w Buiaen
punoid ‘fes  poyded-foariy

0°621°1
82211

quou ‘Furmedp

-
dwund jo %W_A_w

dund o1 u_w_ﬂumo

a0y

-ueur jo a3pe doJ,

*100f 2smoy
~durnd jo dog,
***'908)MS puw]

H ‘M40
H'D

‘KoArng
[80130]00D) 37813

KoAang
[80130[00r) 93818

*foaamg

*| reo1Bor00n) s3e3g

sq

81

04
o¥

£9
(4

98

a

gy

......... oS AN
- “masUE] 1€y

...... uewgoy 'H "H
IRl M "M D

*IepeIyg ‘M ‘A

........... 87 098100 AN
........ 61 098 Y MS MS

....4.... 03 "998 M\ § "100 S

.......... 87 ‘098 IN MN
. '1g *9%8 {S HY MS
........... *$1 098 S MS

........... $2 098 MN MN

........... €1 '098 MN MN
L ..WMN L

*0g "098 N "W0 MN

*'g '098 MQ UN

*'91 "098 {Q AY

seeeereeeoo0] 008 MN MN
A8y S8IL

9098 MN MN

©r9 008 TN HS

............ € 008 300 MN
Yy ser-l

09
[g9]
¥9)

[29]
[19]

69



.. ) w.vmﬂﬂ . R 6T |10 29 [ HIL |7 ege t0es N HIN 100 HG | (¥8)
g9’ |ttt R R ¥¥61 | L9 | HL . TUPE 098 MN 100 MG | (€8)
el gegepep e P ! FE6L | . g0 |mp |- <eeesge 008 Mg 100 N | (28)
ALY SEId
sl gp P I e ~lgp |me og | wa | pesgugep | oee g roos oo Ny | 18]
*foAImg
Cligerr | Teardojoep) 238Ag | $R6T | a 0, JHL |0 ot 'gg 098 Y MS @S | (08)
...... el B B Bl I e | 2 05 | uq :ca:x__wmwigo 7. g¢ 008 gG MG | [62]
$eT'T | . .>w>.wwm soer || e |EL | --gg *008 g AN MN | (8L)
o grgertr e ~ao_uo~oocoaﬁm w961 ||| ee |mp [ ge 008 N MN AN | L2
N s . a N M N I T L3t ce |ug |- 85820.?& " gz 098 mQ MN | [92]
| egerr | B .KN—ww w61 | S 1o |mL | AN “gg -005 AN MS HS | (6L)
ozt o ) IRRREREES [P PT v Tr ] FETRE PR cveef oo | peorBoroan oveng | FE6T . ol ge | HL e P ‘gz o0s IS MO TS | ¥2
002"
006 wod) aguel 0} pajaodal
pwIA ‘ouojseuny ur oeuwjd
BUPpoq WOy SONSST dofep R O . T sl ]| dg o=£5<.«o.&_o gz -ose g MN {8 | ezl
......... ST | eeeennigp w61 | | 3¢ | EL “+ o7 008 MO UN MN | 2L
*£aang
......... N e 1 "1 SR CREREE [ . “oroo-| reorBopoary ayeg | FweT |l o8 |mT [ p resta00 Mg | T2
‘urzoprefd
| g1+ | uepoom Jo dog, A | 9% q | T g 008 Y WS AN fozl
........ ILAOUEL M N N “-eop P61 oot | HI ‘[T 068 300 A4S | 69
s . s “<eegp FF61 007 | HI . Seeeeeeizgas 100 MG | 89
ATy SEIL
N X (-2 B LERRREE e e R ) ERERERRRT™ wo61 1| ogr | HI | ceeeseseseepeegosci00gG | 29
HI'Y eIl
(3995) (399%)
hutod But|  (3993) 208}INE
S§61 [-anseour)  [349] pus| uondisa(g (9) ) @ | [ (© | @ 1)
(199] Wl UMOpMRID {eynUITT ‘Justr { Mmo[eq ©os aA0Q® e8| 4 Aq pau PaI{UIp [Suisen | m | (309)) | [[oa JuBuS) 10 BUAQ NOILYDOT] 193810
® SuO[[83 Ul UPAL3 P[aIX)  eInseaw| [0A9] ueewW  [30uUB}SI(I jo J0 wx | Jo jo s | o uo
SSTUVINAY Jo 9388 aAo0qB 08() | POy odAy, |werew | jo |odAg, ‘ON
e 03 Jy3eH -aq (qideq
yide (g quiod BULNSEI

PINUUO,)—SDSUDY] “SUNO.)

Aoy pup “‘uosuryouq ‘ounpg ur vouv AoNVA IRH AYOWS Y] UL $2]0Y 7897 PUD

‘Busads ‘sjpom fo $PLO2IY— QT WIAV ],



“9yseg ,, Auodl,,
9A®Y ©0) paiodor Iojep

"TIo Jootpg

*134sal} 9q 03
pajtodal sem J95) 97 1B poIe
-JUNoIUS J8)8M 9511 {OPLIO[YD
Jo wdd (4z‘7 SulRIuUOD IR

¢ UMOpaMeIp (¢ ppRIL
pajaodes {[em pexord-joAsin)

¢ UMOPARID {0g pRIA
pajlodal jppa pasord-feAsi)

*499)
92 03 yoeq psqnd sem Jut
-589 08 Aj[eS SEM JojBM ! uw&

b 04 POMP AfemIuo [lop

0g Anp

0g Ang

8T

(48

4]

81°21

8'968'T
3'938°1
56911

* Buiseo jo dog,

H ‘M4

H ‘M5

H'4D

*Aoaing
[eo180[080) e
- -op
“--op
e op
-e-eop
e-v-vop

*faang
eo130]09x) 9783y

*foang
[e2130]08K) 9}8)T

‘op

. >o>._=m
_S_mo_gc 81%IQ

(4418
g1
¥¥61
2418

P61

D

D

144

o€
14
09
G'%61
ELT

8%
G623

98

a

ttUOSUAMY [OXY
**CesI) Sajtey)

| oELq [00yog

oo:wEEO uﬂabsaq

+7e - predoyg phojg

Sy LW

TTrrp 088 109 N

TUUPI098 MO ME MN
S6:098 N MN MN

2 038 MN AN MN
608 EN @S WS
o1 ot AN BN AN

91 '995 AN MS MS
“ L1298 ME WS A8

"6 998 N TS A8
T g1 098 WS MS

“eveves ool 008 AN HG

‘GG 098 '300 MG
1138098 MN MS MN
£¢ 008 100 YN
.& T'g Ssri

'61 "928 MN AN MN
12 005 MN MS MN
.&N.m.m:.s

TR 08 WS MY
MIg SEIL
XINNO)) ENTTVE

T'61 7098 MN M8 HS
78T 098 HE MBS N
1817098 Y MBS MN
: **81 *098 '100 N
*1qY 098100 MN

“-ve 12008 MG MN
1T 0us Y AS MS

Seeesqe 008 300 N

AT Serl

TTTULT 008 MS MS MN

HIY“ST'd

[g6]
26
(16}
06
68

(88)
[28]

[98]

[¢8]



-foaIng
[801B07095) YIS | EF6T Ui 011 [ HL 381
...................... a Ba 08 | uq (asp
©Top E¥6L [ 6 | HL 08t
*faarng
E.%.Su NBIG | gp6L || 0¢ |HL 621
...................... a P 0 | uq (31
13991 0, 98 9TRY8 paINUNOOLS Hsy m. s
61 UAOPMRID L009'T PR
pojiodol (oM poyowd-ppawan |' - ¥ 0L | IQ | *AeTUSH VW IQ "CTCl18°998 MN MS AN | 231
4t 08 | uQ@ | " -eElsy swyimor) [ttt 1¢ 038 Mg WS S | [981]
‘NS
.......... op w61 |- or fmn e or00s g e N | gET
-AoAammg
[earBojoeny eyerg | prer || or |mL | 0T 008 N MS MS | #21
0% | g | "'uospmsny welg |CCC 0T "998 MN MN N leg1}
oL | mL | e R § *006 *a00 51 | (221)
oL [HL |10 7898 Mg 100 MN | 121
mh m& .......................... w *208 *10D "mz AONﬁv
‘MEYTSIIL
*faarng
180180[035) 9983G [ FPT [~ v (oo 89 (HL |1 oot F€ 008 MN 100 MG | 611
wo[eg (' Tt 8¢ 098 W A | [811]
o 0L |HL |/ [liiiefrrrr e £3 998 *100 MQ | (LIT)
0, [HL | ©78g 098 N 100 g | 9IT
g9 |HL |t Lg a8 100 MN | S1T
08 |HL | **gg '0a8 100 M@ | (PIT)
08 | HL |- ® % 908100 FN | (€11}
MG I
*fsAaIng
.............................................. [eardojoory otesg | wp6T | o] se |mp |rerereeeereees|orre g roos 200 g | 21D
‘T4 [ooyag | ¢1 Amp ¢ + [r3uwsejodor | @ H'AQ | D e [e¥p (1@ | sl joogog | T2 0098 MN MS MS | [111]
W)—g &Y S8IL
(3031) (399))
hutod 3ut|  (j99)) 908408
£561 |-amseom|  [ead] pus| uondisaq @ (¢) @) | (m ] @ | @ (1
(909 ut mmopaeIp fojnurm | ‘jumew | mopq o 2A0Q® otem | 4N Aq papiuq pofILIp (3utseo | [roM ] (300)) | oM JUBUIY I0 UM NOILVOOTT 1998
© SUO[[e3 ul WoA[B ple1x)  foamswewr| [aAe] ueow  [aouweysiq jo jo reax | jo o | mPA | Jo uo
SHUVINAY Jo Jojua 2a0q® o8f) | poyqPN odAy, [ta%em | jo |[eodAj, . ‘ON
e 0} MBRH -8iq |mde@
qide(q quiod 3umseoly

PanuUO)—SDSUDY] ‘sa1uno)) Aivey) puv ‘uoswiyoy ‘ouyng ur vaLv AV A INH fyowy oy Ul 8]0y 7597 puv ‘Buwds ‘sppam fo spLoreY— Gl 1AV,



*499] §8 78 PoIeIUN0D ‘0 Buppoeg

~U9 S[8YS 1GY PRIA poyoday |t R e uy Lo 8€61 | MO | O1 8 iq - ‘solq plegueg |ttt 11008 M8 MS AN | €91
........ 82 O BIZT |-rererrer e[ R oy 6861 |7 L [EL | g oo g MNMN | 291
° ‘MEY“STIL
wioro oo JPR N USRS I USRI .
*000°1-008 PPIL N
pasiodex ifos paxord-paeiy Tr0) TPM ATeL iz Ig | IR 178098 MN M8 | 091
gL | HL 1L t0e8 "I N | 691
69 | HL : [r9ross g MN MS | 891
06 | HL TTTTTITTI0 7008 MG MS WS | LT
MEYSIL
88 | HL TTITTC0s g MS MS | 991
6¢ | HL i T1rees N MN AN | 991
#2 |HT e irhoo8 mgcico'mg | FAT
v | o R R A
8¢ | HL o 6098 MN MN MS | 2SI
06 |HL |~ . T'8oes G tI00 AN | 191
o .. 0L |HL | Booiiiirrrerreerer e L1998 100 gN | 091
) op 19 | HL 917998 MN MS MS | 6¥1
*foamng
[eorBojoer) oyerg OF JEL | el “reeeeppeves 200 g | BT
................ 4 Q| eanag Ty |t g 008 N ME 131
MEYSIIL
"2AI801
=109 3q 0 pajlodol XIBM
£yuey omssoxd oqut sdmmng || gy |reeeeeeee e g q | g e R . i |ue e |ug | Bpwugog g [ *-g1 *008 gG S WS | 19%1)
MY
uq | engg ugop et 9008 AN EN | [651]
*Xus) aassoxd ojuy sdwmng uq : crgroes S AN | [¥F1]
oq [ swen "M D | 21008 g MY AS | [e¥1]
o [R5 o o oo 8 2 S | 71
...... 1910 M - e i 1
‘6L [1o4 Jo jsvaynos §
193] 00€ INoqe 81 OF1 [PM ¢ O op 28 o8 g3 Mg AS | [0¥1]
1q  |Aeude) *p uyop SI | L3 o8 g8 MS TS | {681]
- am |m oF | ug | | PR $7 008 2303 | (361)
[ea130j0ap) 9B9Q | £F61 | CUUTYYO09 | HEL 1TURG 098 HY MS AN | 281
RSP dn |k ¢ 1 uqg . "6 098 [N 100 MN | (9€T)
op eFeY "t 1 0§ | HL N TT6g 098 MN MN JS8 | 961
*£oAang
[eo1300a) 9983Q EF6T | 08 | HL TTU9g a8 g 100 gN | PEI

T eg oo MY MN AN | (gg1)



.... . e 0°628'T B o%o g6 || e | HL | g ses 00 | | 24T
..... . P 0°822°T S Y PN soere| uasysopn-eukery | geer [t 2 HL e eeereepreoas 100 MG | LT
*(01) sanoy g Furdmnd F8yy8
¢'g] usopaeIp 10p0°T pRIA . .
pamseow {[ppa payoed-paRLy) | 9 BNy | 9¢°65 Tl 08 TTrrrrop d gL TN 0861 o] ¥ || 1@ (STem Cmumeg o Ay vttt opg toes MNAN | [921]
“(01) smoy g Surdwnd 103)8
0g usopaeip '060°T pPRIL
POINSEIUI [O4 paYord-[asvIy |-c - ge | B Y e | qa'L | Tttt vgel | osd i£4 18 q |PIeM eUEg o 431D |t U UgT 008 MS AR AS | [RL1)
*(01) sanoy ¢ Suidwnd z93)8
G'€1 WMOPARID {050‘T PIIA
ponsesw ‘[joa payped-pAely | 9-3ny | f1°pe | g1 Top d q'L R G861 0 ¥ 78 Iq (TIPM CRUIRg IO AND [t UG 098 MG ES MN | [8L1]
*(01) sanoy o1 Suidund e9je
0T uMopsetp ‘0Z1'] PI&
POINSEAW ‘[oM peyoed-foasin vt 143 e I ' d HL | TUrop 2861 | sq 144 18 g |91 BuIlEg IO A0 |t UEL 09 Y MN MS | [B2T)
*(01) 8oy 2, Fuidund 199e .
¢'yI usopamelp '006_PPRIA
paunseaut ![os peyoed-loAsiy | 930y 1 9662 || 078 T Top d Lo 8€61 o] 14 VL Iq |ZTeM BUITRG O A1) | T UET 098 I MN AN | [14T)
va £I00Y 9g wEnE:a fell
L'T] UMOpARID - ‘050'] Poi& : .
pommsesw os poxovd-paran | 9-Bny [ p9°ze || 08 B d gL op 0¥61 o] ¥e T4 I [3TRM CBUESJO A 0T UUEL 08 MN ES A | 021
() sanoy g Surdund Jayje
69T UMOpMRBIP {008 PlRIL +aseq dund uy
panseaw ([ poyord-ppARIy | 930y | GTRE | CCUCCC 02 Futmedo jo dog, d G 7 R 1¥61 o] ¥g g8 Iq |STPM "BUlESJO A0 |0 UT 78T '098 MY AN MN | 691
*(01) sanoy ¢ Swrdwnd J93je
11 _usopseip {0607 PRIL
poInseow ([oa payoed-pArIn i 43 B S R €61 3L | I [LTBM CeRUI[EGO LYY |tcttrirer 098 N S MN | [891]
8% 08881 |- ) e 6861 |'° 19 |HL | oiiorerrreee gL s YN AN AN | 491
oLg 0'022°1 . : e 6861 | 3. | HL Tohnrtt gl oS HE HE | 991
........ 4 0'gee‘T | 6861 |7 T 6 | HL |77t 7098 MNEN AN | 99T
vl g 0°822'1 F O [ EE T . wyse p-ouke] | 6e61 6 || | e e pp0os MN MN MN | F01
POD—M Y "SI L
(193)) (393))
hutod Bur|  (399§) 208)IN8
€P61 | -ImsvaWI | [IAJ pue vonydiroseg (9) (9) @ | (| ©) | @ (D
(199] UL UMOPMBIP !9jnUIT “quewr | mopeq Bos aa0qe wjen | Aq palIqQ I[P [Suise | [pPA | (3997) | (oM JURUIY} 10 JoUM() NOLLVOO'] 19781l
® Suo[fed Ul UoAL3 pje1x)  |[-eInseaw| [9Ad] ugemr  {aouwysi(] Jo jo wx | jo Jo s | Jo uo
SYUVINTT Jo I998M aA0qe 98() | POYPIW adA], [eew | jo | od4j, ON
et 0} 143y =81 (qdeq
yjds(q quiod Bulnssopy

PINUIIUO)—SDSUDT] ‘S21UN0,) fuDaf) puv ‘U0SwIL(] ‘Duyng UL DaUw fia VA IRH Ayowy 2Yy7 Ut $2]0Yy 1597 Puv ‘buads ‘sppom [0 $PLOdPY—GT WIAV],



‘g¥61 ‘Aup

10} SI [9A9] Iojem 0) yjdop

{(8) saoy g1 Juidwnd i93je

G"§ UMOPAMBID {9/ ) PlOIL
pPaInseaw ‘[o4 payjoed-feAsiy)

*(8) smoy pg uidurnd Ioyye

Gp'L uUMOpMBID l(g/ p[OIA
pemseow ({jom payoed-[2ABIY)

Ly ounp

i 08 Ane

-aseq durnd ut
Buruado jo doj,

*Buises Jo dog,

T

00
U839\ -0UART

1983 | -ouder]

*foaang

[e9130]091) 39833

op

00
ULD)SI M ~ouARr]
Koang

do

d9
D

$'69

<¢°19

19

T [P sSAUTY g
dug) -Afwiy ‘g Q)

°S Tiea sdify g
dure)) ~Auay ‘g

Seeeneeees 008300 AN

9008 MG ME MN

e ‘o.uwm Bw ~10% BZ
MEY S L

(BT 99s N MN AN
TGI oo [N "I00 MN
: 11 '008 *J00 N
“17 "oe8 HAN "109 MN
TTUTOT C098 100 AN

1TTUQF 908 [N 109 MN
‘MEYSEL

TTITTU0g 00 Y MS HS
‘MEYSIL

TR 998 MG S TS
"o g 90 S S ES

‘MEY S

“T08 998 AN MN MN
TTUUT61 995 MS MS TS

TTUTUpg 088 100 MN
MEYSTIL

©'¥g 908 WS M WS
“"gg 08 AN N
gz 008 GN AN
"£g 098 Mg 300 Fg
U rgg 008 MS M8 AS

Seeeeepg 008 200 MG
2% "998 @Y HE MS

g 098 AN 100 g
MEYSIIL

TS 08 MG AS HE

MEY S

108

002
661

[161]
{o61)

681
881
181

081
641

8L1



................ FI0BGIT [k op QRBT | ot e g | HL |ttroteetteec| it eg 0es 100 N | 818
................ 02681 |-orrrer e e op ghe1 || g | HL || ag 008 MN AN MN | 18
MTYUSIL
*foamg
1°692'1 o lmp | PP, o1 005100 MG | 112
R % | i “uospoN o |**7 " 9T 998 MY MN MS | [012)
g LUTT 09 | HL 91 '998 MN MN MS | 602
7°182'1 g |HL [ o7 928°100 MN | 802
*faang
................ 896g'T ||| e orBooany oveag | gret | [ ee | [ oges Mg Mg M | 208
0 - MEYSI L
........ gp Lo Eeuu\n.»w.hﬂwﬂ a6t |l oe {mL | 00m pN MS MN | 002
................ B T e N R P4 e g gag
“podmnd ses [[os a10joq 8770¢°1 [eo180j0aD) 37838 | £F6T 0z | HL 8098 MN AN AN | 903
‘2961 ‘1 "3ny wo soeyns pusy]
A0[aq 399] [T [9A9] 1aj8A
£(g) smoy g1 Juidund 1938
6°01 usopmeip 0g) ppIL ¥ T4 ‘sdiyg
paanssau (fjoM ﬁoMSﬂ:—e>N~U 08RO | $9FE [ gt | op d g op 2561 o) 61 8 iq dwre) “Lmay gy |TCCUUCT 8008 MN MN $02
“podmnd sea [joA 810Joq
‘g¥B1 ‘95 An{ uo a06LmMS puE]
MOJ3q 939 Q'p] [0Ad] IjBM
{(g) sanoy Z[ 3uidund 2338
£'8 usopMuip ‘088 PR ¢ T sdimy g
ponseow {4 paxoed-pasI | g0 | L0°F8 | gy | Top d qL| °p 6T | D 61 |¢6¢ [ g |dwed Lmay-gep [TCCT L8 gN AN AN | €02
‘podund ses [[P4 310J9q
g¥61 ‘1¢ Anf U0 30LmMs pue]
M0[3q J39] G Z[ [9A9] JojEM
xmw smoy §g Suidund Joyye *a8eq
8'8 UMOpASID '[9/ PRI dumd ot odid ) °g Toa tedpyg
panseow ‘[as pexyprd-pARID | 0810 [08°¥E [ ortlogred | wourdggodoyr | 4 AL | BIIM-0UACT | ZF61 | D 61 |¢'eg | 1@ | duws) ‘dmy-gen T *rrLcoes MN AN AN | 603
PUOI— M 84 89D
(399)) (399))
g¥61 fulod 3w (3097) | oomping
‘JUSNI | -IOSEAUL | [2AQ] puey vondinse( (9) (9) () | (a) | (8) | (2) (1
(109] UI UMOPMRID ajNUIW  [3INSROWI| MO[Iq a8 2a0q® nyes | 3 Aq paruQg PofilIp |Swises | [oa | (3993) | Tlom JUBUL} IO UM NOILYDOT] 18]
% SUO[[ed ul uaAlR ppI) Jo 1049 uvowl  [A0Ue}SI(J jo Jo max | jo jo | 1mea jo uo
STIVINAY av(q | Iojes aa0qe e8| poyqle odAf {Jojom | Jo |odAf ‘ON
0} WBRH 81 {pdeq
qdeq qurod BuLmEss

PIPNIPUO—SDSUDY] ‘SoNUNO)) AiDof) PUD ‘UOSUIYILT ‘QuYDS UL oD AP A IRH Ayowg 9y7 ur $2]0Y 389) PuD ‘Buwmds ‘sjjam [0 $PL02PY— T WIV],



‘BUITSE JO &A1) 93 01 4dodal U udALd
BINNOLIBY JO pIsog 9]y SUSUBSIY
‘AuBduwo)) UI8}SepM -oude] Aq
'908}INS PUB] MO[3q SYIUSY PUL 383} Ul USAIB o18 [943] 19984 0} syjdap popIodar ! syjpaipuny

Yooy ‘g
‘TMupurs ‘A f1ojoma) “y, ¢ pojeredo pusy ‘H feurdue sed ‘n
sulqang ‘g, {melunid ‘I

tdumd Jegond ‘g !Mop [Binjeu ‘g ‘I9puriho
{Bursed [aM-Io ‘MO fwox ‘T {adid UOII-POZUBA[ER ‘D) UOINI }9dYS POZIUBA[BS ‘™
ulALd are

pue

L L1ddns oqqnd ‘g ‘1eLsnpur ‘uy ¢

o m ‘L
*sjutod FULINSBIWT MO[3Q SYIUY PUR 199, ut 1
i ’ P = ’ 910y 9893 ‘HJ, {Bunds ‘dg {[oa popMp ‘a( ¢
‘0T 21q¥} Ul WIAIF ST 12984 JO JUAIUOD SPLIOIYD JBYY 938O[PUI sasayjualed @ S[qB} UI UGAIT SI I3jBAM JO SISA[BUEB 18y} $9)8OIPUT B

fopely ‘g

§3nsal pus Aueduio)) UWOS[AL Pue 8)j9neg Aq peronpuod 903 Furdwing
‘590IN0SOY J9JBA JO UOISIAL(J Aq PIYSILM) S}NSAI Pus Pojonpuod 3sa} Buidwng
POysIIIMy §}[NE6d PUB PB[[IP Sem [[@M W} 48 Pajonpuod 389} Furdwng
‘SYIUDY ‘300) UL UAAIZ 9I8 [0AS] Jojem O} SYIAOP PoINSBOIA
uolBILLI ‘T fonsewop ‘(I

cdemod Jo adAJ,

‘XD W Jo PouRI

£9)910U00 ‘D) {Ra3s Jsloq ‘sg
SY3dOp PaInseowW 999 Ul WaAld a1e goelins puw| oyl mopPq syrdep potiodoyy
[(o4 uaALIp

‘uq ‘[P paroq ‘g
9Y08Iq Ul JOquunU [[dA\

GOm—.—ﬂU :m ‘M

72 .
" B plouly

¥
batd

0g
Sy

uq
ug

61821
6°6.8'1
96281

13821
0285’1
6°988' 1
9
ol aase

27028°1

....... *A2AIng
[#01d0]03)) 9383g

“009-00% o

507 Furam: P Payiodax e e
oor PleI& w._mr&%vw_ﬂ&é ...... N IR -woBjuopy oog | 2861 | I | o1 | 98 | iq BLESSY JO A1)
*JIBALL .

JO 950M 00§ (07 JNOGE ST |[PM oS uq UOSIpUY Iy

: $¢ | HL

8¢ | Bl

00T | HiL

¢ |HL

o, |HL

09 | HL

Sb | HI

09 | HI

0z | HI

o¢ ||

9¢ | HI

0§ | HI

‘VE 998 MS HS 3
'Gg 08 AN MN MN
‘MEHSI L

61 "988 N HN TS

T 1 098 N 40D M N

........ 81 '095 MS S MS
MEYSIL

......... £ *095 W A WS
T el 00 MG US MS
95 905 AN MN MN
*gg 995 AN AN AN
"7 gg 0o AN MN AN

€2 7999 MN HN AN

....... 21998 MN A MN
MEH SO

0€ '008 Y AN M§
' 03 1998 M8 MS WS
“* 61 998 IS HS HS
.m~ *098 Bw 100 Wm
‘MEH S L

S ogg 008 200 N
‘3 '998 G 109 M§
“¥E 7995 M8 MS HS

* g7 '998 “I0d g
€7 "098 "100 MQ
1 g 098 100 MG§
28 "098 "100 5N

(g 098 100 N
MEYSIL

-

Heitl s St S




96 Geological Survey of Kansas

LOGS OF WELLS AND TEST HOLES

In the following pages are listed the logs of 109 test holes drilled
by the State Geological Survey, 30 test holes drilled by the Layne-
Western Company, and 23 public-supply wells. Samples from test
holes drilled by the Geological Survey were studied by O. 8. Fent
and me. The numbers assigned to the logs are the same as well
and test-hole numbers used in the text, in Table 15, and on Plate 1.

5. Sample log of test hole in the NWY SEY sec. 22, T. 11 8, R. 6 E., Geary
County; drilled by the State Geological Survey, 1944. Surface altitude,
1,101.1 feet.

QUATERN,ARY Thickness, Depth,
Alluvium feet feet
Silt, gray black and gray.........coiiiiiiiiiiiiin 5 5
Silt, sandy, yellow gray to gray...........cocevieiin.. 25 30
Silt, yellow gray and blue gray...........coovvvneon, 5 35
Sand, fine to coarse, brown; contains some fine to me-
dium gravel ... ..ot i 5 40
Gravel, fine to coarse; contains some silt and sand;
partly cemented in lower part..................... 32 72
PerMian—Wolfcampian
Limestone, hard, white................ ..o oot 1 73

6. Sample log of test hole in the SWY% SEY% sec. 22, T. 11 8, R. 6 E., Geary
County ; drilled by the State Geological Survey, 1944. Surface altitude,
1,082.9 feet.

QUATERN:ARY Thickness, Depth,
Alluvium feet feet
Silt, gray brown to gray green............ooeeeiiinenn 8 8
Sand, fine, to medium gravel..................oo.tn. 12 20
Gravel, fine to coarse; contains some sand............ 20 40
Sand, fine, to medium gravel.............c.iiinnn.. 21 61
PerMuaN—Wolfcampian
Shale, dark red and gray green...................... 3 64

7. Sample log of test hole in the NEYa NW% sec. 27, T. 11 8, R. 5 E,,
Geary County; drilled by the State Geological Survey, 1944. Surface alti-
tude, 1,076.4 feet.

QUATERN.’ARY Thickness, Depth,
Alluvium feet feet
Soil, sandy, dark gray...........oieiiiiiiiiiiiie 3 3
Sand, fine to coarse, brown; contains some fine to
medium gravel ... ..o i e 10 13
Gravel, fine to coarse, and some sand; light green..... 7 20
Gravel, fine to medium, brown; fine to medium sand.. 22 42

PerMiAN—Wolfcampian
Limestone, hard, white, and some blue-gray chert...... 2 44
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8. Sample log of test hole in the SEYA NW4Y% sec. 27, T. 11 S, R. 5 E., Geary
County; drilled by the State Geological Survey, 1944. Surface altitude,

1,077 5 feet.
QUATERNARY .
. Thickness, Depth,
Alluvium feet feet
Sand, fine, and silt; buff and gray..................... 8 8
Sand, fine to coarse, brown...............oiiiiiinn... 5 13
Sand, fine to coarse, and fine to medium gravel........ 23.5 36.5

PerMiaN—Wolfcampian
Chert, blue gray; contains some hard white limestone. . .1 36.6

9. Sample log of test hole in the cen. SW% sec. 27, T. 11 S, R. § E., Geary
County; drilled by the State Geological Survey, 1944. Surface altitude,
1,078.4 feet.

QUATER}TARY Thickness, Depth,
Alluvium feet feet
Silt, sandy, light to dark gray..................oo.... 5 5
Sand, fine to coarse; contains some fine to medium
gravel ... e 5 10
Sand, fine t0 COATSE. .vuviiiinii e e, 10 20
Sand, fine to coarse; contains some fine to medium
gravel ... i e 10 30
PerMIAN—Wolfeampian
Shale, gray green and yellow green........oovueeennn.. 2 32

10. Sample log of test hole in the SWY% SWY sec. 27, T. 11 8., R. 5 E., Geary
County; drilled by the State Geological Survey, 1944. Surface altitude,
1,078 feet.

QUATER}{ARY Thickness, Depth,
Alluvium feet feet
Sand, fine to coarse, and silt, soft, buff and gray........ 10 10
Gravel, fine to medium, and sand..................... 17 27
PermM1an—Wolfcampian
Shale, gray green, yellow green, and gray.............. 1 28

11. Sample log of test hole in the NW% NWY% sec. 84, T. 11 8, R. 5 E.,
Geary County; drilled by the State Geological Survey, 1944. Surface alti-
tude, 1,079.6 feet.

QUATERN:ARY Thickness, Depth,
Alluvium feet feet
Sand, fine to medium, silty, gray and buff............. 10 10
Sand, finre to coarse, brown to gray green........ e 10 20
Sand, fine to coarse; contains little fine gravel......... 11 31

PermiaN—Wolfcampian
Shale, silty, yellow buff; contains thin bed of hard, light
blue-gray limestone at 34 feet...................... 4 35

7—7115
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12. Driller's log of test hole at the Cavalry Replacement Training Center,
Fort Riley Military Reservation; drilled by the Layne-Western Com-
pany for the U. 8. Army, 1940.

' Thifelferzess. Depth,

feet
Soil, sandy .....iiiii e 10 10
QUATERNARY '
Alluvium
Sand, very fine..............ciuhen. Ceretianteeaaas 8 18
Sand, coarse, and some gravel.............cvvenrn.n.. 8 26
Sand, blue; contains some clay........ccocvvuvun.n... 5 31
Sand, coarse, and gravel............coiiiniiinrninn.s 16 47
Clay, blue ..vovirriiiii it ieeeennennnennns 3 50
PerMiaN—Wolfcampian ’
Bhale .. e 1 51

13. Driller’s log of test hole at the Cavalry Replacement Training Center,
Fort Riley Military Reservation; drilled by the Layne-Western Com-
pany for the U. 8. Army, 1940.

Thickness, D&%zh,

feet
Soil, sandy ........ i e 2 2
QUATERNARY
Alluvium
Sand, very fine........o.iiiiiiiiiiiiiiii e 9 11
Sand, coarse; contains few streaks of clay............ 5 16
Sand, coarse, and gravel.............coviviiiniininnn. 24 40
PerMiaN—Wolfcampian '
Shale ... i e 1 41

14. Driller’s log of well at the Cavalry Replacement Training Center (well
2), Fort Riley Military Reservation; drilled by the Layne-Western
Company for the U. 8. Army, 1941.

) Thickness, Depth,
feet feet

o 2 2
QUATERN ARY
Alluvium
Clay, yelloWw ....iiviiviiiiiiiiiiienreninraninnenns 12 14
Sand, fine ... .. i e i 12 26
Clay, s0ft, BIUE. .. vivvitireiirirerarenrerurenereness 5 31
Sand, COAISE .....cviiiviiniiriiiiinranrinciranennans 15 46
Clay and TOCKS......vivetiinrueneenenereneeeneansans 4 50
Sand, fine ....iiiiiiiiiiiiiiii et iee et aeiae. 8 58

Sand, COAISE ......vviviiiineeiennrerenrneeneenansens 24 82
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15. Driller’s log of well at the Cavalry Replacement Training Center (well
1), Fort Riley Military Reservation; drilled by the Layne-Western

Company for the U. 8. Army, 1941.
Thf:kness. Depth,

eet feet
Soil, black ....vuviiniiniiii i, 3 3
QUATERNARY
Alluvium
Soil, SANAY ..viiiiiii e 6 9
Sand, Sty ... i 5 14
L0 .3 4 18
Sand, fine ......oiiiiiiiii i e 16 34
Sand, €oarse .......c.iiiiiiiiiiii i et 30 64
Sand, fine ................ e, 1 65
Sand, COAISE ....vvnitiiiiiiiiieii e, 6 71
Sand, fine ... e 1 72
Sand, coarse .......cociiiiinninnnn. eere e e, 3 75

18. Driller’s log of well in the SWY% SW% sec. 36, T. 11 S, R. § E., Geary
County; drilled by the Layne-Western Company for the City of Junction
City (well 4,) 1937.

QUATERNARY Thickness,  Depth,
Alluvium feet feet
ClaY « ettt 8 8
Clay, sandy .....oovvuniniiniiiiiiieeerinnannnnnin, 8 16
Band ..o e e 4 20
Sand, CoArse ....iiiiiiiiiii e 8 28
Quicksand ... ...ttt e 9 37
Sand and gravel .........cooiiiiiiiiiin i 17 54

19. Driller’s log of well in the SWY% SWY sec. 36, T. 11 S, R. 6 E., Geary
County; drilled by the Layne-Western Company for the City of Junction
City (well 6), 1943.

Thickness, Depth,
feet

feet
Boil e e 2 2
QUATERNARY
Alluvium
Band, fine ....iviiiiiiii i, 8 10
Sand, coarse, and gravel............ooiniiernninn.n. 8 18
Sand, fINe ....vuiiiiii i 7 25
Sand, coarse, and gravel; contains clay balls.......... 10 35
Sand, coarse, and gravel............voeiniernrnnn. .. 18 53
PerM1AN—Wolfcampian

Shale ...oiiiiiii i 1 54
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20. Driler’s log of test hole in the Hippodrome area, Fort Riley Military
Reservation; drilled by the Layne-Western Company for the U. 8. Army.
Thickness, Depth,

feet feet
3151 A .2 2
QUATERNARY
Alluvium
L0 P 13 15
Sand, fine ...t e 3 18
Band, COAISE +.vvvirrrir et inrnr i n i 10 28
Sand and gravel......ocoviiiiii i e 9 37
Clay oo 1 38
Sand, COATSE ....vuiiitiiii i e 2 40
Sand and gravel .......... ..o i 15 55
Sand, fine ...vivviitii i e 18 73
PerMian-—~Wolfcampian
Rock o 1 74

21. Driller’s log of well at Fort Riley (well 3), Fort Riley Military Reser-
vation; drilled by the Layne-Western Company for the U.8. Army, 1998.
Thickness, Dfepth,

feet eet
S0l 5 5
QUATERNARY
Alluvium
Clay, sandy .......oviiiiiinin s 7 12
Sand, fine ... e 6 18.
Gy et 7 25
Clay, sandy .o.vvnvriniiriite e e e 3 28
Sand, fine ......oooiiiiiii 12 40
Sand and gravel ............oiiiiii i 30 . 70

22. Driller’s log of well at Fort Riley (well 2), Fort Riley Military Reserva-
tion; drilled by the Layne-Western Company for the U. 8. Army, 1928.
Thickness, Depth,

feet feet

Soil, sandy .oviiii i i e 8 8
QUATERN ARY
Alluvium .

L0 5 13
Clay, sandy ..ot e e 12 25
Sand, fine ..viuei e e e e 15 40
Sand and gravel ...... ... . . . .. e 9 49
Ay vt e e e, 1 50
24T PP 5 55

Sand and gravel........ .o it 12 67
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23. Driller’s log of well at Fort Riley (well 1), Fort Riley Military Reserva-

tion; drilled by the Layne-Western Company for the U. 8. Army, 1928.
Thi}:kness, Depth,

eet feet

Soil, 8andy ... e e 5 5
QUATERN ARY
Alluvium

[0 17 22

Sand, COATSE .i.virirrerie i e inneantererinnnanns 7 29

() 5 1 30

Sand, fiNe ...ouiiiiiiiiii i e e 10 40

Sand and gravel..........voiiiiiiiiii i i 28 68

PerMiaN—Wolfcampian
RoCKk o e 1 69

24. Driller’s log of well at Fort Riley (well 4), Fort Riley Military Reserva-
tion; drilled by the Layne-Western Company for the U. 8. Army, 1937.
Thjckness, Depth,

feet feet

o S 2 2
(QUATERNARY
Alluvium

Clay, sandy .......uviiieriieeriie i annnnens 8 10

2 T 15 25

Clay, SaDdY ..vieviirinrii i iiiaeennens 5 30

Sand and gravel........ ..o 40 70

25. Driller's log of well at Camp Funston (well 1), Fort Riley Military Reser-
vation; drilled by the Layne-Western Company for the U. 8. Army, 1940.

UATERNARY
Q Thickness, Depth,

Alluvium feet feet
Sand, SIEY voiriiii e e e e 5 5
Sand, packed .....iiiiiiiiii i ittt 4 9
Sand, Silty ...oiiiiiiiiii i i it e e it 14 23
Sand, COAISE ...iiiivrerrireieeiiennnnneanneeerneenans 9 32
Sand, coarse, and gravel; gray..........coeviiininnnn.. 13 . 45
Sand, coarse, and gravel; brown....................... 19 64

26. Driller’s log of well at Camp Funston (well 2), Fort Riley Military Reser-
vation; drilled by the Layne-Western Company for the U. 8. Army, 1940.

ATERNARY
QUATER: Thickness, Depth,

Alluvium feet feet
Sand, SIlEY c.eneriiriiiiiiieii i e 16 16
Sand, fine ....oiiiiii i e e e 8 24
Sand, COATSE ...iinttitiiii i i e 21 45
Sand, coarse, and gravel..........c.iiiiiiiiiieiaaann 20 65

PerM1aN—Wolfecampian

ROCK et e e 1 66
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27. Driller’s log of well at Camp Funston (well 8), Fort Riley Military Reser-

vation; drilled by the Layne-Western Company for the U. 8. Army, 1941.
Thika;ess, Dfep%h,
ee ee

(7031 FRE-5 o & 2 2
QUATERNARY
Alluvium
Sand, sillty ...ciiiiiiiiiiir i e 16 18
Sand, fine ..ciiiiriiiiriieeteieitiie it 6 24
Sand, coarse, and clay balls..........coovviiiiiiia 7 31
Sand, coarse, and gravel..........ccoiiiiiiiiiiiiian 31 - 62
PerMIAN—W olfcampian
Rock ........... ettt ettt ieieaieeier e 1 63

28. Drniller’s log of well at Camp Funston (well 4), Fort Riley Military Reser-

vation; drilled by the Layne-Western Company for the U. 8. Army, 1941.
Thifck)%ess, Dfepth,
ee

eet

Soil, 8andy .o e e 2 2
QUATERNARY
Alluvium

1S T0 416 B 11 I 17 19

Sand, medium coarse......ceiviiiiiiiiiiiiiaiieen 13 32

Sand, COAYSE ..v'vieiiveneiiruarenaracessennorensnnns 12 44

Sand, coarse, and gravel............coiiiiiiiiiiiinn, 20.3 64.3

PeErMIAN—Wolfcampian ‘
Rock ..o v 1 65.3

32. Sample log of test hole in. the NEY4 SEY sec. 22, T.12 8., R. 6 E., Geary
County; drilled by the State Geological Survey, 1944. Surface altitude,

10798 feet.
QUATERN:ARY Thickness, Depth,
Alluvium feet feet
Soil, sandy, gray black ............... ..ol 2 2
Sand, fine to medium, and some fine to medium gravel, 14 16
Clay, silty, buff; contains some fine to coarse sand
and a few pebbles.......cooii i 5 21
Sand, medium to coarse.......ccoeiiiiiiiiiiiiiaa 30 51

PerMiaN—Wolfcampian
Shale, hard ..ottt 2 53

33. Sample log of test hole in the SEY4 SEY% sec. 22, T. 12 S, R. 6 E., Geary
County; drilled by the State Geological Survey, 1944. Surface altitude,

1,067.7 feet.
Thickness, Depth,
feet feet

Road fill ... ittt et aeanns 2 2
QUATERNARY
Alluvium
Silt, clayey, yellow gray; contains some fine to coarse
sand between depths of 10 and 15 feet.............. 16 18

Silt, clayey, gray «..overeii it it 2 20
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Thickness, ' Depth,
feet feet

Silt, yellow gray, and fine to coarse sand.............. 8 ‘28
Gravel, fine, and sand; contains some medium to coarse

3 -2 12 40
Sand, fine to €oOAISE. .. ouvviiii it 10 50
Gravel, fine to medium, and sand..................... 11 61

Permian—Wolfcampian
Bhale, calcareous, hard, white and light gray green;
contains thin bed of limestone at 62 feet........... 2 63

34. Sample log of test hole in the NEY4 NEY% sec. 27, T. 12 8., R. § E., Geary
County; drilled by the State Geological Survey, 1944. Surface altitude,
1,0616 feet.

QUATERN.ARY Thickness,  Depth,
Alluvium feet feet
Silt, sandy, yellow gray .........c.ovviiieiniinnnnnn.. 20 20

Sand, fine to medium, grading downward to fine to me-
dium gravel and sand; contains some silty blue-gray

OBy v e e 20 40

Gravel, fine to coarse, and sand................c.ou... 20 60
PerM1an—Wolfcampian

Limestone, very hard, white and blue gray............ 1 61

35. Sample log of test hole in the SEYa NEY sec. 27, T.12 8, R. § E., Geary
County; drilled by the State Geological Survey, 1944. Surface altitude,
10644 feet.

Thickness, Depth,
feet

feet

Road fill and s0il .......ovviiiiiiiiii i 4 4
QUATERNARY
Alluvium

Sand, fine to medium ............ ... ... e, 4 8

Silt, clayey, gray, interbedded with fine to medium sand, 10 18

Silt, clayey, blue gray...........covviiiiivennnnnnns 3 21

Gravel, fine to coarse; contains some sand............ 29 50

Gravel, fine to medium............c.covvenrneninn.. 6 56

PerM1aN—Wolfeampian
Limestone, hard, white .............cooveiuivnnn.... 1 57

37. Sample log of test hole in the SEY% SE% sec. 27, T. 12 S, R. 5 E,,
Geary County; drilled by the State Geological Survey, 1944. Surface
altitude, 1,083.5 feet.

Thii(_:kness, Dfepth,

eet eet

Road fill ... s 4 4
QUATERNARY
Alluvium

Sand, fine, and soft gray-buff silt................... 19 23

PerM1an—Wolfcampian
Shale, red and gray green...........c.c.coivuvuinen... 4 27
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41. Driller’s log of city well at Chapman, Kansas, in the NEY, NWY, NEY,
sec. 31, T. 12 8., R. 4 E., Dickinson County; drilled by the Layne-

Western Company, 1939.
Thickness, Depth,
feet

feet
B0l L 8 8
QUATERNARY
Alluvium
Clay, sandy . ...oviniiii e e 7 15
Sand L e 5 20
Clay, sandy «...oiniii it e s 8 28
L] 14 42
Sand, medium fine ........... 0. 3 45
Sand, coarse, and gravel .......... oottt 14 59
L0 71 2 61
Sand and gravel ........iiiiiiiii e 4 65
PerMian—Wolfcampian
RoOCk e 1 66

42. Sample log of test hole in the NEY SEY sec. 81, T. 12 8, R. 4 E,,
Dickinson County; drilled by the State Geological Survey, 1944. Sur-
face altitude, 1,108.1 feet.

QUATERNARY Thickness, Depth,

Alluvium feet feet

Silt, clayey, dark gray brown................coiiuun.. 4 4

Silt, soft gray buff; contains some fine sand.......... 11 15

Silt, soft, dark blue gray........coveeiiiiviienennn.. 4 19
Gravel, fine to coarse, and sand; contains little dark

blue-gray silt ......cviiiiiiii e 21 40

Gravel, fine to medium................cviiiiin... 8 48

PerMiaNn—Wolfcampian
Limestone, fairly soft, light buff...................... 2 50

43. Sample log of test hole at the NW cor. sec. 5, T. 13 8., R. 4 E., Dick-
mson County; drilled by the State Geological Survey, 1944. Surface
altitude, 1,111 feet. '

Q’UATERI\TARY Thickness, Depth,
Alluvium feet feet
Silt, light gray to dark gray......c.cooiiviiiiiiee., 5 5
Sand, fine t0 COATSE. . ..ottt reiieeenneeennareneannss 1 6
Silt, sandy, gray buff........ ... o il 8 14
Sand, fine to medium. .......cciriiiniiiiiiiiie e 6 20
Sand, fine to coarse; contains some fine to coarse
gravel between 25 and 31 feet..................... 11 31
Permian—Wolfcampian
Shale, calcareous, gray green..........c.ovevvivvienn. 2 33

Limestone, hard, gray buff.................... EERRRRS .1 33.1



Ground Water in the Smoky Hill Valley 105

44. Sample log of test hole in the SE% NE% sec. 6, T. 18 8., R. 4 E., Dick-
inson. County; drilled by the State Geological Survey, 1944. Surface al-
titude, 1,1169 feet.

QUATER}{ARY. Thickness,  Depth,
Alluvium feet feet
Silt, dark gray brown..........cooviiiiiiiiiiiiinan.. 3 3
Silt, soft, yellow gray; contains some fine sand........ 20 23
Silt, soft, buff gray to dark gray...................... 4.5 27.5
Gravel, fine 10 COATSE vvvvevrvnvir et enrvnianennnn.s .5 28
PerM1aN—Wolfcampian
Shale, calcareous, hard, buff and light gray............ 2 30

48. Sample log of test hole in the NEY4 SW% sec. 8, T. 13 8, R. 3 E., Dick-
inson County; drilled by the State Geological Survey, 1944. Surface alti-
tude, 1,189.1 feet.

QUATERNARY Thickness,  Depth,
Alluvium feet feet
Silt, sandy, brown ............ ... i, 3 3
Silt, clayey, dark gray ...........c.ciiiiiiin... 3 6
Silt, sandy, buff and tan .............. ... .. ..l 3 9
PerM1AN—Wolfcampian
Shale, gray green; contains thin beds of limestone.... 5 14

49. Sample log of test hole at the NW cor. NE% sec. 17, T. 13 8., R. 3 E,,
Dickinson County; drilled by the State and Federal Geological Surveys,
1944. Surface altitude, 1,1268 feet.

Q’UATERN_ARY Thickness, Depth,
Alluvium feet feet
Silt, clayey, gray black.........cooviiiiiiiiinii, 3 3
Silt, gray brown and buff............................ 5 8
Clay, silty, dark buff and light blue gray.............. 14 22
Gravel, fine to coarse; contains some sand............ 36 58
PerMian—Wolfcampian
Shale, red brown and gray green...................... 2 60

50. Saemple log of test hole in the SWY NEY% sec. 17, T. 13 S, R. 8 E,,
Dickinson County; drilled by the State Geological Survey, 1944. Surface
altitude, 1,125.1 feet.

QUATERNARY Thickness,  Depth,
Alluvium feet feet
Silt, soft, yellow gray; contains fine to medium sand in
lower part ..ot e 20 20
Sand, fine to medium; grades downward to fine to
coarse, sandy and silty gravel ..................... 10 30
Silt, clayey, blue gray....c.ccvvvveiiivniniiininnn.. 3 33
Gravel, fine to coarse; contains some sand............ 27 60

PerM1an—Wolfeampian
Shale, clayey, red brown and blue gray................ 10 70



106 Geological Survey of Kansas

51. Sample log of test hole at the NWY% SE%, sec. 17, T. 13 8., R. 3 E., Dick-
inson County; drilled by the State Geological Survey, 1944. Surface alti-

tude, 1,124.6 feet. Thickness,  Depth,
feet feet
Soll, dark gray ..ottt 3 3
QUATERNARY
Alluvium
Silt, soft, sandy, yellow gray.......c.ovvevvviinnnnanns. 7 10
Sand, fine to coarse, and yellow-gray silt; contains some
fine to coarse gravel in lower part................. 10 20
Gravel, fine to coarse, and some sand................ 30 50
Gravel, fine to coarse, partly cemented............... 12 62

PerM1iaN—Wolfecampian
Shale red brown and gray green, and hard, gray-whlte
" limestone containing a little chert................. 6 68

52. Sample log of test hole at the NW cor. NEY% sec. 20, T. 13 8., R. 3 E.,
Dickinson County; drilled by the State Geological Survey, 1944. Surface
altitude, 1,127 6 feet.

QUATERNARY Thickness,  Depth,
Alluvium feet feet
Silt, partly clayey, sandy, yellow gray; contains a little
fine gravel .o.oveiiivi i e 7 7
Gravel, fine to coarse, and sand...................... 28 35
Silt, sandy, light blue gray, gray, and buff; grades down-
ward to fine to medium gravel and sand............ 15 50
Gravel, fine to coarse, and sand...................... 18 68

PerMiaN—Wolfcampian
Limestone, very hard, gray white..................... 1 68.1

54. Sample log of test hole in the NWY¥ SWY% NE% sec. 20, T. 13 8., R.

3 E. Dickinson County; drilled by the State G’eolgzcal Survey, 1944.
Surjace altitude, 1,127 8 feet.

QUATERN.ARY Thickness, Depth,
Alluvium feet feet
Silt, dark yellow gray, and fine to medium sand...... 19 19
Gravel, fine to coarse, and sand; contains little blue- .
gray silt near 35 feet ............iiiiiiiiiiin., 34 53
PerM1aN—Wolfcampian
Shale, clayey, red brown, blue gray, and yellow green, 7 60

55. Sample log of test hole in the SW¥% SW¥% NEY% sec. 20, T. 13 S, R. 3
E., Dickinson County; drilled by the State Geological Survey, 1944.
Surface altitude, 1,129.0 feet.

QUA‘I‘ERN'ARY Thickness,  Depth,
Alluvium feet feet
Silt, yellow gray; and fine to medium sand; interbedded, 17 17
Gravel, fine to coarse, and sand...................... 11 28
Silt, gray buff and blue gray...........coovvvninnnn.. 3 31
Gravel, fine to medium, and sand; partly cemented... 9 40
Gravel, fine to medium, and sand; tightly cemented.. 3 43

PerMiaNn—Wolfcampian
Shale, gray green and light brown.........c.cvv.un... 4 47
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56. Driller's log of city well at Enterprise, Kansas, in the SWi% SWi NEY,
sec. 20, T. 18 8, R. 3 E., Dickinson County; drilled by the Layne-W estern

Comp any, 1943. Thickness, Depth,
feet feet
Soil, black ..o e e 2 2
QUATERNARY
Alluvium
Loam, sandy .......cciiiiiiiiiiiiiiiiiiiieniinnnnnnns 6 8
Sand, coarse, Ary... ..ottt i 6 14
Sand and clay, mucky............iiiii 2 16
Sand and gravel.........oiiiiii s 17 33
Clay and gravel...........ccciiiiiiiiiii i 4 37
Sand and gravel. ...t 5 42
PerM1aN—Wolfcampian
Clay, red ..ooiiiiiiii i i i e 1 43

64. Sample log of test hole at the SE cor. SW¥% sec. 20, T. 13 S, R. 2 E,,
Dickinson County; drilled by the State Geological Survey, 1944. Surface

altitude, 1,147.6 feet.
Thickness, Depth,

feet feet
Road fill and soil...........cooiviiiiiiiiiiiii s, 2 2
QUATERNARY
Alluvium
Silt, clayey, gray to yellow buff; contains few caliche
nodules ... ..l i e 8 10
Sand, fine to medium, and yellow-buff silt; contains
much caliche and a little fine to medium gravel.... 28 38
Silt, dark blue gray; contains some fine to coarse gravel, 2 40
Sand, fine to coarse; contains some fine to coarse gravel, 10 50
Gravel, fine to medium, and sand. See analysis 64,
Table 10 ... oottt i 6 56
PerMIAN-—Wolfcampian
Shale, silty, dull red and light gray green.............. 2 58

66. Sample log of test hole at the NW cor. sec. 18, T. 13 8., R. 2 E., Dick-
inson County; drilled by the State Geological Survey, 1944. Surface alti-
tude, 1,227 9 feet.

QUATERNABY Thickness, Depth,
Dune sand feet feet
Sand, fine 10 €OAISE. .. ..viveiir i 5 5
Terrace deposits (Pleistocene)
Clay, sandy, gray green.......veeeerrereeenennennnnnns 7 12
Sand, fine to coarse, and fine to medium gravel........ 4 16
Sand, fine to coarse, lime-cemented................... 4 20

PerMI1aAN—Leonardian
Wellington formation

Shale, silty, red brown and gray green................. 5 25
Limestone, hard, white...........c.ccvviiiiinnt. .5 25.5
Shale, silty, red brown and gray green................ 6.5 32

Limestone, hard, white............................... 2.5 H#.5
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67. Sample log of test hole at the SE cor. sec. 34, T. 12 8., R. 1 E., Dickinson
County; drilled by the State Geological Survey, 1944. Surface altitude,

1,310.3 feet.
Qua ARY Thickness, Depth,
Dune sand feet feet
Sand, fine to medium; contains some gray-brown silt.. 14 14

Terrace deposits (Pleistocene)
Silt, sandy, mottled tan and gray green; contains some
fine gravel in lower part............c.coiiiiiiiat, 10 24
PerMiAN—Leonardian
Wellington formation

Shale, soft, gray green, yellow buff, and gray white.... 23 47
Shale, soft, dark gray, and blocky, light-gray and green-

gray shale ... ... . i 23 70
Shale, soft, light green gray...........ccoivieinia.. 10 80
Clay, soft, green gray, and light- to dark-gray shale.... 10 90
Shale, partly calcareous, light to dark gray and red

63 0k ¢ WU 10 100
Gypsum, massive to crystalline, white to transparent,

and some gray and red-brown shale................ 20 120

68. Sample log of test hole at the SW cor. sec. 2, T. 18 8., R. 1 E., Dickin-
son County; drilled by the State Geological Survey, 1944. Surface alti-
tude, 1,302.7 feet.

QUATERN ARY Thickness, Depth,
Dune sand feet feet
Sand, fine to medium, silty, tan and gray............. 15 15

Terrace deposits (Pleistocene)
Sand, fine to coarse, and brown silt; contains some
fine to medium gravel....... ... ittt 6 21
PerMmiaNn—Leonardian
Wellington formation
Shale, blue gray, gray green, and cream; contains few

thin veins of calcite...........coviiiiiiiiiinn, 59 80
Shale, dark blue gray........ccoviiiiiiiiiiiinanns 18 98
Gypsum (?). No sample, due to loss of circulation.

Possibly a solution channel in gypsum............. 2 100

69. Sample log of test hole in the SW cor. sec. 11, T. 13 8, R. 1 E., Dickin-
son County; drilled by the State Geological Survey, 1944. Surface altr-
tude, 1,268.8 feet.

QUATERNARY Thickness, Depth,
Dune sand feet feet
Sand, fine to medium, and light-brown silt............ 6 6
Terrace deposits (Pleistocene)
Silt, sandy, tan and light gray to gray black.......... 14 20

Sand, fine to medium, and clayey gray-green and tan
L1 LRI 9 29
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Thickness, Depth,
feet feet

Clay, silty, soft, gray brown to tan; contains some fine
to medium sand .......c.iiiiiiiii e 17 46
Sand, fine to coarse, and fine to medium gravel; con-
tains caliche and many pebbles of sandstone and
ironstone in lower part. Thin cemented zones at 56
and 58 feet......coiiiiiiiiiiiiii i 14 60
PermiaN—Leonardian
Wellington formation

Shale, gray green, and soft blue-gray clay............ 16 76
Clay, blue gray and brown, and some blue-gray shale.. 12 88
Gypsum, massive, white and gray, and thin beds of

hard, partly calcareous, gray shale................. 12 100

71. Sample log of test hole at the SW cor. sec. 14, T. 13 8, R. 1 E., Dick-
inson County; drilled by the State Geological Survey, 1944. Surface
altitude, 12012 feet.

QUATERNARY Thickness, Depth,
Dune sand feet feet
Sand, fine to coarse; contains some dark-gray to light
tan SIlt .. e 10 10
Terrace deposits (Pleistocene)
Silt, sandy, light tan, yellow brown, and light gray... 10 20
Sand, medium to coarse.........c.ciiiiiiiiiiiiiinn, 12 32
Silt, sandy and clayey, light tan and light gray....... 6 38
Sand, fine to coarse, and fine gravel.................. 8 46
Silt, clayey, sandy, gray and light gray brown......... 6 52

Sand, medium to coarse, and fine to coarse gravel;
contains few pebbles of Dakota sandstone and

ITONSLONE . .vvtvveeerneeranrecsnnseonenenoonancenns 21 73
PerMiaN—Wolfcampian
Shale, hard, light gray......cccoviiiiiiiviiiiiiiianns 3.5 76.5
Limestone, hard, white, and hard, light-gray shale.
Solution opening at 80 feet............oonviiiiit, 3.5 80

72. Sample log of test hole in the NWY¥% NEY SW¥% sec. 23, T.13 8, R. 1
E., Dickinson County; drilled by the State Geological Survey, 1944.
Surface altitude, 1,174.8 feet.

QUATERNARY Thickness,  Depth,
Dune sand eet fee
Sand, fine to medium, silty...........cooiiiiiiiii 20 20
Terrace deposits (Pleistocene)
Silt, sandy, clayey, light brown to light gray.......... 7 27
Sand, fine, to medium gravel........................ 9 36
PerM1an—Wolfcampian
Shale, red and bright gray green..................... 4 40
Shale, red, gray green, and blue gray; containing thin
beds of limestone and gypsum........ccoveevevnnnn. 8 48

Limestone, hard, white, and hard, white to gray-white
shale ..oviiiii i i e e 6 54
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74. Sample log of test hole in the SEY4 SW SEY sec. 23, T. 13 S, R. 1
E., Dickinson County; drilled by the State Geological Survey, 1944.
Surface altitude, 1,160.4 feet.

QUATERN,ARY Thickness,  Depth,
Alluvium feet feet
Silt, clayey, light to dark gray......coooveeeviiannnn.. 10 10
Silt, soft, sandy, buff and gray..................ienen 8 18
Gravel, fine, and sand............coviiiiiiiiineeannas 8 26
Silt, soft, dark blue gray.......covveviineenneaniennen 1 27
Gravel, fine to coarse, and sand...................... 6 33
PermiaNn—Wolfcampian
Shale, hard, gray green, red brown, and blue gray..... 2 35
Limestone, white ......coviiieieinnerrnnnarennesceees 2 37
Shale, very hard, light gray.........coovvivienninnn.s 1 38

75. Sample log of test hole in the SEY% SWi¥% NEY sec. 26, T. 13 8, R. 1
E., Dickinson County; drilled by the State Geological Survey, 1944.

Surface altitude, 1,162.6 feet.
Thickness, Depth,
feet feet

Road fill ..ottt it e iiieiaeareeenans 2 2
QUATERNARY
Alluvium
Silt, sandy, gray brown to yellow gray................ 15 17
Gravel, fine to coarse; contains some sand. See analysis
75, Table 10 .. c.viniiiiiniiiiii et ieieenerearnns 29 46

PerMiaN—Wolfcampian
Shale, gray green and red brown contains some gypsum
between 48 and 50 feet ........ccoiviivniinninannn, 4 50

77. Sample log of test hole in the NEYA NW% NEY% sec. 36, T. 13 8, R. 1
E., Dickinson County; drilled by the State Geological Survey, 1944.

Surface altitude, 1,166.6 feet.
Thickness, Depth,

feet feet
Road fill .. ...ttt ir i, 3 3
QUATERNARY .
Alluvium

Silt, clayey, gray and gray buff....................... 17 20

Silt, yellow gray, grading downward to fine to coarse
9 T L 6 26
Gravel, fine to coarse, and sand...................... 31 57

PerM1aN-—Wolfcampian
Shale, red brown and gray green..................... 3 60
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78. Sample log of test hole at the NW cor. NEY SE%Y% sec. 35, T. 13 8., R. 1
E., Dickinson County; drilled by the State Geological Survey, 1944.

Surface altitude, 1,156.4 feet.
Thickness, Depth,
feet f

eet
Road fill ... ..o e 2 2
QUATERNARY
Alluvium
Silt, clayey, compact, dark gray........coevuvnnnennn. 2 4
Silt, sandy, yellow gray.......ccovvveiiienrneninennn.. 9 13
Silt, clayey, gray ..ot s 7 20
Clay, silty, light blue gray and buff................... 9 29
Gravel, fine to coarse, and sand. See analysis 78, Table
10 e e e e 36 65
PerM1aN—Wolfcampian
Shale, light brown and light gray..................... 4 69

80. Sample log of test hole at the SE cor. SW% SEY sec. 36, T. 13 8., R. 1
E., Dickinson County; drilled by the State Geological Survey, 1944
Surface altitude, 1,156.1 feet.

Thickness, Depth,

. feet feet
Soil, gray black ..........cooiiiiiiiiiiiiiie 2 2
QUATERNARY
Alluvium
Silt, yellow elay.......ooviiiiiniieieierereranannn, 10 12
Silt and clay, gray, light blue gray, and buff........... 18 30
Sand, fine to coarse, and fine to medium gravel....... 20 50
Gravel, fine to coarse; contains some sand. See analysis
80, Table 10 .....covvrniiniiiiiniiaeeeeannnnn, 15 65
PerM1an—Wolfeampian
Shale, red brown and gray green...................... 5 70

82. Sample log of test hole at the NW cor. SWi4 sec. 36, T. 13 8., R. 1 E,,
Dickinson County; drilled by the State Geological Survey, 1944. Surface
altitude, 1,168.6 feet.

QUATERI\{ARY Thickness,  Depth,
Alluvium feet feet
Clay, silty, light brown to yellow gray; contains a few
caliche nodules ..........coviviiiiviniinnnnnennnn. 14 14
Clay, silty, gray and buff............................. 16 30
Sand, fine to coarse; contains some gray-green silt and
a little fine to medium gravel.................... 8 38
Gravel, fine to coarse; contains some sand. See analysis
82, Table 10.....cciiiiiriiiiinineicnnnnrncnnnss . 22 60
Clay, silty, BIAY «evieiiiniiiiiinnanas teseresasaenes . 4 64
PerMiaN—Wolfcampian
Shale, silty, red brown and light gray...... ceversenee 4 68
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83. Sample log of test hole at the SW, cor. NW4 sec. 34, T.13 8, R. 1 E,,
Dickinson County; drilled by the state Geological Survey, 1944. Surface
altitude, 1,160.3 feet.

QUATERN,ARY Thickness, Depth,
Alluvium feet feet
Clay, silty, gray brown............coveveviiieeanannns 3 3
Silt and clay, yellow gray and dark blue gray......... 27 30
Gravel, fine to coarse; contains some sand............ 28 58
Clay, yellow green to light blue...................... 5 63
Gravel, fine to coarse, and sand; loosely cemented. See
analysis 83, Table 10......coiieeeiiiiinnnnrenenanes 2 65
PeErM1aN—Wolfcampian
Shale, hard, light gray to gray......ccceevvevreinernnes 2 67

84, Sample log of test hole at the SE cor. NEYA NEY sec. 32, T.13 8, R. 1
E., Dickinson County; drilled by the State Geological Survey, 1944. Sur-
face altitude, 1,164.6 feet.

QUATERN.ARY Thickness, Depth,
Alluvium feet feet
Silt, elayey, buff ....... .o i 18 18
Gravel, fine to coarse, and sand. See analysis 84, Table
10 o e e e e 40 58
PermiaNn—Wolfcampian
Shale, clayey, light blue gray, and hard light-buff shale, 4 62

88. Sample log of test hole in the NWi SW% sec. 21, T.13 8, R. 1 E,,
drilled by the State Geological Survey, 1944. Surface altitude, 1,169.5 feet.

UATERNARY
Q Thickness, Depth,

Alluvium feet feet
Silt, clayey, gray to buff gray............ccoiieiinnn. 17 17
Sand, fine to coarse, and some fine to coarse gravel.... 23 40
Gravel, fine, and sand. See analysis 88, Table 10...... 3 43

PerMian—Wolfcampian
Shale, hard, light gray.......ccovviiivirvrieiiennnenns 5 48

89. Sample log of test hole at the NW cor. sec. 15, T. 13 8., R. 1 E., Dick-
inson County; drilled by the State Geological Survey, 1944. Surface,
altitude, 1,246.2 feet.

QUATERNARY Thickness, Depth,
Dune sand feet feet
Sand, fine to medium, silty, tan...................... 10 10
Terrace deposits (Pleistocene)
Silt, clayey, light gray and light tan.................. 8 18
Sand, fine to coarse, yellow............c.ciiiiat. 3 21
Silt, clayey, sandy, soft, light tan and light gray; con-
tains much fine to medium gravel in lower part.... 17 38

PerM1aN—Leonardian
Wellington formation
Shale, partly calcareous, gray green and blue gray.... 10 48
Shale, hard, light to dark gray............cccveeviina.n 22 70
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Shale, clayey, gray green and red brown..............
Shale, calcareous, gray ............coeeeeeirinnnnn...
Shale, very hard, gray and green gray................
Shale, gray green and red brown.....................
Gypsum, white, translucent ..........................
Shale, calcareous, gray to dark gray; hard in upper part

and interbedded hard and soft beds in lower part. ..
Chert, fossiliferous, blue gray.................oovu..:

28.5
.5

113
Depth,
feet
100
116
120

134
144

172.5
173

90. Sample log of test hole at the NE cor. sec. 18, T. 13 8., R. 1 E., Dick-
inson. County; drilled by the State Geological Survey, 1944. Surface

altitude, 1,2348 feet.
QUATERN ARY
Dune sand
Sand, fine to coarse...........oviiiiii
Terrace deposits (Pleistocene)
Sand and gravel, fine to medium ; contains some tan silt,
Silt, sandy, yellow tan............cooevivnnnninni i,
Sand and gravel, fine to medium; silty................
Silt, clayey, yellow gray........coovveueveinninnnnn..
Sand, fine, to coarse gravel; interbedded with yellow-
gray and green-gray clay ...........oouierinnnn....
Clay, compact, gray green; contains some caliche. ...
Sand, fine, to coarse gravel..................c0.0o....
Sand, fine to coarse, interbedded with buff silt ; contains
some fine to coarse gravel. Gravels derived from
the Dakota formation ............................
PerMmian—Leonardian
Wellington formation
Shale, calcareous, gray green; contains some calcite in
UPPET PArt ..o e
Shale, calcareous, light gray and brown; contains thin
bed of limestone near top.............c..c.oo ... ..
Gypsum, white, and hard gray shale..................
Shale, gray green and brown.........................
Gypsum, white, interbedded with some dark-gray shale,
Shale, gray ........ooooiviiiiii i
Gypsum interbedded with light-gray and brown shale,
Shale, light gray ..........oooiiiiiinn .

Shale, calcareous, hard, light gray to gray............

Shale, gray green and red brown.....................
L83 11 o

87115

Thickness,
1

9
2

12
6
2

14

35

Depth,
feet

18
20

32
38

54

89

&L

105
108
125
131
144
165

182

190
192.5
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92. Driller’s log of well at Solomon, Kansas, in the NEY, NWY% SE% sec.
18, T. 13 8, R. 1 E., Dickinson County; drilled by local driller, 1942.

QuaTERNARY Thickness Depth

Alluvium feet feet
Loam, sandy ..... e e ettt e, 4 4
Clay and sand .......coooviiiiiiniienieaiiiieaiens 16 20
Clay, Brown ......vveinreiniiinneineenaaneaneenanes 15 35
Quicksand ... ... i i e 3 38
Sand, fine ......iiiiiiiiii i e 3 41
Sand, medium ........iiiiii e 2 43
Sand, coarse, to fine gravel.................oiiilt 1 44

PerMiaAN—Leonardian
Wellington formation
Bhale ottt i i ettt 4 48

96. Sample log of test hole in the NWY% NEY NW% sec. 15, T. 14 8, R. 1
W., Saline County; drilled by the State Geological Survey, 1944. Sur-

face altitude, 1,1812 feet.
Thickness, Depth,

feet feet
Road fill ..ouiieii i tiiitin i iienaeaeane 4 4
QUATERNARY
Alluvium
Silt and clay, dark buff, gray, and gray green; contains
some fine to medium sand in lower part............ 30 34
Gravel, fine to coarse; contains some light-gray sand
and silt. See analysis 96, Table 10................. 12 46
PermiaN—Leonardian
Wellington formation
Shale, blue gray and yellow...............coovinenn 4 50

97. Sample log of test hole at the NE cor. sec. 33, T. 13 8., R. 1 W., Saline
County; drilled by the State Geological Survey, 1944. Surface altitude,

1,176.4 feet.
QUATERI\TARY Thickness, Depth,
Alluvium ‘ feet feet
Silt and clay, buff and light to dark gray.............. 22 22
Sand, fine to coarse gravel........coooiiiiiiiiiiian 18 40

Gravel, fine; contains some sand, a little medium to
coarse gravel, and blue-gray silt. See sample 97,
Table 10 ...virtirreenereeraaaeinrrinranosansaness 17 57
PermiaN—Leonardian
Wellington formation .
Shale, gray and gray green............coviniieinannnn 3 60
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99. Sample log of test hole at the SW cor. sec. 29, T.13 8, R. 1 W., Saline
County; drilled by the State Geological Survey, 1944. Surface altitude,
1,181.2 feet.

Thickness, Depth,
feet

feet
Road fill ... o 2.5 2.5
QUATERNARY :
Alluvium
Silt, clayey, gray and yellow gray........o..ueevnnnnn. 15.5 18
Gravel, fine to coarse, and sand. See analysis 99,
Table 10 ...ouiiriiiiii i e 31 49

PerM1aN—Leonardian
Wellington formation
Shale, light to dark gray, alternating hard and soft beds, 11 60

102. Sample log of test hole in the SEY, SEY, NEY% sec. 19, T. 13 8, R.
1 W., Saline County; drilled by the State Geological Survey, 1944. Sur-
face altitude, 1,180.1 feet.

QUATERN:ARY Thickness, Depth,

Alluvium feet, feet
Silt, clayey, gray, gray black, and yellow gray; con-

tains few caliche nodules.................ccuvn.... 10 10

Silt and clay, gray, green gray, and brown............. 15 25

Sand, fine t0 €OATSE. .. .ovvir it i, 3 28

Silt, clayey, blue gray..........ooiiiiiiiiniinnnn. 2 30
Sand, fine to coarse, and soft gray silt; contains some

fine to medium gravel between 40 and 50 feet. ...... 20 50

Sand, fine to coarse, and much fine to medium gravel;
cemented by lime between 52 and 53 feet. See analy-
sis 102, Table 10......... ... o, 6 56
PerMI1aAN—Leonardian
Wellington formation ‘
Shale, laminated, light and dark gray................ 14 70

103. Sample log of test hole in the SEY SEY% SW3Y% sec. 17, T. 13 8, R.
1 W, Saline County; drilled by the State Geological Survey, 1944.
Surface altitude, 1,1782 feet.

QUATERI\{ARY Thickness, Depth,
Alluvium feet feet
Silt, clayey, dark gray to yellow gray................. 24 24
Clay, silty, gray green to gray brown; contains many
SNails L. e 6 30
Peat, brown ........... ... 4 34
Sand, fine to coarse, and fine to coarse gravel.......... 22 56

PerMian—Leonardian
Wellington formation
Shale, soft, light gray and gray....................... 17 73
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104. Sample log of test hole in the SWi¥% SW¥% NW% sec. 16, T. 13 S., R. 1
W., Saline County; drilled by the State Geological Survey, 1944. Surface
altitude, 1,179.6 feet.

QUATERP{ARY Thickness, Depth,

Alluvium feet feet
Silt and clay; gray black, yellow gray, and brown; con-

) tains few caliche nodules between 4 and 10 feet.... 20 20
Clay, light gray green, blue green, and dark gray...... 10 30
Sand, fine to coarse, and light-gray clay; contains some

fine to medium gravel ...........cciiiiiiiiinann, 14 44
Silt, gray and brown, and brown peat; contains much

fine to coarse sand.........c.iiiiiiiiiiiieaen 6 50
Clay, sandy, light blue gray........cooviiiniinnnans. 5 55
Sand, fine to coarse, and fine to medium gravel. See
" analysis 104, Table 10.........coivieeeeeenienn... 10 65

PerMian—Leonardian
Wellington formation
Shale, hard, light gray...........coiiiiiviniiinn.n. 3 68

105. Sample log of test hole in the NEYy NEYy NW%% sec. 16, T. 13 8., R. 1
W., Saline County; drilled by the State Geological Survey, 1944. Sur-
face altitude, 1,177.0 feet.

QUARTER.NARY Thickness,  Depth,
Alluvium eet feet
Silt, sandy, yellow gray.........covvneinneneennnn.. 19 19
Sand, fine, to medium gravel.............covvvuvnn... 8 27
Clay, silty, blue gray..........cooviiiiniininennn... 3 30
Gravel, fine to medium; contains much sand and a little
coarse gravel .......... .. i i, 7 37
Clay, silty, blue gray..........cooviiiiiiniiiananan.. 2 39
Gravel, fine to coarse, and sand. See analysis 105,
Table 10 ..o i e 17 56

PerMiaN—Leonardian
Wellington formation
Shale, alternating hard and soft beds.................. 4 60

106. Sample log of test hole in the SE% SE*% NEY% sec. 9, T. 188, R. 1 W,
Saline County; drilled by the State Geological Survey, 1944. Surface
altitude, 1,177 .2 feet.

QUATERNARY Thickness, Depth,
Alluvium feet feet
Silt and clay; gray and yellow gray; contains caliche
nodules and some sand...........ciiiiiiiiiiinan, 20 20
Silt, clayey, buff and dark blue gray..... e 3 23
Sand, fine, to coarse gravel. See analysis 106, Table 10, 21 44

PerMian—Leonardian
Wellington formation
Shale, light to dark gray........cooooviiiiiiiil 6 50
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107. Sample log of test hole in the NWY% NEY% NW3% sec. 10, T. 13 8., R. 1
W., Saline County; drilled by the State Geological Survey, 1944. Surface
altitude, 1,180.8 feet.

QUATERN.ARY Thickness,  Depth,
Alluvium feet feet
Silt, clayey, dark gray brown................cooo..... 4 4
Sand, fine to coarse, and buff silt; contains a little
fine gravel ... ..o i e 5 9
Silt, soft, gray and yellow gray....................... 11 20
Silt, clayey, sandy, gray to gray green................ 10 30
Sand, fine, to coarse gravel..........couviuveeninn... 8 38
Silt, soft, gray and gray green.................cu..... 2 40
Sand, fine, to fine gravel.........coovveuvrivnnnnnnn.. 6 46
Silt, sandy, dark gray..........cooouiiiiiiiniiinnn 4 50

PerMiaN—Leonardian
Shale, hard, porous, gray white, and soft dark-gray and
gray-green shale .......... ... ... 0 iiiiiiiininn.. 10 60

109. Sample log of test hole at the NW cor. SW¥% SW% sec. 4, T. 18 8,
E. 1 W, Saline County; drilled by the State Geological Survey, 1944.
Surface altitude, 1,182.4 feet.

QUATERN.ARY Thickness, Depth,
Alluvium feet feet
Silt, clayey, dark gray to brown...................... 3 3
Sand, fine, and silt, yellow gray.........covvuvvneun... 22 25
Clay, silty, blue gray.......covveevrveennnnennnnnnnn. 9 34
Gravel, fine to medium, and sand; partly cemented
between 43 and 49 feet. See analysis 109, Table 10.. 15 49

PerM1AN—Leonardian
Wellington formation
Shale, gray white to gray green..................o.... i1 60

112. Sample log of test hole at the SW cor. sec. 6, T. 13 8., R. 1 W., Saline
County; drilled by the State Geological Survey, 1944. Surface altitude,
1,1830 feet.

QUATERN.ARY Thickness, Depth,
Alluvium feet feet
Silt and clay; tan, buff, gray, and gray green......... 25 25
Silt and clay; sandy, blue gray.........ccvveveenenn.. 4 29
Sand, fine, to coarse gravel. See analysis 112, Table 10, 20 49

PerM1aN—Leonardian
Wellington formation
Shale, gray white and gray............covvininninnn.. 4 53

113. Sample log of test hole at the NE cor. sec. 2, T. 13 8., R. 2 W., Saline
County; drilled by the State Geological Survey, 1944. Surface altitude,
1,188.1 feet.

QUATERN.ARY Thickness, Depth,
Alluvium feet, feet
Silt and clay, gray, dark gray, buff, and gray green..... 25 25

Clay, silty, sandy, gray green..........covvveennnnnnn. 2.5 27.5
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Thickness, Depth,
feet

feet

Silt, gray, and brown peat..............ouvnirniinn. 1.5 29

Sand, fine, to medium gravel....................... 10 39

Gravel, fine to medium, and sand; lime-cemented.... 2 41
Gravel, fine to coarse, and sand; in part loosely ce-

mented. See analysis 113, Table 10................ 5 46

PerMiaN—Leonardian
Wellington formation
Shale, light to dark gray..........covveeeronennnnnis 4 50

114. Sample log of test hole at the SW cor. sec. 25, T. 13 S8, R. 2 W, Saline

County; drilled by the State Geological Survey, 1944. Surface altitude,
1,190.6 feet.

QUATERN.ARY Thickness, Depth,
Alluvium feet feet
Silt, sandy, yellow gray........cocovevinvenenennnnns. 17 17
Sand and gravel, fine to coarse; partly cemented...... 13 30
Gravel, fine to coarse, and sand. See analysis 114,
Table 10 ..ottt ittt 30 60

PerMian—Leonardian
Wellington formation
Shale, soft, gray, gray green, and white............... 20 80

115. Sample log of test hole at the NW cor. sec. 27, T. 18 8., R. 2 W., Saline
County ; drilled by the State Geological Survey, 1944. Surface altitude,

1,222.0 feet.
Thickness, Depth,
feet feet
Road fill ..o e 2 2
QUATERNARY
Alluvium
Sand, fine to medium.............cvvvivrernnnnnnnnn. 3 5
Silt, sandy, gray buff; contains some fine gravel in
Tower part o..ooviiiiiiiii it e 15 20
Sand, fine to medium, and some fine to medium gravel, 4-° 24
Silt, sandy, gray buff............coiiiiiiin 6 30
Silt, clayey, gray ....ooviiiiiiii 22 52
Gravel, fine to coarse, and much sand................ 7 59
PerMiaNn—Leonardian
Wellington formation,
Shale, light and dark blue gray..........ooovvevnnn... 3 62

116. Sample log of test hole at the SE cor. NEY sec 28, T.138,R. 2 W,
Saline County; drilled by the State Geological Survey, 1944. Surface
altitude, 12089 feet.

Thickness, Depth,
feet

feet
Road fill ..o.vvuiiiiiiii i 2 2
QUATERNARY
Alluvium
Sand, fine £0 COAISE. . vvvivre ey 2 4
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Thickness, Depth,
feet feet

Silt, sandy, soft, yellow gray........coeevvevvevnnnnnn. 10 35
Silt, soft, blue gray.......ccovviiivienceeviniescenens 2 37
Gravel, fine to coarse; contains some sand............. 24 61

PerM1aN—Leonardian
Wellington formation
Shale, light to dark gray..........coviiiieiineinnnen. 9 70

117. Sample log of test hole at the SW cor. sec. 27, T. 13 8., R. 2 W., Saline
County; drilled by the State Geological Survey, 1944. Surface altitude,

12063 feet.
Thickness, Depth,
feet feet
Road filland 20il.....covvviirieni i irinanannnas 2 2
QUATERNARY
Alluvium
Silt, clayey, buff ......... ..o i, 23 25
Silt, sandy, yellow to tan buff................coouitn 11 36
Sand and gravel, fine to coarse; contains little blue-
gray silt. See analysis 117, Table 10................ 24 60

PerM1aAN-—Leonardian
Wellington formation
Shale, blue gray and gray white...................... 10 70

119. Sample log of test hole at the SW cor. NWY% sec. 34, T. 18 S, R.2 W,,
Saline County; drilled by the State Geological Survey, 1944. Surface
altitude, 1,203.1 feet.

Thickness, Depth,
feet feet

Road fill ..ottt rsiineeanann 4 4
QUATERNARY
Alluvium
Silt, sandy, soft, yellow gray.........cooveiiiiiiannn, 21 25
Silt, clayey, blue gray and buff; contains some sand and
fine gravel ......ccoiiiiiiiniiiiiiii i 8 33
Gravel, fine to medium, and sand.................... 2 35
Silt, blue gray; contains some sand and fine to coarse
e ) 7 42
Sand and gravel, fine to coarse; contains a few pebbles
in lower part ...........cooiiiiiaan, e eeeerenaaans 16 58

PerMiaN—Leonardian
Wellington formation
Shale, gray white to blue gray......coovvveviinennnen 10 68
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120. Sample log of test hole at the NE cor. sec. 4, T. 14 8., R. 2 W, Saline
County; drilled by the State Geological Survey, 1944. Surface altitude,
1,202.5 feet.

QUATERN.ARY Thickness, Depth,
Alluvium feet feet
Silt and clay; yellow buff, light gray, and blue gray;
-contains caliche nodules in upper 10 feet and a little

sand in lowWer Part...............oeiiniiieinnnnain. 32 32
Silt, soft, yellow ....viviiiini e, 4 36
Sand and gravel, fine to coarse.................uiins 24 60
Gravel, fine to very coarse; contains thin beds of clayey

blue-gray silt. See analysis 120, Table 10.......... 9 69

Permian—Leonardian
Wellington formation
Shale, hard, gray white...................... ... 0\, 1 70
Shale, light gray to blue gray........................ 3 73

121. Sample log of test hole at the NW cor. SWY% sec. 38, T.148,R. 2w,
Saline County; drilled by the State Geological Survey, 1944. Surface
altitude, 1,2015 feet.

Thickness, Depth,
feet

feet
Road fill and soil...........coooieieuinionin, 3 3
QUATERN ARY
Alluvium
Silt, soft, yellow gray............ovuvuin.n. PR, 7 10
Silt, soft, yellow gray; contains a little fine to medium
gravel and sand............... ... .. 0 i, 7 17
Silt, carbonaceous, blue gray...................0.oii.. 10 27
Sand and gravel, fine to coarse; contains a little light-
gray clay in lower part............................. 38 65

PerMiaAN—Leonardian
Wellington formation
Shale, light to dark gray............oovvueinunnnnn.. 5 70

122. Sample log of test hole at SE cor. sec. 4, T. 14 8., R. 2 W., Saline County;
drilled by the State Geological Survey, 1944. Surface altitude, 1,199.7

feet.
QUATERN.ARY Thickness, Depth,
Alluvium feet feet
Silt and clay, gray, yellow gray, and blue gray........ 22 22
Sand and gravel, fine to medium...................L 3 25
Silt, clayey, blue gray...........cooviiiniininannn.. 1 26
Sand, fine, to coarse gravel. See analysis 122, Table 10, 31 57

PerMiaN—Leonardian
Wellington formation
Shale, soft, blue gray to gray white................... 13 70
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124. Sample log of test hole in the SWY% SWY% NWY sec. 10, T. 148, R. 2
W., Saline County; drilled by the State Geological Survey, 1944. Surface
altitude, 1,200.1 feet.

QUATER){ARY Thickness, Depth,
Alluvium feet feet
Silt, yellow gray........c.viiiiiiiiiiniiinnnnnnnnnnn 7 7
Sand, fine to medium, silty; contains some fine to
medium gravel from 18 to 20 feet.................. 13 20
Sand and gravel, fine.................... ... ..., 6 26
Silt, light tan.......... ..o i 33 59
Sand, fine to coarse, a little fine gravel and caliche;
hard, lime-cemented bed from 62.5 to 63 feet........ 6 65

PerM1AN—Leonardian
Wellington formation
Shale, light blue gray........0...ovuuineervinnnnn... 5 70

125. Sample log of test hole in the NWl% SWi¥ SW sec. 10, T. 14 8., R. 2
W., Saline County; drilled by the State Geological Survey, 1944. Surface
altitude, 1,2067 feet.

QUATERI\{ARY Thickness, Depth,
Alluvium feet feet
Silt, sandy, dark gray brown...............cciiiiinn... 4 4
Silt, clayey, gray to buff.......................o.... 16 20
Silt, sandy, light gray and buff...................... 6 26
Sand, fine, to coarse gravel.............c.coviiininn.. 7 33

Silt, yellow gray to light blue gray; contains some sand
and gravel. Many fragments of limestone from 50 to
59 feet .. i 26 59
PerMIaAN-—Leonardian
Wellington formation
Shale, silty, brown, blue gray, and gray............... 11 70

129. Sample log of test hole in the SE% SWY% SEY sec. 34, T. 13 S,R.3W,
Saline County; drilled by the State Geological Survey, 1943. Surface -al-
titude, 1,220.7 feet.

QUATER){ARY Thickness, Depth,
Alluvium feet feet
Silt, clayey, light to dark gray and gray black........ 12 12
Clay, silty, light gray..........cooveiiiiiinrenennn... 2 14
Silt, blocky, light brown.................ocoo oot 6 20

PerM1aN—Leonardian
Wellington formation
Shale, elayey, light gray...........cc.covvvnenen.... 10 30
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130. Sample log of test hole in the SW% NWY% SW4% sec. 35, T. 13 8., R. 8
W., Saline County; drilled by the State Geological Survey, 1943. Sur-
face altitude, 1,220 feet.

QUATERN.‘ARY Thickness, Depth,
Alluvium feet feet
Silt, clayey, gray, gray black, and light brown......... 28 28
Clay, blue gray and green........cooeevverreeenennn.. 14 42
Peat, brown .......coiiiiiriiniinencnerereoencananns 5 47
Sand, fine to medium, silty, brown.................... 13 60
Silt, clayey, yellow gray to blue gray................. 16 76

Sand and gravel, fine to coarse; coarse gravel composed
of limestone and siltstone pebbles.................. 14.5 - 90.5

PerMiaN—Leonardian
Wellington formation
Shale, blue gray .......cviviveiiieiiiniaiiiiiiiines 4.5 95

132. Sample log of test hole in the SWY% SW% SE% sec. 26, T. 13 S, R. 8
W., Saline County; driled by the State Geological Survey, 1943. Sur-
face altitude, 12188 feet.

Thickness, Depth,
feet feet

Road fill ..ot e eeeaearenane, 1 1
QUATERNARY :
Alluvium
Clay, silty, dark buff and blue gray to dark gray...... 35 36
Peat, sandy, brown ........c.ciiiiiiiiiiiiiiiiieenn. 2.5 38.5
Clay, blue green and gray brown...................... 1.5 40
Silt, sandy, light green ........cooiieriiinnennneennas 10 50

Sand, fine to coarse, some fine to medium gravel, and
little light-gray silt; contains caliche and many lime-
stone pebbles ...... ... i i i i 30 80
Sand and gravel, fine to coarse; partly lime-cemented;
gravels are composed chiefly of limestone, sandstone,
and shale ........ooiiiiiiiiiiii i i 12 92
PerMiaN—Leonardian
Wellington formation
Shale, sandy, light gray to blue gray.................. 8 100
Shale, clayey, blue green, gray, and red brown........ 10 110

134. Samiple log of test hole at the NE cor. SEY% sec. 26, T. 138, R.3 W,
Saline County; drilled by the State Geological Survey, 1943. Surface
altitude, 1217.1 feet.

QUA’I‘ERI\{ARY Thickness, Depth,
Alluvium feet feet
Silt, blocky, dark gray and yellow gray................ 10 10
Silt, sandy, gray to light brown gray................. 15 25

Silt, clayey, dark blue gray.......ccoceeviiienriian., 3.5 28.5
Sand and gravel, fine to medium...................... 2.5 31

Silt, clayey, gray green and gray...........ceveeeen. 9 40
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Thickness, Depth,
feet feet

Sand and gravel, fine to coarse; gravel contains many
limestone fragments ..........cooviivieivnnennnn.. 34.5 74.5
PerM1aN—Leonardian

Wellington formation
Shale, light to dark gray.........ccoovevininennenn... 5.5 80

135. Sample log of test hole in the SE% NWi4% NW%% sec. 25, T. 13 8, R. 3
W., Saline County; drilled by the State Geological Survey, 1943. Sur-
face altitude, 1,221.3 feet.

Thickness, Depth,
feet feet

Road fill ................ e i, 4 4
QUATERNARY
Alluvium
Silt, clayey, buff gray.......ccovviiiiiinininiininnnn, 23 27
Sand and gravel, fine; contains a little medium to
coarse limestone gravel............covvvivnuennnnn 20 47

Perm1aN—Leonardian
Wellington formation
Shale, hard, gray; contains a little pyrite............. 3 50

137. Sample log of test hole in the NEY SW% SE% sec. 24, T. 13 8., R.
3 W, Saline County; drilled by the State Geological Survey, 1943. Sur-
face altitude, 1,226.6 feet.

Thickness, Depth,
fee feet

Soil, gray black....oovviirniiii it 4 4
QUATERNARY
Alluvium
Silt, clayey, light to dark gray and yellow buff; con-
tains a little sand and few fragments of sandstone

and shale in lower part.........coveivnevnvnnnn... 14 18
Sand, fine, to coarse gravel..............coeeveinennnn. 2 20
Silt and clay; yellow buff and dark blue gray; con-

tains little sand....... ..., 16 36
Sand, fine to coarse, brown, and yellow-gray silt...... 4 40
Gravel, fine to coarse, and a little gray sand; contains

many pebbles of limestone and a few snails........ 17 57

PerMiaN—Leonardian
Wellington formation
Shale, light and dark gray...........coovvvniinnnn.. 3 60
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148. Sample log of test hole at the SE cor. sec. 17, T. 14 8., R. 3 W., Saline
County; drilled by the State Geological Survey, 1943. Surface altitude,

12318 feet.
QUATERN.ARY Thickness, Deptk,
Alluvium feet feet
Silt, clayey, light to dark gray, dark gray brown, tan,
and yellow buff; contains sand near top and bottom, 19 19
Gravel, fine to medium, silty..............covvieinnn. 1 20
Silt, clayey, sandy, yellow buff....................... 10 30

Gravel, fine to very coarse; contains some sand and
buff silt; gravel composed of Cretaceous sandstone
and IroNStONE . ......vvvrierereniiiiiiiiinn, 10 40
PerMiaN—Leonardian
Wellington formation
Shale, red brown and gray green..................... 5 45

149. Sample log of test hole tn the SWY% SW¥% NW3% sec. 16, T. 14 S., R. 3
W., Saline County; drilled by the State Geological Survey, 1943. Sur-
face altitude, 1,2327 feet.

QUATERN.ARY Thickness, Depth,
Alluvium feet feet
Silt, tan, light brown, and light gray; contains some
sand in lower 10 feet.............ccovviievieinann. 20 20
Sand and gravel, fine to coarse; composed of sand-
stone and ironstone grains and pebbles............. 25 45
Silt, clayey, buff to blue gray............c.oivint.. 9 54
Sand and gravel, fine to coarse, brown................ 10.5 64.5

PerM1aN—Leonardian
Wellington formation
Shale, light and dark blue gray..............ccv..... 2.5 67

150. Sample log of test hole at the NE cor. sec. 17, T. 14 8., R. 3 W., Sa-
line County; drilled by the State Geological Survey, 1943. Surface al-
titude, 1,2328 feet.

Thickness, Depth,
feet feet

Soil, gray black.........coiiiiiii i 2 2
QUATERNARY
Alluvium

Silt, gray and brown..................... e 8 10

Silt, sandy, buff and gray............cooiiiiiinn.. .. 10 20

Silt, clayey, light to dark blue gray and buff gray...... 15 35

Silt and clay, sandy, blue green...................... 3 38

Sand, fine, to very coarse gravel; contains thin lime-
cemented layers; composed of Cretaceous sand-
“stone and Jronstone.............c..iiiiiiiiieiann, 28 66
PerM1aN—Leonardian
Wellington formation
Shale, laminated, blue gray.............ccoiviviiunn. 4 70
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151. Sample log of test hole at the NE cor. SE% sec. 8 T. 14 S, R.3W,
Saline County; drilled by the State Geological Survey, 1943. Surface
altitude, 1,232 6 feet.

Thickness, Depth,
feet

feet

Road fill ... i 2 2
QUATERNARY
Alluvium

Silt, sandy, light brown.............. ... ... 3 5

Silt, clayey, light gray.........cooovereeeiinnn . 15 20

Silt, clayey, sandy, blue gray...................ov.... 10 30

Clay, silty, green ..........covieenennuninnni . 5 35

Sand, fine, to coarse gravel, brown; composed of Cre-
taceous sandstone and ironstone grains and pebbles, 21 56

Permian—Leonardian
Wellington formation
Shale, laminated, dark blue gray...................... 4 60

152. Sample log of test hole in the SWY% NW¥% NWY sec. 9, T.1,8,R.8
W., Saline County; drilled by the State Geological Survey, 1943. Surface
altitude, 12339 feet.

Thickness, Depth,
feet feet

Road fill .....ooooi i 2 2
QUATERNARY
Alluvium
8ilt, clayey, brown and light gray..................... 6 8
Silt, sandy, yellow tan and light BTaY ..o iieriannnnnn. 15.5 23.5

Sand, fine, to coarse gravel, brown ; composed of Cre-
taceous sandstone and ironstone grains and pebbles;
contains a little yellow-tan silt in upper part....... 12.5 36
Permian—Leonardian
Wellington formation
Shale, laminated, red brown.......................... 2 38

153. - Driller’s log of test hole at the SW cor. sec. 2, T 148, R.3 W., Saline
County; drilled by the Layne-Western Company for the City of Salina.
Surface altitude, 1,221 feet.

Thickness, Depth,
feet feet

Soil v 3 3
QUATERNARY
Alluvium

Clay o 22 25

Sand and gravel ............... ... ... ... .. ... 49 71

Permian—Leonardian
Wellington formation
Shale ..o e 1 75
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154. Driller's log of test hole at the SE cor. SW% sec. 2, T. 14 8, R. 3 W,
Saline County; drilled by the Layne~-Western Company for the City of

Salina. Surface altitude, 1,221 feet.
Thickness, Depth,
feet feet,

1T 1 3.5 3.5
QUATERNARY
Alluvium
1) 20 22.5 26
Sand and gravel .......iiiiiiiiiiiiiiiii e 39 65
(€ 05 2=) A 9 74
PerMmiaN—Leonardian
Wellington formation
1) T2 12 S 1 75

155. Driller’s log of test hole in the NEY, NW3Y% NE% sec. 11, T. 14 8, R. 8
W., Saline. County ; drilled by the Layne-Western Company for the City

of Salina. Surfoce altitude, 1,221 feet.
Thickness, Deptk,

feet feet
1S 103 1 2 2
QUATERN ARY ‘
Alluvium
Shale, soft (probably elay)........coooviviiiiiinn, 29 31
Sand and gravel ...t 28 59
Perm1aN—Leonardian
Wellington formation
Bhale evit it e i e e 1 60

156. Driller's log of test hole in the SW¥% SW¥% SE% sec. 1, T. 14 8, B. 8
W., Saline County; drilled by the Layne-Western Company for the City

of Salina. Surface altitude, 1,218 feet.
Thickness, Dfepféh .
ee

feet
1 1o ) 2 2
QUATERNARY k
Alluvium :
Shale, S0ft +vvvrerr ittt 19 21
Sand and gravel ..........iiiiiiiiiiiiiiiiiiiiiea 31 52
Shale .oiiiiiii i i i e e 9 61
(€32 2 L 6 67
Shale, BIUE +.vvvvieeee i iiiiiiiiniiiiieeaeaanas 11 78
Gravel .ottt i e i 10 88
PerMIaAN—Leonardian

Wellington formation
) 4T Y (< Y U U 1 89
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157. Driller's log of test hole in the SEY SWY% SW1 sec. 6,T. 148, R. 2
W., Saline County; drilled by the Layne-Western Company for the .City
of Salina. Surface altitude, 1,217 feet.

QUATE}-‘}{ARY Thickness, Depth,
Alluvium feet feet

Shale, s0ft ......cooviiiiiii 2.5 2.5
Sand and gravel ............c.oiiiiiii 87.5 90

PermiaN—Leonardian
Wellington formation
Shale ... 1 91

158. Driller’s log of test hole in the SWY% NW4 SEY sec. 6, T.14 8, R. 2
W., Saline County; drilled by the Layne-Western Company for the City
of Salina. Surface altitude, 1217 feet.

Thickness, Depth,
feet feet

Boil e 3 3
QUATERN ARY
Alluvium

Sand ... 48 51

Gravel ... 18 69

PerMiaN—Leonardian
Wellington formation
Bhale ..., 1 70

159 Driller’s log of test hole at the NE cor. sec. 7, T. 14 S, R. 2 W., Saline
County; drilled by the Layne-Western Company for the City of Salina.
Surface altitude, 1,213 feet.

Thickness, Df?;th,

eet
B0Il e 3 3
QUATERNARY
Alluvium
Shale, soft ..ot 24 27
Sand ... 24 51,
Gravel ..o e 21 72

PerRMIAN—Leonardian
Wellington formation
Bhale ... 1 73

161. Driller’s log of test hole in the SWY% SEY% sec. 7, T. 14 8, R. 2 W,
Saline County; driled by the Layne-Western Company for the Citly

of Salina. Surface altitude, 1,219 feet.
Thickness, Depth,
feet feet

01l e 3 3
QUATERN ARY
Alluvium

Shale, soft ... i 14 17

Sand ..o e e 5 22

Shale, SOft .....cviiviiin it 15 37
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Thickness, Depth,
feet

feet
Sand L e e 9 46
Gravel i et e 11 57
PermM1an—Leonardian
Wellington formation
Bhale . e et 1 58

162. Driller’s log of test hole in the NW¥% NW?Y¥% SE% sec. 12, T. 14 8,
R. 8 W., Saline County; drilled by the Layne-Western Company for
the City of Salina. Surface altitude, 1,219 feet.

Thickness, Depth,
feet feet

S0 1 3 3
QUATERNARY
Alluvium
107 1), P 19 22
Sand and gravel.........coiiiiiiiiiiiiiiiiiiii s 55 77
Permian—I.eonardian
Wellington formation
ShAE i e i 1 78

164. Driller’s log of test hole in the NW% NW%4 NW% sec. 14, T. 14 8.
R. 3 W., Saline County; drilled by the Layne-Western Company for the
City of Salina. Surface altitude, 1,223 feet.

Thickness, Dfeeggh,

feet
B0IL ettt e e 2 2
QUATERNARY
Alluvium
Shale, S0ft ....vvu et 51 53
Sand and gravel ....... ...ttt 44 97

PerMiaN—Leonardian
Wellington formation
Shale v ettt 1 98

165. Driller’s log of test hole in the NEY NE% NW%% sec. 14, T. 14 8,
R. 38 W., Saline County; drilled by the Layne-Western Company for
the City of Salina. Surface altitude, 1,225 feet.

Thi;:zr;ess, Depth,

feet
o171 AN RPN 3 3
QUATERN ARY
Alluvium
(03 1 15 18
[T 4o [ PP 62 80
GraVEl oottt e it i e 11 91

PerM1aN—Leonardian
Wellington formation
Shale ...iiiiiii i e e 1 92
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166. Driller’s log of test hole in the SEY% SEY sec. 12, T. 14 S, R. 3 W,
Saline County; drilled by the Layne-Western Company for the City of
Salina. Surface altitude, 1,220 feet.

QUATERI\{ARY Thickness, Depth,
Alluvium feet feet
Clay o 14 14
Sand, fine ... 4 18
Sand, Coarse ......iiiiiiiii 6 24
Clay e 6 30
Clay and gravel.........cooiiiinien i, 3 33
Sand and gravel................... i i 39 72
Permian—Leonardian
Wellington formation
Bhale ..o 1 73

167. Driller’s log of test hole in the NEY, NEY NEY sec. 13, T. 14 8., R.
8 W., Saline County; drilled by the Layne-Western Company for the

City of Salina. Surface altitude, 1292 feet.
Thickness, Dfep:h,
ee

feet
B0Il o 4 4
QUATERNARY
Alluvium
Clay oo 14 18
Sand, fine ...l 7 25
Sand and gravel............ooiiiiiiii 15 40
Clay, bIue .....oiiiiiiiiiiiii i, 2 42
Sand and gravel...........ccooviieeinenninnn, 19 61
PermiaN—Leonardian
Wellington formation
Shale ...t 1 62

168. Driller’s log of well (city well 7) at Salina, Kansas, in the NWY% SEY%
NEY sec. 13, T. 14 8., R. 3 W., Saline County; drilled by the Layne-

Western Company, 1938.
A Thickness, Depth,
feet

feet
Boil 2 2
QUATERNARY
Alluvium -
Clay, sandy ....c.oovviiniiiiin i, 3 5
Clay .......cocvvenn... R 6 11
Clay, sandy «...oviiiiiiiinn i, 5 16
Sand, €oarse .......iiiiiiii 9 25
Sand and gravel...........oiininin 5 30
Sand, coarse, and gravel...............cooiiniiiin... 7 37
Sand, coarse, and gravel; contains clay balls.......... 3 40
Sand, coarse, and gravel....................ouvon.... 29 69
Clay e ?
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169. Driller’s log of well (city well 8) at Salina, Kansas, in the NW% NE%
SW1Y sec. 18, T. 14 8., R. 8 W., Saline County; drilled by the Layne-
Western Company, 1941.

Thickness,
feet
Soil, black ...uiiiiiii e 3
QUATERNARY
Alluvium
103 12 e 11
Clay, sandy ......ccvevriiineiiiiirerniniercnransanns 7
Sand, fiNe .....oiiinii i 7
Sand, COATEE ...vveeevenrnnierinereenencoveneaanenses 2
Sand and gravel.........cvveiiiiiiineiiiiiiniinenens 11
Clay and fine sand.........coovveiininnnnnnneinais 3
Sand and gravel.......icoieiiiiiiieiiinineaiiaaiaaas 11
Clay, yellow, tough.......c.ooiiiiiineiiiieneeninnes 5
Sand and gravel; contains much clay................. 5
Sand and gravel; clean.........oovieiiiiiiiiiiiiits 11
Clay, yellow ..ovviiiniiiiinennniinneneiieitinninnns 1
Sand and gravel.....oovviiineniriniiiiniaiiiins 2
Clay, yellow and blue........cooiviiveiiinin 3
Sand, fiNe ...iiviiiiiiii i 2
Sand, COAISE ...v.vvenerriinerevrrneareneneararenes 1
PerMiaN—DLeonardian
Wellington formation
Clay (probably shale)...........coviiuvnvnenininnnnn 0.5

Depth,
feet
3

14
21
28
30
41
44
55
60
65
76
77
79

82
84
85

85.5

170. Driller’s log of well (city well 8) at Salina, Kansas, in the SE cor. SE%
NWY sec. 18, T. 14 8., R. 3 W., Saline County; drilled by the Layne-
Western Company, 1940.

Thickness,
feet
231 J 3
QUATERNARY
Alluvium
Clay, 8aNAY ...vovnernininnineuerarnscasarsasanaiees 16
Sand, fiDe ..ivereriniii it i e 13
Sand, coarse, and gravel; contains little clay......... 4
Sand, coarse, and gravel.........cooiiiiiiiiiiin, 22
Sand, coarse, and gravel; contains clay balls......... 13
PerMiaN—Leonardian
Wellington formation
1S 1YY L= S 1

Depth,
feet
3

19
32
36
58
(4!

72
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176. Driller’s log of test hole at the SW cor. sec. 14, T. 14 8., R. 3 W., Saline
County; drilled by the Layne-Western Company for the City of Salina.

Surface altitude, 1,228 feet.
Thickness, Depth,

feet feet
Soil e bree i 2 2
QUATERNARY
Alluvium
Shale, SOt +..oeiiiiiiiiiiiii e 28 30
Sand and gravel............coiiiiiiiii i 16 46
Shale, 80ft ..vvvvniiiii i 17 63
Sand and gravel...........coiiiiiii i 9 72
PerM1aN—Leonardian
Wellington formation
Bhale .o e e e 1 73

177. Driller’s log of test hole at the NE cor. sec. 24, T. 14 8., R. 3 W., Saline
County; drilled by the Layne-Western Company for the City of Salina.

Surface altitude, 1,229 feet.
Thickness, Depth,
feet

feet
3 ¥ 4 4
QUATERNARY
Alluvium
Shale, 80ft .....ovuiiiiiiiiii ittt i 18 22
Sand and gravel............cciiiiiiiiiii 31 53
PerMI1aN—Leonardian
Wellington formation
Shale v.iriiriii i e e 1 54

178. Driller’s log of test hole in the SEY SEY SWY% sec. 18, T. 14 S, R. 2
W., Saline County; drilled by the Layne-Western. Company for the City

of Salina. Surface altitude, 1,229 feet.
Thickness, Depth,
feet feet

5 1 4 4
QUATERNARY
Alluvium
Shale, S80It vviriiiriiiienniiniiirereiireannananns 13 17
Sand and gravel........cveviiviieiieinniineninnennes 39 56
PerMIiaN—Leonardian
Wellington formation
Limestone . ...uivriinninrernin ety 2 58

4 1 (- 1 59
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179. Driller’s log of test hole at the SE cor. NEY sec. 24, T. 14 S, R.3 W,
Saline County; drilled by the Layne-Western Company for the City of
Salina. Surface altitude, 1,231 feet.

Thi;:;liess, Depth,

feet
0 3 3
QUATERNARY
Alluvium
L] 23 26
Sand, fine ....oiiiiiii i e iiaeaaee 4 30
Sand, COarSe ...uiiitiiiii i i e 10 40
Sand and gravel........coviiiiiiiieiiiii i 8 48
Sand, COATSe .....viiieiirii it 4 52
[0 1 53

PerMiaN—Leonardian
Wellington formation
27 Tc) < 1 54

180. Sample log of test hole at the SW cor. SE% SEY% sec. 22, T. 14 8,
R. 8 W., Saline County; drilled by the State Geological Survey, 1943.
Surface altitude, 1,2322 feet.

QUATERN.ARY Thickness, Depth,
Alluvium feet feet
Silt, clayey, gray, gray black, and brown.............. 10 10
Silt, light buff and light gray..................ooat. 18 28
Sand and gravel, fine to coarse; gravels derived from
sandstone and shale........... ..ottt 7 35

PerM1aN—Leonardian
Wellington formation
Shale, laminated, gray to blue gray.................. 5 40

181. Driller’s log of test hole at the SW cor. sec. 23, T. 14 8., B. 3 W., Saline
County; drilled by the Layne-Western Company for the City of Salina.

Surface altitude, 1,234 feet.
Thickness, Depth,
feet feet

1703 1 N 4 4
QUATERNARY
Alluvium

L] e 42 46

PerMiaN—Leonardian
Wellington formation
S 1YY L 1 47
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182. Driller’s log of test hole in the SEY SW¥% SW sec. 23, T. 14 8, R. 8
W., Saline County; drilled by the Layne-Western Company for the City
of Salina. Surface altitude, 1,230 feet.

Thickness, Depth,

. feet feet
o1l o e 2 2
QUATERNARY
Alluvium
Gy it 33 35
Sand, fine ... .o i 8 43
Clay, sandy .....ooiiiniiiii it eenrannnns 2 45
Sand, fine ... ... e 3 48
Sand, CoATSe ...ttt 8 56
L0 15 71
Sand, coarse ... 5 76
PeErM1aN—Leonardian
Wellington formation
Shale .. e e 1 77

183. Driller’s log of test hole at the SE cor. SW% sec. 23, T. 14 8, R. 3 W,
Saline County; drilled by the Layne-Western Company for the City of
Salina. Surface altitude, 1,23} feet.

Thickness, Depth,

feet feet
S 1 3 3
QUATERNARY
Alluvium
Shale, S0ft ... it creeeaans 35 38
Sand and gravel........c.iiiiiiiie e, 4 42
Perm1an—Leonardian
Wellington formation
Bhale ... 1 43

184. Driller’s log of test hole in the NEY NEY sec. 26, T. 14 8., R. 3 W.,
Saline County; drilled by the Layne-Western Company for the City of
Salina. Surface altitude, 1,235 feet.

Thickness, Depth,

feet feet

1 o | 5 5
QUATERN ARY
Alluvium

Shale, s0ft ... e 19 24

Shale, sandy .......coiiiiiiiiii i 18 42

Sand and gravel...........ciiiiiiiiiiiii e 20 62

PerM1aN—Leonardian

Wellington formation
Shale ..ot e 1 63
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185. Driller’s log of test hole in the NEYa NW% sec. 25, T. 14 S, R. 3 W,
Saline County; drilled by the Layne-Western Company for the City of
Salina. Surface altitude, 1,232 feet.

Thickness, Depth,
feet feet

) 2 2
QUATERNARY
Alluvium

Shale, 80ft ...vviiiiiii i i i e i 39 41

Sand and gravel........coiiviiiiiiiiiiiiieiiiaaane 31 72

PerMian—Leonardian
Wellington formation
Shale ..iviviriiiiiii e e 1 73

186. Sample log of test hole at the SE cor. SWY% SEY% sec. 24, T. 14 8, R. 8
W., Saline County; drilled by the State Geological Survey, 1943. Surface
altitude, 1,2320 feet.

Thickness, Depth,
feet feet

Road fill c..i i e e i 1 1
QUATERNARY
Alluvium
Silt, clayey, buff and brown; contains few caliche nod-
L0 1T T 9 10
Silt, sandy, buff and gray; contains a little fine to me-
dium gravel .......oiiiiiiiii i e i 17 27
Sand and gravel, fine to coarse........cveivnrnieian., 19 46
Silt, Bray it it e 8 54

PerMiaN-—Leonardian
Wellington formation
Shale, green and gray.......c.ooevivenrverennennennns 3 57

187. Driller’s log of test hole at the NW cor. sec. 30, T. 14 8., R. 2 W., Saline
County; drilled by the Layne-Western Company for the City of Salina.
Surface altitude, 1,226 feet.

Thi;;kx;ess, Depth,
e

feet
1o 3 3
QUATERNARY
Alluvium
0 71 P 30 33
Sand and gravel ....... ... il 22 55

PerM1aAN—Leonardian
Wellington formation
Shale vt i e it e 1 56
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188. Driller’s log of test hole in the SE% SW% SW% sec. 19, T. 14 S, R. 2
W., Saline County; drilled by the Layne-Western Company for the
City of Salina. Surface altitude, 1,229 feet.

Thickness, Depth,
feet feet

Soil .............. e i ee e aae 3 3
QUATERNARY
Alluvium
[0 R 21 24
Sand, fine ...t i i e 5 29
Sand, coarse, and gravel............ ... oot 19 48
[0 1 49

PeErRMIAN—Leonardian
Wellington formation
ROCK it i it e i ettt e e 1 50

189. Driller’s log of test hole in the NWY% NWY NEY% sec. 30, T. 14 8., R.
2 W., Saline County; drilled by the Layne-Western Company for the
City of Salina. Surface altitude, 1,227 feet.

Thickness, Depth,
feet feet

1 103 ) OO PR 3 3
QUATERNARY
Alluvium

(0] 2 A PN 12 15

Sand and gravel......... .o oo i 40 55

PerM1aN—Leonardian
Wellington formation i
Shale ........covvviiinnan. Tt teeearea et et 1 56

193. Sample log of test hole at the NW cor. NE% sec. 10, T. 16§ S, R.3 W,
Saline County; drilled by the State Geological Survey, 1943. Surface
altitude, 1,2991 feet.

QUATERN ARY . Thickness, Depth,
Slope deposit feet feet
Silt, clayey, light gray to gray.......covvviiviiinnnns 3 3
Silt, clayey, dark brown to red......................L 5 8

PermiaN—Leonardian
Wellington formation
Shale, yellow green, blue gray, and red brown........ 22 30

194. Sample log of test hole at the NE cor. sec. 10, T. 15 8., R. 3 W., Saline
County; drilled by the State Geological Survey, 1943. Surface altitude,

1,266 feet.
Thickness, Depth,
feet feet
QUATERN ARY
Alluvium
Silt, partly clayey, gray, yellow brown, dark brown,
and tAD ...i.iiiiei i e 20 20

Silt, sandy, yellow buff........ ... ..ol 5 25
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Thlckness, Depth,
feet feet

Sand and gravel, fine to very coarse ; composed of
sandstone and shale fragments..................... 5 30
PerM1aN—Leonardian
Wellington formation
Shale, gray green and red brown.................... 10 40

195. Sample log of test hole at the NW cor. NEY% sec. 11, T 168, R. 3 W,
Saline County; drilled by the State Geological Survey, 1943. Surface
altitude, 12607 feet.

QUATERN ARY .
. Thickness, Depth,
Alluvium feet feet
Silt, gray black...........oouiieiiineiis 3 3
Silt, clayey, light gray to gray, brown, and buff...... 23 26
Sand and gravel, fine to medium...................... 2 28

PerMiaN—Leonardian
Wellington formation
Shale, light gray to gray.............coveeueenrnn... 9 37

196. Sample log of test hole at the NE cor. sec. 11, T. 15 8., R. 3 W., Saline
County; drilled by the State Geological Survey, 1943. Surface altitude,

1,2486 feet.
Thickness, Depth,
feet feet
Road fill and soil, gray black......................... 2 2
QUATERNARY
Alluvium
Silt and clay; tan, brown, and BrAY ..viiiiiiia 25.5 27.5
Sand, fine to coarse; contains some fine to medium
gravel ... 2.5 30

Sand and gravel, fine to coarse................uun... 25.5 55.5
Permian—Leonardian :

Wellington formation
Shale, light to dark gray..........cccviveiivnennnn.. 4.5 60

197. Sample log of test hole at the NW cor. NEY sec. 12, T. 16 S, R. 3 W,
Saline County; drilled by the State Geological Survey, 1943. Surface

altitude, 1,247.1 feet.
Thickness, Depth,
feet

feet
Road fill ... . e 2 2
QUATERNARY
Alluvium
Silt, clayey, gray.....ooieiiii i 8 10
Sand, fine to coarse, soft gray silt, a little fine gravel, 7 17
Silt, soft, Bray...ooviiiiiii i e 5 22
Sand and gravel, fine......... ... i, 2 24
Silt, Bray .o 6 30
Sand, fine to coarse......... ..., 7.5 37.5

Silt, sandy, dark blue gray............. e 14.5 52
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Thickness, Depth,
feet feet

Gravel, fine to very coarse; composed largely of sand-
stone, shale, and ironstone fragments; contains a
little sand ... 6 58

PrrMian—Leonardian
Wellington formation
Shale, silty, blue gray............ooo oo, 12 70

198. Sample log of test hole in the NEYA NWY% NEY% sec. 12, T.16 8, R. 8
W., Saline County; drilled by the State Geological Survey, 1943. Surface

altztude, 12477 feet.
Thi}:kness, Depth,

eet feet
Road fill ..., 2 2
QUATERN ARY
Alluvium
Silt, clayey, brown and brown gray................... 13 15
Sand, fine to medium, silty; contains many shells...... 14 29
Silt, Zray «evieiin i e 3 32
Sand and gravel, fine to coarse; contains some silty
dark blue-gray clay ................. ... ... ... ... 18 50
Gravel, fine to coarse, brown; contains many sandstone
and ironstone fragments........................... 10 60

Gravel, medium to very coarse; composed mostly of
Cretaceous—derlved material; contains some fine
gravel, sand, and silt....................... . ..., 11.5 71.5
PerMian—Leonardian
Wellington formation
Shale, blue gray, gray green, and brown............... 18.5 90

199. Driller’s log of test hole at the NW cor. SWY sec. 6, T.168S,R.2 W,
Saline County; drilled by the Layne-Western Company for the U. S.

Army, 1942.
Thickness, Depth,
feet feet
Soil L 1 1
QUATERNARY
Alluvium
Clay, sandy ........cooviiiiiiiiei i, 17 18
Clay, brown ............ooiiiiiiii i 10 28
Sand, medium coarse ............. ..ot 2 30
Sand, coarse, and gravel........................ ... .. 21 . 51
Sand, gravel, and clay balls.......................... 2 53
Clay, sandy, blue .............ooooiu i 5 58
Sand, silty, and brown chipped rocks (sandstone and
ironstone) O S €n

Permian—Leonardian
Wellington formation
Shale, blue ....... ... ... oo 1 61
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200. Driller's log of well (camp well 6) at Camp Phillips, Kansas, in the NW'%
SW SWY, sec.6,T.15 S,R.2 W., Saline County; drilled by the Layne-

Western Company, 1943.
Thickness, Dfepth,

feet eet
01l o e e RN 2 2
QUATERNARY
Alluvium
Clay, sandy ....ooviitreninniiraniinniieinirennnas 10 12
Sand, silty ...t e e 11 23
Sand, fine to medium .....coiiiiiiiieiiiii s 7 30
Sand, medium to coarse, and gravel.................. 15 45
Sand, coarse, and gravel; contains clay balls.......... 13 58
Gravel, VEIy COAISE .....ceveureernererrenninnannnnns 2.5 60.5

PerMiaN—Leonardian
Wellington formation
Shale .. i e, 7

201. Driller's log of well (camp well 1) at Camp Phillips, Kansas, at the NW
cor. sec. 7, T. 16 8, R. 2 W., Saline County; drilled by the Layne-

Western. Company, 1942.
Thickness, Depth,
feet

feet

1< 103 1 [ U 2 2
QUATERNARY
Alluvium

1] 73 29 31

Sand, coarse, and gravel; contains clay balls.......... 6 37

Sand, coarse, and gravel; contains a few boulders at
oY= S .. 22 59
Rock, chipped, brown, and streaks of yellow clay..... 4 63

PerMisN—Leonardian
Wellington formation
Bhale ... i e et i et 2 65

202. Driller’s log of well (camp well 2) at Camp Phillips, Kansas, in the NE%
NEY, NW% sec. 7, T. 16 8., R. 2 W., Saline County; dmlled by the
Layne-Western Company, 1942.

QUATERN.ARY : Thickness, Depth,
Alluvium feet feet
Clay, DroWn «..ovvevivniniriirnriereeneneaeneins 19 19
Sand, coarse; contains clay streaks.................... 6 25
Sand, coarse, and gravel...........o.ooiiiiiinn 3 28
Clay, soft, blue ......covviriiiiiiiiini 3 31
Sand and gravel ........ i 19 50

Sand, coarse, and gravel.......... ..o 7.5 57.5

PerMmiaN—DLeonardian
Wellington formation
BhALE v vttt e rai e 3.5 61
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203. Drillers log of well (camp well 3) at Camp Phillips, Kansas, in the NEY
NEY NE% sec. 7, T. 15 8., R. 2 W., Saline County; drilled by the
Layne-Western. Company, 1942.

Thickness, Depth,
feet feet

31 U 1 1
QUATERNARY ‘
Alluvium
(O] 20 21
Sand, fine ... .o e 5 26
Sand, gravel, and clay balls.......................... 3 29
Sand, gravel, and a few boulders...................... 31 60

PerMiaN—Leonardian
Wellington formation
Shale ...t 2 62

204. Driller's log of well (camp well 4) at Camp Phillips, Kansas, in the
NW% NW%% sec. 8, T. 15 8, R. 2 W., Saline County; drilled by the
Layne-Western. Company, 1942.

Thﬁ%:%ﬂs, Depth,

feet

Boil L e 1 1
QUATERNARY
Alluvium :

Clay oo 18 19
Sand, fine, clayey......ooviiiiiiiiii i 3 22
Sand, gravel, and clay balls.................c.oounsn. 11 33
Sand and gravel.........oooiiiiii i 17 50

Permian—Leonardian
Wellington formation
Shale .o 5 55

205. Sample log of test hole in the NEY NEY NWY% sec. 8, T. 16 8., R.
2 W., Saline County; drilled by the State Geological Survey, 1943. Sur-
face altitude, 1,301.9 feet.

QUATERNARY . .
. Thick: . Depth,

Slope deposits ot foot,
Silt, clayey, brown...........coiiiiiiiiii i 3.5 3.5

Gravel, medium to very coarse; derived from Cre-
taceous material; contains silt, some fine gravel
and sand ...l i 4.5 8
PerMiaAN—Leonardian
Wellington formation
Shale, gray green and yellow green.................. 4 12
Shale, red brown, yellow green, and blue gray; con-
tains a little caleite.......cooviviiiiiniiiiiiinnn, 8 20
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206. Driller’s log of test hole in the NWY. SWY¥% NW3% sec. 7, T. 16 8., R.
2 W., Saline County; drilled by the Layne-Western Company for the

U. 8. Army, 1942.
Thickness, Depth,

feet feet
o P o1 1
QUATERNARY
Alluvium
Clay, Sa0AY o.vviriieerenii ettt eaans 12 13
Clay, blue ...ccviiriiiiiiiiii ittt 12 25
Clay, Brown .....oovvueiiiiiniiniiiniiiiiinaeannnas 1¢ 35
Clay and sand........ccoiiimiiiiiiiiiiiiieineeennes 5 40
Sand and gravel....... ..o it 18 58
Clay, sandy ....c.veiiiiiiiiiiiiiiiiaiieieieees 1 59

PerMiaN—Leonardian
Wellington formation
Shale, bIue ....cvviiiiiiiiiii ittt iiiiiiernieaanas 1 60

207. Sample log of test hole in the SWY% SW¥% SW% sec. 9, T. 15 S, R. 8
W., Saline County; drilled by the State Geological Survey, 1943. Sur-
face altitude, 1,296.8 feet. ‘

Thickness, Depth,
eet feet
Road fill ............... e 2 2
QUATERN ARY
Slope deposits
Silt, clayey, light gray green; contains few caliche

4T 16 400 (=Y T 2 4
Silt, clayey, brown and yellow buff................... 6 10
Voleanic ash, white.........ooiiiiiiiiiiii el 2 12
Clay, silty, yellow and dark gray.................... 15 27

PrerMIaAN—Leonardian
Wellington formation
Shale, red brown and gray green..................... 3 30

208. Sample log of test hole at the NW cor. sec. 16, T. 15 8., R. 3 W, Sa-
line County; drilled by the State Geological Survey, 1943. Surface

altitude, 1,287 2 feet.
Thickness, Depth,

feet feet
Road fill ..ottt iei i, 1.5 1.5
QUATERN ARY
Slope deposits
Silt, gray, brown, and yellow tan; contains few limon-
ite NOdUIES . .vviiie ittt 13.5 15
Silt, yellow gray; contains some sand and a little
BTAVED ot e 12 27
Gravel, fine to coarse; derived from sandstone and .
ShAlE i i 4 31

PerMian—Leonardian
Wellington formation
Shale, red brown and gray green.................... 4 35
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Sample log of test hole in the SWY% NWY¥% NW% sec. 16, T. 16 S, R. 8
W., Saline County; drilled by the State Geological Survey, 1943. Surface
altitude, 1,277 2 feet.

QUATREI‘TARY Thickness, Depth,

Alluvium feet feet
Silt, clayey, dark gray; contains some fine to coarse

gravel and sand ........ ... e it i, 5 5
Silt, clayey, blue gray, green gray, and yellow brown, 7 12
Silt, sandy, limonitic, yellow brown................... 3 15
Sand, fine to medium, and yellow-buff silt............ 5 20

Silt, sandy, yellow buff........... ..o, 5.5 25.5
Sand, fine, to very coarse brown gravel............... 9.5 35
Silt, sandy, buff ....... .. i e 4 39

Silt, sandy, and gravel, fine to medium; grades down-
ward to sandy blue-gray silt, interbedded with sand
and fine to medium gravel.................cou.... 14 53

PerMmian—Leonardian
Wellington formation

211.

Shale, blue green and red brown...................... 7 60

Sample log of test hole at the SW cor. sec. 16, T. 15 S., R. 3 W., Saline
County; drilled by the State Geological Survey, 1943. Surface altitude,
1,269.1 feet.
Thickness, Depth,
f feet

eet
Road fill ..o e 1 1
QUATERNARY
Alluvium

Silt and elay; tan, gray brown, and yellow buff; contains

some fine sand in lower part....................... 16 17
Sand, fine, to very coarse gravel; derived from Cre-

aceous and Permian rocks; contains yellow and

light-gray silt .....covviiiiiiniiiiiiiiinenenn.s 14 31

PrrmM1aN—Leonardian
Wellington formation

Shale, red brown and gray green.......o.oeveeeuenn.n. 9 40

212. Sample log of test hole in the NW¥% NEY NW?% sec. 25, T. 16 8., R. 4

W., Saline County; drilled by the State Geological Survey, 1943. Sur-
face altitude, 12926 feet.

QUATERI\{ARY Thickness, Depth,
Alluvium feet feet
Silt, clayey, gray and gray black...................... 6 6

Silt, clayey, yellow and yellow tan; contains sand, a

few caliche nodules and some medium to coarse

P = =Y 19 25
Gravel, fine to coarse, silty.........covvviivennin... 2.5 27.5
Silt, clayey, sandy, yellow gray and gray.............. 10.5 38
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Thickness, Depth,
feet feet

Sand and gravel, fine to coarse; contains few soft

limonitic coneretions ......ooveiiiireeiiiiieeinnaes 5 43
Silt, yellow buff and gray......c.ocvveviieniiiiiann. 7 50
Silt and sand, medium, yellow-buff; contains a little

medium to coarse gravel.........ceieiiiiiiennens 3.5 53.5

PerMiaN—Leonardian
Wellington formation
Shale, gray green and purple........covviiiniiiinnn. 2.5 56

213. Sample log of test hole at the NE cor. sec. 26, T. 16 S., R. 4 W., Saline
County; drilled by the State Geological Survey, 1943. Surface altztudo

1,280.1 feet.
QuaTERNARY Thickness,  Depth,

Alluvium feet feet
Silt, clayey, tan and light to dark gray................ 20 20
Silt and clay, sandy, tan gray; contains some caliche, 14.5 34.5
Sand, fine to very coarse gravel....................t. 3 37.5
Silt, sandy, buff and gray.........cccciiiiiiiiiiie, 9.5 47
Sand, fine, to very coarse brown gravel; composed of

shale and sandstone fragments..................... 3 50

PERMIAN—Leonardian
Wellington formation
Shale, red brown ......covviiiiiriiiiiiiireieinnnnnns 3 53

214. Sample log of test hole at the NE cor. sec. 30, T. 16 8., R. 3 W., Saline
County; drilled by the State Geological Survey, 1943. Surface altitude,

1,2736 feet.
Thickness, Depth,
feet feet
Road fill ... et 2 2
QUATERNARY
Alluvium
Silt, light gray, gray and yellow brown................ 13 15
Silt, sandy, yellow buff ..........cooviiiiiiiiiiian. 18.5 33.5
Sand and gravel, medium to coarse; composed of sand-
stone, ironstone, and “mortar bed” pebbles........ 5.5 39
Silt, buff ... .cciriiiiiiiii ittt e 5 4
Sand and gravel, fine to coarse; composed of sandstone,
ironstone, and “mortar bed” pebbles................ 3 47

PerMiaN—Leonardian
Wellington formation
Shale, red and gray green ........coceveneiiiinanann. 3 50
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215. Sample log of test hole at the NW cor. sec. 28, T. 16 8., R. 8 W., Saline
County; drilled by the State Geological Survey, 1943. Surface altitude,

1,267 0 feet. :
QUATERNARY Thickness,  Depth,

Alluvium feet feet
Silt and clay, light to dark gray and blue gray........ 17 17

Silt, tan; contains a little medium to coarse gravel be-
tween 18 and 20 feet ........ceiiiiinieiiiiiernnans 13 30

Silt, dark buff; contains some sand and fine to coarse
0 €8 =) 8 38

Clay, silty, blue gray, interbedded with some fine to
coarse sand and fine to medium gravel.............. 16 54

PerMiaN—Leonardian
Wellington formation
Shale, light to dark blue gray......ccvveivvenvervnann. 2 56

216. Sample log of test hole at the NE cor. sec. 32, T'. 15 8., R. 3 W., Saline
County; drilled by the State Geological Survey, 1943. Surface altitude,

1,277.7 feet.
QUATERN.ARY Thickness,  Depth,
Alluvium feet feet
Silt, clayey, light to dark gray, tan, and brown; con- i
taing caliche ........voiiiiiiiiiiiiiniiiiiiinenn 25 25
Sand, fine to coarse gravel; brown; composed of ma-
terial derived from the Cretaceous and Permian..... 3 28

PerRMiAN—Leonardian
Wellington formation
Shale, green and red brown...........covvveiveninn... 2 30

217. Sample log of test hole at the SW cor. sec. 22, T. 16 S., R. 8 W., Saline
County; drilled by the State Geological Survey, 1943. Surface altitude,

12642 feet.
Thickness, Depth,
feet feet
Soil, dark gray-brown............ioiiiiiiiiiiiiane, 2 2
QUATERN ARY ’
Alluvium )
Silt and clay; green gray, yellow brown, and gray
43003 1 8 10
Silt, light yellow tan.......cvvieiieininerenneenenn 6 16
Gravel, coarse; composed of shale, sandstone, and
caliche pebbles; contains much yellow-tan silt...... 1 17

Permian—Leonardian
Wellington formation
Shale, blocky, gray green......ooeeevervneenerenecanns 3 20
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218. Sample log of test hole at the SW cor. sec. 23, T. 15 8, R. 3 W,
Saline County; drilled by the State Geological Survey, 1943. Surface
altitude, 12666 feet.

Thickness, Depth,
feet feet

Soil, gray brown........ooiiiiiiiireiiiiineanneeana. 1.5 1.5
QUATERN ARY
Alluvium
Silt and clay, tan and light gray................... 18.5 20
Clay, silty, tan; contains a little fine to medium gravel,
and caliche nodules...............coviiiiiiiiet, 10 30
Silt, greenish tan; contains sand, gravel and frag-
ments of snails........... .. it 10 40
Sand, fine, to medium gravel; composed of Permian
and Cretaceous fragments.......c.eovvevveenenenne. 2 42

PerMi1an—Leonardian
Wellington formation

Shale, light green, gray, and blue gray................ 14 56
Shale, light to dark gray, and thin beds of hard lime-
F-17) 1=t 4 60

219. Sample log of test hole at the SE cor. sec. 23, T. 15 S, R. 3 W., Saline
County; drilled by the State Geological Survey, 1943. Surface altitude,

12777 feet. ,
Thickness, Depth,
feet feet
Road fill ...ttt it 1 1

TERTIARY AND/OR QUATERNARY
Slope and terrace deposits
Silt, clayey, tan brown and yellow gray; contains fine
sand in lower part............ciiiiiiiiiiiiinat 4 5
Gravel, fine to coarse, silty, sandy; derived from Per-
mian and Cretaceous material; hard, lime-cemented
beds occur between 8 and 10 feet and 14 and

5 (- O 10 15
Clay, silty, sandy, yellow gray; contains a little fine
to coarse gravel ........ . i iiiiiiiiiiiiiiiiiinn 1 26

Gravel, fine to coarse; composed of material derived
from Permian and Cretaceous rocks; contains some
sand and silt...... oot e 4 30
Clay, light gray to blue gray........oooivvveiinan, 10 40
PerM1aNn—Leonardian
Wellington formation
Shale, blue green and red brown..................... 5 45
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220. Sample log of test hole in the SEY4 SWY SW% sec. 24, T. 16 S, R. 38
W., Saline County; drilled by the State Geological Survey, 1943. Surface

altitude, 1256.6 feet.

Thickness,
feet
Road fill ........oiviiiiiiin., PN 4
QUATERNARY
Alluvium
Silt, sandy, buff; contains caliche.................... 6
Silt and clay, gray, gray buff, and blue gray........... 20
Silt and clay, sandy, blue gray .....vcvvvvieininnnnn. 7
Sand, fine, to gravel, eoarse........vovvveeiniennnans. 20
PerMiaN—Leonardian
Wellington formation
Shale, hard, light to dark gray...........ccoovvnnn... 3

Depth,
feet
4
10
30

37
57

60

221. Sample log of test hole at the SW cor. SE% sec. 24, T. 16 8., R.3 W,
Saline County; drilled by the State Geological Survey, 1943. Surface

altitude, 1,267.7 feet.

Q,UATERN:ARY - Thickness,
Alluvium feet
Silt and clay; gray, blue green, and green gray; con-
tains a few snails near base..................o.... 40
Sand, fine, to coarse gravel; contains a little clay in
L33 13 ol o i 22

PerMian—Leonardian
Wellington formation
Shale, light to dark blue gray; contains much gypsum
between 66 and 70 feet ...............cooiinn... 8

Depth,
feet
40

62

70

222. Sample log of test hole at the NE cor. sec. 25, T. 15 8., R. 38 W., Saline
County; drilled by the State Geological Survey, 1943. Surface altitude,

1,263 feet.

QuarErNaRY Thickness,
Alluvium eet
Silt, clayey, brown gray to gray buff................. 10
Silt, sandy, gray buff; contains caliche................ 16

Silt and clay, light green gray mottled yellow brown, 5

Sand, fine, to gravel, coarse; contains a little silt in
R0 3 0153 o o o 26

Gravel, fine to very coarse; composed of limestone,
sandstone, and shale fragments; contains some sand
and silt ..o e 5

Perm1aN—Leonardian
Wellington formation
Shale, light to dark blue gray ..............cccvennn. 3

10—7115

Depth,
feet
10
26
31

57
62

65
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223. Sample log of test hole at the SE cor. SW% sec. 19, T. 15 S, R. 2 W,
Saline County; drilled by the State Geological Survey, 1943. Surface
altitude, 1,266.0 feet.

QUATERI\{ARY Thickness, Depth,
Alluvium feet feet
Silt, light gray ....cooiiiiiiiiiiii it 10 10
Silt, sandy, light gray to gray.........ccovviiiit. 15 25

Sand, fine, to coarse gravel; gravel composed mostly of

shale fragments ...... e 10 35

Sand, fine, to very coarse granitic gravel............. 19.5 54.5
Silt and clay; sandy, yellow gray.................... 8.5 63

Gravel, fine to very coarse; composed of shale, lime-
stone, and sandstone fragments; contains some sand

and clay ... e 4.5 67.5
Clay, silty, blue gray ......ccoivviiiiniiinrininnan.. 10.5 78
Sand, fine, to coarse gravel............couiviinninnn, 7 85
Silt and clay; dark gray to blue gray................ 9 94

Permian—Leonardian
Wellington formation
Shale, light to dark blue gray........coovvvuininnn. 6 100

224. Sample log of test hole in the SEY% SE% SE% sec. 19, T.16 8., R. 2 W,
Saline County; drilled by the State Geological Survey, 1943. Surface
altitude, 1,268. feet.

QUATERI\{ARY Thickness,  Depth,
Alluvium feet feet
Silt, sandy, yellow gray; contains much fine to medium
gravel at bottom ........ ... ... ..., 30 30
Sand, fine, to coarse gravel; mostly granitic gravel.... 8 38
Silt, clayey, blue gray .......ovvririnr s ieenranennans 2.5 40.5
Sand, fine, to coarse gravel............coovviuianinn.. 13.5 54

PerMiaN—Leonardian
Wellington formation
Shale, light to dark gray.............coooviinnin... 4 58

225. Sample log of test hole in the SEY% SWY% SW1% sec. 20, T. 15 8., R. 2
W., Saline County; drilled by the State Geological Survey, 1943. Surface
altitude, 1,263.3 feet.

Thickness, Depth,
feet

feet
Soil, dark gray brown ............ciiiiiiiiiiiinein.. 2 2
QUATERN ARY
Alluvium ‘
Silt, clayey, gray ....vviiiriiiiiiii i 8 10
Silt, sandy, yellow gray and gray; contains some gravel, 10 20
Silt, sand, and gravel. ... ... ... ... i 10 30

Sand and gravel, fine; contains a little medium to:
coarse gravel; composed partly of material derived
from Cretaceous and Permian rocks................ 13 43
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Thickness, Depth,

feet feet
Silt, sandy, buff and gray ............... ..o, 3 46
Sand, fine, to gravel, coarse; mostly granitic.......... 6.5 52.5
Permian—Leonardian
Wellington formation
Shale, light to dark gray.............cooovunniinnii. 2.5 55

228. Sample log of test hole in the NEY NEY NWY sec. 23, T.16 8, R. 8
W., drilled by the State Geological Survey, 1943. Surface altitude, 1,320.2
feet.

TERTIARY AND/OR QQUATERNARY

Slope and terrace deposits
Clay, silty, red brown, gray, and yellow buff ; contains
ironstone pebbles in upper part.................... 7 7
Silt, clayey, yellow buff................co0veieen .. 6 13
Gravel, fine to coarse, silty, brown ; composed of an-
gular sandstone and ironstone fragments; contains
some fine sand ....... .. .. .. 6 19
Silt, sand, and fine to coarse gravel................... 7 26
PermiaN—Leonardian
Wellington formation
Shale, gray, blue gray, green gray, and red brown..... 14 40

229. Sample log of test hole in the NE% NWVY NEY sec. 23, T.16 S, R. 8

W., Saline County; drilled by the State Geological Survey, 1943. Surface
altitude, 1,28?7.7 feet.

TERTIARY AND/OR QUATERNARY

Thickness, Depth,
feet feet

Slope and terrace deposits mlfcé(;ess' Dfeeggh’
Silt, sandy, gray and red brown....................... 11 11
Clay, silty, sandy, yellow tan ....................... 4.5 15.5
Gravel, fine to coarse, silty; composed of material de-

rived from Permian and Cretaceous rocks.......... 5.5 21

PerM1aN—Leonardian
Wellington formation
Shale, red brown and gray green................... .. 3 24

230. Sample log of test hole in the NEY% NEY sec. 23, T.16 8, R. 3 W,
drilled by the State Geological Survey, 1943. Surface altitude, 12716

feet.
QUATERI\{ARY _ Thickness, Depth,
Alluvium feet feet
Silt, sandy, gray ............oiiiii 1.5 1.5
Silt, clayey, gray black ................ ... ... ... 5.5 7
Silt, sandy, gray .......... . 9.5 16.5

PerMian—Leonardian
Wellington formation
Shale, gray, yellow brown, blue gray, and red brown.. 3.5 20
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231. Sample log of test hole in the NW% NWii NWY sec. 24, T.16 8, R. 8
W., Saline County; drilled by the State Geological Survey, 1943. Surface

altitude, 1,286.9 feet.

Thickness, Depth,
feet f

Road fill o ovvt ittt ittt ieaeaenaiisaaecasaaenaans
TERTIARY AND/OR QUATERNARY
Slope and terrace deposits

Sand, fine to medium, yellow gray.............oo.onve

Silt, sandy, gray; contains a little fine to medium

Eravel ...

Sand, fine, to coarse gravel; silty; gravel composed of

materials derived from Permian and Cretaceous

TOCKS '+ vetees et veeeennneeanaaeeeonnsanansesnnnes

Permian—Leonardian
Wellington formation
Shale, red and green gray.....c..ceeeeereeevrnneneanns

eet
1.5 1.5
2.5 4
6 10
6 16
4 20

232, Sample log of test hole in the SWY% SE% SW% sec. 13, T. 16 S, R.8
W., Saline County; drilled by the State Geological Survey, 1943. Surface

altitude, 12820 feet.

QUATERNARY
Alluvium
Silt and clay; tan 10 gray........covveeiiiiiiiinaann.
Clay, silty, sandy, light to dark gray.................
Silt, Clayey, Eray «...verieneinnnreenrneaceeneernie.
Silt, sandy, gray and blue gray; contains few snail
Shells oo it i i
Sand and gravel, fine to coarse; light gray............
Silt, sandy, gray and blue gray............ooiiiiii
Sand and gravel, fine to coarse; light gray............
PrrmiaN—Leonardian
Wellington formation
Shale, dark blue gray ......covvviriiiiiiieiiiiaan

Thickness, Depth,
feet feet

5 5

5 10
10 20
14 34
13 47

5 52
21.5 73.5
4.5 78

233. Sample log of test hole in the SEY SEY SE sec. 13, T. 16 8., R. 8 w.,
Saline County; drilled by the State Geological Survey, 1943. Surface

altitude, 1,282.1 feet.
QUATERN ARY
Alluvium
Silt and clay; gray, gray brown and blue gray.........
Sand, fine, to gravel, coarse; silty...........coooinni.
Silt, sandy, Gray.....ccveeeecerarariiie i
Gravel, fine to coarse; contains a little sand; gravel
contains many Permian and Cretaceous fragments,
PermiaN—Leonardian
Wellington formation
Shale, dark Eray........ceeoeirenvnvinininainarnnnen.

Thickness, Depth,
feet feet

35 35
24 59
3 62
6 68
2 70
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234. Sample log of test hole in the SWl SEY SW4 sec. 18, T. 16 8, R. 2
W ., Saline County; drilled by the State Geological Survey, 1943. Surface

altitude, 12796 feet.
QUATERNARY
Alluvium

Silt, sandy, gray brown to yellow gray............... 10

Silt, sandy, gray ; contains sand and gravel in lower part, 10

Sand, fine to medium gravel; silty; contains a few
pebbles ... i i 16
Clay, sandy, blue gray; contains a few pebbles....... 4

Sand, fine, to coarse gravel..............ooiiiiiii 49.5

PerM1aAN—Leonardian
Wellington formation

Shale, light to dark gray.........cooviiiiiiiiiinie, 4.5

Thickness,
eet

Depth,
feet

10
20

36

40
89.5

94

235. Sample log of test hole at the NW cor. NE% sec. 19, T. 16 S, R. 2 W,
Saline County; drilled by the State Geological Survey, 1943. Surface

altitude, 1,279.9 feet.

Thickness,
feet

Soil, gray black.........c i 3
QUATERNARY
Alluvium ,
Silt and clay; yellow gray.........coiviiiiiin., 13
Sand and gravel, fine............. .. iiiiiiieet, 2
Silt, sandy, light brown............coiiviiieeinn.. 4
Sand, fine to coarse, grading downward to fine to
coarse gravel ...l e 8
Sand, fine, to coarse gravel; silty; contains a few
lenses of clay....cooovviiiiiiiiiiiiiiiiiian.n. 56
PerM1aN—Leonardian
Wellington formation
Shale, light to dark blue gray.........coovvivivinann 4

Depth,
feet

3

16
18

30

86

90

236. Sample log of test hole in the SEY4 NEY NEY sec. 19, T. 16 S, R. 2
W., Saline County; drilled by the State Geological Survey, 1943. Surface

altitude, 1,287 9 feet.

Thickness,
eet

Soll, gray brown.......ccevriuieiiiiiineiiiecnannannes 2
QUATERNARY
Alluvium

Silt and clay; light to dark gray and light brown...... 36

Sand, fine, to coarse gravel............ciiiiiiiinnt, 18

PeamiaNn—Leonardian
Wellington formation
Shale, hard, light and dark blue gray................ 4

Depth,
feet
2

38
56

60
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