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STEVEN E. SLAGLE—U.S. Geological Survey, Garden City, Kansas
EDWARD C. WEAKLY—Kansas Geological Survey, Garden City, Kansas

Ground-Water Resources of Greeley and

Wichita Counties, Western Kansas

SUMMARY AND CONCLUSIONS

Unconsolidated deposits of sand, silt, clay, and
gravel compose the principal aquifer in Greeley and
Wichita Counties. The deposits are as much as 300
feet (91 m)? thick, of which as much as 145 feet (44
m) is saturated.

In 1972, there were about 1,040 large-capacity
wells—yielding 100 gallons per minute (6.3 1/s) or
more—in the counties, mostly for irrigation supplies.
The wells yield as much as 2,000 gallons per minute
(130 1/s). Withdrawals of ground water average
about 220,000 acre-feet (270 hm?3) annually.

Water levels have declined in parts of the area
where large-capacity wells are concentrated, resulting
in as much as 60-percent reduction in saturated thick-
ness. Water-level declines during 1948-72 ranged from
less than 10 to about 55 feet (3-17 m). The largest
decline, about 55 feet (17 m), has occurred near Leoti,
in central Wichita County. As of January 1972, about
5 million acre-feet (6,000 hm?) of ground water were
in storage in Greeley and Wichita Counties; however,
only about 70 percent of this amount is considered to
be available for pumping.

The water from the unconsolidated aquifer is a
mixed chemical type in which calcium, sodium, and
bicarbonate are the principal constituents. Generally,
the water is suitable for all common domestic, stock,
and irrigation uses.

Price increases for grain in 1973 and absence of
acreage controls probably will encourage additional
development of ground water for irrigation. Increased
withdrawals will, however, accelerate the rate of
water-level decline and reduction in ground-water

A conversion table of English/metric units and abbrevi-
ations is given in the appendix.

storage. Increased water-level declines will be accom-
panied in most of the area by noticeable decreases in
well yields. Any additional increase in the rate of
withdrawal in areas where saturated thickness has de-
clined about 40 percent or more may significantly
shorten the economic life of the aquifer. Additional
development in these areas should be considered with
regard to increasing pumping costs and decreasing
well yields. Development of the ground-water re-
source could be managed in several ways. The for-
mation of Kansas Ground-Water Management District
Number 1 provides a means by which local water
users can decide on various management alternatives
that would affect the future of their irrigation supply.

INTRODUCTION

This report presents information on the ground-
water resources of Greeley and Wichita Counties. The
study began in 1971 as part of a cooperative program
between the Kansas Geological Survey and the U.S.
Geological Survey with data and support provided by
the Division of Water Resources of the Kansas State
Board of Agriculture and the Division of Environment
of the Kansas Department of Health and Environ-
ment.

The objectives in the study were to determine (1)
the amount and availability of ground water, (2) the
chemical quality and suitability of the water for com-
mon uses, (3) the extent and effects of ground-water
development, and (4) the future outlook for irrigation.

Data for this study, obtained in 1971 and 1972,
were compared with data from previous investigations
by Prescott and others (1954) and by Bradley and
Johnson (1957). Data collection consisted of locating
all large-capacity wells; measuring water levels, well
discharges, and power-consumption; drilling test holes
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to correlate lithology and hydraulic conductivity; de-
termining hydraulic properties by aquifer tests; and
obtaining water samples for chemical analysis.

Greeley County is on the western border of Kan-
sas, and Wichita County joins Greeley County on the
east. The two counties are located midway between
the north and south boundaries of the State (fig. 1).
Greeley and Wichita Counties cover an area of about
1,510 square miles (3,910 km?) lying within the High
Plains section of the Great Plains physiographic prov-
ince. The area is characterized as a flat to gently
rolling upland plain with a few shallow valleys and
many undrained depressions. The land surface slopes
gradually eastward at about 15 feet per mile (2.8
m/km) from an altitude of about 3,900 feet (1,190 m)
at the State line to slightly less than 3,100 feet (940
m) at the Wichita-Scott County line.

WELL-NUMBERING SYSTEM

The well and test-hole numbers used in this report
give the location of wells according to the Bureau of
Land Managements system of land subdivision. In
this system, the first set of digits of a well number
indicates the township; the second set, the range east
or west of the Sixth Principal Meridian; and the third
set, the section in which the well is located (fig. 1).
The first letter denotes the quarter section or 160-acre
(65-hm?) tract; the second letter, the quarter-quarter
section or 40-acre (16-hm?) tract; the third letter, the
quarter-quarter-quarter section or 10-acre (4-hm?)
tract. The 160-acre, 40-acre, and 10-acre tracts are
designated a, b, ¢, and d in a counterclockwise direc-
tion beginning in the northeast quadrant. As an ex-
ample, well 18-40W-18abd is in the SEYNWLNEY
sec. 18, T.18 S., R.40 W. Where two or more wells are
located within a 10-acre tract, wells are numbered
serially according to the order in which they were in-
ventoried.

DESCRIPTION OF AQUIFERS!

Two aquifers underlie Greeley and Wichita Coun-
ties. The upper aquifer consisting chiefly of sand and
gravel in the Ogallala Formation is the principal
aquifer in western Kansas. The lower aquifer consist-
ing chiefly of sandstone in undifferentiated rocks of
Late Jurassic and Early Cretaceous age is important
in localities where adequate supplies are not available
from shallow deposits. The aquifers are separated by
as much as 900 feet (270 m) of rocks that do not yield
significant amounts of water to wells in the study area.

* Definitions of hydrologic terms used in this report are
given in the glossary (see appendix).
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Ficure 1.—Location of report ]:ilrea and system of numbering
wells.

A general description of the geologic units and their
water-yielding characteristics is given in table 1.

Unconsolidated Aquifer

The unconsolidated aquifer in Greeley and Wich-
ita Counties is comprised of the Ogallala Formation
of Pliocene age and alluvium of Pleistocene age. The
Ogallala consists primarily of alluvium deposited by
shifting meandering streams. The resulting heter-
ogeneous mixture of sand, gravel, silt, and clay con-
tains large quantities of ground water, but a specific
water-yielding sand or gravel deposit can be traced
for only a short distance. A common sequence of the
deposits is shown on a typical electric log in figure 2.

“Mortar beds”, which commonly consist of sand
and gravel cemented by caliche or silica, are wide-
spread and are typical of the Ogallala. A thin fresh-
water limestone is found locally in the formation. The
Ogallala Formation ranges in thickness from a few
feet to as much as 300 feet (91 m) in Greeley and
Wichita Counties.

Alluvium of Pleistocene age forms part of the un-
consolidated aquifer in the eastern reaches of Ladder,
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Whitewoman, and Sand Creeks. The alluvium, which
consists of material reworked from the Ogallala For-
mation and Pleistocene loess deposits, is as much as
30 feet (9 m) thick and generally contains less silt
and clay than the Ogallala.
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Ficure 3.—Typical gamma-ray log and laterolog (focused re-
sistivity) in Greeley and Wichita Counties.

Sandstone Aquifer

The sandstone aquifer, as defined here, includes
all the water-yielding units in rocks of Late Jurassic
and Early Cretaceous age in Greeley and Wichita
Counties. The rocks consist mostly of interbedded
shale and sandstone (table 1). A gamma-ray and
laterolog (fig. 3) illustrate a typical sequence of rock
units. Only the major sandstone units will yield sig-
nificant amounts of water to wells,
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port are those of the Kansas Geological Survey and differ somewhat from those of the U.S.

Geological Survey.
2Yield in gpm (gallons per minute) multiplied by 0.06309 equivalent to 1/s (liters per second).

! The classification and nomenclature of the rock units used in this re

Thickness of the sandstone aquifer (shale and
sandstone) ranges from about 400 to 550 feet (120 to
170 m) in the counties (fig. 4). The aquifer is thin-
nest in southeastern Greeley County and thickest in
south-central Wichita County. Depth to the top of
the sandstone aquifer (fig. 5) ranges from about 600
feet (180 m) in the southeastern part of the area to
about 1,500 feet (460 m) in the northwestern part.

Two sites will be referred to throughout this re-
port to illustrate how information can be interpreted
from maps like those on figures 4 and 5. Site A is
about 9 miles (14 km) north of Tribune in the center
of sec. 4, T.17 S., R.40 W. Site B is about 6 miles (10
km) north of Leoti in the center of sec. 13, T.17 S,,
R37TW.

Inspection of figure 4 shows that Site A is close to
the 450-foot line of equal thickness of the sandstone
aquifer. Interpreting between the 450- and 500-foot
lines, the aquifer thickness at Site A is estimated to
be about 460 feet (140 m). Site B also is close to the
450-foot line, but, because it is between the 400- and
450-foot lines, the aquifer thickness here is estimated
to be about 430 feet (130 m).

Figure 5 is interpreted in the same way except
that estimates of values are made between lines of
equal depth to the top of the sandstone aquifer. At
Site A the top of the aquifer is estimated to be at a
depth of about 1,160 feet (350 m) and at Site B about
910 feet (280 m). The two sites, therefore, are under-
lain by about the same thickness of sandstone aquifer,
and the depth that wells would have to be drilled to
reach the aquifer at Site A is about 250 feet (80 m)
greater than at Site B.

The sandstone aquifer in the two-county area is
relatively untested, however, data from adjacent coun-
ties indicate that wells in loosely cemented sandstones
may yield from 30 to 300 gpm (2 to 19 1/s) of water
for municipal, domestic, or stock supplies. Available
data also indicate that the water is of the sodium
bicarbonate type with a high salinity hazard and a
very high sodium hazard for irrigation use.

GEOHYDROLOGY

Because all the known water supplies for munic-
ipal, industrial, and irrigation use in Greeley and
Wichita Counties are obtained from wells in the un-
consolidated aquifer, the remainder of this report is
concerned principally with information about water
related to that aquifer.

Inflow (recharge) to the unconsclidated aquifer in
Greeley and Wichita Counties is derived primarily
from precipitation on the area and from ground-water
underflow from neighboring areas to the west and
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north. Outflow (discharge) from the aquifer is by
evapotranspiration, underflow to the east, and with-
drawals from wells. When long periods of time are
considered, inflow to the reservoir equals outflow plus
or minus the change in storage.

The major components of this general equation are
estimated for 1971-72 using average values as dis-
cussed in the following sections.

Inflow
Recharge from precipitation®

Acre-feet per year*

Irrigated acres 18,000
Nonirrigated acres 4,000
Subsurface inflow 5,000
ToraL 27,000
Outflow
Net withdrawal from wells . 176,000
Subsurface outflow 9,000
ToTAL ... 185,000
Change in storage
ToraL (Decrease) 158,000

* Acre-feet per year times 1.233 x 10~ equals cubic hecto-
meters per year.

*Based on an average April-to-September precipitation of
13.5 inches (34 cm).

Ground-Water Inflow

Most precipitation in Greeley and Wichita Coun-
ties evaporates or is consumed or transpired by plants.
According to the National Weather Service, normal
annual precipitation at Tribune is 16.98 inches (43 cm)
and at Leoti is 18.63 inches (47 cm). Average annual
precipitation in the two-county area is about 18.0
inches (46 cm); average precipitation during the April
to September growing season is about 13.5 inches (34
cm). Average potential evaporation during April-
September is 61.97 inches (157 cm) according to a
38-year record at the Tribune Experiment Station.
The potential evaporation, therefore, far exceeds pre-
cipitation,

Only following significant storms does the infiltra-
tion of precipitation exceed the moisture-retention
capability of the soil and permit water to percolate
below the root zone. Prescott and others (1954) esti-
mated that about 0.1 inch (0.3 cm) of precipitation
reaches the water table annually in Greeley and Wich-
ita Counties. Estimates from subsequent studies in
adjacent counties are somewhat greater.

As reported in the Finney County study (Meyer
and others, 1970), recharge from precipitation on irri-
gated areas is significantly greater than from precipi-
tation elsewhere. In irrigated areas, it is common
practice to pump sufficient ground water to maintain
soil moisture for crop use and for leaching of salts.
Therefore, precipitation that is in excess of the amount
required to overcome soil-moisture deficiencies can

Kansas Geol. Survey, Irrigation Series No. 2, 1976

percolate to the water table. In nonirrigated areas,
precipitation supplies all the soil moisture utilized by
vegetation, and excess water for deep percolation is
available only during periods of abnormally high rain-
fall. For this report, estimates of inflow from precipi-
tation are assumed to be 10 percent of the precipita-
tion on irrigated land during the growing season
(April-September) and 1 percent of the precipitation
on nonirrigated land.

About 864 square miles (2,200 km?) of Greeley
and Wichita Counties are underlain by a significant
amount of saturated material in the unconsolidated
aquifer. Of this area, about 163,000 acres (66,000 hm?)
are irrigated and 390,000 acres (158,000 hm?) are non-
irrigated. Recharge to the aquifer from the average
13.5 inches (34 c¢m) of precipitation during the grow-
ing season amounts to about 18,000 acre-feet (22 hm?)
annually in the irrigated area and about 4,000 acre-feet
(5 hm?®) annually in the nonirrigated area.

Runoff of precipitation to streams also is a source
of recharge to the unconsolidated aquifer in Greeley
and Wichita Counties. The streams have sandy chan-
nels, particularly in their upper reaches, and are un-
derlain by permeable deposits of sand and gravel.
Water infiltrates the channel sides and bottom during
periods of flow after heavy rains, and much of this
water percolates to the water table. Some of the run-
off that collects in shallow depressions on the land
surface also percolates to the water table and re-
charges the ground-water reservoir. However, the
bottoms of the depressions are filled with clayey soil
that retards infiltration. Consequently, most of the
water evaporates. The amount of annual recharge
from streamflow losses and from runoff into surface
depressions is considered to be included with the total
estimate of recharge from precipitation.

On July 10, 1972, a peak discharge of 5,600 ft3/s
(160 m3/s) passed the U.S. Geological Survey’s
streamflow gaging station at the highway 96 bridge
over Whitewoman Creek, 74 miles (12 km) west of
Leoti. Flow started at 10:00 PM July 9 and contin-
ued until 10:00 AM July 11. A total of 3,050 acre-
feet (4 hm?) of water passed the gage. A temporary
gage established 38 stream miles downstream at the
highway 83 crossing of Whitewoman Creek, which is
3% miles (6 km) south of Scott City (Scott County),
recorded a total flow of 500 acre-feet (0.6 hm?) that
passed the gage. The loss of 2,550 acre-feet (3 hm?)
represents a loss of at least 44 acre-fcet per mile (0.03
hm?/km) in the reach. Actual loss per mile is un-
known because of unmeasured tributary inflow from
Sand Creek.

The average annual flow of Whitewoman Creek at
the gaging station near Leoti, computed for 5 years of
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record, is 964 acre-feet (1.2 hm?). If this volume of
water passed the Leoti station as a single runoff event,
all the water would infiltrate the channel within
about 22 miles (35 km) below the gage, which is well
within the borders of Wichita County.

The amount of recharge to the unconsolidated
aquifer in Greeley and Wichita Counties by under-
flow of ground water from adjacent areas to the west
and north is unknown, but Prescott and others (1954)
estimated that it is about 5,000 acre-feet (6 hm?®) an-
nually. This estimate is accepted for this report also.

Ground-Water Outflow

Outflow from the unconsolidated aquifer by evapo-
transpiration is negligible in Greeley and Wichita
Counties because the water table in most of the area
is too far below land surface to be affected by evapo-
ration and transpiration. Some phreatophytes grow
along Ladder Creek, but the stream has no flow much
of the time. None of the streams in the counties dis-
charge water from the ground-water reservoir.

Outflow from the unconsolidated aquifer by
ground-water underflow to the east of the counties
can be estimated using the formula:

Q =KIA
where

(Q)= quantity of water;

(K)= hydraulic conductivity of the aquifer;

(I) = hydraulic gradient;

(A)== cross-sectional area through which the

ground water moves.

Hydraulic conductivity is determined from aquifer
tests (table 2) and analyses of test-hole data. Along
the east line of Wichita County the hydraulic con-
ductivity averages 65 ft/day (20 m/day). The hy-
draulic gradient, detcrmined from the slope of the
water table, averages 15.5 feet per mile (3 m/km)
across the east line of the county. The cross-sectional
area along the line, determined from the saturated-
thickness map (pl. 1), amounts to about 5.8 million
square feet (0.54 X 10%m?), Using these values, the
average annual discharge from the ground-water res-
ervoir in Greeley and Wichita Counties by underflow
to the east is about 9,000 acre-feet (11 hm?).

Withdrawals from wells far exceed all other dis-
charge from the unconsolidated aquifer in Greeley
and Wichita Counties. In September 1972 there were
1,037 large-capacity wells (irrigation, municipal, and
industrial ), 222 in Greeley County and 815 in Wichita
County. The amount of water pumped from the wells
can be estimated by determining the amount of fuel
required to pump a given volume of water and multi-
plying by the total fuel consumed. Fuel consumption

usually is known because fuel generally is metered. A
tabulation of the number of wells and types of power
used in the counties is given below.

NuMmBER oF WELLS

Power type  Greeley County Wichita County Total Percent
Natural gas 162 672 834 804
Electricity 42 105 147 142
LPG 12 30 42 4.1
Diesel 5 8 13 1.3
Gasoline 1 0 1 -

A factor relating the consumption of natural gas to
the amount of water pumped can be determined from
the equation:

Kg = (1.955 x 107) VP,

Qt,
where
K, = cubic feet of natural gas to pump 1 acre-foot
of water;
V = cubic feet of natural gas consumed in t,
seconds;

P == pressure factor (a function of atmospheric
pressure, altitude above mean sea level, and
line pressure);

Q = pump discharge, in gallons per minute;

t, =—time, in seconds, to consume V volume of
natural gas; ‘

and (1.955 X 107) is a constant needed to convert the
parameters into consistent units. Measurements of the
parameters for 38 wells in the counties (Stullken and
others, 1974) indicate that values of K, range from
4,100 to 20,600 ft*/acre-ft (9.4 X 10% to 47.3 X 10*
m3/hm?®). The median value of K, for the 38 wells
was 7,600 ft*/acre-ft (17.4 X 10* m3/hm?3).

Similar computations can be made to relate con-
sumption of other fuels and of electricity to the
amount of water pumped, but the data needed are not
available in Greeley and Wichita Counties. Records
from the Kansas-Nebraska Natural Gas Company,
Inc. show that 1,543,119,700 ft3 (43.7 x 10° m3) of
natural gas was supplied to irrigation wells in the
counties in 1971, and 1,234,098,100 ft3 (34.9 X 106 m3)
was supplied in 1972. Using these values and the
median power factor (K;) determined above, about
200,000 acre-feet (247 hm®) of water was pumped
from natural-gas powered wells in 1971 and about
160,000 acre-feet (197 hm?) in 1972.

The tabulation of number of wells and type of
power used shows that power for about 80 percent of
the large-capacity wells in Greeley and Wichita Coun-
ties is supplied by natural gas. Assuming that 80 per-
cent of the wells produce 80 percent of the water,
total withdrawals by large-capacity wells in the coun-
ties were about 250,000 acre-feet (308 hm?®) in 1971,
and about 200,000 acre-feet (247 hm?) in 1972. The
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lesser amount of water pumped in 1972 is attributed
to above-normal precipitation during the year. Aver-
age annual withdrawals of ground water in Greeley
and Wichita Counties are about 220,000 acre-feet
(271 hm?).

Some of the ground water withdrawn by wells and
applied for irrigation is “lost” to deep percolation.
Using figures experimentally derived by Meyers and
others (1970) for irrigated land in Finney County,
about 20 percent of the water applied to irrigated land
in Greeley and Wichita Counties may be returned to
the aquifer. Using the average annual withdrawal by
wells of 220,000 acre-feet (271 hm?), it is estimated
that about 44,000 acre-feet (54 hm?®) returns to the
ground-water reservoir. Thus, the net withdrawal of

water by wells from the reservoir is estimated to be
176,000 acre-feet (217 hm?) annually.

Ground Water in Storage

The unconsolidated aquifer forms a ground-water
reservoir that contains, at any given time, a certain
amount of water in storage. The amount of water
stored in an area can be estimated by determining the
amount (volume) of aquifer material in the area that
is saturated and multiplying by the specific yield of
the aquifer.

The amount of saturated aquifer material in Gree-
ley and Wichita Counties in 1972 has been determined
by constructing a series of maps. The configuration
of the top of the saturated material (water-table con-
figuration ) is shown on plate 1, which was constructed
from depth-to-water measurements in 192 wells in
January 1972. Plate 2, which shows the configuration
of the base of the saturated material (bedrock con-
figuration), was constructed by interpreting logs of
test holes and wells. By comparing the water-table
and bedrock maps, the saturated thickness of the un-
consolidated aquifer in January 1972 may be inter-
preted as shown on plate 1.

The area in which water-table contours and lines
of equal saturated thickness are shown on plate 1, and
the area used in calculations, represents the main
body of the unconsolidated aquifer. Outside of this
area, saturated thickness of unconsolidated deposits
generally is no more than a few feet, except in isolated
channels in the bedrock. Within the mapped area,
saturated thickness is as much as 145 feet (44 m).

The water-table configuration (pl. 1) indicates
that ground water in the unconsolidated aquifer gen-
erally moves eastward. The movement is down-
gradient and generally perpendicular to the contours.
Near Site A (center sec. 4, T.17 S., R.40 W.), ground
water moves toward a depression in the water table
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where the effect of withdrawals from several closely
spaced wells was still evident in January 1972, several
months after pumping during the previous irrigation
season had ceased. At Site B (center sec. 13, T.17 S.,
R.37 W.) the ground-water movement is easterly, and
water levels either have recovered or were not affected
significantly by pumping during the previous irriga-
tion season.

The bedrock configuration (pl. 2) can be inter-
preted in the same manner as a topographic map that
shows contours of land-surface altitude. In general,
the bedrock surface slopes easterly from altitudes of
about 3,800 feet (1,160 m) in western Greeley County
to about 3,000 feet (910 m) in eastern Wichita County.
At Site A the bedrock surface is a gentle “hillside”
between a bedrock ridge to the north and a bedrock
valley (buried channel) to the south. About four
miles (6 km) south of Site A, hachured contours in-
dicate a broad, shallow sink or closed basin on the
bedrock surface. Site B is underlain by a relatively
flat, easterly sloping bedrock surface. Buried hills and
valleys on the bedrock surface are a primary control
on thickness of the unconsolidated aquifer.

A significant difference in the ground-water situ-
ation between Sites A and B can be seen on plate 1.
Interpreting from the contours that show equal satu-
rated thickness, Site A is underlain by about 20 feet
(6 m) of saturated material in the unconsolidated
aquifer. Site B, however, is underlain by about 90
feet (27 m) of saturated aquifer material. If the type
of saturated material at the two sites is approximately
the same, a well at Site B would have a much larger
potential yield than a well at Site A.

Water in the unconsolidated aquifer generally is
considered to be unconfined, as shown by the data in
the summary of aquifer tests given in table 2. Storage
coefficients of 0.05 to 0.30 generally indicate uncon-
fined conditions; 0.001 to 0.05 indicate semiconfined
conditions (Ferris and others, 1962). The lithology of
the aquifer at wells 16-41W-17cce and 17-38W-35daa
suggest that the storage-coefficient values probably
are low owing to the short duration of the tests. If
the tests had been of longer duration, the values
probably would have been similar to the storage co-
efficient of 0.18 determined from the test at well
18-36W-5dbb. The lithology of the aquifer at well
17-39W-19dbb also suggests the aquifer is unconfined.
The very low storage coeflicient in this test is believed
to result from limitations in the analysis where draw-
downs in unconfined aquifers are large in relation to
original saturated thicknesses (Stallman, 1965).

The test data and general lithology of the aquifer
in Greeley and Wichita Counties appear to be com-
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parable to those in Finney County (Meyer and others,

o
%8 10 o o o !‘? 1970) and in Lane and Scott Counties (Gutentag and
£ 8T . ) .
8238 |S B KB = Stullken, 1976). A specific yield of 0.15, as used in
ag=e | : . S . .
<ff h Il adjacent counties, is considered to be representative
a of the unconsolidated aquifer in Greeley and Wichita
58 ° o - 3 Counties.
525.% o . .
£23211S & | S| « Local confined or semiconfined conditions are
wgT e ™ v 2 present within the aquifer, owing to the heteroge-
= neous nature of the deposits. The confined conditions
. 3'-'" are often temporary and will revert to unconfined
355182 8 k) conditions when the water level is drawn below the
EE R e 3 local confining bed after long periods of pumping and
i when gravity drainage is initiated. The relation be-
o ne % tween confined and unconfined conditions in the
EEY . . . . .
g § HEEER: § aquifer is discussed later in this report.
noZ % The apparent radius of influence of a pumping
well, as used in this report, is the distance at which
£y P
12 B the drawdown on the cone of depression is equal to
SEER B3| H 1 foot (0.3 m). The apparent radius, given in table 2,
<5 4 is a theoretical value calculated for the duration of
..é g the test. Distances range from 350 feet (110 m) where
£ oo I the water is unconfined to 4,200 feet (1,280 m) where
>0~ . .
E §—§§ 855 2 g the water appears t_o be tempor?nly conﬁnefl. T%ns
E H5ES & apparent radius of influence varies at any site with
g Z the rate and duration of pumpage, areal variations of
kS T8 B o hydraulic conductivity, storage coefficient, and ho-
o EER NI S &iﬁ mogeneity of the aquifer.
g A 2% The amount of ground water stored in the aquifer
g H g q
g 3 was determined by planimetering the contoured areas
c’|) AR K & of saturated thickness, shown on plate 1, multiplying
C =
: ree B 22 3| 28 by the average saturated thickness for that area, and
Lo o 2 y g
K § X multiplying again by the specific yield (0.15). The
5 X plying again by the specific y
9 N 2 T amount of ground water stored in the unconsolidated
on . . . . . . .
= 22 g o @ 2 g aquifer in Greeley and Wichita Counties is estimated
133
—§.§§ RS to be 5 million acre-feet (6,000 hm3) as of January
mgT £ 1972. Because of physical limitations of wells and
7 P pumps, hydraulic properties of the aquifer, and eco-
géé > © S o ‘é% nomic considerations of reduced well yields, only
« -1
g€z|12 = < g= about 70 percent of the ground water in storage is
ngl g . . .
82 & considered to be available for pumping.
: EE
~ §o Chemical Quality
19218888 §x .
Eir|ldwweal o8 Results of chemical analyses of water samples from
== =B é 21 selected wells in the unconsolidated aquifer in
I I A I R Greeley and Wichita Counties are given in table 3.
Lo e Results of additional analyses are listed in Stullken
P Ed and others (1974). The results indicate that the water
Pl e has a hardness of 160 to 300 mg/] and that it can be
s 32 2l S classed on the basis of predominant ions as a mixed
=% § r§ ﬁ g x chemical type in which calcium, sodium, and bicar-
§§ EEREE|gE bonate are the principal constituents. Generally the
383384 6& water is suitable for all the common domestic, stock
1 U U 1 = Ed
SEE2la and irrigation uses. The water meets all the chemical
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Ficure 6.—Cumulative number of irrigation wells, 1947-72.

standards for drinking water recommended by the
Kansas Department of Health and Environment ex-
cept for hardness and, locally, fluoride concentration.
Chemical analyses do not indicate the sanitary quality
of the water.

No water samples were collected from wells in the
sandstone aquifer in Greeley and Wichita Counties
for chemical analysis during this study. However,
analysis of samples collected previously, chiefly by
Prescott and others (1954), and of samples from wells
in adjacent counties (table 3), indicate that water from
the sandstone aquifer can be classed as a sodium bi-
carbonate type. Results of the analyses also indicate
that concentrations of dissolved solids, sulfate, chlo-
ride, and fluoride locally exceed the limits for those
constituents recommended for drinking water by the
Kansas Department of Health and Environment. A
high salinity hazard and a very high sodium hazard
exists, and use of the water for irrigation would re-
quire special soil and water management.

GROUND-WATER DEVELOPMENT
Installation of Irrigation Wells

The number of irrigation wells in Greeley and
Wichita Counties (fig, 6) increased from 28 in 1947 to
1,023 in 1972 according to records of the Division of
Water Resources, Kansas State Board of Agriculture.
The rate at which wells were installed increased
sharply in the early 1950’s and again in the early 1960’
primarily in response to periods of dry weather. The
number of wells has continued to increase, partly to
guard against future dry periods, partly to assure max-
imum crop production, and partly because of increased
production of irrigated milo and corn. In areas where
water levels and well yields have declined, supple-
mentary wells are being drilled to maintain the same
irrigated acreage.

Three attempts have been made to obtain water
for industrial or irrigation use from wells drilled into
the sandstone aquifer in the counties. A well was
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parts of Greeley and Wichita Counties. The effects of
the mining are a decline in water levels and a decrease
in the amount of ground water in storage.

Water-Level Changes

Since 1948, water levels in wells in the parts of
Greeley and Wichita Counties where irrigation is
practiced generally have declined from 10 to about
50 feet (3 to 15 m), as shown on plate 3. The greatest
decline, about 55 feet (17 m), is in T.18 S., R37 W.
near Leoti. Declines greater than 40 feet (12 m),
which generally coincide with areas where wells are
concentrated, have occurred in several places in north-
ern Wichita County. Site A (center sec. 4, T.17 S,
R.40 W.) and Site B (center sec. 13, T.17 S., R37 W)
both are within areas where the pattern on plate 3
indicates that water levels declined from 10 to 20 feet
(3 to 6 m) in the period 1948-72.

Hydrographs of two wells constructed from data
provided by the Division of Water Resources, Kansas
State Board of Agriculture, are shown on figure 8.
Well 16-37W-13bbc is located in north-central Wich-
ita County where irrigation is practiced extensively.
The water-level decline of about 35 feet (11 m) since
the early 1950’ is typical of irrigated areas. Well 20-
36W-14dad is located in southeastern Wichita County
where there is little irrigation and where there has
been essentially no change in water level.

The total size of areas affected by various amounts
of water-level declines are shown graphically in figure
9. For example, a decline of 15 feet (5 m) has oc-
curred in an area of about 200 square miles (520 km?).

Changes in Ground-Water Storage

Water-level changes reflect changes in the rate at
which water is being recharged to or discharged from
the ground-water reservoir. The volume of water re-
leased from storage in response to a given water-level
decline depends on conditions in the aquifer where
the decline occurs. If water in the aquifer is uncon-
fined, as in most of Greeley and Wichita Counties,
water-level declines represent actual dewatering of
part of the aquifer. Specific-yield values under these
conditions generally range from 0.05 to 0.30 (Ferris
and others, 1962). If water in the aquifer is confined
between relatively impermeable geologic units, water-
level declines in wells represent a reduction in head.
The aquifer remains saturated under these conditions
so long as the potentiometric head is above the top of
the aquifer. The storage coefficient of an aquifer in
which water is confined generally is less than 0.001
(Ferris and others, 1962), which is much less than the

specific yield of an aquifer in which water is uncon-
fined. Similarly, a much smaller volume of water is
released in response to each unit of water-level de-
cline under confined conditions than under unconfined
conditions,

The amount of water removed from storage in the
unconsolidated aquifer in Greeley and Wichita Coun-
ties can be estimated by determining the volume of
aquifer dewatered (pl. 3) and multiplying by the aver-
age specific yield of the aquifer. Assuming an average
specific yield of 15 percent, ground-water storage in
the counties was reduced about 1.6 million acre-feet
(2,000 hm?) in the period 1948-72. The average annual
decrease in storage in the period was about 70,000
acre-feet (86 hm?®). However, annual reductions in
storage are increasing as annual withdrawals increase.
Using inflow-outflow values discussed earlier in this
report, the decrease of ground water in storage in
1972 was about 158,000 acre-feet (195 hm?) in Greeley
and Wichita Counties. This decrease in storage
amounts to 72 percent of the 220,000 acre-feet (271
hm?) of average annual withdrawals by wells,

The significance of water-level changes with re-
spect to changes in storage also can be interpreted by
comparing the percent decline in saturated thickness
of the unconsolidated aquifer (pl. 3) to water-level
declines in feet. For example, a water-level decline
of about 20 feet (6 m) at about one-half mile southeast
of Site A amounts to a 50-percent decline in saturated
thickness. However, about the same amount of water-
level decline at Site B amounts to less than a 20-per-
cent decline in saturated thickness. In areas where
saturated thickness has declined 40 percent or more,
any further increase in the rate of withdrawals may
significantly shorten the economic life of the aquifer.

FUTURE OUTLOOK FOR IRRIGATION

The 1973 price increases for grain and the absence
of acreage controls probably will encourage additional
development of ground water for irrigation. However,
futurc development may be restrained by the limited
availability and increased cost of fuel and electricity.
The potential for obtaining irrigation wells (pl. 3) with
yields of 500 to 1,200 gpm (32 to 76 1/s) is good in
most of northern Wichita County and in extreme
northern Greeley County. Increased withdrawals of
ground water, however, will increase the rate of
water-level decline and the reduction in ground-water
storage.

Based on estimates given earlier in this report
that:

— 5 million acre-feet (6,000 hm?) of ground water

are in storage;
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Ficure 8. —Hydrographs of water levels in irrigated and nonirrigated areas in Wichita County.
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— about 70 percent of the water in storage could
be withdrawn by wells;

— annual withdrawals by wells average 220,000
acre-feet (271 hm?);

— 72 percent of the water withdrawn by wells
represents depletion of storage;

one can calculate that ground water in Greeley and
Wichita Counties would be depleted in about 22
years. However, such calculations are erroneous be-
cause (1) they are based on estimated values, and (2)
they do not account for future changes in water man-
agement, irrigation technology, type of crop, or eco-
nomic factors. When considered with the amount of
decline in saturated thickness shown on plate 1, how-

17

ever, one is led to the conclusion that “dry-land” farm-
ing probably will be practiced once again in large
parts of the area in the not-too-distant future. The
entire aquifer never will be completely dewatered and
irrigation operations that are favorably located in
areas of greatest saturated thickness would be able to
continue indefinitely. Serious consideration should be
given to restricting additional development of ground
water in areas where the saturated thickness already
has been reduced by about 40 percent or more.

Numerous plans could be devised to prolong the
irrigation economy of the area by making the supply
of water last longer. All these plans depend primarily
on controlling withdrawals from the ground-water
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Ficure 9.—Total size of area affected by various amounts of water-level decline in the unconsolidated aquifer, 1948-72.
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reservoir by limiting (1) the amount of water that can
be pumped per well; (2) the number of wells, or (3)
the irrigated acreage. These plans also would depend
on the operation of a regulatory group with the au-
thority to enforce controls and to encourage conser-
vation of the resource.

The Kansas Ground-Water Management District
Number 1 has the legal authority that would allow
for managing the ground-water resource intelligently,
Application of the legal tools for management, how-
ever, should be compatible with the hydrologic laws
of nature if they are to be successfully implemented
for maximum long-term benefits.

SELECTED REFERENCES

AnEericaN SocieTy oF Cwvir Encineers, 1972, Ground water
management: Am, Soc. Civ. Eng. manuals and reports
on engineering practice, No. 40 (updated), 216 p.

BrapLEY, EDWARD, and Jomnsox, C. R., 1957, Ground-water
resources of Ladder Creek area in Kansas: Kansas
Geol. Survey Bull. 126, 194 p.

Ferris, J. G, KnowLes, D. B., Brown, R. H,, and STALLMAN,
R. W., 1962, Theory of aquifer tests: U.S. Geol. Sur-
vey Water-Supply Paper 1536-E, 174 p.

Frexcy, J. J., 1972, Ground-water outflow from Chino Basin,
upper Santa Anna Valley, southern California: U.S.
Geol. Survey Water-Supply Paper 1999-G, 28 p.

Frye, J. C. 1942, Geology and ground-water resources of
Meade County, Kansas: Kansas Geol. Survey Bull. 45,
152 p.

I'rye, J. C., LeEoNarD, A. B., and SwiNEFORD, Apa, 1956,

Stratigraphy of the Ogallala Formation (Neogene) of
northern Kansas: Kansas Geol. Survey Bull. 118, 92 p.

GiLLesPig, J. B., and Svacie, S. E., 1972 Natural and arti-
ficial ground-water recharge, Wet Walnut Creek, cen-
tral Kansas: Kansas Water Resources Board Bull. 17,
94 p.

GutrenTac, E. D, LosMEYER, D. H., and McGovern, H. E,
1972, Ground water in Kearny County, southwestern
Kansas: U.S. Geol. Survey Hydrol, Inv. Atlas HA-416.

GuTENTAG, E. D., and StuLiken, L. E., 1976, Ground-Water
resources of Lane and Scott Counties, western Kansas:
Kansas Geol. Survey Irrigation Series No. 1, 37 p.

Hasarrox, V. L., 1965, Soil survey of Wichita County, Kansas:
U.S. Dept. Agriculture Series, 1962, no. 7, 61 p.

Haxtusa, M. S., 1964, Hydraulics of wells: Advances in
Hydro-Science, v. 1, New York Academic Press, p.
281-432.

Hexa, J. D, 1959, Study and interpretation of the chemical
characteristics of natural water: U.S. Geol. Survey
Water-Supply Paper 1473, 269 p.

Honsox, W. G., 1963, Geology and ground-water resources of
Wallace County, Kansas: Kansas Geol. Survey Bull.
161, 108 p.

Kaxsas StaTe Boarp orF Acricurture, 1972, Farm Facts,
1970-71 in Kansas Agriculture: 54th Ann. Rept., To-
peka, Kansas, p. 1F-105F.

, 1973, Farm Facts, 1971-72 in Kansas Agriculture: 55th
Ann. Rept., Topeka, Kansas, p. 1F-105F.

Kaxsas State Boarp oF HeavtH, 1973, Water quality criteria
for interstate and intrastate waters of Kansas: Kansas
State Board of Health Regulations, 28-16-28, 5 p.

Kaxsas State CorporaTioN Commission, 1973, Total natural
gas production, by pools, in Kansas for 1972: State
Corporation Comm., Conserv, Div,, Wichita, Kansas,
mimeo. rept., p. 1-13.

Kansas Geol. Survey, Irrigation Series No. 2, 1976

Keeng, K. M., and Passt, M. E., 1971, Hydrogeologic data
from Gove, Logan, and Wallace Counties, Kansas:
Kansas Ground Water Basic-Data Release No. 2, 76 p.

Kevs, W. S., and MacCary, L. M., 1971, Application of bore-
hole geophysics to water resources investigations: U.S.
Geol. Survey Techniques Water-Resources Inv., book
2, chap. E1, 126 p.

LeE, WaLLack, and Merriay, D. F., 1954, Preliminary study
of the structure of western Kansas: Kansas Geol. Sur-
vey Oil and Gas Inv. 11, 23 p.

Lomyeyer, D. H., and Saukr, C. G., 1974, Water resources of
Hamilton County, southwestern Kansas: U.S. Geol.
Survey Hydrol. Inv. Atlas HA-516.

Lomyax, S. W, and others, 1972, Definition of selected
ground-water terms—revisions and conceptual refine-
ments: U.S. Geol. Survey Water-Supply Paper 1988,
21 p.

McBeg, C. W,, FLemMine, E. L., Savier, K. H., and HamiL-
ToN, V. L., 1961, Soil survey of Greeley County, Kan-
sas: U.S. Dept. Agriculture, Series 1958, no. 12, 30 p.

McCraix, T. J., Jexkins, E. D, Keenxe, K. M., and Passr,
M. E., 1975, Water resources of Gove, Logan, and
Wallace Counties: U.S. Geol. Survey Hydrol. Inv.
Atlas HA-521.

McLauvcHLIN, T. G., 1943, Geology and ground-water resources
of Hamilton and Kearny Counties: Kansas Geol. Sur-
vey Bull. 49, 220 p.

MEegrrianm, D. F., 1963, The geologic history of Kansas: Kansas
Geol. Survey Bull. 162, 317 p.

Mever, W. R., Grover, B. L., and Carison, C. W., 1953,
1952 irrigation experiments: U.S. Dept. Agriculture
Soil Conserv. Service Research, 132 p.

Mever, W. R, Gutentag, E. D., and LosmEeyer, D. H., 1970,
Geohydrology of Finney County, southwestern Kansas:
U.S. Geol. Survey Water-Supply Paper 1891, 117 p.

Peanr, R. H., Roserts, R. S., Keeng, K. M., and McCLaIx,
T. J., 1972, Water resources of northwestern Kansas:
U.S. Geol. Survey Hydrol. Inv. Atlas HA-429.

Prescorr, G. C., Jr., Branch, J. R., and WiLsoxn, W. W,
1954, Geology and ground-water resources of Wichita
and Greeley Counties, Kansas: Kansas Geol. Survey
Bull. 108, 134 p.

Starraax, R. W, 1965, Effects of water-table conditions on
water-level changes near pumping wells: Water Re-
sources Research, v. 1, no. 2, p. 295-312.

StuLLkex, L. E., Weakry, E. C, Gutextac, E. D., and
SracrLE, S. E., 1974, Hydrologic data from Greeley,
Lane, Scott, and Wichita Counties, Kansas: Kansas
Geol. Survey Ground Water Basic-Data Release No. 4,
58 p.

Trews, C. V., BurreicH, H. P., and Warre, H. A., 1935,
Ground water in the southern High Plains: U.S. Dept.
Interior, Memorandum for the press, Oct. 30, p. 1-4.

Toon, D. K., 1964, Groundwater: Handbook of applied hy-
drology: New York, McGraw-Hill Book Co., p. 13-1
to 13-55.

U.S. DeprT. oF Coaatercr, 1971, Climatological data for Kan-
sas—Annual Summary, v. 85, no. 13, p. 213-224.

, 1972, Climatological data for Kansas
mary, v. 86, no. 13, p. 211-222.

U.S. GeorocicaL Survey, 1972, Water resources data for Kan-
sas, part 1. Surface water records, 1971: U.S. Geol.
Survey, Lawrence, Kansas, 206 p.

, 1973, Water resources data for Kansas, part 1. Surface
water records, 1972: U.S. Geol. Survey, Lawrence,
Kansas, 202 p.

U.S. Savinity LaBoraTory Starr, 1954, Diagnosis and im-

provement of saline and alkali soils: U.S. Dept. of
Agriculture Handb. 60, 160 p.

Warre, H. A., 1940, Ground water in Scott district, Scott and
Finncy Counties, Kansas, in Ground-water resources of
Kansas: Kansas Geol. Survey Bull. 27, p. 73-74.

, 1947, Geology and ground-water resources of Scott
County, Kansas: Kansas Geol. Survey Bull. 66, 216 p.

Annual Sum-




Slagle, Weakly—Ground-Water Resources of Greeley and Wichita Counties, Western Kansas

APPENDIX English unit Multiply by
Acknowledgments LENGTH

Appreciation is expressed to the residents of Gree- inch (in) 2.54
ley and Wichita Counties who gave information re- fO_Ot <ft)_ 3048
garding their wells and permitted the use of their mlle'(ml) ) 1.609
land and wells for test drilling, discharge measure- nautical mile
ments, aquifer tests, and water-level measurements. (nm) 1.85
Records and information were obtained through the Apga
courtesy of the following drilling companies: Weis-  4¢re 4047
haar Drilling Company and Northwest Drilling Com- square mile
pany, both of Scott City, Kansas, and Wichita County (mi?) 9.590
Development Company, Inc. (formerly Harkness
Drilling Company) of Leoti, Kansas. VoLume

Appreciation is also extended to Mr. Jack Greer of gallf)n (gal) 3.785
the Wichita County Assessors office for information cubic foot
on well yields, Mr. Wayne Brenn of the U.S. Soil (f£%) 02832
Conservation Service, Tribune, Kansas, for informa- acre-foot \
tion on wells and land usage, and the Greeley County (acre-ft) 1.233 x 107
and Wichita County road departments for permission Frow
to test drill on the rights-of-way. gallons per

This report was prepared as part of a continuing minute (gpm) 06309
cooperative program of ground-water investigations  cubic feet per
by the Kansas Geological Survey and the U.S. Geo- second (ft3/s) 02832

logical Survey. The arca discussed in this report and

. HYDRAULIC CONDUCTIVITY
other arecas for which ground-water reports have been

. . . t
il)lbhshed or are in preparation are shown on figure ff&i /gz;)day 3048
TRANSMISSIVITY
Metric Units square feet per
. . day (ft? 0929
For those readers who are familiar with or are ay (ft2/day)
interested in the metric system, the English units of SreciFIc capaciTy
measurement given in this report also are given in  gallons per
cquivalent metric units (in parentheses) using the fol- minute per
lowing abbreviations and conversion factors: foot (gpm/ft) 207
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Metric unit

centimeter (cm)
meter (m)
kilometer (km)

kilometer (km)

square hectometer (hm?)

square kilometer (km?)
liter (1)

cubic meter (m?)

cubic hectometer (hm?)

liters per second (1/s)
cubic meters per second

(m?*/s)

meters per day (m/day)

square meters per day

(m?/day)

liters per second per
meter (1/s)/m
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Glossary of Hydrologic Terms

Most of the definitions of hydrologic terms given
below are taken from Lohman and others (1972).

Aguifer—An aquifer is a formation, group of formations, or
part of a formation that contains sufficient saturated per-
meable material to yield significant quantities of water to
wells and springs.

Aquifer test—An aquifer test consists of measuring the effect
with time of a discharging well on the water level in the
well and in nearby wells. Data from aquifer tests are used
primarily to determine the hydraulic conductivity, trans-
missivity, and storage coefficient or specific yield of an
aquifer,

Cone of depression—A cone-shaped depression in the potentio-
metric surface that develops around a well from which
water is being withdrawn.

Confined ground water—Confined ground water is under pres-
sure significantly greater than atmospheric, and its upper
limit is the bottom of a bed of distinctly lower hydraulic
conductivity than that of the material in which the confined
water occurs.

Drawdown—The lowering of the potentiometric surface as a
result of pumping.

Effective saturated thickness—The eflective saturated thickness
is that part of the total saturated thickness of an aquifer
that yields most of the water to the well, generally com-
posed of medium- to coarse-grained material.

Head—Head, when used alone, is understood to mean static
head, which is the height above a standard datum of the
surface of a column of water (or other liquid) that can be
supported by the static pressure at a given point.

Homogeneous—A material is homogeneous if its hydrologic
properties are identical everywhere.

Hydraulic conductivity—If a porous medium is isotropic and
the fluid is homogeneous, the hydraulic conductivity of the
medium is the volume of water at the existing kinematic
viscosity that will move in unit time under a unit hydraulic
gradient through a unit area measured at right angles to the
direction of flow.

Hydraulic gradient—The hydraulic gradient is the change in
static head per unit of distance in a given direction.

Isotropic—A material is considered to be isotropic if all its sig-
nificant properties are independent of direction.

Potentiometric surface—A surface that represents the static
head. As related to an aquifer, it is defined by the levels to
which water will rise in tightly cased wells.

Saturated thickness—The saturated thickness of an aquifer is
the amount (thickness) of aquifer material that is saturated.

Specific capacity—The specific capacity of a well is the rate of
discharge of water from the well divided by the drawdown
of water level within the well.

Specific yield—The specific yield of a rock or soil is the ratio
of (1) the volume of water which the rock or soil, after
being saturated, will yield by gravity to (2) the volume of
the rock or soil.

Storage coefficient—The storage coefficient is the volume of
water an aquifer releases from or takes into storage per unit
surface area of the aquifer per unit change in headx.) In an
unconfined water bo(éy the storage coeécient is virtually
equal to the specific yield.

Transmissivity—Transmissivity is the rate at which water of
the prevailing kinematic viscosity is transmitted through a
unit width of the aquifer under a unit hydraulic gradient.

Unconfined ground water—Unconfined ground water is water
in an aquifer that has a water table.

Water table—The water table is that surface in a ground-water
body at which the water pressure is atmospheric.






