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to midpoint of upper aquifer unit in Western Interior Plains aquifer

system, If water had a density of 1.0 gram per cubic centimerer.
Dashed where inferred. Contour interval 100 feet. Datum is sea
level
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sponding to the Ozark Plateaus aquifer, the unit contains freshwater
that generally flows westward. The boundary between the two flow
systems, commonly called the transition zone, is an indistinctly defined
area about 25 miles wide and contains water of mixed chemical type
(Jorgensen and others, in press).

for the upper aquifer unit are shown in figure 6. About 350 data points

were used to construct these contours. Equivalent freshwater head at
each data point was calculated by adjusting pressures recorded on

drill-stem tests for temperature and density of the fluid assumed to be
present in the aquifer and relating the resulting levels to altitude of the
top of the aquifer unit. The method for converting pressure data to
equivalent freshwater heads is described by Jorgensen and others
(1986). Because data points for the contours on this map were derived
from data collected during a period of many years, there is great varia-
bility in the apparent water level in this aquifer unit areally throughout
the State, vertically within the aquifer unit, and temporally.

Direction of flow in an aquifer containing variable-density fluid, such
as the upper aquifer unit in the Western Interior Plains aquifer system,
can be estimated by methods described by Jorgensen and others
(1982). Sample testing using these methods indicates that, for the con-
ditions in Kansas, the direction of flow over large areas in the aquifer
unit is approximately orthagonal to the equivalent freshwater-head
contours. General directions of flow are indicated in figure 6. Equiva-
lent freshwater heads range from lows of about 100 feet above sea
level in south-central Kansas and in other isolated areas to highs of
about 1,300 feet above sea level in basin areas in western and east-
central Kansas. A relation between equivalent freshwater head and oil-
drilling activity is demonstrated by comparing figure 6 with figure 7,
which shows past and current areas of producing oil and gas wells in
the Mississippian rocks that compose the upper aquifer unit in the
Western Interior Plains aquifer system. In areas of extensive activity,
equivalent freshwater heads tend to be lower because of substantial
reductions of pressure in response to oil and gas development.

Regional Flow

The regional trends in equivalent freshwater heads, recharge, and
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FIGURE 7.—Map showing location of past and current oil- and gas-drilling activity in Mississippian rocks composing upper aquifer

unit (from Newell and others, 1987).
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FIGURE 6.—Geohydrologic map showing equivalent freshwater head in upper aquifer unit.
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FIGURE 8.—Geohydrologic map showing predevelopment equivalent freshwater head in upper aquifer unit.
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——800—— EQUIVALENT FRESHWATER-HEAD CONTOUR—Shows altitude
to which freshwater level would rise in tightly cased wells
penetrating to midpoint of upper aquifer unit in Western Interior
Plains aquifer system, if water had a density of 1.0 gram per
cubic centimeter. Dashed where inferred. Contour interval 200,
250, and 500 feet. Datum is sea level
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CHEMICAL CONSTITUENTS, IN MILLIEQUIVALENTS PER LITER

upper aquifer unit in the Western Interior Plains system are illustrated
in figure 8. This map was created by using only equivalent freshwater
heads in a given area from data reflecting the highest fluid levels and
pressures that do not show anthropogenic effects and thus represents
a system almost unaffected by oil and gas development. The validity
of this interpretation is substantiated, in part, by results of modeling by
Donald C. Signor (U.S. Geological Survey, written commun., 1986).
Equivalent freshwater heads shown in figure 8 range from lows of
about 800 feet above sea level in north-central and eastern Kansas to
about 2,000 feet above sea level in southwest Kansas. The implied di-
rection of regional flow in the aquifer unit is from southwest to north-
east and in the southeast corner of the State where the direction of
flow is generally toward the south.

The upper aquifer unit in the Western Interior Plains aquifer system
receives small quantities of recharge from the overlying Western Inter-
ior Plains confining system and the underlying lower aquifer unit in the
Western Interior Plains aquifer system. Additional recharge from pre-
cipitation occurs in the area of Cherokee County where rocks of the
upper aquifer unit are exposed and water-table conditions exist.

Ground-Water Availability

Potable water supplies are not obtained from the upper aquifer unit
in the Western Interior Plains aquifer system throughout most of the
State where it is overlain by the thick shale sequences of the Western
Interior Plains confining system. Permeability values generally are very
small in the aquifer unit where it is confined, although isolated areas
of greater porosity and permeability are assumed to exist in fractured
and weathered zones resulting from periods of uplift and erosion dur-
ing Late Mississippian and Early Pennsylvanian time (Carr and others,
1986).

In southeast Kansas where the upper aquifer unit is not overlain by
the Western Interior Plains confining system, potable water supplies
are obtained from the unit except where contact with former lead and
zinc mine spoils has caused mineralization of ground water. Confined
and unconfined conditions exist in the upper aquifer unit in Cherokee
County. Water-table conditions prevail in brecciated zones consisting
of very fractured or porous material. Water movement in these zones
may be rapid, and well yields may exceed 1,000 gal/min where the
rocks are fractured (Abernathy, 1941). Values of transmissivity may
exceed 1,000 ft%/d in brecciated areas. Values of transmissivity are less
than 100 ft?/d in the surrounding limestone areas where water occurs
under confined conditions. Water movement in dense, unfractured
limestone is irregular and locally controlled by fractures, bedding
planes, and solution channels (Spruill, 1987). Well yields are typically
about 25 gal/min (Macfarlane and others, 1981).

Wells completed in the upper aquifer unit in the Western Interior
Plains aquifer system in Cherokee County are used primarily for rural
domestic and stock supplies. In general, greater quantities of water
more acceptable for public and industrial supplies are available
through rural water districts that pump from deeper wells in the lower
aquifer unit in the aquifer system.
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CHEMICAL QUALITY

OF WATER
Dissolved Solids

The water quality in an aquifer commonly is indicated by the con-
centration of dissolved solids, which is a sum of the principal ionic con-
stituents—calcium, magnesium, sodium, bicarbonate, sulfate, and
chloride. Dissolved-solids concentrations and water types in the upper
aquifer unit in the Western Interior Plains aquifer system are shown in
figure 9. This map was constructed by using 55 water-quality analyses
compiled for this investigation. Concentrations of dissolved solids
range from less than 1,000 milligrams per liter (mg/L) in southeast
Kansas to more than 260,000 mg/L in some areas of the Sedgwick
Basin. Freshwater (that which contains less than 1,000 mg/L dissolved
solids) occurs only in a very small part of the upper aquifer unit in Kan-
sas. The rest of the unit contains either saline water (1,000-10,000
mg/L dissoloved solids), brackish water (10,000-35,000 mg/L), or
brine (greater than 35,000 mg/L) and is unsuitable for most purposes.

Water Types

On the basis of the proportions of ioni¢ constitiients, foiif major
water types are identified in the upper aquifer unit in the Western In-
terior Plains aquifer system. The occurrence of these water types di-
vides the State into two distinct areas, as shown in figure 9. In most
of the State, the upper aquifer unit contains sodium-chloride-type
water. In parts of Crawford and Cherokee Counties, calcium-bicarbo-
nate- and sodium-sulfate-type water prevail, and, in some areas of
southeast Cherokee County, the upper aquifer unit yields water of cal-
cium-sulfate-type (Jorgensen and others, 1986).

Effects of Mining on Water Quality

In some parts of Cherokee County where lead and zinc ores were
mined, water in the upper aquifer unit in the Western Interior Plains
aquifer system has been affected by oxidation of ore deposits in the
mined areas. Water in contact with abandoned mine spoils generally
contains large concentrations of sulfate and trace metals. However,
there is no conclusive evidence of lateral migration of mineralized
water from mine spoils to domestic well-water supplies in the upper
aquifer unit (Spruill, 1987).
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ness and generally small permeability of the sedimentary rocks com-
posing the Western Interior Plains confining system (see fig. 4). Below
the upper aquifer unit, a confining unit forms a shaly barrier to water
exchange with the lower aquifer unit in the Western Interior Plains
aquifer system, except in the western one-half of Kansas and in parts
of eastern Kansas where the confining unit is absent (see fig. 3). In
areas where the upper and lower aquifer units in the Western Interior
Plains aquifer system are not separated by the confining unit, they
function as one aquifer. In areas where the confining unit is present,
such as in the central part of the Sedgwick Basin, there is some indica-
tion of a potential for upward movement of fluids from the Arbuckle
rocks of the lower aquifer unit. However, because of the thickness of
the shale in the confining unit in this location, flow is effectively re-
stricted (see Carr and others, 1986).

The potential exists for downward movement of water from the
upper to the lower aquifer units in the Western Interior Plains aquifer
system in Cherokee County, where extensive pumping from the lower
aquifer unit has lowered the potentiometric surface of the lower
aquifer unit to a level below that of the upper aquifer unit.

The water quality in the upper aquifer unit in the Western Interior
Plains aquifer system and in overlying and underlying aquifer units dif-
fers significantly throughout the State. These differences are illustrated
by the bar graphs of water-quality constituents in each of three wells
sampled at different stratigraphic intervals (fig. 10). Well A penetrates
the lower and upper aquifer units in the Western Interior Plains aquifer
system, as well as a permeable strata of the Western Interior Plains
confining system in Rice County. Each aquifer unit is separated by
confining shale. Although each unit sampled contains brine, the water
in the lower aquifer unit has a smaller dissolved-solids concentration
than water in either the upper aquifer unit or the Kansas City Group
in the Western Interior Plains confining system.

Well B penetrates the same three geohydrologic units as well A but
is in Seward County where the confining unit between the upper and
lower aquifer units in the Western Interior Plains aquifer system is ab-
sent. Water in the Shawnee Group in the Western Interior Plains con-
fining system contains the largest concentration of dissolved solids of
the three intervals; water from the two aquifer units in the Western In-
terior Plains aquifer system exhibits similar chemical composition, with
the concentration of dissolved solids being slightly larger in the lower
aquifer unit than in the upper aquifer unit.

Well C is located in Cherokee County where the water in the West-
ern Interior Plains aquifer system is fresh because it is part of the Ozark
flow system. Chemical analyses of water samples collected from both
aquifer units at this well indicate a less mineralized water in extreme
southeast Kansas, with dissolved-solids concentrations of less than
1,000 mg/l. However, the upper and lower aquifer units are separated
by the confining unit in this area, and each aquifer has different water-
quality characteristics. Water in the lower aquifer unit in this area has
slightly smaller concentrations of dissolved solids than water in the
upper aquifer unit.
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FIGURE 9.—Geochemical map showing dissolved-solids concentration and water type in upper aquifer unit.
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